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In contrast to the situation observed in the crystal state, the urea moiety in N-Boc-N'-carbamoyl-gem-diaminoalky! derivatives (single-residue
ureidopeptides) 1-4 exclusively assumes a cis—trans conformation in solution. When R® = H, the resulting structure can be further stabilized
by an intramolecular hydrogen bond that closes an eight-membered pseudocycle. The root-mean-square deviation calculated for heavy atoms
between a peptide y-turn and the folded conformation that we propose to call urea turn is 0.60 A.

The use of peptide backbone mimetics for forming or well as hydrogen-bonding properties of peptidomimetics
stabilizing defined secondary structures, i.e., turns, helices,incorporating N,N'-disubstituted ureas in their backbone
or sheets, via noncovalent interactions is an area of majorremain largely unexplored. In the crystal statad in organic
interest in peptidomimetic chemistry. In this context, unsym- solution at high concentratiofsN,N'-disubstituted ureas
metrical ureas, because they contain both hydrogen bondexhibit twotransamide bonds, so that both-NH bonds are
donors and acceptors, have recently emerged as a promisingriented in a direction opposed to that of the carbonyl, and
class of nonpeptide linkage for studying local folding hence, are often involved in self-complementary bidirectional
propensityt2 These studies, however, have focused mainly intermolecular hydrogen bonds. However, as a result of

on trisubstituted ureas, and conformational preferences ascompetitive conjugation, the barriers of rotation of ureas
being lower than those in corresponding amides, one might
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expect a more complex isomer distribution in organic
solvents at low concentrationHerein, we report on the

(Bn)) with methylamine 1a—3a), isopropylaminelb—3b),
or dimethylamine 3c, 4c¢) in a manner analogous to that

conformational preferences, both in the crystal state and indescribed previously for the synthesis MfN'-linked oli-

organic solvents (CHG| CH,Cl,, DMSO), of simple ure-
idopeptides of formuld—4 (Figure 1) obtained by substitu-
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1 R'=H,R?=Bu
2 R'=H,R?=Bn
3 R'=H,R?=CH,0Bn
4 R'R%®z (CHy),

aR®=H, R*=Me;bR’=H, R*=/Pr;¢R®*= Me, R*=Me

Figure 1. N-Boc-N-carbamoylgem-diaminoalkyl derivatives—4
investigated.

tion of a ureido unit[NH—CO—NH] for an amide CO—
NH peptide bond.
The first synthesis of ureido analogues of a biologically

goureas (Scheme 13.Proline derivativest were obtained
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aEtCOOCI, NMM, -20°C. ®NaNs, H,0. °Toluene, 65°C. 9N-
Hydroxysuccinimide, pyridineeHNRR2, DMF.

by direct amine treatment of the isocyanate resulting from

active peptide (angiotensin Il) was described more than two Curtius rearrangment of the corresponding amino acyl azide

decades ago by Chipens and co-workerie urea linkage
has since been incorporated into gagtand enkephalif.

Boc-Pro-N.
In the crystal state, X-ray diffraction on a single crystal

A more recent and noteworthy application includes the of 1b in the racemic forrtf reveals extended molecules

identification of potent orally active growth hormone secre-
tagogues based on ureidotripeptidestructural studies of

exchanging intermolecular hydrogen bonds (Figur& Zhe
urea moiety classically assumes #iktrans planar confor-

these derivatives, however, have been limited so far to themation. Rows along the [010] direction of molecules having
X-ray structure determination of twd-acetylN'-carbamoyl- the same chirality are connected in such a way that the three
gem-diaminoalkyl derivatives with side chains of Phe and NH hydrogens of each molecule more or less closely interact
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Model ureidopeptided —3 were prepared by reaction of
succinimidyl carbamate derivatiéd* of N-Boc-gem-
diamino residues8 (bearing side chain of Leu, Phe, Ser-

with the two carbonyl oxygens of a neighboring molecule.

Two of the intermolecular N-O distances are standard, and

the other two are just above the limit generally considered
for hydrogen bonding (Figure 2§.
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and pyridine (1 equiv) were added. The mixture was stirred for 5 min at 65
°C and then cooled to room temperature. In all cases, comp@&ind
crystallized from the toluene solution and was collected by filtration.
Recrystallization from toluene afforded pue

(14) CompoundBc. Yield: 60%. White solid, mp 142C. [a]®p —4.5
(c 1.9, DMF). HPLCtg 12.88 min (A: 0.1% aqueous TFA. B: 0.08%
MeCN, linear gradient, 2680% B, 20 min).!H NMR (DMSO-ds, 200
MHz): 6 = 1.35 (s, 9H, C(CH)3), 2.73 (s, 4H, CHCH,), 3.46 (d,J = 6.6
Hz, 2H, CHH,), 4.46 (s, 2H, OE1,C¢Hs), 5.07-5.21 (m, 1H, NHEINH),
7.19—7.36 (m, 5H, H aromatic), 7.38 (br d, 1HHIEO,C(CHg)3), 8.67 (br
d, J = 7.6, 1H, NHCO;Su). 1°C NMR (DMSO-ds, 50 MHz): § = 25.2
(CHy), 28.0 (CH), 59.0 (CH), 69.8 (Ch), 72.0 (CH), 78.4 (C), 127.5
(CH), 128.1 (CH), 138.0 (C), 150.8 (C), 154.4 (C), 170.7 (C). MALDI-MS
m/e430.21 [M+ NaJ*, 446.27 [M+ K]*.
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(30 mL) under Ar and cooled te-20 °C. After addition of EtOCOCI (1.1
equiv) and NMM (1.1 equiv), the mixture was stirred-a0 °C for 20
min. The resulting white suspension was allowed to warm-%°C and
was treated with an aqueous solution (5 mL) of NgR.5 equiv). The
mixture was stirred for 5 min, diluted with EtOAc, washed with brine, dried

(16) rac-1b rather than $)-1b gave good quality crystals suitable for
single-crystal X-ray structure determination.

(17) Crystal data forac-1b: C14H29N303, M, = 287.40, colorless prism,
crystal size 0.4< 0.1 x 0.1 mn#, a= 12.168 gi) Ab=09.397(3) Ac=
16.467(2) A8 = 103.86(3)°V = 1828.1(11) & T = 293 K, monoclinic,
space groupP2/c, Z = 4, D = 1.044 g cm?3, u = 0.593 mnTL. Nonius
Mach3 diffractometeri = 1.54060 A; 2408 measured reflections, 2408
unique, 2017 with > 20(F?). The structure was solved by direct methods

over MgSQ, and concentrated under reduced pressure to give the acyl azideand refined by full-matrix least squares Bafor all data toR = 0.0624 [I
6, which was used without further purification. Toluene was added under > 20(F?)], WR = 0.169 [| > 20(F?)], 191 parameters.

Ar, and the resulting solution was heated to°€5under stirring. After the
gas evolution had stopped (ca. 10 miNyhydroxysuccinimide (1 equiv)
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Figure 2. An ORTEP representation of the extended molecular
structure of BocR,9-gLeu-CO-NHPrrac-1b, in the crystal state. 9

The thermal ellipsoids are shown at the 40% probability level.

Intermolecular H-bonds are indicated by dashed lines. Intermo- Figure 4. MM2 energy-minimized conformation ofb. The

lecular distances: N-+0O3 = 2.83 A, N&---O2 = 3.27 A, N&--03 unessential hydrogens have been omitted for clarity. Main backbone

=3.15A, N---02 =288 A. torsion angles: ®-C—N—C = 179°, C-N1—C*—N2 = —110°,
N1-C:—N2—-C = 76°, C*—N2—C—N3 = 2°, N>-~C—N3—-C =
—171°.

The molecular structure and crystal packingax-1b are
similar to those already observed in the two related enan- _ .
tiopure derivatives §)-AcNH-CH(iPr)-NHCONHM&° and CO* H-bond, cI03|ng“an elght-Enembered pseudocycle that
(S)-AcNH-CH(Bn)-NHCONHMeé! we propose_to_call a “urea turn” (Figure 4). The root-mean-

square deviation calculated for heavy atoms between a

peptidey-turn and theurea turnis 0.60 A. This conclusion

is supported by the following observations. On one hand,
the NH stretching absorption fda—4aand1b—4b exhibits

a low-frequency component (Table 1), typical of an H-
bonded vibrator, which is sensitive to the MeiBr nature

of R* and is absent from the spectrum for the homologous

I 5 anddc derivatives,

It can be thus attributed to the H-bonded C-termingHN
N*H group. On the other hand, compour8tsand4c give rise to
e — : ——— 50 a much higher C® carbonyl absorption than the other
! compounds, indicating that this carbonyl is H-bonded in the
; latter case. Moreover, the solvent sensitivity of théHN
52 proton resonance differs significantly from that for the other
N'H vl two NHs (Table 1) and attests to its H-bonded character. It
has been actually demonstrated that a strong positive shift
5.4 when going from CDGlto DMSO-d denotes a free NH
N2H whereas a weakly positive or a negative value is associated

In contrast to the above structure, the urea moiety in the
derivatives with R= H assumes theis—transconformation
in CDCl. NOESY experiments indicate that théHNproton
is much closer to the M and the geminal @ protons than
to the other urea BH proton (Figure 3).

with an H-bonded NH?
-5.6 The comparison of the NH stretching domain for the
homologousla—4a and 1b—4b derivatives in CHCI,
' o also reveals that the more or less intense absorption at
64 6.2 6.0 ppm 3453 cm! is a contribution of the free N-H vibrator.
Figure 3. NOESY map (600 MHz) fodain CDCls showing the It r_esglts thgt the above—m.entioned folded structgre (Figure
short NH to C*H proton—proton distance typical of thiés—trans 4) is in rapid exchange with an open conformation. How-
urea moiety. ever, the absence of Overhauser effect between fie N
and NPH urea protons on one hand and of resonance split-

Moreover, these molecules in CHCbr CH,CI, are (20) AI- and pll-turn conformations in model dipeptides with the Pro-
artially folded and stabilized by an intramoleculat-Nto ~ Xaa sequences: Aubry, A; Cung, M. T., Marraud, J.Am. Chem. Soc.
P y y 1985,107, 7640—764743-Turn preferences induced by 2,3-methanophe-
nylalanine chirality. Jimenez, A. |.; Cativiela, C.; Aubry, A.; Marraud, M.

(19) Taylor, R.; Kennard, OActa Crystallogr.1983,B39, 133—138. J. Am. Chem. S0d.998,120, 9452—9459.
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Table 1. IR and NMR Data for the Ureidopeptidds-4

folded
vn—n (cm~1)2 ve—o (cm~1)2 ONH (ppm)P conformer
no. R? R? R3 R* N H/N2H N3H Cco? cos N1H N2H N3H (%)°
la H iBu H Me 3431  3453sh/3350°" 171271695 1676 4.99(2.04) 4.76 (1.22) 6.08 (—0.22) 55
b H iBu H iPr 3431 3431/3336°" 17125h/1695 1667
2a H Bn H Me 3431  3453/3363"  1708/1699 1680 5.03 (2.12) 5.21(0.97) 6.15(0.42) 30
2b H Bn H iPr 3431 3431/3344°bF 1708/1699 1670
3a H CH.,OBn H Me 3431 3453133547 1717%h/1692 1679 5.53 (1.57) 5.24(0.84) 6.15(—0.16) 55
3b H CH,OBn H iPr 3431 3431/3336b" 1717%h/1695 1668
3c H CH,OBn Me Me 34440r 1714 1657
4a (CHy)s H Me 3431 3453/3310b" 1696%/1673 1673 454 (1.68) 7.30(—1.74) 70
4b  (CHy)s H iPr 3429 3431/3291bF 1696%h/1670 1670
4c  (CHy)s Me Me 3455br 1693 1656

a Stretching frequencies in GBI, 5 mM (no aggregation revealed by further dilution). br, broad; sh, shoulder; w, weak absorption. The low frequencies
in bold type denote H-bonded vibratoPNH proton resonance in CD&I5mM. The values in parentheses are the resonance shifts froms@DBMSO-
de. ¢ Estimated from the residual MENH stretching absorption in Gi&l, for 1a—4aafter subtraction of the absorption fab—4b18

ting on the other hand,even at low temperatures down glLeu andgSer derivatives, and only 30% for thgPhe
to —60 °C, indicates that the urea moiety adopts only the derivatives.
cis—trans conformation in both folded and open con-

We can therefore conclude that,\iBoc-N'-carbamoyl-
formers.

gem-diaminoalkyl derivatives bearing proteinogenic side
The percentage of the folded conformer strongly depends chains, the urea moiety adopts a statie-trans conforma-

on thegem-residue (Table 1) and may be estimated from s, in jow polar solvents, which can be further stabilized
the residual contribution of the free®N vibrator, obtained by an intramolecular hydrogen bond. We are currently

by subtraction two by two of_thg IF‘; spectra_1 for the evaluating the propensity for ureds—transisomerization
homologousla—4aand1b—4b derivativest’ Assuming that o . : .
and urea turnformation in longer chain ureidopeptides as

the free NH stretching has the same molar extinction well as in more polar solvents
coefficient as for peptide¥, the folding ratio is about P '
70% for the constrainedPro derivatives, 55% for the  0L0166552
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