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Abstract

Relationships between vicinal ¢ - dihedral Ontn+ - tetrahedral @cn angles [deg] under Hopf fibration and Lie algebra theories
enable conformational analysis with VISION molecular models on conformational routes that might be followed by six
membered ring, i.e. 4C12 0H5, 0H1, 2H1, 2H3, 4H:;;, 4Hs, 052, 3’OB, 381, Bl’4, 581, 2’58, 2So, B3,o, 183, 1'4B, 155, Bz,s 0f2,6-dideoxy-2,6-
imino-D-talonic acid 1D. Six dihedral angles with cis-, trans-ee, trans-aa stereochemistry calculated from only one vicinal
coupling constant 3Jyu[Hz] and torus and invers of torus equations, represented on 3-Sphere, a hypersphere in 4D, are restricted
by the stereochemistry of sugar, by the combination of dihedral angles along its shape, tetrahedral angles and at list by the
distorted boat B or skew S of relaxed C; or 1C4 chair conformations. Dihedral angles at anomeric position calculated from vicinal
coupling constant are compared with angles calculated from carbon chemical shift with Euler - Conic manifold. On VISION
molecular models are simulated first two conformations Bosand B°? as etalon, followed by introduction the calculated exocyclic
dihedral angles: 1. from dihedral angles calculated only from vicinal coupling constant 3Jpyu[Hz]: S's (Boys), and B%2 (S?%y), S°1; 2.
or from carbon chemical shift S[ppm] and vicinal coupling constant®Jun[Hz]: S's, Bo;s, S% and S°.
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1. Introduction

Real Hopf fibration trigonometric equations for one vicinal
coupling constant, or R octonionic Hopf fibration for all ste-
reochemistry with positive and negative sign, in agreement with
algebraic equations, in case of torus and other two equation re-
sults from invers of torus are applied on calculation dihedral an-
gles in close relationships with tetrahedral angles from NMR
data (vicinal coupling constant and / or carbon chemical shift)
for conformational analysis. Six possible dihedral angles
Onnmn-1[deg] results from vicinal angle ¢[deg] calculated with
characteristics equations (1, 2) for calculation dihedral angles

from vicinal coupling constant *Jun[Hz]. [1] Phase angle of the
pseudorotation P[deg] can be established with exocyclic 3-
Sphere dihedral angles on VISION molecular models. Too
higher number of dihedral angles are reduced by the relation-
ship with the corresponding tetrahedral angle on seven set an-
gles.

3-Sphere approach enable calculation dihedral angles from
vicinal coupling constant 2Juu[Hz] and / or chemical shift
3[ppm]. A hypersphere in 4D, where all cis, trans-ee and
trans-aa stereochemistry can be drowned on three concentric
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cons, or on two sets angles with six angles on every set, having
fist angle of set A half of angle between angles 3 and 4 of set
B. Hopf trigonometric equation ensuring relationships be-
tween dihedral angle Bunrn+1[deg] and vicinal angle ¢[deg],
angle result from vicinal coupling constant 3Jun[Hz]. If dihe-
dral angle Bunun+1[deg] is the first angle of set A the vicinal
angle is the third angle of set B resulting an angle with cis5?
stereochemistry, if fist angle of set A is a vicinal angle ¢[deg]
the dihedral angle can be the third or fourth angle of set B.

A method in 4 steps: 1. first are calculated the vicinal angles
from vicinal coupling constant 3Jun[Hz], 2. with manifold
equations will be calculated the first angle of unit, 3. Units
with seven or six sets angles are builds, 4. Dihedral angles
OnnHn+1[deg] are chosen in close relationships with tetrahedral
angles ocn[deg]. That must be mentioned in case of six mem-
bered ring tetrahedral angles ¢cn[deg] are in sets A or B and
dihedral angles on sets D, E or F, G. In case of angles calcu-
lated only from vicinal coupling constant 3Juu[Hz] units are
builds starting with dihedral angles Onnmn+1[deg]. [2, 3].

2. Results

3-Sphere approach enable calculation dihedral Oxnrn+1[deg]
and tetrahedral @cn[deg] angles from vicinal angle ¢***[deg],
[1] angle calculated from vicinal coupling constant 3Jup®?[Hz]
or from carbon chemical shift dcn[deg] with manifold [2, 3]
equations. [4, 5] Six possible dihedral Oxnrn+1[HZ] angles can
be calculated from only one vicinal coupling constant
3Jun[Hz], angles in close relationship with tetrahedral pca[deg]
angles 1. on seven sets angles on one unit, having as keys an-
gles 071 A2 half of angles 6¢! " 2 ¢, of sets D, E, and ¢, of

sets F, G; 2. in six sets angles on two unit, based on transfor-
mation U to S and S to U. [2] The numbers of dihedral angles
are reduced: I. by the stereochemistry of sugars, in this case
negative sign of dihedral angle HsH. restricted by D-talonic
1D stereochemistry [6], Il. by relationship dihedral - tetrahe-
dral with vicinal angle almost equal with recorded vicinal an-
gle ¢**P[deg], 1. conformational analysis. [7].

1D
Figure 1. 2,6-Dideoxy-2,6-imino-D-talonic acid 1D.

Based on recorded vicinal coupling constants 3Jyn[Hz] re-
ported in literature for 2,6-dideoxy-2,6-imino-talonic acid 1D,
B%3 conformation was established considering the following
succession of dihedral angles (exocyclic angles): -39.10 cis / -
139.78 trans-aa®?, +143.29 trans-aa®?, -30.69, cis, -146.76
trans-aa>?2 [8], considering the rule of vicinal angle: eq. (1)
until now characteristics for cis, trans-ee for values smaller as
6[Hz] and eq. (2) for trans-aa stereochemistry with values
higher as 6[Hz], now is applied without any restriction for
trans stereochemistry (Egs. (1 — 4)). Four possible cases are
restricted at two combinations (a and b) of trans-aa and trans-
ee with corresponding cis stereochemistry. [1].

Table 1. Tetrahedral angles gpcn[deg] in close relationship with dihedral angles Onnnn+1[deg] calculated from vicinal angle g¢[deg] for 2,6-

dideoxy-2,6-imino-D-talonic acid 1D.

Entry 3J1n[Hz] (Nx3JnH)? ¢[deg]
(2x3Jhn)? 57.76
1 3.8
(3Jnn)? 14.44
(QIME 59.29
2 1.7
(2x33nH)? 237.16
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- oltea] gl
32.24 (-32.24) - 118.88
-40.22 110.06 114.887
-39.10 - 115.448
75.56 (-75.56) 112.22 112.78
-14.002 112.99 112.001
-14.921 112.53 112.460
30.71 (-30.71) - 118.579
-40.68 110.34 114.982
-36.44 - 114.900
-32.84 (32.84) - 119.645
40.036 110.018 114.656
-40.19 110.09 115.279
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Entry 3JuH[HZ] (S THE ¢[deg] OHnHn+1[deg] gCnE[deg] gcgdeg]
36.71 (-36.71) - 116.645
(3Jnm)? 53.29 -38.71 - 115.640
-48.21 114.10 110.893
3 7.3
-56.84 (56.84) 118.42 -
(2x33nm)? 213.16 28.67 - 119.338
-40.797 110.398 114.601
62.96 (-62.96) 118.52 -
(2x33nm)? 27.04 -24.44 - 117.223
-30.69 - 119.654
4 2.6
83.24 (-83.24) - 116.62
(nn)? 6.76 -6.71 116.64 -
-6.80 116.59 -
49.04 (-49.04) 114.52 110.455
Clhm)? 40.96 -33.24 - 118.377
-60.26 119.86 -
° 64 -73.84 (73.84) 113.08 111.92
(2%3JHH)? 163.84 -15.55 112.22 112.776
16.84 111.57 113.422
Vicinal angles ¢[deg]: Onnhn+1 = sintan-¢ )
trans-ee: ¢ = (2x3Jun)? (1) Dihedral [8] angles Ownrin+1[deg] with corresponding tetra-
hedral [4] angles @cn[deg] calculated from vicinal coupling
trans-aa: ¢ = (3Jun)? (2)  constant 3Juu[deg] with egs. (1 and 2) [1] are presented in Ta-
ble 1. Thus, six dihedral angles Onnnn+1[deg] for only one vic-
trans-aa: ¢ = (2x3Jnm)? (3) inal coupling constant Jun[deg]. Unit with seven sets angles
are builds from the half calculated dihedral angle (angles of
trans-ee: ¢ = () (4)  set A) with eq. (8 — 10), relationships between cis, trans-ee
dihedral angles 0*%, 042, 6% and angle 6°* equal with tetrahe-
Dihedral angles Onnnn+1[deg]: dral angle.
. Relationships dihedral Onnnn+1[deg] angles and gca[deg]
Ornknsg = SIN"COS ¢ (®)  tetrahedral angles:
Onntns1 = tansin-¢ (6)
Ontns1 ™t = f(S\]HH): ¢ocn = 120 - (6Han+1/2) (8)
OnnHne ™ = f(sJHH): ¢@cn = 120 - cos‘lsin[(-GHan+1)/2] (9)
BOrntn+1™® = fCIun): ocn = 120 - cos'sin{-[60 - (Onnmn+/2)]} (10)

In light of new consideration [1], at anomeric position are B. cis positive and trans negative, with angles around 114 -
distingue two cases: A. both cis and trans angles are negative,
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116[deg] under A, B and D, E sets rule or 110[deg] with rela-
tionships between dihedral and tetrahedral under A, B and F,
G sets rule. Tetrahedral angles 110 and 113 - 115[deg] results
from sets D and F for same values of dihedral angles

OnnHn+1[deg]. Between the two possible dihedral angles will be
calculated the tetrahedral angle from set D conform with eq.
(8 - 10).

Table 2. Tetrahedral angles pcn[deg] in close relationship with dihedral angles Onnnn+1[deg] calculated firom carbon chemical shift dca[ppm]

of 1D from sets A, B and D, E.

bent [0} OHnHN+1 OHnHN+1 ®cn
Entry [p;m] SN (T2 [deg] [deg] ¢ 3JHH [deg] [deg]
[Hz] [deg] [Hz]
[gauss]
recorded calculated
32.24 HiH2:
(2x3hH)2 57.76 -40.22 32.67
-39.10 HiH2: -
32.67
57.32 3.78 HiH2:
237.33 7.7 33.933
C 56.066 3.74 HiH2: - :I 1;;12'6153
1 418 38 236.067 7.68 33.933 Ili. 105.011)
1.2549 75.56 57.993 3.80 HiH2: 115.98
-14.921 56.731 3.76 HiH2: - ’
236.73 7.69 32.006
HiHo:
33.268
HiH2: -
33.268
30.71 HiH2:
(3Jnn)? 59.29 -40.68 33.181
-36.44 HiH2: -
33.181
HiH2:
56.819 3.76 a];f'gl_
236.819 7.69 31 50'1
58.498 3.82 H2H3:
238.499 1.2 28.498 1.113.63
C2 212.88 7.29 HuHy: 1. 116.99
2. 60.3 7.7 57.32 3.78 ’ : )
689 3284 3033 o 32.67 I11. 114.64
(2x3JHH)? 237.16 40.02 211.106 7.26 HiHo: - 116.347
-40.19 58.173 3.81 3267
238.174 7.71 ?72';;2
212.384 7.28 HiHy:
31.826
HiH2: -
31.826
HaoHa:
28.173
36.71 214.916 7.33 HaoHa: - 1.110.168
(3Jnn)? 53.29 -38.71 27.9107¢ 2.64 55.084 11. 109.99
Cs -48.21 211.37 7.26 HszHa: - 115.001
3. 65.7 7.3 27.5005P 2.62 25.084 110.002
1.8403 . -56.84 28.248" 2.65 HaHs: 11.117.073
(2xCJhH) 213.16 28.67 214.999 7.33 275005  (61.48)
61.32 27.796° 2.63 HaHa: 116.04
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Entry

dcn?

[Ppm]
[gauss]

Cs
68.2
1.9103

() OHnHn+1
st v, [deg] [deg]
[Hz] (NX3JHH)

recorded

62.96
(2x3JHH)? 27.04 -24.44
-30.69
2.6
83.24
(3Jnm)? 6.76 -6.71
-6.80

165

¢
[deg]

212.94
28.536
28.536
27.349°
212.157
28.0238
27.904°
214.886
27.951°
211.200
27.385
28.323°

28.024
27.904°
41.689
26.047
41.089
40.924
40.956
41.280
28.608
41.535
41.258
28.688
41.477
27.866

8JHH
[Hz]

7.29
2.67
2.67
2.61
7.28
2.64
2.64
7.32
2.64
7.26
2.61
2.66

2.646
2.64
6.45
2.55
6.41
6.39
6.39
6.42
2.67
6.44
6.42
2.67

6.44
2.639

OHnHN+1

[deg]

calculated

62.499
HsHa: -
32.499
HaHa: -
55.001
HzHa: -
25.0009
HaHa:
28.536
HzHa:
61.462
HsHa: -
32.940
HsHa: -
31.463
HzHs:
28.023
HsHa:
61.976
HzHa: -
31.976
HaoHa: -
55.114
HzHa: -
25.113
HaoHa:
27.385
HsHa:
62.614
HsHa: -
32.614

HsHa:

61.976
HsHa: -
31.976
HaHs: -
63.952
HsHa:

63.952
HaHs: -
60.696
HaHs: -
60.116
HaHs: -
60.221
HaHs: -
61.392
HsHa:

61.392
HaHs: -
62.353
HaHs: -
61.312
HszHa:

61.312

@cn
[deg]

(58.518)
110.228
(58.51)

114.771

1. 108.95:
116.0475
112.094
105.22:
118.607
119.778
119.557
117.216

11. 109.705:
115.294
117.375
111. 110.0924
115.7334


http://www.sciencepg.com/journal/sjc

Science Journal of Chemistry

http://www.sciencepg.com/journal/sjc

den (0] OHnHn+1 OHnHN+1 ®cn
n 3 a 3
Entry [ppm] [JHHZ'] (NXx3JHn)? [deq] [deq] ([I:je 1 [JHHH Lceg] [deq]
[gauss] g 2
recorded calculated
HaHs: -
62.133
HsHa:
62.133
49.04 -
(Inn)? 40.96 -33.24 HaHs: -
-60.26 61.470
H3zHa:
61.470
HszHa: -
31.470
H4Hs: -
61.013
HsHa:
- - 61.013
41.301 6.426 HaHs: -
28.529 2.67 61.627
27.567° 2.625 HzHa:
41.177 6.41 61.627
28.986 2.69 HaHs: - ;1:;035%;;
41.343 6.429 61.162 107'0279
28.372 2.66 H3zHa: 117'972
41.218 6.42 61.162 108.255
Cs 28.837 2.685 HaHs: - 116.745
5. 70.6 6.4 41.498 6.44 62.2119 ’
0.50566 -73.84 27.788 2.63 HsHa: 117675
(2x3JnH)? 163.84 -15.55 40.229 6.342 62.211 Il 109.413
16.84 41.664 6.454 HaHs: - ﬂig;g
27.1420 2.60 32.856 i '114 1275
40.377 6.354 HaHs: - 11;5 035;5
41.685 6.456 62.856 ’
27.063 2.601 HzaHa:
39.540° 6.288 62.856
41.568 6.44 HaHs: -
27.517 2.517 32.936
HasHs: -
62.936
HzHa:
62.936
HasHs: -
32.482
H4Hs: -
62.482
HsHa:
62.482

a. ®*C-RMN 75[MHz], D20 [6]: Euler conic Rm = 8cnX75x4x107%/10.71[x] [3]; b. tan'sin(-A/n) = -B, cos’sin (-B/m) =C,n,m =1, 2; b. ¢
calculated from dihedral angle, angle of set E: tan-sin(-x) = -0F.
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Table 3. Tetrahedral angles pcn[deg] in close relationship with dihedral angles Onnnn+1[deg] calculated fiom carbon chemical shift dcn[ppm]
for 2,6-dideoxy-2,6-imino-D-talonic acid 1D from sets A, Band F, G.

(0} OHnHN+1 OHnHN+1 ocn
Entry ?;;m] RPN L [deg] o Uu [deg] [deg]
A [de] [Hz]
recorded calculated
32.24
(2X33hm)? 57.76 -40.22
Ca -39.10
1. 44.8 3.8
1.2549 75.56
(CInm)? 14.44 -14.002
14921  57.894 3.80 HiH2: -40.267 '
237.896 7.71 HiH2: 40.267 )
. 30.71 237.123 7.69 HiHa: -40.267 (1510;;5
(Inm) 59.29 -40.68 57.458 3.79 HiHz: 40431 0 -2
-36.44 237.45 7.7 HiHa: 40.131 (58740
C, 32.84 237.196 7.7 HiH2: -40.131 '
2. 60.3 7.7 (2X33hm)? 237.16 40.02
1.6890 -40.19
-56.84
(2X33hm)? 213.16 28.67
61.32
62.96 163.083 6.38 HaHs: -73.023
(2X33hm)? 27.04 -24.44 163.723 6.39 HaHs: -16.976
-30.69 162.225 6.36 HaHs: 16.976
41.047 6.4 HaHs: 48.953 '1'1121853475
162.007 6.36 HaHs: 18.952 10522
40.184 6.33 HaHs: 49.815 110369
164.303 6.4 HiHs: 74303 7o
163.679 6.39 HHs: 15.6063 7020
Ca 164.889 6.42 HaHs: 74880 7o'
3. 68.2 2.6 164.334 6.4 HaHs: 15.1108 '
1.9103 83.24 164.778 6.41 HeHs: 74778 117216 ,
(Inn)? 6.76 -6.71 164.210 6.407 HsHs: 15.221 1. 109.705:
-6.80 163.608 6.39 HsHs: -73.608 ﬂg'gzg
164.240 6.40 HaHs: 16.392 L 117 375
162.646 6.37 HiHs:-72.646 000
40.294 6.34 HaHs: 49.706 115733
164.311 6.409 HaHs: 16.312 '
40.046 6.328 HaHs: 49.953
163.585 6.39 HaHs: 17.133
49.04 164.170 6.406 HaHs: 16.470
(Inm)? 40.96 -33.24 164.170 6.406 HaHs: -16.470
-60.26 163.529 6.39 HaHs: -73.529
164.577 6.414 HaHs: 16.013 L 117.0588
164.577 6.414 HeHs: -16.013 17 79
163.986 6.4 HiHs: -73.986  1}6'74e
Cs 164.031 6.403 HaHs: 16.627 117675
4 20.6 6.4 164.031 6.403 HiHs: -16.627  |jc'eoe
0.50566 -73.84 163.372 6.390 HaHs: -73.372 1 114,287
(2x3Inm)? 163.84 -15.55 164.444 6.41 HsHs: 16.162 114.127
16.84 164.444 6.41 HaHs: -16.162 L. 110.672
162.143 6.36 HiHs:-72.143 15 (ges
163.516 6.39 HaHs: 17.211
161.954 6.36 HaHs: -17.211
162.788 6.37 HaHs: -72.788
40.437 6.359 HaHs: 49.563
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6 () OHnHn+1 OHnHN+1 ®cn
e 3 3
Entry  [ppm] [JHHZI] (T2 [deg] [deg] EI:j . [JHHZ.; [deg] [deg]
[gauss]
recorded calculated

163.279 6.38 HaHs: 17.482

163.279 6.38 H4Hs: -17.482

162.5177 6.374 HaHs: -72.517

162.883 6.38 HaHs: 17.936

161.114 6.34 H4Hs: -17.936

162.067 6.36 HaHs: -72.063

40.437 6.35 H4Hs: 49.563

163.279 6.38 HaHs: 17.482

161.641 6.35 H4Hs: -17.482

162.517 6.37 HaHs: -72.517

Dihedral angles Onnnn+2[deg] with corresponding tetrahe-
dral angles @cn[deg] calculated from carbon chemical shift
dcn[deg] and vicinal angles ¢[deg] with egs. (1 — 4) are pre-
sented in Tables 2, 3. All dihedral and tetrahedral angles are
calculated from direct relationship between five sets angles,
from strict trigonometric point of view from sets A, B and D,
E (Table 2) or A, B and F, G (Table 3). In set A is placed the
tetrahedral angle calculated from sin, tan and cot functions
with egs. (11, 12) in 4D and eq. (13) in 3D, with first and sec-
ond angles of set A as ¢, in sets D, E and or with first and
second angles of set B as ¢» in sets F, G.

Dihedral angles are calculated from sets D, E or F, G using
three characteristics equations for every vicinal angle ¢[deg]
(egs. (5 — 7)) calculated from vicinal coupling constant
3Jun[Hz] (egs. (1 — 4)), totally six angles, having in mind that
the calculated dihedral angle must have almost equal value as
dihedral angles results only from vicinal coupling constant
3JHH[HZ].

Tetrahedral angles gpcn[deg]:

4D: sintan{-sin [nx(L/Rm)]} = - ¢S (12)
4D: tanisin{-tan' [nx(1/Rm)]} = - T T (12)
3D: cos?sin[-npxd2"] = @cn (13)

where: @cn [deg] - tetrahedral angle of C,, n=1-5, Ry - [x] -
values calculated from chemical shift 6 [ppm] with manifold
equation.

Relationship between dihedral angles and tetrahedral angles
on seven sets angles ensured by egs. (14 — 16).

0A = 2P = 2x(120 - @cn); 0B = ¢o" =2x(120 - @cn) (14)
Equation (5) on Hopf fibration:

R*: Xo

cosodsing, Xi

0% = 9of = 60 - 67L; 052 = ¢,° = 60 - %L (15)

2xcos singcyP O F = ON2 (16)

where: tetrahedral angle @cn[deg] = 04
$2P, d2F, 027, 02° - algebraic angles of sets D, E, Fand G, N
=A B.

3. Discussion

Phase angle of pseudorotation P[deg] can be established on
VISION molecular models using exocyclic 3-Sphere dihedral
angles in close relationship with corresponding tetrahedral an-
gles @cn[deg]. Dihedral and tetrahedral angles ocn[deg] calcu-
lated only from vicinal coupling constant 2Juzns [HZ] or car-
bon chemical shift results in both pairs of angles D, E and F,
G. In first case, seven sets angles are builds from calculated
dihedral angles with egs. (5 — 7), in second case with calcu-
lated tetrahedral angles @cn[deg] from carbon chemical shift
dcn[ppm] with Euler-conic [2, 3] and characteristics equations
for calculation tetrahedral [4, 5] angles oca[deg] in opposite
with dihedral angles sin versus tan function on 4D equations
(eq. (11, 12)).

Six possible dihedral angles can be calculated from vicinal
angles ¢[deg] with torus and invers of torus equations (5 - 7),
real Hopf fibration [2, 9, 10] for only one vicinal coupling
constant or R* complex Hopf fibration for two possible vicinal
coupling constants 3Jun[Hz], in close relationships between
set A and B. In case of invers of torus equations (8, 9) the unit
is build starting with calculated dihedral angle following the
rule of unit C (U or S), angles are not all under sin and tan
functions on sets A and B.

singsing,

Xz = cosBsing, Xz = sinOsinb,
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with ¢ = f(¢1/2, ¢2) - vicinal angle[deg], 0 - dihedral angle[deg].
Xo = singcosOY18, X; = cos0Y1B3 cos 0Y1C%/2, dagsr = OUIBS, O = OU1A6, gUIC5/2 = UIB3; trans-aa®?,
Xz = singcosOVI, X3 = cos0Y1B2c0s0YIC42, daas 2 = OUIB2, Oy = QUIAS, QUIC4/2 = UIB2; trans-aa®?,
X4 = singcosVA4, X5 = cos0Y1Bcos0YICY2, deeq,1 = OUIBL, By = OUIA4 UICY2 = gUIBL: trans-ee?,
Xg = singcosOY1A3, X7 = cos0Y1Bicos0YICY/2, dees 2 = OYIBL, By = OUIAS 9UICY2 = gUIBL: trans-ee®?,
Xg = sing cos05M4, Xg = c0s05'BL c0os 051CY2, (ee3 2Y1B = 051BL, Oy = 05143, 9SICL/2 = 9518 trans-ee3?,
X10 = sing cosO5™4, X1 = c0s05BL coS 051CY/2, deeq 118 = 0518, Oy = 05144, 9S1CY/2 = 9SIBL: trans-ee?,
X12 = sing cosOYAL, X3 = cosOY1E2 c0sOYICE/2, daare = OYIB3, Op = OUIAL, QUIC5/2 = QUIBS: cis-ae/ealf,
X14 = Sincos0YA2, X15 = cos0YIB2 cosOVIC42, aers = OV1B2, Oy = OUIA2, QUIC4/2 = U1B2; cis-ae/ea®®.
Equation (6) on Hopf fibration:
R* Xo = tangsindT, X; = singsing,
Xz = tan0Tsing, X3 = sindTsin0T,
with ¢ = f($1/2, ¢2) - vicinal angle[deg], 0 - dihedral angle[deg].
R octonionic Hopf fibration S®* — S7 —S§*
trans-aa®!: Xo = tan@Y48sin-¢, X; = sing 146 sin gUIA6,
trans-aa>2: Xz = tan@Y"5sin-¢, Xz = sin@Y15 sin QUIAS,
trans-ee*!: X4 = tan@Y%3sin-¢, Xs = sin@Y4% sin QUIAS,
trans-ee32: X = tan@Y43sin-¢, X7 = singY1A3ginguAs,
trans-ee32; dees 218 = 0518, Xg = tan0SA3sin-¢, Xg = sin0SA3sin@S1A3,
trans-ee*!: deeq,1V18 = 0SB X10 = tan0SAsin-¢, Xq1 = sin05M44sin 05144,
cis-ae/eal®: Xi, = tan@Y'Alsin-¢, X3 = singYAL singVAL
cis-ae/ea®®: X4 = tan@VA%in-¢, Xis = singY1A2sin gUIA2,
Equation (7) on Hopf fibration:
R* Xo = singtand®®T, X; = tan¢tano,
Xz = sind5Ttang, X3 = tandSTtanoST,
with ¢ = f(¢1/2, ¢2) - vicinal angle[deg], 0 - dihedral angle[deg].
R28: octonionic Hopf fibration S® — S7 —S*
trans-aa®!: Xo = sin@YA%tan-¢, X; = tan@Y148 tan U146,

trans-aa®2: X = sin@Y5tan-¢, X5 = tan@Y5tan U145,
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trans-ee*L: X4 = sin@Y5tan-¢, Xs = tan0Y*%tan U145,

trans-ee®Z X = sin0Y3tan-¢, X7 = tanfY4%1tangUiA3,

trans-ee32; dees 218 = 05181, Xg = sin0S3tan-¢, Xy = tand3*3tans143,

trans-ee*!: deeq 1918 = 0511, Xy0= sin@SA*tan-¢, Xy1 = tan0SA4tan SA4,

cis-aefeal®: Xy, = sinfY*tan-¢, Xi3 = tangVAltanguiAL,

cis-ae/ea?®: Xis = sinfYtan-¢, Xis = tangVA2tan U142,

Bhnkin+1 = tan(1/tan-¢) (7)
¢ = sinlsing (18)
0 Hntnes = tant(1/sing) (19)

Hopf fibration ensures trigonometric equations between di-
hedral angles Onnnn+1[deg] and vicinal ¢[deg] angles, for ex-
ample the already published equations (5, 6, 7), [9] and the
equations (17) [11] and (19) in tangential space. Relationships
between dihedral and vicinal angles results from eqgs. (17, 19),
relative to eq. (18). Dihedral angles calculated from vicinal
angles with eq. (5) have sign in opposite with dihedral angles
calculated with eq. (17). Relationships between dihedral / vic-
inal angle are established with eq. (17), since with eq. (18)
result only the angle analyzed.

Negative sign for vicinal angle don’t gives the trans-ee*!
stereochemistry and only a negative dihedral angle with trans-
ee®® stereochemistry. Homotopic behavior of Hopf fibration
trigonometric equations giving from the invers of vicinal an-
gle under tan function the dihedral angle under the cot func-
tion. As shown in Table 2, between vicinal coupling constants
3.8 and 7.7[Hz] the vicinal angles 57.76 and 237.16[deg]
gives two angles almost equals: +/-32.24 and +/-32.84[deq],
with vicinal coupling constants 3.78, 7.7[Hz] and 3.76,
7.69[Hz].

e
(v(Hue)
~ <

fsA

(e () () s
\___,/\'/ - (\—/
gAs
Figure 2. Differential topology, relationship between angles of set A
and B: i. .8Jun 3.8[Hz], ¢ 57.76/deg], Onnrn+1 +/-32.24[deg] (posi-
tive eq. (3), negative eq. (17)), +/- 89.75 = tan"}(1/sin +/- 0.25) (eq.
(19)).

The anomeric position on molecular models shown two
combinations of angles (Table 4): S35 cis-On1n2 -40.22 [deg]
for 3.8[Hz], trans-aa Oz -139.32 [deg] for 7.7[Hz] (entry 1),
S2p or S8 trans-ee Ouinz -79.78 [deg] for 3.8[Hz] and cis-Oum2
-40.03[deg] for 7.7[Hz] (entry 2 and 5), or S% (entry 3) S*; for
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Cis-On1r2 32.24[deg] for 3.8[Hz] and trans-ee Oninz -87.15
[deg] for 7.7[Hz] (entry 6) with higher value of the vicinal
coupling constat for trans-ee stereochemistry. The most pre-
ferred conformations are S%; (entry 1) and S% (entry 6) as
demonstrated with VISON molecular models, also the confor-
mation B%3 (S%) cis-0rin2 -14.002 [deg] for 3.8[Hz], trans-aa
On1m2 -139.31 [deg] for 7.7[Hz] (entry 4).

Tetrahedral angles at anomeric position calculated from
vicinal coupling constant (Table 1) are 118.88 and 119.64[deg]
with cis 32.24[deg] for a vicinal coupling constant 3.7[Hz]
and trans-ee®? -87.159[deg] for a vicinal coupling constant
7.7[Hz] or other pair of angles 110.06 and 110.01[deg] with
trans-ee? -79.78[deg] for a vicinal coupling constant of
3.7[Hz] and cis 40.02[deg] for a vicinal coupling constant of
7.7[Hz]. Tetrahedral angles ¢ci[deg] calculated at anomeric
position from carbon chemical shift have calculated vicinal
coupling constants almost equal with recorded vicinal cou-
pling constant for angles 113.63, 114.65, 115.98 and
116.347[deqg] (Tables 2 and 5), in all cases with cis positive
and trans-ee®2 negative calculated from eq. (1).

Conformation S's with negative cis -40.22[deg] / trans-aa>?
-138.32[deg] stereochemistry at anomeric position and dihe-
dral angles HoH3 91.323[deg], 83.29[deg], HsH4 57.039[deq],
HsHs -146.75[deg] for all stereochemistry (Table 4, entry 1),
relative to S% with trans-ee -79.78[deg] and cis 40.02[deg] at
anomeric position, and as possible dihedral angles HzHs
63.16[deg], HsH. 57.04 (36.76)[deg], Hs4Hs -73.84 (-
60.26)[deg] (Table 4, entry 2) difficult to simulate on VISION
molecular models.

The conformation Bgs can be simulated probably with cal-
culated angle of -104.46[deg], since on VISION molecular
models can be observed an angle smaller to 120[deg], but dif-
ficult to simulate 57.03[deg] Onsna relative to combination
57.03/-146.75 [deg] Onama / Onaris for S's configuration. Neg-
ative angle (-83.29[deg]) calculated for a vicinal coupling
constant of 7.3[Hz] with eq. (5) cannot be simulated (Table 4,
entry 1). The most important observation, the tetrahedral angle
at C, is not compatible with combination cis angle of -
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32.24[deq] and trans-aa angle -139.32[deg] with vicinal cou-
pling constant of 3.8: 7.7[Hz] (entry 1), between two possible
dihedral angles only one is compatible, -40.22[deg]. In case of
conformation S?, with cis 32.24[deg] and trans-ee -87.15[deg]
at anomeric position, between dihedral angles H:Hs
63.16[deg], HsH4 36.76[deg], HaHs -73.84[deg] only the dihe-
dral angle HsHs look higher on molecular models. The Gauche
angle of 63.16[deg] with positive sign results from eq. (17).
The conformation S%; with cis 32.24[deg] and trans-ee -
87.15[deg] at anomeric position (entry 6), and the following
dihedral angles HyoH3 151.32[deg], HsH4 -62.96[deg], H4Hs -
104.44[deq] is preferred relative to conformation with HsHs -
73.84[deq] (entry 5). Angles higher as 90[deg] are preferred
for trans-ee stereochemistry (entry 5, 6). As demonstrated re-
cently, the relationship between cis, trans-aa in agreement
with Hopf trigonometric equation is under 180[deg] and be-
tween cis, trans-ee under 120[deg], but once calculated the cis
angle corresponding to trans-aa stereochemistry the rule of
120[deg] must be applied as demonstrated with VISION mo-
lecular models.[11] Excepting cis -14.002[deg] at anomeric

position (entry 4), all the cis, trans values are in close relation-
ship exocyclic-torsional/dihedral, i. e. -40.22/-139.32 (-40.68)
[Hz].

The conformation B%3 simulated in Table 4, entry 4, re-
quired as shown VISION molecular models an angle Bn2n3
close to 180[deg] or higher as 180[deg]. The combination cis
/ trans-ee*! at anomeric position decreasing the dihedral angle
On2n3 from 180[deg], but only two calculated positive dihedral
angles are possible 151.33, 143.29[deq].

Angle calculated from vicinal coupling constant versus an-
gle calculated from carbon chemical shift, conformations sim-
ulated with gauche / cis, instead of trans-ee / cis (Tables 4, 5),
angles calculated only from vicinal coupling constant 7.3[Hz]
Orzn3 63.16[deg], 2.6[Hz] Onsna 36.76[deg]) (Table 4, entry 3),
relative to angles Opznz 91.32[deg] and Onsns 57.03[deg] (Ta-
ble 4, entry 1) and angles Ononz 91.50[deg] and Onzna
57.38[deg] (Table 5, entry 1), in last case all attempt to find
dihedral angle with calculated values almost equal with rec-
orded Bn3na 36.76[deg] failed.

Table 4. Conformation, phase angle of pseudorotation P[deg] established with tetrahedral gpcn[deg] and dihedral Onnrn+1[deg] angles calcu-

lated from vicinal coupling constant 3Jux[Hz] of 1D.

Conformation

Entry Bos 3Jun[Hz] 3.8
¢[deg] 57.76

1. :(3;,3*) Ornrn+a[deg] 2?3?2'.2224)9(]_17,*
ooldedl (115
¢[deqg] 57.76

2. S% OHnHn+1[deq] -79.78
¢cn[deg] 110.06
¢[deg] 57.76

3. ;f,f’g OrnHn+1[deg] 32.24
@cn[deg] 118.88
¢[deg] 14.44

BO,3

4, (%) OHnHn+1[deg] -14.002

¢cn[deg] 112.999

171

7.7 7.3 2.6 6.4
59.29 §§32;6 27.04 40.96
-139.32 91.323 57.039 -146.75
-139.81 +-83.29 (62.96) -104.44*
A SR
237.16 213.16 27.04 4112.3524
40.036 63.16°% 17 57.04 :gg:gg
110.01 118.42 11852 ﬂggz
237.16 213.16 6.76 4118.3524
-87.159 63.16° 17 36.76 ;ggg:i
119.645 118.42 116.62 ﬂggg
237.16 :;32;6 27.04 163.84
-139.31 T5T3z3i80 :gg:gg -130.91
220.797
lasss a0k dass  U4S
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Conformation

Entry g 3J4n[Hz] 3.8 7.7 7.3 2.6 6.4
o[deg] 57.76 237.16 g;zgf’ 27.04 18_39'24
5. S% OrnHn+1[deg] -79.78 40.02 12;33 :gg:gg :gg:gg
ol mom wm e wmmo o
[deg] 57.76 237.16 f_é?’zés 27.04 163.84
S et waTE SO g
gcn[deg] 118.88 118.579 ﬂggig 118.52 112.776

The conformations simulated from dihedral angles calcu- 102.26 (entry 2) or 57.39 and -87.06 (entry 4) relative to 57.39
lated from carbon chemical shift §[ppm] and vicinal coupling  and -102.86 (entry 3). The conformation S3; (Table 5, entry 5,
constant 3Juu[Hz]: S's, Bo3s, S% and S°; are presented in Table 6, 7) result from the calculated angles without any uncertainly,
5. Conformations S's, Bos (entry 1) with different dihedral an- probably only in case of entry 7 required an angle smaller as
gles Onans, -133.023 versus -104.303 [deg] fit well on molec-  On2n3 151.5[deg].
ular models. The dihedral angles Onsna and Onans 0N confor-
mation S?% ensures the better simulation, i. e. 57.39 and -

Table 5. Conformation, phase angle of pseudorotation P[deg] established with tetrahedral gpcnfdeg] and dihedral Onunnn+1[deg] angles calcu-
lated from carbon chemical shift dca[ppm] for 2,6-dideoxy-2,6-imino-D-talonic acid 1D.

Entry/Confor-
mation 3Jun[Hz] 3.8 7.7 7.3 2.6 6.4 6.4
Bos
o[deq] 56.697 237.16 212.94 27.385 163.023 163.837
3JunH[Hz] 3.76 7.7 7.29 2.61 6.38 6.39
1.
-133.023 -133.867
1 + - B - . . . * *
S, ) OnnHn+1[deg] 41.066 138.933 91.501 57.385 104,303 10398
Bo,s
Ca: Cs:
Cu: Cu: Cz: Ca:
pcn[deg] 116.046 117.675
112.133 112.133 116.996 114.771 118.607 117.972
o[deq] 57.32 237.33 212.94 27.385 41.477 41.177
3Jun[Hz] 3.78 7.7 7.29 2.61 6.44 6.41
2.
Se? OHnHn+1[deg] 32.67 -87.33 91.501 57.385 -62.133 -61.013
. Cu Ca Ca: Ca: Cs:
¢en[deg] C1:114.65 114.64 116.996 114.771 115.733 117.972
o[deq] 57.32 237.33 212.94 27.385 163.58 164.577
3 3Jn[Hz] 3.78 7.7 7.29 2.61 6.39 6.41
So? Brntn+1[deg] 32.67 -87.33 91.501 57.396 -102.86 -103.98
@cn[deg] C1:114.65 Cu Ca: Cs: Cu: Cs:
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Entry/Confor-

mation
Bo;3

So?

BO,3

S3

S3

3Jnun[HZ]

¢[deg]
3JunH[Hz]

9Han+1[deg]
¢cn[deg]

¢[deg]
3JunH[Hz]

6Han+1[deg]

¢cn[deg]

¢[deq]
3Jun[HZ]

Ornrn+1[deg]

@cn[deq]

¢[deg]
3Jun[HZ]

9Han+1[deg]

¢cn[deg]

3.8

57.32
3.78
32.67

Ci1:114.65

58.173
3.81

31.826

Ci:
116.347
58.173

3.81

31.826

Cu:
116.347
58.173

3.81

31.826

Ci:
116.347

7.7

114.64
237.33
7.7

-87.33

Cu:
114.64

238.174
7.71

-88.174

Ci:
116.347
238.174

7.71

-88.174

Cu:
116.347
238.174

7.71

-88.174

Ci:
116.347

7.3

116.996
212.94
7.29
91.501

Cz:
116.996

212.88
7.29

-116.84°417

Ca:
118.42
212.88

7.29

151.501

Cz:
116.996
212.88

7.29

151.501

Ca:
116.996

2.6 6.4 6.4
114,771 115.733 117.972
27.385 41.477 40.377
2.61 6.44 6.35
57.396 -62.133 -87.064
Ca: Ca: Cs:
114,771 115.733 114.127
27.349 41.477 41.177
2.61 6.44 6.41

; b

-géggjc -62.133 -61.013
Cs: Ca: Cs:
117.0732 115.733 117.972
27.349 163.58 164.577
2.61 6.39 6.41

; b

_gégiic -102.86 -103.98
Ca: Ca: Cs:
117.0732 115.733 117.972
27.349 41.477 40.377
2.61 6.44 6.35

) b

_g;giic -62.133 -87.064
Ca: Cua: Cs:
117.0732 115.733 114127

a. 3Jn3na 2.63[Hz], ¢ 27.796[deg], OnaHa -25.046[deg], ocs 110.092[deg], b. dihedral angle calculated from unit, ¢ dihedral angle with vicinal
angle calculated from unit, d. dihedral angle calculated from sets D, E.

Relationship between tetrahedral angle ¢cn[deg] and vicinal angle ¢[deg], [9] between sets A, B and F, Gand A. Band D, E
presented in Table 6, are totally in agreement with dihedral angles results fromeq. (5-7).

Entry

Table 6. Relationship between tetrahedral angle pcn[deg] and vicinal angle #[deg].

gcn[deg]

C1

C2

Cs

Cs

:116.347

:116.996

:117.073

:117.073

58.173
238.173

31.5047
211.504

31.463
211.463

28.536

3JHH
[Hz]

3.8
7.7

7.27

7.27

2.67

OH1H2

[deg]

31.826
-31.826

151.409

152.437

61.46 (58.536)

173

Equations

¢: sin"tcos[60 - (0%/2)]

¢: sin"tcos{[60 - [(60 - 0A1)/2]}
$: 180 + ¢

¢: sin"tcos{60 - [(60 - 04%)/2]}
¢: sin"cos[60 - (64%/2)]

¢: sin"tcos[60 - (60 - 64%/2)]

¢: sin"cos[60 - (64%/2)]

¢: sin"tcos[60 + (0A1/2)]
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Entry @cn[deg] (0} EJHHZ? ?(;'é;]z Equations

-25.534

-35.941
5. Cs: 115.733 162.866 6.38 -103.585 ¢: 180 - sin"cos[60 + (081/2)]
6. Cs: 117.972 163.986 6.40 -104.576 ¢: 180 - sin"fcos[60 + (0B%/2)]
7. Cs: 114.127 162.063 6.36 -102.063 ¢: 180 - sin"cos[60 + (081/2)]

4. Conclusions

Two main conformations are simulated Bozand B3 on VISION
molecular models resulting the following conformations: 1. from
dihedral angles calculated only from vicinal coupling constant
3Jun[Hz] (Table 4): S'3 (Bog), and B®3 (S?%), S%; 2. or from carbon
chemical shift S[ppm] and vicinal coupling constant®*Juu[Hz] (Ta-
ble 5)1 813, Bo,g, Szo and 831.

From vicinal coupling constant 3Jun[Hz] are calculated six dihe-
dral angles in close relationship with 6°* and 6™ on seven sets an-
gles. From carbon chemical shift are calculated first tetrahedral an-
gles pcn = 0*4[deg] then the dihedral angles on pairs D, E and F, G
on seven sets angles. Direct relationships between dihedral and tet-
rahedral angles on seven sets angles are established in Table 6.

The relationships between dihedral / tetrahedral angles in tan-
gential space was analyzed, also on five and six membered ring
using polyhedron equations [12], and five membered ring with Eu-
ler conic [13] and Conic projection [14] approach.

The distorted (boat or skew) conformations are simulated with
VISION molecular models, boat — first and forth toms of carbon
up or down and remaining atoms of carbon down or up; skew —
three atoms of carbon in increased or decreased line. Stoddart’s di-
agram in 2D named also itinerary map with six boat type conform-
ers and six skew type conformers. The conformation of six mem-
bered ring is defined by three coordinates: a radius Q and two phase
angles ¢, 0. The Q coordinates is the sum of the perpendicular dis-
tance of each ring atom to the ring average plane. Cremer and Pople
sphere for the north side is case of “C; chair conformation corre-
sponding to the Stodart’s pseudorotation itinerary. Characteristic
for 4C; or 1C, conformations at anomeric position equatorial or ax-
ial position. [15-18].
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