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Abstract: Ethylenediamine-acetyl acetone mono-Schiff base (AEH) and hydrozy-
lamine hydrochloride readily condense with peptides, prepared by normal procedures,
having 3-acetyl tyrosine side chains, to templates having two types of structural
profile with AEH having independent Cu' uptake potential and with hydrozylamine
hydrochloride requiring two peptide units.

The interaction of oxygen with copper centered co-ordination spheres nestled in the cradle, crafted
from the protein manifold, brings about key biological transformations. Such manifestations are seen,
inter alia, in, normal copper enzymes associated with dismutation of superoxide radical, oxidation
of amines, oxidation of hydroxy functions and hydroxylations, in, blue copper proteins involved in
outer sphere long range electron transfer, hemocyanins that reversibly bind oxygen, bi-nuclear copper
proteins associated with oxygen transport and aromatic hydroxylations and the multi-copper oxydases
that couple four one electron oxidations of substrates to the reduction of oxygen to water. In all these
cases the required copper co-ordination is accomplished by careful placement of a handful of coded
amino acid side chains, notable amongst which are histidine, tyrosine, aspartic acid, cysteine and
methionine!. These combinations are necessitated by the fact that none of the 20 coded amino acid
side chains has independent copper uptake potential.

Our continued endeavours in the domain of protein engineering? highlighted the possible ad-
vantages from placement of a redox template at specified locations in peptides and proteins. This
communication reports the first synthesis of modified tyrosine analogs which have independent copper
uptake potential and which can be incorporated into peptide segments by the usual procedures.

The reaction of L-tyrosine(Tyr) with AcCl-AlICl; in nitrobenzene afforded optically active 3-acetyl
tyrosine hydrochloride [Tyr(3-Ac)HCI, (1), mp 220°-223° , 69%]>*5. Esterification of (1) afforded
Tyr{3-Ac)-OMe.HCI (2) which was N-protected to BzNH-Tyr(3-Ac)-OMe(3) on the one hand and
coupled with Boc-Ala to give Boc-Ala-Tyr(3-Ac)-OMe(4) on the other. Compound (4) was saponified
and coupled with Ser-OMe.HCI to yield Boc-Ala-Tyr(3-Ac)-Ser-OMe(5)(Scheme-1)®. These experi-
ments demonstrated that (1) could be conveniently incorporated into peptides.

All efforts to prepare copper complexes of (3), (4) and (5) failed, thus necessitating further mod-
ifications. These endeavours resulted in substrates having ready copper uptake potential and having
two types of structural profile.

A noteworthy reaction of (3), (4) and (§) is their ready transformation to oximes with NH,OH.HCI
in MeOH, to respectively (6), (7) and (8) (Scheme-2,I)". The oximino compounds (8), (7) and (8)
on treatment with Cu{OAc); in MeOH-H,0 readily afforded, respectively, the metal templates (12),
(13) and (14) (Scheme-2,II)%.

The UV and EPR profile of the Cu’’ complexes (12), (13) and (14) show that they are largely
square planar and that the oximino group metal coordination takes place through nitrogen. These
complexes should therefore provide further avenues for elaboration via the free hydroxyl units.

Thus, copper templated dimers can be prepared by incorporation of (1) into peptides. The utility
of this approach would be restricted because in most cases the dimer formation would not be desirable.
Therefore it was felt that, in order for the methodology to gain general acceptance, it was necessary to
transform the Tyr-3Ac side chain, in a peptide environment, to one having independent potential for
copper uptake. The logical approach would be Schiff base formation with construct that can provide
the required ligand disposition to form metal templates.
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Surprisingly, in spite of extensive literature on Cu’’ coordinated to (nitrogen),(oxide), ligands, they
invariably arise from symmetric dimers. Amongst the few methodologies available for unsymmetrical
templates®, the readily available acetyl acetone - ethylenediamine mono Schiff base (AEH)' proved
most satisfactory. AEH readily formed , from (3), (4) and (5), Schiff bases (9), (10) and (11) in MeOH
at rt!! (Scheme-2,IIT) , which on brief MeOH reflux with Cu(OAc), afforded the copper complexes
(15), (16) and (17) (Scheme-2,IV)'?. The UV and EPR profile of the complexes show that they are
largely square planar. The Z protected analogs of (13),(14) and (16) have been similarly prepared.

The chemical and redox profile of the metal templates reported here is under study. The lig-
and environments constructed here can naturally, accommodate other metal ions, thus giving rise
to a broader methodology for the crafting of a variety of metal templates in a peptide/protein envi-
ronment. This aspect has been demonstrated with the preparation and characterisation of Co¥, Ni/!
complexes of (9), (6), (7) and (8).

The methodology delineated, enabling the placement of metal templates at specified sites in
peptides, would offer advantages from the vantage of protein design, energy transfer, redox processes
and enzyme models.
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Amino acids used in the present study were of L-configuration. All new compounds were fully
characterised on the basis of their spectral and analytical data.

5. Preparation of Tyr(3-Ac)HCI (1) : A stirred suspension of L-Tyrosine (10g, 0.055 mol) in
nitrobenzene (240 mL) was admixed with AICl, (28.8g, 0.216 mol) and freshly distilled acetyl
chloride (5.12g,0.065mol). The reaction mixture was held at 100° for 6h, allowed to attain
room temperature and poured onto a mixture of con.HCI(55mL) and ice(340g). The aqueous
solution was concentrated to ~ 200mL and kept in the refrigerator. The separated solid was
recrystallized from SN(HCL). ir(KBr) vm,. cm™': 2858,1742,1640,1582; nmr(80MHz)(D-0) &
2.3 (s, 3H), 3.0 (d, 2H, J=7.5Hz), 4.12 (t, 1H, J=7.5sz, 6.71 (d, 1H, J=8.75Hz), 7.26 (d, 1H,

=8.75Hz), 7.54 (s, 1H); FAB MS: 224 (MH)*-HCl; [o]} = -2.33° (c, 1.0, MeOH).

Chiral retention in the reaction has been established via transformation to DOPA and compar-
ison with authentic sample.

6. Tyr(3-Ac)-OMe.HCI {(2), mp 186°-187° ,99%); ir (KBr) vmas cm™': 2923, 1751, 1638, 1490 ; nmr
(80 MHz) (D;0) & 2.5 (s, 3H), 3.12 (d, 2H, J=7.5Hz), 3.71 (s, 3H), 6.87 (d, 1H, J=8.75Hz),
7.34 (d, 1H, J=8.75Hz), 7.67 (s, 1H);FAB MS: 238 (MH)*-HC} ; [a]5 = -3.43° (c, 0.3, MeOH).
BzNH-Tyr(3-Ac)-OMe|(3), mp 131°-133°; 82%], ir(KBr) ¥ma; cm™': 1750, 1637, 1580, 1517; nmr
(80 MHz) (CDCly) 6:2.51 (s, 3H), 3.31 (d, 2H, J=5.0Hz), 3.84 (s, 3H), 5.12 (d,d, 1H, J=7.5Hz),
6.65 (d, 1H, J=8.75Hz), 6.87-7.93 (m, 8H), 11.43 (s, 1H); FAB MS: 342(MH)* ; [a]# = -55.22°
(c, 1.1, MeOH). Boc»Ala—Tyri3—Ac)-OMe ‘()%, mp 106% 67%]}; ir(KBr) vma: cm™}: 3340, 2982,
1750, 1686, 1652, 1523 ; nmr (80 MHzL(C 1326: 1.28 (d, 3H, J=5.0Hz), 1.37 (s, 9H), 2.63 (s,
3H), 3.1 (d, 2H, J=6.25Hz), 3.75 (s, 3H), 4.06 (m, 1H), 4.84 (m, 2H), 6.63 (d, 1H, J=8.75Hz),
6.9 (d, 1H, J=8.75Hz), 7.22 (d, 1H, J=8.75Hz), 7.53(s, 1H), 11.44 (s, 1H); FAB MS: 409(MH)*
; [a"{',” = -5.96° (c, 1.0, MeOH). Boc-Ala-Tyr(3-Ac)-Ser-OMe [(§), mp 1727 ; 32%)}; ir(KBr) vmaz
em™!: 3299, 1746S 1687, 1647, 1530; nmr (80 MHz) (CDCly) 6: 1.44 (m5 12H), 2.65 (s, 3H), 3.16

(d, 2H, J=6.25Hz}, 3.65 (s, 3H), 3.81 (d, 2H. J=3.75Hz), 4.13 (m, 1H), 4.69 (m, 2H), 5.03 (d,
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10.

11.

12.

1H, J=6.25Hz), 6.78-7.50 (m, 4H), 7.7 (s, 1H), 12.1 (s, 1H);FAB MS: 496(MH)* ; [a]¥ =-21.0°
(c, 0.5, MeOH).

General procedure for (6),(2),(8): A solution of the substrate (1.2 mmol) and NH;OH.HCI (2.4
mmol) in MeOH (15 ml) was admixed with a solution of NaHCO; (2.4 mmo(l} in H;O (4 ml).
The reaction mixture was left stirred at room temperature for 8 h, evaporated, extracted with
EtOAc (15 ml), washed with water (2x5 ml), dried, evaporated and crystallized from MeOH
: H;O :: 3: 1. BzNHTyr (3-oximino acetyl)-OMe J)(?, mp 172° ; 79%}; ir(KBr) vpme. cm™:
1706, 1634, 1580, 1526 ; nmr(80 MHz) (CDCl3-DMSO-ds) & : 2.26 (5,3H), 3.2 (d,2H,J=7.0 Haz),
3.8 (s,3H), 5.0(m,1H), 6.73-7.93(m,9H), 11.0(s,1H), 11.8(s,1H); FAB MS: 357(MH)*. Boc-Ala-
Tyr(3-oximino acetyl)-OMe [51); mp 172° ; 71%)]; ir(KBr)u,,., cm™': 3426, 3339, 3258, 1742,
1690, 1670, 1623, 1537 ; nmr(80 MHz) (CDCly) é: 1.47 (m,12H), 2.28(s,3H), 3.13(d 2H J=5.0
Hz), 3.84(s,3H), 4.17(m,1H), 4.93(m,1H), 5.37(d,1H, J=6.25 Hz), 6.47-7.34(m,4H), 9.43(s,1H),
11.74(s,1H); FAB MS :424 (MH)* . Boc-Ala-Tyr (3-oximino acetyl)-Ser-OMe [(8); mp 104°;
83%]; ir(KBr) ¥me; cm~': 3317, 1743, 1686, 1660, 1521 ; nmr(80 MHz) (CDCls-DMSO-dg)
& 134 (m,12HJ, 2.31(s,3H), 3.09(d,2H, J=6.25Hz), 3.78(m,5H), 4.09 (m,1H), 4.63(m,2H),
5.75(d,1H), 6.75-7.68(m,5H), 10.8(s,1H), 11.7(s,1H); FAB MS: 511 (MH)*.

General procedure for (12), 8_32, (14): A solution of the oxime (2 mmol) in MeOH (15ml) was
admixed with a solution of Cu(OAc); (1 mmol) in H;O (3ml). The reaction mixture was left
stirred at rt for 0.5h, the copper complex filtered, washed with water and dried.(12): mp 253° ;
78%; UV (CHCls) Apmo. nm : 259, 345, 647, ir (KBr) v, cm™! : 3289, 2950, 1740, 1637, 1579,
1530 , FAB MS: 774(M)* ; epr (CHCly,rt): A,,, = 90G, g, = 2.1137; (13): mp 226° ; 67%;
UV (CHCl;3) A nm : 254, 345, 648; ir (KBr) v, cm™! : 3387, 3329, 1740, 1666, 1520. FAB
MS: 908(M)* ; epr (CHCl3, rt): A;,, = 105G, g0 = 2.1171; (14): mp 255° ; 84%; ir (KBr) vpa,
cm™? : 3315, 1744, 1651, 1509 . FAB MS: 1082(M)*.

Costes,J.P.; Dahan,F.; Laurent,].P. Inorg. Chem.1985, 24 1018; Cros,G.; Laurent,J.P.; Da-
han,F. Inorg. Chem. 1987, 26, 596.

Preparation of AEH: Under vigorous stirring,a solution of acetyl acetone (0.1 mol) in CHCly
50ml) was added, in drops, to a solution of ethylenediamine (EDA) (0.1 mol) in CHCl; (100ml).

he reaction mixture was left stirred for 10h, the separated water was removed, solvents evap-
orated and the crude product used as such without delay. AEH: liquid; 84 %, nmr (80MHz)
(Cl))Cl3 ) 6 : 1.66 (m, 2H), 2.02 (s, s, 6H), 2.9 (m, 2H), 3.38 (m, 2H), 5.03 (s, 1H), 10.97 (s,
1H).

General procedure for (9), (10), (11): A solution of the substrate (2mmol) in MeOH (20ml)
was admixed with AEH (2 mmol) in MeOH (5ml). The reaction mixture was left stirred at rt.
for 10h, evaporated and crystallized from MeOH. (9) mp 190°-191° ; 60%; ir (KBr)u,,.. cm™!:
3274, 2949,1745, 1642, 1605, 1582, 1558, 1466 ; nmr (80 MHz) (CDCl, } 6: 1.98 (s, s, 6H),
2.22 (s,3H), 3.22 (d, 2H), 3.65-3.97 (m, 7H), 5.0 (m, 2H), 6.66 (d, 1H), 6.75-7.9 (m, 8H), 10.97
(s,1H), 15.37 (s, 1H); FAB MS :466 (MH)* ; (10) mp 163° ; 68%; ir (KBr) v, cm™': 3326,
3296, 2980, 1744, 1665, 1606, 1560, 1435, 1366 ; nmr (80 MHz) (CDCls) é : 1.31 (m, 12H), 1.86
(s.s, 6H), 2.28 (s, 3H), 3.0 (d, 2H), 3.5-4.17 (m, 8H), 4.56-5.16 (m, 3H), 6.44-7.25 (m, 4H), 10.81
(s, 1H), 15.15 (s, 1H); FAB MS :533 (MH)* ; (11) mp 164° ; 72%; ir (KBr) vp., cm™': 3276,
2928, 1743, 1688, 1635, 1537, 1485, 1438, 1213 ; nmr (80 MHz) (CDCl;) 6 : 1.34Sm, 12H), 1.93
(s.s, 6H), 2.62 (s, 3H), 3.12 (d, 2H), 3.43-4.25 (m, 10H), 4.68 (m, 2H), 5.0 (s, 1H), 5.31(d, 1H),
6.78-7.78(m, 5H), 10.93 (s, 1H), 12.15 (s, 1H); FAB MS: 620 (MH)*.

General procedure for (15),(16), (17): A solution of precursor Schiff base (0.2mmol) in MeOH
(25ml) was admixed with Cu(OAc); (0.2 mmol), held at 60°C for 0.5h, evaporated and crytal-
lized from MeOH. (15) mp 115° -118° ; 74%; UV (CHCl3) A ... nm: 275, 313, 548; ir (KBr) vpa:
cm™': 3436, 1734, 1640, 1592, 1514, 1409, 1352 ; epr (rt) A, = 85G, g, =2.1119, (-196°C)
A = 200G, g = 2.209, g, = 2.0882; FAB MS : 527(MH)* ; (16) mp 125° -130° ; 68%; UV
(CHCl3): Apoz nm : 274, 313, 547; ir (CHCly) vme- cm™!: 3420, 3300, 1730, 1650, 1580, 1500,
1435, 1355 ; epr (rt) A, = 90G, g.., = 2.1104, (-196°C) A = 190G, g, = 2.2053, g, = 2.0592;
FAB MS 594 (M*); (17) mp 142°-150° ; 73%; ir (CHCl)3 Vpa: cm™!: 3410, 3290, 1730, 1632,
15806 1503, 1427, 1360; epr (rt) A,,, = 920G, g, = 2.1119, (-196°C) A;= 210G, g, = 2.1873, g,
= 2.0592.
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