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Topographically Constrained Aromatic o.-Aza-Amino Acids. Part 2.1
New AzaTic-containing Peptides: Synthesis, Conformation, and
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Abstract : The new pseudodipeptide Boc-azaTic-Leu-OMe (1), incorporating the conformationaily and
topographically constrained 3,4-dihydro-2(1//)-phthalazinecarboxylic acid (azaTic) residue, has been
synthesized together with the three related models Boc-azaTic-NHMe (3), MeCO-azaTic-Gly-OMe (4),
and azaTic-Leu-OMe (6). Both the epimers of 1, generated by opposite absolute configuration at an
azaTic nitrogen stereogenic centre, have been found in the asymmetric unit of the crystal. The
conformational perturbations, deriving by the introduction of the azaTic residue into a peptide backbone,

are described and the nature of the NH---N interaction, which gives rise to a typical backbone folding
closing a 5-membered ring, has been studied. © 1999 Elsevier Science Ltd. All rights reserved.

Incorporation of conformational constraint into small peptides is a common strategy in order to gain
information on the nature of the bioactive conformations and to obtain more stable, selective, and potent
ligands. Relevant approaches are focused on the reduction of the backbone flexibility (¢ and  torsion angles)
and more recently on the limitation of the rotameric distribution of the amino acid side chains (conformational
constraint in chi space).2 These latter efforts lead to tooo;zraphicallv constrained peptide analogues which are

example of a synthetic aromatic amino acid with biased side chain rotamers is the tetrah"drolsmmnoline—’},—
carboxylic acid (Tic) which is a N®-C8 cyclized phenylalanine analogue whose structure excludes the trans
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conformation of the benzylic side chain and confines the ! side chain rotamer population to either gauche (-)

or gauche (+) orientations.3

By taking into account the influence that the replacement of the o-carbon with a nitrogen atom can
exert on the orientation of the a-amino acid side chains in derived azapeptides, a new «t-aza analogue of the
Tic residue, namely 3,4-dihydro-2(1H)-phthalazinecarboxylic acid (azaTic), has been recently described.4:3 In
particular, the molecular and crystal structures of azaTic-NH7 and MeCO-azaTic-NHMe have been examined

and their properties compared with those of related Tic and aza containine models.! Initial results i

S Lapild i G LGN g 1Aa0RS. A

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PlI: S0040-4020(98)01219-8



[\

that, in contrast with the azaPro residue, in which both the endocyclic hydrazino nitrogen atoms are
pyramidal, in the case of the azaTic residue, only one of the two nitrogens is pyramidalized, the other being
practically planar. Other relevant points concern the short contact between the first hydrazino nitrogen and the
N-H of the residue following the azaTic as well as the low value of the y torsion angle which should strongly
influence the backbone conformation.

Here we report synthesis and conformation of the azaTic containing dipeptide Boc-azaTic-Leu-OMe

(1). This new compound should complemcm the information obtained with the previously studied twi
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idue properties when this occupies an N-terminal or a
central backbone position and possesses a free or an N-acylated amino group, respectively. In the new model 1
the azaTic is located at the N-terminal position but its nitrogen atom makes part of an urethane group; thus, the
influence exerted by alkoxycarbonyl substituents on the nitrogen hybridization can be evaluated and compared
with that exerted by acyl groups. During the course of this study the three related peptide models, Boc-azaTic-
NHMe (3), MeCO-azaTic-Gly-OMe (4), and azaTic-Leu-OMe (6) have also been synthesized and examined

in order to clarify factors influencing the azaTic-induced local folding and the spectral properties of the
NH::-N interaction.

RESULTS AND DISCUSSION

Chemistry
The azaTic-containing derivatives 1, 3, and 4 were prepared according to Scheme 1. The aza-dipeptide

1 was obtained adding r-butyl 3,4-dihydro-2(1H)-phthalazinecarboxylate (azaTi

prepared by action of bis(trichloromethyl)carbonate (triphosgene)® on L-leucine methyl ester. Acylation of
azaTic-OBu! with p-nitrophenyl chloroformate afforded the intermediate p-nitrophenyi ester 2. Treatment of
2 with MeNH} in the presence of 4-(dimethylamino)pyridine (DMAP) gave the desired methylaminocarbonyl
derivative 3. The aza-dipeptide 4 was synthesized by coupling p-nitrophenyl 3-acetyl-3,4-dihydro-2(1H)-
phthalazinecarboxylate! with glycine methyl ester in the presence of DMAP. Deprotection of the aza-
dipeptide 1 by treatment with trifluoroacetic acid (TFA) afforded N-[(1,2,3,4-tetrahydro-2-

phthalazinyl)carbonyl]-L-leucine methyl ester (6).

Crystal and Molecular Structure of 1
Two independent molecules populate the asymmetric unit of the crystal of Boc-azaTic-Leu-OMe (1);

A) and Boc-(R-Ny)
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hese are the two diastereomers [Boc-(§-N1)-azaTic-Len-OMe (
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possessing the same (§)-chirality at the Leu C® and opposite chiralities at the Boc protected azaTic N-terminal
N1 nitrogen atom. The atomic numbering scheme of the two molecules 1A and 1B is given in Figure 1 where
a perspective view of their conformations and relative orientation are also given; the most relevant torsion
angles are reported in Table 1. It is clear from Figure 1 and from the data summarized in Table 2 that the N2,
replacing the C|* atom, is practically planar (sp?) whereas pronounced pyramidality affects the nitrogen Nj
making part of the urethane moiety. As a consequence of the reduced electronic conjugation of Nj with the
adjacent carbonyl, the N;-Cq' and Cg'-Op bonds are (see Table 2) larger and shorter, respectively, as compared

with standard values; analogously, in the case of the planar (sp2) N1%, the N1®-C;" and Cy' -01 bonds are

shorter and longer, res and the Leu side chain

n
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the two epimeric molecules 1A and 1B show very similar absolute values but opposite signs, indicating the
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presence of a pseudo-center of symmetry between the two molecules
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Scheme 1

The pseudopeptidic junction azaTic-Leu is, as expected, trans-planar (see @) in Table 1); the Boc-N
group adopts a trans-cis conformation as usually found when tertlary nitrogen atoms are involved.? In this

gen atoms, point in opposite direction as

1

g P Yol ' Fara =

already found in the case of CO-azaTic-NHMe (5).! It is worth noting the high degree of spJ character
exhibited by the N atom despite the presence of a directly bound carbonyl group; this feature is in accordance
with the large deviation from planarity shown by the C'5-N1 bond connecting the Boc group to the azaTic
residue (see g in Table 1). The (@, W) sequence found in 1 (see Table 1) is characterized, as compared with
azaPro8 and previously studied azaTic derivatives,! by a very low value of the v torsion angle (1A: -5.5% 1B:
5.6°). The amidic Leu Ny-H hydrogen points d1rect1v towards the preceding azaTic sp3 N; atom closing a near

planar 5-membered ring possessing three consecutive (N1%, C;', N2) s
ith
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); the angle at the hydrogen atom Ny---H-N3, internal to the 5-membered ring, bcmg 106

for molecule 1A and 1B, respectively. The Leu Np-H amide proton is also involved in an



action with the carbonyl oxygen O; on a neighbouring molecule (O--H contact of 2.42

and 2.25 A for molecule 1A and 1B, respectively) giving rise to a three centered (or bifurcated) H-bond. It
should be noted that a high number of intramolecular N-H--N interactions, so far evidenced in the X-ray
crystal structures, participates to a three-centered system.8b.9.10
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Figure 1. A perspective view of the crystal conformation of Boc-(S-N1)-azaTic-Leu-OMe (1A) and

Boc-(R-N1)-azaTic-Leu-OMe (1B)

Table 1. Relevant torsion angles (°) of Boc-(S-N1)-azaTic-Leu-OMe (1A)
and Boc-(R-N1)-azaTic-Leu-OMe (1B). E.s.d.'s are in the range 0.4°-1.0°.

1A 1B 1A 1B
Co2-C01-001-Co' 620 -60.1 N1-N; & B.cy Y o) 405 436
Co01-001-Co™-Ny 2 1788 1782 N1%-CiB-c;7-¢; 8 1) -60 101
001-Co'-N1-C; € 159.5 -1612 CiBciYc 8yt 37 13
001-Co'-Nq-N{ @ (@g) 212 220 C1Y-Cyd-ciENy -176 176
CoN;-N1®-C'  (p1) -1066 1060 C18-C1EN N & 94 499
N;i-Nj %-CpNg W) 55 56 CiE-N1-N %C B 646 66.5
N;®.Cy-Np-Co® (@) -173.6 1748 Np-Co-CoB.cpY 559  -61.1
C1'-Np-Cro-Cy' (92) 688 -90.1 Cr0-CoB-cy Y., 1758 -177.5
C2%-Cy-02"-Cy" (01) 1796 -1717 C2%-CoB-y-p%2 603 -51

aSee ref. 7.
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Table 2. Relevant geometrical and structural features of 1A and 1R
ct COOBu*
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Bond lengths (A) Ci18-N; 1.469 1.460

Co 1.381 1.389

Co -0 1.208 1.204
Ni -N; 1.402 1.395
Cih-Ny 1.436 1.452
N3 & Cy 1.366 1.359
Ci- 0 1222 1236
Ci' -Np 1.363 1.341

AzaTic N atoms

hybridization? IN; (® 347.3 347.6
ANy (A) 0.295 -0.291
IN12 () 359.9 360.0
AN @ (A) 0.024 0.009

Short contacts (A) Np--Ng 2.61 2.67
Np—H®N2) 217 228

a ZAN = Sum of the valence angles at the N atom; AN = displacement
of the N atom from the plane of its three substituents.

The conformation of the tetrahydrophthalazine structure of both the molecules 1A and 1B is
characterized by a pseudo two-fold axis bisecting the opposite N1-Nj® and C;Y-C;® bonds; this can be
described by a half-chair leaving the Ny and N1 atoms on opposite side of the other four ring atoms (0.476,
-0.208 A in molecule 1A; 0.434, -0.264 A in 1B). In this conformation (see Figure 2) the Boc group occupies
a quasi-axial orientation while the lone pair on N, together with the carbonyl group on N;%, are quasi-
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asnuatarially oriented The arientation of the henzvlic side chain of 1 is better renresented bv the Newman
V\luul\lllmll /A AWwiib Wil A AW VVAAWIALAVAVLL VA visWw V\—‘Lll—ol ALW WALAW WILALLE WA & AW wwiAwWaE &Vr‘vuvllbvu U‘f rAAW 4 YW AAZIALE
mratantinn AL Eiariea D ssrhavrae tha ottisntiman farind in TR anAd in tha mravianely ernidiad Mal™ Y awaTisr NIIN A /&)
prujsLuon [0 I"1gUiv & ICIT UIC dItUdUIl TUULIU 1] 0 aill 11l WIC PICVIUUDLY SLUlLLU VIt U asa LIV-INTLIVAV (J)

is reported. From these representations it can be seen that in both 1B and § the aromatic side chain adopts a g

“Yrys s r

(-) conformation [y} = -57° in MeCO-(R)-azaTic-NHMe (5) and -43.6° in 1B]; however, although the

benzylic side chain points toward the N-terminus in both compounds, the different hybridization state of the
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Figure 2. Newman projection along the N1%- 1B and tetrahydropyridazine ring conformation in
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Solution Conformation

In order to gain information on the intramolecular H-bonds of the new compounds and in particular on
the NH--N interaction observed in the crystal of the azaTic derivative 1, an IH NMR spectroscopic analysis
based on the NH solvent accessibility in CDCI3 was undertaken. The results obtained for the new compounds
1, 3, and 4 have been compared with those concerning the previously reported derivative MeCO-azaTic-

NHMe (5)
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Figure 3. Delineation of hydrogen-bonded amide NH groups in the azaTic-containing derivatives 1, 3, 4, 5,
and 6. Chemical shift dependence of the NH resonances as a function of the DMSO-dg concentration (% v/v)

in CDCl3 solution. Compound concentration 10 mM.
The temperature-induced NH chemical shift variation experiments!! confirm the titration results. In

particular, the temperature coefficients (AS/AT) of the NH group of 4 and 5 (-3.7 and -3.8 ppb/K, respectively)
are significantly higher than those of the corresponding group in 1 and 3 (-0.9 and -1.2 ppb/K, respectively).
These data indicate that the NH group is solvent exposed in the N-acetyl derivatives 4 and § while in the two
N-alkoxycarbonyl derivatives 1 and 3 is not accessible. Thus, a H-bond of NH---N type could be present in 1
and 3; however, on the basis of NMR spectroscopic data it cannot be excluded that the observed
inaccessibility to the solvent could be determined by a 3-->1 NH---OC interaction (y-turn or Cy structure)

involving the -BuQOCO carbonyl group or by steric interference exerted by this bulky group.

The IR absorptions in the NH stretching region of 1, 3, and 4 were then examined (Table 3). All these
compounds exhibit a strong band in the 3430 and 3460 cm'! range; the same abserptmn is found in the
spectrum of the previously studied MeCQO-azaTic-NHMe (5); no significant lower absorptions are observed.

The bands in this region pertain to vibrations of the NH groups in the free state, while absorptions of
intramolecularly bonded groups are shifted to lower frequency (v < 3400 cm- 1), Thus, the IR results clearly

indicate the absence in all the examined compounds of intramolecular H-bonds of the usual NH--OC type,
ruling out any involvement of y-turn structures.

In order to exclude possible steric interference by the bulky COOBut group during NMR spectroscopic

titration experiments, the azaTic derivative 6, obtained by removing the -butoxycarbonyl of 1, has been

SRS hadd D e v T b Al 4

prepared. The t on data indicate that the Leu NH of 6 is less affected (A8 = 0.03 p ppm) than the

corresponding groups of 1 and 3 (A8 = 0.18 and 0.35 ppm, respectively) by the change of the solvent

,,,,,, o

composition; thus, this group must be engaged in an efficient intramolecular H-bond with the lone pair of
azaTic NH. The IR spectrum of 6, performed in CHCI3, shows, in the NH stretching region, a strong band at
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and infrared NH stretching.

<

Compound R Ad2 AS/AT v (cm-1)b
(ppm) (ppb/K)
6 H 0.03 1.1 3405
1 -COOBut 0.18 0.9 3430
3 -COOBut 0.35 i.2 3457
5 -COMe 1.03¢ 3.8 3460¢
4 -COMe 1.07 3.7 3447

ADifferences between NH chemical shifts observed in CDCl3 containing
(CD3)2S0 (10%) and those in CDCl3; see also Figure 3. bCompound
concentration 10 mM in CHCI3. SSee Ref. 1
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and 3 causes inaccessibility of the NH to the solvent which is not refiected by the IR spectra in the expected
stretching region. A related unusual behaviour has recently been noted by Marraud and coworkers while
studying the semicarbazone moiety as dipeptide isostere.12 A final observation concerns the importance of the
IR data in order to distinguish N-H---N intramolecular H-bonds from y-turn structures in compounds such as 1
and 3; conclusions based solely on the solvent accessibility (NMR spectroscopy) and temperature coefficients
should lead in fact to erroneously consider y-turn structures as responsible for the observed results.

observation of both the epimeric forms of a pseudopeptide which differ in their absolute configuration at a
Sféf‘ﬁge centre constituted Dy a py'ramlua1 nu:rogen atom, Furthermore, the local IOlang found in l which

invoives a 5-membered ring H-bond and is typical of azapeptides, exhibits the most compact structure so far
encountered, with a y torsion angle near zero and three consecutive sp2 hybridized pseudo-ring atoms. This
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towards the lone-pair of the preceding acceptor nitrogen (¢ = 90°)
recently observed by Kline er al., a unique atypical kink.52

As shown in Figure 2 the orientation of the aromatic side chain relative to the backbone is strongly
dependent upon the conformation adopted by the tetrahydrophthalazine system of the azaTic residue. An
analysis of the data so far obtained suggests that this heterocyclic 6-membered ring adopts a conformation in

which the two hydrazinic nitrogen atoms (N; and N;®) are alternatively planar (sp2) and pyramidal (sp3),

Nra manintninad .-. animrannl

NESE atoms ar¢ maintained in a reciprocai
pseudo-axial / pseudo-equatorial orientation, thus avoiding 1,2-diequatorial steric conflict. The factor which
controls the nitrogen hybridization state is the substitution at Nj: Nj is pyramidal and N;® planar when Nj is
free or protected by an alkoxycarbonyl group; conversely, when Nj is acylated by a carboxylic acid carbonyl,
it is Nj which is planar and N;* pyramidal. Thus, pseudopeptides containing an internal or C-terminal azaTic
residue should be characterized by an equatorial N-terminus and axial C-terminus; an N-terminal azaTic

residue, with free or N-Boc protected amino group, on the other hand, will tend to maintain the backbone in a

pseudo-equatorial orientation as it is the case of Boc-azaTic-Leu-OMe (1)
wr talriaas (nta annsie Ln Lo, sl ~f s cnanabil vl cnnn o e o~ mmemal o O el Lt 3
By taking into account the key role of topographical properties of peptides for the recognition and

binding to receptor - as it was shown by Hruby er al. 4 by studying ligands incorporating the Tic residue- the
above reported results may represent a fundamental information for the induction of proper topography into
bioactive peptide models containing this new constrained aza-analogue of phenylalanine.

There is considerable interest in studying nature, role and spectral properties of the 5-membered

NH---N intramolecular interaction originally detected and studied by Gieren et al.13 This structural feature is
typical of the local folding found in «-azapeptides and related pseudopeptides, whose structural and

conformational aspects have been extensively studied by the group of Aubry and Marraud.10.14 Recently,
tane ~F thic hawva alen hasn Ahcamrad rantimnnl s 18 4 ereslcsmints I
intramolecular interactions of this ¢ /Pe nave aiso veen oo i *2 ana cyciopeptiae

alkaloids16 and are recognized as the main factor in some cyclization reactions.
that the discrimination between free and H-bonded groups, based on the IR frequency of the NH stretching
bands, refers to the NH--~O=C interaction and few data regarding the influence of the NH--N interaction on the
position of the NH absorptions are, at the present, available.12 The results here obtained with the azaTic-
containing peptides put in evidence the IR behaviour of the NH--N interaction and the influence exerted on it
by the hybridization state of the accepting nitrogen. In particular, the two models Boc-azaTic-Leu-OMe (1)

conjugatively with the adjacent urethane carbonyl groups, exhibit NH groups inaccessible to the solvent (see
Figure 3); the same effect is more evident in the case of azaTic-Leu-OMe (6) in which the sp3 acceptor
nitrogen is not bonded to a carbonyl group. Compounds 4 and 5, on the other hand, both possessin g carbonyl
conjugated sp? acceptor nitrogens, show freely solvent accessible NH protons. It is worth noting, however,
that whereas the amide NH infrared absorptions in CHCl3 exhibited by compounds 1, 3, and 6 appear in the
region of free NH, their frequency steadly increases together with the accessibility to the solvent (Table 3),
thus indicating that lone pair availability is responsible for the observed frequency shift.

These results indicate that N-H---Nsp2 contacts found in the solid state are too weak bonding
o
(8.
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temperature coefficients; these H-bonds, however, are not revealed uy IR in the perinent NH sireichi ng
region. The reasons which determine this distinct behaviour, relative to related intramolecular N-H~-OC
hydrogen bonds appearing in secondary structures such as Cs!8 or y-turns (C7)!9, deserve further
investigation; it could be argued, however, that the highly distorted character of the formers together with the
different nature of the accepting atom, although not decisively influencing the bond strength, may sensibly
alter the IR stretching frequency.

Synthesis
Meltino nninte were obtained ucineg a Riichi ail hath annaratug and are uncaorrected tical motationg
» l\i’l“ll& tl\.lllltﬂ WY Wwd W RIS LAARLIIVWAL uulllb A ASAUUWIEA WAL Uiavia uytvsuuiuq AV Al W AW UL A WAL vy“vu‘ AVWBMALA LI
srara talan ot M ON itk o0 Cahonlds oaman L Dalpetramia TY nalocionatas 3 o 1 dee ~nll amantea taTa
wtl LAALIl dl LU U WIilll 4 OVIHHIUL-TIACIIDVID TULlald JYLONY ¥ Puldll[ ICI il1 4 1 U1 LClL. 1IN 3pml[d wCl
~

Trr ave
l

recorded on 983 and 16FPC FT-IR Perkin-Elmer spectrophotometers. ‘H NMR spectra were determined in
CDCl3 solution with Bruker AM 200 (200 MHz) and Varian XL-300 (300 MHz) spectrometers using
tetramethylsilane as internal standard. J values are in Hz. Column chromatographies were carried out using
Merck silica gel 60 (230-400 mesh). TLC and PLC were performed on silica gel Merck 60 Fos4 plates. The
drying agent was sodium sulphate. All the reactions were carried out under nitrogen atmosphere.

N-[(2-t-Butoxycarbonyl-1,2,3,4-tetrahydro-3-phthalazinyl)-carbonyl]-L-leucine methyl ester (1)
N-methylmorpholine (NMM) (0.15 ml, 1.38 mmol) was added to a suspension of H-Leu-OMe-HCl

(251 mg, 1.38 mmol) in dry dichloromethane (5.5 ml) and the mixture was stirred at room temperature for 15
n. Bis(tricl lnrnmpthy!)gnrhgpagg (136 mg, 0.46 mmol) and NMM (0.3 ml, 2.76 mmol) were then added at 0

mg, VIM (0.3 ml, 2.76 mmol) were ther

mg, 1.38 mmol) in dry dichioromethane (3.2 mi) was added and the reaction mixture was stirred at room
temperature for 20 h. Some water was added and the solvents were evaporated under vacuum. The residue
was dissolved in ethyl acetate and the organic phase was washed with 5% aq. KHSO4, water, saturated aq.
NaHCQs3, brine, and dried. After removal of the solvent, the residue (534 mg) was purified by PLC (n-hexane-
ether, 1:1, 3 runs) to give the title compound 1 (463 mg, 83%) as a white solid, mp 111-111.5 °C (from
EtOAc-n-hexane); [a]p = -11 (CHCI3, ¢ 1.0); vimax (KBr)/cm-! 3375, 1753, 1744, 1721, 1671, and 1657; 8y

0.91-1.00 [6H, m CH(CH3)], 1.4 [9H, s, C(CH3)3], 1.47-1.73 [3H, m, CH,-CH(CHa)], 3.70 (3H, s,
OCOOVMCHAN A7Q and SN ) Aand Y afon AY T o188 NMHAN MO A A and § N8 MY A AY Af an
LI LLY )y L7 adlld JoLU \ Ll, n auu P4 N Ul Qll ANy J = LUy CALTINTLAINS ), '7 L oAlld J.VJ \b«ll, cu L% UL Qll

AX,J =16.5, CH5-N-CON), 4.57 (1H, m, Leu -CH), 5.77 (1H, d, / = 9.1, NH), 7.10-7.24 (4H, m, aromatic).
Two isomers have been detected and the signals of the major component are reported.
Anal. Caled for C31H31N30s: C, 62.20; H, 7.71; N, 10.36. Found: C, 62.20; H, 7.97; N, 10.17.

t-Butyl p-nitrophenyl 1,4-dihydro-2,3-phthalazinedicarboxylate (2)

To a chilled solution of ¢-butyl 3,4-dihydro-2(1H)-phthalazinecarboxylate? (313 mg, 1.33 mmol) in dry
EtOAc (5.3 ml) and triethylamine (0.22 ml, 1.6 mmol), a solution of p-nitropheny! chloroformate (323 mg,
1.6 mmol) in EtOAc (2.6 ml) was added during 15 min. The mixture was stirred at 0 °C for 15 min and at 45
°C for 4 h. The solvent was evaporated under vacuum, dichloromethane was added in excess, and the organic
phase was washed with 5% aq. KHSQ4, water, saturated ag. NapCOz, and brine. The organic layers were
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chromatographic fractions a fforded the ester 2 (368 mg. 69%) as an amorph e

cl tographic fractions afforded the ester 2 (368 mg, 69%) as an amorphous solid, homogeneous by TLC,

Vmax ((.31-1‘31:',)/0111‘l 1736, 1720, 1525, 1348, and 1160; 8y 1.46 [9H, s, C(CH3)3], 4.52 (2H, A part of two AB
systems, J= 16.5, 1H of each CH2-N-COQ), 5.04 and 5.09 (2H, B part of two AB systems, J= 16.5, 1H of
each CH»-N-CQOQ), 7.09-8.30 (8H, m, aromatic).
Anal. Calcd for CagH21N306: C, 60.14 H, 5.30; N, 10.52. Found: C, 59.93; H, 5.15; N, 10.47.
t-Butyl 3,4-dihydro-3-[(methylamino)carbonyl]-2(lH)-phthalazinecarboxylate 3)

To a stirred solution of the active ester 2 ( mg, 0.5 mmol) and DMAP (15.3 m

ide (DR T-7\ 3 7m ethvlamine hvdrochloride (332.8 me. 0.5 mmaol). neutrali
a Vi i 841 1YialIRNe yGIOULOnGe \-JJ U.J 1Y)

dr\l N h]-d1mp hvlformam

dimethylformami )
with NaOH dissolved in the minimum amount of water, was added dropwise at room temperature. After 7 and
25 h the same amount of methylamine was added and the stirming was continued for 27 h. The solvent was
evaporated under reduced pressure and the residue partitioned between EtOAc and water. The organic phase
was washed with 5% aq. KHSOy4, water, saturated aq. NapCO3, and brine. After drying and evaporation the
residue (185 mg) was purified by PLC (n-hexane-Et0, 4:6) to give the derivative 3 (116 mg, 79%) as white
solid, mp 149-150 °C (from EtOAc-n-hexane); Vmax (KBr)/cm-! 3394, 1703, and 1675; 8y 1.43 [9H, s,
C(CH3)3], 2.85(3H,d,J=4.1, CH3-NH), 4.28 and 5.22 (2H, A and X of an AX, J = 16.5, CH2-N-CQQ),
431 and 499 (2H, A and X of an AX, J = 16.5, CH2-N-CON), 541 (1H, m, NH), 7.00-7.22 (4H, m

N\dwd iy & Qi 1 e Vi WY W R2AAy Rady aVAay,y Aaay

armnmantia)
a.IUllldl.lb)
Anal, Calcd for CysH21N3013: C, 61.84; H, 7.27; N, 14.42, Found: C, 61.85; H, 7.35; N, 14.30.

N-[(2-Acetyl-1,2,3,4-tetrahydro-3-phthalazinyl)-carbonyl]-glycine methyl ester (4)

To a stirred mixture of p-nitrophenyl 3-acetyl-3,4-dihydro-2-(1H)phthalazinecarboxylate! (235 mg,
0.69 mmol) and DMAP (21 mg, 0.17 mmol) in dry DMF (3.6 ml), a solution of glycine methyl ester
hydrochloride (87 mg, 0.69 mmol) in dry DMF (2.8 ml), neutralized with NaOH dissolved in the minimum

amount of water. was added dronwis m temnerature. After 22 h the same amount of glvcine methvl
amount ot water, was added dropwise oom temperature. Alter L2 h the same amount of glycine methyl
actar wae adAdad and tha ctivrring wne rantinnad ot snam tamnaratnira far 7 Aave Tha calvant wae aunnnratard
VolLl vwwad auuvud dliu Liiv bmlllls YWaAad VULIMLIULAL al 1uuii lhllly\dlalm\' AVUL ua’o 1 1IQ QUIVLIIL WAy h'ay\}lﬂkw

under reduced pressure and the residue partitioned between EtOAc and water. The organic phase was dried
and evaporated to give a residue (274 mg) which was chromatographed on a silica column (1:40). Elution
with dichloromethane-EtOAc (8:2) afforded the azapeptide 4 (114 mg, 57%) as white solid, mp 182-183 °C
(from EtOAc- n-hexane); Vmax (KBr)/cm-1 3315, 1744, 1687, and 1654; 6y 2.25 (3H, s, CO-CH3), 3.74 (3H,
s, COOCH3), 4.05 (2H, m, Gly CH3), 4.26 and 5.47 (2H, A and X of an AX, J = 16.5, CH2-N-COCH3), 4.28
and 5.44 (2H, A and X of an AX, J = 16.5, CH2-N-CON), 6.00 (1H, m, J = 9.1, NH), 7.09-7.27 (4H, m,

aromatic).
nal Caled far O L ANADY .- Y 8§87 7). 5 QQ 14 40 ~Auand: (Y §7 Q8 SQAQRK- N 14 28
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N- [(1,2,3,4-Tetrahydr0-2-phthalazinyl)carbonyl] L-leucine methyl ester (6)
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CHCI3 (0.5 mi) and stirred at room temperature for 19 h. The solvent was removed under reduced pressure
and the residue was dissolved in ethyl acetate. The solution was basified with 12% NH4OH and the organic
phase was washed with water, dried and evaporated. The residue was purified by PLC (n-hexane-ethyl
acetate, 1:1) to give thie title oily azaTic derivative 6 (61 mg, 71%), [alp = +19 (CHCls, ¢ 1.0); vmax
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(CHCl3Ycmr1 3405, 1735, and 1657; 85 0.93[6H, d, J = 5.8, CH(CH3),], 1.47-1.80 [3H, m, CHy-CH(CHa)],
3‘58_3.74{41_1’ n’ g—gT}c P‘Y}Jl ﬁ.ﬁd CGO(:H re b | ”~y rory Y. 4 Fn ry v _

3
), 4.68 (2H, s, CH2-N-CO0), 6.71 (1H, d, J = 8.8, Leu NH), 6.98-7.29 (4H, m, aromatic).
Anal. Calcd for C16H23N303: C, 62.93; H, 7.59; N, 13.76. Found: C, 62.98; H, 7.65; N, 13.76.

X-ray Data Collection and Reduction

Crystals of the aza-dipeptide 1 were obtained from EtOAc-n-hexane by slow evaporation. X-ray data
were collected at room temperature on a Rigaku AFC5R diffractometer with graphite monochromated Cu-ko

LI LAl allly M a IWganll el At RIS DS riisv pnavaVviai ViliGivw U

.‘;.._ PP S

constants and an orient: matrix for data collection
obtained from a least-squares fit of the angular settings of 22 carefully centered reflections in the range
62°<26<70°. The cell parameters, refined on higher angle reflections, are reported on Table 4. Intensity data
were collected by the /26 scan technique, with a scan width of (1.5 + 0.3tg6)°at a variable and appropriate
speed to a maximum 268 of 124°, Stationary background counts were recorded on each side of the reflection.
The peak counting time was twice that of the background. Reflections with /<256(I) were rescanned with an

accumulation of counts to improve counting statistics. Out of 3953 collected reflecti

sl AL LIV, DL 17 4 AR

(Rins = 0.037), 2951 had I>3a(l) and were used in the refinement. The intensities of three standard reflections,
measured after every 147 reflections, remained constant throughot n indicating crystal and
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appiied resulting in transmission factors ranging from from 0.86 to 1.00. The data were corrected for Lorentz
and polarization effects.

Table 4. Crystal data for compound 1.

Empirical formula C,H3 N3 O5 F(000) 872
Formula weight 405.5 A (Cu-ka) (A) 1.5418
Crystal system monoclinic M (Cu-kor) (mm‘l) 0.7

a (A) 10.231 (1) Crystal size (mm)  0.3x0.4x0.2
b(A) 11.480 (5) 280x (O 124

cA) 19.154 2) Refl. with I>30(l) 2951

B () 97.17 (1) R, R, 0.045, 0.055
v (A% 2232 (1) Weighting scheme 4 Fy%/o( F?)
Space group P2, S 2.1

d. (g/cmg) 1.21 Reflections/parameter 5.7

0.18

. -3
z 4 max., min. (A7) 0.24,
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Structure Solution and Rafinamant
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All the non-H atoms were refined anisotropically by the full matrix least-squares method; the function
minimized was £ w (IFgl - IF¢l)2 where w = 4F(2/0%(F(2).The H atoms, located at the expected positions, were
included in the last structure factor calculation with isotropic thermal parameters deduced from the carrier
atoms. The final R and Rw are 0.045 and 0.055, respectively. The atomic scattering factors were those of
Cromer and Mann.2! Anomalous dispersion effects were taken into account adopting Af' and Af" values of
Cromer.22 The final fractional coordinates o

are deposited at the \,amuudge Crystallographic Data Centre. All the calculations were performed using
TEVOANZS ~crotallagranbin calicsnme manl-noa
IEAS AN CTystallograpnic sottware package.
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