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Trigonal

P3; .
a=9221(4) A

¢ = 14.006 (6) A
V=1031.4(9) A’
Z=3

D, =1277Mgm™3
D,, not measured

Data collection

Rigaku AFC-7R diffractom-
eter

w-26 scans

Absorption correction: none

1780 measured reflections

1636 independent reflections

1150 reflections with
I>20()

Refinement

Refinement on F?

RIF? > 20(F?)] = 0.045

wR(F?) = 0.121

S =0.926

1636 reflections

172 parameters

H atoms not refined

w = [cXF2) + (0.1P)}]
where P = (FZ + 2F3)3

Ci5Hp004

Cell parameters from 25
reflections

0 =10.2-12.0°
o = 0.092 mm~'
T=293K
Prismatic

0.34 x 031 x 0.17 mm
Colourless

Rim = 0.029

Omax = 27.48°

h=-10—-10

k=0—11

I=0—18

3 standard reflections
every 150 reflections
intensity decay: 0.68%

(A/0)max = —0.011

Apmax = 0.156 ¢ A7?

Apmin = —0.161 ¢ A™?

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A °)

c1—C2 1.520(6)
C1-Cs5 1.566 (5)
C1—C10 1.510(7)
C2—C1—C5 103.3(3)
C2—C1—C10 1159 4)
C5—C1—Cl10 116.5 (3)
03—C3—C2 114.5 4)
03—C3—C4 110.0 (3)
C2—C3—C4 105.1 (3)
C1—C5—C4 102.3(3)
C1—C5—Ceé 108.6 (3)
C4—C5—C6 116.1 (3)
06—C6—C5 110.8 (3)
06—C6—C7 103.4 (3)
06—C6—C7—C11 —3234)
06—C12—C11—C7 —12.4(5)
C1—-C2—C3—C4 28.8(4)
C1—C5—C4—C3 —-17.3(4)
C1—-C5—C6—C7 -91.0(4)
C1—C10—C9—C8 —89.4(5)
C2—C1—C5—C4 34.6 (4)
C2—C3—C4—C5 —6.6(4)
C3—C2—C1—C5 —=3974)

c2—C3 1.513(7)
C9—C10 1.519 (6)
C5—C6—C7 114.4 (3)
C6—C7—C8 114.5 (3)
C6—C7—Cl11 103.1 (3)
C8—C7—C11 117.3 (3)
08—C8—C7 105.4 (3)
08—C8—C9 109.9 (3)
C1—C8—C9 112.5(3)
C1—C11—C12 102.2 (3)
C1—C11—C13 117.1(3)
Cl12—C11—C13 109.4 (4)
C5—C1—C10—C9 38.0(5)
C5—C6—C7—C8 78.6 (4)
C6—06—C12—C11 —8.6(5)
C6—C5—C1—10 39.6 (4)
C6—C7—C8—C9 —54.7(4)
C6—C7—Cl11—CI2 26.9 (4)
C1—C6—06—C12 2594
C7—C8—C9—C10 71.6 (4)

Table 2. Hydrogen-bonding geometry (4, °)

D—H---A D—H
O3—H30- - -08' 0917
O8—HB80- - -03" 0.880

H.A D.A D-H-.A
1.873 2.739(5) 156.5
1.912 2.790 (5) 175.3

Symmetry codes: (i) | + x,y,z; (i1)) 1 —y,x —y,z — i

All H atoms were obtained from difference Fourier synthesis
but not refined. Isotropic displacement parameters of the H

atoms were set equal to 1.05U, of the bonded non-H atom.
Data collection: MSC/AFC Diffractometer Control Sofi-
ware (Molecular Structure Corporation, 1995a). Cell refine-

© 1998 International Union of Crystallography
Printed in Great Britain - all rights reserved

ment: MSC/AFC Diffractometer Control Software. Data reduc-
tion: TEXSAN (Molecular Structure Corporation, 1995b). Pro-
gram(s) used to solve structure: SIR92 (Altomare et al., 1994).
Program(s) used to refine structure: SHELXL93 (Sheldrick,
1993). Molecular graphics: ORTEPII (Johnson, 1976) and
CHARON (Lauher, 1989). Software used to prepare material
for publication: TEXSAN.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: NA1327). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, diethyl 6-o0x0-6,7-dihydro-3H-
purine-3,7-diacetate, C;3H;sN4Os, was obtained by di-
rect alkylation of hypoxanthine using ethyl bromo-
acetate, in the presence of potassium carbonate; the two
alkyl substituents are attached to the heterocycle at posi-
tions N3 and N7. Both side chains avoid steric hindrance
with the heterocycle, as demonstrated by the torsion
angles C2—N3—C15—C16 —68.9 (2) and C8—N7—
C10—Cl11 106.8 (2)°.
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Comment

Alkylation of purine bases can result in the attachment
of substituents at various positions with regioselectivity
influenced by the choice of heterocycle, alkylating
agent, additional base, solvent and reaction temperature
(Robins et al., 1996; Green et al., 1990). Direct alkyl-
ation of adenine (Flensburg & Egholm, 1994) and its
homologue 2-aminoadenine (Sood, Schwalbe & Fraser,
1997) can be achieved by using ethyl bromoacetate
and sodium hydride in dimethylformamide to give
NO-substituted products in good yield with little or
none of their corresponding N7 regioisomers. Alkyl-
ation of 2,6-dichloropurine (Chan et al., 1995) in aceto-
nitrile using ethyl bromoacetate, but with potassium
carbonate as base, results in the formation of a separable
mixture of N9- and N7-substituted regioisomers. Under
similar conditions, we reacted the purine ring system
hypoxanthine with an excess of ethyl bromoacetate to
give a mixture of alkylated products, with the major
component formed in 61% yield. Spectroscopic analysis
indicated the presence of three carbonyl groups; one
of each of the two ethyl acetate substituents and the
third at C6 of the heterocycle. Further indications were
that alkylation had occurred at N3 in the pyrimidine
part of the purine ring system and not at O6 (nor at
N1). However, it remained unclear at which position,
either N9 or N7, the second ethyl acetate substituent
had become attached. We undertook the crystal structure
determination to establish the substitution pattern of
the product. This revealed that the title compound,
(1), was indeed the N7 and not the N9 regioisomer.
Possible steric clashes between two adjacent ethyl
acetate substituents would discourage their attachment
at both N3 and N9 or at both O6 and N7 in the
same hypoxanthyl derivative. Thus, the regiochemistry
of the major dialkylated product, (1), appears to be
determined by the site of attachment of the first ethyl
acetate fragment.

OCH,CH,

(o]
N
TS
N N (0]
0 LOCHZCH3
)

A near coplanar arrangement [within i0.022(1)A]
of the heterocyclic ring atoms is evident in the crystal
structure of (1). The side chains attached at N3 and
N7 avoid steric hindrance; the torsion angle C2—
N3—CI15—C16 is —68.9(2)° and C8—N7—Cl0—
Cl1l is more orthogonal at 106.8(2)°. The Cl6—
016 bond is marginally shorter than the other ester
carbonyl bond. Compared with values averaged between
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two independent molecules of the 1H lactam form of
hypoxanthine (Schmalle, Hinggi & Dubler, 1988), the
N1—C2 and C6—O6 carbonyl bond lengths are both
shorter in (1), by 0.072 (3) and 0.012 (3) A, respectively,
and the internal angles C8—C7—C5, N1—C6—C5 and
C2—N3—C4 are expanded in (1), by 2.0(6), 2.4(2)
and 3.7 (2)°, respectively. Unlike hypoxanthine and its
hydrate (Munns & Tollin, 1970; Thewalt, Bugg &
Marsh, 1970), nitrate (Rosenstein et al., 1982) and
hydrochloride (Sletten & Jensen, 1969) forms, (1) lacks
N—H hydrogen-bond donors and therefore displays
only an intermolecular contact from C2—H2 to O1l:
H2---011' 2.24(2), C2---011' 3.177(2) A and C2—
H2.--0O11' 153 (1)°; symmetry code: (i) —x, —y, 1 —z.

Fig. 1. ORTEPII view (Johnson, 1976) of the title molecule. Displace-
ment ellipsoids are shown at the 50% probability level.

Experimental

Potassium carbonate (2.13 g, 47.6 mmol) and ethyl bromo-
acetate (2.57 g, 48.4 mmol) were added to a solution of hypo-
xanthine (2.10 g, 15.4 mmol) in dry acetonitrile (30 ml). After
stirring for 48 h at room temperature, the product solution
was filtered and the solvent evaporated under vacuum. The
residue was purified by flash column chromatography on silica,
eluting with ethyl acetate-methanol (8:1). Recrystallization
from methanol gave the title compound, (1) (2.88 g, 61%,
m.p. 412414 K). TLC (ethyl acetate-methanol 8:1): R, 0.40.
IR (KBr disc): vmax 3120, 3060, 2994, 2940, 1750, 1731,
1700, 1630, 1605, 1550, 1345, 1230, 1020cm™~'. 'H NMR
[250.1 MHz; (CD;),SO]J: 6 1.21 (¢, 6H, J = 7.1 Hz, 2 x CH3),
4.13 (g, 2H, J = 7.1 Hz, CH,0), 4.18 (g, 2H, J = 7.1 Hz,
CH,0), 4.83 (s, 2H, CH;N), 5.11 (s, 2H, CH,N), 8.11 (s,
1H, CH-8), 8.38 p.p.m. (s, 1H, CH-2). '*C NMR [62.9 MHz;
(CD;),S0O]: 6 14.2 (CHs), 44.6 (CH;0), 47.3 (CH;0), 61.5
(CH:N), 61.7 (CH:N), 122.9 (C-5), 141.8 (C-8), 148.2 (C-6),
149.0 (C-2), 155.9 (C-4), 167.9 (CO), 168.3 p.p.m. (CO).
MS (electrospray): m/z (I;) 309 (M+H, 100%). Analysis
calculated for C;3H,6N4Os: C 50.6, H 5.2, N 18.2%; found:
C 50.4, H5.2, N 17.9%.

Crystal data

Ci3H6N4Os5 Cu Ko radiation

M, = 308.30 A=15418 A

Orthorhombic Cell parameters from 25

Pbca . reflections

a=11356(2) A 6 = 24.0-36.7°

b=13243(2) A g = 0902 mm™!

¢ =20.002(3) A T=2932)K

V = 3008.3 (8) A’ Tabular

Z=8 0.55 x 0.45 x 0.25 mm
. = 1.361 Mg m™° Transparent

D.» not measured
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Data collection

Enraf-Nonius CAD-4 2668 reflections with

diffractometer 1> 20(])
w/26 scans Rin = 0.043
Absorption correction: Omax = 74.86°

empirical via v scans h=—-1— 14

(North, Phillips & k=—-16 — 16

Mathews, 1968) Il=-1->25

3 standard reflections
frequency: 120 min
intensity decay: 3%

Tmin = 0.705, Tyax = 0.799
7043 measured reflections
3093 independent reflections

Refinement

Apmx = 0213 e A7

Apmin =-0270e A_3

Extinction correction:
SHELXL93 (Sheldrick,

Refinement on F*

R[F? > 20(F%)] = 0.042
wR(F?) = 0.125

S = 1.057

3093 reflections 1993)
264 parameters Extinction coefficient:
All H atoms refined 0.0031 (2)

w = U[c*(F2) + (0.0587P)°
+ 0.4861P]
where P = (F2 + 2F3)/3
(A/0)max = —0.005

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A °)

NI—C2 1.294 (2) C11—-011 1.197 (2)
C6—06 1.234 (2) C16—016 1.191 (2)
N1—C2—N3 126.74 (14) C8—N7—C5 106.27 (11)
. C2—N3—C4 11575(11)  C8—N9—C4 102.80 (11)
N1—C6—C5 114.06 (11)
C8—N7—C10—C11 106.8 (2) C2—N3—C15—Cl6 —68.9(2)
N7—C10—C11-012 172.02(13) N3—C15—C16—016 -65(3)
011—C11—-012—C13 1.8(2) C15—C16—017—CI18 —179.5(2)

Data collection: CAD-4 Software (Enraf-Nonius, 1989). Cell
refinement: CAD-4 Software. Data reduction: DATREDXL
(Brookhaven National Laboratory & University of Birming-
ham, 1986). Program(s) used to solve structure: MULTAN84
(Main, Germain & Woolfson, 1984). Program(s) used to refine
structure: SHELX193 (Sheldrick, 1993). Molecular graphics:
ORTEPTI (Johnson, 1976). Software used to prepare material
for publication: SHELX1.93.

We thank the Engineering and Physical Sciences
Research Council (EPSRC), for a total technology stu-
dentship (GS), the EPSRC Mass Spectrometry Service
(Swansea), Celltech Therapeutics (Slough), for continu-
ous support of the DNA molecular recognition project,
and Mike Eaton and Jim Turner for helpful discussions.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: JZ1236). Services for accessing these
data are described at the back of the journal.
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Abstract

Photolysis of 9,10-dihydro-9,10[1’,2’]benzenoanthr-
acene-1’,4'-quinone, C2H,20,, in oxygenated acetone
gives the novel photoproduct 9,10-dihydro-9,10-ethano-
anthracen- 11-one- 12-spiro-2’-cyclopent-4’-ene-1’, 3’-
dione, CyH,,03. The reactant quinone molecule has
ideal mm symmetry and lies on a crystallographic mirror
plane in Pnma; the photoproduct molecule has ideal m
symmetry, which is not utilized in packing in Pra2,.
This product is formed only in the presence of oxy-
gen and a mechanism for its formation is proposed.
Unreactivity in attempted solid-state photolysis can be
rationalized in terms of crystal packing.

Comment
Photolysis of triptycene-1,4-quinone (9,10-dihydro-9,10-
[1’,2']benzenoanthracene-1’,4’-quinone), (1) (Fig. 1), in
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