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Abstract The conformation of azithromycin 1 1n the solution was determined by NMR spectroscopy and molecular
mechanics calculations and compared with 1ts crystal structure and with some erythromycin derivatives In solution 1

exists predonunantly in a “folded-in" conformation in the C-3 to C-5 region, whereas its crystal state conformation is
“folded-out”

Azithromycin 1 1s the first member of a new class of antubiotics called azaldesl-2 It 1s an effective
therapeutic agent for oral treatment of sexually transmitted diseases, upper and lower respiratory tract infections,
and skin structure infections? Azithromycin differs structurally from erythromycin A 2 by insertion of a
methyl-substituted mitrogen at position 9a m the lactone nng to create a 15-membered macrocycle This
modificaion produces an enhanced spectrum and potency agamst bacteria, superior stability in an acd
environment, as well much longer elimination half-lives and much higher tissue concentrations compared with
erythromycin A 24

The crystal structure of 1 15 known from an X-ray crystallographic analysis of its dihydrate? (Fig 1a) In
view of the aforesaid interesting biological properties, it seems worthwhile to nvestigate the solution-state
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conformation behavior of 1 and compare to that of 25 Since such analyses are based largely on NMR

spectroscopy, the NMR charactenzation of 1 was prerequisite for these studies The assignments of the NMR

spectra of 1 have been determined by a combination of 2D NMR methods$.’

The conformation study presented here had four main aims

(1) the determination of the solution conformation of azithromycin 1 by analyzing 'H 3J coupling constants and

molecular mechanics calculations,

(1) to obtan information concerning the spatial proximity of sugar and macrocycle moieties using 2D NOESY
experiments,

(m) the determination of the motional properties of the methyl groups,

(1v) the comparation of the solution conformation of 1 with its crystalline-state conformation and conformation
of erythromycin A 2 and dinthromycin 3

Solvent effect

Small vanations 1n the chemcal shifts (< 0 24 ppm) are observed between CDCl3 and CD30D (Table 1)
In the macrocycle, these changes are shightly enhanced for the protons situated close to the nitrogen and lactone
(7ax, %ax, 10, 11, 13) In the sugar ning there 1s a particular effect for the protons located on the two faces of

Table 1 'H NMR Chemical Shifts for Azithromyein 1 in CDCl3 and CD30D and diastereotopic 'H Chemical
Shift Differences (A8) in ppm

H CDCl;  CD,0D H CDCl;  CD,0D H CDCl;  CD,0D
293 K 293 K 293K 293 K 293 K 293K
2 273 279 ldeq 189 187 deq 167 173
3 429 475 ax 146 O 145 O3 4r 123 O78) o O
4 199 201 5 351 375
5 3 64 369 14Me 089 0389 SMe 124 118
7 180 177 Me 120 121 INMe, 229 233
7 125 ©59 136 O Gl 10 105 ?
8 202 200 6Me 132 132 " 519 505
9q 255 253 8Me 09l 092 2eq 237 243, .
9ax 205 @39 313 C40  ove 109 109 rax 159 ©093) g5 (039)
10 269 277 12Me 110 110 4" 304 304
1 369 361 9aNMe 232 229 0H 216 216
IIOH 519 - 5" 409 420
120H 304 - r 444 453 SMe 134 128
13 470 483 > 324 325 3"Me 125 125

3 24 268 3"0OMe 335 337
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Table 2 3] Couphing Constants (in Hz) for 1 in Various Solvents

Solvent
33 €DCly CDCl; HslPy  (CD3)CO CD3OD  {2HgIDMSO

293K 318K 293K 293K 293K 293K
2 3 36 45 44 46 47 47
3 4 17 22 22 22 22 19
4 S 74 76 74 72 76 74
Tax 8 =11 111 b 117 107 b
Teq 8 15 15 a b 10 a
8 9ax =10 =10 b b 107 95
8 9eq 12 a a 28 =] 15
10 11 19 16 a b =1 a
13 14ax 99 96 98 99 96 99
13 l4eq 25 28 25 26 28 26
I 2 73 75 717 72 77 75
2 3 102 104 98 91 104 99
3 4'ax 109 107 118 103 108 109
3 Yeq 34 38 39 36 3 36
4ax 5 109 104 103 b 107 103
4'eq 5 22 18 13 b 19 16
1" 2"ax 48 49 50 46 55 48
1" 2"eq a 15 a a a a
4" 5" 94 93 91 92 97 96

4 Not resolved
b Overlapped

desosamine (5, 4¢q, 3', 1') and cladinose (5", 2"eq) Moreover, these protons are concerned in the mter-sugar
interactions observed by NOE experiments (see Nuclear Overhauser Enhancement Expeniments) This suggests
that these two regions of the sugars are face to face

Conformational analysis of 1 in the solution state

An analysis of the IH NMR 3J values was used to compare the major solution-state conformation of
azithromycin and that in the crystalline state

The structure of this compound obtained by X-ray analysis showed that the erythronohde and the sugar
rings have the same conformation as in erythromycin A, except of course, in the region of the nng-enlargement
(9a N-methyl)2 Both sugar components had chair conformation with the maximum number of substituents n
the more stable equatonal positions The sugar rings are onented nearly perpendicularly to the macrocyclic
lactone nng

From the observed 'H coupling constant (Table 2) 1t 1s found that the sugar rings adopt in solutions the
same chair conformations as observed in the crystal structure, with stmilar dihedral angles (Table 3) The vicinal
coupling constants for the X-ray structure were calculated by using a modified Karplus equation8

3JHH=PltCOSZ¢+P2:COS¢+ZAXI{P4+P5'C052(E,lt¢+P6t,iji } 1)

(see Expernimental) and the values obtained for the two sugar nings agree well with those measured
expenmentally (Table 3) The large values of the axial couplings 3J23, 3J3 4ax, 3Jyaxs and 34~ s~
(9 4-10 9 Hz) indicated hittle or no population of the nng-inverted chair conformations of the two nngs
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For the lactone ring we first examined the trans coupling constants with large 3Jyy values 3Jg =10 7 Hz,
3J13,14=9 9 Hz These values are in good agreement with the calculated couphngs for the crystalline state
conformation 3Jg¢=11 6, 313 14=11 1 Hz The differences, which are almost within expenmental error, can be
interpreted as a slight vanation of the dihedral angles, H8-C8-C9-H9 and H13-C13-C14-H14

The difference for 3J4s5 between the expenimental value (74 Hz) and the calculated for X-ray
conformation (62 Hz) may have been due to the stenc effect In the eclipsed Newman projection
(0x-ray=130 2°) the steric effect of the sugar nng on C5 and the methyl on C4 1s preponderant and the resulting
torsion angle, H4-C4-C5-HS, could be shightly disturbed in solution A different onentation of these substituents
could increase ¢ by ca 7° The very low values for the lesser three-bond H,H coupling constants (Table 2)
indicate that the region corresponding to these bonds 3Jg 9, 3J10,11, 3713 14 remans m a similar conformation in
solution to that in the sohd state

The differences for 3J with respect to the calculated values are more important for 333 3 and 3J73 The
expenmental 3J23 value 1s 36 Hz (CDCl3) while the calculated coupling constant for the solid state
conformation 15 9 7 Hz These values are in agreement with two tvpes of conformations of erythromycin
denvatives the C3 to C5 "folded-n" (3], 3=3 6 Hz) and the C3 to C5 "folded out” type (3J3=97 Hz)
respectively The "folded-in" conformations B and B' are based on the crystal structures of dinthromycin? (B)
and 1l-ether denvative of 9-methoxyimnoerythromycinl® (B'), respectively, whilst the “folded-out"

Table 3 Coupling Constants for Vicinal Proton Pairs and Corresponding Dihedral Angles for 1

Vicinal 313 ev(p/HZ ¢bcalc/° ¢x-ray/° 3ch-ra\ Hz ¢dlvﬂ\/[2/° BJemsz
proton pair
H-2, H-3 36 116 1518 97 1104 27
H-3, H-4 17 -60 -647 13 738 07
H-4, H-5 74 137 1302 62 142 7 85
H-7,q, H-8 15, 275 -1100 25 -86 4 10
H-7,,, H-8 111 161 1348 67 1610 111
H-8, H-9q 12 79 68 6 25 643 30
H-8, H-9,x 1078 -164 -1749 116 178 2 118
H-10, H-11 19 59 821 06 74 6 08
H-13, H-l4¢q 25 57 709 12 663 16
H-13, H-14 99 -162 -1729 111 -175 5 113
H-1 H-2' 73 171 1743 75 1722 74
H-2, H-3' 102 -176 -1721 99 1780 105
H-3', H-d'eq 34 61 612 ki 56 6 41
H-3, H-4'3 109 164 1773 117 175 1 117
H4e, H-§ 22 -60 -592 23 -58 4 23
H4%, H-5 109 -157 -174 6 117 -176 0 116
H-1",  H2q 15t 77 70 6 19 653 23
H-1", H-2"2« 48 -44 -43 1 19 -492 41
H-4", H-5" 94 180 174 3 92 1755 93

3 Expenmental values for 11n CDCl3 a1 293K
b Dihedral angles ¢¢q)c were calculated from 3Je\p using equation (1) by simple Turbo Pascal program
€ Coupling constants calculated for X-ray geometry using equation (1)
Dihedral angles of solute state conformauon predicted on base MM2 calculation
¢ Coupling constants calculated for MM2 solution state geometry using equation (1
feocts, 318K
2 CD;0D, 293K
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Fig 1 Ball-and-stick representation of the crystal (a) and solution state (b) structure of azithromycin 1

conformation (A) 1s based on the crystal structure of erythromycin A hydroiodide dihydrate!! In the "folded-in"
conformations B and B' rotation about C2 to C3 bond causes the inward folding of the C3 to C5 portion of the
lactone ring so greatly eases the stenc hindrance on 2Me, but forces 4Me into a more hindered environment B
and B' type differ from each other mamly in the C6 to C9 region!0 The "folded-out" conformation 1s
charactenzed by a close cross-nng approach of H4 and H11 and the rotation of 2Me 1s subject to much greater
stenic hindrance than that of 4Me However the simlanty of ¢y3 iy and ¢y, ys i the crystal and solution state
conformations means that the onentations of the sugar rings with respect to one another remains the same, even
though 1n solutions they are now "folded-in" towards the C9-C12 side of the nng

The observed values for 3J7eq,8=15 Hz and J7ang=111 Hz, respectively, are similar to those of
erythromycin A5, and correspond to the dihedral angles in trans diequatonal and trans diaxial directions,
respectively In the crystal structure of 1, however, C7-C8 region 1s 1n the partially echpsed conformation

In order to obtain the precise geometry of the solution state conformation of 1 we have performed
molecular mechanic calculation by MM2 program!2 The crystal state geometry of 12 was modified n regions of
mamn differences for expenmental 3Jgy with respect to the calculated 3JX.,ay values Thus, dihedral angles
H2-C2-C3-H3 and H7.q-C7-C8-H8 (151 8° and -110 0° respectively) were rotated to dihedral angles (116° and
-75° respectively) calculated from correspondent experimental 3Jpy couphng constants This new geometry was
than optimized by MM2 program with included chloroform dielectric constant €=4 8 Obtained structure
(Fig 1b) was used mn further comparations and calculations as calculated solution state conformation of 1

Solvent and temperature dependence

One charactenistic of a molecule which exists in a single, a stable conformation 1s that the vicinal coupling
constants remain invanant with respect to solvent and temperature changes’ The proton NMR spectrum of
azithromyein was recorded in varnious solvents and at different temperatures (Table 2) Increasing the
temperature of a CDCl3 solution from 293 to 323 K or changing the solvent not induced an averaging of the
larger coupling constants They remain almost invanant except 3J3 3 Furthermore, the relative large chemical
shift differences!® between the diastereotopic protons at C7, C9, C14, C2" and C4' (Table 1) would indicate a
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high conformational homogeneity From these results, it appears that azithromycin exists in solution as one mayor
conformer, different from that found in the solid state, with the neghgible participation of the other conformers
However, the nse n 3J2 3 indicates an increasing of "folded-out" (X-ray) conformation as temperature increases
or the solvent 1s changed from CDCl3 to more polar solvents

NOE
2D NOESY Expenments were performed on 1 in CDClj solution The NOE results (Table 4) represent a
spatial proximuty for paws of protons in the solution-state conformation The corresponding distances in A
between two protons obtained from the crystal structure and MM2 calculated solution structure of 1 are shown
in parentheses
The crystal structure showed 176 contacts (88 proton pairs, ime 2, an arbitrary cut-off of 3 A) whereas the
solution-state contained only 142 NOEs Of these 142 NOEs, 134 corresponded to interaction between protons
less than 3 A apart in the crystal structure, a remarkable level of agreement This 1s well illustrated by the
intra-sugar, inter-sugar and sugar-lactone NOEs such as 1'-3', 1™-5', 3'NMe,-4'3,, 4"-3"Me, 1-3"OMe, 1'-5,
1'-4Me, all of which corresponded to the interactions in the crystal structure of 1 The intra lactone NOEs as
11-10, 11-13 and 11-12Me confirmed that the C10-Ci3 portion of the lactone nng remains in simlar
conformation in solution as in the crystal state Also, the interactions observed in solution for the new
nng-serted 9aNMe group, NOE 9aNMe-10Me and 9aNMe-8, corresponded to the same position for this
group 1n solution and 1n the crystal conformation However, 8 NOEs were observed for which no corresponding
crystal structure contact existed, and 40 crystal structure contacts were found with no corresponding NOE
contact Of the 8 outstanding NOEs 4 NOEs 2-3 and 7,,-8Me and vice versa, were compatible with crystal
structure (r(H,H)< 3 2 A) and were excluded merely because of the arbitrary nature of the cut-off distance (3 A)
applied Of the 40 missing NOEs, 26 were mussing due to techmcal difficulties (selective observation impossible)
A further 6 were NOEs to methyl groups or methylene protons These later NOEs are mherently weak!4 and are
frequently not observed
This left only 10 NOEs not observed but expected on the basis of the crystal structure - NOE 4-11,
7ax-4Me, 2Me-3"0OMe, 3'-3"OMe and 3'NMe,-3"OMe and 4 NOEs observed but unexpected - NOEs between
2Me-4Me and between 4Me-3"OMe
These discrepancies were interpreted as follows
(1) 3'NMe,-3"OMe and 3-3"OMe In the crystal structure r(3NMe;,3"OMe) is 2 7 A mimimum (the minimum
distance found by rotation of the methyl group) and r(3',3"OMe) 1s 2 3 A respectively In view of the fact that
a NOE 1'-3"OMe was observed (r(1’,3"OMe) 1s 3 0 A) the lack of NOEs 3'NMe,-3"OMe and 3'-3"OMe
indicated that 1n solution these distances are >3A Corresponding distances calculated for MM2 solution state
conformation were 4 0 and 29 A, mumimum® respectively Furthermore, very long 'H T value for 3'"OMe
(0 56 s) was indicative of almost-free rotation in contrast to high rotauonal energy barmer (12 7 kcal/mol)
calculated for 3"OMe in crystal structure
() 4-11, 7,,-4Me and 2Me-3"OMe More interestingly, the missing NOE 4-11 shows that the close, cross-ning
approach of H1l and H4, for the crystal structure (r(11,4)=27 1) so charactenistic of "folded-out"
conformation, was not present in solution Since the value of 3J; 3=3 6 Hz indicated "folded-in" C3 to C5

* Here and later in the text "minimum"” refers to the mmmum distance found by rotation of the methyl group,
thus, on average r(3',3"OMe)> 3 A due to methyl group rotation
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region mn solution, we expected NOE between H1l and H3 In the 2D NOESY spectra no cross peak
H-11/H-3 was observed Thus, more sensittve !H NOE difference expenments were used to determine
spatially distance between these two protons Irradiation of H-3 and H-11 respectively, gave a medium-sized
NOE, thus confirming presence of "folded-in" conformation i solution The weaker interaction from that we
expected, indicated that the protons 11 and 3 are further i compound 1 than n 3 Molecular mechanics
calculations for solution state conformation confirm the corresponding 1D results The calculated H11 to H3
distance was longerm 1 (3 1 A) than in the same "folded-in" conformation of 3 (2 2 A), probably due to the
ring-enlargement of 1 In addition, the non-observation of NOEs 7a-4Me and 2Me-3"OMe supported the
proposed "folded-in" conformation of 1 in solution Namely, the inward folding of the C3-C5 portion of the

Table 4 Qualitative NOE Data for Azithromycin 12

Contact Intraunits

Aglycone nng Desosamine

2 3(31/28),4(27/22),2Me (252 4), 2 4ax(2727)
4Me (1 9/2 3) 3 I'(25/26),4¢q(26/24),5(26/25),

4 3(25/26),5(30/30), 7ax(2.3122), deq 4 axc(1 8/1 8), 5’ (2 5/2 5), SMe®(2.7/2 4)
4Me (2 4/2 4) 4ax  3NMe, (2 3/18)

5 3(25/24),6Me(23/23) s' 1'@2 5/2 4), 5Me (2 5/2 4)

7ax 8Me(31/28) Cladinose
8Me (2 4/23) 3"Me (2 5/2 6)

8 "1; 7/2 6), 9aNMe (2 3/2 2), 2%eq 1"(26/25), 3"Mer(2 7/26),3"OMe (2 1/22

4" 4"OH (3 0/2 8), 5"Me (2 6/2 6),
3"Me (2 4/2 5)

6Me (2 172 2), 8Me(2 5/2 5)
9ax _m b(1 8/1 8), 10 (2 0/2 1), 8Me(2.6/2 5)

10Me (2 7/3 0) 5" 5"Me (2 6/2 5)
9¢q 9aNMe (2 6/2 4), 8Me (2 7/2 4), 3"Me 4"OH (25/27),3"0OMe (23/23)

10Me (2 4/2 4)

10 11(27/25), 10MeS(2 4/2 4), Contact Interunits
12Me®(2 2/2 2)
11 11OH (30/28),13(27/27), Aglycone ning-Sugar nngs
12Me(3 0/2 9)
9aNMe (2 8/3.0) 3 1"(22/25)
110H 120H (2 7/2 4), 13 (27/26), 5 1'(22/23),5"(2121)
120H 10Me9(2 072 0), 12Me%(2 2/2 3) 2Me 1" (21/22), 2"f(23/2 8)
13 14¢q(26/25), 14Me (2 5/25) 4Me 1'(27/23),3"OMe(3227)
12  l4gq (18/18), 14Me (2 5/25), Desosamine-Cladinose
12Me (23/22) ¥ 5" (2 2/2 8), 3"OMe (3 0/2 5)
14eq 14Me(25/25) 5 5" (24/28)
2Me 4Me(3 8/24) SMe 5"Me8(2 4/2 3)

10Me 9aNMe (2.2/2 4)

2 The NOEs observed only for azithromycin 1 are underiined while other NOEs are observed also for erythromycin A 25
Corresponding distances 1n A between two protons (crystal structure/calculated solution state) for azthromycin 1 are 1n
parentheses

bedefeh Panrs of overlapping NOEs
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Table 5 Expenmental 1H NMR relaxation umes (T i s, CDCl; solution) and calculated rotational energy
barners (calculated solution state conformation and X-ray conformation) for the methyl groups in 1

Methyl IHT,% E%solution) ES(crystal)

3"0Me 056 A D
14Me 046 B A
5"Me 040 A C

5Me 039 A A
3"Me 038 B B
8Me 038 B B
9aNMe 036 B B
3'NMe, 036 B B
6Me 036 B B
2Me 036 B C
10Me 030 B A
12Me 030 C B
4Me 029 C C

3 Expenimental results at 300 MHz for 1 i CDCl3, T} = spin-lattice relaxation time
Theoretical calculations based on calculated solution state conformation of 1 The results are given 1n terms of energy ranges
A(0-3), B(3-5), C(5-7) and D(>7 keal mot'l)

€ Theoretical calculatons based on X-ray conformation of 1 Energy ranges are same as for solution state

lactone ring moves 4Me a more outside ring position, but forces 1t closer to the 2Me The 4Me 1s thus pushed
mnto a more sterically congested environment This reorgamzation results in the NOEs 2Me-4Me and
4Me-3"0OMe which interactions were not present in the crystal structure of 1, but were found in the crystal
structure of 3 Simultaneously, the rotation of 2Me group 1s less hindered due to an easing of the stenc
congestion between 2Me and 3"OMe that results in missing NOE 2Me-3"0OMe, but was found in the crystal
state of 1

The motional properties of the methyl groups

1H NMR Relaxation measurements (T data) lead to the same conclusions as the NOEs expeniments with
the respect to the conformation of 1 n solution (Table 5) The "folded-out" sohd conformation of 1 1s
charactenzed by a high calculated energy barmer to the rotation of 2Me, due to the close approach of H1"5 The
adoption of a "folded-in" conformation 1n sofution reduced the mobifity of” #Me, while lessening the restriction to
the rotation 2Me The !H T values for the 2- and 4-methyl groups were consistent with the above conclusions
This value for 4Me (0 29 s) was shorter than was for 2Me (0 36 s) as would be expected for a pure “folded-in"
conformation!0:15

The remaining methyl groups had intermediate 'H T; values in agreement with the intermedhate energy
barners to rotation calculated for these methyl groups in the crystal structure and MM2 solution state
conformation

Conclusions

A combination of NMR spectroscopy and molecular modelling techmques showed that the major
conformation of 1 1n solution differs from the crystalline state conformation

The solution state conformation of 1 1s a C3 to C5 "folded-in" type, with H3 close to H11 (Fig 1b) sumilar
to the crystalline state of dinthromycin 3 The contnibution of the "folded-out” (X-ray) conformer 1n the solution
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Fig 2 Superposition of solution state conformation (solid lne) and crystal conformation (dotted line) of
azithromycin 1

15 low, but increases as the solvent 1s changed from CDCI3 to the more polar solvents However, in the crystal 1
exist 1n a "folded-out" conformation with close cross-ning approach of H11 and H4 (Fig 1a) previously observed
in the crystal state structure of erythromycin A hydroiodide dihydrate 2 The N9a to C13 region remains virtually
unchanged Both the crystal structure and NMR studies show that the sugars in 1 have the same conformations
and orientations as in erythromycmn denvatives, but with longer distance between them m solution than n the
crystal structure (Fig 2)

These results are the opposite of what 1s generally observed for erythromycin denvatives, which in solution
retain predominantly the crystal state conformation

The theoretical calculations based upon molecular modelling techniques for comparation solution with
crystalline state are in good agreement with NMR parameters such as 3J, NOEs and 'H T data

EXPERIMENTAL

The H and 13C NMR spectra were acquired at ambient temperature in 5 mm 0 d NMR tubes on Vanan
Gemnu 300 spectrometer COSY spectra were acquired with sweep width of 3200 Hz into 1024 data points in
F2 dimension The 90° pulse was 13 2 ps, the relaxation aelay was | 0 s and each FID was acquired with 8 scans
and 2 dummy scans 256 Values of the evolution time were sampled but the data was zero filled to 1024 ponts
m F1 pnor to double Fourner transformation

The HETCOR spectra were acquired with sweep widths of 8403 4 Hz into 2048 points i F2, and
4500 5 Hz into 256 points n F1 dimenston, respectively The 90° pulses for 'H and 13C were 13 2 and 14 6 ps,
respectively Each FID was acquired with 256 scans and a relaxation delay of 1 0 s Expenments were acquired
using standard Vanan software

The phase-sensitive NOESY expenment was performed using the time-proportional-phase-mcrement
method!6 FID were acquired (64 scans, 2 dummy scans) over 33003 Hz into a 2K data block for 512
increment values of the evolution time, t; The raw data were zero filled to a 2K*2K matnix and processed with a
0 1 Hz line-broadening function 1n both dimensions Expenments were performed with mixing time 0 45 s and
the relaxation delay was 2 5 s
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The IH T, expenment was conducted by using a standard Inversion-recovery  sequence
(D;-180°-VD-90°-FID) with the relaxation delay 4 s and averaging 32 scans into an 16K data block (acquisiion
tume 3 2 s) The experiment was repeated for 9 values of the vanable delay VD ranging from 00156 to 40 s
The Ty values were calculated by using standard Varian software The 180° pulse calibrated in CDCly solution
was 17 us

The 'H NOE difference spectra were acquired automatically using a modification of the method of
Saunders!4 Typically, 8-10 irradiations were performed n one expenment using 4 dummy scans and 32 scans at
each frequency The pulse sequence utilized a pre-irradiation delay (3 s), followed by a sub-saturating irradiation
peniod (3-6 s), and then data acquisition with the decoupler gated off Difference spectra were obtamned by the
subtraction of the control (off-resonance irradiation) from every other spectrum

Molecular mechanics optimization of solution state conformation and calculations of rotational barmers for
methyl groups were performed by using MM2 program12 Rotational energy bamners for each methyl were
obtained through relaxation of molecule (energy minimization) at methyl-molecule dihedral angle founded by
ngid rotor approximation

Calculations of dihedral angles from 3J values were performed using equation ( 1) by simple Turbo Pascal
program based on graphic interpolation Empirical parameters P1-Pg used in equauon (1) were there from
ongnal paperS, X was Huggins electronegativity of the substituents!?, and & was flag (+1 or -1) which
represented onentation of the substituents
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