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Abstract

The structure of the new insect-growth regulator
1,4-bis(5-chloropent-4-ynyloxy)benzene, C,H,,Cl,0,,
has been determined from 602 diffractometer data.
Crystals are monoclinic, space group P2,/n,
a=4691(2), b = 28:68(1), c = 6:018 (A A, g =
102:20 (5)°, ¥V =191.5 A%, Z = 2,d, = 1-30, d, =
1.32 Mg m—3, The structure was solved by direct
methods and refined by least-squares methods to
R =0.073. The O—C(a)—C(f) side chains of the
alkoxy groups adopt a coplanar arrangement with the
phenyl ring, leading to extensive in-plane bond-angle
distortions at the ipso C atoms. The low melting point
of the compound is explained in terms of molecular
packing.

Introduction

The title compound, C{H,[O(CH,);C=CCl],, is a new,
potent insect-growth regulator with juvenile hormone
activity. The ability of this compound to interfere with
the metamorphosis of the larvae and pupae of many
insect species of the families Lepidoptera, Coleoptera
and Homoptera has been extensively studied (Bettarini,
Massardo, Piccardi & Longoni, 1978). The compound
differs significantly in structure from the well known
terpenoid insect-growth regulators (Slama, Romarnuk
& Sorm, 1974) and yet retains some of their important
biological manifestations. The crystal structure investi-
gation of the new juvenile hormone analogue was
undertaken as part of a study to understand better its
mechanism of action.

Experimental

1,4-Bis(5-chloropent-4-ynyloxy)benzene, (I), was re-
crystallized from an acetone—methanol mixture; pre-
liminary cell parameters and the space group were
obtained from Weissenberg photographs. Using a small
crystal mounted on a Picker FACS-I four-circle
computer-controlled diffractometer equipped with a
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scintillation counter and a pulse-height analyser,
accurate cell dimensions and an orientation matrix
were derived by a least-squares fit of the y, ¢, w and
28 values from 12 independent reflexions.

Crystal data

C,sHCl,0,, M,=311-22, monoclinic, a =
4.691(2), b = 28:68(1), ¢ = 6-018(4) A, f =
102-:20 (5)°, V = 791.5 A% Z=2; d,=1.32,
d,=1-30 Mg m~3, m.p. 335 K. Space group P2,/n
from systematic absences: 0k0 for k odd, 40/ for & + /
odd.

Intensity measurements were made with a colour-
less crystal 0-25 x 0-4 x 0-8 mm mounted with ¢
parallel to the ¢ axis of the diffractometer using
Ni-filtered Cu Ka radiation (A = 1-54178 A) up to
26 = 120°. The moving-crystal-moving-counter tech-
nique was used with a 26 scan rate of 1° min~! and a
scan range of 2.0-2-5° in order to account properly
for the separation of the Ka, and Ka, peaks at various
26 values. Background counts of 10s were measured at
each end of every 26 scan. During the data collection
three standards were measured before every 50
reflections. Of the 1178 independent reflexions
measured, 602 were considered observed and had
I>2-56 {od = [N + (t,/1,)*N,]""*, where N is the total
peak count during the time of scanning ¢, and ¢, is the
time spent in measuring the N, background counts}.
An arbitrary intensity equal to 0-5 times the observable
limit was assigned to the non-observed reflexions. All
intensities were corrected for Lorentz and polarization
effects and for absorption as y(Cu Ka) = 3-786 mm~..

The structure was solved by means of the multi-
solution tangent-refinement method MULTAN (Ger-
main, Main & Woolfson, 1971). The positions of all
non-hydrogen atoms were obtained from a Fourier
map phased with the information derived from the
application of MULTAN. The positional and isotropic
thermal parameters of these atoms were refined to
R[=CQ|IF,\=F_)/2|F,|] = 0-25 by several cycles of
block-diagonal least squares minimizing the function
4 = S w(IF,l — |F,)? according to the program of
Immirzi (1967).

© 1980 International Union of Crystallography



1562

Table 1. Final fractional coordinates, with estimated
standard deviations in parentheses

X y z

cl 0-2054 (5) 0-77772 (6) ~0-0003 (3)
0 —0-5743 (7) 0-94415 (11) —0-7451 (5)
c(1) —0-0045 (14)  0-81228(119)  —0-1787 (10)
C(2) —0-1675(12)  0-83571 (18) ~0-3054 (9)
c@3) —0-3741(12)  0-86376 (18) ~0-4712 (9)
c@) —0-2439(12)  0-88045 (18) ~0-6684 (9)
c(5) —0-4658 (11)  0-90427 (17) ~0-8496 (8)
C(6) —0-7836 (10)  0-97099 (15) ~0-8796 (8)
C(7) —0-8847 (10) 1-00830 (16) ~0-7731 (7)
C(8) —~0-8996 (11)  0-96284 (16) ~1.1108 (8)
H(31) —0-440 0-8945 ~0-385
H(32) —0-567 0-8433 ~0-538
H(41) —0-066 0-9050 ~0-604
H(42) —0-151 0-8506 ~0-740
H(51) —0-366 0-9156 ~0-990
H(52) —0-642 0-8803 ~0-917
H(7) —0-790 10150 ~0-594
H(8) —0-818 0-9334 ~1-198

Atomic scattering factors were calculated from the
expression given by Vand, Eiland & Pepinsky (1957)
using the values for the parameters given by Moore
(1963). The weighting scheme 1/w = A +BIF,|l +
CIF,I? was adopted, according to Cruickshank, Piiling,
Bujosa, Lovell & Truter (1961), where 4 = 2F,(min.),
B = 1.0 and C = 2/F(max.). After anisotropic
refinement, the H atoms were introduced in the
calculations at fixed positions with their coordinates
defined on stereochemical grounds (C—H, 1-09 A) and
in agreement with a AF synthesis. The assumed B value
for all H atoms was taken as 5-0 A2 Refinement then
converged to R =0-073 for the 602 non-zero reflex-
ions. The final shifts of the atomic parameters were
negligible and all well below the corresponding o.

The final fractional coordinates and the corre-
sponding standard deviations of the independent unit
are listed in Table 1.* All calculations were performed
on the Univac 1100/20 computer of this Institute using
alocal program set.

Results and discussion

The molecular and crystal structures of (I) are
displayed in Figs. 1 and 2, as derived by ORTEP
(Johnson, 1970). The bond lengths and angles with
their e.s.d.’s are reported in Table 2; no corrections
have been applied for thermal-motion effects. The
overall symmetry of the molecule is C; (1), as imposed
by space-group symmetry. The geometry of the

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 35016 (10 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Fig. 1. The molecule of 1,4-bis(5-chloropent-4-ynyloxy)benzene,
showing the atom-labelling scheme and 30% probability thermal-
vibration ellipsoids.
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Fig. 2. Structure of 1,4-bis(5-chloropent-4-ynyloxy)benzene viewed
down the ¢ axis.

Table 2. Bond data of 1,4-bis(5-chloropent-4-ynyloxy)-

benzene
(a) Bond lengths (A)
CI-C(1) 1-630(7) C(5)-0 1449 (6)
C(H—C(2) 1-171 (9) O—-C(6) 1.370 (6)
C(2)-C(3) 1-474 (8) C(6)—C(7) 1.382 (6)
C(3)-C4) 1-.522 (7) C(6)—C(8) 1.402 (7)
C(4)—C(5) 1.503 (8) C(7)-C(8) 1.378 (7)
(b) Bond angles (°)
CI-C(1)-C(2) 176-5 (6) O-C(6)—C(7) 115-8 (4)
C(1)-C(@2)—-C(3) 177-8(6) 0O—C(6)—C(8) 124-9 (4)
C(2-C3)-C@) 112:6(5) C(6)-C(N-C(8") 121-1(3)
C(3)-C@)-C(5) 112:2(5) C(6)-C(8)—C(7") 119-5(4)
C(4)—-C(5)-0 107-3(4) C(7)-C(6)—C(8) 119-3 (4)
C(5)—0-C(6) 117-5 (3)

molecule is best described in terms of two planes
through the extended aromatic system and (part of) the
chain (Table 3) with an interplanar angle of 55-9°.
Bond lengths are in the expected ranges. The mean
aromatic C—C distance of 1-387 (7) A conforms to the
value generally accepted for the C—C length (1-398 A)
in unsubstituted benzene (Colapietro & Domenicano,
1977, and references therein). The O—C(5) bond
length of 1.449 (6) A is at the limit for a normal
paraffinic C—O bond distance [1-426 (5) A; Sutton,
19651, whereas the shortening of the phenyl—O bond to
1:370 (6) A is in agreement with the value of 1-367 A
found in a variety of alkoxybenzenes (Sletten, 1973,
1974, 1975; Ruban & Luger, 1975; Rabinovich &
Schmidt, 1970; Rousseaux, Meunier-Piret, Putzeys,
Germain & Van Meerssche, 1972; Hecht & Luger,
19774; van den Hark, Hendriks & Beurskens, 1974; van
Koningsveld, 1973; Cotrait, Sy & Ptak, 1975; Bryan &
Jenkins, 1975; Bryan & Fallon, 1975; Bryan &
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Table 3. Least-squares planes

(a) Equations of best planes
The best planes, represented by the equation IX + mY + nZ —p=0,
are referred to the a*, b, ¢ orthogonal axis system.

Plane ! m n p r.m.s.d.(A)
Ring —0-7032 —0-5862 0-4024 0-0020 0.010
Chain 0-3757 0-8125  0-4457 0-9275 0-040

(b) Displacements (A) of the atoms from the best planes
E.s.d.’s are 0-005, 0-012 and 0-012 A for the Cl, O and C atoms,
respectively. Asterisks denote atoms not defining the plane.

Ring Chain

o 0.012 Cl —0-028
C(6) —0-007 c() 0-030
C(6") 0-003 CQ2) 0-028
c —0-010 Cc@®) —0-028
C(7) 0-006 cé4 —0.-001
C(8) —0-009

C(8") 0-005

C(5) 0-036*

C(4) 0-071*

Freyberg, 1975). The average C(sp?)—C(sp®) single-
bond length of 1-513 (8) A is not significantly different
from the standard value of 1-537(5) A, and the
C(2)—C(3) distance of 1-474 (8) A is in agreement
with the reported average C(sp*)—C(sp) length of
1-459 (5) A (Sutton, 1965) and within the range
1.416-1.48 A for simple alkynes (Simonetta &
Gavezzotti, 1978). Also, the triple-bond distance of
1-171 (9) A is in accordance with the reported average
X-ray value of 1-171 A for simple alkynes (Simonetta
& Gavezzotti, 1978). The C(1)—Cl bond length of
1-630(7) A agrees well with reported C(sp)—Cl
distances of 1-635(5) A (Sutton, 1965) and 1-624—
1-634 (5) A (Hencher, 1978).

With regard to bond angles, it is known that
aromatic ring deformations depend markedly upon
the electronic properties of the ring substituents
(Domenicano, Vaciago & Coulson, 1975a,b; Do-
menicano, Mazzeo & Vaciago, 1976). In accor-
dance with the general trend in p-substituted anisoles
(Di Rienzo, Domenicano, Portalone & Vaciago, 1976),
the C(6)—C(8)—C(7') bond angle is slightly smaller
than the C(6)—C(7)—C(8') angle. Of particular interest
are the internal C—C—C angles at the ipso atoms. Their
value of 119-3 (2)° is only marginally smaller than the
reported substituent constants of 119-9 and 120-2°
calculated from a number of reliable data on para-
disubstituted benzene derivatives with OCH, and OH
functional groups, respectively (Domenicano, Mazzeo
& Vaciago, 1976).

By analogy with para-substituted anisoles, the alkoxy
substituents give rise to further deformations. Namely,
as the oxygen and attached C(a) atom of the alkoxy
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Table 4. Intermolecular contacts (A)

Short contacts are arbitrarily defined as being less than the sums of
van der Waals radii plus 0-4 A. The symbols 4, A and B denote
atoms with coordinates x,y,z; X,z and § + x, 4 — y, 3 + 2,
respectively. In this notation A(pgr) stands for the fractional
coordinates p — x, ¢ — y, r — z. E.s.d.’s for the C---C, C---Cl
and CI---Cl distances are about 0-01 A; no e.s.d.’s can be quoted
for intermolecular contacts involving the calculated H atom
positions.

A(000)  A(221) A(000)  A(i23)
c(y  Cm 370 cG) () 397
c(r)  H() 302 Cc6) C(6) 368
H()  H() 262 c6) C@® 374
o c(n  C® 397
A(000)  A(i0D) c(n  HGD  2.98
c@8)  H@GD) 335 o
C(8)  H@l) 335 A(000)  A(i2i)
] 0 H(T)  2-64
A(000)  A(100) C@  H(7) 338
o} H(@41)  2-85 c(l)  HG 322
C@3)  H@l) 339 H@1) H() 274
c(6)  H@  3-00 )
c6)  HG 311 A(000)  A(001)
C(7)  H@)  3-30 Cc(5)  H@E)  3-26
C(8)  H(51)  2-80
H(32) H@2) 2.76 A(000)  A(101)
A(000)  A(001) cl CcG) 397
cl H@42) 3-27 cl H(32) 334
c(l) C@) 400 cl H(52) 3-05
Cc(l)  H@2) 307 c(1) CcG) 3-89
c@2 C(5) 387 C(l)  H(52) 284
C2)  H(G 324 c@ C@® 395
C(3)  H(D 325 C(2)  H(52) 328
HG31)  HGD) 241 Cc(2)  H®B) 324
HG31) H@®)  2-55 c3 C(® 396
H@l) H@B) 261
A(000)  A(100)
c@ c@ 377 A(000)  B(010)
C@d)  H(32) 328 cl cl 3.76
cG)y  Cc6) 3.1 cl c(1) 334
c(5) C® 376 al c@) 347

group lie in the plane of the aromatic ring (Table 3),
with a C—O—C angle in the usual range of 117-118°
(Di Rienzo, Domenicano, Portalone & Vaciago, 1976),
this results in a close approach of C(5) and C(8) [2-84
A; C(5)---H(8), 2-52 A| and leads to a strong
in-plane bending of the C(6)—O bond. The H---H
separations involved in the distortion are in the range
2.28-2.29 A. The exocyclic bond angles at C(6) are
115-8 (4) and 124.9 (4)°.

The O—C—C side-chain angle is significantly less
than the tetrahedral value whereas the C—C—C angles
are all significantly greater, lending weight to the
argument that bond angles in these systems are dictated
by non-bonded interactions.

Of prime importance in influencing the overall
packing mode is the difference in steric bulk of the
aromatic (r = 1-7 A) and aliphatic (» = 2-0 A) parts of
the molecule. Thus, in spite of the short a axis, (I) does
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not adopt a layered structure. The inclination of the
molecule and the fairly large monoclinic angle are
responsible for the few aromatic—aromatic inter-
actions and the more numerous but weaker
aromatic—aliphatic interactions. Such an arrangement
is consistent with the observed fairly low crystal density
and melting point. It is also not surprising to observe
that the largest amplitudes of vibration are associated
with the terminal atoms of the ring substituents. The
shortest intermolecular C---C, C..-H, H-..-H,
C.-.-Cl, H---Cl, CI---Cl and O---H distances are
3.68, 2-80, 2-41, 3.34, 3.05, 3-76 and 2:64 A,
respectively, and conform to normal van der Waals
distances (Table 4).

In the majority of juvenile hormone (JH) mimics the
carbon skeleton bears either a close resemblance or is
identical to that of the natural hormones, where the
terpenoid methyl branch occurs every four carbon
atoms. The compound in this study strongly departs
from the classical structures of JH analogues by the
total absence of terpenoid branching and a different
functionality at the termini of the aliphatic chains. It
has been suggested (Nilles, Zabik, Connin & Schuetz,
1976) that one requirement for biological activity in a
JH mimic is the placement of a group with a certain
n-electron density 11.5 + 0-5 A away from an epoxy
oxygen, and conclusions have been drawn about the
critical dimensions of a hypothetical receptor site. The
finding of the high morphogenetic potency for this
mimic cannot be rationalized in terms of its ability to fit
this hormone-receptor site.
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