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Dihedral angles are predicted from vicinal coupling constants
38Jun[Hz] with 3-sphere approach, sphere or torus trigonometric
equations of circle 1, 2 and circle inversion 3-5 for all cis-, trans-
ee, trans-aa stereochemistry. The existence of circle inversion
was demonstrated with conformational analysis on five and six
membered rings. The sign and the stereochemistry results from
vicinal coupling constant under trigonometric equations
confirmed by algebraic equations, Hopf and Lie algebra theory.
3-Sphere, a hypersphere in 4D enable for all stereochemistry

Eq. 3: tan-1sin(-¢) = Ounhns1,
Eq. 4: sin'i(cot(-¢)) = Ountns1,

Eq. 5: sini(tan(-¢)) = Ounkn+1

Where: ¢ — vicinal angle [deg],
angle result from vicinal coupling
constant 3Juu[Hz], Opntn+1[/deg]

6T angle of torus
8% angle of Dupin Cyclide

calculation dihedral angles under magnetic wave (NMR data -2Jun[Hz]), and all isomers from only one vicinal coupling

constant.

INTRODUCTION

The dihedral angle of the HCCH fragment with
cis, trans-ee and trans-aa stereochemistry
calculated from magnetic wave is an angle found at
intersection of two congruent disks, centered on
the perimeter of each other with equilateral
triangles as vertices, six Hope fibration in terms of
circles and ordinary sphere, nested tori of
Vilarceau circles linking. The tandem vicinal ¢ deg
(eq. 1) — dihedral angles Omnrn+1 deg (eq. 2) result
from vicinal coupling constant 3Juu[Hz] with Lie
algebra — 3-sphere approach theory [1, 2].

* Corresponding author: cmitan@yahoo.com

Eq. 1: cis, trans-ee®*%:  sin"'cos¢ = Onnrin+1

Eq. 2: trans-aa®!° 52, trans-ee*: cossin(—d) = OunHn+1

@ = (M Jnnkine1)?

where: Onn[deg] — dihedral angle, ¢[deg] — vicinal
angle, 3Jun[Hz] — vicinal coupling constant, with
cis, trans-ee: m = 2, trans-aa: m = 1.

A torus is the stereogenic projection of the
inverse image of a circle of 2-sphere latitude, having
four characteristics circles: meridian, parallel and
two Villarceau circles. Circles usefully for
calculation angles from proton and carbon chemical
shift or construction the six sets on two units [3].
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RESULT AND DISCUSSION

Two circles (oo, Po) intersecting each other on
the point Pe¢ are transversal, and after moving the
point P slightly along a geodesic in the normal
direction to the circles can be drawn other two
circles (ac, Pe) through the resulting point P’ of ¢.
The pairs (o, Po), (oo, Be) has 2 distinct intersecting
points near P, points arbitrarily close to P with
transversal circles through them as presented in
Fig. 1 [4], two circles of torus and two circles of
Dupin cyclide. Each point of the smooth closed
surface homeomorhic to either a sphere or a torus
(¢ €R® able to build 4 distinct circles fully
contained in the surface is a cyclide. Takeuchi
claim that a surface with 7 circles through each
point is a sphere [4].

Fig. 1 — A) Torus circles intersecting Dumpin cyclide circles;
B) Two angles of sets CT and CD.

The inversion of a ring torus is the image of
ring Dupin cyclide, non-spherical algebraical
surface of degree four[3].

The circles a., Bo reassemble the intersection of
two right triangles inscribe on them, two half acute
angle of rhombic dodecahedron which can be
placed on two different sets under 3-sphere
approach. The circle Bo results from the tangent of
circle a., two intersecting circles on two points (M,
M’) having four triangles between center (c, C') of
circles o, Po and the points M, M’ (Fig. 1B). The
circles o and B drawn concentric on the interior of
circle o and nonconcentric on the interior of circle
Bo reassembles the intersection of a torus with a
Dupin cyclide (Fig. 1A). The angles 6°T and 0¢P
are equals with angles C10A" and T10”', angles of
sets A resulting from sin function in the first case
and tan function in the second case.
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dinas N A @ UM 18 guIR2
trans-ee S ot 24 g U1a3 2B: g 018
rimsee N 1A uias ®1p o U1B4
trans-aa  \ -/ Dr4 g ULAS [ ®2B @ UIBS
trans-aa C TR Dig , viBs

@ U146 0

Fig. 2 — Six angles with cis, trans stereochemistry
on two sets A, B.

Six angles with cis, trans-ee, trans-aa
stereochemistry can be drowned on three
concentric cons, solid angle versus conic section;
after decomposition in two circles, conic section
reassembling the trigonometric eq. 2, the square of
the solid angle is replaced by the sphere equation.
Considering only the east side of the circles with
positive angles, namely sets A, B, the
trigonometric equations 2-5 [5, 6] have angles of
set A equals with ¢ and angles of set B equals with
OnnHner deg in combinations characteristics for all
stereochemistry of the HCCH fragment. Sets A and
B result from the sin and cos functions in case of
torus circle and from the tan and inverse of tan
function in case of the Dupin cyclide circle.

Eq. 3: tan-1sin(—¢) = Onnrn+t
Eq. 4: sin"}(cot(—d)) = Onnmn+1
Eq. 5: sin“(tan(—4)) = OnnHn+1

trans-aa® % Ounrnss ™™ = —180 — Opnpinss ™
trans-ee 32 Opnune™™ = —90 —/+ OpnHne1™®

All cis, trans stereochemistry results from the
trigonometric equations 2-5 [5, 6] are found on six
sets angles on two units U1 and S1 (sometimes on
seven sets on one-unit U1 or S1). Seven sets unit
contain three units of three sets angles: 1. A, B, C;
2.D,E, A; 3. F, G, B; Uor S or combination of U
or S. The number of units increasing until the
calculated dihedral angles is almost equal with the
predicted one. The unit C1 or T1 are equals with
Ul or S1 if one of the first angle of seven sets
angles are higher or smaller as 5 deg (Fig. 3). The
Java Script program for transformation from unit U
to unit S and unit S to unit U was published
already [1].

QCINi op @T1Ni E
BN = f(sin'Rm), 97N = f(tan-'Rm)
N=4,B,C,D,EFGi=6

Fig. 3 — Six sets angles one two units, C16A" and T164': unit

C1 with one angle calculated from sin function, unit T1 with

one angle calculated from tan function; C1 or T1 = U1 if one
angle 0N > 1 and C1 or T1 = S1 if one angle 6N < 1.

The circle inversion egs. 3-5 enable calculation
for one vicinal coupling constant 3Juy Hz all the
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isomers. Two torsional angles with trans-aa®*
stereochemistry between 2Jun of 6 — 6.3 and 7.1 —
7.9 Hz with negative sign [6] are prove for circle
inversion, demonstrated with conformational
analysis [6] on D-, L-talonic acid [7] or on D-,
L-ribitol [8] series (Fig. 4), relative to one torsional
angle with positive sign result from eqg. 1, or
alternatively directly the dihedral angle from eq. 2.
For examples, for a vicinal coupling constant of
26Hz from eqg. 1 result a gauche angle of
62.96 deg with positive sign, instead of cis as
recorded experimentally [7], negative cis angles
resulting only from eq. 3 (-24.447 deg) and 5
(-30.69 deg). The conformation of 2,6-dideoxy-

Table 1

2,6-imino-D and L-talonic acid 1D, 1L can’t be
established with molecular models using dihedral
angles calculated with eq. 1, 2 from recorded
cis/trans stereochemistry, introduction of the
circles inversion egs. 3-5 giving a good correlation
between recorded vicinal coupling constant and the
sign of the dihedral angles (Table 1). D-talonic
acid 1D has boat conformation B%2 in case of cis
recorded 3Jusna = 2.6 [Hz] and skew S° in case of
gauche angle On3na = 62.96 [deg] result from eq. 1.
L-talonic acid 1L has skew S% conformation on
Stoddart’s diagram [9]. The sign around the six
membered ring reported in literature indicate skew
conformation instead of B%3 [10].

Predicted dihedral angles 6n+1 deg of D-talonic acid 1D and L-talonic acid 1L

HnHn+1 3JHH OHnHn+1 3JhH OHnHN+1
[HZ] [deg] [HZ] [deg]
1D 1L
cis-HiH> 3.8 —39.10%94 3.8 32.23¢ea1
trans-HiH» 7.7 —143.56°4 7.7 149.29¢0-2
trans-HzxHs 7.3 143.29¢02 7.3 —141.28¢a3
—131.786844
cis-HzHa 2.6 —24.44¢%13 2.4 —21.37¢03
—30.69¢45 —25.169845
trans-HsH4 2.6 62.96¢81 2.4 66.96¢81
) trans-HaHs 6.4 —146.7583 6.0 126892
7. 1D: B3 cis/trans HiH2 — trans HzHs — cis HzHa4 — trans HaHs
—39/-143.56, 143.29, -30.69, —146.75
8. 1L: S3; cis/trans HiH2 — trans HaH3 — cis HsH4 — trans HaHs
34.24/149.29, —-141.28, -21.37, 126

OH
OH H A H H H
oA 0T N A o N._M M
HO HC:) OH HO ud OH HO: "OH HO OH
1D L 2D 2L

Fig. 4 — Six 1 (D, L talonic acid) and five membered ring
iminocyclitols 2 (a-D, B-L ribitol).

For vicinal coupling constant of 8.8 Hz the
dihedral angles Ousns calculated with Karplus
equations [9] are trans-aa®? and trans aa®! with
positive sign, and from 3-sphere equations trans-
aa®! with positive and negative sign in agreement
with Onsna Of D, L ribitol stereochemistry [8] and
trans-aa®? with positive sign.

Karplus equations [11]: 3Jun = 8.8 Hz

Eq. 6[12] 3Jun = 9.5c05%0 — 0.28: 132.13 deg

Eq. 7[13] %Juw = 1.1 + 17c0s%0: 167.70 deg

Eq. 8[14] 3Jun = 7.76c0s%0 — 1.1cos + 1.4:137.7 deg
3-Sphere equations [5]: ¢ = (8.8)% = 77.44 deg

Eq. 1: sincosp = 167.44 deg,  p L-ribitol

Eq.4:  sin(cot-¢) =-167.12 deg, o D-ribitol
Eq. 3: tan(sin-¢) = 135.69 deg

The 3-sphere dihedral angles with trans-aa
and trans-ee stereochemistry results from
“torsional angles”, the corresponding cis angles
+/-180 deg (eq. 2U) for trans-aa or +/-120 deg
for trans-ee, relationships between dihedral angle
on set A and vicinal angle on set B and viceversa.
3-Sphere trans-ee dihedral angles results from
trigonometric equations are ee®! and ee** relative
to convention rule ee*?and ee*!. Way the tans-aa
angles are not under +/-120 deg? Certainly, on
conformational analysis with molecular models
are used dihedral angles and not torsional angles
as on Altona model [15]; eq. 1 giving the
corresponding cis angle which must be subtracted
from 180 deg and the eq. 2 the trans-aa dihedral
angle. The 3-sphere dihedral angles are cis
torsional angles used recently on conformational
analysis [16].

In Table 2 are presented angles of six sets on
two units CINi, with units S1 and Ul
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calculated for a vicinal coupling constant of 0.1
Hz. The Hopf coordinates (I) applied on
cis/trans-aa®! stereochemistry reveals the
relationship between cis/trans®! and cis/trans®?

cis/trans-aa®!  stereochemistry, analog to
cis/trans-aa®>2,  quaternionic  multiplication
$3—S7—S* for both, totally R*® octonionic Hopf
fibration S’— S¥®—-S® with 0YA® = ¢ and

of 180 deg. R* complex Hopf fibration for 0Y283 = Opnmn+1.
Table 2

Six sets angles C1Ni on two units SINi and U1Ni calculated for a vicinal coupling constant of 0.1 Hz
Entry @SINi @S1AI QS1Bi gsici Entry QUINI QUIAI Qu1BI guici
1. SNt 29.95 0.04 0.08 9. guINt 10.01 19.98 20.02
2. SN2 30.04 59.95 59.91 10. guIN2 49.98 40.013 39.97
3. pSIN3 89.96 60.04 60.08 11. QUINS 70.01 79.98 80.02
4. gStN4 90.04 119.96 119.91 12. QuIN4 109.98 100.01 99.97
5. pSINS 149.95 120.04 120.91 13. QUINS 130.01 139.98 140.02
6. pSING 150.04 179.95 179.92 14. QuING 169.98 160.01 159.97
7. ¢2 59.91 0.08 0.16 15. ¢2 20.02 39.97 40.01
8. $1/2 0.04 29.95 29.91 16. $1/2 19.98 10.01 9.97

*180 — 90.04 = 89.96 deg; 90 + 0.04 = 90.04 deg, 90 — 0.04 = 89.96 deg

Cis/Trans-aa®* — Hopf coordinates | (eg. 2U):
Xo = c0s0Y1485in—QUIB3 X, = sin@Y1A8singuiAe
i.e.: cos1sin—-79.986 = 169.986 deg
sin1sin169.986 = 10.013 deg

180 — QUIAL=QUIAG; j e.:180 —10.013 = 169.986 deg
Xo = cosfYAsingY1BE X5 = sinfYAlsingViAL
i.e.: cos1sin79.986 = 10.013.

Between 1.2 — 2.5 Hz dihedral angles are on
unit U with trans-ee** stereochemistry, the Hopf
coordinates | (eq. 2aU) ensuring the calculation of
the dihedral angles trans-ee*! from 9Y*A! and 9Y*B!
in agreement with the algebraic equations 11c [1],
OUIAL = (15/2 and 0Y1B! = ¢14/2. Hopf coordinates |
(eq. 2bU) gives the dihedral angles with trans-ee*?
stereochemistry but totally in disagreement with
algebraic equation 11d.

Cis/Trans-ee** — Hopf coordinates | (eq. 2aU):

Xo = cosOYB4sin—(0YIAY), X1 = sin0YiB4singViB4  (2aU)
with QYA positive in sign
X2 = cosOYA4sin—(U1BY), X3 =sin@VA%inQVA4  (2aU)

with QY181 positive in sign;

Cis/Trans-ee**— Hopf coordinates | (eg. 2bU):
Xo = cosOY1B3sinQYAL X3 = sinfY1B3%ingYBS  (2bU)
X2 = cos@U1A3sinQYIBL X3 = sinfY143%in0YA3 . (2bU)

The transformation unit Ul to unit S1 gives
angles with trans-ee®? stereochemistry since ¢U* =
Y — $:1Y%2 < 5 deg. Hopf coordinates | (2bS)
indicate trans-ee®? in unit S if ¢ has positive sign
and trans-ee®* if ¢ has negative sign, in
comparation with Hopf coordinates | (eg. 2aS) and
Il (eq. 1S) where both negative or positive ¢Y* are
under trans-ee*? stereochemistry. Between 0 —
1.1 Hz and 2.6 — 2.7 Hz dihedral angles trans-ee®?

are on unit S1. Unit S1 is builds for ¢V = 95IN! <
5 deg, gauche angles resulting between 0 — 0.8 Hz
(60.04 — 63.24 deg) and 2.6 — 2.7 Hz (62.96,
60.84 deg).

Trans-ee*?, -ee**— Hopf coordinates | (eq. 2S):
Trans-ee®2: Xo = cos05A3sin(—0S1BY),
X! = sin@SMA3sinQStAS

i.e.: coslsin—(~0.040) = 89.96 deg
Trans-ee®?: Xo = c0s05A3sin+051B?,
X1 = sinf3M43sinQS1AS

i.e.: cos’sin+0.040 = 89.96 deg
Trans-ee**: Xo = cosf5Msin(-951BY),
X1 = sinfS™A4sin@S1A4

i.e.: cos’sin—0.040 = 90.04 deg

Equation 2aS$ is equivalent with 05144 = 180 — 65143,
Negative algebraic angle giving also trans-ee3?
stereochemistry.

(2aS)

(2bS)

(2bS)

Trans-ee>? — Hopf coordinates 1l (eq. 1S):

1S: Trans-ee32: Xo = sin@5A3cos+05181, X1 = sin0S*A3sin0S1AS
i.e.: sin"tcos+0.040 = 89.96 deg

1S: Trans-ee32: Xo = sin@51A%cos(—051BY), X1 = sin0S1A%sin0S1A4

i.e.: sin"lcos—-0.040 = 89.96 deg

with 65141 and 058! negative in sign for trans-ee**
stereochemistry if ¢» < ¢1/2 (eg. 2bS) and the
gauche angle positive.

Excepting the rule of ¢, positive angle result
from egs. 1, 2 and negative angles from egs. 3-5.
From unit S calculated only from vicinal coupling
constant, the transformation S to U don’t give
information about the sign of ¢U%. In case of egs. 3-5
the tan function is compatible with transformation
S to U or on seven sets angles sequence U-S-U.
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Start

il Hz]

Calculate vicinal angle

| cis, trans-ee: ® =7(723£5.I,"m)2 |

Yes

cis )

No

N Yes
trans-ee :

No

frans-aa

Calculate Dihedral angles cis:

Eq. I: [sin(cosd)] = Opprinss

Calculate Yes
dihedral [
angles
No [

Calculate torsional angles
Eq. 3: [tan”(sin-p)] = 0.,
Eq. 4: sin"!(cot(-d) = O™

A

Dihedral angles trans-ee’?, ee*!: —
Eq. 1: [sin'(cosd)] = Oy B
Eq. 2: [cos™(sin-0)] = Oyypini

Dihedral angles cis: N A

"

= sisd ] -3.2 ‘ _
Bt = Optarns 1™

— |Calculate dihedral angles frans-ee*?, ee*!:

. . 8. ain-l = mnv2 / g
Calculate vicinal angle Eq. 5: sin!(tan(-9) = Oy | Ontattncs = +-90 = 811, Bt = Opgaatn ™
trans-aa: ® = (*Jyy)? [
) B
Calculate L - -
acculale Dihedral angles trans-aa®’, aa*=:
dihedral S s C
angles \Eq. 2: [cos™(sin-0)] = Bpyugne
No
. Dihedral angles cis: -
Calculate torsional angles £ e E— A
) — e - e " cis6.1 -5.2 L B
Eq 3: [tal'l_l(Slﬂ-d))] — enn*'lm\l nn+1 HnHn+1
- qin-1 2 = im?2 > = | >
A.B.C Eq. 4: sin”(cot(-¢) = Bpyaptn-1 Calculate dihedral angles trans-aa®’, aa’?: C

Eq. 5: sin!(tan(-9) = Ozt ™

Buntine1 = +/-180 = Orny1, Bt = Optapiny ™ N

Print

Stop

Scheme 1 — Flow-chart for prediction dihedral angles with 3-sphere approach and Java Script.

The differences between 3-sphere trigonometric
equations under 180 deg for trans-aa
stereochemistry and 90 deg for trans-ee
stereochemistry and Karplus angles under 120 deg
(egs. 6-8), in contradiction to IUPAC rule: trans-
ee*’ and -ee*? stereochemistry, was overcome
considering trans-aa stereochemistry under 180
deg and trans-ee stereochemistry under 120 deg
(egs. 9, 10) [5]. The presented trigonometric
equations are in agreement with algebraic
equations 11 [1].

Qtrans-ee32 = 120 — eHnHN+1trans-ee3,2 (9)
ecis—aaG,l - 120 _ 9HnHN+1trans—ee4,1 (10)

Algebraic equations 1la—c for dihedral angles
with cis-, trans-stereochemistry on unit U and S:

cis/trans-aa®!: dass1 = 60 + ($17/2) (11a)
cis/trans-aa®2: daas2 = doa + (¢ 14/2) (11b)
cis/trans-ee*!: ¢ees1 = dp1a/2 = 082 (11c)
cis/trans-ee32: dees2 = 2 — ($114/2) (11d)
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<IDOCTYPE htmi>

<htmb>

<head>

<title>A Java script including HTML< title>

</head>
<body style ="background-color:LightGrey; ">

<p id="demo"></p>
<p>Click button to:</p>
<button onclick = "window.print()*>Print this page.</button>

<button type="button"onclick="document.getélementByid('demo’).innerHTML =
Date(}">Date and Time.</button>

<h3>Java Script program for calculation dihedral angle from NMR data with 3-
sphere approach and skew circles.</h3>

<ha>Step 1:<i>Program for prediction dihedral angle from vicinal coupling
constant.</i></ha>

</body>

<script type="text/javascript™>
//File name Dihedral angle (deg].html
//Program that predict dinedral angles[deg]

var usedataln
usedatalA = prompt (*The value of cis vicinal coupling constant{Hz]")
usedataA = prompt ("The number of protons HnHn+1")

[lcakulate the value of X

var X = usedata 1A"usedata14;//value of X

if (X < 100

var X = usedata 1A *usedatal;//value of X

var BCd = 4*X;//angle of set B in deg

var BCr = (BCd)*(0.017453292);/fvicinal angle BCr{rad]

var Rmc = Math.cos(BCr;/value Rmc in radians

var ACr = Math e ACr{rad] with cis

var ACd = (ACr)*(57.29577521);//dihedral angle ACd[deg] with cis
stereochemistry

document.write("<hd><i>Dihedral angle cis{deg).</i></h4>")
document.write("<p><b>The <i>cis</i> wcinal coupling constant
P L / " usedatalA)
document.write("<p><i>cis</i>-HnHn+1:",usedataA)
document.write("<p>The angle of set B, the vicinal angle BCd[deg]:"+BCd);
document.write("<p>The angle of set A, the dihedral angle <i>cis</i>

var X = undefined;//value of X

[[cakulate the inversion |

var BC1 = [4*(usedatalA*usedata1A)];//angle of set B in deg

var BCn = (BC1)*(0.017453292);//vicinal angle BCn|rad)

var Rm1c = Math.sin(-8Cn);//value Rm1c in radians

var Ac = Math.atan{Rm1c);//dihedral angle Ac[rad] with cis stereochemistry
var AC1 = (Ac)*(57.29577521);//angle of set A, the dihedral angle AC[deg]

document write("<hd><i>The inversion |, cis{deg).</i></h4>")
document write(*<p>The angle of set B, the vicinal angle BC1{deg):*+BC1);
document write("<p>The angle of set A, the <i>cis</i> angle AC1(deg]:*+AC1);

[fcakulate the inverseion 1t

var BC2 = [4*{usedatalA® usedata1A]];//angle of set B in deg
var BC = (BC2)*(0.017453292);//vicinal angle BC[rad]

var Rm2c = Math.tan(-8C);//value Rm2a in radians

var Rm2 = Rm2c;//value Rm2 in radians
if (Rm2c < 0)f
var Rm2 = Rm2c;//value Rm2 in radians
if (Rm2c < -1.0){
var Rm2 = 1/Rm2¢;//value Rm2 in radians

else(
var Rm2 = Rm2c;//value Rm2 in radians
1

i

else(

var Rm2 = 1/Rm2c;//value Rm2 in radians

1

var AnC = Math.asin(Rm2);//dihedral angle AnClrad] with cis stereachemistry
var AC2 = (ANC)*(57.29577521);//angle of set A, the dihedral angle AC2(deg]
if (AC2 < 60){

var AC2 = (AC)*(57.29577521);//angle of set A, dihedral angle cis AC2[deg]

}

else(

var AC2 = trans-ee;//angle of set A, trans-ee

i

document.write("<hd><i>The inversion Il cis(deg).</i></h4>")
document.write("<p>The angle of set B, the vicinal angle BC2[deg):*+BC2);
document.write("<p>The angle of set A, the angle <i>cis</i> AC2[deg]:"+AC2);

var usedata28
usedata28 = prompt ("The value of trans-ee vicinal coupling constant]Hz]")

usedataB = prompt (“The number of protons HnHn+17)

[lcakulate the value of X

var ¥ = usedata2B*usedata28;//value of Y

if (Y < 100

var Y = usedata2B*usedata2s;//value of Y

var BTed = 4°Y;//vicinal angle BTed[deg]

var BTer - (BTed)*(0.017453292];//vicinal angle BTer(rad]

var RmTe = Math.cos{BTer);//value RmTe in radians

var ATer = Math.asin(RmTe);//dihedral angle ATer{rad] with trans-ee
stereochemistry

var ATed = (ATer)*(57.29577521);//dihedral angle ATed[deg] with trans-ee3,2
stereochemistry

var ATeed = 180 - ATed;//dihedral angle ATeed|deg] with trans-eed,1
stereochemistry

document write("<hd><i>Dihedral angle trans-ee[deg).</i></n4>")
dacument.write{"<p><b>The <i>trans-ee</i> vicinal coupling constant

/ " usedata2s)
document.write("<p><i>Trans-ee</i>-HnHn+ 1:", usedataB)
document.write("<p>The angle of set B, the vicinal angle BTed[deg]:"+8Ted);
document.write{*<p>The angle of set A, the dihedral angle <i>trans-
ee</i><sup>3,2¢/sup> ATed(deg]:"+ ATed);
document.write("<p>The angle of set A, the dihedral angle <i>trans-
ees/i><sup>4, 1</sup> ATeed[deg):"+ATeed);

)

else(

varY = undefined;//value of Y
1

/fcalkulate the inversion |

var BE1 = [4*(usedata2B* usedata28)];//angle of set B in deg

var BEn = (BE1)#(0.017453292);//vicinal angle BEn|rad]

var Rme1 = Math sin(-BEn);//value Rme1 in radians

var AEn = Math.atan(Rme1);//dihedral angle ATn[rad] with trans-ee
stereochemistry

var AE1 = (AEn)*(57.29577521);//angle of set A, the dihedral angle AE1[deg]

var A1E = -90 - AE1;//dihedral angle A1E[deg] with trans-ee stereochemistry
i (AE1 < 0){

var A1E = -90 - AEL;//dihedral angle A1E[deg] with trans-ee stereochemistry
)

else(

var A1E = 90 - AE1;//dihedral angle A1E[deg] with trans-ee stereachemistry
1

var A1EE = -(180 + A1E);//dihedral angle A1EE[deg] with trans-eed,1
stereochemistry

document.write("<hd><i>The inversion |, dihedral angle trans-ee[deg].</i></hd>"}

document.write("<p>The angle of set 8, the vicinal angle BE1[deg]:"+BE1);
document.write("<p>The torsional angle of set A, the torsional angle
AE1[deg]:"+AE1);

document.write("<p>The angle of set A, the dihedral angle <istrans
ee<fi><sup>3,2</sup> ALE(deg):"+ALE);

document.write("<p>The angle of set A, the dihedral angle <i>trans-
ee</i><sup>4, 1¢/sup> ALEE(deg]:"+ALEE);

[[cakulate the inversion Il

var BE2 = [4*(usedata2B*usedata28)];//angle of set B in deg
var BE = (BE2)*(0.017453292);//vicinal angle BE[rad]

var Rm3e = Math.tan(-BE);//value Rm3e in radians

var Rm3 = 1/Rm3e;//value Rm3 in radians

if (Rm3 > 1)

var Rm3 = 1/Rm3e;//value Rm3 in radians
1

else(

var Rm3 = Rm3e;//value Rm3 in radians

)

Var AnE = Math asin(Rm3);//dihedral angle An€|rad] with trans-ee
stereochemistry
var AE2 = (AnE)*(57.20577521);//angle of set A, the dihedral angle AE2[deg]

var A2E = -90 - AE2;//dihedral angle A2E[deg] with trans-ee stereochemistry
if (AE2 < 0){

var A2E = -90 - AE2;//dihedral angle AZE[deg] with trans.ee stereochemistry
)

else(

var A2E = 90 - AE2;//dihedral angle A2E(deg] with trans-ee stereochemistry
)

var A2€E =-{180 + A2€);//dihedral angle A2EE[deg] with trans-eed,1
stereochemistry

document.write(*<ha><i>The inversion I}, dihedral angle trans
ee[deg).</i></ha>")

document.write("<p>The angle of set B, the vicinal angle BE2[deg]:"+8E2);
document write(*<p>The torsional angle of set A, the torsional angle
AE2[deg]:"+AE2);

document.write(*<p>The angle of set A, the dihedral angle <i>trans
ee</i><sup>3,2</sup> A2E[deg): "+A2E);

document.write(*<p>The angle of sat A, the dihedral angle <i>trans
eec/i><sup>4, 1</sup> AZEE[deg):"+A2EE);

var usedata3C
usedata3C = prompt ("The value of trans-aa vicinal constant coupling[tz]”)

usedataC = prompt {“The number of protons HnHn+1")

Jcalculate the vicinal angle BTd[deg]
var BTd - usedata3C*usedata3C;//angle of set B in deg

if (BTd < 150)(

var BTd = usedata3C*usedata3C;//angle of set B in deg

var 8Tr = (BTd) *(0.017453292);//vicinal angle BTr[rad]

var Rmta = Math.sin(-BTr);//value Rmta in radians

var ATr = Math, angle ATr[rad) trans-aa
stereachemistry

var ATad = (ATr)*(57.29577521);//angle of set A, the dihedral angle ATad[deg]
var ATd = ATad;//the dihedral angle ATd[deg] with trans-aa stereochemistry
if (BTd <81}

/fcalkulate the angle of set A, the dihedral angle ATd[deg]

var ATd = ATad;//dihedral angle ATd[deg]

i

else{

Jfcalculate the angle of set A, the dihedral angle ATd[deg]

var ATd = -ATad;//dihedral angle ATd[deg]

i

document write(*<ha><i>Dihedral angle trans-aaldeg].</i></ha>")
document.write("<p><b>The <i>trans-aa</i> icinal coupling constant

* usedata3c)
document.write("<p><i>Trans-aa</i> HnHn+1:",usedataC)
document write("<p>The angle of set 8, the vicinal angle BTd[deg]:"+8Td);
document write(*<p>The angle of set A, the dihedral angle <i>trans-aa</i>
ATd[deg]:"+ATd);

1

else{

var BTd = undefined;//value of BTd
i

/fcakulate the inversion 1, vicinal angle BT1(deg]

var BT1 - (usedata3C *usedata3C);//angle of set B in deg

var BTn = (BT1)*(0.017453292);//the vicinal angle BTn{rad]

var Rm1a = Math.sin(-8Tn);//value Rm1in radians

var ATn = Math atan(Rm 1a);//dihedral angle ATn[rad] with trans-aa
stereachemistry

var AT1= (ATn)*(57.20577521);//angle of set A, the dihedral angle AT 1{deg]

var A1T = -180 - AT1;//dihedral angle A1T[deg] with trans-aa stereochemistry
if (AT1<0){

var A1T = -180 - AT1;//dihedral angle A1T[deg] with trans-aa stereochemistry
i

else(

var A1T = 180- AT1;//dihedral angle A1T[deg] with trans-aa stereochemistry
I

document write("<ha><i>The inversion I, dihedral angle trans-aaldeg).</i></n4>")

document write("<p>The angle of set B, the vicinal angle BT1(deg]:"+8T1);
document write("<p>The torsional angle of set A, the torsional angle
AT1[deg):"+AT1);

document. write("<p>The angle of set A, the dihedral angle <i>trans-aa</i>
A1T[deg]:"+A1T);

//calculate the inversion Il, vicinal angle BT2[deg]

var BT2 = (usedata3C *usedata3C);//angle of set B in deg
var BT = (BT2)*(0.017453292);//the vicinal angle BT(rad]
var Rmda = Math.tan(-8T);//value Rm4a in radians

var Rm4 = Rmda;//value Rm2in radians

if (Rmda < 0){
var Rm4 = Rmda;//value Rm?2 in radians
if (Rmaa <-1.0){
var Rmd = 1/Rm4a;/fvalue Rm2 in radians
1
else
var Rmé = Rmda;//value Rm2 in radians

]
else{
var Rmd = 1/Rm4a;//value Rm2 in radians

i

var AnT = Math.asin(Rm4);//the dihedral angle AnT{rad] with trans-aa
stereachemistry
var AT2 = (AnT)*(57.29577521);//the angle of set A, the dihedral angle AT2{deg]

var A2T = -180 - AT2;//dihedral angle A2Tdeg] with trans-aa stereochemistry
if (AT2<0)

var A2T = 180 - AT2;//dihedral angle A2T[deg] with trans-aa stereochemistry
i

else{

var A2T = 180 - AT2;//dihedral angle A2T(deg] with trans-aa stereochemistry
i

document write("<h4><i>The inversion Il dihedral angle trans-
aa[deg].</i></ha>")

document write(*<p>The angle of set B, the vicinal angle BT2(deg]:"+8T2);
document.write("<p>The torsional angle of set A, the torsional angle
AT2[deg):"+AT2);

document.write("<p>The angle of set A, the dihedral angle <i>trans-aa</i>
A2T(deg):"+A2T);

alert("Hello World
<fscript>
</html>

Fig. 5 — Java script program PREDICTIEACS2022.txt for prediction dihedral angles from vicinal coupling constant 3Jun Hz.

The flow-chart for prediction dihedral angles
with 3-sphere approach (Scheme 1) starts with
calculations of the vicinal angle for cis and trans-
ee stereochemistry from vicinal coupling constant
3JunHz. In case of cis, trans-ee stereochemistry the
3-sphere angles are calculated with eg. 1 and in
case of trans-ee stereochemistry with egs. 1-2.

From egs. 3-5 results cis angles or trans-ee after
multiplied or subtracted ¢ from +/-90 deg. The
vicinal angle  calculated for  trans-aa
stereochemistry from 3Juy Hz gives with eq. 2
dihedral angles with trans-aa stereochemistry and
with egs. 3-5 the corresponding cis angles
transformed in trans-aa under 180 deg rule.
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Results are display for all stereochemistry; R®2
Hopf coordinates covered by five trigonometric
equations for all isomers results from only one
vicinal coupling constant.

The Java Script program for prediction dihedral
angles from vicinal coupling constants 3Jun[Hz] is
presented in Fig. 5. Dihedral angles are calculated
for all cis, trans stereochemistry, and torsional
angles transformed in dihedral angles conformed
with Scheme 1. Java Script code and Notepad++
are used for realization of the program.

CONCLUSION

Dihedral angles with corresponding
stereochemistry and sign can be predicted only
from vicinal coupling constant 3Junun1[Hz],
introduction the chemical shift [1] in step 2 giving
differences no more than 2 deg, a decisive step in
analysis all aspects of stereochemistry under
3-sphere theories on next steps. In step two with
conic section, Vilarceau circles [1] or rectangle
equations [17] can be calculate from carbon and/or
proton chemical shift the first angle of unit U or S.
In step three are builds units U and S until the
calculate angle is almost equal with the predicted
one. Step 4 is just a verification step for calculation
of the vicinal coupling constant from calculated
dihedral angle. The positive (egs. 1, 2) or negative
(eg. 3-5) sign in case of five and six membered
ring can be established with molecular models.
From Java script program for prediction dihedral
angle from vicinal coupling constant (vicinal
angle) results six angles for only one vicinal
coupling constant. Pdncare conjunction — Lie
algebra fitting well into the wave character of the
NMR data, characteristics are torsional angles
under 180 deg for cis/trans-aa or 120 deg for
cis/trans-ee stereochemistry on two sets angles,
particularly two intersecting circles. That be
mentioned the Java Script programs with its
trigonometric and algebraic equations work
properly for vicinal coupling constants 3Jun
between 0 — 6.1 Hz for cis and trans-ee
stereochemistry and between 5.5 — 13.4 Hz for
trans-aa stereochemistry. Higher 3Juy = 7.5 Hz for
cis stereochemistry or smaller 3Juy = 4.5 Hz for
trans stereochemistry are recorded to date, the
algebraic and trigonometric equation for cis 3Jun

between 2.8 — 6.1 Hz considered in this paper
becomes compatible for trans stereochemistry, and
viceversa.

Acknowledgements. We all are gratefully to Professor Robert
Michael Moriarty for great collaboration over time, and for
great time spend in his lab at University of Illinois at Chicago.

REFERENCES

1. C.-I. Mitan, E. Bartha, C. Draghici, M. T. Caproiu, P. Filip
and R. M. Moriarty, Sci. J. Chem., SciencePG, 2022, 10,
21; DOI: 10.11648/j.sjc.20221001.13.

. E. Bartha, C.-1. Mitan, C. Draghici, M. T. Caproiu, P. Filip
and R. Moriarty, Rev. Roum. Chim., 2021, 66, 178; DOI:
10.33224/rrch.2021.66.2.08.

3. L. Garnier, H. Barki, S. Toufou and L. Puech, Computers
and Mathem. Appl., 2014, 68, 1689;
doi.org/10.1016/j,camwa.2014.10.020.

4. F. Nilov and M. Skopenker Algebraic Geometry 15 aug
2012; doi.org/10.48550/arXiv.1110.2338.

5. C.-l. Mitan, E. Bartha, P. Filip, C. Draghici, M. T. Caproiu
and R. M. Moriarty, ACS National Meeting in Chicago,
IL, August 21-25, 2022, CARB 3717557, 22 august 2022;
doi.org/10.1021/scimeetins.2c00876.

6. C.-1. Mitan, E. Bartha, P. Filip, C. Draghici, M. T. Caproiu
and R. M. Moriarty, ACS National Meeting in Chicago,
IL, August 21-25, 2022, CARB 3717658, 22 august 2022,
doi.org/10.1021/scimeetings.2c00523.

7. B. M. Malle, I. Lundt and T. M. Wrodnigg, Org. Biomol.
Chem., 2008, 6, 1779; doi.org/10.1039/B719631H.

8. R. M. Moriarty, C. I. Mitan, N. Branza-Nichita, K. R.
Phares and D. Parrish Org. Lett, 2006, 8, 3465;
doi.org/10.1021/0l061071r.

9. X. Biamés, A. Ardéval, A. Planas, C. Rovira, A. Laio and
M. Parrinello, J. Am. Chem. Soc., 2007, 129, 10686; DOI:
10.1021/ja068411o0.

10. F. H. Cano, C. Foces-Foces and S. Garcia-Blanco,
Tetrahedron, 1977, 33, 797; doi.org/10.1016/0040-
4020(77)80195-6.

11. B. Coxon, Adv. Carb. Chem. Biochem., 2009, 62, 17;
doi.org./10.1016/50065-2318(09)00003-1.

12. M. Karplus, J. Chem. Phys., 1959, 30, 11;
doi.org/10.1063/1.1729860.

13. M. Barfield and M. Karplus, J. Am. Chem. Soc., 1969, 91,
1; doi.org/10.1021/ja01029a001.

14. C. A. G. Haasnoot, F. A. A. M. deLeeuw and C Altona,
Tetrahedron, 1980, 36, 2783; doi.org/10.1016/0040-
4020(80)80155-4.

15. J. B. Houseknecht, C. Altona, C. M. Hadad and T. L.
Lowary, J. Org. Chem., 2002, 67, 4647,
doi.org/10.1021/jo025635q.

6. C.-1. Mitan, E. Bartha, P. Filip, C. Draghici, M. T. Caproiu
and R. M. Moriarty, Rev. Roum. Chim., 2022, 66, 941;
DOI: 10.33224/rrch.2021.66.12.07.

17. E. Bartha, C.-I. Mitan,C. Draghici, M. T. Caproiu, P. Filip
and R. M. Moriarty, Rev. Roum. Chim., 2022, 67, 167;
DOI: 10.33224/rrch.2022.67.3.05.

N


https://doi.org/10.1021/ol061071r
https://doi.org/10.1063/1.1729860
https://doi.org/10.1021/ja01029a001
https://doi.org/10.1016/0040-4020(80)80155-4
https://doi.org/10.1016/0040-4020(80)80155-4
https://doi.org/10.1021/jo025635q




