Chapter 8

Groups of Organic Molecules

The tutorials in this chapter introduce and illustrate a number of
basic operations involved in processing groups of molecules, as well
as the associated spreadsheet for organizing and fitting data and
facilities for making plots.

Computational investigations, like experimental investigations, are
rarely restricted to a single molecule, but typically involve a series of
related molecules. Here, it may be of interest to compare geometries,
energies or other calculated properties, or to compare trends in
calculated and measured properties. Spartan provides facilities for
these purposes. In particular, it allows molecules to be grouped, either
manually, or automatically as a result of a conformational search, from
following a particular vibrational motion, or from a scan of one or
more geometric variables. Once grouped, molecules may be aligned
to make similarities or differences more apparent based either on
their structure, chemical functionality or atom labels. Calculations
may be performed either on individual molecules or, just as simply,
on the complete group of molecules. On multi-core computers,
several molecules can be run at once. The results of calculations on
a group can be examined and analyzed individually or altogether to
seek out trends. In particular, reaction and activation energies may
be obtained and statistical measures, among them the DP4 measure,
may be applied to calculated NMR spectra.

Associated with a group of molecules (or an individual molecule) is a
spreadsheet. This allows convenient access to virtually any calculated
quantity that can be given a numerical value. Additionally, data may
be entered manually into the spreadsheet or transferred from another
application such as Excel. Data in the spreadsheet may be manipulated,
linear regression analyses performed and plots displayed. Alternately,
the data in a Spartan spreadsheet may be transferred to Excel (or
other applications) for further analysis. An Excel worksheet can be
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stored inside a Spartan document if desired (see Embedded Data
under the File menu; Chapter 16).

The tutorials in this chapter introduce and illustrate a number of the
basic group operations available in Spartan. These include building
a group from scratch and processing groups resulting from both a
conformational search and from systematically varying a torsion angle.
Also provided is an example of fitting an experimental observable to
one or more calculated properties by way of linear regression. Finally,
Reactions dialog is illustrated both as it operates on molecules in a
group and on molecules derived from substitution of grouped molecules.

The most common Diels-Alder reactions involve electron-rich dienes
and electron-deficient dienophiles.

/T\—x . . X=ROR
—\ Y = GN, CHO, CO.H
Y Y

The rate of these reactions generally increases with increasing
n-donor ability of the diene substituent, and with increasing
n—acceptor ability of the dienophile substituent. This can be
rationalized by noting that donor groups raise the energy of the
highest-occupied molecular orbital (the HOMO) on the diene, while
acceptor groups lower the energy of the lowest-unoccupied molecular
orbital (the LUMO) on the dienophile. Thus, the HOMO-LUMO gap
is reduced, leading to increased interaction of diene and dienophile
and enhanced reactivity.

Dienophiles in Diels-Alder Cycloadditions

better donor groups — LUMO

A;cceptor groups

HOMO ﬂ— -

diene dienophile

Orbital
Energy
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To test this hypothesis, you will examine whether or not experimental
relative rates of Diels-Alder cycloadditions involving cyclopentadiene
and a variety of cyanoethylenes correlate with dienophile LUMO
energies.

1.

Build (Lf[) and minimize ([Re) acrylonitrile, H,C=C(H)CN.
Select View from the Build menu (gg). Copy the structure to
the clipboard. Either right click on the background and choose
Copy from the resulting contextual menu, or select Copy from
the Edit menu (. ).

Select Build New Molecule (not New Build) from the File
menu ( [3]). This allows for adding an additional molecule to the
current document. The screen will be cleared and the model kit
displayed. Click on Clipboard at the bottom of the model kit and
click on screen. Acrylonitrile will appear. Click on Groups in the
model kit, select Cyano and add to the appropriate free valence
on acrylonitrile to make 1,1-dicyanoethylene. Click on [e.

Repeat this procedure (Build New Molecule, followed by
Clipboard, followed by Groups, followed by [2e) four more
times to build cis and trans-1,2-dicyanoethylene, tricyanoethylene
and tetracyanoethylene. When you have built all six molecules,

click on bg.

The 2D sketcher could be used in place of the 3D builder. Sketch
acrylonitrile, right click on screen and select Copy from the menu
that appears. Select Sketch New Molecule (not New Sketch)
from the File menu, right click on screen and select Paste from
the menu. Add a cyano group to make 1,1-dicyanoethylene. Repeat
the sequence to make the remaining molecules and finally click on

50.

The molecules have been grouped together, that is, put into a
single document, allowing calculated properties to be accessed
via a spreadsheet. Select Spreadsheet from the Display menu

(&,
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To select an individual molecule in the group, cl/ick on its label
(M0001, ...) in the left hand column, or use the [41] and [ b | keys at
the bottom left of the screen. Left click on the header cell (“Label”)
to select the entire group, then right click and select Rename
Selected Using SSPD from the contextual menu that results.

Copy ctrl+c

Paste Ctrl+v

Select All

Add...

Sort

Format Selected...

Color Selected...

Delete Selected

Rename Selected Using SSPD

Replicate Selected Molecule(s) in New Document

Append Molecule(s)...

Export Selected...

Print Ctrl+P
© Properties

This results in replacement of the default labels by proper names
from the Spartan Spectra and Properties Database.

Label o
Oacrylonitrile

D1J1-dicyanuethene

[ cis-1,2-dicyanoethylene

[Itrans-1,2-dicyancethylene

[tricyanoethylene

[Ctetracyanoethylene

v

< >

‘ fix) | | Add '| | Delete | | Sort ‘ | ~—*Formulas

5. Select Calculations... from the Setup menu (| ;) and specify
Equilibrium Geometry at Ground State in Gas using
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the ®wB97X-D/6-31G* model Make certain that Global
Calculations at the bottom of the dialog is checked to ensure
that the settings will be applied to all the molecules in the list.

6. Click on the Submit button at the bottom of the Calculations
dialog. Name it Diels-Alder dienophiles it will take several
minutes for this calculation to complete. After it completes, enter
the following experimental relative rates into the spreadsheet.

Experimental relative rates for
Diels-Alder cycloadditions of cyclopentadiene”

lOg 10 logIO
dienophile (relative rate) dienophile (relative rate)
acrylonitrile 0 1,1-dicyanoethylene 4.64
cis-1,2-dicyanoethylene 1.94 trans-1,2-dicyanoethylene  1.89
tricyanoethylene 5.66 tetracyanoethylene 7.61

* J. Sauer, H. Weist and A. Mielert, Chem. Ber., 97, 3183 (1964).

Double click inside the header cell for a blank column in the
spreadsheet, type Log(rate)= and press the Enter key (return
key on Mac). You need to press the Enter (return) key following
cach entry (or use the [v] key). Sort by relative rate. Click on the
column header Log(rate), and then cl/ick on Sort at the bottom
of the spreadsheet.

7.  Click inside a header cell for a blank column and click on Add...
at the bottom of the spreadsheet (alternatively, right click inside
the header cell for a blank column in the spreadsheet, and select
Add... from the contextual menu that results). Click on the E
LUMO button under the Molecule tab.
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Molecule QSAR Thermodynamics

Molecule List | Summaries | Linear Regression

Name

Formula

Point Group

Malecular Wi, (amu)

Energy (au)

Expt. Heat(kl/mol)

T1 Heat (kJ/mal)

Dipole (debye)

Conformers ‘ ‘ E HOMO (eV)

E LUMO (V)

wBITX-V/6-311+G(2df,2p) Energy (au)

Energy Units:

Auto-Select "

The spreadsheet, which contains both the calculated LUMO
energies and experimental relative rates, has served its purpose.
Remove it from the screen by clicking on &4 at the top).

Select Plots... from the Display menu (%/). This leads to an
empty plot pane at the right of the screen. Click on
toolbar at the top of the pane.

in the

Select Log(rate) from the list of items in the X Axis menu and
E LUMO(eV) from the Y Axes” list.

X Axis:

Y Axes:

Log(rate)

v Log(rate)

[C] Properties.

E LUMO (eV)

Click on Create.

*
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The Y axis specification is plural “Axes” as users can generate plots with multiple Y axes
displayed. If more than one Y axis is specified, color is used to distinguish data points and

plot lines.
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9. By default, only data points are displayed. Click on % in the
toolbar at the top of the pane. This leads to display of the Edit
Plot dialog. Check the box next to Curve, click on the button to
the left of Least Squares and cl/ick on Done to display a least
squares fit of the reaction rates to LUMO energies. The least-
squares line will be drawn.

Title:
X-Axis

Label: Log(rate)

s
. = @ 7
Range: | From: |0 To: |8 Ticks: |5 = Reset | ;
. 2
Y-Axis 2
o "

Label: E LUMO (eV)

Curve: | () Point to Point () Smooth ®) Least Squares () Fourier ‘
Range:| From: -4 Te: |1 Ticks: |6 (5| Reset
Done

Log(rate)

10. Close Diels-Alder dienophiles and any open dialogs.
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no calculations

Addition vs. Substitution

Alkenes normally undergo addition reactions whereas aromatic
compounds normally undergo substitution reactions. For example,
bromine reacts with cyclohexene to give trans-1,2-dibromocyclohexane
(the addition product) not 1-bromocyclohexene, whereas it reacts with
benzene to give bromobenzene (the substitution product) not trans-
5,6-dibromo-1,3-cyclohexadiene.

8 Br Br
O + B C[ Vs, O/ + HBr
Br
Br Br
O ﬂ Oi =3 O/ + HBr
Br

In this tutorial you will use results from the Spartan Spectra and
Properties Database (SSPD) as accessed from Spartan’s reaction
energy calculator to establish the preferred product for each reaction.
Specifically, energies from the ®B97X-V/6-311+G(2df,2p) density
functional model stored in SSPD will be employed. No calculations
are involved.

1. One after another, build or sketch cyclohexene, trans-1,2-
dibromocyclohexane, 1-bromocyclohexene, benzene, trans-
5,6-dibromo-1,3-cyclohexadiene, bromobenzene, bromine
(Br;) and hydrogen bromide (eight molecules in total). Put
all in the same document. Use New Build (Lf[) or New
Sketch (|/]) for the first molecule and Build New Molecule
(123)) or Sketch New Molecule (7)) for each successive molecule.

2. Select Spreadsheet from the Display menu (|=). Left click
inside the header cell for the leftmost column, then right click and
select Rename Selected Using SSPD in the menu that appears.
Click on OK in the dialog that results. The molecules can now
be referenced using chemical names. Close the spreadsheet.
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3. Select Reactions from the Display menu ( & ).

Reactants: Products:
1 * | | cyclohexene © RaEced 1 ¥ |trans-1,2-dibromocyclohexane

1 ~ | |bromine d 1 ~ | <naone>

Reactions:

Reactants Products AE (kJ/mol) Boltzmann Substituents

1 cyclohexene + bromine --=  trans 1,2-dibromaocycdohexa.. -162.24 0:100

wBITX-V/6-311+G(2df,2p) energy at wBI7TX-D/6-31G* geometry.

Source: |SSPD ~  Reaction Energy Units: Show: Temperature:

kJ | A N A 298.15K
Calculate: AE - o ames

Choose SSPD Database from the menu to the right of Source and
AE from the menu to the right of Calculate at the bottom of the
dialog. Compute the energy for Br, addition to cyclohexene:
select cyclohexene and bromine as Reactants and trans-1,2-
dibromocyclohexane (leave the second product selection at
<none>) as Products. Repeat for the corresponding substitution
energy (same reactants but the products are 1-bromocyclohexene
and hydrogen bromide) and for both addition and substitution
reactions of benzene (reactants are benzene and bromine
and products are trans-5,6-dibromo-1-3-cyclohexadiene and
<none> for addition and bromobenzene and hydrogen bromide
for substitution).

Are all reactions thermodynamically favorable (exothermic)?
Identify any reactions that are not and provide a rationale as to
why. Why is there a change in preferred reaction in moving from
the alkene to the arene?

You can if you wish also calculate AH and AG for these reactions. The
first adds zero-point energy and temperature corrections to AE and the
second also adds the entropy. In both cases, EDF2/6-31G* is used to
furnish vibrational contributions.

4. Close the document and any open dialogs.
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Hydration of Carbonyl Compounds

The hydration of carbonyl compounds has been extensively studied
primarily because it serves as a model for a number of important
reactions, nucleophilic addition to carbonyl compounds among them.
In this tutorial, you will use Spartan’s linear regression analysis
tool to correlate calculated properties of carbonyl compounds with
measured equilibrium constants for their hydration. The molecules
are all in SSPD so no calculations are needed.
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o

-H>O . OH - [H20] [carbonyl] 555 [carbonyl]

: o H,O +OH _ [hydrate] _ [hydrate]

Build or sketch all the compounds listed in the next page for
which experimental equilibrium constants are available. If you
build, start with New Build from the File menu (Lﬂ) for the
first molecule and Build New Molecule from the File menu
(1.s)) for each successive molecule. If you sketch, start with New
Sketch (@ ) for the first molecule and Sketch New Molecule
(1)) for each successive molecule, both from the File menu.

Click on the name of whichever molecule is selected at the
bottom of the screen. Confirm that the ®B97X-D/6-31G* model
is selected and cl/ick on Replace in the dialog that results and then
on All to replace all molecules with entries from the SSPD.

Select Spreadsheet from the Display menu (| ) to bring up
the spreadsheet. Double click inside the header cell of an empty
column, type Log(Keq) and press the Enter key (return key on
Mac). Then enter the experimental equilibrium constants from
the table below.
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Experimental K., for hydration of carbonyl compounds
log(K.,/55.5) log(K.,/55.5)
PhCOCH; -6.8 CF;COCH; -0.2
CH,;COCH; -4.6 PhCOCF; 0.1
PhCHO -3.8 H,CO 1.6
-BuCHO -2.4 CF,CHO 2.7
CH,;CHO -1.7 CF;COCF; 43
* J.P. Guthrie, Can. J. Chem., 53, 898 (1975); 56, 962 (1978).

You need to press the Enter (return) key following each data
entry. Sort the list according to the value of Log(Keq). Click
inside the header cell LogKeq and then click on Sort at the
bottom of the spreadsheet.

Label
[ acetophenone
[acetone
O benzaldehyde
[2,2-dimethylpropanal
[ acetaldehyde
D1,l,1—triﬂu0roacetone

[tormaldehyde
O 2,2,2-trifluoroacetaldehyde

[ perfluoroacetone

<

[ alpha,alpha,alpha-triflucroacetor

Log(Keq) E HOMO (eV) Electrostatic(01)

-6.51 -0.466
-6.42 -0.510
-6.73 -0.381
-6.53 -0.391
-6.72 -0.422
-1.46 -0.401
-0.375
-0.345
-0.311

-0.320

Add M

Delete Sort ~—Formulas

Select Properties from the Display menu (€D) to bring up the

Molecule Properties dialog. Click on |, , to the left E HOMO.

5. Click on the oxygen atom for whatever compound is

displayed. Click on

A4

to the left of Electrostatic (under

Charges) in the Atom Properties dialog (that has replaced the
Molecule Properties dialog), to place oxygen charges into the

spreadsheet.

6. Clickon Add... at the bottom of the spreadsheet, and then click on
the Linear Regression tab at the top of the dialog that results.

Chapter 8

119



Add -

Molecule | QSAR | Thermodynamics | Molecule List | Summaries | Linear Regression |_

Using:

E HOMO (eV)
Electrostatic(01)

Log(Keq)

0

Errar:

<nones =

Select Log(Keq) from the Fit menu and both EHOMO (eV)
and Electrostatic (O1)" from the Using list. Click on Apply. A
new row (Fitl) will be added at the bottom of the spreadsheet.
Select Properties from the Display menu (€), click anywhere
on the Fitl row. The Regression Properties dialog appears.

Fit:  |Log(Keq) - | Using: | E HOMO (eV)
Electrostatic{O1)
Fitvals(Fit1)

Error: | <none> M

a2 RMs: 1213

i R%0863

:E' Label: |Fit1 hd

This provides information about the fit of Log(Keq) to the charge
on oxygen, in particular, the value of R?. The closer to unity, the
better the fit.

7. Select Plots from the Display menu (). Click on == in the
bar at the top of the plots pane. Select Log(Keq) from the X Axis
listand FitVals(Fit1) from the box below Y Axes, and c/ick on Add.

8. To see the correlation between measured and fit rates, click on
Edit (%) from the toolbar at the top of the pane. Check the
Curve box and click the Least Squares button. Finally, click
the Done button.

9. Close the document and any open dialogs.

*  Your numbering may differ as it depends on the order that atoms were introduced during
building, but the reference is to the carbonyl oxygen.
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no calculations

Acid strength is among the most important molecular properties.
It is readily available from calculation, either in terms of absolute
deprotonation energy,

Acidities of Carboxylic Acids

AH —= A~ + H*

or, more commonly, as the deprotonation energy relative to that of
some standard acid (ARH).
AH + A~ — A~ + ATH

The energy calculations discussed so far apply strictly to gas-phase
acidities” and likely do not reflect acidities in solution. This prompts
a search for alternative descriptions. One possibility is the value of
the electrostatic potential in the vicinity of the acidic hydrogen in the
neutral acid. Electrostatic potential maps would certainly be expected
to reveal gross trends in acidity, for example, the acidic hydrogenina
strong acid, such as nitric acid, should be more positive than that in a
weak acid, such as acetic acid, which in turn should be more positive
than that in a very weak acid, such as ethanol.

nitric acid acetic acid ethanol

In this tutorial, you will use electrostatic potential maps to quantify
changes in acid strength due to subtle variations in structure. Y ou will
use the Spartan Spectra and Properties Database (SSPD) to eliminate
the need for quantum calculations.

*  This is not to say that quantum chemical treatments of solvated molecules have not been
developed or have not been implemented within Spartan, but rather that in our opinion
are not reliable enough to provide quantitative data.
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One after another, build or sketch trichloroacetic, dichloroacetic,
chloroacetic, formic, benzoic, acetic and pivalic acids. Put all
molecules into the same document. Use New Build (|-] ) or New
Sketch (] ) both from the File menu for the first molecule and
use Build New Molecule ( [i]) or Sketch New Molecule (*))
both from the File menu for each successive molecule. Click on
&0 when you are done.

All of the molecules that you have built are available in SSPD.
Click on the name of whichever molecule is selected at the bottom
of the screen, make sure that nB97X-D/6-31G* 1s selected from
the menu in the dialog that results, c/ick on Replace, and finally
on All. Structures obtained from wB97X-D/6-31G* density
functional calculations will replace those you have built. The
wave function is also provided with the database entry.

Select Spreadsheet from the Display menu (| |). Expand it so
that you can see all seven molecules, and that two data columns
are available. Double click inside the header cell of the first
available data column, #ype pKa and press the Enter key (return
key on Mac). Enter the experimental pK,’s (given in the table
below) into the appropriate cells under this column. You need
to press the Enter (return) key following each entry.

acid pK, acid pK,
trichloroacetic (C1,CCO,H) 0.7 benzoic (C4HsCO,H) 4.19
dichloroacetic (CLCHCO,H) 1.48  acetic (CH;CO,H) 4.75
chloroacetic (CICH,CO,H) 2.85  pivalic ((CH;);CCO,H) 5.03
formic (HCO,H) 3.75

Experimental data from: E.P. Sargeant and B. Dempsey, Ionization Constants of
Organic Acids in Aqueous Solution, [IUPAC no. 23, Permagon Press, 1979.

To display all molecules at once, check the box to the left of
the molecule name (Label column) in the spreadsheet for each
entry. To manipulate the molecules independently of one another,
click to deselect Coupled from the Model menu (§)). Arrange
the seven molecules on screen such that you can clearly see the
acidic hydrogen on each.
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5. Select Surfaces from the Display menu (&) and then click
on Add and select electrostatic potential map. When the
electrostatic potential map calculations complete (they will be
marked “completed”), check the box at the left of electrostatic
potential map in the Surfaces dialog. Select Properties from the
Display menu (€)) and click on the electrostatic potential map
to display the Surface Properties dialog. Click on|, , (the Post
icon) to the left of Max inside the Surface Properties dialog.
The maximum value of the electrostatic potential (corresponding
to the acidic proton) will be posted to the spreadsheet. Leave the
dialog on screen.

6. Plotexperimental pK, vs. maximum in the electrostatic potential.
Select Plots from the Display menu (<) and then select pKa
under the X Axis menu and Property Max (Surface) from the
Y Axes list. Click on Create. Click on < to edit the plot and
check the box next to Curve. Choose the Least Squares option
and click on Done. Does there appear to be a correlation between
pK, and the maximum value of the electrostatic potential?

7. Close the document and any open dialogs.
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Positional Selectivity of Substituted Naphthalenes

Thermochemical stabilities of positional isomers may depend on
several factors, including a tendency to minimize unfavorable non-
bonded intramolecular interactions (sterics) and to minimize overall
dipole moment (electrostatics). Naphthalene offers a good example
with only two different positions.

00 OO

1-substituted naphthalene 2-substituted naphthalene

In this tutorial you will use ®B97X-V/6-311+G(2df,2p) energies
from the Spartan Spectra and Properties Database (SSPD) to establish
differences in heats of formation between 1 and 2-substituted
naphthalenes. Instead of building a series of substituted naphthalenes,
you will use Spartan’s substituent model kit to construct one
“molecule” marked for substitution on the 1-position and the other
“molecule” for substitution on the 2-position. No calculations are
involved.

1. One after another build methane, ammonia, water, hydrogen
fluoride, hydrogen cyanide and formic acid. Put all in the
same list (use New Build ( ¢] ) to enter the builder for the first
molecule and Build New Molecule ([.]) for each successive
molecule). Select Spreadsheet from the Display menu (1),
double click inside the leftmost cell for each molecule and replace
the identifier (M0001, ...) by proper functional group names
(methyl, amino, hydroxy, fluoro, cyano and carboxylic acid).
Put the contents on the clipboard. Click in the header cell to
select all molecules, then right click and select Copy from the
contextual menu that results. Alternatively, select Copy from
the Edit menu (. ). Close the document without saving.

2. Select New Build from the File menu ( |-¢] ) and build naphthalene.
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Then, select Substituent from the menu at the top of the model
kit to bring up the substituent builder.

[ Qarganic ” Inorganic ” Peptide
[ Nuclectide “ Substituent ” ChemDraw

Model Kit =]
I
I

methyl

ethyl

n-propyl

isopropyl L4
n-butyl

sec-butyl

S

Click on Cust. A near the middle of the model kit, then right
click inside the box near the bottom and select Paste from the
contextual menu that results. Alternatively, left click inside the
box and select Paste from the Edit menu (__}). Names of the six
functional groups that you built in the previous step will appear
in the box. As you click through the list, ball-and-wire models of
their structures will appear in the small screen at the top of the
model kit. Note that one of the hydrogens (white balls) for each
is highlighted in gold. This hydrogen will be removed to make
a free valence for attachment. The carboxylic acid group has
two different hydrogens, one on carbon (leading to a carboxylic
acid) and one on oxygen (leading to a formate). If the hydrogen
on the carbon is not already highlighted, c/ick on it and it will
be highlighted. Click on the free valence on naphthalene that
will lead to 1-substituted naphthalenes. The molecule on screen
will now appear with a marker to indicate substitution at the
1-position.
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Select Build New Molecule from the File menu ( [i]). Select
Organic from the tab at the top of the model kit and again build
naphthalene. Select Substituent from the menu to bring the
substituent model kit. Make certain that Cust. A is selected (if
not, click on it). Click on the free valence on naphthalene that
will lead to 2-substituted naphthalenes. Click on kg to remove
the model kit.

Select Spreadsheet from the Display menu (| ). Double click
inside the leftmost cell for the first molecule and replace the
default identifier (M0001) with I-substituted naphthalenes.
Double click inside the corresponding cell for the second molecule
and replace the default identifier by 2-substituted naphthalenes.

Select Reactions from the Display menu ( g ). Choose SSPD
Database from the menu to the right of Source and AE from
the menu to the right of Calculate. This signifies that energies
obtained from the ®wB97X-V/6-311+G(2df,2p) model associated
with each of the entries in SSPD will be employed. Select
I-substituted naphthalenes as Reactants and 2-substituted
naphthalenes as Products, and click on Compute at the
bottom of the dialog. Reactions will be written (and reaction
energies computed) for all six substituents. The Boltzmann
weights column provides a weighting of positional preferences.

Close the document and any open dialogs.
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Protons bound to heteroatoms in heterocyclic compounds are likely
to be very mobile in solution and, where two or more heteroatoms
are present in a structure, different isomers (tautomers) may be in
equilibrium. As a case in point, consider the nucleotide base cytosine
(where a methyl group has replaced the sugar-phosphate backbone
at the 1-position).

NH, NH NH
K\N L f‘\NH L fl\N
B Gl

CH3 CHgz CHs

Tautomers of Nucleotide Bases

The existence of a low-energy tautomer could have far-reaching
consequences, given that the valence structure of cytosine is key to
hydrogen bonding in DNA. In this tutorial, you will examine the
possible tautomers of 1-methylcytosine for evidence of low-energy
structures.”

1. Build or sketch 1-methylcytosine or alternatively one of its
tautomers.

2. Note that the word Tautomer appears at the bottom right of
the screen, indicating that tautomers exist. Select Generate
Tautomers from the Geometry menu (). Step through the
tautomers using the [9] and [®] keys that appear at the bottom
right of the screen. To put the tautomers in a list, cl/ick on [=] at
the bottom right of the screen and cl/ick on OK in the on-screen
message “Generate a Tautomer List” that results.

*  Note, however, that were the energy of an alternative tautomer only 10 kJ/mol higher than
that for the normal structure, this would translate into a relative abundance of only about
1% at room temperature. Thus, any alternative tautomers would need to be very close in
energy to the lowest-energy tautomer to have noticeable effect.
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Select Calculations... from the Setup menu (| ;) with the list
of tautomers. (To avoid confusion, it is a good idea to close the
molecule you used to get the tautomers.) Specify calculation of
Equilibrium Geometry using the ®B97X-D/6-31G* density
functional model. Submit the job with the name cytosine
tautomers.

After the calculations have completed, select Spreadsheet from
the Display menu (- 1). Click on the cell corresponding to the
original structure for 1-methylcytosine. Click on Add at the
bottom of the spreadsheet and then click on the Molecule List
tab; select rel.E and Boltzmann Weights from the available
quantities and kJ/mol from the Relative Energy Units menu.
Click on the background to release the dialog. Are either of the
alternatives close in energy to the normal form of cytosine?

If you find that one of the alternative tautomers is within 10 kJ/
mol of I-methylcytosine, perform wB97X-V/6-311+G*(2df,2p)
energy calculations on this tautomer as well as 1-methylcytosine.
These may require upwards of an hour of computer time.

Close the document and any remaining open dialogs.
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