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SYNTHESIS OF FRAGMENT 8-12 OF THE NATURAL SEQUENCE OF ACTH 

A. K. Rabinovich, E. P. Krysin, 
V. N. Karel'skii, and E. V. Titova 

UDC 547.953:665.37 

Two new variants of the synthesis of the pentapeptide 8-12 of the natural sequence 
of ACTH are presented. In some stages, the trimethylsilyl group was used as tem- 
porary protection of the carboxy group of the amino component. The final and in- 
termediate compounds were obtained with good yields, were distinguished by chromat- 
ographic homogeneity, and were characterized by their angles of optical rotation, 
melting points, and electrophoretic behavior. Their purity was checked by TLC and 
by high-pressure liquid chromatography. Some physicochemical characteristics (an- 
gles of optical rotation, melting points, chromatographic mobilities) of the com- 
pounds obtained are given. 

Pentapeptide 8-12 of the natural sequence of ACTH [I] is one of the widely used inter- 
mediate fragments in the synthesis of the whole moiety of the adrenocorticotropic hormone. 

The total synthesis of this compound was carried out by the following scheme (BOC -- tert- 
butoxycarbonyl; Z -- benzyloxycarbonyl; TCP -- trichlorophenol; MA-- mixed anhydride method; 
DCC -- dicyclohexylcarbodiimide). 

8 g io 
Ar 9 Trp Ogy 

S - - O N  / H - - O M e  Z 
I DCC BOG 

OMe f 
H (NO2) I H2/Pd 

Z i OH/ H OMe ~- 
DCC 

Z OM~, 

OH TCP I 

DCC OTCP i H 

t 

1 1  12 
Lys Pro 

' OH I H 
MA 

I 

BOC I N~OH 
I 

- -  OMe 

OMe 

OH 

H2/Pd I 

Bob I H~/Pd 

......... OH 
500 

' OH 
BOO 
, ,.OH 

We have developed a simpler (three stages shorter) scheme of synthesis of this compound 
in which it has been possible to avoid the use of DCC -- a strong allergen. As the condensing 
agents we used N-ethoxycarbonyl-l,2-ethoxydihydroquinoline (EEDQ) and ethyl chloroformate. 
The synthesis was carried out by the scheme* on the next page. 

The trityl protection was smoothly removed from the N atom of glycine by acetic acid, 
and the benzyloxycarbonyl and benzyl groups were eliminated by reduction with hydrogen over 
palladium black. In addition, we have developed another original variant of the synthesis of 
a similar compound which predicates the wide use in a number of stages of the trimethylsilyl 

*All amino acids in the L form. 
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group as temporary protection of the carboxyls of amino acids and peptides: (BSA -- bis(tri- 
methylsilyl)acetamide; Su-OH -- hydroxysuccinimide). 
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As previously [2], the silylation of amino acids and peptides was carried out under mild 
conditions at room temperature using bis(trimethylsilyl)acetamide as the silylating agent. 
The trimethylsilyl derivatives were used in the stage of peptide condensation without isola- 
tion. In the later variant, azide synthesis in the process of forming the pentapeptide also 
took place mostly only with the silylated derivative of the tripeptide glycyllysylproline. 

In the synthesis of lysylproline we used the hydroxysuccinimide ester of Na-benzyloxycar - 
bonyl-Ne-tert-butoxycarbonyllysine. 

In principle in this stage it is possible to use the mixed-anhydride (MA) method, but 
in this case the quality of the corresponding dipeptide obtained is lower. 

The pentapeptide and intermediate compounds were obtained in the two variants with good 
yields. They were distinguished by chromatographic homogeneity and were characterized by an- 
gles of optical rotation, melting points, electrophoresis, TLC, and high-pressure liquid chro- 
matography. Below, we give some physicochemical characteristics of the compounds synthe- 
sized. 

Compound rap, °C [a]~ . 
deg 

(c ; ,~leOH) 
Z-Arff (H. HC1) TrpOMe - -  --9o5 
Z-Arg (H. HC1) TrpN,,H3 95--97 - -  10 0 
Trit GlyLyz fBOC)-OH 72--73 - ' 6 . 5  
mrit-OlyLyz (BOC) ProOBzt --  - -33,5 
H-OlyLyz (BOC) ProOBzl -- - -42,0  
Z-Arg (H. HCI) TrpGlyLyz (BOC) ProOBzl 185--t90 --35.0 
H-Arg (H. HC1) TrpGlyLvz (BCC) ProOH -- --9.5 
Z-Lyz (BOC) ProOH ". 70--72 - -38 ,0  
H-Lyz (BOC) ProOH 196-" 128 - 45 .0  
Trit-GlyLyz (BOC', ProOH 80--82 --27,0 
H-GIyL'Fz (BOC) ProOH • AcOH - -  - -37.0 
Z-Arg (H. HCI) TrFGlyLyz (BOC)ProOH 198--200 - -27,0  

EXPERIMENTAL 

Melting points were determined in open capillaries without correction, and angles of op- 
tical rotation on a polarimeter. Chromatographic purities and mobilities were determined by 
the TLC method on Silufol plates in the chlorofotnn--ethanol system, and electrophoretic homo- 
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geneities and mobilities by paper electrophoresis in a laboratory apparatus in the pyridine-- 
acetic acid--water (1.2:1.0:100) system. Chromatographic analysis of the compounds by high- 
pressure liquid chromatography was performed on a Spectra Physics 3500 B instrument. Condi- 
tions: stationary phase Zorbax ODS. 

Column 250 x 4.6 mm, mobile phase methanol--0.005 M tetrabutylam~onium bromide (95:5). A 
LC-55 UV spectrometer was used as the detector. Detection was carried out at a wavelength 
of % 220 nm. The volume of sample introduced was i0 ~i (i0 mg of sample in 1 ml of solution) 
and the rate of flow was 0.7 ml/min. 

i. Preparation of Z-Arg(H-HCI)TrpOMe. With stirring, 5o4 g (26 mmole) of EEDQ was add- 
ed to a solution of 7.6 g (25 mmole) of N~-benzyloxycarbonylarginine and 6.4 g (25 mmole) of 
the hydrochloride of the methyl ester of tryptophan in 25 ml of DMFA cooled to 0°C. After 
the components had dissolved completely, the reaction mixture was kept at room temperature 
for 10-12 h, and it was then diluted with 50 ml of methylene chloride and was washed succes- 
sively with water, with 1 N hydrochloric acid, and with a 50% aqueous solution of methanol. 
The organic layer was evaporated and the residue was dried in vacuum to constant weight. 
Yield 90%; practically chromatographically homogeneous; Rf 0.75 (7:3 system). 

2. Preparation of Z-Arg(H.HCI)TrpN2H3. A solution of 41 g (75 mmole) of the methyl es- 
ter o fNa-benzyloxycarbonylarginyltryptophan in 150 ml of methanol was treated with hydrazine 
hydrate, and the mixture was left at room temperature for 18-20 h. Then it was evaporated in 
vacuum to 2/3 of its initial volume, diluted with i00 ml of water, and washed with chloroform 
(3 x 25 ml). The reaction product was extracted fro~ the salt-saturated aqueous layer with 
butanol, and the extract was washed successively with a saturated solution of NaCI and a sat- 
urated solution of ammonium chlorideo Then it was dried by filtration through absorbent cot- 
ton in a chemical funnel and was concentrated in vacuum. 

The desired product was isolated by treating the residue with an excess of chloroform. 
The hydrazide obtained was separated off on a glass filter, washed with chloroform, and 
dried in vacuum. Yield 70%; chromatographically homogeneous; Rf 0.36 in the (7:3) system. 

3. Preparation of Trit-GlyLys(BOC)OHo A solution of 12.8 g (40.3 mmole) of tritylgly- 
cine in 50 ml of methylene chloride was treated with 5.6 ml of triethylamine, and 4.2 ml (44 
mmole) of ethyl chloroformate was added at a temperature of --20 to --25°C. The mixture was 
stirred at --15°C for 15 min and was added to silylated Ne-tert-butoxycarbonyllysine, pre- 
pared from i0 g (41 mmole) of the corresponding lysine derivative, and 16 ml of BSA in 40 ml 
of methylene chloride cooled to --20°C [2]. The reaction mixture was stirred at --5°C for an 
hour and then at room temperature for 2 h. The reaction products were diluted with methylene 
chloride and washed successively with 1 N HCI and with water. The organic layer was dried by 
filtration through sodium sulfate and absorbent cotton in a chemical funnel. The solvent was 
driven off in vacuum. Yield 96%; chromatographically homogeneous; Rf 0.60 in the (9:1) sys- 
tem. 

4. Preparation of Trit-GlyLys(BOC)ProOBzl: By the method of paragraph i, 8.2 g (15 
mmole) of trityl-glycyl-NE-tert-butoxycarbonyllysine, 3.7 g (15.3 mmole) of the hydrochloride 
of the benzyl ester of proline, 2.2 ml of triethylamine, and 3.9 g (16 mmole) of EEDQ yielded 
10.4 g (94%) of the corresponding tripeptide. Chromatographically homogeneous; Rf 0.80 in 

the (9:1) system. 

5. Preparation of H-GIyLys(BOC)ProOBzI~ Water was added dropwise to a solution of i0 g 
of the benzyl ester of trityl-glycyl-NE-tert-butoxycarbonyllysylpr oline in 20 ml of glacial 
acetic acid until a permanent turbidity appeared, and the mixture was left at room tempera- 
ture for 10-12 h. Then it was diluted with water, washed with ether, and neutralized with 
ammonia to pH 9. The oil that precipitated was extracted with methylene chloride, the or- 
ganic layer was dried by passage through a layer of absorbent cotton and sodium sulfate in a 
chemical funnel, and the solvent was driven off in vacuum. Yield 60%; electrophoretically 
homogeneous, E = i00 mm, T = 3 h, o = 15 V/cm. 

6. Preparation of Z-Arg(H-HCI)TrpGIyLys(BOC)ProOBzl. A solution of 6.3 g (11.5 mmole) 
of the hydrazide of N~-benzyioxycarbonylarginyltryptop hart in I0 ml of DMFA cooled to --10°C 
was treated with 20 ml of 1 N HCI, and, with stirring, 0.85 g (12.3 mmole) of. sodium nitrate 
was added. After 5 min, i0 ml of chloroform, 3.8 ml of triethylamine (pH 9), and then a so- 
lution of 5.8 g (12 mmole) of the benzyl ester of glycyl-N~-tert-butoxycarbonyl!ysylp roline 
in I0 ml of chloroform cooled to --20°C were added. The organic layer was separated off, and 
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the aqueous layer, after being saturated with sodium chloride, was treated additionally with 
15 ml of Chloroform and the combined organic extract was kept at 0°C for 20 I~. The reaction 
mixture was diluted with chloroform and was washed with 50% aqueous methanol that had been 
acidified with hydrochloric acid (pH 2-3) and, repeatedly, with 50% aqueous methanol. The 
solvent was eliminated in vacuum. Yield 72%; electrophoretically homogeneous, E = 75 ml. 
T = 3 h, o = 15 V/cm. 

7. Preparat__ion of I!FArg(II-IICI)TrpG!yLys(BOC)prgoH. In 50 ml of ethan~l, 8.2 g (8.2 
mmole) of the benzyl ester of Na-benzyloxycarbonylarginyltryptophanylglycyl-Ng-tert-butoxy- 
carbonyllyslproline was reduced in a current of hydrogen at 50°C with vigorous shaking over 
palladium black (~i g). llonitoring was carried out by tlie TLC method (from the total dis- 
appearance of the initial pentapeptide). Then the ethanol was evaporated off in vacuum the 
residue was dissolved in 50 ml of 30% aqueous methanol, and the solution was extracted with 
chloroform. The chloroform extract was ~ashed with~water, and the aqueous and aqueous metha- 
nol extracts were combined and evaporated in vacuum. Yield 88%; electrophoretically homo- 
geneous, E = 90 mm, T = 3 h, ~ = 15 V/cm. 

8. Preparation of Z-Lys(BOC)ProOH. A solution of i0 g (21 mmole) of the hydroxysuccin- 
imide ester of N~-benzyloxycarbonyl-NS-tert-butoxycarbonyllysine [3] in 23 ml of methylene 
chloride was added to the silylated protein derivative obtained from 2.53 g (22 mmole) of 
proline, 132 ml of BSA, and 23 ml of ethylene chloride. The mixture was stirred for 2 h and 
was left at room temperature for 10-12 h. Then the reaction products were diluted with methy- 
lene chloride and were washed successively with 0.5 N HCI and with water. The organic layer 
was dried with sodium sulfate and the solvent was driven off in vacuum. The residue was tri- 
turated with petroleum ether and the product was dried in vacuum. Yield 98%; chromatographi- 
cally homogeneous, Rf 0.50 in the (9:1) system. 

9. Preparation H-Lys(BOC)ProOH. By reduction over palladium black in ethanol by the 
method of paragraph 7, i0 g (21 mmole) of N~-benzyloxycarbonyl-Ne-tert-butoxycarbonyllysylpro - 
line yielded 6.55 g (91%) of product. Electrophoretically homogeneous, E = 89 mm, V = 520 ~, 
I = 20 mA, T = 2.5 h. 

I0. Preparation of Trit-GlyLys(BOC)ProOH. Using the ~method in methylene chloride 
as described in paragraph, 3, 3.17 g (I0 mmole) of tritylglycine, 3.5 g (i0 mmole) of NE-tert - 
butoxycarbonyllysylproline, and 5.5 ml (23 mmole) of BSA yielded 6.2 g (95%) of product. Chro- 
matographically homogeneous, with Rf 0.67 in the (8:2)system. 

!!- Preparation of H-GIyLys(BOC)ProOH.AcOH. A solution of 6,1 g (9.5 mmOle) of trityl- 
glycyl-Ne-tert-butoxycarbonyllysylproline in 36 ml of glacial acetic acid was treated with 6 
ml of water and was then left at room temperature for 10-12 h. The reaction mixture was di- 
luted with 60 ml of water, the triphenyl carbinol that separated out was filtered off, and 
the aqueous solution was washed with methylene chloride and evaporated in vacuum. The prod- 
uct was dried in vacuum. Yield 68%; electrophoretically homogeneous, T = 3 h, V = 500 V 
I = i0 mA, E = 84 mm. 

12. Preparation of Z-Arg(H'HCI)TrpGIyLys(BOC)ProOH. To a solution of 3 g (6.5 mmole) 
of the acetate of glycyl-Ne-tert butoxycarbonyllysylprolineinl0 ml of DMFA was added 0~9 ml 
of triethylamine, and then, after 15 min, 3 ml (12.6 mmole) of BSA and, after 3 h, another 
0,9 ml of triethylamine, and the reaction mixture was cooled to +5°C. In parallel, to a so- 
lution of 3.43 g (6.3 mmole) of the hydrazide of N~-benzyloxycarbonylarginyltryptophan in 6 
ml of DMFA cooled to --15=C were successively added 11.2 ml of a i N solution of hydrogen chlo- 
ride and 0.48 g (6.9 mmole) of sodium nitrite. The azide obtained was extracted with cold 
chloroform and, after being dried with sodium sulfate, the extract was combined with the so- 
lution of the tripeptide and the mixture was left at +5-8°C for 48 h. Then it was evaporated to 
a volume of 20 ml, the reaction products were diluted with 70 ml of chloroform-butanol (3:2), 
and this dilution was then washed with ammonia saturated with NaCI, with a solution of cO~on 
salt, with i N hydrochloric acid, and with water. The organic layer was dried with sodium 
sulfate and the solvent was driven off in vacuum. The residue was dissolved in chloroform 
and was reprecipitated with an excess of ether. Yield 76%; chromatographically homogeneous 
with Rf 0.47 in the (i:i) system. 

CONCLUSION 

i. Two new variants of the synthesis of the peptide 8-12 of the natural sequence of 
ACTH have been developed. 
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2. In several stages of the process the trimethylsilyl group has been used as temporary 
protection of the carboxyl of the amino component in the process of peptide synthesis. 

i. 

2o 

3. 
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TRANSFERASE AND HYDROLASE ACTIVITIES OF PHOSPHOLIPASE D 

FROM THE ROOTS OF Aconitum arcuatum 

Z. S. Evtushenko and T. V. Vlasenko UDC 577.154.52 

The phospholipase D from Aeonit~ ar~at~ has been studied. The optimum pH val- 
ues have been determined: 6.3 for the hydrolase activity and 8.0 for the trans- 
ferase activity. Calcium ions activate the phospholipase D: the hydrolase ac- 
tivity most strongly at 8 and 30 ~mole and the transferase activity at 30 ~mole. 
The hydrolase activity of the phospholipase D is not activated by low concentra- 
tions of sodium dodecyl sulfate, while the transferase activity is activated to a 
considerable degree. The results obtained are compared with those on the activa- 
tion of cabbage phospholipase D. 

Phospholipase D is widespread in higher plants [1-3]. The isolation and properties of 
this enzyme have been described in [4-7]. Its most interesting feature is its manifestation 
of two activities: hydrolase and transferase activities [8-11]. When phospholipase D was 
isolated from cabbage [5] and from peanuts [6], it was established that the ratio of hydro- 
lase and transferase activities did not change during the purification process and the two 
activities require the same conditions for optimum catalysis. At the present time, it is as- 
sumed that both activities belong to a single enzyme [12], although Saito et al. [13] have 
shown that the maximum hydrolase and transferase activities of the phospholipase D from cab- 
bage are sho~m at different optimum pH values and are activated by different concentrations 
of Ca 2+. 

We have performed the partial purification of phospholipase D from the roots of Aconi- 
t~ ar~at~ Maxim., in which one of the highest hydrolase activities has previously been de- 
tected [2] and have described its properties. We have determined the transferase and hydro- 
lase activities of the phospholipase D in the pH range of 5.0-9.0 and have studied the influ- 
ence of various concentrations of Ca 2+ and of sodium dodecyl sulfate on these activities. For 
comparison, we determined the two activities of cabbage phospholipase D under the same condi- 
tions. Figure IA shows the dependence of the transferase and hydrolase activities of the 
aconitum and cabbage phospholipases D on the pH of the medium. 

The hydrolase activities of the enzymes from the two sources are highest in the same pH 
region -- 6.3 for the aconitumenzymeand 5.8 for the cabbage enzyme. It is known that the op- 
timum hydrolase activities of preparations of phospholipase D from various sources are found 
at pH values of 5.5 to 6.0 [14, 16]. In our experiments, the transferase activities of the 
enzymes differed greatly according to their source: the preparation from cabbage possessed 
its maximum activity at pH 5.8 and that from the aconite at pH 8.0. In the paper of Yang et 
al. [4], the optimum pH was the same for the two activities of the cabbage phospholipase D, 
amounting to 5.5-6.0. According to the results of the investigations of Saito et al. [13], 
the optima of the two activities of the enzyme from the cabbage differed sharply: for the 
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