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Abstract Here, we present a free web-accessible appli-

cation, developed in the JAVA programming language for

the calculation of vicinal coupling constant (3JH,H) of

organic molecules with the H–Csp3–Csp3–H fragment. This

JAVA applet is oriented to assist chemists in structural and

conformational analyses, allowing the user to calculate the

averaged 3JH,H values among conformers, according to its

Boltzmann populations. Thus, the CAL3JHH program uses

the Haasnoot–Leeuw–Altona equation, and, by reading the

molecule geometry from a protein data bank (PDB) file

format or from multiple pdb files, automatically detects all

the coupled hydrogens, evaluating the data needed for this

equation. Moreover, a ‘‘Graphical viewer’’ menu allows the

display of the results on the 3D molecule structure, as well

as the plotting of the Newman projection for the couplings.

Keywords 3JHH � Coupling constant � NMR �
Haasnoot equation � JAVA

Introduction

The nuclear magnetic resonance (NMR) technique1 is

nowadays a powerful tool to elucidate the structure of

organic molecules. Moreover, the vicinal proton–proton

coupling constants2 (3JH,H) contribute strongly [1] to this

effort (conformational analysis of macromolecules), since

its dependency was established with the dihedral angle

between the coupled hydrogens by means of the Karplus

equation [2]. For example, the utility of this approach has

been proven in the conformational analysis of a six-mem-

bered puckered-ring with the substituents in the axial/

equatorial arrangements [3].

In addition, to include the influence of additional

molecular parameters (e.g., the electronegativity and the

relative position of the substituents bonded to the H–C–C–H

fragment) different Karplus-type equations were devel-

oped3 [4]. Among those equations, the most popular one is

the Haasnoot, Leeuw and Altona (HLA) [4]:

3JH;H ¼ P1 cos2 /þ P2 cos /þ P3

þ
X

Dvi½P4 þ P5 cos2ðni/þ P6jDvijÞ�
ð1Þ

where the sum extends to all the a-substituents attached to

the H–C–C–H fragment. Moreover, v is the group

electronegativity for the a-substituents corrected with the

electronegativity of the b-substituents, and defined as:

Dvgroup ¼ Dva�substituent � P7

X
dvb�substituent ð2Þ

where Dvatom = vatom - vH, with v being the Huggins

electronegativity [6]. The ni parameter accounts for the

orientation of the i-substituent (with + 1 or -1 values). P1

to P7 are empirical parameters determined from 315
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fields of vicinal hydrogens to the magnetic field of each hydrogen.
3 See [5] and references therein.
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reference coupling constants, and the / symbol corre-

sponds to the H–C–C–H dihedral angle.

This equation is frequently used in conformational-

analysis studies [7], enabling the validation of the com-

puted molecular geometries by comparison with the

experimental data. Some specific computer applications

[8–10] and molecular-modeling programs4 utilize this

equation. However, there is another significant aspect, in

the conformational-analysis field, which has still not been

considered in such programs: the experimental NMR data

are collected normally in a liquid solution of the sample,

and commonly within an equilibrium of different confor-

mations, corresponding the experimentally measured

couplings to the averaged values for all the conformations

that contribute to the equilibrium.5

In this work, we present a JAVA application which

allows calculations of the 3JH,H constants for one or mul-

tiple molecules (with H–Csp3–Csp3–H fragments).

Moreover, the CAL3JHH program computes the aver-

aged 3JH,H values for the different conformers, when the

energies are supplied. Thus, the program uses the Boltz-

mann distribution [12] (i.e., the most probable distribution

of conformers according to the energies) from the Statis-

tical Thermodynamics to determine the conformers

population:

Ni

N
¼ e�Ei=kT

P
i e�Ei=kT

ð3Þ

where Ei is the energy (Kcal/mol) of each conformer, k is

the Boltzmann constant, T is the temperature (Kelvin) and

Ni/N is the probability of finding the conformer with a fixed

energy value Ei, (i.e., the ratio of each conformer).6

Furthermore, like other software developed by our

group [13], CAL3JHH is accessible free of charge via

internet from our web page [14], avoiding the difficult

distribution process to maintain a multiplatform software

with different installations. With this aim, we chose the

JAVA programming language [15] and implemented the

program as an applet. The user needs only a web browser

to run it without worrying about future upgrades or

installations.

Computational methods

The Java(TM) SDK 6 Standard Edition7, v1.6.0_06, from

Sun Microsystems [16] was used to develop the program.

Java is an Object-Oriented Programming (OOP) language

of which the main characteristics are the platform inde-

pendency and ability to run in any web browser as an

applet. An applet is a program which is downloaded from a

HTML page and executed in the browser, provided that the

browser supports the Java Virtual Machine (JVM). The

CAL3JHH has been tested for MS-Explorer v6.0 and

Netscape v7.0.

Performing the different reading operations from PDB

files [17], the program needs reading permission on the

local machine, due to the strict security of JAVA. The JAR

archive containing the applet is therefore signed and the

user is requested this permission before executing the

program.

The CAL3JHH program implements the aforementioned

HLA equation, and the different sets of P1 to P7 parameters

were taken from the original work [5]. The HLA equation

has r.m.s. error of 0.48 Hz, for the 3JH,H constants.

The program automatically detects all the coupled

H–Csp3–Csp3–H fragments from the PDB file. The required

information (atom type, coordinates and connectivity) are

read from the protein data bank (PDB) file and, from those,

all the necessary information (dihedral angles, electroneg-

ativity of the substituents and their relative positions) is

processed to achieve the calculation of the 3JH,H values. If

connectivity is not present, the program guesses the con-

nectivity from the atomic distances, compared with the

covalent radii.

The strychnine molecule and the 1,1,2-trichloropropane

conformers used for the ‘‘Compute multiple structures’’

menu example, were optimized at the UFF and HF/6-

311G*//HF/6-311G* theoretical levels, respectively, with

the GAUSSIAN program [18], and later converted in the

PDB format with the Newzmat utility to be used as input to

the CAL3JHH.

On the other hand, when a Csp3–Csp3 bond presents

several H–C–C–H couplings (e.g., methylene or methyl

groups), the program also generates the mean 3JH,H val-

ues. Due to possible free rotations around the single C–C

bond, in some cases, the NMR spectrometer detects the

hydrogen in an averaged environment collecting only the

mean value. Figure 1a depicts the different types of pro-

ton environments dependent on the substituents: for the

type-I and -II the situation is the same in both case, and

the couplings constants in CH3 moieties are averaged due

to free rotation. For type-III and -IV, for example in the

particular case of 1,2-dichloroethane (for type-III) or

4 PCMODEL. Available on Serena Software, PO Box, 3076,

Bloomington, IN 47402-3076, U.S.A.
5 An illustrative case are the carbohydrates compounds which in

liquid solution give mixture of open-chains and puckered-rings with

different structures (e.g., the pyranose ring is a mixture of 38 different

canonical ring forms, plus the OH hydroxyl groups which yield

different rotamers). See for example: [11].
6 The program computes the couplings of each conformer and those

values are affected by the ratio in a proportion multiplied by one.

Being the final averaged value for each constant, the sum of all the

particular values multiplied by its ratio. 7 Downloaded freeware from the JAVA web page, see reference [15].
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1,1,2-trichloroethane (for type-IV) for which R = R0 and

R = R0 = R00, respectively, only one signal is experi-

mentally obtained and the CAL3JHH gives their main

values in these or similar cases. Finally, in type-V, only

one constant is present, and obviously there is nothing to

average.

Description of the CAL3JHH Java program

CAL3JHH uses self-explanatory menus and elements for

the sake of simplicity, and it is organized in three modules

arranged in a tabbed panel: ‘‘Compute single structure’’

menu, ‘‘Compute multiple structures’’ menu, and one

additional ‘‘Graphical viewer’’ menu to display graphically

the results.

‘‘Compute single structure’’ menu

Figure 2 shows the program screen after a ‘‘Compute sin-

gle structure’’ run for the strychnine molecule. With the

‘‘Open file’’ button a PDB file can be selected from the user

local machine, and the program automatically will compute

all the couplings present in the molecule. Then, the results

are displayed on the text area. At the end of the output are

listed the couplings computed together with their corre-

sponding dihedral angles and couplings identifications (for

example, the following character chain is shown in the 4th

row:

½�C7ðC3; C8; C12Þ�½H28�; H27�C13�C22�H37;
½H38�½�N21ðC12; C32Þ�

where ‘H27�C13�C22�H37’ indicates the coupled protons

of the C–C bond; each chain enclosed in brackets corre-

spond to each a-substituent with its b-substituents in

parenthesis. The minus or plus signs indicate the relative

position of the a-substituent.8

The program supports an additional way to calculate

atomic connectivity, comparing the interatomic distances

with the respective covalent radii (see the ‘‘from covalent

radii’’ menu at the bottom-right of Fig. 2), because some

PDB files can be generated by other programs without the

atom connectivity (‘CONNECT’ records9). In this par-

ticular case, a warning message, in the output results

together with the calculated new connectivity in a PDB

format, notifies the user to check it carefully for

consistency.

Fig. 1 Different environments

for the generic vicinal Csp3–Csp3

couplings. Only the types-I and

-II yields mean values. (a)

Newman projection plot for the

types I–V. (b) Graphical output

with the mean 3JH,H values

generated by CAL3JHH, for

the type-I (chloroethane) and

type-II (1,1-dichloroethane)

8 The sign is not listed when the substituent is hydrogen since it does

not participate, because the HLA equation accounts for the relative

electronegativity (Dvatom = vatom - vH) of the substituents.
9 The ‘CONNECT’ records define the bonds not included in the

standard residue connectivity table.
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Furthermore, this program presents an additional menu

(Fig. 2 up-left) that allows the user to ‘‘Save results’’ to a

text file, ‘‘Copy results to clipboard’’, to find out ‘‘About’’

the program, and ‘‘Exit’’. Finally, on the bottom-left corner

a label provides information on the final status of the

program with text messages.

‘‘Graphical’’ viewer menu

The Fig. 3 depicts the CAL3JHH ‘‘Graphical viewer’’

menu with a frame displaying the previous calculations of

strychnine molecule (see Fig. 2). The module includes

viewers for the molecule in 3D10 and the corresponding

plot in the Newman projection (where all the torsion angles

involved in the constants are displayed), for the selected

couplings. We developed a very simple viewer, in order to

gain speed in the molecule rotation with slow PCs,

resulting in a small JAR file that decreases the Internet

download process. By clicking on the ‘‘Couplings’’ list, the

user can select the different couplings from the molecule,

while the numerical value is listed in the 3D panel. An

additional menu (bottom-right) allows the user to show/

hide the atom labels.

‘‘Compute multiple structures’’ menu

Finally, as an example, Fig. 4 shows a ‘‘Compute multiple

structures’’ run for the three gauche conformers of the

1,1,2-trichloropropane. This menu includes a table (left) of

four columns, with the list of molecules (conformers) to

compute together with their energies11, where the different

molecules can be selected/unselected or Energy values

edited. Molecules can be deleted/appended from this table

with the bottom menus ‘‘Add molecules to table’’, ‘‘Clear

table’’ and ‘‘Invert table selection’’.

Once the molecules to be computed are selected, the

‘‘Compute’’ button runs the calculations. If all the energy

values are provided and all the molecules are the corre-

sponding conformers of the same molecule, the program

will calculate the 3JH,H averaged values, after prompting for

the temperature. On the contrary, the program calculates

only the 3JH,H values for each molecule from the list.12

When the averaged values are computed a final table is

listed in the output with the relative energies, Boltzmann

population (%) and the couplings for each conformer (see

the Fig. 4 bottom).

After computing the couplings, the ‘‘Graphical viewer’’

displays (see Fig. 5) the corresponding result for the 1,1,2-

trichloropropane. As mentioned above, the molecule can be

rotated with its corresponding couplings, but now the

‘‘Molecules’’ list includes the different conformers that can

be chosen by mouse clicking on the list.

Fig. 2 View of the ‘‘Compute

single structure’’ menu of

CAL3JHH, for the strychnine

molecule

10 Rotation and zoom operations are available trough pressing the x,

y, z and t letter in keyboard while dragging the mouse.

11 The energies are only needed to compute the averaged values

among conformers. The input of the energy values for the different

conformers can be set manually in this table—the E(kcal/mol) values

in the corresponding column can be edited, or by default the energy

values are read from each PDB file when a ‘REMARK’ record is

found beginning with the text ‘ENERGY(KCAL/MOL)=value’,

(where value means the energy data).
12 The CAL3JHH has no restrictions on the number of molecules (or

the file size) that can handle, except for the local hardware limitations.
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The importance of accounting the conformers popula-

tion is evident after comparing the experimental and the

calculated couplings. Figure 6 plots the Newman projec-

tions together with the experimental data [19] for the three

aforementioned calculated conformers. As can be seen

from the JH5,H10 coupling, the calculated value agrees with

the experimental one, when the three conformers are

considered.

Fig. 3 Graphical viewer menu

of CAL3JHH displaying the

results for the strychnine

molecule

Fig. 4 View of a ‘‘Compute

multiple structures’’ menu for

the 1,1,2-trichloropropane

conformers
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Additional examples

In order to highlight the usefulness of the CAL3JHH pro-

gram, in this section is included two additional illustrative

examples.

In the first example (see Fig. 7) we show the screenshot

of the ‘‘Graphical Viewer’’ with the results of the 3JH,H

calculations of the a-fucosidase protein (unit A) [20].13 The

protein (unit A), with all the non-polar hydrogens added,

Fig. 5 ‘‘Graphical viewer’’

with the results for the

1,1,2-trichloropropane

Fig. 6 Newman projection

plot for the different 1,1,2-

trichloropropane conformers

together with their energies

(experimental values

from ref. [19])

13 Although, the protein backbone has no H-Csp3-Csp3-H torsion

angles, and the calculation of vicinal coupling constants are

applicable only to the substituents, we include this example to

illustrate the power of calculation of CAL3JHH program to

automatically recognize such coupling constants for large PDB files.
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has 6872 atoms, and only from the PDB information the

program automatically calculated the connectivity, and

then recognized and computed 2385 couplings constants,

and 214 averaged values.14

Also, the calculation can be restricted to a determined

region of the molecule by previously defining the corre-

sponding specific connectivity, and using the ‘‘From

CONECT record’’ option. For instance, in the case that the

PDB file has information about a ligand such as a carbo-

hydrate, this option could be useful.

The second additional example stresses how this pro-

gram provides substantial help in the conformational

analysis. We recently reported a conformational study of

thiopyranoses, where CAL3JHH has been successfully

used [21]. The determination of the vicinal coupling con-

stants, for these structures, is essential to elucidate the ring

conformation, the anomeric configuration a/b, and the

influence of the rotamers of the hydroxyl groups.

As an example, Table 1 shows the calculated data

computed by the CAL3JHH program for the 6-deoxy-3-O-

methyl-5-thio-a-L-idopyranose, and the available exper-

imental values [22]. The experimental evidence for

L-ido-thiopiranose configuration indicates the existence of

a mixture of ring conformations in solution: 4C1, 1C4, and
2SS [23].

Table 1 clearly shows how the averaged values are in a

better agreement than the values for the different confor-

mations (4C1, 1C4 or 2SS). This fact underlines the

importance to take into account the rotamers populations,

and the utility of the program to automatically carry out the

calculations.

Conclusions

The CAL3JHH program for the vicinal 3JH,H coupling

constants, here presented, shows its utility in the confor-

mational analysis, because it accounts for the averaged
3JH,H values of the Boltzmann populations. Besides the

user-friendly design, the introduction of a graphical viewer

converts the CAL3JHH into a practical tool for the con-

formational analysis of a single or multiple molecules.

Furthermore, its development in a JAVA programming

language together with the free web access facilitates

information exchange throughout the scientific community.
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