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Reaction of 2-methylnaphthalene with
hexachlorocyclopentadiene and structural
characterization of a new addition-substitution product
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2-Methylnaphthalene undergoes Diels-Alder addition and substitution with hexachlorocyclopen-
tadiene to give two products, 1,2,3,4,5,6,7,8,13,13,14,14-dodecachloro-1 ,4,4a,4b,5,8,8a, 12b-octa-
hydro-10-methyl-14;5,8-dimethanotriphenylene 1 and 1,2,3,4,5,6,7,8,13,13,14,14-dodeca-
chloro-1,4,4a,4b,5,8,8a, 12b-octahydro-10-( 1 ',2',3 ',4',5'-pentachlorocyclopentadienyI)methyl-1,
4;5,8-dimethanotriphenylene 2. The molecular structure of 2 has been characterized by X-ray
crystallography: C26H9C117, monoclinic, space group P2t/c, with a = 15.316(3), b = 13.698(3),
c = 16.116(3) A, p = 96.113(3)°, and Z = 4.

Introduction

Hexachlorocyclopentadiene shows an unexpected
tendency to undergo the Diels-Alder reaction with
many dienophiles at temperatures between 20°C and
200°C. It condenses even with simple olefins, which
normally do not react with diene, and also with polynu-
clear aromatic hydrocarbons such as naphthalene and
anthracene.1 The condensation is probably the most
extensively investigated reaction of the diene and has
furnished a variety of new compounds which are not
accessible by other methods.2

The diene reactions of hexachlorocyclopentadiene
with naphthalene and its derivatives offer a route for a
relatively facile synthesis of monosubstituted naphtha-
lenes in the 3-position1 and disubstituted naphthalenes
in the 2,3-positions.3 Look reported4 that when one mole
of 2-methylnaphthalene and two moles of hexachloro-
cyclopentadiene were heated at 150-155°C for 7 days,
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the 1:2 adduct 1,2,3,4,5,6,7,8,13,13,14,14-dodecachl-
oro-1,4,4a,4b,5,8,8a, 12b-octahydro-10-methyl-1,4;5,-
8-dimethanotriphenylene 1 was obtained. The result-
ing reaction product can be used for further novel syn-
thesis of 3-bromo-2-methy (naphthalene.3 In the present
work, we describe the reaction of 2-methylnaphthalene
and hexachlorocyclopentadiene to give the adduct 1 and
a new compound11,2,3,4,5,6,7,8,13,13,14,14-dode-
cachloro-1,4,4a,4b,5,8,8a, 12b-octahydro-10-( 1' ,2' ,3' ,-
4',5'-pentachloro-cyclopentadienyl)methyl-l14;5,8,-di-
methanotriphenylene 2, which was structurally charac-
terized by X-ray crystallography.

Experimental

Synthesis

A mixture of 218 g (0.8 mol) hexachlorocyclo-
pentadiene and 57 g (0.4 mol) 2-methylnaphthalene
was heated for 7 days at 150-155°C. Excess hexachlor-
ocyclopentadiene and 2-methylnaphthalene were dis-
tilled off under vacuum. The mixture was cooled to
give a thick oil, which was recrystallized from ace-
tone-methanol (1:1) to give 11.8 g product 2 (yield
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8%): m.p. 232-234°C; IR(KBr) 1603, 1503, 1437,
1254, 1075, 915, 850, 782 cm-1; 1H NMR (CDC13,
250MHz) 83.41(s, 2H),3.50(d, J = 9.1Hz,2H),3.90(t,
J = 9.1 Hz, 2H), 7.13(d, J = 8.3Hz, 1H), 7.50(s, 1H),
7.63(d, J = 8.3Hz, 1H); mass spectram, mle(%) M+

924(0.44), 378(16), 237(13), 141(100). Anal. Calcd
for C26H9C117: C, 33.80; H, 0.98; Cl, 65.22. Found: C,
33.94; H, 1.10; Cl, 65.12.

The mother liquor was chromatographed on silica
gel with hexane eluate to give 1, which was recrystal-
lized from hexane-methanol to give 33 g of pure prod-
uct 1 (yield 30%): m.p. 154-156°C (lit.4 155-158°C);
1H NMR (CDC13, 250MHz) 82.35(s, 3H), 3.50 (d, J =
9.3 Hz, 2H), 3.94 (t, J = 9.3 Hz, 2H), 7.08 (d, J =
8.1 Hz, 1H), 7.51 (s, 1H), 7.58 (d, J = 8.1Hz, 1H).

in Table 1. Diffraction intensities were collected at 294
K on a Rigaku AFC7R diffractometer using MoKa
radiation (A. = 0.71073 A) in the variable co-scan
mode.5 The raw data were processed with a learned-
profile procedure, and empirical absorption correction
based on w-scan data was also applied.6

All the hydrogen atoms were located from differ-
ence Fourier maps, assigned isotropic thermal parame-
ters, held stationary, and included in structure-factor
calculations in the last stage of full-matrix least-
squares refinement. All calculations were performed
on a PC 486 computer with the SHELXTL/PC program
package.7,8 Analytic expressions of neutral-atom scat-
tering factors were employed, and anomalous disper-
sion corrections were incorporated.9

Crystal data of compound 2

Information concerning crystallographic data and
structure determination of compound 2 is summarized

Results and discussion

The thermal reaction of hexachlorocyclopenta-
diene and 2-methylnaphthalene gave the known 2:1

Scheme 1.

Scheme 2.
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adduct 1 and a new addition-substitution product 2.
Compound 2 is probably generated in the present reac-
tion by formation of cyclopentadienyl and naphtha-
lenemethyl radicals and their combination, or by
naphthalenemethyl radical attack on hexachlorocyclo-
pentadiene with elimination of a Cl atom.10 The molec-
ular structure of compound 2 is consistent with its
NMR, MS, IR spectrum and elemental analysis.

The fractional atomic coordinates and equivalent
isotropic temperature factors for the crystal structure
of compound 2, along with their estimated standard
deviations, are presented in Table 2. The selected bond
lengths and bond angles are listed in Table 3.

The molecular structure of compound 2 is shown
in Fig. 1. The two addition moieties of hexachloro-
cyclopentadiene are fused to the central ring in the
expected trans conformation, which reduces steric hin-
drance. The average bond length of the C—Cl bonds
on the unsaturated C atoms is significantly shorter than
that of C-Cl bonds on the saturated C atoms, and the
average AC-Cl value is 0.065 A. The longest C-Cl

bond is Cl(13)-C(22) at 1.812 A. It is noted that the
bond length of Cl(13)—C(22)is significantly longer
than the average length (1.757 A) of other C-Cl bonds
on the saturated C atoms, which is probably caused
by repulsion exerted by the neighboring Cl(14) and
Cl(17) atoms.

Table 1. Crystallographic Data and Structure Refinement of
Compound 2

Molecular formula
Formula weight
Color/Shape
Crystal system
Space group
Unit cell dimensions

Volume
Z
Density (calculated)
Absorption coefficient
F(000)
Crystal size
6 range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction
Transmission factors
Refinement method
Program used

Goodness-of-fit on F2

Final R indices [I > 2n (I)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

C26H9C117

924.06
Colorless needles
Monoclinic
P21/c
a = 15.316(3) A
b = 13.698(3) A p = 96.113(3)°
c = 16.116(3) A
3362(2) A3

4
l.826mg/m3

1.408mm-1

1816
0.10 X 0.15 x 0.40 mm3

2.0 to 25.0°
0 < h < 18, 0 < k < 16,

-19 < l < 19
6139
5904 (Rint = 0.0301)
3 1 1 1 [I > 2cr ( I ) ]
Empirical
0.949 to 1.000
Full-matrix least-squares on F
Siemens SHELXTL PLUS (PC

version)
1.33
R1 = 0.0437, wR2 = 0.0451
R1 =0.1126, wR2 = 0.0506
0.00002(2)
0.44 and -0.40 e A-3

Table 2. Atomic Coordinates (X 104) and Equivalent Isotropic
Displacement Coefficients (A2 X 10')

Cl(1)
Cl(2)
Cl(3)
Cl(4)
Cl(5)
Cl(6)
Cl(7)
Cl(8)
Cl(9)
Cl(10)
Cl(11)
Cl(12)
Cl(13)
Cl(14)
Cl(15)
Cl(16)
Cl(17)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)

x/a

3485(1)
1489(1)
923(1)

2504(1)
2558( 1 )
4232(1)
4096(2)
5418(1)
4645(1)
2834(1)
2344( 1 )
4043(1)
650(1)

1800(1)
496(1)

-515(1)
124(2)

3567(4)
3347(4)
3016(4)
2651(4)
2317(4)
2446(4)
3008(4)
3389(4)
3241(3)
2727(4)
3089(4)
2113(4)
1891(4)
2703(4)
3150(4)
3744(4)
4461(4)
4163(4)
3234(4)
3345(4)
2001(4)
1 1 14(4)
1161(4)
655(4)
220(4)
465(4)

y/b

1212(1)
1502(1)

-567(2)
-2198(1)
-1002(1)
-1095(1)
-2097(1)
-231(2)
1776(1)
1185(1)

-1253(1)
-865(1)
5219(1)
5361(1)
3827(2)
2310(2)
2817(1)

514(4)
-503(4)
-558(4)

386(4)
2139(4)
3064(4)
3138(4)
2332(4)
1398(4)
1316(4)
443(4)
509(4)

-298(4)
-950(4)
-659(4)
-891(4)
-120(5)

662(5)
450(4)

-650(4)
3944(4)
4187(4)
4432(4)
3830(5)
3174(5)
3371(4)

z/c

4389( 1 )
4952( 1 )
5947(1)
5832(1)
3975(1)
4931(1)
7860( 1 )
7557(1)
8494( 1 )
9289( 1 )
8856(1)
9691(1)
7496(1)
5799( 1 )
4546( 1 )
5757(2)
7780(1)
6057(3)
6417(3)
7282(3)
7654(3)
7446(3)
7123(3)
6510(3)
6194(3)
6501(3)
7161(3)
5131(3)
5220(3)
5585(3)
5717(3)
4932(3)
7961(4)
7992(4)
8345(4)
8526(3)
8766(4)
7484(4)
6994(3)
6090(4)
5610(4)
6136(5)
6933(4)

U(eq)a

45(1)
56(1)
67(1)
60(1)
52(1)
53(1)
74(1)
87(1)
69(1)
54(1)
57(1)
69(1)
55(1)
71 (1 )
86(1)
99(1)
81(1)
29(2)
33(2)
35(2)
30(2)
36(2)
37(2)
38(2)
36(2)
29(2)
32(2)
31(2)
34(2)
38(2)
37(2)
38(2)
43(2)
48(2)
41(2)
35(2)
44(2)
45(2)
37(2)
43(2)
51(3)
53(3)
47(2)

a Equivalent isolropic U defined as one third of the trace of the
horthogonalized Uij tensors.
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'Table 3. Selected bond lengths (A) and bond angles (°) of
compound 2

Bond lengths (A)
Cl(1)-C(11)
Cl(2)-C(12)
Cl(3)-C(13)
Cl(4)-C(14)
Cl(5)-C(15)
Cl(6)-C(15)
Cl(7)-C(16)
Cl(8)-C(17)
Cl(9)-C(18)
Cl(10)-C(19)
Cl(11)-C(20)
Cl(12)-C(20)
Cl(13)-C(22)
Cl(14)-C(23)
Cl(15)-C(24)
Cl(16)-C(25)
Cl(17)-C(26)
C(1)-C(2)
C(1)-C(9)
C(1)-C(11)
C(2)-C(3)
C(2)-C(14)
Bond angles (°)
C(2)-C(1)-C(9)
C(2)-C(1)-C(11)
C(9)-C(1)-C(11)
C(1)-C(2)-C(3)
C(1)-C(2)-C(14)
C(2)-C(3)-C(4)
C(4)-C(3)-C(16)
C(3)-C(4)-C(10)
C(3)-C(4)-C(19)
C(6)-C(5)-C(10)
C(5)-C(6)-C(7)
C(6)-C(7)-C(8)
C(7)-C(8)-C(9)
C(1)-C(9)-C(10)
C(8)-C(9)-C(10)
C(4)-C(10)-C(9)
C(5)-C(10)-C(9)
C(1)-C(11)-C(12)
C(1)-C(11)-C(15)

1.750(6)
1.692(6)
1.691(6)
1.749(6)
1.768(6)
1.763(6)
1.749(6)
1.698(7)
1.701(7)
1.750(6)
1.761(7)
1.764(6)
1.812(6)
1.703(7)
1.707(6)
1.701(7)
1.693(7)
1.560(7)
1.518(7)
1.593(7)
1.536(8)
1.544(8)

116.3(5)
101.4(4)
110.4(4)
119.2(4)
103.2(4)
118.5(4)
103.6(4)
116.5(5)
101.3(4)
121.8(6)
117.3(5)
121.8(5)
121.0(6)
122.4(5)
118.0(5)
123.4(5)
119.8(5)
105.4(4)
102.8(4)

C(3)-C(4)
C(3)-C(16)
C(4)-C(10)
C(4)-C(19)
C(6)-C(21)
C(11)-C(12)
C(11)-C(15)
C(12)-C(13)
C(13)-C(14)
C(14)-C(15)
C(16)-C(17)
C(16)-C(20)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(21)-C(22)
C(22)-C(23)
C(22)-C(26)
C(23)-C(24)
C(24)-(25)
C(25)-C(26)

C(12)-C(11)-C(15)
C(11)-C(12)-C(13)
C(12)-C(13)-C(14)
C(13)-C(14)-C(15)
C(11)-C(15)-C(14)
C(3)-C(16)-C(20)
C(17)-C(16)-C(20)
C(16)-C(17)-C(18)
C(17)-C(18)-C(19)
C(4)-C(19)-C(20)
C(18)-C(19)-C(20)
C(16)-C(20)-C(19)
C(6)-C(21)-C(22)
C(23)-C(22)-C(26)
C(22)-C(23)-C(24)
C(23)-C(24)-C(25)
C(24)-C(25)-C(26)
C(22)-C(26)-C(25)

1.554(8)
1.545(8)
1.513(7)
1.584(7)
1.529(8)
1.519(8)
1 .547(8)
1.314(8)
1.527(8)
1.553(8)
1.520(9)
1.530(9)
1.317(9)
1.510(9)
1.560(8)
1.534(8)
1.505(9)
1.491(9)
1.322(9)
1.446(10)
1.326(10)

99.2(4)
107.3(5)
108.0(5)
99.1(4)
92.3(4)

102.3(5)
100.0(5)
107.3(6)
107.7(5)
101.7(4)
98.9(5)
92.3(4)

112.4(5)
101.7(5)
110.0(6)
108.9(6)
109.8(6)
109.6(6)
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Fig. 1. Molecular structure of compound 2 with atom labeling.
The thermal ellipsoids are drawn at the 35% probability level.

Supplementary material. Crystallographic data (excluding struc-
ture factors) for the structure reported in this paper have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-1003/5437. Copies of avail-
able material can be obtained, free of charge, on application to the
Director, CCDC, 12 Union Road, Cambridge CB2 1 EZ, UK, (fax:
+44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).
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