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The X-ray crystal structure of 3-ethynylcyclopropene shows
that the carbon–carbon double bond of the molecule is
unusually short [1.255(2) Å], whereas theoretical calcula-
tions suggest a relative insensitivity of the bond length to
adjacent orbital interactions.

Recent crystallographic studies of lightly-substituted cyclopro-
penes have illustrated the uncommon bonding modes in these
small-ring hydrocarbons, such as formation of bent, banana-like
bonds.1,2 One of our groups recently reported the preparation of
highly unsaturated analogs, such as 3-ethynylcyclopropene 1,3

and sought to investigate the solid-state structures of these
compounds. In keeping with the extraordinary geometrical
results, we report herein the X-ray crystal structure of 1 as well
as model calculations to explain the experimental atomic
distances for 1.

Molecule 1 was prepared according to the literature method.3
A single crystal (mp 294 °C) was grown using the low-
temperature techniques described previously.4,5 The structure
analysis was performed at 120 K.¶ With intermolecular H···H
separations of 2.73 Å or greater, the crystal packing of 1 is
assumed not to cause significant distortions. The molecular
structure and bond distances and angles are presented in Fig. 1
and Table 1, respectively. As expected, the sp3 bond angle about
C(1)–C(3)–C(2) is highly constrained, being only 49.4°. The
most striking feature of the bond lengths found for 1 is the
amazingly short CNC bond. At 1.255 Å, this value is midway
between the accepted values of a typical double and triple
bond.6 The analogous bond length in structurally related
3-ethenylcyclopropene 2 is somewhat longer at 1.279 Å.2b All
of the other bond lengths and bond angles of 1 are typical of
their respective structural subunits. A systematic error in the
measurement of the C(1)–C(2) bond distance is rather unlikely
since the ellipsoids of the anisotropic displacement parameters

are not elongated in the direction of the double bond.7 In any
case, the C(1)–C(2) bond length in 1 is the shortest crystallo-
graphically observed carbon–carbon double bond known in any
hydrocarbon.8

In order to gain some insight into the nature of the
cyclopropene structural fragment, a series of 3-monosubstituted
cyclopropenes 2–9 was calculated in addition to 1.9 We first
surveyed the variation in length of the CNC bond with regard to
computational method (Table 2). Convergence in RHF methods
is around a value of 1.27 Å; the effects of increasing basis set
size was minimal. The effects of dynamic correlation were
tested using a variety of techniques, including density func-
tional techniques, Moller–Plesset theory of order 2 and the
coupled cluster doubles method. The effect of each technique
can be identified by focusing on the different dynamic
correlation methods using the same basis set [DZ(2df,2p)].
Dynamic correlation of any type tends to increase the predicted
bond length from the restricted Hartree–Fock method. Center-
ing on the hybrid method of including dynamical correlation,
and further increasing basis set size, one arrives at a convergent
value for the double bond length around 1.28 Å, 0.03 Å longer
than experiment. We feel it is unlikely that higher level
calculations will decrease the bond length any nearer to the
experimental value; thus, our best estimate of equilibrium bond
length is 1.28 Å.

Given the result of the basis set analysis on 1, we opted for a
highly polarized basis set available in CADPAC, and performed
computations on 1–9 using RHF/8s6p3d and B3PW91/8s6p3d
methods (Table 3). The range of computed double bond lengths
is only 0.02 Å, indicating a weak sensitivity of C(1)–C(2) length
with regard to the C(3) substituent. The addition of dynamic
electron correlation increases the predicted bond lengths
uniformly by ca. 0.015 Å across the series, and makes no
change in the trend. The experimentally measured value for 2
(1.279 Å) is well-bracketed by the computational predictions,
but the values predicted for 1 are 0.01–0.02 Å longer than thatFig. 1 Molecular structure of 1 with the ellipsoids drawn at the 50% level

Table 1 Interatomic distances and angles for 1

Atoms Distance/Å Atoms Angle (°)

C(1)–C(2) 1.255(2) C(1)–C(2)–C(3) 65.2(1)
C(1)–C(3) 1.500(2) C(2)–C(1)–C(3) 65.4(1)
C(2)–C(3) 1.502(2) C(1)–C(3)–C(2) 49.4(1)
C(3)–C(4) 1.448(2) C(1)–C(3)–C(4) 121.4(1)
C(4)–C(5) 1.184(2) C(2)–C(3)–C(4) 121.4(1)

C(3)–C(4)–C(5) 179.0(1)
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observed experimentally. This deviation could come from
difficulties in approximating the orbital arrangement in 1, even
by the extreme basis sets we are using.
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Table 2 The double bond length in 1 as a function of computational
method

Bond
Method length/Å

RHF/6-31G(d,p) 1.2722
RHF/6-31GE 1.2749
RHF/DZ(2df,p) 1.2749
RHF/DZ(2df,2p) 1.2740
RHF/DZ(3df,3pd) 1.2704
RHF/8s6p3d 1.2710
BPW91/6-31GE 1.3022
BPW91/DZ(2df,2p) 1.3036
B3PW91/6-31G 1.3015
B3PW91/DZP 1.3003
B3PW91/6-31GE 1.2923
B3PW91/DZ(2df,2p) 1.2930
B3PW91/8s6p3d 1.2838
B3LYP/8s6p3d 1.2833
MP2/6-31G(2d,p) 1.3029
MP2/DZ(2df,2p) 1.3016
CCD/DZ(2df,2p) 1.2951
Experiment 1.2550

Table 3 C(1)–C(2) distance calculated for 1–9

Distance/Å

Compound R RHF/8s6p3d B3PW91/8s6p3d

3 NO2 1.279 1.295
4 CHOa 1.265 1.279

CHOb 1.263 1.278
5 CNN 1.267 1.283
1 CNCH 1.268 1.284
2 CHCH2

a 1.270 1.285
CHCH2

b 1.270 1.286
6 Me 1.273 1.289
7 H 1.271 1.287
8 F 1.283 1.300
9 NH2

c 1.273 1.289
NH2

d 1.274 1.290

average 1.271 1.287
standard deviation 0.006 0.006
range 0.020 0.022

a anti conformer (Cs symmetry). b gauche conformer (C1 symmetry). c Lone
pair syn (Cs symmetry). d Lone pair anti (Cs symmetry).
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