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Abstract: Regioselective N-alkylation of 4-chloro-2-methoxy-7H-pyrrolo[2,3-
d]pyrimidine (6) with ethyl 3-bromopropionate under liquid-liquid phase-transfer reaction 
conditions gave the ester 7a. Its saponification yielded the acid 7b. The logP values of a 
series of N(9)-functionalized purines and purine isosteres were calculated. 
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1. Introduction 
 

7-Deazapurines (= pyrrolo[2,3-d]pyrimidines) are of considerable importance because in a series of 
nucleoside antibiotics comprising tubercidin, toyocamycin and sangivamycin the adenine moiety is 
replaced by a 7-deazaadenine heterocycle. The pyrrolo[2,3-d]pyrimidine system is also found in 
tRNAs of eukaryotes and prokaryotes, namely in form of the hypermodified nucleoside “Q” {2-amino-
5-(4,5-cis-dihydroxy-1-cyclopenten-3-yl-trans-aminomethyl-(7-ß-D-ribofuranosyl)-3,7-dihydro-4H-
pyrrolo[2,3-d]pyrimidin-4-one, Queuosine}. The series of 7-deazaguanosine nucleosides comprises 
also the nucleosides preQ0, preQ1, cadeguomycin and archaeosine [1]. Until now 22 natural products 
have been isolated which contain a 7-deazapurine moiety. The synthesis and study of synthetic 7-
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deazapurine nucleosides is closely related to the names R. K. Robins, L. B. Townsend [2], and F. Seela 
[3]. 7-Deazapurines have also been synthesized as analogues of potent A1- and A2-adenosine receptor 
antagonists [4]. Moreover, 7-deazapurines have been shown to induce neurogenesis in murine 
embryonic stem cells [5]. 

Carboxyalkyl-functionalized derivatives of  7-deazapurines are of interest because they can be 
easily coupled to polymers or surfaces carrying amino functions lending them the functionality of a 
particular modified nucleobase [6]. Coupling of such compounds to amino-functionalized lipids or 
phospholipids [7-9] such as kephalines may lead to potential organo- or hydrogelators. It has been 
shown that for the successful preparation of a gelator, a control of the balance between the 
hydrophilicity and hydrophobicity of the heterocyclic head group and the lipid tail is of decisive 
importance [10]. This balance can be modified inter alia by variation of the substituent pattern of a 
given head group. For this reason we have synthesized in the past various carboxyethyl-functionalized 
purine isosteric compounds [6, 11-15]. Now, we report about a further compound of this series and 
calculate the hydrophobicities of the functionalized head groups in form of their logP values (Table) 
[16], both described in this manuscript as well as of others described in preceeding publications. 

As it had been reported before, the synthesis of compound 2b started from 2,4-dimethoxy-7H-
pyrrolo[2,3-d]pyrimidine (1) – synthesized in 4 steps according to the literature [15, 17, 18] – which 
was alkylated with 3-bromopropionate under liquid-liquid phase-transfer catalysis conditions with 
tetrabutylammonium hydrogen sulphate as catalyst yielding the ester 2a. Subsequent saponification of 
the ester gave the acid 2b. Later, it was found that - if instead of benzene/ethyleneglycol dimethylether 
dichloromethane is used as solvent for the alkylation reaction – a methylene-bridged bis-heterocycle is 
formed; its 3D-optimized structure is shown in the figure; the heterocyclic planes of the molecule are 
almost orthogonal to each other. Such methylene-bridged heterocycles have been found also in other 
cases [19]. 
 

Figure 1. 3D-Optimized structure of compound 3 using ChemSketch, 3D viewer, version 
11.0. (Advanced Chemistry Developments, Inc. Toronto, Canada; http://www.acdlabs.com) 

 

 
 

Starting from compounds 2a, b the functionalized derivatives 4 and 5a,b have been prepared. Using 
now the 7-deazapurine 6 [17] liquid-liquid phase-transfer alkylation with ethyl 3-bromopropionate 
afforded the ester 7a which was saponificated giving the acid 7b. The structures of the novel 
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compounds were proved by 1H-, 13C-NMR, and UV-spectroscopy as well as by elemental analyses. 
Studies toward the coupling of the acid 7b described here as well of others described before to various 
carrier molecules are underway. The table displays the structures and logP values of the various 
functionalized purines and purine-isosteric heterocycles in form of their N-propanamides omitting 
ionisable groups in the side chain. As one can see, the systematic variation of the nitrogen pattern as 
well as of the substituents of the heterocycles renders the molecules more or less hydrophobic thereby 
bestriding more than four orders of magnitude. 
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2. Experimental 
 
General 
 

The synthesis of the compounds displayed in the Table is described in [6, 11-15] as well as in this 
manuscript. Thin-layer chromatography (TLC): Silica gel 60 F254 plates (VWR, Darmstadt, Germany). 
UV-Spectroscopy: U-3200 spectrophotometer (Hitachi, Japan); λmax in nm; ε in dm3/mol. NMR 
Spectra were recorded on AC-250 and AMX-500 spectrometers (Bruker, Rheinstetten, Germany). 
Operational frequencies: 1H-NMR: 250.13, 500.14 MHz; 13C-NMR: 62.896, 125.700 MHz. Chemical 
shifts (δ values) are in parts per million relative to tetramethylsilane as internal standard. 
Microanalyses were performed by Mikroanalytisches Labor Beller (Göttingen, Germany). Melting 
points were measured on a Büchi SMP 20 apparatus and are not corrected. 
7,7’-Methanediylbis(2,4-dimethoxy-7H-pyrrolo[2,3-d]pyrimidine) (3) 
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The chromophore 1 (1 g, 5.6 mmol) was agitated with a vibromixer (50 Hz) with 

tetrabutylammonium hydrogensulfate (1.4 g, 5 mmol) in a mixture of 50 % aq. NaOH (20 ml) and 
dichloromethane (20 ml) at ambient temperature for 2 h. After separation of the phases, the aqueous 
layer was extracted twice with CH2Cl2. The combined organic layers were filtered and evaporated to 
dryness; the residue was dissolved in EtOH (250 ml), charcoaled, filtered and evaporated to a total 
volume of 100 ml whereby the title compound 3 crystallized. Yield: 780 mg (78 %) of colourless 
crystals; mp. 235-237 °C. TLC (CH2Cl2): Rf, 0.3. UV (EtOH): λmax 257, 273 nm (ε, 15.900, 16.200). 
Anal. calcd. for C17H18N6O4 (370.363): C, 55.13; H, 4.90; N, 22.69. Found: C, 55.12; H, 4.87; N, 
22.70. 1H-NMR (d6-DMSO): δ, 4.08 (s, 3 H, 4-OCH3); 4.10 (s, 3 H, 2-OCH3); 6.37 (d, 1 H, H-C(5), J 
= 2 Hz); 6.41 (s, 2 H, CH2, 7.17 (d, 1 H, H-C(6), J = 2 Hz). 13C-NMR (d6-DMSO): δ, 51.39 (-CH2-); 
53.87 (4-OCH3); 54.78 (2-OCH3); 100.18 (C-5); 101.10 (C-4a); 124.21 (C-6); 154.10 (C-7a); 162.57 
(C-2); 164.99 (C-4). 
 
3-(4-Chloro-2-methoxy-7H-pyrrolo[2,3-d]pyrimidin-7-yl)propanoic acid (7b) 
 

The chromophore 6 (500 mg, 2.7 mmol) and tetrabutylammonium hydrogensulfate (92 mg, 0.27 
mmol) were agitated (50 Hz) with a vibromixer for 5 min in a mixture of 50 % aq. NaOH (20 ml), 
benzene (10 ml) and dimethoxyethane (10 ml) at ambient temperature. Subsequently ethyl 3-
bromopropionate (3.35 ml, 27 mmol) were added and agitation was continued for 1 h. After separation 
of the phases the aqueous layer was extracted threefold with benzene. The combined organic layers 
were washed with water and evaporated to dryness. The residue was dissolved in MeOH, charcoaled, 
filtered, and evaporated to dryness. Ethyl 3-(4-chloro-2-methoxy-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)propanoate (7a) was crystallized from water as colorless needles; m.p. 71-72 °C. TLC (CHCl3): Rf, 
0.4. UV (MeOH): λmax, 278, 295 nm (ε, 4.300, 5.200). Anal. calcd. for C12H14ClN3O3 (283.711): C, 
50.80; H, 4.97; N, 14.81. Found: C, 50.94; H, 4.92; N, 14.92. 1H-NMR (d6-DMSO): δ, 1.09 (t, 3 H, 
CH3-ester, J = 7 Hz); 2.90 (t, 2 H, CH2-N, J = 7 Hz); 3.94 (s, 3 H, OCH3); 4.01 (q, 2 H, CH2-ester, J = 
7 Hz); 4.38 (t, 2 H, CH2-C=O, J = 7 Hz); 6.48 (d, 1 H, H-C(5), J = 4 Hz); 7.48 (d, 1 H, H-C(6), J = 4 
Hz). 13C-NMR (d6-DMSO): δ, 13.85 (CH3-ester); 33.88 (CH2-C=O); 39.80 (CH2-ester); 54.83 (OCH3); 
60.19 (CH2-N); 98.70 (C-5); 112.33 (C-4a); 129.41 (C-6); 151.60 (C-7a); 152.76 (C-2); 160.59 (C-4); 
170.67 (C=O). 

The ester 7a (500 mg, 1.76 mmol) was dissolved in a mixture of EtOH (20 ml) and 1 M aq. NaOH 
(20 ml) and stirred for 30 min at ambient temperature. After dilution with water (50 ml) the reaction 
mixture was neutralized at a glass electrode by addition of Amberlite IR-120 (H+-form). After 
filtration the resin was washed with EtOH/H2O (1:1, v/v), and the filtrate was evaporated to dryness. 
The residue was taken up in a small amount of H2O, and the title compound 7b was crystallized by 
adding a few drops of glacial acetic acid. Yield: 368 mg (82 %) of colourless 7b. TLC (0.25 M aq. 
LiCl): Rf, 0.5. UV (MeOH): λmax, 227, 278, 297 nm (ε, 29.700, 4.500, 4.900). Anal. calcd. for 
C10H10ClN3O3 (255.658): C, 46.98; H, 3.94; N, 16.44. Found: C, 46.87; H, 3.97; N, 16.34. 1H-NMR 
(d6-DMSO): δ, 2.82 (t, 2 H, CH2-N, J = 7 Hz); 3.96 (s, 3 H, OCH3); 4.37 (t, 2 H, CH2-C=O, J = 7 Hz); 
6.50 (d, 1 H, H-C(%), J = 4 Hz); 7.50 (d, 1 H, H-C(6), J = 4 Hz). 13C-NMR (d6-DMSO): δ, 33.60 
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(CH2-C=O); 54.83 (OCH3); 51.35 (CH2-N); 98.65 (C-5); 112.25 (C-4a); 129.30 (C-6); 151.48 (C-7a); 
152.60 (C-2); 160.55 (C-4); 170.90 (C=O). 
 

Table 1. logP values of  N(9)-functionalized purines and purine isosteres. 
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