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The crystal structures of three analogues of the potent δ-opioid receptor antagonist H-Dmt-
Tic-OH (2′,6′-dimethyl-L-tyrosine-L-1,2,3,4-tetrahydroisoquinoline-3-carboxylate), N,N (CH3)2-
Dmt-Tic-OH (1), H-Dmt-Tic-NH-1-adamantane (2), and N,N(CH3)2-Dmt-Tic-NH-1-adamantane
(3) were determined by X-ray single-crystal analysis. Crystals of 1 were grown by slow
evaporation, while those of 2 and 3 were grown by vapor diffusion. Compounds 1 and 3
crystallized in the monoclinic space group P21, and 2 crystallized in the tetragonal space group
P43. Common backbone atom superimpositions of structures derived from X-ray diffraction
studies resulted in root-mean-square (rms) deviations of 0.2-0.5 Å, while all-atom superimposi-
tions gave higher rms deviations from 0.8 to 1.2 Å. Intramolecular distances between the
aromatic ring centers of Dmt and Tic were 5.1 Å in 1, 6.3 Å in 2, and 6.5 Å in 3. The orientation
of the C-terminal substituent 1-adamantane in 2 and 3 was affected by differences in the ψ
torsion angles and strong hydrogen bonds with adjacent molecules. Despite the high δ-opioid
receptor affinity exhibited by each analogue (Ki < 0.3 nM), high µ-receptor affinity (Ki < 1 nM)
was manifested only with the bulky C-terminal 1-adamantane analogues 2 and 3. Furthermore,
the bioactivity of both 2 and 3 exhibited µ-agonism, while 3 also had potent δ-antagonist activity.
Those data demonstrated that a C-terminal hydrophobic group was an important determinant
for eliciting µ-agonism, whereas N-methylation maintained δ-antagonism. Furthermore, the
structural results support the hypothesis that expanded dimensions between aromatic nuclei
is important for acquiring µ-agonism.

Introduction
The δ-, κ-, µ-opioid receptors are G-protein coupled

molecules located in the central nervous system and in
peripheral regions, such as the mouse vas deferens,
guinea pig ileum, rabbit jejunum, and the human
gastrointestinal tract.2 These transmembrane receptors
and their endogenous ligands (enkephalins,3 endor-
phins,4 dynorphins,5 and endomorphins6) are involved
in a number of physiological functions, most notably,
nociception, autonomic reflexes, neuroendocrine effects,
and thermoregulation.2 Furthermore, exogenous opioid
molecules both naturally occurring and synthetic have
been effective in treating a number of human ailments.
Morphine has been the drug of choice for treating severe
pain,7 whereas naloxone and naltrexone, among other
antagonists, have been utilized to treat alcoholism and
narcotic addiction and have reversed the severe side
effects of opioid agonists.8,9 The mechanism of action of
opioid ligands is not fully understood. In fact, neither
the three-dimensional structures of the opioid receptors
nor their ligand binding sites have been determined
experimentally. Furthermore, there are only a handful
of X-ray structures of potent and receptor-selective
opioid ligands. Therefore, the design of new opioid

compounds is critical to understanding the opioid sys-
tem as well as providing leads for new therapeutic
compounds exhibiting fewer side effects.

An essential goal in the development of new opioid
compounds is the formation of agonists and antagonists
with a high degree of selectivity for either one specific
receptor subtype or a combination of characteristics that
permit the ligand to interact with high affinity at two
distinct receptors while eliciting opposite effects as a
bi- or heterofunctional molecule.10-12 The introduction
of 2′,6′-dimethyl-L-tyrosine (Dmt) in place of Tyr into
δ-opioid antagonists13,14 and various agonists15-21 yielded
analogues whose affinities for the δ- and µ-opioid
receptors increased by orders of magnitude, frequently
causing a reversal of the spectrum of their bioactivi-
ties.12,22 Modification of the aromatic ring of Tic,2,14

substitution by other aromatic nuclei at the second
position,11,23 or a variety of C-terminal substituents in
the Dmt-Tic pharmacophore22,24 caused major disrup-
tions in the accessibility of the peptide to the receptor
binding site. Whereas substitutions for the C-terminal
carboxylate, such as an amino acid, an amide function13

or various hydrophobic groups,22,24 resulted in relatively
minor effects on δ-opioid affinities, µ-receptor affinities
increased by orders of magnitude. On the other hand,
with the exception of N- or N,N-alkylation with methyl
groups, which substantially enhanced bioactivity,25 all
other alterations at the N-terminus were detrimen-
tal.14,25
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Although several molecular models were developed
for the Dmt-Tic pharmacophore,26-29 a consensus opin-
ion about the bioactive conformation is lacking despite
the similarity between many of the proposed low-energy
conformations. In addition, molecular modeling of sev-
eral Dmt-Tic and Tyr-Tic analogues demonstrated that
small changes around Dmt or Tyr did not produce large
changes in conformation,30 and this was noted in the
crystal structures of 1-3 as presented herein. On the
other hand, crystalline parameters for 1-3 differed from
those obtained from the crystal structures of δ-opioid
antagonists TIPP (H-Tyr-Tic-Phe-Phe-OH)31 and ICI
174,864 and the µ-agonist D-TIPP-NH2.32 Since mol-
ecules 1-3 were not crystallized while bound to the
receptor, we cannot unequivocally confirm that their
crystal-state structures represent bioactive forms. How-
ever, we can provide the X-ray crystal coordinates of
low-energy forms of conformationally constrained opio-
ids with potent and diverse bioactivities. These data
represent the first crystalline structures of potent opioid
peptides containing the Dmt-Tic pharmacophore, thereby
providing critical starting points for molecular modeling
and templates for the design of new therapeutic opioid
ligands.

Results and Discussion

The synthesis and biological activity of 1-3 were
reported previously.22,25 The X-ray structures of the
compounds are represented in Figure 1. Atomic coor-
dinates, bond lengths, bond angles, torsion angles, and
anisotropic displacement parameters are available as
Supporting Information. The bond distances and angles
in all of the structures were at normal values, and a
list of selected torsion angles is given in Table 1. The
peptide bond between Dmt and Tic in each of the
structures was cis, and little variability was noted for
values of ω1, ø1, and ø2 of Dmt (Table 1, Figure 2). In
contrast, values for ψ2 of Tic in compounds 2 and 3
varied (Table 1), thereby producing different orienta-
tions of the C-terminal carbonyl and adamantyl groups
(Figure 2). Backbone superimpositions of structures
resulted in root-mean-square (rms) deviations of 0.2-
0.5 Å (Figure 2). The small deviations were not surpris-
ing because the backbone atom distances CR-CR and
N-C′ and the main-chain torsion angles φ, ψ1, and ω1

were similar for each compound (Table 1). However, all-
atom superimpositions gave larger rms deviations from
0.8 to 1.2 Å (Figure 3). This was explained by the

Figure 1. X-ray crystal structures of N,N-(CH3)2-Dmt-Tic-OH (A), N,N-(CH3)2-Dmt-Tic-NH-1-adamantane (B), and H-Dmt-Tic-
NH-1-adamantane (C) with atom labels. Cl ions, water molecules, lower occupancy disorder, and hydrogen atoms are not displayed.
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variability of ψ2 of 2 and 3 and ø2
1 and ø2

2 of 1 in
contrast to those of 2 and 3 (Table 1). Interatomic
distances between the aromatic ring centroids of Dmt
and Tic varied with values of 5.1 Å in 1, 6.3 Å in 2, and
6.5 Å in 3. The variability in Tic aromatic ring orienta-
tions was most prominent between 1 and 2 and between
1 and 3, while the aromatic groups of 2 and 3 were more
closely aligned (Figure 2, Table 1).

Interestingly, crystal structures of chemically similar
dipeptides, such as H-Tyr-Tic-OH and H-Tyr-Tic-NH2,
had conformations similar to 1 while the positions of
the Tic aromatic rings differed from those in 2 and 3.33

In contrast, crystal structures of TIPP analogues shared
spatial orientations with 2 and 3 because of the C-
terminal adamantyl extensions and the ø2 values of Tic.
C-terminal substitutions of the Dmt-Tic/Tyr-Tic phar-
macophores may influence orientations of the aromatic
ring of Tic during packing of the crystal. The dipeptides
appear to favor a stacked conformation of Dmt relative
to Tic with a minimum distance between aromatic
centers (e.g., 1),28 which differs from the orientation of
Tic in 2 and 3 and the TIPP analogues.31,32

Compounds 1 and 3 both crystallized as chloride salts,
and hydrogen bonds were observed between the Dmt
hydroxyl group (Oz-Hz) and the chloride (Cl) ion (Table
2). This suggested that the hydroxyl group of Dmt could
potentially serve as a hydrogen bond donor in receptor
binding interactions. This observation is underscored
by several studies that demonstrated a complete loss
of ligand-receptor interactions with the δ-opioid recep-
tor when the hydroxyl group of the first residue in opioid
peptides is absent or modified.34-36 However, Phe-c[D-
Cys-Phe-D-Pen]NH2 retained high µ-receptor affinity (Ki
) 1.36 nM) without the tyrosyl function.36 Nevertheless,
the methyl groups at positions 2′ and 6′ of Tyr (Dmt) of
these peptides may stabilize the position of the hydroxyl
group of Dmt to form optimal hydrogen bonds within
the receptor pocket and may account for the enhanced
bioactivities of all Dmt containing ligands.13-20

Compound 2 contained eight sites for water oxygens
of which only two were at full occupancy. In one of the
water sites, hydrogen bonds were formed between the
water and the N-terminal protons (Table 2). The large
number of water molecules present in the crystal
suggest that this low-energy conformation could form
in aqueous solution, making it an excellent candidate
for structure-activity relationship studies. Strong hy-
drogen bonds, namely, O(1Z)-H(1ZA)‚‚‚O(2) in 2 and
N(3)-H(3N)‚‚‚O(1) in 3 may account for the different
orientations of the adamantyl groups and can also
represent potential stabilizing interactions formed within
the receptor binding pocket (Figure 2, Table 2).

Comparison of Crystal Structures and Bioac-
tivity. Compound 1, which lacks the bulky hydrophobic
adamantyl substituent and has an aromatic ring dis-
tance of 5.1 Å, interacted selectively with the δ-opioid
receptor as an antagonist (Tables 1 and 3). Similarly,
low-energy models of other δ-opioid antagonists, such
as c(Dmt-Tic)27 and H-Dmt-Tic-OH,28 featured compa-
rable aromatic ring distances. The δ-opioid antagonist
TIPP31 had aromatic ring distances of 5.9 Å between
Tyr and Tic and 4.2 Å between Tic and Phe,3 while Tyr
and Tic appeared aligned as observed in 1. In fact,
superimposition of Dmt-Tic of 1 with the Tyr-Tic portion
of TIPP resulted in a 0.59 Å rms deviation. In contrast,
none of the aromatic groups were aligned in the crystal
structure of D-TIPP, a µ-antagonist.32 The alignment of
aromatic groups as well as the proximity may be
defining structural features for δ-antagonists containing
the Dmt-Tic or Dmt-aromatic pharmacophores. In con-
trast, compounds 2 (µ-agonist) and 3 (δ-antagonist/µ-
agonist) exhibited aromatic ring distances around 6.5
Å and the rings were not aligned as observed in 1
(Tables 1 and 3, Figure 2). It has been proposed that
the µ-opioid receptor pocket requires ligands with
extended architectures37 in which the intramolecular
distances between aromatic residues fall in the range
of 10-11 Å or greater. These features were observed
among several low-energy conformations of the δ-ago-
nist deltorphin.28,38,39 In fact, centroid ring distances can
range considerably in opioid ligands, e.g., 5.0 to 15.9 Å
in enkephalins40-43 and 9.6 to 15.9 Å in DPDPE44 and
JOM-13,45 depending on the form and conformation
studied. The Dmt-Tic distance and aromatic ring ori-
entation may be critical features of the message domain
of Dmt-Tic opioid ligands, since it contains the required
hydroxyl group on Dmt, whereas residues or substitu-
ents at the C terminal of Tic may constitute the address
domain.46 In addition, hydrophobic structural extensions
on the Dmt-Tic pharmacophore may be a definitive
characteristic for µ-agonism as observed with molecules
2 and 3 (Table 3, Figures 1-3).

Conclusions

The importance of the X-ray crystal structures of
three potent opioid ligands containing the Dmt-Tic
pharmacophore cannot be overestimated. Single crystals
are grown from solutions, and molecules in solution
have an energy-dependent distribution where low-
energy conformations are the most populated. These
low-energy conformers aggregate to form crystals, and
if they cannot pack efficiently alone, then they incor-
porate water or other solvent molecules to fill the voids
that would otherwise be left between the molecules.

Table 1. Selected Torsion Angles of X-ray Structures of N,N-(CH3)2-Dmt-Tic-OH (1), H-Dmt-Tic-NH-1-adamantane (2), and
N,N-(CH3)2-Dmt-Tic-NH-1-adamantane (3)a

angle (deg)

compound residue φ ψ ø1 ø2 ω distance (Å)

1 Dmt 144.5(7) -170.5(7) 84.6(10) -20.3(12) 5.1
Tic -102.4(9) 42.9(10) 164.4(8)

2 Dmt 136.2(8) -178.3(8) 86.4(10) -1.0(12) 6.3
Tic -95.9(9) -13.8(11) 63.5(8) 135.9(8) -169.6(7)

3 Dmt 142.8(5) -168.1(5) 85.6(7) -23.2(8) 6.5
Tic -86.8(7) -170.3(5) 62.3(7) 138.9(6) 168.8(5)

a Estimated standard deviations appear in parentheses. Distance indicates interatomic distances between aromatic ring centroids of
Dmt and Tic.
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Crystal packing forces can affect the peptide conforma-
tion formed in the crystalline environment; however,
this typically causes only insignificant changes in
conformation. In fact, when data have been available
to compare X-ray results with modeling results, the
conformations determined by X-ray methods matched
at least one of the low-energy conformers predicted
using molecular modeling techniques. This occurred in
comparisons between X-ray structures and models of the
enkephalin derivatives, DPDPE,34,47 JOM-13,35 and
Tyr1-c(D-Pen2-Gly-Phe4-L/D-3-Mpt5),48 as well as other
compounds such as D-TIPP-NH2,23 1-(2,6-difluoroben-
zoyl)-5-(4-chlorophenyl)biuret,49 and molecules 1-3 pre-

sented here. Therefore, valuable information can be
extracted from both modeling and X-ray studies, and
agreement between the data derived from different
sources reinforces the premises presented.

In addition, crystal packing and intermolecular hy-
drogen bonding with ions, water molecules, or adjacent
Dmt-Tic molecules provide clues about potential recep-
tor binding site interactions and conformations. For
example, strong hydrogen bonds between the hydroxyl
group of Dmt and a carbonyl group of molecules in the
crystal of 2 as well as between an amide hydrogen and
a carbonyl of molecules in the crystal of 3 may represent
stabilizing hydrogen bond interactions that could form

Figure 2. Stereoviews of the backbone superimpositions of (A) N,N-(CH3)2-Dmt-Tic-OH (red) and H-Dmt-Tic-NH-1-adamantane
(purple) with rms deviation of 0.2 Å, (B) N,N-(CH3)2-Dmt-Tic-OH (red) and N,N-(CH3)2-Dmt-Tic-NH-1-adamantane (yellow) with
rms deviation of 0.2 Å, and (C) H-Dmt-Tic-NH-1-adamantane (purple) and N,N-(CH3)2-Dmt-Tic-NH-1-adamantane (yellow) with
rms deviation of 0.5 Å. Hydrogen atoms are not displayed.

Crystal Structures of Dipeptides Journal of Medicinal Chemistry, 2002, Vol. 45, No. 25 5509



within the receptor pocket. In addition, the presence of
water in the crystal of 2 suggests that this low-energy
conformation might form in solution, making it an
excellent candidate for structure-activity investiga-
tions.

In general, each of these structures is useful for
structure-activity studies because while they are chemi-
cally similar, they also exhibit distinct bioactivities
allowing us to identify structural components that may
be associated with opioid receptor selectivity or bioac-
tivity. The prominent structural differences between 1
and 2 and between 1 and 3 are the ring distances and
the C-terminal substitutions. On the basis of the bio-
activity and structural data, it can be surmised that
increased distances between the aromatic rings of Dmt
and Tic and C-terminal hydrophobic substitutions may
be structural features associated with µ-agonism, while
alignment of the aromatic rings may hinder interactions
within the µ-receptor in molecules containing the Dmt-
Tic pharmacophore. These hypotheses have been sup-
ported by recent evidence demonstrating that C-termi-
nally extended analogues of Dmt-Tic can markedly alter
receptor selectivity and reverse functional bioactivity.12

Whether three-dimensional structures can be used to
predict bioactivities of opioid ligands is debatable and
is an area of growing interest. However, X-ray crystal-
lography can provide valuable information regarding
potential interaction points of the ligand with the
receptor as well as unveil low-energy conformations of
similar molecules with distinct bioactivities. In particu-
lar, the first crystal-state conformations of opioids
containing the Dmt-Tic pharmacophore outlined in this
report will contribute to the design of more effective
opioid compounds as well as increase our understanding
of opioid receptor-ligand interactions.

Experimental Section

Peptide Synthesis. Compounds 1-3 were prepared ac-
cording to previously published standard solution methods.22,25

Purity was determined to be >99%. The original TFA salt was
exchanged for the Cl salt.

Crystallization. Crystals of N,N-(CH3)2-Dmt-Tic-OH (1)
were grown by slow evaporation from a methanol/2-propanol
mixture, while crystals of H-Dmt-Tic-NH-1-adamantane (2)
and N,N-(CH3)2-Dmt-Tic-NH-1-adamantane (3) were grown by
vapor diffusion using the hanging drop method.50,51 A 5 µL drop
of a 5.4 mg/mL stock solution of the HCl salt of 2 in 25% acetic

Figure 3. Stereoview of all-atom superimpositions of N,N-(CH3)2-Dmt-Tic-OH (1) (red), H-Dmt-Tic-NH-1-adamantane (2) (purple),
and N,N-(CH3)2-Dmt-Tic-NH-1-adamantane (3) (yellow). The rms deviation between 1 and 2 was 0.8 Å, and the rms deviation
between 1 and 3 as well as that between 2 and 3 were 1.2 Å. Hydrogen atoms are not displayed.

Table 2. Hydrogen Bonds for N,N-(CH3)2-Dmt-Tic-OH (1), H-Dmt-Tic-NH-1-adamantane (2), and
N,N-(CH3)2-Dmt-Tic-NH-1-adamantane (3)a

compound D-H‚‚‚A d(D-H) d(H‚‚‚A) d(D‚‚‚A) ∠(DHA)

1 O(1Z)-H(1ZA)‚‚‚Cl(1) 0.85(16) 2.55(16) 3.089(9) 122(13)
N(1)-H(1D)‚‚‚Cl(1) 0.88(10) 2.21(10) 3.071(8) 165(8)
O(2′)-H(2′)‚‚‚O(1) 0.77(12) 2.00(13) 2.756(9) 165(15)

2 O(1Z)-H(1ZA)‚‚‚O(2) 0.82 1.79 2.606(9) 178
N(1)-H(1B)‚‚‚O(2S) 0.86 2.47 3.252(14) 152
N(1)-H(1A)‚‚‚O(1) 0.86 2.29 2.819(10) 120
O(1S)-H(1SA)‚‚‚O(2S) 0.860(8) 2.39(13) 2.966(11) 124(13)

3 O(1Z)-H(1ZA)‚‚‚Cl(1) 0.96(2) 2.51(5) 2.954(4) 108(3)
N(1)-H(1A)‚‚‚Cl(1) 0.91 2.32 3.078(5) 141
N(3)-H(3N)‚‚‚O(1) 1.03(6) 2.02(7) 3.026(7) 164(5)

a Distances are reported in Å. Estimated standard deviations appear in parentheses. Symmetry operators are reported in the Supporting
Information.

Table 3. Receptor Binding and Bioactivity of Dmt-Tic Analogues

bioactivity

receptor binding (Ki, nM) MVD GPI

compound δ µ pA2 Ke (nM) ED50 (µM) pA2 Ke (µM) ED50 (µM)

1, N,N-(CH3)2-Dmt-Tic-OH 0.12 ( 0.02 2435 ( 462 9.4 0.28 a 5.8 1.58 5.64b

2, H-Dmt-Tic-NH-1-adamantane 0.26 ( 0.05 0.76 ( 0.05 >10 000 0.87 a a 0.036c

3, N,N-(CH3)2-Dmt-Tic-NH-1-adamantane 0.16 ( 0.02 1.12 ( 0.10 9.06 0.87 a a a 0.016c

a Absence of activity. b Data are from the following: Salvadori, S.; et al. J. Med. Chem. 1997, 40, 3100. c Data are from the following:
Salvadori, S.; et al. J. Med. Chem. 1999, 42, 5010.

5510 Journal of Medicinal Chemistry, 2002, Vol. 45, No. 25 Bryant et al.



acid was allowed to equilibrate with an equal amount of the
reservoir solution over 1 mL of 22% 2-methyl-2,4-pentanediol,
0.5 M LiCl, and 0.1 M sodium acetate (pH 5.0) reservoir
solution. Crystals of the free base grew after 3 weeks at 22 °C
as a hydrate. Crystals of 3 as the HCl salt were grown from 5
µL of a 4.0 mg/mL methanol stock solution mixed equally with
a 22% 2-methyl-2,4-pentanediol, 0.5 M LiCl, and 0.1 M sodium
citrate (pH 6.0) reservoir solution. Crystals formed at 22 °C
after 2 months, at which time an additional 3 µL of the stock
solution of 3 was added to the drop and the crystals were
allowed to grow for another fortnight.

Single-Crystal X-ray Diffraction Analysis. N,N-(CH3)2-
Dmt-Tic-OH: C23H29N2

+O4
•Cl-, FW ) 432.93, monoclinic

space group P21, a ) 9.091(1) Å, b ) 12.111(1) Å, c ) 10.811-
(1) Å, â ) 106.89(1)°, V ) 1102.1(3) Å3, Z ) 2, Fcalc ) 1.305 mg
mm-3, λ(Cu KR) ) 1.541 78 Å, µ ) 1.795 mm-1, F(000) ) 460,
T ) 293 K.

A clear, colorless 0.38 mm × 0.16 mm × 0.06 mm crystal
was used for data collection on an automated Bruker P4
diffractometer equipped with an incident beam monochroma-
tor. Lattice parameters were determined from 53 centered
reflections within 11.6 < 2θ < 50°. The data collection range
had a {(sin θ)/λ}max ) 0.54. Three standards, monitored after
every 97 reflections, exhibited random variations with devia-
tions up to 1.6% during the data collection. A set of 2183
reflections was collected in the θ/2θ scan mode, and the ω scan
rate (a function of count rate) varied from 5.0 to 30.0 deg/min.
There were 1697 unique reflections. Corrections were applied
for Lorentz, polarization, and absorption effects. The structure
was solved with SHELXTL52 and refined with the aid of the
SHELX97 system of programs. The full-matrix least-squares
refinement on F2 varied 280 parameters: atom coordinates and
anisotropic thermal parameters for all non-H atoms. H atoms
were included using a riding model [coordinate shifts of C
applied to attached H atoms, C-H distances set to 0.93-0.96
Å, H angles idealized, Uiso(H) were set to (1.2-1.5)Ueq(C)].
Final residuals were R1 ) 0.066 for the 1307 observed data
with Fo > 4σ(Fo) and 0.090 for all data. Final difference Fourier
excursions gave 0.31 and -0.30 e Å-3.

H-Dmt-Tic-NH-1-adamantane: C31H38N3O3‚5.06(H2O), FW
) 590.72, tetragonal space group P43, a ) 17.224(1) Å, b )
17.224(1) Å, c ) 10.751(1) Å, V ) 3189.5(5) Å3, Z ) 4, Fcalc )
1.218 mg mm-3, λ(Cu KR) ) 1.541 78 Å, µ) 0.723 mm-1, F(000)
) 1252, T ) 220 K.

A clear, colorless 0.58 mm × 0.07 mm × 0.07 mm crystal
was used for data collection with a Bruker SMART4 1K CCD
detector on a Platform goniometer. The Rigaku rotating Cu
anode source was equipped with incident beam Göbel mirrors.
Lattice parameters were determined using SAINT53 from 267
centered reflections within 12° < 2θ < 73°. The data collection
range had a {(sin θ)/λ}max ) 0.54. A set of 10 457 reflections
were collected in the ω scan mode. There were 3375 unique
reflections. Corrections were applied for Lorentz, polarization,
and absorption effects. The structure was solved with SHELX-
TL52 and refined with the aid of the SHELX97 system of
programs. The full-matrix least-squares refinement on F2 used
37 restraints and varied 420 parameters: atom coordinates
and anisotropic thermal parameters for all non-H atoms. H
atoms were included using a riding model [coordinate shifts
of C applied to attached H atoms, C-H distances set to 0.93-
0.96 Å, H angles idealized, Uiso(H) were set to (1.2-1.5)Ueq-
(C)]. Final residuals were R1 ) 0.086 for the 2622 observed
data with Fo > 4σ(Fo) and 0.104 for all data. Final difference
Fourier excursions gave 0.33 and -0.16 e Å-3. In 2 there are
eight sites for disordered water oxygens of which two are at
full occupancy. The occupation parameter sums to about 3.0
over the remaining five sites, and hydrogen atoms were
included for only the two full-occupancy sites. Additional sites
for the waters are possible but not resolvable.

(N,N-(CH3)2-Dmt-Tic-NH-1-adamantane: C33H44N3O3‚Cl-,
FW ) 566.16, monoclinic space group P21, a ) 10.204(2) Å, b
) 6.883(1) Å, c) 21.417(1) Å, â ) 102.67(1)°, V ) 1467.6(1)
Å3, Z ) 2, Fcalc ) 1.322 mg mm-3, λ(Cu KR) ) 1.541 78 Å, µ )
1.500 mm-1, F(000) ) 608, T ) 220 K.

A clear, colorless 0.58 mm × 0.03 mm × 0.03 mm crystal
was used for data collection with a Bruker SMART4 6K CCD
detector on a Platform goniometer. The Rigaku rotating Cu
anode source was equipped with incident beam Göbel mirrors.
Lattice parameters were determined using SAINT52 from 2047
centered reflections within 8.5° < 2θ < 103°. The data
collection range had a {(sin θ)/λ}max ) 0.54. A set of 4763
reflections were collected in the ω scan mode. There were 2823
unique reflections. Corrections were applied for Lorentz,
polarization, and absorption effects. The structure was solved
with SHELXTL52 and refined with the aid of the SHELX97
system of programs. The full-matrix least-squares refinement
on F2 used 101 restraints and varied 407 parameters: atom
coordinates and anisotropic thermal parameters for all non-H
atoms. H atoms were included using a riding model [coordinate
shifts of C applied to attached H atoms, C-H distances set to
0.93-0.96 Å, H angles idealized, Uiso(H) set to (1.2-1.5)Ueq-
(C)]. Final residuals were R1 ) 0.055 for the 2038 observed
data with Fo > 4σ(Fo) and 0.078 for all data. Final difference
Fourier excursions were 0.23 and -0.19 e Å-3. In 3, the
adamantane moiety is disordered over two sites at occupancies
of 55:45. The proximity of the atom positions among these two
sites necessitated a number of restraints on the adamantane
geometry.
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