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The synthesis of a series of polymethylene chain-bridged 8-azapurines as potential DNA inter-
calating agents is described. N,N'-Bis(5-amino-6-chloro-4-pyrimidyl)-1,3-diaminopropane (III),
N,N'-bis(5-amino-6-chloro-4-pyrimidyl)-1,8-diaminooctane (IV), and N,N'-bis(5-amino-6-chloro-
-4-pyrimidyl)-1,12-diaminododecane (V) were synthesized from 5-amino-4,6-dichloropyrimidine
(1) and 1,3-diaminopropane (II, n = 3), 1,8-diaminooctane (II, n = 8), and 1,12-diaminodode-
cane (ii, n 12), respectively, as the starting materials. 1,3-Bis(6-chloro-9-purinyl)propane
(VI), 1,8-bis(6-chloro-9-purinyl)octane (VII), and 1,12-bis(6-chloro-9-purinyl)dodecane (VIII)
were prepared by acid-catalyzed reaction of the corresponding pyrimidines III— V with triethyl
orthoformate in N,N-dimethylacetamide. The polymethylene chain-bridged 6-hydroxy-8-
-azapurines XII—- XIV were obtained via diazotization of the corresponding pyrimidines. The
spectral data and other physical properties of the new compounds have been determined.

Because of the established biological activity of compounds such as bis(9-purinyl)-
ethane and the ethylenediamine dcrivatives4, and within the framework of our
past and present involvement with systematic studies of new biologically active
heterocyclic compounds5'4, we have become interested in the synthesis of bis-
-purinyl and the corresponding bis-8-azapurinyl derivatives bridged by poly-
methylene chains of different length. This represents a follow-up publication on
our recent work describing the synthesis of similar compounds bridged by confor-
mationally restricted diphenyl tethers13.
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With this goal in mind, the N,N'-bis(4-chloro-5-amino-6-pyrimidyl)-1,3-diamino-
propane (iii), N,N'-bis(4-chloro-5-amino-6-pyrimidyl)-1,8-diaminooctane (Iv), and
N,N'-bis(4-chloro-5-amino-6-pyrimidyl)-1, 12-diaminododecane (V) were prepared
by condensation of 4,6-dichloro-5-aminopyrimidine (I) with 1,3-diaminopropane
(II, n = 3), 1,8-diaminooctane (II, n 8), and 1,12-diaminododecane (II, n = 12)
in refluxing 1-butanol in the presence of triethylamine by a previously described
method15 -17• The 1,3-bis(6-chloro-9-purinyl)propane (VI), 1,8-bis-(6-chloro-9-
-purinyl)octane (VII), and 1,12-bis(6-chloro-9-purinyl)dodecane (viii) were pre-
pared by acid-catalyzed reaction of III — V with triethyl orthoformate in N,N-di-
methylacetamide'5 ,18,19• The 1,3-bis(6-hydroxy-8-aza-9-purinyl)propane (XII), 1,8-
-bis(6-hydroxy-8-aza-9-purinyl)octane (xiii), and 1, 12-bis(6-hydroxy-8-aza-9-purinyl)
-dodecane (XIV) were obtained through diazotization of III— V, respectively, with
sodium nitrite in aqueous acetic acid. Our attempts to obtain the intermediate
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1,3-bis(6-chloro-8-aza-9-purinyl)propane (Ix), 1,8-bis(6-chloro-8-aza-9-purinyl)octa--
ne (x), and 1, 12-bis(6-chloro-8-aza-9-purinyl)dodecane (XI) were unsuccessful when
using the common method for the synthesis of 8-azapurines20'21, even when the
reaction had been carried out in aqueous acetic acid as previously described in the
successful preparation of 6-chloro-8-azapurine derivatives22'23. Instead of the
IX —XI, only 1,3-bis(6-hydroxy-8-aza-9-purinyl)propane (XII), 1,8-bis(6-hydroxy-8-
-aza-9-purinyl)octane (xiii), and 1, 12-bis(6-hydroxy-8-aza-9-purinyl)dodecane (XIV)
could be isolated, as evidenced by the UV spectrum, the strong carbonyl absorption
band in the JR spectrum, and elemental analysis. The 6-chioro substituent in the
8-azapurinyl ring undergoes nucleophilic displacement much more easily than the
corresponding 6-substituent in the purine ring, as described before on several occa-
sions in papers devoted to the preparation of various 8-azapurine derivatives2023.
The synthetic steps are shown in Scheme 1.

The structures of these compounds were established on the basis of their analytical
and spectral data. For example, a comparison among the three series of synthesized
compounds can be made on the basis of JR spectra. The primary and secondary
amino groups in compounds III— V can be identified by the characteristic N-—H
bond stretching absorptions in the 3 300—3 500 cm 1 and 1 660 cm1 regions of the
JR spectra. The JR spectra for the compounds VI —VIII and XII —XIV follow the
expected pattern and no primary and secondary amine absorptions can be seen.
In addition, the JR spectra demonstrate that hydroxy groups have replaced the
chlorine groups in compounds XII —XI V. as indicated by the broad hydroxy band
at 3 400 cm1 and a strong carbonyl group absorption at 1 700 cm '.The 1H NMR
spectra of the synthesized compounds show all the peaks corresponding to those
expected for the proposed structures.

Jt is anticipated that the new compounds Ill— V, VI— VIII, and XII —XIVcan be
potential bis-intercalating agents.

EXPERIMENTAL

The melting points were determined in capillary tubes heated in a Thomas—Hoover melting
point apparatus and are uncorrected. 1H NMR spectra were recorded in hexadeuteriodimethyl
sulfoxide on Varian EM-360 (60 MHz) and IBM NR 200 AF (200 MHz) spectrometers using
tetramethylsilane as the internal standard. The chemical shifts are expressed in the ö-scale (ppm>
and coupling constants (J) in Hz. UV spectra were obtained in dimethyl sulfoxide on a Perkin—
—Elmer Lambda 4C spectrophotometer, with a Perkin—Elmer 7700 professional computer (ab-
sorption maxima are given in nm). IR spectra were measured in pressed potassium bromide disks.
on a Perkin—Elmer 580B spectrophotometer with a Perkin—Elmer data station (, cm 1; inten-
sity of absorption, s strong, m medium, w weak). The purity of all compounds was checked by
thin-layer chromatography (TLC) on silica gel 60 F-254 precoated plates and the spots were
located in the UV light or by iodine vapor. Elemental analyses were performed by Desert Ana-
lytics, Tucson, AZ. All solvents used were reagent grade except the dimethyl sulfoxide used for
spectroscopic measurements (spectrophotometric grade).
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N,N'-Bis(4-chloro-5-amino-6-pyrimidyl)-l,3-diaminopropane (111)

A mixture of 4,6-dichloro-5-aminopyrimidine (1 1 g, 67 mmol), 1,3-diaminopropane (024 g,
32 mmol), and freshly distilled triethylamine (073 g, 72 mmol) in 1-butanol (10 ml) was re-
fluxed with stirring for 20 h. The reaction mixture containing a solid material was concentrated
on a rotary evaporator and allowed to crystallize at 5°C. The light yellow solid was filtered off
and crystallized from ethanol and water (4: 1). Then it was dried under reduced pressure to give
III (03g, 25%), m.p. 151—152°C. 1HNMR spectrum: 35—38 (m,6H,(CH2)3); 53—56
(m, 4 H, 2 NH2); 725—755 (m, 2 H, 2 NH); 825 (s, 2 H, 2 Het-H). JR spectrum: 3 420 (m, NH),
3 240 (s, NH2), 3 030—2 930 (s—m), 1 660 (s, NH2), 1 590 (s), 1 490 (m), 1 440 (s), 1 370 (s),
1 240 (m), 1120 (m), 1 080 (m), 910 (m), 850 (m), 770 (m). UV spectrum ''maz (log ): 30F5
(417), 269 (4l5). For C11H14C12N8.2H20 (3652) calculated: 3618%C, 4.97% H, 3068% N;
found: 3593% C, 455% H, 3028% N.

N,N'-Bis(4-chloro-5-amino-6-pyrimidyl)-l,8-diaminooctane (1 V)

A mixture of 4,6-dichloro-5-aminopyrimidine (Fl g, 67 mmol), 1,8-diaminooctane (046 g
32 mmol), and freshly distilled triethylamine (073 g, 72 mmol) in 1-butanol (15 ml) was re-
fluxed with stirring for 24 h. Then the mixture was concentrated on a rotary evaporator a,t
85°C. The remaining yellow oil solidified when stored at 5°C. The light yellow solid was collected
by filtration, washed with anhydrous ether, crystallized from ethanol and water (5: 1), and
dried under reduced pressure to give IV (047 g, 35%), m.p. 168—170°C. 1H NMR spectrum:
O9 18 (m, 12 H, (CH2)6); 32—36 (m, 4 H, 2>< CH2N); 505 (s, 4 H, 2)< NH2); 66—69
(m, 2 H, 2 x NH); 78 (s, 2 H, 2 x Het-H). JR spectrum: 3 450 (m, NH), 3 370 (s, NH2), 2 930 to
2 850 (m, CH), 1 660 (s, NH2), 1 580 (s), 1 510 (m), 1 470 (s), 1 420 (m), 1 340 (m), 1 210(m),
1110 (m), 1 050 (m), 920 (m), 850 (m), 730 (m). UV spectrum 2max (log e): 300 (397), 270 (396).
For C16H24C12N8 (3993) calculated: 4812% C, 606% H, 2806% N; found: 4842% C, 63l% H,
2820% N.

N,N'-Bis(4-chloro-5-amino-6-pyrimidyl)-1 ,12-diaminododecane (V)

A mixture of 4,6-dichloro-5-aminopyrimidine (Fl g, 67 mmol), 112-diaminododecane (064 g,
32 mmol) and triethylamine (073 g, 72 mmol) in 1-butanol (205 ml) was refluxed with stirring
for 12 h. The reaction mixture was evaporated under reduced pressure and the oily mass was
broken up in water. The beige solid which formed was collected by filtration and crystallized
from ethanol and water (6 : 1). The solid was dried under reduced pressure to give V (048 g,
31%), m.p. 170—172°C. 1H NMR spectrum: Fl—16 (m, 16 H, (CH2)8); 31—36 (m, 8 H,
2 < CH2—CH2—N); 485— 5.05 (m, 4 H, 2 x NH2); 66— 68 (m, 2 H, 2 x NH); 765 (s, 2 H, 2 x
x Het-H). JR spectrum: 3430 (m, NH), 3 350 (s, N H2), 3250 (s, NH2), 2 930—2 860 (m, CH), 1 660
(m, NH), 1 580 (s), 1 470 (s), 1 420 (s), 1 380 (m), 1 340 (m), 1 300 (m), 1 220 (m), 1120 (m),
920 (m), 840 (m), 730 (m). UV spectrum iiax (log e): 300 (446), 270 (445). For C20H32C12N8
(4554) calculated: 5274% C, 708% H, 2460% N; found: 5276% C, 724% H, 2429% N.

I ,3-Bis(6-chloro-9-purinyl)propane (Vi)

Freshly distilled triethyl orthoformate (20 ml, F79 g, 12 mmol) was added to a chilled solution
(0°C) of N,N'-bis(4-chloro-5-amino-6-pyrimidyl)-1,3-diaminopropane (Iii, 02 g, 06 mmol) in
N,N-dimethylacetamide (20 ml). Concentrated hydrochloric acid (35%) (01 ml) was added to
the cold solution, and the resulting mixture was stirred at room temperature for 18 h. The mix-
ture containing a white solid was filtered, washed with ethanol, and crystallized from dimethyl-
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formamide and water (1: 10) giving VI (013 g, 66%), m.p. 243—245°C. 1H NMR spectrum:
35— 37(m, 2 H, CH2); 44(t, 4 H, J= 70, 2 x CH2N); 87(s, 2 H, 2 x N=CH—N); &75(s, 2 H,
2 x Het-H). IR spectrum: 3 140—2 990 (m— w, CH), 1 590 (s), 1 560 (s), 1 500 (s), 1 450 (s), 1 400
(s), 1 340 (s), 1 220 (s), 1190 (m), 1150 (s), 940 (s), 860 (s), 790 (m), 640 (s). UV spectrum
Amax (log c): 266 (404). For C13 H1ØC12N8. H20 (3582) calculated: 4359% C, 309% H,
3l28% N; found: 4359% C, 268% H, 3098% N.

1,8-Bis(6-chloro-9-purinyl)octane (VI!)

Freshly distilled triethyl orthoformate (17 ml, 15 g, 10 mmol) was added to a chilled solution
(0°C) of N,N'-bis(4-chloro-5-amino-6-pyrimidyl)-1,8-diaminooctane (IV, 02 g, 05 mmol) in
N,N-dimethylacetamide (17 ml). Concentrated hydrochloric acid (0l ml) was added to the
cold solution and the resulting mixture was stirred at room temperature for 20 h. The reaction
mixture was evaporated under reduced pressure at 25°C and the yellow solid was crystallized
from ethanol and water (4: 1) and dried under reduced pressure to give VII (009 g, 43%), m.p.
126— 128°C. 1H NMR spectrum: 12— 14 (m, 4 H, (CH2)2); 34— 38 (m, 8 H, (CH2)4); 455
(t, 4 H, J == 70, 2 >< CH2N); 87 (s, 2 H, 2 x N=CH—N); 875 (s, 2 H, 2 x Het-H). IR spectrum:
2950—2 860 (m—w, CH), 1 590 (s), 1 550 (s), 1 500 (s), 1 470 (m), 1 440 (s), 1 400(m), 1 330 (s),
1 230 (s), 1190 (s), 1100 (s), 940 (s), 650 (s). UV spectrum Amax (log s): 2664 (416). For C18H20.
.CI2N8 (4193): 5156% C, 481% H, 2672% N; found: 5167% C, 4.77% H, 2641% N.

l,l2-Bis(6.chloro-9-purinyl)dodecane (VIII)

Freshly distilled triethyl orthoformate (15 ml, l3 g, 9 mmol) was added to a solution of N,N'-
-bis(4-chloro.5.amino-6-pyrimidyl)-1,12-diaminododecane (V, 02 g, 044 mmol) in N,N-di,
methylacetamide (15 ml). Concentrated hydrochloric acid (0075 ml) was added to the solution-
and the resulting mixture was stirred at room temperature for 20 h. The reaction mixture was
evaporated under reduced pressure and the oily mass was broken up in ether. The beige solid
was collected by filtration and dried under reduced pressure to give VI!! (017 g, 81%), m.p.
88— 92°C. 1H NMR spectrum: 10— 14 (m, 12 H, (CH2)6); 17—20 (m, 4 H, 2 x CH2); 34 to
3.7 (m, 4 H, 2 x CH2); 435 (t, 4 H, J== 70, 2 x CH2N); 875 (s, 2 H, 2 x N=CH—N); &8
(s, 2 H, 2 x Het-H). IR spectrum: 3 070—2 860 (m—s), 1 590 (s), 1 560 (s), 1 500 (s), 1 440 (m),
1 400 (m), 1 340 (s), 1 260 (m), 1 220 (m), 1190 (m), 1 150(m), 940 (s), 860 (m), 640 (s). UV spectrum

max (log ): 2664 (416). For C22H28C12N8 (4754): 5558% C, 594% H, 2357% N; found:
555l% C, 602% H, 2324% N

1,3-Bis(6-hydroxy-8-aza-9-purinyl)propane (XI!)

A solution of sodium nitrite (0018 g, 026 mmol) in water (026 ml) was added dropwise to
a cold (0—5°C) solution of N,N'-bis(4-chloro-5-amino.6.pyrimidyl)-1,3-diaminopropane (III,
0035 g, 0105 mmol) in N,N-dimethylacetamide (03 ml) and acetic acid (028 ml). The mixture
was stirred for 1 h at 0°C and for 14 h at room temperature. The yellowish-white solid was
collected by filtration, washed with ethanol and crystallized from ethanol and dimethylformamide
(5: 1) to give XI! (0020 g, 66%), m.p. 295—300°C (dec.). 1H NMR spectrum: 34— 37 (m, 2 H,
CH2); 485 (t, 4 H, J = 70, 2 x CH2N); 88 (s, 2 H, 2 x Het-H). IR spectrum: 3 440 (m, OH),
3 170—2 850 (s— m), 1 700 (s, C==O), 1 590 (s), 1 560 (s), 1 440 (s), 1 400 (m), 1 360 (s), 1180 (s),
1150 (s), 1 080 (s), 960 (m), 870 (s), 800 (s), 700 (s), 610 (s). UV spectrum max(loge): 268
(425). For C11H10N10O2 (3143) calculated: 4204% C, 321% H, 4457% N; found: 4202% C,
323% H, 4467% N.
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1,8-Bis(6-hydroxy-8-aza-9-purinyl)octane (XIII)

A solution of sodium nitrite (0069 g, I mmol) in water (1 ml) was added dropwise to a cold
solution (0—5°C) of N,N'-bis(4-chloro-5-amino-6-pyrimidyl)-l,8-diaminooctane (IV, 02 g,
05 mmol) in N,N-dimethylacetamide (38 ml) and acetic acid (16 ml). The mixture was stirred
for 1 h at 0°C and for 15 h at room temperature. The mixture which contained a solid material,
was concentrated under reduced pressure at 25°C. The white solid was collected by filtration and
crystallized from ethanol and water (4: 1) to give XIII (012 g, 632%), m.p. 211— 214°C.
1H NMR spectrum: l2— l4 (m, 8 H, (CH2)4); l7—21 (m, 4 H, 2 x CH2); 31—37 (m, 2 H,
2 x OH); 44—46 (t, 4 H, / =70, 2 x CH2N); &25 ppm (s, 2 H, 2 xHet-H). JR spectrum: 3 440
(m, OH), 3 170—2 850 (m), 1 700 (s, C==O), 1 590 (s), 1 560 (s), 1 460 (m), 1 360 (s), 1 270 (s),
1170 (m), 1 060 (m), 800 (m). UV spectrum Amax (log e): 266 (412). For C16H20N1002 (3843)
calculated: 5000% C, 525% H, 3643% N; found: 4956% C, 513% H, 3627% N.

1 ,12-Bis(6-hydroxy-8-aza-9-purinyl)dodecane (XIV)

A solution of sodium nitrite (0060 g, 088 mmol) in water (05 ml) was added dropwise to a cold
(0— 5°C) solution of N,N'-bis(4-chloro-5-amino-6-pyrimidyl)-1,12-diaminododecafle (V, 02 g,
044 mmol) in N,N-dimethylacetamide (10 ml) and acetic acid (14 ml). The mixture was stirred
for 1 h at 0°C and for 24 h at room temperature. The reaction mixture was then eaporated under
reduced pressure at 30°C and the beige solid was collected, filtered off, crystallized from ethanol
and water (3 : 1), and dried under reduced pressure to yield XIV(010 g, 52%), m.p. 199—203°C.
111 NMR spectrum: 11— 14 (m, 12 H, (CH2)6); 17— 205 (m, 4 H, 2 x CH2); 3.4_3.7 (m, 4 H,
2 x CH2); 4•85 (t,4H, J=70, 2 xCH2N); 88 (s, 2 H, 2 xHet-H). IR spectrum: 3450 (m, OH),
3 180—2 850 (m), 1 700 (s, C=O), 1 600 (m), 1 560 (m), 1 360 (m), 1 280 (m), 1180(w), 1 060
(w), 800 (m). UV spectrum 'max (log e): 268 (413). For C20H28N10O2 (4405) calculated:
5453% C, &41% H, 3l80% N; found: 5445% C, 635% H, 3l39% N.
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