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177. Synthesis of Tri-, Penta-, and Heptapeptides Containing
an (R)-2-Alkyl-2-amino-3-(methylamino)-propionic Acid Residue
in the Central Position!)

by Dieter Seebach*, Armido Studer?), and Elmar Pfammatter’)

Laboratorium fiir Organische Chemie der Eidgendssischen Technischen Hochschule, ETH-Zentrum,
Universitdtstrasse 16, CH-8092 Ziirich

and Hans Widmer -

Priklinische Forschung, Sandoz Pharma AG, OELB/ON Basel . )
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By conventional peptide-coupling methods (C to N direction; mixed anhydride, bis(2-oxooxazolidin-3-
yDphosphinoyl chloride (Bop-Cl), or dicyclohexylcarbodiimide (DCC), m-mnmﬂo.N.Hn&w_.u.ﬁﬂn&ﬁmgiou.
propionic acid and 2-amino-2-ethyl-3-(methylamino)propionic acid (= 2-amino-2-[(methylamino)methyl]bu-
tanoic acid) are incorporated in the central position of tri-, penta-, and heptapeptides (see 3-7, 21, and 22). The
fragment coupling of the # -amino group of the diamino-acid moiety in a tetrapeptide led to partial epimerization,
and thus, two epimeric heptapeptide derivatives were actually obtained (7 and epi-7). The final deprotection to the
free heptapeptide (involving a Me;Sil cleavage of BocNH and MeOCONH, a saponification with NaOH, and
HPLC purification) gave both the desired product (isopeptide 21), with the f-amino group inside the peptide
backbone, and a product (peptide 22) of transpeptidation, with the x-amino group of the diamino acid incorpo-
rated and a (methylamino)methyl group as the side chain. Peptide 22 is completely converted to the isopeptide 21
by prolonged treatment with base. The heptapeptide 21 was analyzed by elaborate 2QF-COSY and NOESY NMR
measurements in HyO/CD;0D at —5° (Table, Fig.); there is no indication for f -sheet or helical structures, a fact
which was also confirmed by CD measurements.
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Introduction. — During the last twenty years, many new biologically active peptides
were discovered. Structural analogues were synthesized for studying structure/activity
correlations. Especially the relationship of conformation and activity is of great impor-
tance. Non-proteinogenic amino acids such as «-aminoisobutyric acid (Aib) [1], &8 -dide-
hydrophenylalanine (4 Phe) or other dehydroamino acids [2], dibenzofuran-based amino
acids [3] and spiro-lactam systems [4] were introduced into the peptide chain, in order to
stabilize a defined conformation.

A special amino acid, also occurring naturally [5], is 2,3-diaminopropionic acid
(A;pr). Normally, it is found to be a peptide residue with an aminomethyl side chain®)
(see, e.g., A). Ina Chemical Abstract search, we found only one example, a family of cyclic
peptides with antibiotic activity (capreomycin, viomycin, tuberactinomycin) in which
A,pr is incorporated with the #-amino group as part of the backbone [5b] (Formula B,
containing a total of five ff-amino acid units!). ¥

!y This project was supported by the Swiss National Science Foundation, project No. 20-30770.91.

%) Part of the Diplomarbeit (1991) and of the projected Doktorarbeit of 4.S.

%) Part of the Doktorarbeit of E.P., Dissertation No. 9703, ETH-Ziirich, 1992.

%) There are numerous peptides with this side chain (‘aza-serine derivatives’). For two recently isolated fun-
gizides containing A,pr, see [5a].
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m.,__..ah_a. L-Lau-Moc-( R)-Aib{NMe)-Val-Ala-OMe (7). M.p. Ewlhmﬁo.aﬁ%% Mwl.cw.m.w (c=0.68
“D: 674 107 (195.0), +1.70- 107 (213.5), —5.14- 107 (234.5). IR (CHCL,): 3670w uwmca 33205,
mc.e. 2940w, w‘chﬁ. 1725w, 16655, 1510s, 1470w, 1455w, 1420m, 1390m, 1370m, "umcﬁ.. _mhci. :mmm.
: e:. 870w. 'H-NMR (300 MHz, CDCL;): 0.89-0.99 (m, Me(Val,Leu)); 1.32-1.39 (2 Ea?._@..rt @.
); L.47-1.65 (m, CH—~C(2.7), CH,—C(2.3), CH-C(3.7), CH—C(3.3)); 2.0-2.2 (m, OI?mQ” Nulw.m
(Val)); 3.10 (s, MeN); 3.54 (d, J = 14.5, H-C(3.4)); 3.6 (s, MeQ); 3.72 (5, MeO); 3.99 (4, L"H E..w
h 3.9-4.1 (br. 5, H-C(x)); 4.27-4.31 (m, H—C(x)); 4.52-4.62 (m, 2 H—C()); n.malw‘mo (m .IlO? ,H_H
ﬁ..w.._.. 5, H=C{«)); 5.23 (d, J = 7.6, NHCOO); 6.87-6.88 (br. s, NH); 7.14-7.27 (br. 5, 3 NH); ...‘ 3-74 mg..
C-NMR (75 MHz, CDCI,): 17.51 (Me); 17.68 (Me); 18.19 (Me); 1929 (Me); 21.06 (Me); 21.76 (Me);
IR .mw,mo (Me); 23.34 (Me); 24.75 (CH); 28.33 (Me); 30.50 (CH); 31.11 (CH); 38.13 (Me); .Som amwm
m.ﬁmm.% MMWM. wummo (CH); 50.80 (CH); 52.10 (Me); 52.25 (Me); 56.19, 56.28 (CH,, rotamers); 59.46
B{cHy 624 (C); 79.96 (C); 155.92 (C); 156.09 (C); 171.13 (C); 171.53 (C); 172.03 (C); 172.35 (C);
E 173.25 (C); 175.61 (C). FAB-MS: 893.4 (21.81, [M + NaJ*), 871.4 (12.40, [M+HI), 7714 :_.u:.
VMW. “wwmmomam.u_wv. 244.2 (14.58), 215.1 (14.82), 146.1 (12.34), 145.1 (36.55), 116.0 A_o.wc‘v. 98.0 Co.m.....u_”
“m.__.v.rhmnwhw.. . .wm_ﬁ.%.‘ms. 54.9 (13.29). Anal. cale. for Cy;H74NgO,» (871.09): C 56.53, H 8.56, N 12.86:
Hmh.&_..n, p-Leu-Moc-( R Aib( NMe)-Val-Ala-OMe (epi-7). [x]g=+49 (c =0.575, MeOH). CD:
i (213.0). IR (KBr): 3670w, 3420m, 3320m, 30105, 2960s, 2940w, 2870m, 17105, _o.__.w._ 1500, wﬁaz.
20m, 1390m, 1370s, 1260w, 1240m, 1160m, 1080m, 8§70w. 'H-NMR (300 MHz, OUOM ): omv‘_ 0 o.:.
a)); 1.34 (d, J =7.1, Me(Ala)); 1.39 (4, J=17.1, Me(Ala)); 1.44, 1.45 (25, .?malﬁﬁm.u&. u..oﬁmna_.mv”
(m, CH,~C(2.7), CH,~C(2.3), CH-C(3.7), CH-C(3.3)); 2.08-2.19 (m, CH(Val)); 222-231 (m,
2.89, 3.09, 3.12 (35, MeN, rotamers); 3.59 (d, J = 10.8, H-C(3.4)); 3.63 (s, MeO); 3.65-3.70 ?.
3 3.72 (5, MeO); 3.8-4.0 (br. m, H-C()); 4.2-4.3 (m, H—C(a)); 4.45-4.65 (m, 3 H—C(a)); 4.84.9 on.
m..w_lm.m (br. s, meoox 6.8-6.9 (m, 2 NH); 6.9-7.0 (br. 5, NH); 7.15-7.25 (br. 5, NH); q.uwh_u.wo _,“g... m.
-7.40 G... s, NH). "C-NMR (75 MHz, CDCl;): 1785 (Me); 17.55 (Me); 18.66 (Me); 19.33 (Me); E.mm.
4 (Me); 21.47 (Me); 21.59 (Me); 21.84 (Me); 22.76 (Me); 23.30 (Me); 23.37 (Me); 24.72 (CH,); 24.81
32 (Me); 30.24, 30.59 (CH, rotamers); 30.82, 31.04 (CH, rotamers); 36.42, 38.21 9.»0.2 n.cSSnav..__o .mm
» rotamers); 41.24 (CHy); 47.99 (CH); 48.56, 48.62 (CH, rotamers); 48.84 (CH); ..mo..a 50 m..a ﬂ.“m,
52.05 (Me); 52.22 (Me); 55.78 (Me); 59.08, 59.26, 59.37 (CH, rotamers); 59.82 uw..wm _“Q..m. _.mgoavu
1(C. rotamers); 80.02, 80.14 (C, rotamers); 155.93, 156.04 (C, rotamers); _.mm.am.hnu. 170.88 (C); 171 u&.
rotamers); 171.93 (C); 172.18, 172.32 (C, rotamers); 172.81, 172.90 (C, _.oBBnH.&_ 173.02 :..w 21 .ﬁo.
175.29, 175.57 (C, rotamers). FAB-MS: 894.4 (23.60), 893.4 (48.49, [M + Z_&J ; m.m_ 4 N_u mo.
» 771.4 (18.81), 489.2 (22.58), 488.2 (84.44), 343.1 (11.43), 244.2 (13.48), 215.1 :o.n_.ﬁ.. _3..._ (18 w&.
_mw. ____.uww,wha.amw. 116.0 ..mC _..wwuwwm.o (100), 72.9 (45.80), 71.9 (45.89), 56.9 (58.84), 54.9 (17.13). o
=3-{ N-( fenzyloxycarbonyl)-N-methylamine [-2-[ N- (methoxycarbonyl)amino - 2- o |-
‘thyl Ester (Moc-( R )-Aib(N(Z ) Me )-Ala-OMe; a“. Coupling n.”_n_ ,qo_.m._._gv moﬂMME.m:M_“}%ﬂ.Mhﬂﬁwn
.63 mmol), Bop-Cl (687 mg, 2.65 mmol), Et(i-Pr),N (0.91 ml, 5.26 mmol), CH,Cl, (11 B_.v H-Ala-
(510 mg, 2.7 mmol), Et(i-Pr),N (0.46 ml, 2.7 mmol), and CH,Cl, (8 ml). The crude peptide ﬁnm.umnn_ for
ng deprotecting procedure without further purification. 'H-NMR (200 MHz, CDCly): 1.37(d, J =170
-50-1.51 (1, Me—C(2.1)); 2.92 (5, MeN); 3.52 (d, J = 15.4, H—C(3.1)); 3.65 (5, MeO); 3.71 (s anu
. Hw H-C(3.1)); 4.4-4.6 (m, H-C(2.2)); 5.16 (5, PhCH,); 7.0-72 (m, 2 NED).
-2-[ N-( Methoxycarbonyl)amino J-2-methyl-3-(methylamino ) propanoyl }alanine Methy!
IHMe)-Ala-0OMe; 9). To a soln. of 8 (700 mg, 1,70 mmol) in m_.OMEAm ﬂ.B_w under Ar, _o%... mﬂﬂmﬁﬁh%ﬂnom
The >‘n atmosphere was replaced by H,. The suspension was stirred for 14 h, the catalyst removed b
4.2. Celite, mEa the filtrate g.wvoumﬂoa" 9 (462 mg, 99%). The slight green oil was used for the ?:oiim
.,on@n_E.d without further purification. "H-NMR (200 MHz, CDCly): 1.40 (d, J = 7.4, Me—C(3.2)); 1.55
L1)); 246 (s, MeN); 2.61 (d, J = 12.4, H—C(3.1)); 3.24 (d, J = 12.2, H-C(3.1)); 3.64 (s MeO); 3 mu
L.mﬁ?r H-C(2.2)); 6.20 (br. 5, NH); 6.25 (s, NH). T R
-2-{[ N-( Benzploxycarbonyl)-N-methylamino Jmethyl}-2-[ N-(methoxycarbonyl) ami
! ..Mmzmw (Moc-( R j-Abu( CH:N[Z) Me)-Ala-OMe: Hcv.wﬂozumnw and cwonwwv MnMoLMHN wM NMW\M Wﬁp
._Gmo mmol), Bop-Cl G_,q mg, 3.6 mmol), Et(i-Pr);N (1.24 ml, 7.0 mmol), CH,Cl, (15 ml), H-Ala-
(750 mg, .a.o mmol), Et{i-Pr),N (0.71 ml, 3.5 mmol) and CH,Cl, (15 ml). The crude 10 was used for the
leprotecting procedure without further purification. 'H-NMR (200 MHz, CDCl;): 0.70-0.95 (m
32(d, J =17.2, Me(3.2)); 1.60-2.40 (m, CH,(3.1)); 2.94 (5, MeN); 3.8-4.3 ?_,v 1H, ia%mﬁlmﬁp VVM

108\, Filla).

{ (2R )-2-[ N-{ Methoxycarbon ylamino j-2-[ ( methylamino Jmethyl Jbutanoyl \alanine Methyl Ester (Moc-( R )-
Abu( CH;NHMe)-Ala-OMe; 11). As described for 9, with 10 (1.3 g, 3.8 mmol), EtOH (13 ml), and 10% Pd/C
(130 mg): 874 mg (99 %) of 11. The slight green oil was used for the following coupling procedure without further
purification. "H-NMR (200 MHz, CDCls): 0.70-0.90 (1, Me(4.1)); 1.2-1.4 (m, Me—C(3.2); 1.7-2.4 (m, CH,(3.1));
2.6-2.9 (m, 'H, MeNCH,~C(2.1)); 2.9-3.0 (25, McN, rotamers); 3.3-3:5 (m, 1 H, MeNCH,—C(2.1)); 3.63 (s,
MeO); 3.72 (s, MeO); 4.4-4.5 (m, H=C(2.2)); 6.27 (br. 5, NH); 6.25 (5, NH); 8.75 (br. 5, NH).

{(2R)-3-[ N-( Benzyloxycarbon yl)-N-methylamino ]-2-[ N-{ methoxycarbonyl)amino J-2-methylpropanayl }-
phenylalanyl-phenylalanin Methyl Ester (Moc-(R. )-Aib(N(Z) Me )-Phe-Phe-OMe; 12). Coupling and workup
according to G.P.2, with 2a (404 mg, 1.50 mmol), Bop-Cl (380 mg, 1.50 mmol), Et(i-Pr),;N (0.52 ml, 3.10 mmol),
CH,Cl, (8 ml), H-Phe-Phe-OMe- HCI (640 mg, 1.76 mmol), Et(i-Pr),N (0.30 ml, 1.80 mmol), and CH,Cl, (5.2 ml):
12.(800 mg, 85%). Colorless foam. [x]p" = +36.5 (¢ = 100, CH,Cl,). 'H-NMR (300 MHz, CDCly): 1.23-1.64 (35,
Me—C(2.1), rotamers); 2.82 (s, MeN); 2.92-3.08 (m, CH,—C(2.3), CH,—C(2.2)); 3.46-3.72 (m, 2 MeO, 2
H-C(3.1)); 4.55-4.58 (m, H-C(2.3) or H-C(2.2)); 4,70-4.72 (m, H—C(2.3) or H—C(2.2)); 5.13-5.18 (br. s,
PhCH.); 6.40-6.50 (s, NH); 6.96-7.05 (m, 2 NH); 7.17-7.36 (m, arom. H). BC.NMR (75 MHz, CDCly); 20.28
(Me); 37.48 (Me); 37.56 (CH,); 37.74 (CHy); 52.21 (2 Me); 54.80 (CH); 56.84 (CH); 57.13 (CH,); 62.24 (C); 67.97
(CH,); 126.98 (CH); 127.91 (CH); 128.05 (CH); 128.22 (CH): 128.52 (CH); 128.63 (CH); 129.12 (CH); 135.35(C);
136.15 (C); 136.66 (C); 156.22 (C); 158.90 (C); 170.19 (C); 171.40 (C); 172.37 (C). FAB-MS: 633.3 (25.1,
[M + H]"), 454.2 (14.7), 307.1 (24.6), 180.1 (11.1), 154.0 (1 2.1), 136.0 (11.8), 134.1 (17.7), 120.0(33.5),92.0 (100.0).

{(2R)-2-[N-( Methoxycarbonyl Jamino ]-2-methyl-3- (methylamino)propanoyl }-phenylalanyl-phenylalanin
Methyl Ester (Moc-( R)-Aib( NHMe)-Phe-Phe-OMe; 13). As described for 9, with 12 (780 mg, 1.24 mmol), EtOH
(5ml), and 10% Pd/C (50 mg): 615 mg (99 %) of 13. The oil was used for the following coupling procedure without
further purification. "H-NMR (200 MHz, CDCly): 1.54 (s, Me—C(2.1)); 2.22 (5, MeN); 2.90-3.14 (m, CH,—C(2.3),
CH,—C(2.2)); 3.59-3.70 (25, 2 MeO); 4.61-4.82 (m, H-C(2.3), H~C(2.2)); 5.95 (s, NH); 6.61-6.64 (4, J =170,
NH); 6.94-7.18 (m, NH); 7.20-7.37 (m, arom. H); 8.07-8.10 (m, NH).

__N:{ tert-Butoxycarbonyl)-alanyl-leucine Methyl Ester (Boc-Ala-Leu-OMe; 14). Coupling and workup accord-
ing to G.P.1, with Boc-Ala-OH (3 g/ T3.9 mmol), NMM (1.55 ml, 16.5 mmol), THF (80 ml), isobutyl chloroformate
(2.07 ml, 15.9 mmol), H-Leu-OMe-HCI (3 g, 16.5 mmol), NMM (1.55 ml, 16.5 mmol), and DMF (30 ml). The
resulting oil was purified by FC (AcOEt/hexane 1:1): 14 (4.25 g, 85%). Colorless solid. M.p. 66°. [¢]5" = —54.4
(¢ = 1.1, MeOH). IR (KBr): 33205, 2980m, 2960m, 2940m, 2870w, 17605, 17505, 1630s, 16105, 15355, 1510s, 1455m,
13905, 13705, 1340w, 1310w, 1285m, 1275m, 1255m, 1220m, 1200m, 1160s, 1070w, 1005m, 855w, 790w. 'H-NMR
(300 MHz, CDCly): 0.95 (d, J = 5.7, 2 Me—C(4.2)); 1.36 (d, / = 6.9, Me(3.1)); 1.45 (s, t-Bu); 1.5-1.7 (m, CH,(3.2),
CH(4.2)); 3.73 (s, MeO); 4.18 (m, CH(2.2)); 4.59 (m, CH(2.1)); 5.05 (d; J = 6.9, NHCOO); 6.59 (d, J = 6.6, NH).
BC.NMR (75 MHz, CDCly): 17.92 (Me); 21.82 (Me); 22.85 (Me); 24.76 (CH); 28.29 (Me); 41.53 (CH,); 49.92
(CH); 50.68 (CH); 52.28 (Meg); 80.14 (C); 135.35 (C); 172.43 (C); 173.25 (C). FAB-MS: 318.1 (12.24), 317.1 (53.73,
[M + HJ%), 262.1 (22.56), 261.1 (100), 229.1 (12.81), 218.1 (11.96), 217.1(65.38), 201.1 (17.16), 146.1 (45.74), 144.1
(14.18), 87.9 (24.86), 86.0 (72.79), 56.9 (60.98).

Alanyl-leucine Methyl Ester Hydrochloride (H-Ala-Leu-OMe-HCI w‘..H.Am,..,,.,.E@pr?mo_P of 14 (3.75 g, 11.86
mmalJ Tt a0 ;0 s0in, sat. with HCl was stirred at r.t. for 2 h and then evaporated: 2.95 g (99 %) of 15- HCL
Colorless powder. M.p. 62°. [a]i = —25.8 (¢ = 1.0, MeOH), IR (KBr): 3500-2500 (br.), 1740s, 16805, 1555s,
15000, 1470m, 1440m, 1390w, 1370w, 1160m, 1125m. 'H-NMR (300 MHz, CD;0D): 0.9-1.0 (m, 2 Me—C(4.2));
1.53 (d, J =69, Me(3.1)); 1.6-1.8 (m, CH;(3.2), CH(4.2)); 3.71 (s, MeO); 3.96 (m, CH(Q2.1)); 4.48 (1, 7 =72,
CH(2.2)). ®*C-NMR (75 MHz, CD;OD): 17.64 (Me); 21.72 (Me); 23.29 (Me); 25.96 (CH); 41.24 (CHp);
50.11 (CH); 52.31 (CH); 52.80 (Me); 171.27 (C); 174.19 (C). FAB-MS: 649.2 (13.55, {3(M — HCD) + HIY), 434.1
(15.27), 433.1 (48.83, [2(M — HCI) + HI"), 218.1 (23.30), 217.1 (100, {(A —HCD) + H"), 146.1 (44.70), 85.9
(25.21).

N-{ tert-Butoxycarbonyl)-valyl-alanyl-leucine Methyl Ester (Boc-Val-Ala-Leu-OMe; 16). Coupling and
workup according to G.P.3 with Boc-Val-OH (1.736 g, 8 mmol), H-Ala-Leu-OMe-HCl (2.016 g, 8 mmol), HOBt
(1.224 g, 8 mmol), NMM (0.76 ml, & mmol), THF (10 ml), and DCC (1.691 g). The crude peptide was purified by
FC (AcOEt/hexane 1:1): 16 (2.79 g, 84 %). Colorless solid. M.p. 157°. [a]&" = —68.1 (¢ = 1.1, MeOH). IR (KBr):
33105, 2970m, 2930w, 2870w, 1745s, 1700s, 1675s, 1640s, 1530s, 1450m, 1430w, 1390m, 1365m, 1335w, 1285m,
12455, 12205, 11705, 1090w, 1040w, 1015w, 630m. TH-NMR (300 MHz, CD;0D): 0.9-1.0 (m, 2 Me—C(4.3), 2
Me—C(3.1)); 1.35 (d, J = 7.2, Me(3.2)); 1.44 (s, t-Bu); 1.5-1.8 (m, CH,(3.3), CH(4.3)); 1.8-2.2 ém, CH(3.1)); 3.69
(5, Me0); 3.7-3.9 (m, CH(2.3)); 4.38-4.46 (m, CH(2.2), CH(2.1)). 3C.NMR (75 MHz, CD,OD): 18.22 (Me); 18.34




