
1314 C6HI3N2Si+.Br - 

Sheldrick, G. M. (1991). SHELXTL-Plus. Release 4.1. Siemens 
Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 

Sheldrick, G. M. (1996). SADABS. Program for Empirical Absorp- 
tion Correction of Area Detector Data. University of Gt~ttingen, 
Germany. 

Sheldrick, G. M. (1997). SHELXL97. Program for the Refinement of 
Crystal Structures. University of G6ttingen, Germany. 

Siemens (1995). SMART and SAINT. Area Detector Control and 
Integration Software. Siemens Analytical X-ray Instruments Inc., 
Madison, Wisconsin, USA. 

Acta Cryst. (1998). C54, 1314-1316 

2-Amino-4-(4-chlorophenyl)-5,6-di- 
hydrobenzo[h]quinoline-3-carbonitrile, 
a Strongly Fluorescent Phenanthridine 
Analogue 

GALAL E. H. ELGEMEIE, a NAHED M. FATHY b AND 
PETER G. JONESC* 

a Chemistry Department, Faculty of Science, Helwan 
University, Helwan, Cairo, Egypt, bPhotochemistry 
Laboratory, National Research Centre, Cairo, Egypt, and 
Clnstitut fiir Anorganische und Analytische Chemie, 
Technische Universitiit Braunschweig, PosOCach 3329, 38023 
Braunschweig, Germany. E-mail: jones @xray36.anchem.nat. 
tu-bs.de 

(Received 2 February 1998; accepted 6 March 1998) 

Abstract 

The title compound, C20HI4C1N3, crystallizes with two 
independent molecules, differing mainly in the orienta- 
tion of the chlorophenyl group. The outermost rings of 
the tricyclic ring system subtend an interplanar angle of 
18.10(9) ° in one molecule and 22.51 (6)" in the other. 
Hydrogen bonding of the form N- -H- . .N  leads to rib- 
bons of one molecule and dimers of the other; these 
occupy distinct regions of the cell. 

Comment 
In the course of our studies aimed at the development 
of efficient and simple procedures for the synthesis 
of laser dyes (Elgemeie & Fathy, 1995; Elgemeie et 
al., 1992, 1996), we have carried out the reaction 
of 2-(4-chlorophenyl)methylidene- 1-tetralone, (1), with 
cyanothioacetamide, (2), in boiling ethanol containing a 
catalytic amount of ammonium acetate, leading to the 
phenanthridine analogue (7) rather than the expected 
phenanthridine (4) (see Scheme below). The mechanism 
for the formation of (7) from the reaction of (1) and 

(2) is assumed to proceed via addition of the active 
methylene group of cyanothioacetamide, (2), to the 
double bond of (1) to give the intermediate (3). This 
Michael adduct then cyclizes via water elimination 
to form a 1,4-dihydrothiopyran, (5), which undergoes 
ring cleavage by ammonia followed by elimination of 
hydrogen sulfide and oxidation to give (7). The latter 
shows high fluorescence efficiency (~/, values as high as 
0.99 were obtained), suggesting that this derivative and 
related analogues may be potential candidates for laser 
dyes, solar harvesting dyes or fluorogenic dyes. 
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The X-ray structure analysis determines the product 
unambiguously to be (7). The compound crystallizes 
with two independent molecules (Fig. 1). Bond lengths 
and angles are as expected; in particular, the tricyclic 
ring systems are closely{ similar (r.m.s. deviation for 
14 ring atoms is 0.047 A). Minor differences are seen 
in, for example, the C2--N3 bond length [1.346(3) 
and 1.361 (3)A], which may be associated with the 
different hydrogen-bonding patterns (see below). The 
main difference between the two molecules is the 
orientation of the chlorophenyl group, with C4a--C4 
Cl1--C12 torsion angles of 55.2(3) and -88.9(3)  °. 
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Fig. 1. The molecules of the title compound in the crystal. Ellipsoids 
represent 50% probability levels. H-atom radii are arbitrary. The H 
atom on C9 is obscured by C15'.  

The outermost rings of the tricyclic system are each 
planar, with an interplanar angle of 18.10(9) ° in one 
molecule and 22.51 (6) ° in the other. This twisting is 
facilitated by the saturation at C 5 - - C 6 ;  combined with 
the absence of steric pressure (there is no H atom at 
N1), this allows the bay angles at C10a and C10b to 
adopt normal sp 2 values. 

The two independent molecules pack so as to occupy 
different regions of the cell. The molecules are linked 
by weak N - - H . . . N  hydrogen bonds (Table 2). One type 

,~ I of molecule forms ribbons perpendicular to b at z - ~, 
(Fig. 2), whereas the other forms centrosymmetric  4 

1 (not shown). The H02'  dimers in the regions z -~ 0, 
atom is not involved in hydrogen bonds. 

c 

i ~ ~  °~ e ~ 

Fig. "2. Packing of one type of molecule to form hydrogen-bonded 
ribbons. Hydrogen bonds are indicated as dashed lines (H atoms 
have been omitted for clarity). 

Experimental 

A solution of 2-(4-chlorophenyl)methylidene- 1-tetralone [(1); 
2.68g, 0.01 mol] and cyanothioacetamide [(2); 1.00g, 
0.01 mol] in ethanol (30 ml) and ammonium acetate (1.5 mg, 

0.02 mmol) was refluxed for 3 h, cooled, and the precipitate 
filtered off and crystallized from ethanol in 60% yield (m.p. 
483 K). 

Crystal data 

C2oHI4C1N3 
Mr = 331.79 
Monoclinic 
P21/n 
a = 11.885 (3) .~ 
b = 8.004 (2) ~, 
c = 33.795 (7) .~, 
/3 = 90.59 (2) ° 
V -- 3214.6 (13) ]k 3 
Z = 8  
Dx = 1.371 Mg m -3 
D,, not measured 

• Data collection 
Stoe Stadi-4 diffractometer 

scans 
Absorption correction: none 
9267 measured reflections 
5675 independent reflections 
4268 reflections with 

1 > 2o'(/) 
Rint = 0.028 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)] = 0.044 
wR(F 2) = 0.107 
S =  1.044 
5675 reflections 
449 parameters 
H-atom treatment: NH2 free, 

others riding 

Mo Ks  radiation 
A = 0.71073 .~, 
Cell parameters from 60 

reflections 
0 = 10.0-11.5 ° 
# = 0.243 mm- 
T = 143 (2) K 
Tablet 
0.50 × 0.50 × 0.25 mm 
Orange 

0max = 25 .04  ° 
h = 0 --, 14 
k =  - 9 - - ,  4 
l = - 4 0  ---, 40 
3 standard reflections 

frequency: 60 min 
intensity decay: 2% 

w = 1/[o.2(Fo 2) + (0.0361P) 2 
+ 1.6551 P] 

where P = (Fo 2 + 2F,2)/3 
(A/o.)ma× < 0.001 
Apmax = 0.219 e ~ -3  
Apmin = -0.317 e .~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (A, o) 

NI--C2 1.341 (3) NI ' --C2'  1.337 (3) 
N1--C10b 1.341 (3) NI'---C10# 1.342 (3) 
C2--N3 1.346 (3} C2'--N3 t 1.361 (3) 

C 10---C 10a---C 10b 120.6(2) CIO'----CIO"----CIO# 120.4(2) 
N I---C 10b---CI 0a 116.14(18) N I C--CI0#---CI0 ' '  116.3(2) 

C4--C4a---C5---C6 146.4 (2) C4'---C4a'---C5'--C6' 149.1 (2) 
C4a---C5---C6--C6a 49.8 (2) C 4 a ' ~ C 5 ' - - - - C 6 ' - - - C 6 a '  52.4 (2) 
C5---C6--C6a---C7 147.3 (2) C5'--C6'--C6a '--C7'  146.1 (2) 
C4a--C4---C 11--C12 55.2 (3) C4a'---C4'--C I I ' - -C 12' -88.9 (3) 

Table 2. Hydrogen-bonding geometry (A, o) 

D - - H .  • .A D - - H  H.  • .A D .  • .A D - - H .  • .A 

N3--H01- - -NI' 0.87 (3) 2.27 (3) 3.050 (3) 148 (2) 
N3--H02. • .NI71' 0.85 (3) 2.35 (3) 3.188 (3) 167 (3) 
N3 ' - -H01 ' . . .NI7  '"~ 0.88(3) 2.51 (3) 3.324(3) 155 (2) 

Symmetry codes: (i) ½ - x, ½ + y, ½ - z; (ii) ½ - x ,y  - ½, ½ - z; 
(iii) - x ,  2 - y, - z .  

Data collection: DIF4 (Stoe, 1992a). Cell refinement: DIF4. 
Data reduction: REDU4 (Stoe, 1992b). Program(s) used to 
solve structure: SHELXS86 (Sheldrick, 1990). Program(s) used 
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to refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: XP (Siemens, 1994). Software used to prepare 
material for publication: SHELXL93. 

We thank the Fonds der Chemischen Industrie for 
financial support and Mr A. Weinkauf for technical 
assistance. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM1235). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

Alkylation of 6-chloropurine using ethyl bromoacetate 
gives a mixture of. regioisomers from which the title 
compound, C9H9C1N402, was isolated in crystalline 
form. The ethyl acetate fragment attached at N7 avoids 
steric hindrance by emerging from the ring almost 
orthogonally. Two ring C atoms donate weak inter- 
molecular hydrogen bonds to the carbonyl O 12 and ring 
N3 atoms. 

t Alternative name: ethyl 6-chloropurine-7-acetate. 

Comment 
Peptidic nucleic acids (PNAs) have important and pro- 
found DNA molecular recognition properties (Hyrup & 
Nielsen, 1996). The achiral uncharged backbone of PNA 
is composed of covalently linked N-(2-aminoethyl)- 
glycine units to which are attached the heterocyclic 
bases of DNA through carboxymethyl bridging groups. 
Since modifications to the PNA bases attract sustained 
interest in efforts to extend the molecular recognition 
properties of PNAs, we selected the purine base hypo- 
xanthine as a candidate for incorporation into PNAs. 
A useful role for hypoxanthine has been as a universal 
base in polymerase chain reaction (PCR) (Ohtsuka et al., 
1985), where the base is attached through the N9 atom 
to 2'-deoxyribose in oligonucleotide primers. The iso- 
meric c~-7H nucleoside, where the N7 of hypoxanthine 
is connected to a-configured 2'-deoxyribose, displays 
interesting DNA recognition properties when incorpo- 
rated into triplex-forming oligonucleotides (Marfurt et 
al., 1996). 

An evaluation of PNAs containing hypoxanthine 
linked through N9 and N7 necessitates efficient syn- 
thesis of protected building blocks of both regioiso- 
mers. A general but by no means sole route to PNA 
building blocks requires attachment of a carboxymethyl 
substituent, usually as its ethyl ester, to the appropri- 
ate heterocyclic base. Direct alkylation of hypoxanthine 
using ethyl bromoacetate in the presence of potassium 
carbonate gives peralkylated products with the major 
component, diethyl 3,7-hypoxanthyldiacetate, isolable 
in 61% yield (Sood et al., 1998a). Direct alkylation 
of 6-chloropurine can attach substituents at positions 
N9 or N7 to give a mixture of regioisomers (Dalby 
et al., 1993). Subsequent hydrolysis or displacement of 
the chloro group at C6 can then provide hypoxanthine 
or O6-protected precursors. Reaction of 6-chloropurine 
with ethyl bromoacetate gave a separable mixture of N9 
and N7 regioisomers from which the title compound, 
(1), was isolated in crystalline form. We undertook the 
crystal structure determination to establish that the ethyl 
acetate side chain was indeed attached at N7 in (1). 

O 

CI / ~ O C H 2 C H  3 

(1) 

Compared with 9-(carboxymethyl)-2,6-dichloropurine 
ethyl ester, (2) (Chan et al., 1995), the removal of the 2- 
chloro substituent and the change of regioisomer cause 
sizeable alternating changes in the internal angles of 
the six-membered ring: increases of 1.1 (2), 2.4 (2) and 
1.5 (2) ° at N1, N3 and C5, respectively, and decreases 
of 1.9(3), 2.7(2) and 0.4(2) ° at C2, C4 and C6, 
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