Cyclopropane is Rigid
Open the MarvinSketch drawing tool
http://butane.chem.uiuc.edu/jsmoore/marvin_scripts/MarvinSketch_Practice.html

Draw the structure of cyclopropane. Under tools select
Conformation…Conformers. Your screen should look
like the one shown below. Make sure the “calculate
lowest energy” box is NOT checked.
Selecting “OK” will initiate a calculation that will take a
few seconds. You should see a screen in which the
computer has estimated the best conformation. Although
the energy calculation that results from MarvinSketch is
not very accurate, it can be used as a rough estimate.

Now prepare to run a molecular dynamics
simulation. Make sure your parameters match
those in the Molecular Dynamics Options as
below. Other than vibrating hydrogen, you
should see relatively little movement in the
simulation. Cyclopropane is a rigid planar set
of carbon atoms; the structure is rigid because
of the constraints imposed by its cyclical
connectivity.

Cyclobutane Has Two Low Energy Conformations
Repeat the procedure for cyclobutane. Change the “Optimization limit” to “Very loose” as shown and
the calculation should produce two structures of similar energy (note: we have experienced mixed
results on different computer platforms). The carbon atoms in Conf: 1 are planar while in Conf: 2 they
are slightly out of plane. The calculated energy of cyclobutane is considerably lower than that
calculated for cyclopropane.
From the ring strain plot given above, however, notice that the
experimentally determined strain energy of cyclobutane is nearly identical to cyclopropane. The energy
calculated by MarvinSketch is not very accurate. Run a molecular dynamics simulation on cyclobutane.
Select either conformation as the starting point for your simulation. You may notice that cyclobutane is
a little more flexible than cyclopropane.

Repeat the process for cyclopentane.
MarvinSketch will calculate three
conformations as shown. Conf: 1 is
in the shape of an envelope and is
called the “envelope conformation”.
Similar in energy is Conf: 2, a
slightly distorted version of the
envelope conformation. The carbon
atoms in Conf: 3 are nearly planar.
Notice the energy here is slightly
higher than the envelope forms.
Although the bond angles for a planar
ring of 5 atoms are 108˚ (i.e., interior
angles of a regular pentagon) and
near the ideal value, the planar ring
has strain due to the eclipsing
hydrogen atoms. Thus, this eclipsing
or torsional strain can be alleviated
by twisting into the envelope form.
To get a sense of the greater
flexibility of the cyclopentane ring
relative to cyclobutane, run a
molecular dynamics simulation as
above. As your starting structure, it is
best to select the planar conformation.
The little extra energy stored in the
planar form will distribute itself
during the simulation and you’ll be
able to see the range of motions
available to the 5-membered ring.

Cyclopentane and the
“Envelope Conformation”

