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By reaction of 6{N{2-hydroxyethyl} N-methyllaminopurine (2a) and of the corresponding 3-hydroxypropyl
derivative 2b with thionyl chloride a bridge to N(1) is formed yielding 5 and 6, respectively, whereas from
6-{N{4-hydroxybutyl)-N-methyllaminopurine (2¢) the 4-chlorobutyl compound 4 is obtained, which cyclizes in
alkaline medium to the C(6)}-N(7) bridged compound 7. A related cyclization to 11a-11f is observed when
6-chloropurines are reacted with 3-alkyl-1,3-oxazolidines or 3-methyl-1,3-thiazolidine.

J. Heterocyclic Chem., 21, 333 (1984).

Contrary to the great number of purines known where a
bridge between C(6) and N(1) exists [2a-i], only few exam-
ples of C(6)-N(7) cyclization have been observed [3-5] or
claimed [6]. In order to obtain more insight into the reas-
ons for this observed regioselectivity, the aminoalcohols
2a-2c have been synthesized and cyclized by reaction with
thionyl chloride, which is a common method [2¢] to obtain
C(6)-N(1) bridges. It was expected that a change in the
chain length in 2 would change not only the thermodyna-
mic stability of the new ring formed, but also could influ-
ence the regioselectivity of ring formation by kinetic con-
trol.
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According to the literature [2¢] by treatment with thion-
yl chloride compound 2a immediately yields 5 (Scheme 1)
and no intermediate could be isolated or even detected by
tle. When starting from the next higher homologue 2b

’

again the site of cyclization has been found to be N(1), but
in this case the unstable intermediate 3 is formed first and
can be characterized by its nmr spectrum. Yet, on stan-
ding or by treatment with base, the bridged product 6 is
formed. If the side chain of the starting material is exten-
ded for a further methylene group (2¢), a dramatic change
in the cyclization reaction is observed. Now the open chain
halide 4 is formed as the main product and only traces of 7
can be detected. Under basic conditions cyclization of 4 to
7 occurs in almost quantitative yield.

A mechanistic interpretation for this directional change
is suggested which follows from a consideration of the geo-
metric factors for ring closure to N(1) or N(7), respectively.
Clearly the geometry of the ring formed is greatly deter-
mined by the rather rigid purine skeleton. The N(1)-C(6)-
N*¢ bond angle is considerably smaller than the C(6)-C(5)-
N(7) angle [7]. Therefore, in a consideration of the discri-
mination between N(1) and N(7) as site of ring closure of
2a (five membered ring versus six membered ring) the well
known rules for ring formation under kinetic or thermody-
namic control (e.g. [8]) and for the alkylation of the purine
system [9] can only be applied with reservation. Probably
the N(1)-C(6)-N° angle is more favorable for a five member-
ed ring than the C(6)-C(5)-N(7) angle for a six membered
one. Similar geometric factors seem to be responsible for
the formation of 6 when starting from 2b. Yet, if the cycli-
zing chain is elongated for a further methylene group in
case of starting material 2¢ cyclization to N(7) is favored
since for this larger ring the C(6)-C(5)-N(7) bond angle
seems to be of advantage. Moreover the cyclization of 4 to
7 is performed in alkaline medium under which conditions
N(7) and N(9) are the preferred sites of alkylation [9].

For structural assignment mainly compounds 5 and 7
have been chosen for spectroscopic investigations. The
'H-nmr spectra are quite similar except for the signals of
the purine protons where in 7 H-2 [10] and H-8 coincide
and appear at lower field than in 5 where also two signals
are observed. As this effect depends on solvent and con-
centration, in this case the diagnostic importance of 'H-
nmr is rather limited. However, the differences in the *C-
nmr spectra are much more significant (Scheme 2). For the
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spectral assignment literature data for related compounds,
mainly alkylated purines, have been used [2¢,11,12]. In ad-
dition to the information obtained by chemical shift diffe-
rences, the site of cyclization can easily be deduced from
the non-decoupled spectra. C-5 appears as a singlet in 7
and as a doublet in 5 (long-range coupling with H-8), C-4
as a doublet in 7 (coupling with H-8)[13] and as a triplet in
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S (coupling with H-2 and H-8).
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Due to the good solubility of these two compounds, **N-
nmr spectra could be obtained using the experimental me-
thod reported by Roberts [14]. Although measuring was
complicated by the rather unfavorable NOE of the nitro-
gens in the purine ring system, acceptable spectra could
be recorded within a few hours (Scheme 2). As expected,
the spectra for 3 and 7 are quite different, but the limited
number of reported **N-nmr spectra of purines [14] (due to
the low solubility of many purine derivatives) does not
allow an unambigous assignment of the signals.

Useful structural information is also obtained from the
uv spectra (Scheme 3). Among all dialkylated purines in-
vestigated [15] only the 6,7-isomer shows a pronounced hy-
perchromic and bathochromic shift of the spectrum in
acid as compared to neutral conditions.
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A similar cyclization as in Scheme 1 is observed when V-
alkyl-1,3-o0xazolidines are reacted with 6-chloropurines,
which was studied in pursuing the investigations on the
use of cyclic aldehyde derivatives as alkylating agents
[16-18] (Scheme 4). In this case compounds 11a-1le are
obtained vig intermediates 9 and 10. When starting from
1-methyl-1,3-thiazolidine cyclization to 11f occurs.
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Recently a comparable ring opening reaction has been
published where similar intermediates have been isolated

[19].

EXPERIMENTAL

Melting points were determined on a Tottoli melting point apparatus
and are uncorrected. Ultraviolet spectra were determined on a Beckman
DB spectrometer, 'H-nmr spectra were measured on a Bruker WH 90
spectrometer, and '*C and “*N-nmr on a Varian XL 200 spectrometer,
Column chromatography was performed on silica gel 60, Merck. Elemen-
tal analyses were performed by Institut fiir Organische Chemie, Univer-
sitit Graz.

6-[N{2-Hydroxyethyl} N-methylJaminopurine (2a) [2c].

Following the described synthesis of this compound [2¢c], with slight
modification, a mixture of 5 g (32 mmoles) of 6-chloropurine and 9.6 g
(0.13 moles) of 2{methylamino)ethanol in 100 ml of 1-butanol was heated
under reflux for 3 hours. After removal of the solvents in vacuo, the resi-
due was recrystallized from water to yield 5.15 g (82%) of 2a.

Compounds 2b and 2¢ were prepared in the same way from 6-chloro-
purine and the corresponding aminoalcohols, physical constants and
spectral data for each are given below.

6-[N{3-Hydroxypropyl}N-methyllaminopurine (2b).

The product was recrystallized from ethanol/water to yield 4.97 g
(75%) of 2b, mp 178°; nmr (DMSO-d,): 6 1.8 (m, CH,CH,CH,, 2H), 3.4 (s,
NCH,, 3H), 3.5 (t, NCH,, ] = 7 Hz, 2H), 4.1 (t, OCH,, ] = 7 Hz, 2H), 8.1
(s, H-8, 1H), 8.2 (s, H-2, 1H).

Anal. Caled. for CH,,N;0: C, 52.16; H, 6.32; N, 33.79. Found: C,
52.09; H, 6.34; N, 33.70.

6{N{4-Hydroxybutyl}-N-methyllaminopurine (2c).
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The product was recrystallized from ethanoliwater to yield 6.37 g
(90%) of 2¢, mp 162° nmr (DMSO-d,): 6 1.3-1.8 (m, CH,CH,CH,CH,,
4H), 3.4 (s, NCH,, 3H), 3.5 (t, NCH,, ] = 7 Hz, 2H), 4.1 (, OCH,, J = 7
Hz, 2H), 4.5 (broad, OH, 1H), 8.1 (s, H-8, 1H), 8.2 (s, H-2, 1H).

Anal. Caled. for C,;H ;N;O: C, 54.28; H, 6.83; N, 31.65. Found: C,
54.37; H, 6.79; N, 31.43.

9-Methyl-8,9-dihydro-7H-imidazo[2,1-fJpurine (5).

Following the described synthesis of this compound [2c], with slight
modification, 0.5 g (2.6 mmoles) of 2a were stirred in 15 ml of thionyl
chloride at room temperature for 3 hours. The suspension was evapora-
ted under reduced pressure, dissolved in 5 ml of water and brought to pH
10 with 2N sodium hydroxide. After removal of the water in vacuo, 5 was
recrystallized from dimethylformamide to yield 420 mg (92%), mp 339°;
uv (water): pH 1 X max 263 nm (13,590), pH 7 \ max 265 nm (13,760), pH
13 X max 274 nm (13,940); nmr (DMSO-d,): § 3.1 (s, NCH,, 3H), 3.8 (1,
NCH,, ] = 7 Hz, 2H), 4.2 (t, NCH,, ] = 7 Hz, 2H), 7.7 (s, H-8, 1H), 7.9 (s,
H-2, 1H); *C-nmr (200 MHz, deuterium oxide): § 29.5 (NCH,), 42.9 and
46.0 (CH,CH,), 110.1 (C-5), 136.0 (C-8), 142.7 (C-6), 150.5 (C-2), 154.3
(C-4); "*N-nmr (deuterium oxide, ppm downfield from nitromethane):
—298.5 (N-6), ~221.9 (N-1), —154.8 (N-3), —153.8 (N-7), —150.9 (N-9).

Anal. Caled. for C;H,N,: C, 54.85; H, 5.18; N, 39.97. Found: C, 54.91;
H, 5.19; N, 39.97.

10-Methyl-7,8,9,10-tetrahydropyrimido[2,1-i]Jpurine (6).

A suspension of 2 g (9.7 mmoles) of 2b in 10 ml of thionyl chloride was
stirred at room temperature for 3 hours. The excess of thionyl chloride
was removed in vacuo, the residue treated with 5 ml of water, and neutra-
lized with 2IV sodium hydroxide. After filtration from byproducts (mainly
3 [20)) and evaporation of the solvents, the residue was extracted twice
with 20 ml of boiling dimethylformamide. The solution was concentrated
to 5 ml, and 6 was precipitated by the addition of acetone. After recrys-
tallization from dimethylformamide/acetone, 890 mg (49%) of 6 were ob-
tained, mp >300°; nmr (DMSO-d,): & 2.2 (m, CH,CH,CH,, 2H), 3.6 (t,
NCH,,J = 7 Hz, 2H), 3.9 (s, NCH,, 3H), 4.3 (t, NCH,, J] = 7 Hz, 2H), 8.45
(s, H-8, 1H), 8.55 (s, H-2, 1H).

Anal. Caled. for CH, N,: C, 57.13; H, 5.86; N, 37.01. Found: C, 57.17;
H, 5.88; N, 36.89.

6-{N{4-Chloro-n-butyl} N-methyl]aminopurine (4).

A suspension of 2 g (9 mmoles) of 2¢ in 10 ml of thionyl chloride was
stirred for 4 hours at room temperature. After removal of the excess thi-
onyl chloride in vacuo, the residue was dissolved in 5 ml of water and
neutralized with 10% sodium carbonate solution. Compound 4 was filter-
ed off and recrystallized from water to yield 1.73 g (80%) of 4, mp 161°;
nmr (DMSO-d): 6 1.8 (m, CH,CH,CH,CH,, 4H), 3.4 (s, NCH,, 3H), 3.7 (t,
NCH,, ] = 7 Hz, 2H), 4.1 (broad, CH,Cl, 2H), 8.1 (s, H-8, 1H), 8.2 (s, H-2,
1H).

Anal. Caled. for C, H,,CINg: C, 50.11; H, 5.89; N, 29.22. Found: C,
49.83; H, 5.84; N, 29.00.

8-Methyl-5,6,7,8-tetrahydro-4H{1,4]diazocino[1,2,3-g,k]purine (7).

To a solution of 2 g (8.35 mmoles) of 4 in 20 ml of dimethylformamide
were added under stirring 220 mg (9.17 mmoles) of sodium hydride. The
mixture was stirred at room temperature until no more starting material
could be detected by tlc (about 2 hours). After filtration and removal of
the solvent in vacuo, the residue was recrystallized from 2-propanol to
yield 1.65 g (97%) of 7, mp 175°; uv (water): pH 1 X\ max 290 nm (17,700),
pH 7\ max 285 nm (15,000), pH 13 X\ max 285 nm (14,700); nmr (DMSO-
de): 6 1.9 (m, CH,CH,CH,CH,, 4H), 3.2 (s, NCH,, 3H), 3.5 (t, NCH,,] = 7
Hz, 2H), 4.4 (1, NCH,, ] = 7 Hz, 2H), 8.3 (s, H-8 and H-2, 2H); *C-nmr
(200 MHz, deuterium oxide): § 19.6 and 21.8 (CH,CH,CH,CH,), 32.8
(NCH,), 44.0 and 46.7 (2 NCH,), 107.0 (C-5), 142.8 (C-8), 146.6 (C-2), 148.9
(C-6), 154.0 (C-4); “*N-nmr (deuterium oxide, ppm downfield from nitro-
methane): —294.0 (N-6), —232.3 (N-7), —152.0 (N-1), —150.7 (N-3),
- 143.0 (N-9).

Anal. Caled. for C, ,H,;N;: C, 59.10; H, 6.45; N, 34.46. Found: C, 59.20;
H, 6.53; N, 34.64.
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8-Methyl-7,8-dihydro-6H1,3,6]oxdiazocino[3,4,5-g, hlpurine (11a).

A solution of 5 g (33 mmoles) of 6-chloropurine in 200 ml of dimethyl-
acetamide at 110° was treated with 8.8 g (0.1 mole) of 3-methyl-1,3-oxaz-
olidine [18} under vigorous stirring. After stirring at this temperature for
30 minutes, the solvents were removed in vacuo and the resulting oil was
chromatographed with chloroform/methanol 9/1 as eluant. After re-
crystallization from 2-propanol/ether, 4.0 g (60%) of 11a were obtained,
mp 199°; uv (methanol): A max 284.5 nm (12,600); nmr (DMSO-d,): 6 3.2
(s, NCH,, 3H), 3.8 (t, NCH,, ] = 4 Hg, 2H), 3.85 (t, CH,CH,0,]J = 4 Hz,
2H), 5.8 (s, NCH,0, 2H), 8.35 (s, H-8, 1H), 8.4 (s, H-2, 1H); "*C-nmr (90
MHz, DMSO-d,): 6 36.7 (NCH,), 50.4 (NCH,), 68.1 (OCH,), 76.2 (NCH,0),
111.0 (C-5), 144.5 (C-8), 151.2 (C-2), 152.7 (C-6), 160.5 (C-4).

Anal. Caled. for CH,,N,0: C, 52.67; H, 5.40; N, 34.13. Found: C,
52.47; H, 5.49; N, 34.14.

8-Methyl-10-chloro-7,8-dihydro-6H-[1,3,6]oxdiazocino[3,4,5-g,h]purine
(11b).

A solution of 0.63 g (3.3 mmoles) of 2,6-dichloropurine in 20 ml of di-
methylacetamide at 110° was treated with 0.9 g (10 mmoles) of 3-methyl-
1,3-0xazolidine under vigorous stirring. After stirring for 1 hour at this
temperature, the solvents were removed in vacuo and the residue recrys-
tallized from ethanol to yield 450 mg (57 %) of 11b, mp 212°; uv (methan-
ol): N max 287 nm (13,400); nmr (DMSO-d,): 6 3.25 (s, NCH,, 3H), 3.8 (t,
NCH,,J = 4 He, 2H), 3.85 (t, OCH,, ] = 4 Hz, 2H), 5.9 (s, NCH,0, 2H),
8.4 (s, H-8, 1H); **C-nmr (90 MHz, DMSO-d,): 6 36.8 (NCH,), 50.5 (NCH,),
68.0 (OCH,), 76.3 (NCH,0), 110.1 (C-5), 145.4 (C-8), 152.0 (C-2), 153.5
(C-6), 162.3 (C-4).

Anal. Caled. for CH,,CIN,O: C, 45.11; H, 4.21; N, 29.35. Found: C,
44.90; H, 4.19; N, 29.17.

8-Ethyl-7,8-dihydro-6 H{1,3,6Joxdiazocino(3,4,5-g,h]purine (11¢).

The compound was prepared as described for 1la, from 2 g (13
mmoles) of 6-chloropurine and 4.04 g (40 mmoles) of 3-ethyl-1,3-0xazolid-
ine [18] and a reaction time of 6 hours. Recrystallization from 2-propan-
ol/ether afforded 400 mg (14%) of 11¢, mp 188°; nmr (DMSO-d,): 6 1.2(t,
CH,CH,N, J = 7 Hz, 3H), 3.5-4.0 (m, CH,NH,CH,, 6H), 5.8 (s, NCH,0,
2H), 8.3 (s, H-2 and H-8, 2H).

Anal. Caled. for C,H,,N;O: C, 54.78; H, 5.98; N, 31.94. Found: C,
54.81; H, 5.90; N, 31.89.

8-n-Butyl-7,8-dihydro-6 H{1,3,6Joxdiazocino|3,4,5-g, hlpurine (11d).

The compound was prepared in the same way as described for 1lc
from 2 g (13 mmoles) of 6-chloropurine and 5.16 g (40 mmoles) of 3-n-but-
yl-1,3-0xazolidine [18] to yield 350 mg (11%) of 11d, mp 148°; nmr
(DMSO-d,): 6 0.9 (t, CH,, J = 7 Hz, 3H), 1.0-1.8 (m, CH,CH,CH,, 4H),
3.6-4.0 (m, CH,NCH,CH,, 6H), 5.8 (s, NCH,0, 2H), 8.3 (s, H-2 and H-8).

Anal. Caled. for C,H,,)N,0: C, 58.28; H, 6.93; N, 28.32. Found: C,
58.16; H, 6.93; N, 28.24.

8-Allyl-7,8-dihydro-6H-1,3,6}oxdiazocino[3,4,5-g, k]purine (11e).

The compound was prepared in the same way as described for 1l¢,
from 2 g (13 mmoles) of 6-chloropurine and 4.52 g (40 mmoles) of 3-allyl-
1,3-oxazolidine [18] to yield 400 mg (13%) of 11e, mp 153°; nmr (DMSO-
dy): 6 3.6-4.0 (m, NCH,CH,0, 4H), 4.4 (d, CH,CH=CH,, 2H), 5.1 (s) and
5.25 (d, ] = 4.5 Hz, CH,=CH, 2H), 5.8 (s, NCH,0, 2H), 5.8-6.2 (m,
CH,CH=CH,, 1H), 8.3 (s, H-2 and H-8, 2H).

Anal. Caled. for C,H,;N,0: C, 57.13; H, 5.67; N, 30.28. Found: C,
56.98; H, 5.59; N, 30.13.

8-Methyl-7,8-dihydro-6H{1,3,6]thiadiazocino[3,4,5-g, h]purine (11f).

The compound was prepared in the same way as described for 1la
from 600 mg (3.88 mmoles) of 6-chloropurine and 1.1 g (10.66 mmoles) of
3-methyl-1,3-thiazolidine [21] and a reaction time of 2 hours to obtain
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200 mg (23 %) of 11f, mp 201°; nmr (DMSO-d,): 6 3.0 (1, NCH,, ] = 5 Hz,
2H), 3.2 (s, NCH,, 3H), 3.8 (t, SCH,, ] = 5 Hz, 2H), 5.5 (s, NCH,S, 2H),
8.3 (s, H-2 and H-8, 2H).

Anal. Caled. for C;H,,N,S: C, 48.85; H, 5.01; N, 31.65. Found: C, 48.52;
H, 4.94; N, 31.45.
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