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Synthesis of Protected Peptides

related to Sequence 23—30 of Bovine Insulin B-Chain

By Jonathan G. Warnke and Geoffrey T. Young,* The Dyson Perrins Laboratory, Oxford University, South

Parks Road, Oxford OX1 3QY

Protected peptides related to the C-terminal octapeptide sequence (1) of the B-chain of bovine insulin, including
those in which phenylalanine-24 and -25 have been replaced by alanine and by N-methylphenylalanine, have been

synthesised by the picolyl ester method for use in the semi-synthesis of modified insulins.

A further example of the

usefulness of the piperidino-oxycarbonyl amino-protection group, cleaved selectively by sodium dithionite, is

provided.

WE describe here the synthesis of fragments having
sequences related to the C-terminal portion of the bovine
insulin B-chain (1),t prepared as part of a collaborative

23 24 25 26 27 28 29 30
Gly—Phe—Phe—Tyr—Thr—Pro—Lys—Ala
(1)

programme in which they would be used to replace the
natural sequence by coupling with the suitably protected
des-(B 23—30)-insulin, obtained by trypsin degradation
of natural insulin.2 In particular, besides a suitably
protected derivative of the natural sequence (1) itself
[compound (8) in the Table], phenylalanines-24 and -25
have been replaced by alanine separately and together
[compounds (11), (13), and (15)], and also by N-methyl-
phenylalanine [compounds (18), (20), and (22)], which,
when incorporated in the insulin molecule, would

+ Abbreviations follow the I.U.P.A.C.-1.U.B. rules, reprinted in
the Chemical Society Specialist Periodical Report ‘ Amino-acids,
Peptides and Proteins’ ed. G. T. Young, The Chemical Society,
London, 1972, vol 4, p. 441. Pic = 4-picolyl; Pipoc = piperi-
dino-oxycarbonyl; MePhe = N-methylphenylalanine; NSu —=
succinimido. Chiral amino-acids are of the L-configuration.

Synthesis of protected peptides related to insulin B 23

Boc—Lys{Pipoc)—Ala—OPic

Boc—Thr(Bzl)—Pro—OPic

Boc—Phe—Tyr(Bzl)-OPic

o o s N o, e, o, o e, ., e e, (P, e N o, e, e e,
QO DD DO DO B DD DO DO DD D DD b bl ol bl ol o o o o e o e e e oy e
OO RTIHINA W OORTID 0P WK — OO W-ID0 b 0N
REACA A A AR oA AL AR NN NN LN AR NN AR A A AL A RN A

Boc—Pro—Lys(Pipoc)—Ala—OPic
Boc—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—Phe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—Phe—Phe—Tyr(Bzl)—Thr(Bzl)-Pro—Lys(Pipoc)—Ala—OPic
Z—Gly—Phe—Phe—Tyr(Bzl)—-Thr(Bzl)-Pro—Lys(Pipoc)—Ala—OPic
Boc—Ala—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—Phe—Ala—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Z—Gly—Phe—Ala—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—Ala—Phe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Z—Gly—Ala—Phe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—Ala—Ala—Tyr(Bzl)~Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Z—Gly—Ala—Ala—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—MePhe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—Phe—MePhe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Z—Gly—Phe—MePhe-Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—MePhe—Phe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Z—Gly—MePhe—Phe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Boc—MePhe—MePhe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic
Z—Gly—MePhe—MePhe—Tyr(Bzl)—Thr(Bzl)—Pro—Lys(Pipoc)—Ala—OPic

Boc—Phe—Phe—Tyr(Bzl)-OPic
Bpoc—Gly—Phe—Phe—Tyr(Bzl)—OPic

prevent the important hydrogen-bonding between
monomers because the B-chains in the associating
monomers are in the form of anti-parallel g-pleated sheet
at this point, with hydrogen-bonding between Phe-24
of one molecule and Tyr-26 of the other® We have
also prepared protected fragments with truncated
sequences, ending at Pro-28 [compound (27)] and Tyr-26
[compound (30)].

The peptides were synthesised by the picolyl ester
method,* using benzyl protection for the hydroxy-
groups of tyrosine and threonine, and piperidino-
oxycarbonyl 8 for the e-amino-group of lysine. The
scheme involved the subsequent selective removal of
the lysine side-chain protection and its replacement by
t-butoxycarbonyl; this was to be followed by hydrogen-
olysis to remove the benzyl and picolyl groups as shown
in the Scheme for the natural sequence, with the pos-
sibility of esterification of the terminal carboxy-group
by means of a suitable diazoalkane, if required.® In this
way the fragment would be converted into a form suit-
able for use in semi-synthesis, having protection readily

30

Boc—Tyr(Bzl)—Thr(Bzl)—Pro—OPic
Boc—Phe—Tyr(Bz]l)-Thr(Bzl)—Pro—OPic
Boc—Phe—Phe—Tyr(Bzl)—Thr(Bzl)-Pro—OPic
Bpoc—Gly—Phe—Phe—Tyr(Bzl)—Thr(Bzl)-Pro—OPic
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TABLE (continued)

Amino-component ? Acylating-component ¢ Yield
Compound ¢ (mmol) (mmol) Isolation® (%) [a]p?® (°) ¢ Rp (tlc.)

(2) Ala—OPic, 2HBr (20.0) Boc—Lys(Pipoc) / (24) C 95 —16 0.59(E4); 0.47(A2)

3) Compound (2) (17.0) Boc—Pro (24.4) C 94.5 —65 0.43(E4); 0.55(A2)

(4) Compound (3) (15.0) Boc—Thr(Bzl) (18.0) C 91 —42 0.44(E4); 0.52(A2)

(5) Compound (4) (9.0) Boc—Tyr(Bzl) (10.8) C 96 —31 0.47(E4); 0.65(A2)

(6) Compound (5) (2.0) Boc—Phe (2.4) A 90 —32 0.61(E4); 0.69(A2)

(7) Compound (6) (1.0) Boc—Phe (1.2) Av 88 —39 0.66(E4); 0.67(A2)

(8) Compound (7) (0.5) Z—Gly (0.6) A 90 —40 0.67(E4); 0.65(A2)

(9) Compound (5) (2.0) Boc—Ala (2.4) A 87 —37 0.66(E4); 0.55(A2)
{10} Compound (9) (0.85) Boc—Phe (1.02) A 83.5 —28 0.60(E4); 0.51(A2)
(11) Compound (10) (0.65) Z—Gly (0.78) A 81 —29 0.46(E4); 0.65(A2)
(12) Compound (6) (0.8) Boc—Ala (0.96) A 84 —46 0.65(E4); 0.53(A2)
(13) Compound (12) (0.5) Z—Gly (0.6) A 84 —38.5 0.68(E4); 0.55(A2)
(14) Compound (9) (0.85) Boc—Ala (1.02) A 81 —41 0.60(E4); 0.48(A2)
(15) Compound (14) 0.57) Z—Gly (0.68) ) A 92 —29 0.48(E4); 0.46(A2)
(16) Compound (5) (2.0) Boc—MePhe / (2.4) * A 85 —41 0.64(E4); 0.46(A2)
(17) Compound (16) (0.4) Boc—Phe (0.48) A 86 —46 0.71(E4); 0.60(A2)
(18) Compound (17) (0.3) Z—Gly (0.33) A 76 —52 0.68(E4); 0.62(A2)
(19) Compound (6) (0.65) Boc—MePhe/ (0.72) * A 84.5 —49 0.67(E4); 0.63(A2)
(20) Compound (19) (0.50) Z—Gly (0.55) A 93 —49 0.64(E4); 0.57(A2)
(21) Compound (16) (0.4) Boc~MePhe / (0.48) * A 83 —63 0.66(E4); 0.60(A2)
(22) Compound (21) (0.17) Z—Gly (0.19) A 82 —52.5 0.65(E4); 0.54(A2)
(23) Pro—OPic, 2HBr ¢ (17.5) Boc—Thr(Bzl) (21.0) C 87 —28 0.65(E4); 0.62(A2)
(24) Compound (23) (10.0) Boc—Tyr(Bzl) (12.0) A 87 —20 0.65(E4); 0.65(A2)
(25) Compound (24) (5.0) Boc—Phe (6.0) A 92 —19.5 0.57(E4); 0.68(A2)
(26) Compound (25) (4.5) Boc—Phe (5.4) A 88 —30 0.63(E4); 0.68(A2)
(27) Compound (26) (1.0) Bpoc—Gly—ONSu i (1.0) A 81 —31 0.66(E4); 0.70(A2)
(28) Boc—Tyr(Bzl)-OPic (10.0)  Boc—Phe (13.0)! A 97.5 —13 0.64(E4); 0.73(A2)
(29) Compound (28) (6.0) Boc—Phe (7.8) ! A 83 —27 0.82(E4); 0.67(A2)
(30) Compound (29) (1.0) Bpoc—Gly—ONSu 4™ (1.05) A 46 —15 0.80(E4); 0.75(A2)

Found (%) Required (%) Amino-acid analysis
—————r—— r s ]
Compound C H N Formula C H N Gly Phe Ala Tyr Thr Pro Lys
e) 581 7.8 13.0 C,H, N0, 58.3 7.7 13.1 1.00 1.00
(3) 58.05 8.0 12.9  C;H,N,O, 578 1.6 12.85 1.00 1.02 1.03
(4) 614 7.7 11.65 CayHyN;Op 612 7.4 119 1.00 0.99 099 1.04
(5) 644 7.2 102 CyH,N,O,, 647 7.1 10.4 1.00 0.99 099 100 1.04
(6) 647 7.0 102 CgHgN,0,,H,0 6475 7.1 10.1 1.02 100 095 0.97 100 0.98
) 658 7.1 103 C,H,N O, H,0 656 69 100 2.09 1.00 094 092 0.99 103
(8) 648 6.6 106 CaHuN,Ou 648 66 103 1.01 195 1.00 0.96 090 0.99 101
(9) 635 7.4 108 CuHuNyOps 63.8 7.1 10.95 2.00 096 090 101 1.02
(10) 642 7.1 107 CigHaoNyOrg 644 69 107 1.03 2.00 0.98 092 099 1.02
(11) 63.8 645 11.2 C,H,N,0,,H,0 637 6.6 109 099 102 200 087 093 099 1.03
(12) 643 7.1 107 CuHeNiOrs 64.4 69 107 1.00 200 091 097 097 1.02
(13) 63.9 66 112 C,H,N,0,,H,0 637 66 109 100 102 200 087 0.93 099 1.03
(14) 63.5 7.1 11.6  CgHgN,,Oy, 63.0 7.1 115 2.98 098 0.98 100 1.00
(15) 61.55 6.7 11.6 CgHyN,,0,,,2H,0 61.5 6.8 11.4 0.98 2.80 098 098 1.00 1.00
(16) 64.2 7.3 10.2 CgHgNO,,,2H,0 641 7.2 99 1.00 0.97 0.98 0.99 1.01 MePhe 1.00
(17) 65.3 7.2 101 C,;HyN,,0,,2H,0 65.05 7.1 9.85 0.99 1.00 0.98 0.99 0.99 0.99 MePhe 0.98
(18) 65.7 6.85 9.9 Cg,H,N,0,2H,0 659 6.7 103 099 097 100 097 099 1.02 1.01MePhe 1.00
(19) 652 6.9 9.9 C,H,N,0,2H,0 6505 7.1 9.85 098 1.00 1.00 0.98 099 1.01 MePhe 0.99
(20) 65.7 7.0 107 CgH,N,,0,,H,0 659 67 103 100 098 100 099 0.99 0.98 0.99 MePhe 0.99
(21) 65.2 7.0 10.15 C;HyN,,0,,2H,O0 6525 7.2 9.8 1.00 0.98 0.97 1.03 1.01 MePhe 1.99
(22) 65.2 7.2 9.6 Cq H99N11015,2H O 653 6.8 10.1 0.98 1.00 0.96 1.00 0.98 1.01 MePhe 1.97
SR M
. . . 50.N4-8 . : .
(25) 69.2 6.2 7.6 CHH59 :0s 69.5 6.6 7.8 1.00 0.99 0.99 1.00
(26) 69.0 6.5 7.8  C4HggN O, H,O 688 6.7 7.9 2.03 1.01 099 100
(27) 71.4 625 17.75 C,H;N;0,, 71.6 6.3 7.9 1.00 1.99 1.00 1.01 1.00
(28) 70.95 6.6 6.9 Cs‘,Hf,,,Nf,()3 70.6 6.6 6.9
(29) 68.4 64 71 C,H,N,0,2H,0 682 66 7.1
(30) 7155 6.3 72 CynHaNOLH,0 717 61 7.2

¢ All compounds are new. ? Except in the preparations of compounds (2) and (23), the amino-component was prepared by the
action of trifluoroacetic acid on the stated t-butoxycarbonyl derivative. ¢ Unless otherwise stated, coupling was by means of
dicyclohexylcarbodi-imide and 1-hydroxybenzotriazole in tetrahydrofuran solution. ¢ C = Citric acid procedure, A = Amberlyst
procedure. In the latter procedure the solvent for application to the resin was ethyl acetate except in the isolation of compounds
(7), (12), (28), and (29), when dichloromethane was used, compounds (8), (10), (13), (15), and (21) when chloroform was used, and
compound (20), for which a mixture of ethyl acetate and dichloromethane (2: 1) was used. ¢ Optical rotations were measured in
chloroform (¢ 1), excepting compounds (17), (18), (20), (21), (22), and (26), for which ¢ = 0.2--0.6. f Liberated from the dicyclo-
hexylammonium salt by 0.7M-citric acid and extracted into ethyl acetate. ¢ The product gelled in ethyl acetate and was applied to
the Amberlyst in dichloromethane solution. * Coupling was through the mixed anhydride prepared from pivaloyl chloride and
N-methylmorpholine in tetrahydrofuran at —20 °C, as described for the preparation of t-butoxycarbonyl-N-methylphenylalanyl-
N-methylphenylalanine methyl ester. f The coupling solvent was tetrahydrofuran-dimethylformamide (4:1). The ester hydro-
bromide was added to the acylating mixture at 0 °C, followed by NN-di-isopropylethylamine. 7 J. E. Schwertner, H. Berndt,
H-G. Gielen, and H. Zahn, Annalen, 1975, 581. * The coupling (in tetrahydrofuran solution) was complete in 2 h at 0 °C. The same
product was obtained in 719, yield by coupling Bpoc—Gly by means of dicylohexylcarbodi-imide (without 1-hydroxybenzotriazole).
! The solvent for the coupling reaction was dimethylformamide. ™ The coupling (in dimethylformamide solution) was complete in 40
min.
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removable under mild acid conditions. This sequence
of reactions, which worked well in the test case, provides
a further example of the usefulness of the piperidino-
oxycarbonyl group for amino-protection, being stable
to acid but rapidly cleaved under very mild conditions

7~Gly=Phe—Phe=Tyr—Thr—Pro—Lys—Ala—OPic

Bzl Bzl Pipoc

i, ii

Z=Gly=Phe—Phe—Tyr—Thr—Pro—Lys—Ala—OPic

Bzl Bzl Boc

iii
Gly—Phe—Phe—Tyr—Thr—Pro—Lys—Ala

Boc

Reagents: i, Nay,S,0,, 509, AcOFH; ii, Boc-Ny; iii, IT,-Pd/C

SCHEME

by sodium dithionite.t7 We describe here our preferred
route for the preparation of N*t-butoxycarbonyl-N¢-
piperidino-oxycarbonyl-L-lysine. In the preparation of
the truncated fragments the N-terminal residue was
incorporated as the acid-labile N-2-(biphenyl-2-yl)iso-
propoxycarbonyl derivative, and it was found that
protected peptide picolyl esters having this acid-
sensitive group can still be isolated by use of Amberlyst-
15, buffered with 3-bromopyridine. Ifor the highly
hindered coupling of t-butoxycarbonyl-N-methyl-
phenylalanine the mixed pivalic anhydride  was used.

These syntheses provide further examples of the value
of the picolyl ester  handle * procedure, in the synthcsiﬁ
of the seven protected octapeptides. Yields of ca. 909,
of analytically pure product were obtained for the addi-
tion of each amino-acid residue, the overall yields
(calculated on the C-terminal residue) varying between
44 and 56Y,.

EXPERIMENTAL

T.l.c. was on unbaked Kieselgel HI' 254/366; solvent (A2)
was n-butanol-acetic acid—water (10: 1 : 3, by volume) and
solvent (E4) was methanol—chloroform (1: 9). Evaporation
was by rotary evaporator at reduced pressure below 35 °C.
Samples for amino-acid analysis (JEOL JLC-5AH analyser)
were hydrolysed in 6 m-hydrochloric acid with added phenol
for 18—24 h at 110 °C. M.p.s were determined with a
Kofler hot-stage apparatus, and optical rotations on a
Perkin-Elmer 141 automatic polarimeter (l-dm cell).
Solutions in organic solvents were dried over magnesium
sulphate or sodium sulphate. Electrophoresis was on a
Michl apparatus at 60—80 V cm™!, on Whatman No. 1 or
3 MC paper, using pyridine—acetic acid—water (25:1: 225)
buffer (pH 6.5) and 2%, formic acid, 8%, acetic acid in water
(pH 1.9).

Ne-t-Butoxycarbonyl-Ne-piperidino-oxycarbonyl-L-lysine
Dicyclohexylammonium Salt.—'To N*-t-butoxycarbonyl-r-
lysine ® (23.5 g, 0.095 5 miol) suspended in dimethylform-
amide (100 ml) was added 1,1,3,3-tetramethylguanidine
(12.5 ml, 0.095 5 mol) and then piperidino-2,4,5-trichloro-
phenyl carbonate ® (45.1 g, 0.143 mol) slowly during 1.5 h.
After 4 h the solution was evaporated; the residue was dis-
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solved in chloroform (200 ml) and washed with 0.7m-citric
acid (3 x 200 ml) and with brine and then evaporated.
The residue was dissolved in sodium hydroxide (0.6m;
200 ml) and washed with dichloromethane (3 » 200 ml).
The aqueous layer at 0 °C was brought to pH 3.5 by the
addition of solid citric acid and the liberated oil was ex-
tracted into ethyl acetate (3 x 200 ml). The combined
extracts were washed with water and then brine and dried
(MgS0,) and evaporated. T.Lc. of the residual foam showed
a single ninhydrin-positive spot together with a trace of
trichlorophenol. The foam was therefore dissolved in
ether and a solution of dicyclohexylamine (19 ml, 0.095 5
mol) in ether was added. Cooling to —20 °C gave a white
solid which was recrystallised from propan-2-ol, giving salt
(35.9 g, 68Y,) of m.p. 135 °C, [d,® -8° (¢ 1.07 in
methanol) (Found: C, 63.0; H, 9.9; N, 9.75. C,H,,N,O,
requires C, 62.8; H, 9.75; N, 9.9).

L-Alunine 4-Picolyl Ester Dihydrobromide.—N-Benzyl-
oxycarbonyl-L-alanine 4-picolyl ester? (9.0 g, 2.86 mmol)
was dissolved in acetic acid (15 ml) and a solution of hydro-
gen bromide in acetic acid (45% w/v; 45 ml) was added
slowly. After 1 h ether was added and the precipitated
prodnct was recrystallised from aqueous acetone, giving the
salt (9.07 g, 96.5%,), m.p. 165—167 °C; [«],*® +2° (¢ 1.0 in
Me,N-CHO) (Found: C, 31.5; I, 3.9; Br, 46.5; N, 8.0.
CyH,,Br,N,0, requires C, 31.6; H, 4.1; Br, 46.8; I\ 8.29,).

N-Methyl-L-phenylalanine Methyl Fster Hydrochloride —
N-Methyl-L-phenylalanine 1° (1.54 g, 0.86 mmol) was added
to a sohition of thionyl chloride (0.70 ml, 0.946 mmol) and
nmethanol (10 ml) at —8 °C.11 The solution was refluxed for
5 h and then evaporated; recrystallisation of the residue
from methanol gave the amino-ester hydrochlovide (1.51 g,
769,), m.p. 85-—87 °C, [a],2® +59° (¢ 1.0 in CHCl,) (Found:
C, 57.2; H, 7.1; N, 6.25. C,H,;CINO, requires C, 57.5
H, 7.0; N, 6.1).

N-t-Butoxycarbonyl-N-methyl-L-phenylalanyl-N-methyl-1.-
phenylalanine Methyl I'stev.—This compound was prepared
in order to determine whether the mixed pivalic anhydride
method, under the conditions to be used in the synthesis of
the fragments, resulted in racemisation. To a solution of
N-butoxycarbonyl-N-methyl-L-phenylalanine (180 mg, 1.05
mmol, liberated from its dicyclohexylammonium salt 12
by means of 0.7m-citric acid and ethyl acetate) in tetra-
hydrofuran (5 ml) at —20 °C was slowly added N-methyl-
morpholine (0.118 ml, 1.05 mmol) and then pivaloyl
chloride (0.105 ml, 1.05 mmol). After 10 min a mixture of
N-methylmorpholine (0.111 ml) and N-methyl-L-phenyl-
alanine methyl ester hydrochloride (231 mg, 1.0 mmol) in
tetrahydrofuran (5 ml) at —10 °C was added. The tem-
perature was allowed to rise and next day the solution was
evaporated; the residue was dissolved in ethyl acetate and
the solution was washed with aqueous citric acid, aqueous
sodium hydrogencarbonate, water, and brine, and dried.
Evaporation gave the protected dipeptide (400 mg, 87%) as

an oil, Ry 0.78 (E4), [, —30° (¢ 1.0 in CHCly) (Found:
C, 66.5; H, 7.1; N, 5.7. C4H,N,0,H,0 requires C,
66.1; H, 7.2; N, 5.99, A portion of the product was

hydrolysed in 6m-hy drochloric acid at 110 °C for 24 h.
Evaporation gave a white solid of [«f2* +47.0° {¢ 0.5 in
1M-NaOH); a sample of N-t-butoxycarbonyl-N-methyl-L-
phenylalanine hydrolysed similarly gave product of [« 20
+48.1° (¢ 0.7 in 1M-NaOH).
N-t-Butoxycarbonyl-O-benzyl-L-tyvosine 4-Picolyl Estey.—
Dicyclohexylearbodi-imide  (5.56 g, 2.7 mmol) was
added during 2 h to N-t-butoxycarbonyl-O-benzyl-1.-
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tyrosine (10.0 g, 2.7 mmol) and 4-picolyl alcohol (2.18 g, 2.0
mmol) in dichloromethane at —10 °C. The temperature
was allowed to rise and next day ethyl acetate was added
and the solution at 0 °C was filtered and then evaporated.
The residue was dissolved in ethyl acetate and the solution
was washed (sodium hydrogencarbonate, brine) and dried,
and then applied to Amberlyst-15 resin (3-bromopyridinium
form; 300 ml).  After 1 I the resin was washed with ethyl
acetate and the product was chited with 0.5M pyridine in
cthyl acetate. Evaporation of the eluate and trituration
of the residuc with light petroleum gave a solid which was
recrystallised from ethyl acetate-light petroleum, giving
the ester (6.2 g, 67%), m.p. 78—80 °C, [0],20 —18.5° (¢ 1.1
in Me,N-CHO); Ry 0.74 (A2), 0.93 (G3) (FFound: C, 70.25;
H, 6.6; N, 6.1. C,,Hy,N,0O; requires C, 70.1; H, 6.5; N,
6.19%).

Synthesis of Protected Peptides: General Proceduves.—
These follow the general description given in Part 42,13
with some modifications. When tetrahydrofuran was to be
the solvent for the coupling reaction the amino-component
was liberated from its trifluoroacetate in cold chloroform by
the addition of an excess of triethylamine; the solution was
evaporated and the residue was then dissolved in the
coupling solvent. When dimethylformamide was to be the
coupling solvent an excess of triethylamine was added to a
solution of the trifluoroacetate in this solvent and the excess
of triethylamine was then removed by a short period of
evaporation (prolonged evaporation leads to loss of triethyl-
amine from triethylammonium trifluoroacetate). When
coupling to amino-ester or dipeptide ester, the trifluoro-
acetate salt of the amino-component was dissolved in the
coupling solvent, the acylating agent was added, and then a
slight excess of di-isopropylethylamine. Dicyclohexyl-
carbodi-imide and 1-hydroxybenzotriazole were used in the
‘ pre-activation ’ procedure 4 (1 h at 0 °C and 1 h at room
temperature). In the citric acid isolation procedure the
organic solvent was ethyl acetate-ether (1:1 by volume);
in the Amberlyst-15 isolation procedure the resin was
saturated with 3-bromopyridine as usual, and the solvent
for application to the resin (ca. 1 h) and for washing was
normally ethyl acetate; the product was eluted by cooled
pvridine in dimethylformamide. Details of each synthesis
are given in the Table, in which any further modifications
in the general procedure are noted.

Ne-Benzyloxycarbonylglycyl-L-phenylalanyl-L-phenyl-
alanyl-O-benzyl-L-tyrosyl-O-benzyl-L-threonyl-L-prolyl-N<-t-
butoxycarbonyl-L-lysyl-L-alanine 4-Picolyl Ester.—To a solu-
tion of protected octapeptide (8) (200 mg, 0.14 mumol) in
809, acetic acid (2 ml) was added sodium dithionite (50 mg,
0.26 mmol). T.l.c. (solvent E4) showed that after 20 min at
room temperature the Nepiperidino-oxycarbonyl group has
been completely removed. The solution was neutralised
by sodium hydrogencarbonate and then evaporated; the
residue was triturated with water, dried, and dissolved in
dimethylformamide (10 ml). The pH was brought to 9.8
by addition of triethylamine, and t-butoxycarbonyl azide

J.C.S. Perkin I

{0.4 ml, 0.28 mmol) was added. Next day the solution was
evaporated and the residue was triturated with ether and
taken up in chloroform. The solution was washed (water,
sodimn  hydrogencarbonate, brine) and dried, and then
taken up on Amberlyst-15 (3-bromopyridinium form; 4 ml)
during 1 I. . The resin was washed with chloreform and the
product was cluted with cooled 409, pyridine in dimethyl-
formamide (100 ml). Evaporation of the eluate left an
oil which after trituration with ether gave protected octa-
peptide (145 my, 72%) as a white solid, [o],** —33° (¢ 1.0 in
CHCL); Ry 0.66 (E4), 0.54 (A2) (Found: C, 65.6; H, 6.55;
N, 9.4, CgH N (O,5,2H,0 requires C, 65.2; H, 6.7; N,
9.5%,. Found after acid hydrolysis: Gly, 1.01; Phe, 1.98;
Tyr, 0.98; Thr, 1.00; Pro, 1.00; Lys, 0.99; Ala, 1.00).
Glycyl-L-phenylalanyl-L-phenylalanyl-1-tyrosyl-L-threonyl-

L-prolyl-Ne-t-butoxycarbonyl-L-lysyl-L-alanine Acetate.—The
protected octapeptide described above was hydrogenolysed
in 5095 acetic acid over palladium—charcoal in the usual way
during 30 h.  After trituration with water the octapeptide
remained as a white solid (869, yield); electrophoresis
showed a single spot "% 0.30 and FE, %% 0.01 (Found:

C, 8.7, H, 6.7; N, 11.7. C;H,;NyO,,CH,CO,H,H,O
requires C, 68.5; H, 7.0; N, 11.35. Found after acid

hydrolysis: Gly, 1.01; Phe, 1.97; Tyr, 0.98; Thr, 0.99;

Pro, 0.99; Lys, 0.99; Ala, 1.00).
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