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USE OF THE SILYLATION REACTION IN SYNTHESIS OF FRAGMENT 1-4 

OF THE ACTH SEQUENCE 

A. K. Rabinovich and E. P. Krysin UDC 549.953:665.37 

A new effective method of synthesizing fragment 1-4 of the ACTH sequence ensuring 
a high overall yield of the desired product is proposed. This result is achieved 
thanks to the wide use of the silylation reaction in the synthesis, which has per- 
mitted a considerable simplification of the process and the avoidance of the for- 
mation of by-products. The peptides synthesized have been characterized by their 
angles of optical rotation, chromatographic mobilities, and melting points. A 
table of chemical shifts in the zaC NMR spectra of the final and intermediate com- 
pounds is given. 

In recent years, the silylation reaction has found ever wider employment in organic syn- 
thesis [i]. Its use considerably simplifies the synthesis, since it permits the reaction to 
be performed with free amino acids. Such an approach eliminates the stage of obtaining esters 
of the amino acids and their hydrolysis in an alkaline medium. Furthermore, the trimethyl- 
silyl group ensures the protection of the free hydroxy groups of amino acids [2] and, which 
is of no little importance, is easily eliminated during the usual acid-alkali washings. 

Known methods of obtaining fragment 1-4 of the sequence of ACT}{ are, as a rule, either 
multistage, since they involve the preparation of amino acid derivatives with protected 
side chains [3, 4] or, where amino acid derivatives with unprotected side chains are used, 
lead to the desired product with a low overall yield of the order of 20% [5, 6]. 
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TABLE i. Properties of the Peptides (I-VI) Obtained 

Peptide Yield,% rap, °C [=l~.deg Rf (system) Litera- 
ture 

I 
II 

III 
IV 
V 

VI 

92 
92 
90 
96 
90 
85 

94--97 
110--115 
61--65 

125--130 
185--190 

+? 
--16 
--2) 
--36* 

(I,45 (2). 0,39 (5) 
0,72 (5), 0,65 (6), 0,58 (I; 2 times) 
0,57 (2), 0,54 (6) 
o,18 (2), 0,27 (4), 0.75 (3) 
0,67 (5), 0,39 (1; 2 t imes) ,  0,43 (6) 
0,16 (4). 0,36 (5) 

[81 
171 

[71 
lSl 

*1% solution in 50% MeOH solution; the others in MeOH. 

TABLE 2. Chemical Shifts in the 13C NMR Spectra of Peptides 
(I), (III), (V), and (VI) in DMSO-d s Relative to (CH3)4Si 

Ser 

Tyr 

Ser 

Met 

BOC 

Nucleus ] I I I  V VI  

C o 
C: 
C~ 

Co 
C: 
C~ 
C T 

2C~ 
2C.. 
Ce 

Co 
C= 
C~ 

C o 
C~ 
C~ 
C T 
C, 

C= O 
I 

--C-O 
I 

CH3 

170,19 
57,07 
61,76 

172,60 
53,49 
36,18 

127,26 
130,13 
115,05 
156J0 

155,20 

78,37 

28,C8 

170,60 
56,91 
61,69 

171,97 
50,87 
30,81 
29,38 
14,48 

155,11 

78,35 

28,03 

170,39 
56,91 
61,85 

171,16 
54,23 
36,55 

127,51 
130,14 
115,(0 
155,91 

170,05 
55,03 
61,60 

171,83 
5l ,01 
30,80 
2~,47 
14,50 

155,40 

78,44 

28,13 

170,36 
56,94 
61,88 

171,14 
54.19 
36,5f 

127,58 
130,17 
i14,95 
155,82 

170,10 
55 ,O3 
61,63 

169,99 
50,83 
31,79 
29,44 
14,46 

155,34 

78.75 

28,19 

A method of preparation with a high yield of fragment 1-4 using Trt protection is known 
[10], but because of its lability this considerably complicates the purification of the reac- 
tion products. 

We have developed a simple scheme for the synthesis of fragment 1-4 of ACTh in which 
the silylation reaction and the method of mixed anhydrides (MAs) have been successfully em- 
ployed. As the silylating agents we used bis(trimethylsilyl)acetamide (BSA) and trimethyl- 
chlorosilane (TMCS). In the case of MAs, the condensing agent was ethyl chloroformate. In 
the stage of obtaining the tetrapeptide (III), the DCC/HOBt method proved to be the most 

1 2 3 
Set Tyr Set 

B O C - - O H  H OH B O C - - O H  H 
TMCS I 

TMCS BSA BOG 
MA HCI I (111) 

BOC OH H $ 

(1) .ore!Dec ) (,v) 
BOC 

BOC 

4 

Met 
OMe 

N2H,'H20 I (V) 

CVl) 

OMe 

OMe 

OMe 

N~Hs 

1 2 
Ser Tyr 

BOC----OH H ~OMe 
TMCS I 
MA ,~ 

BOC OMe 
NaOH I (11) 

BOC $ OH 
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effective. It must be mentioned that the scheme of the synthesis was worked out on charges 
of several tens of grams, and the desired product was obtained with an overall yield of 60%. 

The peptides synthesized were characterized by their angles of optical rotation, chro- 
matographic mobilities, and melting points (Table I) . 

To identify and monitor the purity of the compounds obtained we also used the ZaC NMR 
method. It is important that the spectra of all the compounds lacked the signals correspond- 
ing to the trimethylsilyl grouping (Table 2). 

In addition, the synthesis of tetrapeptide 1-4 of the ACTK sequence was also carried 
out by the use of the method of activated esters based on HOSu which permits the side chains 
of serine and tyrosine to be left unprotected during the synthesis and enables desired prod- 
ucts of good quality with a low degree of racemization to be obtained [9]. This method has 
not previously been used in the synthesis of fragment 1-4 of ACTH and was of interest from 
a methodological point of view: 

1 2 3 4 1 2 
Set Tyr Ser Met Ser Tyr 

BOC OH BOC OSu H , , ,OMe BOC OSu H OMe 

I I I 
BOC ~ OSu H OH B O C  ; O N e  BOC $ OMe 

I BSA HCII NaO!-I ! 

BOC ~ OH H. ~ ONIe BOC 1. OH 
DCC 

BOC j, HOSu 
OMe 

Chromatographically and optically pure dipeptides were obtained by this scheme. However, 
condensation of the fragments Boc-Ser-Tyr-OH and H-Ser-Met-OMe did not give the desired re- 
suits. The end-product contained a number of impurities and its yield was low. 

EXPERIMENTAL 

Dry freshly distilled solvents were used. 

Chromatographic purity and mobility were determined on silufol plates. The substances 
were detected on the chromatograms by treatment with a solution of p-toluidine after the 
exposure of the plates to chlorine in a chamber. The following solvent systems were used 
(ratios by volume): i) CHCI3-MeOH (9:1); 2) (8:2); 3) pyridine-AcOH-4H20 (20:6:ll):EtOAc 
(37:30); 4) (18.5:30); 5) (9.25:30); 6) (1:30). 

Melting points were determined in open capillaries without correction, and angles of 
optical rotation on a EP0 VNllEKIProdmash instrument (Moscow). 

i. Preparation of BOC-Ser-OSu. By the procedure of [9], 4.1 g (20 mmole) of BOC-Ser-OH 
gave 4.8 g (16 mmole) of the corresponding N-hydroxysuccinimide ester. Yield 80%: Rf 0.41 
(system i); 0.66 (system 6). 

2. Preparation of BOC-Ser-Met-OMe (III). A:. At -10°C, 15.1 g (50 mmole) of BOC-Ser-OSu 
was added to a solution of ii g (55 mmole) of H-Met-OMe'HCI in 60 ml of CH2CI 2 and 7.6 ml 
(55 mmole) of Et3N, and the mixture was kept at 5°C for 5-6 h and 20°C for 12 h. The reaction 
products were treated with 0.i N HCI, H20, 5% NaHCO 3 solution, and H20 again. The organic 
layer was dried with Na2SO ~ and evaporated. The residue was recrystallized from diethyl 
ether. This gave 11.3 g of a crystalline substance. Yield 65%, Rf 0.57 (system 2); 0.54 
(system 6): I~I~ ° - 28 ° (c i; MeOH). mp 80-82°C. 

B. With stirring, 16.5 ml (130 mmole) of trimethylchlorosilane (TMCS) and 18 ml (130 
mmole) of EtCN were added to a solution of 24 g (117 mmole) of BOC-Ser-OH in 300 ml of CH2CI 2 
with 16.8 ml (121 mmole) of Et3N, and after the reaction mixture had been cooled to -30°C, 
12 ml (126 mmole) of ethyl chloroformate was added. The resulting mixture was kept at -20°C 
for 20 min, and then to it was added a solution, cooled to -20°C, of 25.2 g (126 mmole) of 
HCI.H-Met-OMe in 240 ml of CHCI 3 that had previously been treated successively with 17.4 
ml (126 mmole) of Et3N, 33 ml (260 mmole) of TMCS, and 36 ml (260 n~nole) of Et3N. The reac- 
tion mixture was stirred at 0-5°C for 16 h and was treated with 0.5 N HCI, Na2CO3, and H20. 
The organic layer was dried with Na2SO 4 and evaporated. The product, which had crystallized 
in the form of disk-shaped crystals, was triturated with hexane. This gave 37 g of a white 
powder (Table i). 
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3. Preparation of H-Ser-Met-OMe'HCI (IV). A solution of 29 g (83 mmole) of BOC-Ser-Met- 
OMe in 50 ml of ethyl acetate (EA) was treated with 63 ml of a solution of HCI in EA (c 0.189 
g/ml) cooled to -30°C, and the mixture was kept at room temperature for 30 min. Then it was 
cooled and the product was precipitated with 150 ml of ether and was then washed with EA and 
dried to constant weight. Yield 22.8 g (Table i). 

4. Preparation of BOC-Ser-TyriOMe (ii). A__:. At -10°C, 15.1 g (50 mmole) of BOC-Ser-OSu 
was added to a solution of 12.7 g (55 m mole) of H-Tyr-OMe-HCI in 60 ml of CH2CI 2 containing 
7.6 ml (55 mmole) of Et3N, and the reaction mixture was kept at 5°C for 3 h and at 20°C for 
8 h. The reaction products were treated (all the washing solutions being prepared on a basis 
of saturated NaCI solution) with 0.i N HCI, NaHCO3, and saturated NaCI solution. The organic 
layer was dried with Na2SO 4 and evaporated, and the residue with reprecipitated with petroleum 
ether from diethyl ether. This gave 12.7 g of product. Yield 67%; Rf 0.58 (system i; twice); 
0.72 (system 5); 0.65 (system 6) [~]~0 _ 3 ° (c i; Me0H). mp I09-III°C. 

B_=. To 9.2 g (40 mmole) of HCI'H-Tyr-OMe in 80 ml of CHCI 3 were added successively, 5.6 
ml (40 mmole) of Et3N, i0 ml (80 mmole) of TMCS, and 11.2 ml (80 mmole) of Et3N, the mixture 
was stirred at -i0 to-20°C for 30 min, and a solution of the corresponding mixed anhydride 
prepared by the method of paragraph 2B from 8 g (40 mmole) of BOC-Ser-OH, 11.2 ml (80 mmole) 
of Et3N, 5 ml (40 mmole) of TMCS, and 4 ml (42 mmole) of ethyl chloroformate was added. The 
reaction mixture was kept at -10°C for 2 h and at +5°C for 16 h and was treated with solu- 
tions (based on NaCI) of i N HCI, Na2C03, and 0.1 N HCI. The organic layer was evaporated 
and the residue was reprecipitated with hexane from ether. Yield 14 g (Table i). 

5. Preparation of BOC-Ser-Tyr-OH (I). A__:. By the method of Antonov et al. [6], 30 
g (80 mmole) of BOC-Ser-Tyr-OMe gave 24.6 g of product. Yield 85%: Rf 0.31 (system i; twice; 
0.45 (system 2); 0.39 (system 5); [~]~0+ 17 ° (c i; MeOH). mp 94-97°C. 

B_:. At 35°C, 1.8 g (i0 rmnole) of H-Tyr-OH was silyated in 5 ml of CH2CI 2 with 7.2 ml 
(30 mmole) of bis(trimethylsilyl)acetamide (BSA) for 24 h. The resulting solution was treated 
with 3.1 g (i0 mmole) of BOC-Ser-OSu in 15 ml of CH2C12, and the mixture was kept at 20°C 
for 18 h. Then it was stirred with 60 ml of saturated NaHC03 solution for 2 h and was washed 
with diethyl ether and with ethyl acetate. The aqueous layer was treated with i N HCI to 
pH 3, the product was extracted with ethyl acetate, and the solvent was evaporated off in 
vacuum. This gave 3.1 g of a crystalline substance. Yield 84%; the Rf and [~]~0 values were 
similar to those for the product obtained in paragraph 5A. 

C. A solution of 14.5 g (80 mmole) of H-Tyr-OH in 60 ml of CH2CI 2 containing 60 ml 
of BSA, cooled to -30°C, was added to a solution, cooled to -20°C, of the mixed anhydride 
prepared by the method of paragraph 2B from 16 g (80 mmole) of BOC-Ser-OH, 23.2 ml (168 mmole) 
of Et3N, II ml (88 mmole) of TMCS, and 8 ml (84 mmole) of ethyl chloroformate. The reaction 
mixture was kept at 0 to +5°C for 16 h, the solvent was evaporated off in vacuum, and the 
residue was stirred in a 4:1 (by volume) mixture of aqueous Na2CO 3 solution and MeOH for 
0.5 h, and, after being washed with CH2C12, the aqueous layer was acidified with 2 N HCI to 
pH 3 and the product was extracted with ethyl acetate. The solvent was eliminated in vacuum. 
This gave 27 g of the desired product (Table i). 

6. Preparation of BOC-Ser-Tyr-Ser-Met-OMe (V). A__: A solution of 3.68 g (i0 mmole) 
of BOC-Ser-Tyr-OH, 1.21 g (10.5 n~nole) of HOSu, and 2.16 g (10.5 mmole) of dicyclohexylcarbo- 
dimide (DCC) in 15 ml of CH2CI 2 containing 2 ml of DMFA was kept at 5°C for 12 h, the precip- 
itate of dicyclohexylurea was filtered off, and the filtrate was added to a solution of 3 
g (10.5 mmole) of H-Ser-Met-OMe'HCI in i0 ml of CH2CI 2 containing 2 ml of Et~N. The reaction 
mixture was kept at 20°C for 12 h and was washed with saturated NaCI solution, saturated 
NaHCO~ solution, 0.2 N HCI to pH 3-4, and saturated NaCI solution again. The organic layer 
was dried with sodium sulfate and evaporated, and the residue was treated with diethyl ether. 
This gave 3.8 g of product. Yield 63%; Rf of the main substance 0.39 (system i; twice); 0.43 
(system 6); 0.67 (system 5); Rf of an impurity 0.44 (system I; twice), 0.74 (system 5); 0.55 
(system 6); [~]~0 _ 18 ° (c i; MeOH). mp 82~86°C. 

B. To 14.56 (39 mmole) of BOC-Ser-Tyr-OH in 140 ml of CHCI 3 were added, successively, 
15.7 ml (123 mmole) of TMCS and 17.3 ml (125 mmole) of Et3N, the mixture was cooled to -20°C, 
5.6 ml (40 mmole) of Et3N and 4 ml (42 mmole) of ethyl chloroformate were added, the new 
mixture was kept -15°C for 20 min, and a solution, cooled to -20°C, was added that had been 
prepared by the successive addition to 12.3 g (43 mmole) of H-Ser-Met-OMe-HCI in I00 ml of 
CHCI 3 (-20°C) of 5.9 ml (43 mmole) of Et3N, 10.9 ml (86 mmole) of TMCS, and 11.9 ml (86 mmole) 
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of Et3N. The reaction mixture was kept at -10°C for i h and at 0°C for 16 h, and, after 
the addition of 60 ml of CH2CI 2 and 60 ml of EtOH, it was treated with Na2C03 (saturated)-H20 
(2:1 by volume), NaCI (saturated), 1 N HCI to pH 3, and NaCI (saturated) again. The organic 
layer was dried with Na2SO 4 and evaporated in vacuum. Yield 14.1 g (60% of theory), Rf 0.67 
(system 5); 0.39 (system i; twice); 0.43 (system 6); [~]~0 _ 29 ° (c i; MeOH). mp I05°C. 

C_=. A solution of 19.5 g (68 mmole) of H-Ser-Met-OMe-HCI in 40 ml of CH2CI 2 containing 
10 ml of DMFA was treated with Et3N to pH 7, and another 9.4 ml (68 mmole) of Et3N was added, 
the mixture was cooled, and the precipitate of Et3N'HCI was filtered off. The filtrate was 
added to a solution of 25 g (68 E~ole) of BOC-Ser-Tyr-OH and 9.6 g (71 mmole) of HOBt in 
80 ml of CH2CI 2 containing 40 ml of DMPA, the mixture was cooled to -20°C, and, with stirring, 
14.6 g (71 mmole) of DCC was added in portions. The reaction mixture was kept at 0°C for 
18 h, the precipitate of dicyclohexylurea that had appeared was filtered off, and, after 
the addition of 400 ml of CH2CI 2, the filtrate was washed successively with i N HCI-NaCI 
(saturated) (i:i), H20-NaCI (saturated) (I:i), H20-~a2CO ~ (saturated) (i:i), 0.5 N HCI-NaCI 
(saturated), and NaCI (saturated). The organic layer was dried with Na2SO 4 and evaporated, 
and the residue was treated with ether. This gave 36.7 g of product (Table i). 

7. Preparation of BOC-Ser-Tyr-Ser-Met-N2H 3 (VI). A solution of 36 g (60 mmole) of BOC- 
Ser-Tyr-Ser-Met-OMe in 400 ml of EtOH was treated with 35 ml of N2H~-H20 , and the mixture 
was left at room temperature for 18 h. The precipitate that had deposited was filtered off, 
washed with EtOH, and dried in vacuum. This gave 30.6 g of product (Table i). 

The authors are grateful to E. P. Prokof'ev, E. ~. Lavut, and M. B. Smirnov for identi- 
fying the peptides synthesized by the Z3C NM_R method. 

SUMMARY 

A convenient method of synthesizing fragment 1-4 of ACTH with an overall yield of 60% 
has been developed. 

The efficiency of the use of the silylation reaction in the preparation of peptides 
with hydroxyl-containing amino acids by the mixed-anhydride method and by the method of acti- 
vated esters based on HOSu has been shown. 
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