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The first-generation dendrimer, benzene-sym-tris-N,N,N-carbonyltriglycylglycine N�-1-ad-

amantylamide, was synthesized by a modification of a described procedure. Its com-

plexation with �-, �- and �-cyclodextrins was studied by NMR. The complexation

induced fit and NOESY studies indicate that, in agreement with molecular mechanics

calculations, the complex with �-cyclodextrin is considerably stronger than those with �-

and �-cyclodextrins.
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Dendrimers [1] with their compact structure and high end-group functionality

have found application in medical diagnostics as contrast agents in magnetic resonan-

ce imaging, MRI, [2]. Several other biomedical applications of dendrimers such as

DNA biosensors, drug delivery systems, antimicrobial agents and in boron neu-

tron-capture terapy (used in the treatment of cancer) are intensively studied [2]. The-

refore, studies of dendrimers containing amino acid moieties seem of value. Few

dendrimers involving amino acids as end-groups [3] or in their branches [4] are

known. The latter produced by Schering AG, Berlin, Germany are used in MRI dia-

gnostics. To our best knowledge, only one dendrimer having amino acids in branches

and adamantyl end-groups was reported [5].
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In this paper, the synthesis of first generation dendrimer 1 and manifestations of

its complexation with �-, �- and �-cyclodextrins, CDs, 2–4, respectively, in NMR

spectra are reported.

RESULTS AND DISCUSSION

Synthesis. The scheme of reactions leading to 1 is shown in Fig. 1. Compounds1,

5-9 were synthesized using a modified peptide-coupling methodology. Details may

be found in the Experimental Section. All but one intermediate products were utilized

as pure materials. In the case of Z-Gly-Gly-Gly-NH-1-adamantane 6, the 1:1 mixture

of 6 with 1,3-dicyclohexylurea was used in view of a low yield of neat product 6 after

recrystallization, and the simplicity of resolution of the reaction mixture after the

next step. The atom numbering for these molecules is shown in Fig. 2.
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Figure 1. The scheme of the synthesis of dendrimer 1.

TBTU = o-(Benzotriazol-1-yl)-N,N,N�,N�-tetramethyluronium tetrafluoroborate



NMR complexation studies. As expected, the complexation increased the solu-

bility of 1 in water. A comparison of the signals of adamantyl protons of free guest 1

(Fig. 3a) with the corresponding signals of the complexes with 2–4 (Fig. 3b-d) clearly

reveals small but definite complexation induced shifts, CIS. As shown in Fig. 4, small

CIS were also detected in the carbon spectrum of the complex of 1 with 3 measured by

the HSQC method [6]. The inclusion character of the complex with �-CD is unequ-

ivocally revealed by NOESY spectrum (Fig. 5), clearly exhibiting equally strong
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Figure 2. The scheme of atom numbering. The vertical lines divide fragments stemming from different

molecules. Left side corresponds to 9, the central part describes the numbering in triglycine

residue and the right fragment shows 1-amino-adamantane end group.

Figure 3. The adamantyl protons region in
1
H NMR spectra of a) free dendrimer 1, b–d) its complexes

with �- 2 , �- 3 and �- 4 cyclodextrins, respectively.



cross-peaks between the adamantyl protons of the guest and H3 and H5 CD protons

pointing inside the cavity. On the other hand, the cross peaks of the complex of 1 with

�-CD involving H3 protons are considerably weaker than those involving H5 ones.

No cross-peaks were obtained for the complex with �-CD 2. Taking into account the

results of molecular mechanics [7] modeling of the complexes, the above observa-

tions may be interpreted in the following way: the �-CD cavity is too small to host the

adamantyl group, thus, this group is located on the top of the macrocycle. Its size fits

best the �-CD cavity and in this case the cross-peaks involving both H3 and H5 CD

protons and all protons of the adamantyl group are of approximately equal intensity.

On the other hand, the�-CD seems to be slightly too big for this guest resulting in a de-

eper guest entrance into the CD cavity and a weaker complex with cross-peaks

involving cyclodextrin H5 protons considerably stronger than those involving H3

ones.
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Figure 4. Expansion of two regions of HSQC spectra of free dendrimer1 (solid shapes) and its complex

with �-CD 3 (dash line).
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Figure 5. Two fragments of the NOESY spectrum of the complex between 1 and 3.



EXPERIMENTAL

General: Solvents and reagents were commercial materials (Sigma-Aldrich AG) purified according

to standard procedures. All reactions were carried out with dry, freshly distilled solvents. Thin-layer chro-

matography was done on Merck pre-coated aluminium sheets of Silica gel 60 F254 with the following sol-

vent systems: Rf
1 CHCl3-MeOH (3:1, v/v); Rf

2 CHCl3-MeOH-Et3N (3:1:0.125, v/v). The compounds with

a free amino group were detected on a thin-layer plate by spraying with ninhydrin. Products with a

blocked amino group were detected with 25% hydrogen bromide in acetic acid and then ninhydrin or on

the basis of UV fluorescence. Column chromatography was performed on Silica Gel (Merck 60,

0.04–0.063 mm). Solvents were evaporated under reduced pressure. NMR spectra of intermediate com-

pounds were recorded with a Varian Gemini BB-2000 Fourier-transform (200 MHz, internal Me4Si or the

residual solvent standards), while the complexation studies were carried out on 500 Varian Unity Plus

spectrometer, using the ID_PFG probehead with actively shielded z-gradient coil. Mass spectra were re-

corded on: high resolution ESI MS-Mariner (PerSeptive Biosystem) and LSI MS-AMD 604 (AMD

Intectra GmbH, Germany). All melting points are uncorrected.

N-Benzyloxycarbonyl-diglicylglycine (5): Z-Gly-Gly-Gly-OH (5) was synthesized from the free

peptide, which was treated with carbobenzyloxy chloride under modified Schotten-Baumann conditions

[8,9] usual for benzyloxycarbonylation of amino acids (0�C, pH controlled at 10–11 in aqueous-dioxane

solution). Free peptide (0.005 mol) was dissolved in NaOH (1 M, 15 ml); then 10 ml of dioxane were

added to this solution. The mixture was stirred in ice bath, and solutions of Z-Cl (0.01 mol) in dioxane (15

ml) and NaOH (1 M, 10 ml) were added dropwise while pH was maintained at above 10. Then the mixture

was left stirred at 0�C overnight, dioxane was evaporated and the water solution was washed with ether

(3�20 ml), cooled, and acidified with saturated KHSO4 solution to pH 3. The crystalline product was col-
lected by filtration, washed with cold water and the product was recrystallized from hot water; yield 1.15 g

(71%), m.p. 200�C, reported [10] 195�C.
1
H NMR (DMSO-d6) �H: 3.68 (2H, d,

3
J = 6.03 Hz, 2-CH2), 3.76

(2H, d,
3
J = 5.55 Hz, 5-CH2), 3.77 (2H, d,

3
J = 5.87 Hz, 8-CH2), 5.04 (2H, s, Ph-CH2), 7.37 (5H, br s, Ph),

7.51 (1H, t, 3J = 6.03 Hz, 3-NH), 8.18 (2H, m, 6,9-NH).

N-Benzyloxycarbonyl-diglicylglycine N�-1-adamantylamide (6): The solution of DCC (0.0055

mol) in DMF (25 ml) was slowly added to a solution of N-hydroxysuccinimide (0.006 mol) and 5 (0.003

mol) in DMF (25 ml) at 0�C. The mixture was stirred for 3 h at 0�C and at room temperature for another

half an hour. A precipitate quickly formed and the mixture was cooled to 0�C. Next, 0.005 mol of

adamantyl amine was added and the mixture was stirred for 48 h at 0�C. After that 0.004 mol of acetic acid

was added and stirring was continued for 2 h at room temperature. The solvent was evaporated under a re-

duced pressure and the crude material was purified by SiO2 chromatography (Rf
1 = 0.33) to afford the 1:1

mixture of 6 and 1,3-dicyclohexylurea (70% yield calculated for pure 6). Pure Z-Gly-Gly-Gly-NH-

1-adamantane can be obtained after recrystallization from MeOH, as a colorless crystalline solid with low

yield. M.p. 229�C;
1
H NMR (DMSO-d6) �H: 1.61 (6H, br s, A-CH2), 1.92 (6H, br s, C-CH2), 1.99 (3H, br s,

B-CH), 3.61–3.74 (6H, m, 2,5,8-CH2), 5.04 (2H, s, Ph-CH2), 7.20 (1H, br s, F-NH), 7.35–7.39 (5H, m, Ph),

7.52 (1H, t,
3
J = 5.87 Hz, 3-NH), 7.99 (1H, t,

3
J = 5.39 Hz, 6-NH), 8.23 (1H, t,

3
J = 5.56 Hz, 9-NH); ESI MS

(high resolution), m/z obsd.: 479.2297, calcd.: 479.2265 for C24H32N4O5Na [M + Na]
+
.

Diglicylglycine N �-1-adamantylamide (7): Suspension of 1g of 1:1 mixture of 6 and

dicyclohexylurea and 1g of 10% Pd/C in 60 ml 70% formic acid in water and 20 ml of methanol was vigor-

ously stirred under H2 atmosphere for 96 h at room temperature. Then the unsolved material was removed

by filtrationvia Celite and the solvent was evaporated under a reduced pressure. Next, the residue was dis-

solved in 50 ml of CHCl3 and the crude product 7 was extracted back from water solution with 20 ml of 1

M HCl, the organic phase was removed and7 was extracted with 100 ml of CH2Cl2 after basification up to

pH 12. The solution was washed with 30 ml of brine, dried (Na2SO4) and concentrated. The product was

purified by column chromatography (Rf
2 = 0.25) to afford 240 mg (~70% yield) of 7 as white foam.

1
H

NMR (methanol-d4) �H: 1.72 (6H, br s, A-CH2), 2.04 (9H, br s, B,(C)-CH,(CH2)), 3.37 (2H, s, 2-CH2), 3.78

(2H, s, 5-CH2), 3.92 (2H, s, 8-CH2); ESI MS (high resolution) m/z obsd.: 323.2081, calcd.: 323.2078 for

C16H27N4O3 [M + H]
+
.

Benzene-sym-tri-N,N,N-carbonylglycine ethyl ester (8): Compound 8 was synthesized via a mod-

ified described procedure [11]. Solution of 3 mmol of benzene-1,3,5-tricarbonyl chloride in CH2Cl2 (10

ml) and DMF (5 ml) was slowly added over a period of 2 h, to a stirred mixture of Gly-OEt�HCl (12
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mmol) and Et3N (30 mmol) in CH2Cl2/DMF (2:1) (15 ml) at 0�C. The stirring was continued at the same

temperature for 4 h and at room temperature for 16 h. The reaction mixture was then filtered and the sol-

vents were evaporated. The resulting residue was dissolved in CHCl3 (120 ml) and washed successively

with 5% aqueous HCl solution (2�25 ml), saturated aqueous NaHCO3 solution (2�25 ml) and H2O (15

ml), dried (MgSO4), evaporated and crystallized (toluene/hexane). The product 8 was obtained as white

crystalline powder with yield 0.67 g (50%), m.p. 110.5–111.5�C;
1
H NMR (CDCl3) �H: 1.36 (9H, t,

3
J =

7.00 Hz, CH3), 4.21 (6H, d,
3
J = 6.03 Hz, NCH2), 4.29 (6H, q,

3
J = 7.00 Hz, OCH2), 8.51 (3H, t,

3
J = 6.03

Hz, NH), 8.27 (3H, s, ArH); LSI-MS m/z obsd.: 466, calcd.: 466 for C21H28N3O9 [M + H]
+
.

Benzene-sym-tri-N,N,N-carbonylglycine (9): 9 was synthesized via a modified procedure [11]. To

a stirred solution of the triester 8 (1 mmol) in MeOH (15 ml) at 0�C, 2 M aqueous NaOH solution (5 ml)

was added. The reaction mixture was left to stir for 3 h. The precipitating solid was dissolved by addition

of H2O (5 ml), neutralized with Amberlite IR-120 (H
+

form) ion-exchange resin, which was later filtered

off. Next, the solvents were evaporated and the resulting solid was crystallized from hot water, dried thor-

oughly under vacuum to obtain 9 as a white powder (90%). M.p. 226�C;
1
H NMR (DMSO-d6) �H: 3.98

(6H, d, 3J = 5.85 Hz, CH2), 8.51 (3H, s, ArH), 9.12 (3H, t, 3J = 5.87 Hz, NH), ~12 (~2H, br s, COOH);

LSI-MS: m/z obsd.: 380, calcd.: 380 for C15H14N3O9 [M-H]
–

.

Benzene-sym-tris-N,N,N-carbonyltriglycylglycine N�-1-adamantylamide (1): 1 was synthe-
sized via a modification of a described procedure [12]. To a stirred solution of 7 (0.68 mmol), 9

(0.155 mmol) and Et3N (5 mmol) in DMF (20 ml) was added TBTU (0.78 mmol) at 0�C. The resulting

mixture was stirred at 0�C for 96 h and at room temperature for another 24 h. The solvent was evaporated

and the residue was washed with 0.5 M HCl (2�5 ml), saturated NaHCO 3 (5 ml), H2O (5 ml) and

recrystallized from methanol to obtain 1 as a light yellow powder (yield 0.11g, 55%). M.p. 192 �C;
1
H

NMR (DMSO-d6) �H: 1.61 (18H, br s, A-CH2), 1.92 (18H, br s, C-CH2), 2.00 (9H, br s, B-CH), 3.62 (6H, d,
3
J = 5.75 Hz, 2-CH2), 3.73 (6H, d,

3
J = 5.59 Hz, 5-CH2), 3.79 (6H, d,

3
J = 5.59 Hz, 8-CH2), 3.99 (6H, d,

3
J =

5.40 Hz, 11-CH2), 7.19 (3H, s, F-NH), 7.97 (3H, t,
3
J = 5.76 Hz, 3-NH), 8.21 (3H, t,

3
J = 5.60 Hz, 6-NH),

8.31 (3H, t,
3
J = 5.59 Hz, 9-NH), 8.54 (3H, s, ArH), 9.00 (3H, t,

3
J = 5.39 Hz, 12-NH);

1
H NMR (DMSO-d6

– D2O) �H: 0.89 (18H, br s, A-CH2), 1.18 (2H, br s, B,(C)-CH,(CH2)), 2.93 (6H, s, 2-CH2), 3.13 (6H, s,

5-CH2), 3.22 (6H, s, 8-CH2), 3.34 (6H, s, 11-CH2), 7.63 (3H, s, ArH); ESI MS m/z obsd.: 1316.7, calcd.:

1316.6 for C63H87N15O15Na [M + Na]+ (the observed isotopic profile corresponds to the calculated one).

NMR studies: Because of the low dendrimer 1 solubility in water,
1
H and

13
C NMR spectra were

measured in DMSO-d6:D2O = 2:1 solution on Varian Unity + 500 MHz spectrometer at 300 K. NOESY of

the complexes of 1 with 2–4 in D2O spectra were acquired with 500 ms mixing time.
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