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Abstract: 3-Sphere theory, a hypersphere in four dimensions, is applied for calculation dihedral angles with the right
stereochemistry and sign in D, -L ribitol series from proton and carbon chemical shift (Adx,xa+1[ppm], X = H, C) and vicinal
coupling constant CJinins1[Hz]) with Java Script. A method in three steps, easy to calculate by hand or with Java Script
program: 1. prediction of the dihedral angle only from 3 Jinine1[Hz], 2. calculation the angle of set A with manifold equation
(conic section, Villarceau circles) from chemical shift, 3. building of the seven sets unit or six sets units, from which is chose
an angle almost equal with the predicted one having its stereochemistry and sign. Angles of set A and set B, relationships
between vicinal angle and dihedral angle (X(-X;s) are introduced instead of polar angle and azimuthal angle in spherical
coordinates (eq. 1 versus eq. 3). Hopf coordinates, trigonometric equations, confirmed by algebraic equations are disclosed for
all cis-ae/ea, trans-ee, trans-aa stereochemistry. Octonionic fibration '8 8% in RIG, with real fibration S° —S' —S' as
unit, reassembles all possible stereochemistry gives by the HCCH fragment on two congruent disks, each centered on the
perimeter of the other with equilateral triangles as vertices. Complex Hopf fibration in R* ensuring the calculation of the
dihedral angle from vicinal angle and vice versa, demonstrating the relationships between sets A, B, C.

Keywords: 3-sphere, Hopf Fibration, Villarceau Circles, Dihedral Angle, Vicinal Angle, Vicinal Coupling Constant,
Java Script

90, II. trans-ee™’, trans-aa®', trans-aa™*: 6™ - 6" = 90. The
trigonometric equations and algebraic equation [4], under 3-
sphere and Lie group theories ensure a great correlation
between the vicinal coupling constant and the dihedral angle
with its corresponding sign and stereochemistry, using one
set angles (dihedral angle - 0", vicinal angle - ¢ = f(¢1a/2,
daa), OF two set angles (dihedral angle - 6", vicinal angle -
0®", n = 1-6) under +/-60[deg] rule. The vicinal angle result
from angles of three sets angles [3], demonstrate using
angular velocity representation in R* (Figure 1, III).

A method easy to calculate dihedral angles by hand or with
Java Script [3] in three steps: 1. Prediction of the dihedral
angle only from the vicinal coupling constant, a step which

1. Introduction

In strict definition, dihedral angle [1] result from the
geometric spatial representation of two protons on HCCH
fragment and other two imaginary proton, an angle at the
intersection of two plans. From the NMR data point of view,
dihedral angle with cis or trans stereochemistry can be drawn
on two congruent disks [2], each centered on the perimeter of
the other, having equilateral triangles as vertices (Figure 1, I,
II). Dihedral angle is in close relationship with the vicinal
angle [3], angle results from the vicinal coupling constant
3Jun [Hz] (Figure 1): 1. cis-ae, cis-ea, trans-ee™*: 0" + 05" =
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gives the sign without any ambiguity [5]. 2. Manifold
equations transformed the NMR data (the differences in
chemical shift between two atoms of carbon and/or protons)

with the predicted one, having the contribution of the
chemical shift, is added the sign of the predicted one. The
vicinal coupling constant can be calculated from the dihedral

in angle(s). 3. Construction of the unit with seven sets angles  angle, a way for verification at list the sign and
and the corresponding parallel unit. To the angle almost equal  stereochemistry.
YA
’ OHnHR+1 . OHnH+1 YB \ 2x0* = BC*
A N\ 0"
H cis-ea /H trans-ee*! 5
H cis-ae H (D trans-aa! 0% X
trans-ee*? frans-aa>* o 2x08 =@¢
a1 = {(0)[Hz] L 1. I, o
XA

Figure 1. Dihedral angles with cis and trans stereochemistry on two intersecting circles: I " + 8" = 90, I 6" - 8°" = 90, where 0" — dihedral angle[deg],

6°" —vicinal angle[deg], IIl. Angular velocity (6 # 6°) in R”.

cis-ed

1AL
A (] 0 1B
cis-ae 1A Qu1A2
. B
trans-ee’> D2a 11143
L (D 0 CD
trans-eet! 1A guias 1B
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1C
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D¢ | .
gUIB3 > guics £
QUiB4 Dic guics =
61,1155 ®ac eUICS
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Figure 2. Dihedral angle and vicinal angle on three sets angles A, B, C of unit Ul: V" = ¢,5/2, QUIBL = §1,/2, QUICI = g5, QUICZ = gy,

2. Method and Its Mathematic Theories
2.1. 3-Sphere Approach

Six dihedral angles with cis-, frans-stereochemistry, angles
of set A, can be inscribed on three concentric cons with two
characteristics angles ¢, and ¢, (Figure 2), angles of set B.
3-Sphere theory, a hypersphere in 4-dimension space, and Lie
group theory comprise on one circle: three set angles, from
north to south set A, from east to west set B, and set C with

three angles from set A and three from set B multiplied by
two (Figure 2). Totally 36 angles 6™" on one circle, where n =
1-6, N = A, B, C, with positive and negative angles. Four sets
angles on two units (U and S) ensures the calculation of the
dihedral angles for «cis-, ftrans- stereochemistry with
trigonometric equations, in agreement with differential
topology (Figure 3, I). In fact, six set angles on two parallel
units (U and S) as demonstrated with vicinal angles [3] for
cis-, trans-stereochemistry, two Veen diagram (Figure 3), six
circles on two units.

G
cis-ea trans-ee*!
T cis-ue
trans-aa™?

04(05)1 S~ gB(pa)1

trans-aa®!

trans-ee>?

Figure 3. I. Two manifold charts and their transition map: *Jyy = 3.1 [Hz], 51x(1/39) = 1.30769 = 1/0.76470 = 39x(1/51). II. Three set angles on two Veen

diagram - six circles on two units.

2.2. Hopf Coordinates

Trigonometric equations between two sets angles are
obtained from Euller tessellation, analog to Hopf coordinates
[2b, 6], embedded S* in C* (6, ¢1, ¢,). Relationships between
sets A, B, C can be demonstrated with quaternions (H),

Euler’s analog equation. Quaternions are points on R* and
for any point P in S’ the preimage s.h™(P) is a circle in S% [7]
A circle of latitude gives a torus (T? in R?), more circles of
latitude give tori. [8]

In the light of dihedral angle - vicinal coupling constant
relationship, under Hopf model [2b, 6] results the eq. 1 or 2
(equation as set of coordinates):
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X cosdsind, X; = sindsind )

X, cosBsing, X; = sinBsinB (2)

with ¢ = f(¢,/2,
angle[deg];

¢,) - vicinal angle[deg], 6 — dihedral

Cnx*

—) ©

Bn... (6" . Bn.. (8
X, = cosf”"sin (T)’Xl = sinf ”sm(
X3 = sinf4"sin (92 ) instead of X3 = cos@“‘"sm( ) @)

with 05" = 0UI™/2, A" = §<"/2, n = 1-6; 6°" - angle of set B,
0" —angle of set A, 0™ —angle of set C, 0™ # 0™

X = asinBcos@
Y = bsinBsing (5)
Z = ccos@

where 0 - polar angle[deg], ¢ - azimuthal angle[deg].

In this paper are introduced angles of set A and set B,
relationships between vicinal angle ¢ and dihedral angle 6,
or vice versa (Xo-Xs, eq. 1: ¢ = 0", eq. 2: 6 = 0*"), instead

gU1Cs

Xo= cosOU1B3sin9U1A6, X, = sinfV!B sin(

gU1C4

UlB2 ULAS UlB2
X, =cosf" "sinf” ", X5 =sinbd s1n(

C1

U1B1 UlA4 UlBl
X, =cosf" "'sinf” ", X5 = sinf (

gU1C1

Ul1B1 UlA3 UlBl
Xg=cos0™ " 'sin@ ", X; = sinf (

Usici
. SIBI SIA3 . nSIBI . (8 UIB
Xg = sinf c0s0” ™, Xo = sinf s1n( 5 ), Pee32

s1c1
SIBI S1A4 SIBI 6 UIB
X = sinb cos0” ™, X;; = sinb sm( 2 ), Pee32

gU1Cs

UIB3 _: UlAl . UIB3 _:
X, = cosO sinf~ ', X3 = sinf sm(

gU1C4

UiB2 _: UlA2 : UlB2 _:
X4 = cosO sinf~ ", X5 = sinf s1n(

Dihedral angles with positive sign or negative in east or
west side of the hypersphere are in R'® admitting the
coordinates Xg, X7 and Xy, X, for trans-ee stereochemistry
in units U and S, otherwise are in R'? in strict application
rule.

The trigonometric eq. 7 ensure a perfect relationship
between angles of set A and B for positive and negative
angles with cis- and trans-stereochemistry in relationship of
180[deg], but with equal ¢y for trans-ee™ and trans-ee*'
stereochemistry.

cos ™1 sin QUMND =g 7

cis/trans — aa®*: b aa

) (I)ddGl - 3, Onp =
> aaS 2 eUle e
)7 ¢ee41 eUlBl e

_ nUIBI
¢ee4,1 - e s eHH

) ¢aa1 6 9U1B3 e

) ¢ae25 - eUle e

of polar angle and azimuthal angle in spherical coordinates
(eq. 5), or coordinates for a right circular conic surface [9,
2c], or Euler angles [2d]. Hopf fibration [10-12] describe 3-
sphere in terms of circles and ordinary sphere. Four
dimensions (R*)[13], relationships between sets A and B,
complex Hopf fibration S'— S*—S?, a way to calculate
with eq. 1 angle A from angle B (8 from ¢), or with eq. 2
angle B from angle A (¢ from 0). R' from the cis/trans
stereochemistry point of view, octonionic Hopf fibration
S’— S8 —S® quaternionic multiplication S*—>S’—S*, with
real fibration S° —S' —S' as generalized 3-sphere Hopf
fibration (eq. 6: Xp-Xi5), a way to calculate angle in one
direction. Two set equations in R'® results for cis, trans
stereochemistry with positive and negative angles, because
the generalized R* octonionic Hopf fibration gives R*, and
unfortunately the sphere S*' don’t fiber [2b] over S'® with
fiber S'°. The Blakers-Massey element [14] mg S° —S°
depends on two quaternions with their extension to the
octonions through 74 (S”) and exotic diffeomorphism of s™.
In other word, two set equations in R'®, for each the Hopf
fibration 3-spheres on S*™! parallel to one another [10].

eUlAé’ (

gU1Cs

U1B3, 2
. ) 0 : trans-aa

U1C4
ulas (0 U1B2 52
=0 ( ) 0~ " trans-aa’”,
vic1
ulas (0 U1BI 4.1
=0 ( ) 0~ " trans-ee”’,
v1c1
Ulas (0 U1BI 32
=0 ( ) 0~ " trans-ee™”, (6)

s1c1
SIB1 siA3 (6 SIB1 32
=07, 0gg=06"", (T) =0"": trans-ee’”,

gS1cC1

_ nS1B1 _ nSI1A4
= 0", Oy = 05, (

SIB1 41
. ):9 : trans-ee””,

gU1Cs

eUlAl’ (

UIB3, . 16
2 ):9 : cis-ae/ea’”’,

gU1C4

eUlAZ, (

. ) =0V cis-aelea®

where m = 1 to infinite, n = 1-6, N = A, B, C; if §"™" ~
OUIAY ¢y = 05", with n =3, 2, 1 for 0V'A" positive, and n = 4,
5, 6 for 0V'*" negative.

2.3. Algebraic Equations

Algebraic equations can be expressed relative to angle ¢ =
f(¢1/2, ¢,) of the set A, set containing also the required
dihedral angle, or relative to angles 6 of set B (¢ = f(6")) or
C (¢ = f(6°", 6°"), in close relationships with set A.

Algebraic equations 8-10 for positive dihedral angles with
cis-, trans-stereochemistry:

61 = 60+ — ¢1A = pB3
083 = 60 + 0B = 9C1 0c2 +

®)

eBl
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cis/trans — aa®?:

cis/trans — aa®?: ¢, p32 =

¢
(I)aas'z = (I)ZA + %A = eBZ

Algebraic equations 11-13 for negative dihedral angles with cis-, trans-stereochemistry:

eBZ — GAZ + e_Bl — GCZ + eBl (9)

2
_ ‘1’2& — 981’ (10)
cis/trans-aa®": § 4 61= 120 — 4)2;‘4 =120-6", (11)
cis/trans-aa”’: § 452 = 120 + 4%4: 120 + 0%, (12)
cis/trans-ee*’: Goprr = 120 + dpp + H24=120 + 0% + 0", (13)

The algebraic eq. 14 don’t fit into the trigonometric eq. 7,

equation unable to discriminate between trans-ee*' and
trans-ee** stereochemistry around the 90[deg].
cis/trans-ee*’: G Ha= ;" — (¢ ,V'42). (14)

Analog to torus inversion to Dupin Cyclide [15, 16], the
hypersphere trigonometric eq. 15 don’t discriminated between

calculated angle 65'® will be positive (Eq. 18). The eq. 19
for negative algebraic angle gives an angle with trans-ee*’
stereochemistry in unit S1, and for positive algebraic angle
result an angle with trans-ee’” stereochemistry, trans-ee®’ as

results from Hopf coordinates (X, Xg).

P 1 ) _
sin =0
(tan—d) HnHn+1

angles with trans-ee stereochemistry. Positive vicinal coupling sin~?! (;QAQ = +/—0B1 (15)
constant around O[deg] result from a negative vicinal angle tan(”l_)
. 12 _ : P 3 A SR W B1
¢[deg] .only gnder CAD rule: (-x) '~ = +'/—x. The eq: 16 is sin (tan( n /_)9A4.) =—-/+6
compatible with eq. 7 for all stereochemistry excepting the
. _ . -1 1 _
sign of trans-aa stereochemistry. tan (tan—d)) = OpnHn+1
The shadows of sets UlAn and UlBn, sets SIAn and 1
S1Bn (Table 1), having one angle 0°'N' (N = A, B) of unit S1 tan™* (W) = +/-6" (16)
equal with the algebraic angle ¢ee3,2U1A of unit Ul (eq. 14), 1 1 gB1
make the difference between frans-ee™ and trans-ee*? tan (tan(+/—)eA4> =-/+
stereochemistry through eq. 18. For both, positive and 1
i i 3.2 i tan (Sll’l—(b) = OunHn+1 (17
negative algebraic for trans-ee”” stereochemistry (eq. 14) the
Table 1. Venn diagrams. Three sets UlA, UlB, UlC with corresponding parallel sets S1A, S1B, SIC; data from Table 2, Entry 3: trans-3,2 H;H, (1).
Entry 0" [deg] 05" [deg] 0" [deg] Entry 054" [deg] 05'5"[deg] 05" [deg]
19.65860 10.34139 20.68796 28.97580 1.02419 2.04839
40.34139 49.65601 39.31203 31.02419 58.97580 57.95160
| 79.65860 70.34398 80.68796 5 88.97580 61.02419 62.04839
100.34139 109.65601 99.31203 91.02419 118.97580 117.9516
139.65860 130.34398 140.68796 148.97580 121.02419 122.04839
160.34139 169.65601 159.31203 151.02419 178.97580 177.95160
123 39.31720 20.68796 41.37593 (23 57.95160 2.04839 4.09678
9./2 10.34139 19.65601 9.31203 9./2 1.02419 28.97580 27.95160
different vicinal coupling constants: ie. trans-ee’’

o1 vicy — cis or trans—ee
sin™ (cos$™) = Ounun+1

(18)

if ¢ = (+-)puin/2, [(+-) = + of -5 Bppunss "' = 180 -
eHanﬂtranS-eelZ, preferably (_,’_/_)eSlAl’ eHan+1 trans-ee _ 6S1B3,

(19)

if¢vic _ eSlAI, eHan+1 trans-ee _ 6S1B4, eSlAl — ¢2U1A _ ¢1U1A/2’
where: ¢* - vicinal angle[deg], 0°'® - trans-ee’? dihedral
angle[deg], 0°'®* - trans-ee’ dihedral angle[deg].
Considering the unit SM (M = 1 to infinite), a unit parallel
with unit UM, totally in agreement with eq. 18 for trans-ee™”
stereochemistry, only the positive algebraic angle must be
considered, since negative or positive dihedral angles have

COS_I(Sil’l - ¢)Vic) = eHan+1trans—aa

87.34[deg] with *Juyy 0.815[Hz] and trans-aa®' -87.34[deg]
with *Jyy 6.65[Hz] (eq. 7).

Otherwise, D-, L- ribitol series have equal vicinal coupling
constant and smaller carbon chemical shift differences, and
trans-aa®' H;H, is negative for D ribitol and positive for L
ribitol, as demonstrated with molecular models [17], and
positive in both cases as result from trigonometric eq. 19, i.e.
trans-aa® 167.44[deg] with *Jyy 8.8[Hz] and trans-aa®’ -
167.44[deg] with *Jyy 10.1[Hz]. Negative sign result from
eq. 15 (-167.12[deg]), but with a difference of 0.02[Hz],
0.313[deg], since from eq. 17 result trans-aa’’
stereochemistry (-135.69[deg]).
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2.4. Prediction of the Vicinal Angle

The vicinal coupling constant can be predicted from the
vicinal angle ¢ with eq. 20, and the vicinal angle from the
vicinal coupling constant eq. 21, 22.

3JHH: ((I))”z/m, transm=1,cism=2,

015)
¢ — (3 JHHtraHS)Z

where: ¢ = f(¢1/2, ¢,) — the vicinal angle.

Dihedral angles are predicted [5S] only from vicinal
coupling constants with eq. 21, 22: the eq. 21 is used for cis
and trans-ee stereochemistry and the eq. 22 for trans-aa
stereochemistry. Negative dihedral angles are between 4.8
and 8[Hz] for cis/trans-ee stereochemistry (eq. 18), and
between 9.4 and 9.9[Hz] for trans-aa stereochemistry (eq.
19, Stepl123SkewVillar.html — Figure 5). With the eq. 18
from the negative or positive vicinal angle result frans-ee’’

(20)
o= QxJun — cis and trans-ee stereochemistry, (21)

— trans-aa stereochemistry, (22)

stereochemistry, and with eq. 19 from negative vicinal angle
result trans-ee®’ stereochemistry. Under manifold (R,,) value
and unit rule all the angles are positive, in case of the
algebraic angle with trans-ee’”  stereochemistry the
difference between the ¢, and ¢,/2 has sometimes negative
sign, but will be ignored, and take in consideration the

transformation from U1 to S1 with positive sign (eq. 14).

3. Results and Discussion

In table 2 are presented the dihedral angles and the
corresponding vicinal coupling constants of iminocyclitols
[18] 1-3 with a-D-ribitol and 4, 5 with p-L-ribitol
stereochemistry (Figure 4) calculated from the NMR data,
the differences between two atoms of carbon (Adcycy+1) OF
protons (Adynmn+1) chemical shift, transformed from ppm in
gauss, under conic section rule (Byuun+1[deg]) and conic
section approach (Qpun:1"[deg]). In table 3 are calculated
angles with noncoplanar Villarceau circles. [3]

CF, COO-
H C9H19 CgH19
HOW CgoHig CioHa1
H™ ; \Q/'CH3 \Q/CQHW HO_\S_Z{' HO_\S_Z/
OXO HO OH HO OH
1 2 3 4 5

Figure 4. Iminocyclitols with D-ribitol 1-3 and L-ribitol 4, 5 stereochemistry.

3.1. Prediction of the Dihedral Angle

In step 1 are predicted [5] only from vicinal coupling
constants the vicinal angles with cis- and trans-
stereochemistry (eq. 21, 22), then the dihedral angles. The
Java Script programs for calculation of the dihedral angles
used eq. 18 [5] for cis and trans-ee stereochemistry and eq.
19 [3] for trans-aa stereochemistry. Knowledge about the
approximated values of the dihedral angle and its sign from
the first step easiest the step 3. Between a huge number of
angles under six sets angles on two units’ rule, or on units
with seven sets angles can be chose one with values almost
equal with the predicted one.

3.2. Calculation of the Angle of Set A with Manifold
Equations

In step 2[19] are calculated angles of set A and B from the

differences between two atoms of carbon chemical shift
Ocncn+1 [ppm], or two protons OScncn1 [ppm], with the
manifold equations (sin'R,, = 0", n = 1-6): conic section
(R = f(Adxnuxn+1, X = C, H)), and skew circles — non
coplanar Villarceau circles (R, = f(ASynn+1/ Adcncn+1))-

Conic section [3]: one angle of set A can be calculated
with sin function (eq. 23) from the differences between two
consecutive atoms of carbon or two protons with Java Script
program Step123CONIC.html.

The hypersphere trigonometric eq. 7 results from Euler
tessellation of the spherical coordinates eq. 23.

sin@A" = R, = cos@B" (23)

with cos'R,,, = 90 +/- GA“ 05" or sinOyyns; = Ry, c08'Ry, =
¢, resulting eq. 7: cos'sin Oy = ¢, where: 02", 95" —
angles of set A and B[deg], Oyun+1 - dihedral angle, ¢ —
vicinal angle[deg].

Table 2. Dihedral angles Ouyin+i[/deg] calculates with 3-sphere approach and conic section or conic section approach.

3 ex] red A cale 3 cale A
Tan™®  0°[de Onmn Oin J, O
Entry H,H, [I—le;“ R {n] gl Ruc [7]"  Ouurnet, Jun®[Hz] A [ (;{e:]\ﬂ Ron [7]° [Il;Zl;Nﬂ 5 Jun A [ :e;i\m
1. 1-HH, 4.1 323';2 0.7759  ea®':20.88"'8' 4.15 0498 25372 0.0529  ea®':22.02%V'¢' 412 7.300 22.176
2. 1-HH; 5.4 :(2)642;9 0.0224  ac®':-28.715'®' 544 2200 -25.692  0.0041  ae®':-29.76%'"',547 -108.4  -25.69
32. _ S1B3
3. 1-H:H, 0(dHs) 90,1 05154 e -88.978%0.506 194  89.81  0.0435 223,21 g;ggsluz’g';z 2293 87.325
4., 2-HH, 3.1 51.55 0.3949  ac>*: 50.209%5'%2 3.15° 1.98 46.13 0.0169 ae’*49.67"'" 3.17 46.31 45.87
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3 ex] red A cale 3 cale A
Jun"? or [deg] b 3 cale OnnaN+ b Ounane ™, "Jun OnnaN+1

Entry Han+1 [HZ]a RmJ [7T] RmC [T[] GHnH]\-H, JHH [HZ] A [deg] RmH [T[] [HZ] A [deg]
0.793 ae>?: 51.736Y*2 3.09

5. 2-H,H; 3.9 394; 0.0056  ea®':29.675'8!, 3.88 86.97 2791 0.0037 ea®:29.78%'8! 3.87 129.6 27.91

6. 2-H;H, 8.8 (1)6271"7‘3 0.1375  aa®':-168.95'" 8.87° 1.58 167.51  0.0255 aa®':-169.515"%¢ 8.9° 8.508 167.54
-2.159 ea®':-7.13V1P! 4.92 6,1 SIAL

7. 3-HH, 48 P 0.2464 2918751 481¢ -0.15  -2.181  0.0342 ea®':-1.96°'* 479  -1.101  -2.159
-18.15 ae®':-16.204%'9', 5.15 ae®!:-15.107%'9, 5.12

8. 3-HH; 5.2 A 0.0420 19,1979 522 741  -17.86  0.0037 -19.928U%1_ 5.2 -8293  -17.85

9. 3-H;H, O (tH;) 90,1 0.1316  ee**:-86.345%,095° 759 8747 0.0462  ee?: - 87.355% 0.81° 21.99 88.25

10. 4-HH, 48 _3'575 0.0756  ea®:-2.168%'"! 4.8 -0.498 -2.161  0.0345 ea®:-1.9815'A1, 479 -1.089  -2.159
-18.159 ae®!': -16.28%'9" 515 ae®':-15.08"1¢! 5,12

11. 4-H,H; 52 G 0.0448 -19.14UA1 5.2 -6.956  -17.863  0.0030 ~10.94UAL 529 -103.6  -17.857

12. 4-H;H, gs 1) 38’014 0.05042 ee**: 87.10%'™,0.85 19.83  87.31 0.0454  ee*: 87.39%'™ 0.807 21.99 87.312
58.63 ae>% 56.55%2 2,89 a9 9

13. 5-HH, 2.8 D 0.22969 58270 2 81 3.717 49366 0.0233  ae™*: 58.66%'4%,2.79  36.64  48.93
38.159 ea’?: 38.34%%2 359 ea>: 37.03%%2 3,63

14. 5-H,H; 3.6 06178 0.03641 38,6082, 3.58 1696 35408  0.0033 s, 308597 3.54 182.654 35.4008
167.43 aa®!: 166.434V15¢ 874 aa®!: 165.7645' 8.70

15. 5-H;H, 8.8 e 0.28291 169,305, 8.9 0.795 166.93  0.0266 169,495 g 9 8.429 167.109

a. 8¢, 8y [ppm], 'H 400MHz, *C 75MHz: 1-CDCl;, 2-D,0, 3-CDCl;, 4-CDCl, 8y 5-CDCls, 8¢ 5-CD;0D [18], b. Ry = AdcucniX0cx4/(6.7/6.28)x107 =
ASc,lc“+1xmcx4x10'3/(6.7/6.28))(104 [1/T]= Adcacns 1 X0cx4x107/10.71 [gauss], Ad — the differences in chemical shift between two consecutive atoms of carbons
[ppm], o — Larmor frequency [MHz], y — gyromagnetic ratio; *C NMR: oc = 75 [MHz], y = 10.71 [MHzxT"'] = 6.7 [10"xradxT'xs™"], (6.7 [10"xradxT'xs"
11/6.28 ~10.6668x10° ~ 10.668 [MHzxT™']); oy = 400 [MHz], y = 42.57 [MHzxT"] = 26.75 [10"xradxT'xs™"], c. D series rule. Note: Entry 4: US1B2 —
transformation from U1 to Ul with S rule; Entry 6: SUID6 — transformation S1 to U1 from the seven sets unit U1S1U1; Entry 7: U2SC1 — transformation U1

to S1 with U rule.

Table 3. Dihedral angles (Opymn+1/deg]) calculated with 3-sphere approach and non-coplanar Villarceau circles.

Entry H,H, 3Jau®™ [Hz]? R’ An‘[deg] Opnnne ™, ™ [Hz]
1. 1-H,H, 4.1 0.2714 15.747 ea®': 22.12V"8 4,11
2. 1-H,H; 5.4 0.7333 47.166 ae®!: -25.66"'¢", 5.37
3,2, SIA3 b
3. 1-H;H, (0).(1d H) 03362 19.647 223,2; _22:3‘7‘3153: 8j§éb
4. 2-HH, 3.1 0.1702 9.8011 ae™: 50.19V'42 315
6,1, U1G1
5. 2-HH; 39 2.6666° 2.6666 :6,1; ig:g;m: g:gg
6. 2-H;H, 8.8 0.7401 47.743 aa%!:-167.74U14¢ g 8°
6,1, SIB1
7. 3-H,H, 48 0.5515 33.468 z:m? ‘7‘; 551;1,44‘538
8. 3-H,H; 5.2 0.3555 20.824 ae®!: -18.34V1¢! 52
3,2, SIB3 b
9. 3-H;H, 8.(1t Hy) 1.3957° 1.3957 z:“ 22:‘2‘;&532 g:i;b
10. 4-HH, 48 1.8172° 1.8172 ea®!: -1.6925"1 4.69
11. 4-H,H; 5.2 0.2666 15.466 ae®':-15.46"'1 5,13
P 4-H.H, 0 (bs Hs) 3.6076° 3.6076 ee’?: 86.39%' 0.94
) 0.1 0.27719 16.0926 ee*!:92.19Y' 0.73
13. 5-H,H, 2.8 0.4032 23.781 ae™: 56.89V'2, 2.87
14. 5-H,H; 3.6 0.3692 21.666 ea>: 38.339'42 3,59
15. 5-Hs;H, 8.8 0.3374 21.0192 aa%!: 167.43Y181°¢ 8 79

a. oc, On [ppm], 'H 400MHz, "*C 75MHz: 1-CDCls, 2-D,0, 3- CDCls;, 4- CDCL, 8y 5- CDCl;, 8¢ 5-CD;OD [18], b. sign in accord with D-series rule, c.
manifold equations: Ry, = (0p*Adunmn+1 [Hz)/ @c*Adcncnt1 [Hz]), d. An[deg] result from sin function as angle of set A, e. value higher as 0.999 are considered
angles (the inverse function), then seven set angles are calculated with Java script program Step3sevesets.html.

Conic section approach [3]: the influence of the chemical
shift on the dihedral angles was point out with the conic
section approach (eq. 24, Table 2, A, GHHHNHA), where the
differences between C,C,; or H,H,,;+; curve of iminocyclitols
1-5 with D and L-stereochemistry made impossible the
obtain a generalized equation, and the unit rule remain the
key of the method (Stepl23CONIC.html). Dihedral angles
Opnmne;” are around the expected values excepting few cases

(Table 2). Remarkably, for frans-ee”” stereochemistry result
angles of set A in relationship with the dihedral angle from
set B, and for trans-aa®’ stereochemistry the corresponding
cis angle.

Villarceau circles [20, 21]: two circles of the torus, results
by cutting a torus oblique through the center. The angle at the
intersection of the non-coplanar circles (skew circles) are
calculated with eq. 25 (Step123SkewVillar.html — Figure 5).
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The ratio between the proton and carbon chemical shift (R =
Oy *Adpnan+1/0c*Adcncn+1) Will be considered one angle of set
A (R= A, 1= 1-6) if R is higher as 1. The calculated dihedral
angles are on six sets angles of two units (Ul and S1) or in
first seven set unit.

calc — An
Ofntn+1 = Ax6
smB pred (24)
with A 2 "HnHn+1
singAn

An _ qin—1
0" =sin™"R,,

<IDOCTYPE html>

usedatada = prompt ("Value of Ha[ppm]")

where: Oy ™ — predicted dihedral angle from vicinal

coupling constant, 0" calculated angle with conic
section[deg], Ry, = f(AScucn+1 OF Adynmn+1) [radians].

. wy*AS
R, = sm( H Han+1)
wc*A8cnen+1

(25)

with:  AdunHn+1 the differences between two protons,
Adcycns1 — the differences between two atoms of carbon
[ppm], @ — Larmor frequency [MHz]: L = H - proton, C —
carbon.

document write (B1 +", "+B2+", "+B3+" , "+B4+" "+B5+"  "+B6+",

var usedatadh TBQa+" . "+BQI)
<head> usedatadb = prompt ("Value of Hm[ppm]") var usedatad

<ttle>A Java script induding HTML</ide> calculate the value of CnCm(ppm] usedatad = BQ2; /characteristic angle of set B
<head>

var HnHm = usedatada - usedatasb;//the differences between two protons in ppm

var BQ2 = usedatad;//characteristic angle of set B

<body style ="background-color:LightGrey;'> if (HnHm < 0)( calculate set Ci angles [deg]

<p id="demo"></p> var HuHim = usedatadb - usedatatay/fthe differences between two protonsinppm  var i = (C1, 'C2),'C3, 'C4, S, 'C6. 'CQ2, 'CQL
<p>Click button to:</p> } if(BQ2<30)(

<button ondlick = "window.print()">Print this page. <button> else( var C1 = usedata9//cis61 C1[deg]

<button type="button" onclick="document getElementByld(demo’) innerHTML = Date()">Date and
Time.</buton> )
<h3>Java Seript program for calculation dihedral angle from NMR data with 3-sphere approach and skew var usedatas

circles.</h3> usedatas = prompt ("1H Larmor frequency [MHz]")
<hé>Step 1:<i>Program for prediction dihedral angle from vidinal coupling constant <A></hé> calculate the value of RmHnHm in
<lbody>

<script type="text/javascript">
File name Dihedral angle [deg] himl
‘Program that predict and calculated dihedral angles[deg]
var usedatal A
usedatal A = prompt ("The value of cis vicinal coupling constant([Hiz]")
usedataA = prompt (" The mumber of protons HnHn+1")

var usedataéa

var usedatah

calalate the value of X if (CaCm < 0){
var X =usedatal A*usedatal A7/value of X var CnCm = usedatath - usedatata:
if (X <100)( )
var X = usedatal A*usedatal A;//value of X elsef
var BCA = 4¥X/angle of set B in deg var CnCm = usedata6a - usedatath.
var BCr = (BCA)*(0.017453292)://the vicinal angle BCrlrad] 3

var usedatal

the dihedral angle ACt(rad] with cis stereochemistry
Cr)*(57.29577521); /the dihedral angle ACd[deg] with cis stereochemistry

var HnHm = usedatada - usedatasb;//the differences between two protons in ppm

[Hz]
var RmHnHm = (HnHm* usedatas)//value of RmHnHm [Hz]
usedata6a = prompt ("Value of Calppm]")
usedata6b = prompt ("Value of Cm [ppm]")

calculate the value of CnCmlppm]
var CaCrm = usedata6a - usedata6b

usedata7 = prompt ("13C Larmor frequency [MHz]")

var C3 = C1+60;//trans-ee3,2 C3[deg]
var €5 = C3 + 607/trans-aas.2 C5[deg]
var CQI =90 - C37/C3[deg]

var C4 =90 + CQIy//trans-ee, 1 C4[deg]

var C6 = C4 + 60;//trans-26,1 C6[deg]
var Q2 =C3 - C2//CT[deg]

sedata9;//ciss,2 B2[deg]
var C4 = C2+ 60/trans-ee4.1 C4[deg]

4-90//C8[deg]
C3- 607/cis6, 1 C1[deg]

0 + C37//trans-aas.2 C5[deg]
var CQ2 =C3 - C2//C7[deg]
¥

document write (" <p>Angles of set Ci[deg]:</p>"

calculate the value of RmCnCam[Hz] document write (C1+" , "+C2+" , *+C3+" "+C4+" , "+C5+" "+ C6+" ,
document wite” <p><b>The <i>cis<i> vicinal coupling constant var RmCaCm = (CaCm*usedata?); value of RmCaCm[Hz] reCQe", QL)
- usedatal A) calculate the ratio var usedaald
document write(" <p><i>cis</i>-HnHn+. l " usedatad) var R = RmHnHm/RmCnCm://ratio proton/carbon usedatal 0= A1:/Al angle of set Ai
document write(" <p>The angle of set B, the vicinal angle BCd[deg]:"+BCd); cal culate angle of set Al[deg] var Al = usedatal0;//Al angle of set Ai
document write(" <p>The angle of sec A, the dihedral angle ACd[deg]*~ACd); Var A = Math asin(R); /angle of set Afrad] e se i angls [deg
var Al = A*5729577521; /angle of set Al[deg] 2!, D6, DQ2’, DQIY:
dlse( document write(" <h4>Step 2-<i>Program for calculation the angle Al </></h4>%) 60 - usedatal0)/22/Ds deg]
var X = undefined:/value of X document write(" <p>The H[ppm] type in=",usedata42), var D4 = 90+ DQI/trans-ee4,1 D4[deg]
) document wite(" <p>The Him[pprm] type in=" usedatatb); var D2 = D4 - 603//ciss 2 D2[deg)
var usedataB document write(” <p>1H Larmor frequency [MHz] type in="_usedatas) var D6 = Di + 60; ftrans-aa6.1 D6[deg]
usedataB = prompt (The value of trans-ee vicinal coupling constand{Fz]") document write(* <p>The value of HaHim [ppm] is="+HnHim); var D3 = 90- DQ1//trans-ce3.2 D3{deg]
usedataB = prompt (*The mumber of protons FaFn+17) document write(" <p>The value of RmFinfm[Fiz] is="+RmHaHm): var DS = D3 + 60;/rans-a5,2 DS [deg]
calculate the value of X var DQ2 = D3 - D2:/D7[deg]

var Y = usedata2B *usedata2B; value of Y var D1 = D3 - 60://cis6, 1 D [deg]
(Y <100)( documen write(" <p>13C Lamor frequency [MEiZ] tspe type in=",usedata?); calculate set Ei mgles [deg]
var Y = usedaa2B*usedataB: fvalue of ¥ documens write(" <p>The value of CnCm[ppm] i="+CnCrn) > E3, E4 ES', E6, Q' EQL)
var BTed = 4°Y fthe vicinal angle BTed[deg] document wite(" <p>The value of RmCnCm[Fiz] is="-RmCaCan): DQiycics, 1 E1[de]

Ted)* (0.017453292); e vicinal angle BTerrad] document wite(" <p>The value of R is="*R) 0 52 B3
var RmTe = Math.cos(BTer);//value RmTe in radians document write(" <p>The angle of set A1[deg] is="+A1); T 60yrans-ee3,2 ES[deg]

fath.asin(RmTe);/the dihedral angle ATer[rad] trans-ce var usedatas 3+ 60/ wans-aas. 2 ES{deg]

(ATe)*(57 29577521); the dihedral angle ATedldeg] rms-oc3.2 usedata = AL The value of mele Al{deg] EEQLC o B Rl
Var ATeed = 180 - ATeds/fthe dihedral angle ATeed[deg] trans-cet,1 var Al = usedatas;//mgle Al [deg]
document swite(" <p><b> The <i>trans-ce</i> vicinal coupling constant celculte agles of st Al deg
< "aseduazs) var Ai= (AL 'A%, 'AS' A6, 'AQ2, 'AQLY;

ocument write( <p><i>Trans-ee</i>-HaHn+1 - usedataB) var Al = usedatas: /ds6,1 Al[de: . .

document write{* <p>The angle of set B, the vicinal mgle BTed[deg]:"+BTed) i (a1 <30)( L] e Al e el ) e ~oer
document write(* <p>The angle of set A with trans-ee3, stereochemistry, the dihedral angle var Al = usedatay//cis6, 1 Al[deg] “f‘;’;‘;““ “‘_‘f;(g“) D2, 1+D3 Da=r.1eDs Dest
ATed[deg]:"+ATed) 60 + usedatas: trans-e3,2 A3[de
document write(" <p>The angle of set A with trans-ee4,1 stereochemistry, the dihedral angle 5 = A3 + 60;//trans-aas,2 A‘[d:g][ <l :mlmmt write (" <P?Ax“lgls70nfsst a[d:glf P
ATeed[deg]:" +ATeed), var AQI = 90 - A3:/AS[deg] ocument.write (B4, *+E2+7, "HES#", 4EAY", MESH, HEGH,

90+ AQ1//trans-ee4. 1 Ad[deg]

dlse(
var Y = undefined;/value of Y
} var AQ2
var usedata3C
usedata3C = prompt ("The value of trans-aa vicinal constant coupling[Hz]") dsef
usedataC = prompt (*The mmber of protons HnHn*1")

calculate the vicinal angle BTd[deg]
var BTd = usedara3C*usedatadC: /angle of set B in deg
if (BTd < 100){
var BTd = usedata3C*usedata3C;//angle of set B in deg
var BTr = (BTd)*(0.017453292)://the vicinal angle BTr[rad]
var Rmta = Math sin(-BTr)://value Rmta in radians
Math acos(Rmta)://the dihedral angle ATrlrad] with trans-aa stereochemistry
(ATr)*(57.29577521)/the angle of sct A, the dihedrdl angle ATad[deg]
var ATd = ATad/the dihedral angle ATd[deg] with trans-aa stereochemistry
i#(BTd <81)(

calculate the angle of set A, the dihedral angle ATd[deg]
var ATd = ATad://dihedral angle ATd[deg]
3

var AQ1

var Bl =

var BS
else{ var BQL

calculate the angle of set A, the dihedral angle ATd[deg]
var ATd = -ATad; /dihedral angle ATd[deg]

document write(” <p><b>The <i>trans-aa</i> vicindl coupling constant

var A6 = Ad + 60y nans~=z6lA6[d=g]
A3 - A2//AT[deg]

var A2 = usedata8//cis6.1 Al [deg]

var A4 = A2 + 60;//trans-ee4, 1 Ad[deg]
var AG = A4 +60;//trans-aa6, 1 A6[deg]
A4-90;//A8[deg]

var A3 =90 - AQl/itrans-ee3,2 A3[deg]

Al'=A3-60://cisS.2 A2[deg]
var AQ2 = A3 - A2//AT[deg]
}

calculate angles of st Bi in deg
var Bi = (B1' 'B2' 'BY, B4, BS, 'B6, 'BQ2. 'BQI);
AQ1//cis6, 1 Bl [deg]
var B3 =B1 +60/trans-ee3.2 B3[deg]
B3+ 60:/trans-2a5.2 BS[deg]
0 -B3;/BS[deg]
var B4 =90 + BQI;//trans-ee4, 1 B4[deg]
var B6 = B4 = 60/trans-aa6, 1 B6[deg]
var B2 =B4 - 607/cis$ 2 B2[deg]
var B6 = B4 + 60/trans-226.1 B6[deg]

"+EQ2+" , "+EQI)
var usedatall
usedatal 1 = B1/B1 angle of set Bi
var Bl = usedatal 1;/B1 angle of set Bi
calculate set Fi angles [deg]
i= (FI' F2, 'F3', F4. FS', F6, 'FQ2! FQL):

0 - usedatal1)/2;/angle F$[deg]
0 + FQl/ftrans-ee4,1 F4[deg]
4 - 603//cis5,2 F2[deg]
4 +60;/rans-aa, | Fo[deg]
0 - FQI//trans-ee3,2 F3[deg]
3+ 60;/trans-aa.2 FS[deg]
3 - F2/F7[deg]
=F3 - 60//cis6.1 F1[deg]
cal culate set Gi angles [deg]
var Gi = (GI, ‘G2, '3, 'G4, 'G5’ ‘GG, 'GQ2, 'GQI);
var G1=FQL;//cis6, 1 G1[deg]
var G3= G1 +60;/ftrans-ee3,2 G3[deg]
var G5 = G3 + 60://trans-2a5.2 GS[deg]
var GQI = 90 - G37/G8[deg]
var G4= 90+ GQI//trans-ee4. 1 G4[deg]
var G2 = G4 - 60;/cis5.2 G2[deg]
var G6 = G4 + 60;/ftrans-aa6,1 G6[deg]
var GQ2 = G3 - G2//G7[deg]
document swrite (" <p>Angles of set Fi[deg]:</p>"
document write (F1+" , "+F2+" _ "+F3+" " +F4+"

.usedata3C) var BQ2 = B3 - B2//B7[deg] EEQRET +FQI
document write(" <p><i>Trans aa</> HaHnt1 usedataC) document srite (" <h¢>Step 3:<i>Building ofthe seven set urit<'i> <m>“) . Q QU e ot i
document write(" <p>The angle of set B, the vicinal angle BTd[deg]:"~BTd) document write(" <p of set Ni</i> locument.write (" <p>Angles of set G1[ =zl <p>): o
document write(" <p>The angle of set A, the dihedral angle ATd[deg):"+ATd); i>N3, fi>-N4, o "+G4+", "G5, THGE
} <i>trans-ee</i>-N6, NQ2, NQU/2.</p>"); N .
elsef document write ("<p>Angles of set Aildeg]:</p>") f’"( ’f“’ World"),
var BTd = undefined;//value of BTd document write (A1+", "=A2+" , "+A3+", "TA4ET TEASHT TEAGH Pro

"TAQ2E . TFAQL):

var usedatada

document write " <p>Angles of set Bi[deg]:</p>"),

Figure 5. Java Script program Step123SkewVillar.html.

3.3. Building of Unit with Seven Sets (U or S) or Units with
Six Sets Angles (U, S)

In step 3 are builds seven set units on two units, Ul and S1
(Figure 6), totally 14 sets angles — three pair of six set angles.
If from the manifold equation result the unit Ul or S1 can be
easy identified: values around 69-70[deg] occurs in unit Ul
and the gauche angle of 60[deg] on unit S1. The

transformation from unit S1 to unit Ul can be realized with
eq. 26 (Step3SUtransf.html — Figure 7), and from Ul to S1
with  trans-ee’”  algebraic eq. 14 of unit Ul
(Step3UStransf.html — Figure 8). The unit Ul result from
angles of set A and set B in relationships of +/-60[deg], the
half ¢1A and (|>2A of set A are angles of set B and C, the first
angles of sets A and B are angle ¢, of sets D and F. Half ¢, of
sets A, D and F are first angles of sets B, E and G.
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s = (227 w0 = (22) g
where: 6°'"!
60[deg] with a gauche angle[deg] from set A — unit S1,
— first angle of the unit U1.

The experimental data reveal that, sometimes the seven
sets unit (A, B, C - D, E, A - F, G, B) has two pairs of three
set angles U and one S (Table 2, entry 6), or two S and one
U. In the first preliminary communication [4] was considered
the method of increasing the number of units through set C
the best way for calculation all the angles with values almost
equals with the predicted one. At this moment, as result from
tables 2, 3, from first unit is choose one pair of three set
angles and calculate (if is necessary) the parallel pair of three
sets angles, totally six sets angles on two units having all
stereochemistry. The Java Script program [3] ensure the
calculation of the first unit with seven set angles, unit from
which is take the angle required for calculation the unit S or
U, in function of the stereochemistry. Thus, the shadow (the
parallel unit) is the unit S for unit U, or the unit U for unit S.
For a vicinal coupling constant of 3.6[Hz] the corresponding

— first angle of set B - unit S1 in relationship of
guIAl

<IDOCTYPE huml> calculate angles of set Ui in

dihedral angle was found on unit S3 or S5, as calculated from
carbon or proton chemical shift, and after transformation
from S1 to Ul in set C and set B of unit Ul (Table 2, entry
14). All the angles are on unit Ul or S1, only for a vicinal
coupling constant of 2.8[Hz] (Table 2, entry 13) was
extracted from unit U2.

eSIBl — (qDZBUl _ ¢IBU1/2)
En An

b Bn
n Trans-ee*’

U2 Fn
En
Dn Trans-ee3?

Cn Gn
S2 Fn

®uis = (60 - 058" /1.5

Figure 6. Seven set units. The transformation Ul to SI and S1 to Ul.

<himl> var ULBi = (UIBY, ULB2 m: U1B4, U1BS, V16, U1BQ2, 'V1BQL): bty

<head> i var SICi = (SICI, 'S1C2. S1C3. S1C4. S1CS. SIC6. 'S1CQ2. S1CQ1):
<title>A Java script indluding HTML</tide> var S1C2 = usedata7;//cis5,2 $1C2[des]

Cheas o iBdes] var SICA = S1C2 = 60/tzans-eed. 1 S1C4[deg]

<body style ="background-color LightGrey.">
<p id="demo"><p:

<p>Click butten 0:</p>

<butonandick ~"vindow prini(">Prin s page <uton>

imedHTML =
DatcQr>Date and Tame <buttns

<h3>Java Seript program for calculation dihedral angle from NMR data with 3-sphere

approach <h3>
<h3>Step 3-<i>Program for building of units U1l from S1.<i><h3>
<p style="font-size: 18px."> The Java script program Se3SUtransthiml <ip>

<seript type="textjavascript”>
File name Dihedral angle [deg] bl
‘Program for calculation angle of wnit U from S1 [deg]
var usedarad
= prompt ('The value of angle S1A1 [dec]')
Al = usedatadangle Al[deg]
calcalate angle S1A1[deg]
*Al;/angle S1A1[deg]
(<h4>a. Unit Ul is build from angle S1AT of urit S1.</h4>);
document write(" <p>The angle S1A1[deg]="~S1AL);
va wsedal

AL/ The value of half SLA1[deg]
sedatalJ/angle S1A1[deg]
clalate angles of st S14 in deg
var S1Ai= (SIAL 'SIA2, SIAY, S1A%, SIAS, SIAG, S1AQ 'SIAQI):
calculate the angles Al
v SIAL - wedtat o6 S1Alldes]
i (usedatal < 30){
var S1AI = usedatalcis6,1 S1A1[deg]
- 60; trns-ee3.2 S1A3{deg]
- 60: trams 2a5.2 S1A3(dee]
$143:/51A8(dcg]
1AQI: rms-ced 1 S1A4[deg]
S1A4 - 603/ciss 2 SLA2(des]
var S1A6 = S1A4 + 60, trans-aa6.1 S1A6[des]
var S1AQ2 = 143 -S142:/5147[deg]
clalate angles of et S1Bi in deg
var SIBi= (SIBY, SIB2! 'SIB3. SIB4, SIBS, S186, SIBQY, SIBQY):
calculate the angles Bi in deg
var S1B1 = S14Q1/is6.1 S1B1(deg]
v SIB3 = S1B1 60, trans-ee3.2 S B3 [deg]
var SIBS = 183 + 60, frans-235.2 S1BS[des]
var SIBQI = 90 - S1B3/5 155{deg]
var $1B4= 90 + SIBQI rans-ee4,1 §1B4{deg]

var SIB
var SI1B2=S1B4 -
JSIBQ2=SIBS - SIB2 $1B7[dee]
var useda

i = 152 g meeof e B
var SIBQ2 = usedatady algebraic angle of sct B
calaate st S1C; angles [deg]
var S1Ci= (SICI', S1C2, SIC3, S1C4. S1CS' 'SIC6, S1CQ2, SICQL)
if(s18Q2 < 30)(
var S1C1 = usedatad;/cis6 1 $1C1[dez]
var $1C3 = S1C1 + 60/ rans-ec3 2 S1C3{deg]
var SICS = S1C3 = 603/trans-a3s 2 S1C5[dea]
var S1CQ1 = 90 - SIC3//S1C3{deg]
var S1C4= 90 + S1CQIrans-cc4,1 S1C4{deg]
var SIC2 = S1C4 - 607/cis5.2 SIC2{deg]
S1C4 = 60:/trans-2a6.1 S1Celdez]
1035 - S1C2//S1CT[deg]

vars
varsicQ2

elsef

var SI1C2 = usedata3; cis$.2 $1C2[deg]

var SIC4 = SIC2 = 603 trans-eed, | S1C4[deg]
var $1C6 = $1C4 + 60;//trans-aa6.1 $1C6[deg]
var SICQI = S1C4 - 90,//S1C{deg]

var $1C3 = 90 - S1CQItrans-ee3.2 S1C3[deg]
var SIC1= S1C3 - 60;/cis6, 1 S1C1[deg]
var SIC5 = 60 = S1C3/trans 2252 S1C5 deg]
var S1CQ2 = S1C3 - S1C2;/S1CTldes]

S1A5H

“s1Bs="

res1C5+"

usedata = S1AL/first angle of set A
var SIAL = usedata#://first mgle of set &
calculate angles of set ULBi in deg

var ULai = (UIAT, U142, 'ULAS, U1AY, 'U1AS, U146, U1AQ2! TV1AQL),
fcalculae angles U1 A in deg
(60 - usedatad) 1. angle of wit U
AL/27/cisL6 Ul AI[deg]

UlAd - 60/ trans-26, 1 U1AG[deg]
var ULAQ2 = ULA3 - ULAZ/U1A7[deg]

518 5[deg]

U1B4{deg]
54 - 60/ trans-226,1 U156[deg]
54 - 60; U1B2(deg]

B4 + 60;/trans-aa6, 1 U1B6[deg]
var UIBQ2 = U1B3 - UIB2,/U1B [deg]
var useda:
usedats
va UIBQ2 =
calculate set UICi angles [deg]
e BICH = (UICT, UICZ DICS, TICS, DICS, BIGH, ICQE V10Q!

Q2 /algebraic angle of st B
sedatas: /algebraic angle of st B

5 /cis6, 1 UIC1 [deg]

C1 - 60;/trans-ee3,2 U1C3[deg]
02/tcans-225.2 U1C5[deg]
0 - UIC3//U1C8[d

+ UICQI:/ftrans-eed, 1 UIC4[deg]
U1C2(deg]
0./tcans-226,1 U1C6[deg]
szACQV e 01 UICT[deg]

dlse(

var UIGi =(U1C1, 'WIC2, 'VIC3, 'VICH, 'V1CS, VICS, VICQY, VICQL)

edatas //cisS,2 U1C2[deg]

2+ 60//rans-eed, 1 U1C4[deg]
C4 + 60/ trans-a26,1 U1C6{deg]
71C4 - 90,/U1CS[deg]
UICQI/trans-ee3.2 UIC3[deg]
€3 - 60;/cis6,1 UIC] [deg]

+ U1C3/wans-a35,2 U1 C5[deg]
I1C3 - UIC2/U1CT[deg]

N1, <icis<i>-N2
<itans-cecinN4, <ivwans-aacinNS

I

QL)
document write (* <y><\|\g‘a ofsaUBilicl <
document write (U1B1 ="
"+U1B6+" ,"+UIBQ2=" ALlBQ
dxumznx\\nle!‘(f{ng!scf»:leCx[dzu] <),
documest wite (UIC o

et

UlB4-", UIBS

SULCH  UICs

i
dlse
war STA1 = undefined://first angle of set S1Ai

)

v wsedaaB

usedataB = prompt (“The value of mgle S151 [deg]")

var BI = usedaa;/angle Bl deg]

alaate angle S1B1{deg]

vae SIB1 = 1°B1/mgle S1B1[deg]

document.srite (' <hi>b. Unit UL i build fom angle SIB1 of unit S1.<hi>");
document site” <p>The angle S1B1 [dezl="+S1B1)

var sedatat

usedatat = S1B1:/The value of SB1[deg]

vae S1B1 = usedatat /angle S151(deg]

calcolate angles of st 1. in s

v SLAi = (SIAL, 'SIA2. S1A3, S1A¥, 'S1A5. 'S1A6, S1AQ2, SIAQL):
Jealailate SIBQL

var SIBI = usedatas/first e of st SLAL

if (usedatas < 30)(

s-ee3,2 S143(deg]
6/wans-eed. 1 S1A4[deg]
cis6,1 S1A1[deg]
/trans-a3s,2 S1AS[deg]
ciss,2 S1a2[deg]

= 60;/trans-226,1 S1A6[deg]
2= S1A3 -$142:/5147[deg]

', S1B4. 'S1B5. S1B6. SIBQ2. 'SIBQI).
var SIB1 = usedatas: cis6, | S151[des]
var $1B3 = S1B1 + 60;/trans-ce3,2 S 1B3(deg]

var S1BS =S1B3 + 60; 25,2 $1BS[deg]

50 Srms s mitacs]

- SIBQI/trans-ced, | S1B4[deg]

1B4 + 60./trans-a26.1 S1B6[deg]

usedata? = S1BQ2;/dgebrzic mgle of et B

var S1BQ2 = usedatal;algebraic angle of set B

el aulate st S1Ci angles [deg]

var SICi= (SICI', SIC2, 'SIC3' S1C4, 'SICS', S1C6, S1CQ2! 'SICQL);
if(SIBQ2 < 30)(

ssedata’; //cis6,1 $1C1[deg]

1C1 + 60;/trans-e3.2 S1C3[deg]

1C3 + 60/trans-225.2 S1C5[deg]

90 - $1C37/51C8[deg]

= S1CQI/trans-ced.1 S1C4{deg]

1C4 - 60/ciss.2 S 1C2[deg]

+60;//trans-aa6.1 $1C6[deg]

var $1CQ2 = S1C3 - $1C2//51CT[des]

}

var SIC6 = SIC4 = 60./ftrans-336,1 S1C6[deg]

C3-$1C2//81CTldeg]

<p><i>Angles of set N1, <i>cisei> N2

<i>trans-ce</i>-N3, <i>trans-ce</i>N4, <i>trans-z</i>-NS,
NQU2.<p>");
document rite (*<p> Angles of set
document write (S1A1+" . "+S142+" "
"-S1AG=", "5 *-514Q1);
document write (" <p>Angles of set S1Bi[degl</p>");

documen wrie (5131 = SIB3+", "SIB4T, "+SIBS T,

186~

*Ss1ca, mes1cs

usedatas = SIB1/frst angle of set A
v SIB = usedatas //frst mgle of st A
‘llate angles of set U1Bi in deg
var ULAi = (ULAT', ULA2, 'ULA3, 'ULA#, 'ULAS, UIAG! 'UIAQ2, V1AQL);
‘clulate angles ULAi in deg.

var AQL = (60 - usedata$)/1.5/angle of urit U
S AQu 6 U1aslee)
AQU/rans-ee3,2 U1 A3{deg]

T1A4 - 60 /trans-as6, | ULAG[deg]
= ULA3 - ULA2/U1A7[deg]
setU1Biin deg

va UlBi = (UIBY, U1B2, UIB3, UIB#, UIBS, UIB6, UIBQY, U1BQL)
calculzre the angles U1Bi in deg

var BI = (60 - usedatas) 1.5 /angle of urit U

var U181 =512 /cis1,6 U151 [deg]

0. Uip: 1Bl
VIBQ/rns-ech | U1B4{deg]

2 —UlEJ—L‘lE’ LlB ldeg]

algebraic angle of set B
5://algebraic angle of st B

7

g
UIC3, V1C4, VICS, VICE, V1CQY, UICQL)
i (UIBQ2 <30)(

var UICI = usedatad/cis1, 6 UIC1 [deg]

U1C2 + 60:/rns-ced. | U1Cifdes]
UICH + 60 vans-a26,1 U1C6[des]
1= UICH - 50:/U1Cs[deg]

90 - UICOL:/ftrans-ce3.2 U1 C3ldes]

var U1C1 = U1C3 - 60;/cisL.6 UIC1 [deg]
arU1CS = 60+ U1C3/trans-aas.
T ICQ2 S UICH - TICHT

71C5[deg]

< of se Nici NI, <ieis<i>N2,

~U1A5+
U1AQ1);
et UIBdel <>
37 "-UIB4=", UIBS=
1B
document write y>Ang]5wlsnL\C\[deg] <ip>),
U SUICI, "UIC S UICs="

dse
var SIBI = undefined; /frst angle of set S 1Bi

lert("Hello World!™),
<lscripe>
<himl>

Figure 7. Java Script program Step3SUtransf.html.

€3, 'U1C4, 'VICS, 'VIC6, TVICQ2, VICQ),
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confirmed by calculation of the vicinal coupling constant. The
transformation from Ul to S1 or SI to Ul fall into the
calculation of the second unit, or under S rule Ul to U2 (Table
2, entry 4), or under U rule U1 to S1 (Table 2, entry 7).

The number of units was increased until the calculated angle
is almost equal with the predicted angle (Table 2, entry 14).
Thus, the angle almost equals with the predicted angle is the
dihedral angle bearing the sign of the predicted angle, sign

<IDOCTYPE html>
<html>
<head>
<titlel>A Java script including HTML</itlel>
<head>
<body style ="background-color:LightGrey;">
<p id="demo"></p>
<p>Click button to:</p>
<button ondlick = "window print()">Print this page. <button>
<button type="button" onclick="document getElemenByld(demo) innerHTML =
Date()">Date and Time.</button>
<h3>Java Script program for calculation dihedral angle from NMR data with
3-sphere approach.</h3>
<h3>Step 3:<i>Program for building of units 1 from UL.</i></h3>
<p style ="font-size: 18px." > The Java script program Set3UStransf himl
transformed three sets angles U1 in three sets angles S1.</p>
</body>
<script type="text/javascript”>
File name Dihedral angle [deg] himl
Program for calculation unit S from wnit U [deg]
var usedatad
usedataA = prompt (" The value of angle U1A1 [deg]")
var Al = usedataA;//angle Al[deg]
calulate angle U141 [deg]
var ULAL = 1*Al13//angle U1A1[deg]
document write (* <hd>a. Unit $1is built from angle ULAI of unit UL.</hd>");
document write(" <p>The angle U1A1[deg]=" <U1A1);
var usedatal
usedatal = UIAL;//The value of half U1A1[deg]
var ULA1 = usedatal://angle ULA1[deg]
f/calculate angles of set Ul Ai in deg
var UlAi = (ULAL', 'U1A2", 'U1A3, 'UIA4, 'UIAS, 'U1A6" 'UIAQ2', ULAQlI');
calaulate the angles Ul Ai in deg
var ULAL = usedatal;//cis6, 1 ULA1[deg]
if (usedatal < 30){

sedatal //cis6.1 ULAl[deg]
J1A1 +60; /trans-ee3,2 U143 [deg]
143 + 60; /trans-aas.2 U1A5[deg]
90- U1A3//U1A8[deg]
var ULA4 =90+ L'lAQl Jfrans- ee4 1 UlAd4[deg]
Al 60/ A2[deg]
J1A4 + 60; /ftrans- aas 1 U1A6[deg]
var ULAQ2 = UIA3 - ULA2; /U1AT[deg]
calaulate angles of set U1Bi in deg
', UIB, UIB4, U1BS, UIBG' UIBQY, 'UIBQI
Jicalculate the angles U1Bi in deg
var UIBI = ULAQ1Y/cis6.1 U1B1[deg]
var UIB3 = UIBI + 60;/ftrans-ee3,2 U1B3[deg]
var UIBS = ULB3 + 60://trans-2a5 2 U1B5[deg]
var UIBQI =90 - UIB3/U1B8[deg]
var UIB4 =90 + U1BQL//rans-ee4, 1 U1B4[deg]
var UIB6 = ULB4 + 60;//trans-2a6,1 U1B6[deg]
var UIB2 = ULB4 - 60;/ciss,2 U1B2[deg]
var UIB6 = ULB4 + 60://trans-2a6.1 U1B6[deg]
var U1BQ2 = U1B3 - ULB2://U1B T[deg]
var usedata3
usedata3 = U1BQ2://angle UIBT
var UIBQ2 =usedatady/angle U1B7
calculate set S1Ci angles [deg]
var UICi = (UICI', U1C2, UIC3, VIC4, UICS, U1C6, V1CQ2, "UICQL)
i(U1BQ2 <30){
var ULC1 = usedatad//cis6.1 ULC1[deg]
var ULC3 = ULC1 + 60/trans-ee3.2 U1C3[deg]
var ULCS = ULC3 + 60y//trans-2a5,2 U1C5[deg]
var ULCQI =90 - UIC3/U1C8[deg]
var ULC4 =90 + U1CQL/hrans-eed, 1 U1C4[deg]
var ULC2 = ULCA - 607/ciss,2 U1C2[deg]
var ULC6 = ULCA + 60//trans-2a6.1 U1C6[deg]
var U1CQ2 = UIC3 - ULC2//UIC T[deg]
3
else{
var ULC2 = usedata3y//cis5,2 U1C2[deg]
var ULC4 = ULC2 + 60//trans-ee4.1 U1C4[deg]
var ULC6 = ULCA + 60y//trans-226.1 U1C6[deg]
var ULCQL = U1C4 - 90;/U1C8[deg]
var ULC3 =90 - ULCQI:/trans-ee3,2 U1C3[deg]
var ULC1 = ULC3 - 60;/cis6, 1 U1C1[deg]
var ULCS =60 + U1C3/trans-2as 2 U1C5[deg]
var U1CQ2 = U1C3 - ULC2//UIC T[deg]

document write” <p><i>Angles of et N i>:<ieis<i>-N1, <ieisc/i>N2.
i>N3, <i >N, N5, <i>trans-ee</i>-N6,

NQ2, NQI/2.</p>");

document write (" <p>Angles of set Ul Ai[deg]:</p>"):

document write (UIA1+"  "+ULA2+" "+ UIA3+"  "+UlA4+"  "+ULAS+"

SULA6+ | "+UTAQ2H AQL):

document write (" <p>Angles of set UlBi[degl</p>"):

document write (U1B1 +", "+U1B2+", "+UIB3+" _ "+U1B4+" "+UIB5+"

"+UIB6+" "+UIBQ2+" . "+UIBQL):

document.write (" <p>Angles of set UICi[degl:</p>");

document write (U1C1+" , "+ULC2+" | "+UIC3+" , "+U1C4+"  "+UIC5+"

"+UICET, "+UICQ2" , "+UICQL):
var usedatada,

usedatada= ULAQ2y/angle U1AT
var ULAQ2 = usedatada//angle U1A7
var usedatadh

calaulate angles of set indeg

var S1Ai = ('SIAL", ‘SIAZ‘ ‘S1{3‘ 'S1A4".'S1AS','S1AG", 'S1AQ2' 'SIAQL')
calaulate angles S1Ai in deg

var SA = (usedatada - usedarath); /cis-aa6, 1 51A1[deg]

if(SA<0)f
var SA = (usedata4b - usedatada);/cis-aa6.1 S1A1[deg]
3
clsef
var SA = (usedata4a - usedata4b);//cis-aa6.1 S1A1[deg]
¥

if(sA<30)(

var S1A1 = SAy//cis6.1 S1A1[deg]

var $1A3 = SA + 60//trans-ee3.2 S143[deg]
var S1AS = S1A3 + 60;/ftrans-aas.2 S1A5[deg]
var S1AQ1 = 90 - S 1A3://S1A8[deg]

var $14 =90 + S1AQ1:/trans-eed, 1 S1A4[deg]
var $142 = S1A4 - 60;//cisS.2 S1A2[deg]

var S1A6 = S1A4 + 60;/ftrans-a26,1 S1A6[deg]
var $1AQ2 = S1A3 -S1A2//S147[deg]

H

else{

var §142 = SA //cis-aa3. 2 $1A2[deg]

var $144 = SIA2 + 60;//trans-ee4,1 S1A4[deg]
var S1A6 = S1A4 + 60;//trans-aa6,1 S1A6[deg]
var SIAQ1 = S1A4 - 90://S1A8[deg]

var $1A3 = 90 - SIAQL://trans-ee3.2 S 1A3[deg]
var S1A1 = S1A3 - 60;//cis-aa6.1 S1A1[deg]
var S1A5 = 60 + S1A3;//trans-aas,2 S1A5[deg]
var 1AQ2 = S1A3 - S1A2//S147[deg]

¥

ficalculate angles of set $1Bi in deg
var S1Bi= (SIBI', S1B2. 'SIB3' S1B4! 'SIBS’ 'SIB6, SIBQ2. 'SIBQI)
calculate the angles S1Bi in deg
var $1B1 = S1AQ1//dis6.1 S1B1[deg]
var $1B3 = S1B1 + 60y//trans-ee3.2 S1B3[deg]
var $1BS = $1B3 + 60y//trans-aa3 2 S1B5[deg]
var SIBQI = 90 - S1B3//S1B8[deg]
var S1B4 = 90 + S1BQl J/trans-eed,1 S1B4[deg]
var $1B6 = $1B4 + 60://trans-aa6. 1 S1B6[deg]
var S1B2 = S1B4 - 603//ciss 2 $1B2[deg]
var S1B6 = $1B4 + 60;//trans-aa6.1 S1B6[deg]
var S1BQ2 = S1B3 -S1B2y/S1B7[deg]
var usedatas
usedatas = S1BQ2://algebraic mgle of set B
var S1BQ2 = usedatas://algebraic angle of set B
calculate set S1Ci angles [deg]
var SICi = (S1CT, 'S1C2, 'SIC3!, S1C4', 'S1CS, 'SIC6', SICQ2, 'SICQL)
i (S1BQ2 < 30){
var SIC1 = usedatas: cis6.1 $1C1[deg]
var S1C3 = S1C1 + 60 //trans-ee3.2 S1C3[deg]
var SI1C5 = S1C3 + 60 /Atrans-aaS.2 S1C5[deg]
var SICQI = 90 - S1C3/51C8[deg]
var S1C4 trans-ee4.1 $1C4[deg]
ciss.2 $1C2[deg]

var S1C6 = S1C4 + 603//trans-aa6.1 S1C6[deg]
var SICQ2 = S1C3 - $1C2://51C 7[deg]

¥

elsef

var $1Ci = (S1C1. 'S1C2,,'S1C3', 'S1C4. 'SICS, 'S 1C6. 'S1CQ2, 'S1CQLY:

sedatas://cis5.2 S1C2[deg]
1C2 + 60 //trans-ee4. 1 S1C4[deg]
1C4 + 60;//trans-aa6,1 S1C6[deg]
S1C4 - 90:/51C8[deg]

var $1C3 = 90 - S1CQ1/trans-ee3.2 S1C3[deg]
var SIC1 = S1C3 - 60://cis6. 1 S1C1[deg]
var S1C5 = 60 + S1C3/Atrans-aas.2 S1C5[deg]
var SICQ2 = S1C3 - $1C2;//51C 7[deg]

document write(" <p><i>Angles of set Ni</i><i>cis</i>-N1, <i>cis</i>-N2.
i i>-N3, <i i>N4, <i >N,

<i>irans-ce</i>-N6, NQ2, NQU/2.</p>" )
document write (" <p>Angles of set S1Ai[deg]-</p>);

document write (SIAI+" | "+S1A2+" "+S1A3+" "+S1A4+" "+S1A5+"
"+S146+", +SIAQ2+ , "+S1AQL):

document write (" <p>Angles of st S1Bi[deg]:</p>")

document write (S1B1+" , "+81B2+"  "+S1B3+"  "+S1B4+"  "+S1B5+"
"+S1B6+", *+SIBQ2+" , "+S1BQ1);

document write (" <p>Angles of st S1Cildeg]:</p>")

document write (SIC1+' _ "+§1C2+"  "+81C3+"  "+81C4+" "+81C5+"
"+S1C6+" . "+S1CQ2+" . "+S1CQ1):;

¥

clsef

var S1Al = undefined;/first angle of set S1Ai

}

var usedataB
usedataB = prompt ("The value of ngle UIB1 [deg]')
var BI = usedataB;/angle B1[deg]
calculate angle U1B 1[deg]
var UIB1 = 1*B1;/angle U1B1[deg]
document write ("<h4>b. Unit S1 is built from angle U1B1 ofunit U1.</h4>");
document write(" <p>The angle UL B1[deg]="+U1B1);
var usedatag
usedata6 = UIB1//The value of ULB1[deg]
var UIB1 = usedata6//mgle UIB1[deg]
calculate angles of set Ul Ai in deg
var UlAi = (ULAL', 'UIA2, 'UIA3, 'U1A4, 'ULAS, 'UIA6, U1AQ2, UIAQL);
calculate the angles U1Ai in deg
var U1AQI = usedata6;//U1A8[deg]
if (usedatat < 30){
var ULA3 = 90 - usedata6/ /trans-ee3,2 U1A3[deg]
var ULA4 = 90 + usedatay//trans-eed, 1| U144 [deg]
var ULAL = ULA3 - 60//cis6,1 U1A1[deg]
var U rans-225,2 ULAS[deg]
var ULA2 = ULA4 - 60//cis5.2 U1A2[deg]
var U A4+ 60;/ftras-226,1 U1 A6[deg]
var ULAQ2 = U1A3 - ULA2;/U1A7[deg]
calculate angles of set UlBi in deg
var UlBi = (U1BI, 'U1B2, UIB3', U1B4, U1BS, UIB6', U1BQ2', 'U1BQL);
calculzte the angles U1Bi in deg
var UIBI = usedata6//cis6.1 U1B1[deg]
var ULB3 = UIB1 + 60;//trans-¢e3,2 U1B3[deg]
var UIBS = UIB3 + 60y/trans-2as.2 U1 B5[deg]
var UIBQI =90 - UIB3;/U1B8[deg]
var UIB4 = 90 + UIBQI/trans-ce4, 1 U1B4[deg]
var UIB6 = ULB4 + 60y/trans-226,1 U1B6[deg]
var UIB2 = ULB4 - 60//ciss 2 U1B2[deg]
var UIB6 = ULB4 + 60y/trans-226,1 U1B6[deg]
var UIBQ2 = U1B3 - U1B2//U1B7[deg]
var usedatal
usedatal = UIBQ2:/algebrac angle of set B
var U1BQR = usedata7//algebraic angle of set B
caleulate set ULCi angles [deg]
var U1Ci = (U1CY, 'U1C2, UICY, V1C4, UICS, U1CE!, V1CQ2', 'U1CQL):
f(UIBQ2 <30){
var UIC1 = usedata7 /cis6.1 U1C1[deg]
var UIC3 = UIC1 +60y/trans-ee3.2 U1C3[deg]
var UICS = UIC3 + 60y/trans-2as.2 U1 CS[deg]
var U1CQI =90 - UIC3//U1C8 deg]
var ULC4 = 90 + UICQI//rans-ee4, 1 U1C4[deg]
var UIC2 = UIC4 - 607//ciss.2 U1B2([deg]
var UIC6 = UIC4 + 60:/trans-aa6,1 U1C6[deg]
var UICQ2 = ULC3 - U1C2//UIC[deg]

clsef

var UICi = (UICT, 'UIC2, 'UIC3, "UIC4, 'U1CS, 'UICE, 'VICQ2, 'VICQL):

var UIC2 = usedatal U1B2[deg]
var UIC4 = UIC2 + 60/trans-eed, 1 UI1C4[deg]
var UIC6 = ULC4 + 60/trans-226,1 U1C6[deg]
var UICQI = ULC4 - 90;/U1C8 deg]

var UIC3 =90 - UICQL//tras-ee3,2 U1C3[deg]
var UIC1 = UIC3 - 60//cis6, 1 UICI [deg]

var UICS =60 + UIC3/trans-2as,2 U1 CS[deg]
var U1CQ2 = U1C3 - U1C2//U1C[deg]

¥

document write( <p><i>Angles of st Ni</i>:<ieis<i>-NL. <i>cis<i>N2
i >4, <i N5,

<i>trans-ee</i>-N6, NQ2, NQ1/2.</p>")

document write (" <p>Angles of set Ul Ai[deg]</p>");

document write (ULAL+" " A2+" "+ULA3+"  "+ULA4+" | "+ULAS+"

"+ULA6™ , "+UIAQ2" , "+UIAQL);

document write (" <p>Angles of set UlBi[deg]:</p>")

document write (UIB1 +" , "+U1B2+" . "+U1B3+"  "+U1B4+"  "+U1B5+"

"+UIB6+" , "+UIBQ2=" , "+UIBQL);

document write (" <p>Angles of set UICi[deg]:</p>");

document write (UIC1+" | "+U1C2+" , "+U1C3+" , "+U1C4+"  "+U1C5+"

"=UICE+" , "+UICQ2=" , *+UICQL);

var usedata8a

usedataga= U1BQ2//angle U1B7

var UIBQ2 = usedataSa://angle UIB7

var usedatash

usedatash = U1BQ1y/angle U1BS

var UIBQI = usedata8b;//angle U1B8
calculate angles of set $1

var S1Ai= ('SIAI','S1A2', ‘SlA3‘ 'S1A4' 'SIAS'.'SI1A6', 'STAQ2! 'SIAQL):
calculate angles SB in deg

var SB = (usedatasa - usedatash);//angle of unit S1

iE(SB <0){
var SB = (usedata8h - usedataSa);//cis-aa6, 1 S1B1[deg]
3

elsef

var SB = (usedatasa - usedatash);//cis-aa6, 1 S1B1[deg]
¥

if(S1A1 < 30){

var S1AQ1 = SB1/S1A8[deg]

var S143 = 90 - SIAQL//trans-ee3.2 S1A3[deg]
var $144 = 90 + S1AQL/trans-ee4, 1 S1A4{deg]
var SIAL = S1A3 - 60://cis6,1 S1AI [deg]

var S1A2 = S1A4 - 60://cis5.2 S1A2[deg]

var S1AS = S1A3 + 60;/trans-aas,2 S1A5[deg]
var S1A6 = S1A4 + 60;/trans-a26.1 S1A6[deg]
var $14Q2 = S1A3 - S1A2://51 A7[deg]

elsef
var S1A2 = $B;//cis-aas,2 S1A1[deg]
var S1A4 = SIA2 + 60;/trms-eed,1 S1A4[deg]
var S1A6 = S1A4 = 60;/trms-a26.1 S146[deg]
var SIAQ1 = S1A4 - 90/S1A8[deg]
var S1A3 = 90 - SIAQL//trans-ee3.2 S1A3[deg]
var SIAIL = S1A3 - 60;//cis6, 1 S1AI [deg]
var S1AS = 60 + S1A3;/tras-aas,2 S145[deg]
var $1AQ2 = S1A3 - S142//51A7[deg]
¥

ealculate angles of set S 1Bi in deg
var S1Bi=(SIBI, 'S1B2, 'S1B3, §1B4| 'SIBS', 'SIB6, 'S1BQ2. 'SIBQI)
‘cal culate the angles S1Bi in deg

var S1B1 = SB//angle of unit §1

i (S1B1 <30){
var S1B1 = SB;//cis6, 1 S1B1[deg]
var $1B3 = SIBI + 60;//trans-ee3,2 S1B3[deg]
var S1BS = S1B3 + 60y//trans-225.2 S1BS[deg]
var SIBQL = 90 - S1B3//S1B8[deg]
var S1B4 = 90 + S1BQI//trans-ee4, 1 § 1B4[deg]
var SIB6 = S1B4 + 60;//trans-226.1 S1BG[deg]

var S1B2 = S1B4 - 60;//cisS,2 S1B2[deg]
var SIBQ2 = S1B3 - S1B2://S1B7[deg]
3

elsef

var S1B2 = SB://cis-aa5 2 S1B2[deg]

var §1B4 = S1B2 + 60;//trans-ee4,1 S1B4[deg]
var SIB6 = S1B4 +60://trans-aa6.1 S1B6[deg]
var SIBQI = S1B4 - 90:/S1B§[deg]

var S1B3 = 90 - SIBQI/trans-ee3.2 S1B3[deg]
var SIB1= SI1B3 - 60://cis6.1 S1B1[deg]

var SIBS = 60 + $1B3//trans-aas 2 S1B5[deg]
var SIBQ2 = S1B3 - S1B2://S1B7[deg]

var usedatad

usedatad = S1BQ2y/dgebraic mgle of set B

var S1BQ2 = usedatad;//algebraic angle of set B

‘cal culate set S 1Ci angles [deg

var S1Ci = (S1CI', '§1C2, 'S1C3, S1C41 'S1C5",'S1C6, 'S1CQ2. 'S1CQ
if(S1BQ2 < 30)¢
var S1C1 = usedatad; /cis6,1 S1C1[deg]
var $1C3 = S1C1 + 60://trans-ee3.2 S1C3 deg]
var S1C5 = S1C3 + 60;//trans-2a5.2 S1C5[deg]
var $1CQ1 = 90 - $1C3//S1C8[deg]
var $1C4 = 90 + S1CQI//trans-eed, 1 $1C4[deg]
var $1C2 = S1C4 - 60://cis-aa5.2 S1C2[deg]

var §1C6 = $1C4 + 60;/trans-a26.1 S1B6[deg]
= $1C3 - $1C2://S1C7[deg]

usedatad://cis-aa3 2 $1C2 [deg]
S1C2 + 60;/ftrans-ee4,1 S 1C4[deg]
var S1C6 = S1C4 + 60://trans-az6. 1 S 1B6[deg]
var SICQ1 = S1C4 - 90://S1C8[deg]

var S1C3 = 90 - S1CQ1/trans-ee3.2 S1C3[deg]
S1C3 - 60;//cis6.1 S1C1[deg]

60 + S 1C3;/ftrans-aa5,2 S 1C5[deg]
var S1CQ2 = S1C3 - S1C2://S1C7[deg]

¥

document write” <p><i>Angles of st Ni</i>:<ieiscli>-NL, <ieisc</i>N2
>N, i>-N5

<i>trans-ce</i>-N6, NQ2, NQU/2.</p>");

document write (" <p>Angles of st S1 Ai[deg]-</p>");

document write (SIA1+", "+S1A2+" "+§1A3+", "+S1Ad="  "+S1A5+"
"+S1A6+" . "+S1AQ2+". "+S1AQI):

document write (*<p> Angles of set S1Bi[deg]:</p>")

document write (S1B1 +", "+§1B2+" , "+S1B3+"  "+S1B4+"  "+SIB5+"
"+S1B6+" , "+S1BQ2+" , "+S1BQI);

document write (" <p>Angles of set S1Cil deg]:</p>")
document write (S1C1+", "+§1C2+"  "+S1C3+"  "+S1C4+" , "+S1C5+"
"+S1C6+" , "+S1CQ2+" , "+S1CQL);

3

clsef
var $1B1 = undefined;//first angle of set S1Bi

¥

alert("Hello World!");
</script>

</html>

Figure 8. Java Script program Step3UStransf-html.

'SICIY,'S1C2','SIC3), 'S1C4, 'SICS, 'S1CE, 'S1CQ2, 'S1CQLY);
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Sometimes, seven set unit (Step3sevensets.html) can be
preferred, in function of the interval 60 - 65[deg], instead of
six sets angles. The calculation of the dihedral angle with the
non-coplanar Villarceau circles approach gives the best
results (Table 3), but in absences of enough NMR data all the
methods are useful. The vicinal coupling constant *Jyu[Hz]
can be calculated from dihedral angle Oy *“[deg]
extracted in step 3 with Java Script program
Step4vicinalcoupling.html, or by hand with eq. 7, 8.

The program Step123SkewVillar.html presented in Figure
5 has three main steps: 1. Prediction: the vicinal coupling
constant 3JHH[HZ] for cis, trans-ee or trans-aa
stereochemistry will be introduced in the explorer prompt
windows (Script Prompt) resulting one of the vicinal angles
Bed, BTed, BTd = ¢ and one of the predicted angles Acd
(cis), ATed (trans-ee’?), ATeed (trans-ee*"), ATd (trans-aa)
= Opuinr™. 2. Manifold: from the carbon and proton
chemical shift 6[ppm] and Larmor frequency [Hz]
introduced in Script Prompt results the value R[radians] (or
in deg for R >1) and one angle of set A, angle Ad[deg] using
the manifold eq. 12, the non-coplanar Villarceau circles. 3.
Seven sets unit: the program itself with angle An[deg] build
seven set angles unit (Ul or S1, N1 > or < 5[deg], N= A, B,
C, D, E, F, G). The angle with value almost equal with the
predicted one is the required dihedral angle, otherwise the
dihedral angle will be found in unit U or S with programs
Step3SUtransf.html (Figure 7) and Step3UStransf.html
(Figure 8) as presented in subheading 3.3. Thus, from the
seven sets angles will be chose one pair of three set angles,
and with first angle of first set will be made the
transformation U to S or S to U.

4. Conclusion

The hypersphere trigonometric eq. 4, confirmed by
algebraic eq. 5, enable the calculation of the dihedral angle
from chemical shift (carbon and/or proton) and vicinal
coupling constant. The advantages of the 3-sphere approach
[19]: the right stereochemistry with corresponding sign
results from a perfect mathematic symmetry, gives by nature
itself (the universe shape), with applications on conformation
[16, 22] and configuration [23] of iminocyclitols [24]. A
method for calculation of the dihedral angles from NMR data
by hand with right stereochemistry and sign, or with Java
Script programs [25, 26]: 1. Non-coplanar Villarceau circles:
Progl: Step123SkewVillar.html, 2. Conic section and conic
section approach: Prog2: Stepl23CONIC.html, 3. Building
of seven and six sets angles: 3a. Prog3: Step3sevensets.html,
3b. Prog4: Step3UStransf.html, 3c. Prog5:
Step3SUtransf.html, 3d. Prog6: Transee32.html. Calculation
of the vicinal coupling constant from the calculated dihedral
angle: Prog7: Step4vicinalcoupling.html. Information about

the Java script programs can be obtained from
cmitan@yahoo.com, the programs can be wused with
Notepad++.

References

(1]

(2]

(3]

(7]

(8]

9]

[10]

[11]

[12]
[13]

[14]

B. Coxon, Developments in the Karplus equation as they
relate to the NMR coupling constants of carbohylates, Adv.
Carb. Chem. Biochem (2009), 62, 17, doi.org./10.1016/50065-
2318(09)00003-1.

http://en.wikipedia.org/wiki/X: X = a. Vesica piscis, b.
Hopf coordinates, c. conical_surface, d. Euler angles.

C.-1. Mitan, E. Bartha, P. Filip, C. Draghici, M. T. Caproiu, R.
Moriarty, NMR data and 3-sphere approach on calculation
dihedral angles of iminocyclitols with Java Script, ACS
National Meeting, 5 — 30 April 2021, Live virtual events
Macromolecular chemistry: the second century. ANYL ID:
3549263, oral presentation, morressier, 39 pag. Publisher:
American Chemical Society, Washington;
10.1021/scimeetings.1c00922.

C.-I. Mitan, E. Bartha, C. Draghici, M. T. Caproiu, P. Filip, L.
Tarko, R. Moriarty, Dihedral angles beyond unit with seven
sets on 3-sphere approach, ACS VIRTUAL National Meeting,
16-20 August 2020, Moving chemistry from bench to market,
ANYL 22, oral presentation, morressier, 32 pag. Publisher:
American  Chemical  Society, Washington, D. C.;
DOI.10.1021/scimeetings.0c06576.

E. Bartha, C.-I. Mitan, C. Draghici, M. T. Caproiu, P. Filip, R. M.
Moriarty, Program for prediction dihedral angle from vicinal
coupling constant with 3-sphere approach, Rev. Roum. Chim
(2021), 66, 178-183; DOI: 10.33224/rrch.2021.66.2.08 (Eng).

H. Hopf, Uber die abbildungen der dreidimensionalen sphire
auf die kugelfliche, Mathematische Annalen (1931), 104, 637,
doi: 10.1007/BF01457962.

D. W. Lyons, An elementary introduction to the Hopf
fibration, Mathematic Magazine (2003), 76, 87, doi:
10.230713219300, lyons@lvc.edu.

J. V. Waite, The Hopf fibration and encoding torus knots in
light fields, University of Nevada, Las Vegas may 2016:
http://digitalscholarship.unlv.edu/theses dissertations,
http://dx.doi.org/10.34917/9112204.

L. Moroni, The toric sections: a simple introduction, arXiv:
1708.00803v2 [math.HO] 6 aug 2017.

H. Gluck, F. Warner, W. Ziller, The geometry of the hope
fibrations, L 'Enseignement Mathématique, (1986), 32, 173.

L. Ornea, M. Parton, P. Piccinni, V. Vulturescu, Spin (9)
geometry of the octonionic hopf fibration, arXiV:
1208.0899v2 [math.DG] 8Jul 201; DOT: 10.1007/S00031.

http://ncatlab.org/nlab/show/Hopf fibration.

M. Zamboj, Synthetic construction of the Hopf fibration in the
double orthogonal projection of the 4-space, arXiV:
2003.09236v2 [math.HO] 6 Jan 2021 DOI
10.10931/jcde/qwabo18.

C. E. Duran, A. Mendoza, A. Rigas, Blakers-Massey elements
and exotic diffeomorphisms of S6 and S14 via geodesics,
Transactions of the American Mathematical Society (2004),
356, 5025; DOI:https://doi.org/10.1090/50002-9947-04-
03469-5.



[15]

[16]

[17]

[18]

[19]

Science Journal of Chemistry 2022; 10(1): 21-31 31

L. Garnier, H. Barki, S. Toufou, L. Puech, Computation of
Yvon-Villarceau circles on Dupin cyclides and construction of
circular edge right triangles on tori and Dupin cyclides,
Computers and Mathematics with Applications (2014), 68,
1689; http://dx.doi.org/10.1016/j,camwa.2014.10.020.

M. Schrott, B. Odehnal, Ortho-Circles of Dupin Cyclides,
Journal for Geometry and Graphics (2006), 10, 73;
http://www.heldemabb.de/J66/J6610/jgg10.htm.

C.-1. Mitan, E. Bartha, P. Filip, C. Draghici, M. T. Caproiu, L.
Tarko, R. Moriarty, Proton chemical shift and vicinal coupling
constant ratio on conformational analysis of iminocyclitols
with a-D ribose stereochemistry, ACS VIRTUAL National
Meeting, 16-20 August 2020, Moving chemistry from bench
to market, ANYL 48, poster; demo - morressier. Publisher:
American  Chemical  Society, Washington, D. C,;
DOI.10.1021/scimeetings.Oc06567.

R. M. Moriarty, C. I. Mitan, N. Branza-Nichita, K. R. Phares,
D. Parrish, The exo-imino to endo-iminocyclitol
rearrangement. A general route to five membered antiviral
azasugars, Org. Lett. (2006), 8, 3465,
doi.org/10.1021/01061071r.

C.-1. Mitan, E. Bartha, P. Filip, C. Draghici, M. T. Caproiu, R.
M. Moriarty, Calculation of the dihedral angles of 1-a,-B-R-5-
O methanesulfonyl-2,3-O-isopropilidene-L-lyxose from NMR
data with 3-sphere approach and Lambert-Wu R value, ACS
National Meeting, Fall 2021 August 22-26, Atlanta, GA,
Resilience of Chemistry, poster ID: 3582748, Carb Row 5 —
Virtual.

[20]

[21]
[22]

(23]

[24]

C.-1. Mitan, E. Bartha, P. Filip, C. Draghici, M. T. Caproiu, R.
Moriarty, Relationships between vicinal constant couplings
3Jun, 'H and *C-chemical shifts and torsional angles, 257"
ACS National Meeting in Orlando, Florida, March 31- April
4, 2019, Chemistry for the New Frontiers, ANYL 392,
morressier, 39 pag. Publisher: American Chemical Society,
Washington, D. C.

https://mathworld.wolfram.com/VillarceauCircles.

H. A. Taha, M. R. Richard, T. L. Lowary, Conformational
analysis of furanoside containing mono- and oligosaccharides,
Chem. Rev. (2013), 113, 1851, doi.org/10.1021/cr300249c.

C.-1. Mitan, E. Bartha, A. Hartopeanu, C. Stavarache, C.
Draghici, M. T. Caproiu, M. Manganu, I. Man, L. Tarko, F.
Teodorescu, C. Deleanu, Anomeric ratio and dihedral angles
of -, p-iodo-methyl-D-ribofuranose, ACS VIRTUAL
National Meeting, 16-20 August 2020, Moving chemistry
from bench to market, ANYL 49, poster; demo - morressier.
Publisher: American Chemical Society, Washington, D. C.;
DOI.10.1021/scimeetings.0Oc06576.

B. L. Stocker, E. M. Dangerfield, A. L. Win-Mason, G. W.
Haslett, M. S. M. Timmer, Recent developments in the
synthesis of pyrroline containing iminosugars, Eur. J. Org.
Chem. (2010), 1615, Doi.org/10.1002/ejoc.201090021.

G. Perry, D. Miller, Beginning Programming in 24 hours,
Third edition, SAMS Indianapolis, Indiana, 46240 USA.

W3schols.com, http://www.w3schools.com, HTML, CSS,
Java Script.



