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Absfmcf: The. conformation of 9a- 4 and 8a- 5 bicyclic iminoekrs, the key synthetic intermediates of 
15-membered AZ&IDES was determined. The 2D NMR data and molecular modeling techniques 
were used to establish the predominant solution-state conformation. Conformational a&&s suggests 
that in reduction of the hninoethers the smaller ring in both bicyclic compounds, as well as steric 
effects around the imidak group are reactivity-determined factors. The invariance in coupling 
constants indicates that 4 and 5 do not change conformation, when they go from a polar to a 
hydrophobic environment. 

Azithromycin 1 is the first member of a new class of antibiotics called AZALIDES1.2. It differs 
structurally from erythromycin A 2 by insertion of a methyl-substituted nitrogen at 9a position in the lactone 
ring creating a 15membered macrocycle. Recently, we have reported3 the conformational analysis of 1 in 
solution based on NMR spectroscopy and molecular mechanics calculations (MMC). 

The first step in the synthesis of 1 includes the conversion of 9@‘)-hydroxyiminoerythromycin A 3a 
to the 9-deoxo-9a-aza-9a-homoerythromycin A cyclic iminoetber 4 by means of Beckmann rearrangement!. 
We have suggested that iminoether 4 arises by intramolecular interception of Beckmann rearrangement 
n&ilium intermediate with the C6 hydroxyl group. After 5. C. Gasc et al.5 had described the quantitative 
synthesis of 9(Z)-erythromycin A oxime 3b, we prepared 8a-aza-8a-homoerythromycin A cyclic iminoether 

5 by the analogous reaction sequence +. The structure 4 has the imino nitrogen atom exocyclic to a 
5-membered ring containing the oxygen atom thereby giving rise to a 2-irnino-tetrahydrofuran system. In 
contrast, in the second structure 5, the imidate function (-N=C-0-) lies completely within a 6-membered ring 
creating a 5.6~dihydro-1,3-oxazine system. 

The key reaction step in the synthesis of 15membemd azalides is the reduction of the imidate group 
in 4 and 5. Compound 4 was readily reduced by catalytic hydrogenation (5% WC, 20 x 105 Pa). However, 
the same reaction conditions failed to reduce compound 5. Wilkening6 confiied our results, performing 
reduction of 5 under more vigorous conditions (P tO2, 140 x 105 Pa). 

+Unknown to us at the same time of our 3b + 5 synthesis, compound 5 had been synthesized6 
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We report here the conformational analysis of iminoethers 4 and 5 and the relation between their 
co~o~tion and reactivity in the reduction of the imidate group. This has been accomplished by obtaining 
isolation about dihedral angles from the viciual coupling cons~t data, by acquiring the spatial proximity 
i~o~tion from nuclear Overhauser effect data and boom the use of rnol~ui~ mechanics c~c~ations. 

4 

R’ R2 _. __ 

2 R” R2=0 
3a R1’R2 =NOH(E) 
3b R1:R2 =NOH(Z) 

5 

Results and discussion 

The %I and t3C NMR chemical shifts and coupling constant values for 9a- 4 and la-iminuether 5 in 
CDCl:, and DMSO-de are listed in Table 1 and were determined from the phase-sensitive COSY, 
relay-COSY, HETCOR and NOESY spectra7, The changes in the chemical shifts are slightly enhanced for 
the protons close to the hydroxyl and ni~ogen groups and the protons on the superposed faces of the sugar 
rings. There is also an effect on the ~sos~e sugar signals due to the behavior of the amino group, which 
can induce such shifts by changing from a non-polar to a polar solvent. The expected multiplicities are in 
agreement with the results of DEFT experiments. The C6 and Cl2 resonances (C6, & 84.7 for 4 and 79.0 for 

5, resp.; C12, & 75.1 for 4 and 75.8 for 5, resp.) are in agreement with 6,9-cyclic structures. As expected, the 
major differences in chemical shiit values occur at C8 and Cl0 regions. As the Beckmann r~~gement 
involves migration of the substituent trans to the oxime hydroxyi group, downfield displacement of the 
chemical shifts of Cl0 and HlO (& 52.7 and 8~ 3.70) for compound 4 and C8 and Hg (k4S.O and 8~ 3.44) 

for 5 was in agreement with the deshielding effect of a-nitrogeno. 



Synthetic intermediates of E-membered azalides 12203 

Table 1. tH and 13C Chemical Shifts (ppm) and 1H- *H Coupling Constants (Hz) for 9a- 4 and 8a-Iminoethers 5 

4 5 4 5 
Position 

3 CDCI DMSO CDCI 

6 1H J(H,H) 6 1~ J(H,H) 61H J@I,IQ 6 1H J(H,H) 6 13c 

178.1 177.7 1 
2 
3 
4 
5 
6 
7a 
7b 
8 
9 

10 
11 
12 
13 
14a 
14b 
15 

2Me 

2.73 
3.93 
1.88 
3.92 

2.4,7.2 2.59 
2.3 (0 3.71 
6.9,2.3,7.6 1.73 
6.9 3.78 

2.4,7.2 
2.4 (t) 

F5 

2.76 
4.02 
1.99 
3.82 

2,5,7.6 
294 
7.3.2.5 
7.3 

2.62 
3.81 
1.84 
3.72 

2.5,7.3 
2.4, (0 
m 
6.8 

44.3 44.0 
76.3 76.6 
42.8 42.1 
79.0 80.2 
87.7 79.0 

2.02 
1.57 
2.79 

8.6, 13.1 1.89 
10.6, 13.1 1.42 
8.6,6.9, 10.6 2.73 

9.4,6.4 - 3.45 
9.4 3.49 

8.6, 12.7 1.90 5.6, 13.5 1.74 
10.7, 12.7 1.26 ov ov 
8.6, m 3.44 5.6.6.8 3.30 

5.8, 12.9 

m 

3.70 
3.67 

9.3,6.9 2.69 10.1.7.0 2.41 10.3.7.2 
9.3 3.49 10.1 3.21 ov 

4.94 
1.88 
1.48 
0.89 
1.19 
1.12 
1.43 
1.21 
1.27 
1.10 
4.49 
3.20 
2.37 
2.29 
1.69 
1.23 
3.54 
1.22 
5.19 
2.44 
1.63 

10.4.2.3 4.92 
14.4,7.3, 10.4 1.73 
14.4,7.3,2.3 1.30 
7.3 0.76 
7.2 1.03 
7.6 0.99 

i.9 
1.30 
1.07 

6.4 1.11 

;.4 
0.93 
4.42 

7.4, 10.4 3.07 
10.4, 12.2.3.5 2.48 
s 2.24 
12.8.2.0.3.5 1.61 
12.8, 12.2, 1.02 
10.6.6.3.2.0 3.71 
6.3 1.05 
4.6 4.87 
15.3 2.34 
15.3,4.6 1.49 

2.1, 10.4 
m 
ov 
7.3 
7.0 
7.4 

i.8 
7.0 

;.6 
7.6, 10.0 
10.5, m 
s 
10.5, m 
ov 
10.2, 1.9, 

Y5 
14.7 
4.8. 14.9 

4.91 
1.91 
1.47 
0.87 
1.16 
1.09 
1.40 
1.16 
1.17 
1.15 
4.49 
3.21 
2.45 
2.29 
1.70 
1.23 
3.54 
1.23 
5.04 
2.44 
1.63 

10.5,2.4 
14.5.7.4, 10.5 
14.5.7.4,2.4 
7.4 
7.6 
7.5 

i.8 
7.0 

;.3 
7.3, 10.2 
10.2.3.7 
s 
12.2. 3.7 
12.2, 10.0, 
10.7,5.9 
5.9 
4.7 
15.3 
15.3,4.7 

2.2, 10.4 
m 

F3 

4.85 
1.74 
1.35 
0.76 

z7 
1.26 
ov 
ov 

Y41 
3.07 
2.48 
2.20 
1.61 

?72 
ov 
4.70 
2.33 
1.50 

36.9 32.1 
35.1 45.0 

163.7 160.7 
52.7 42.3 
72.0 70.1 
75.1 75.8 
77.6 77.4 

21.5 21.0 
11.1 10.9 
13.1 16.5 
9.2 8.5 

25.8 23.9 
18.3 22.4 
16.3 17.1 
17.6 12.6 

102.6 102.5 
70.8 70.7 
65.5 65.9 
40.3 40.3 

28.6 28.6 
68.7 68.9 
21.3 21.6 
94.5 94.7 

34.6 34.6 
73.0 73.1 

21.4 
49.5 49.5 
77.9 78.0 
65.8 65.7 

7.6 
S 6Me 

8Me 
1OMe 
12Me 

1’ 
2 
3 

3’NMez 
4’a 
4’b 
5 

5’Me 
1 11 

2”a 
2”b 
3” 

3”Me 
3”OMe 

4” 
5” 

7.4 
7.8,9.8 
m 
S 

m 

m 

4.3 
15.2 
4.4, 15.0 

1.23 
3.38 
3.08 
4.11 

s 1.13 
i.5, 10.3 2.95 3.24 

9.5,6.3 4.09 

1.28 
3.36 
3.08 
4.11 

1.14 
3.22 
2.95 
4.09 

s 

i.3 
9.3.6.3 

S 

i.5 
9.5, 6.1 

S 

T;.s 
6.2,9.3 

5”Me 1.33 6.3 
ov Overlapped. 

1.13 ov 1.33 6.1 1.14 ov 18.1 18.2 
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Conforrnationul analysis 
The principal NMR determinants of the conformation of a molecule are coupling constants, which 

depend on dihedral angles, and nuclear Overhauser effect (NOE), which depend on proton-proton distances. 
An analysis of the *H NMR coupling constants was used to compare the major solution-state conformation of 
4 and 5. A comparison of the 3J~_t.t values in CDC13 and the corresponding dihedral angles for vicinal proton 
pairs is given in Table 2. Analysis of the couplings using the modified Karplus equation10 gave a series of 

Table 2. Dihedral Angles Calculated from IH - 1H Coupling Constants for 9a- 4 and 8a-Iminoethers 5 

Vicinal pair 
4 5 

3Jaexp @bcalc @GM 3Jdh4M 3Jaexp abcalc @MM 3JdMM 
RIZ I I0 I0 mZ mZ I0 /O mZ 

Lactone 

H2/H3 2.4 107 104 1.9 2.5 109 108 2.4 
H3/H4 2.3 - 54 -66 1.1 2.4 - 54 - 68 LO 
H4/H5 6.9 134 129 6.0 7.3 136 136 7.3 
H7a / H8 8.6 - 26 - 29 8.2 5.6 -41 -46 4.8 
H7b / H8 10.6 - 155 - 148 9.4 nd nd - 163 11.3 
HlO/Hll 9.4 160 169 9.9 10.1 153 168 11.4 
H13/H14a 2.3 59 70 1.3 2.4 62 66 1.6 
HI3 / Hl4b 10.4 -166 -171 11.7 10.5 -166 -174 11.7 

Desosamine 

Hl’/H2 7.4 172 175 7.6 
H2’ / H3’ 10.4 180 175 10.5 
H3’ / H4’a 3.5 61 62 3.4 
H3’ / H4’b 12.2 180 179 11.8 
H4’a / HS 2.0 - 62 - 59 2.3 
H4’b / HS 10.6 168 176 11.3 

171 175 7.6 
-176 178 10.5 

62 61 3.5 
180 179 11.8 
- 62 - 60 2.2 
169 177 11.4 

Cladinose 

Hl” /H2”a 
Hl” / H2”b 
H4” / HS’ 

:6 - 46 
9.5 180 

64 2.4 
-49 4.2 
176 9.3 

7.3 
10.2 
3.7 

12.2 
2.0 

10.7 

:7 
9.5 

- 47 
180 

65 2.3 
- 49 4.2 
176 9.3 

a Experimental values for 4 and 5 in CDC13 at 293 K 

b Dihedral angles @cdc wa calculated from 3Jexp using equation (1) by simple Turk Pascal program 
c Dihedral angles of solute state conformation predicted on base MMX calculation 
d Coupling wnstants calculated for MMX solution state geometry using equation (1) 
nd Not determined 
nr Notresolved 
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Table 3. Qualitative NOE Data for 9a- 4 and la-Iminoethers 5 

Pdtinn 4 5 

Contact intraunits 
Aglycone ring 

2 
3 
4 
5 

7a 
8 

10 
11 
13 
14a 
14b 
6Me 

Desosamine 
1’ 
2’ 
3’ 
4’a 
5’ 
3NMe2 

Cladinose 
1 ,I 

2”a 
4” 
5” 
3”Me 

4 (2.32), 2Me (2.53), 4Me (2.21) 
4 (2.46). 11 (2.32) 
5 (2.95), 4Me (2.49). 7a (2.20) 
6Me (2.70). 4 (2.95) 
6Me (2.70), 7b (1.7) 
6Me (2.57), 8Me (2.70) 
1OMe (2.60) 
12Me (3.00) 
15 (2.70) 
14b (1.80), 15 (2.60) 
15 (2.60) 

4 (2.31), 2Me (2.60), 4Me (2.27) 
4 (2.49). 5 (2.46). 11 (2.29) 
4Me (2.70). 7b (3.08) 
6Me (2.60) 
7b (1.7) 
6Me (2.65), 8Me (2.60) 
1OMe (2.65) 
12Me (2.89) 

15 (2.70), 14b (1.80) 
15 (2.70), 12Me (3.06) 
1OMe (3.15) 

2’ (3.10). 3’ (2.50), 5’ (2.40) 
3NMe2 (2.50). 4’a (2.58) 
4’b (2.49) 
4’b (1.80) 
5’Me (2.75) 

2’ (3.10), 3’ (2.53), 5’ (2.38) 
3’NMez (2.50) 
3NMe2 (2.60) 
4’b (1.80) 
5’Me (2.65) 
5’Me (2.70), 4’a (2.50) 

2”a (2.52), 2”b (2.39) 2”a (2.52) 
3”OMe (2.70). 2”b (1.77) 3”OMe(2.70),3”Me(2.80),2”b(l.8) 
3”Me (2.70), 5”Me (2.70) 3”Me (2.70), ~5”Me (2.70) 
5”Me (2.60) 5”Me (2.70) 
3”OMe (2.60) 3”OMe (2.60) 

Contact interunits 
Aglycone ring-sugar rings 

3 
5 
2Me 
4Me 

Desosamine-cladinose 
1’ 

1” (2.46) 1” (2.48) 
1’ (2.31). 5” (2.23) 1’ (2.30), 5” (2.13) 
1” (2.35) 1” (2.80). 2”a (2.90). 3”OMe(3.11) 
1’ (2.46), 3”OMe (2.90) 1’ (2.80), 3”OMe (2.85) 

3”OMe 2.63 3”OMe (2.54) 
Corresponding distances in A between two protons (calculated solution-state) for 4 and 5 sre in parentheses 

dihedral angles. Because of the sinusoidal nature of the Karplus equation there are four solutions for a given 
coupling, but due to the bicyclic nature of these systems, only one is conformational reasonable or favored for 
any particular case. A summary of the observed NOE connectivities is shown in Table 3. NOESY Cross-peak 
analysis resulted in conformationally dependent distances which confirmed solution-state geometry of 4 and 
5 obtained from calculated dihedral angles. 

The observed vicinal coupling constants confii that the cladinose and desosamine sugars adopt the 
same chair conformation found in the solution and X-ray sttucmre of azithromycin3. The values for the 
three-bond H,H coupling constants of the lactone ring (Table 1) indicate that the region corresponding to 
these bonds (3J3.4, 3J4,5, 3J13.14~. 3J13,14b) is in a similar conformation as that of 1. The small differences 
between theoretical and empirical values are attributed to a slight variation in the dihedral angles. 
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The small 3J2,3 value (2.3 Hz for 4 and 2.5 Hz for 5) indicated that both compounds have “folded-in” 
C3-C5 fragment as was previously found in solution-state conformation of 1. Rotation about C2-C3 and 
C5-C6 causes the C3-C5 part of the macrocyclic ring to “fold inwards” such that H3 gets closer to Hl 1. The 
NOE between these two protons in 4 and 5, which is an indication of “folded-in” conformation, was observed 
in all experiments (NOESY, NOE DJFF). Further, MMC confiied NOE results giving calculated distances 
of 2.3 A for both 4 and 5 in contrast to 3.1 A for 1. The smaller distance between H3 and Hl 1 in compounds 
4 and 5 is a result of the ring-contracted bicyclic system and is in agreement to that found for 14membered 
macrolide antibiotic dirithromycinrt. In addition, 3J2,3. as well as the other coupling constants were invariant 
within experimental error when the spectra were obtained in solvents of differing polarity. This indicated a 
greater conformational rigidity for 4 and 5 and therefore a high conformational homogeneity in comparison 
with azithromycin. The relative large chemical differences between the diastereotopic protons at C7, C14, 
C2” and C4’ also supported this conclusion 12. However, the similarity in the 353.4 and 3J4.5 for all three 
compounds implies again that the orientation of the sugar rings with respect to one another and to the lactone 
ring is almost the same. NOE 4Me/3”OMe supported the proposed C3-C5 conformation which pushed the 
4Me into a sterically congested environment. 

Significant difference was observed for 3Jto,rt which increases from 1.9 Hz in 1 to 9.4 and 10.1 Hz in 
4 and 5, resp. This was explained as a result of the 6,9 oxygen bridge since the similar value was earlier also 
found for bicyclic 6,9-erythromycin compounds 13. Rotation around ClO-Cl1 bond brought HlO and Hll 
protons in anti relationship (169 0) in contrast to gauche relationship (74.6 0) of these protons in 1. Methyl 
on Cl0 is reoriented toward methyl on C6. Such spatial reorganization is justified by the presence of 
lOMe/6Me NOE in 5. In compound 4 these methyls are in a similar orientation but spatial am more distant 
than in compound 5. Molecular mechanics calculations were in agreement with the interpretation of the NMR 
data giving a distance of 3.4 and 3.1 A for 4 and 5, resp. It should be noted, however, that X-ray analysis of 
the 9a-iminoether aglycone4 gave dihedral angle Hl I-Cl l-ClO-HlO which corresponds closely with that 
found for 1. Additional MM &culations showed that the X-ray conformation of the aglycone is in energy 

4 5 

Figure 1. Ball-and-stick Representation of Solution-state Conformations of Iminoethers 4 and 5. 
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Fig. 2. Superposition of Solution-state Conformations of Compounds 1,4 and 5. 

3.09 kcal/mol lower than the solution-state conformation of 4. When sugar moieties were included, the 

solution-state conformation of 4 was the preferred one (AR= 1.28 kcal/mol). 
Similar conformation of the larger ring in both bicyclic compounds indicated that it is not responsible 

for different reactivity. Thus it is reasonable to conclude that the smaller ring can be responsible for greater 
reactivity of 4 towards reduction. In the tetrahydrofurane ring of 4 four atoms C6-06-C9-C8 are coplanar 
with C7 carbon under the others having an envelope-like conformation. The proof that C7 lies below the 
plane was provided by NOE H8/6Me (distance of 2.6 A from the MMC). Dihedral angles calculated from 
3J8,7a and 3Jg,7h also am in agreement with the interpretation of the NMR data. Such arrangement ensures that 
the bulky CS substituent occupies energetically favored equatorial position. These results are in excellent 
agreement with the X-ray data reported for 9a-iminoether aglycone (-33 eand -151 o, resp.). 

In the compound 5, dihydro 1,3-oxazine ring adopts half-chair conformation. The two possible half- 
chair conformations that the oxazine ring can assume were taken into account. We found that C6 lies above 
the plane defined by C8-N8a-C9-06, while C7 is situated at the same distance below the plane. This 
geometry ensures strain relief since the axial bonds at four atoms are converted to a less crowded pseudo 
axial position, while true axial and equatorial bonds are only that at C7 and C6. Such conformation also 
ensures that the bulky Cl0 and C5 substituents occupy pseudo equatorial and equatorial position, resp. In 
agreement with these conclusions were NOES found for H8/6Me and 6Me/lOMe and distances predicted 
from MMC. 

NOE interactions and 1H NMR relaxation measurements (Tl data, Table 4) support the conformation 
depicted in Fig.1 and Fig. 2. The small 1~~1 value for 4Me is consistent with restricted mobility of this group 
in C3-C5 “folded-in” conformation. The relatively long lHT1 values for 15Me, 5’Me and 3”OMe are 
indicative of near-free rotation. The remaining methyl groups have intermediate lHT1 values. 
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Table 4. Experimental lH NMR Relaxation Times (Tl in s, CDC13) and Calculated Rotational Energy 
Barriers (Calculated Solution-state Conformation) for the Methyl Groups in 4 and 5. 

‘H Tla 

4 

Eb ‘H Tla 

5 

Eb 

15Me 0.54 A 0.56 A 
3”OMe 0.49 A 0.47 A 
SMe 0.39 A 0.39 A 
5”Me 0.38 A 0.38 A 
8Me 0.38 B 0.31 B 
3”Me 0.36 B 0.38 B 
2Me 0.35 B 0.31 B 
1OMe 0.34 B 0.32 B 
3’NMe2 0.32 B 0.35 B 
6Me 0.30 B 0.37 B 
4Me 0.25 C 0.29 C 
12Me 0.24 C 0.27 C 

a Experimental results at 300 MHz for 4 and 5 in CDC13; Tl= spin-lattice relaxation time 

b Theoretical calculations based on calculated solution-state conformations of 4 and 5. The results are given in terms of energy 
ranges: A (2.0-3.5). B (3.5-5.0) and C (5.045) 

Conclusions 
Conformational analysis suggests that a greater reactivity of 9a-iminoether 4 in comparison with its 

8a-positional isomer 5 is a result of greater steric strains and therefore a higher energy in 5-membered ring of 
4 than in the 6-membered ring of 5 (MM steric energies for corresponding 5-membered and 6-membered 
model ring systems, 8.41 and 2.81 kcal/mol, resp.). Further, steric effects about C=N double bond may be 
important in catalytic reductionId. Steric hindrance calculated as convex Connolly surface areas15 (probe 
radii was 1 A) for C9 in 4 was 0.093 A 2, while such aa don’t exists in 5. This indicated easier approach of 
the 4 to the surface of catalyst. 

After completing our studies we observed a report of Wilkening et al.16, who have found that for 
hydrogenation of 5 more vigorous conditions are required in comparison with 9,12 -cyclic-8a-iminoether 
which has the same 5-membered ring as compound 4. 

Experimental 

The 1H and 13C NMR spectra were acquired at ambient temperature in 5 mm o.d. NMR tubes on 
Variau Gemini 300 spectrometer. COSY spectra were acquired with sweep width of 3200 Hz into 1024 data 
points in F2 dimension. The 90 0 pulse was 15.0 ps, the relaxation delay was 1.0 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 points in Fl prior to double Fourier transformation. 

The HETCOR spectra were acquired with sweep widths of 8403.4 Hz into 2048 points in F2, and 
4500.5 Hz into 256 points in Fl dimension, respectively. The 90 Opulses for 1H and l3C were 15.3 and 13.0 
ps, resp. Each FID was acquired with 256 scans and relaxation delay of 1.0 s. Experiments were acquired 
using standard Varian software. 

The phase-sensitive NOESY experiment was performed using time-proportional-phase-increment 
methodl7. FID were acquired (64 scans, 2 dummy scans) over 3300.3 Hz into a 2K data block for 512 
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increment values of the evolution time, tl. The raw data were zero filled to a 2K * 2K matrix and processed 
with a 0.1 Hz line-broadening function in both dimensious. Experiments were performed with mixing time 
0.45 s and the relaxation delay was 2.5 s. 

The tH Tt experiment was conducted by using a standard inversion-recovery sequence 
(Dt-180 o-VD-90 o-FJD) with relaxation delay 4 s and averaging 32 scans into an 16K data block (acquisition 
time 3.2 s). The experiment was repeated for 9 values of the variable delay VD ranging from 0.0156 to 4.0 s. 
The Tt values were calculated by using standard Varian software. The 1800 pulse calibrated in CM313 
solution was 15.0 ps. 

The tH NOE difference spectra were acquired automatically using a modification of the method of 
Saunderst*. Typically, 8-10 irradiations were performed in one experiment 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 period (3-6 s), and then data acquisition with the decoupler gated off. Difference 
spectra were obtained by the subtraction of the control (off-resonance irradiation) from every other spectrum. 

Calculations of dihedral angles from 3JB~ values were performed using substituents electronegativity 
and orientation sensitive modified Karplus equation (1) by simple in house Turbo Pascal program based on 
graphic interpolation. 

3JH,H = Pt COS*@ + P2 CO&’ + z &{Pd + P5 COS* @i’& + P6 IL%jl)} (1) 

Empirical parameters Pi-P6 used in equation (1) were there from original paperslo, x was Huggins 

electronegativity of the substituents, and 5 was flag (+l or -1) which represented orientation of the 
substituents. 

Geometry of solution-state conformations of 4 and 5 were obtained by the following procedure. The 
azithromycin solution-state molecule was edited to the corresponding topology and 3JB,B based dihedral 
angles using molecular graphics (Chem-X) 1% Such structures were then optimised by Chem-X and finally by 
MMXZu force field to geometry postulated as solution-state conformation. 

Calculations of rotational barriers for methyl groups were performed by using MMX force field. 
Rotational energy barriers for each methyl were obtained through relaxation of molecule (energy 
minimization) at methyl-molecule dihedral angle rotated for 60 degrees from value of minimum energy 
conformation. 

Connolly surfaces were calculated analytically by original in house Turbo Pascal program based on 
primal M. Connolly algorithm15 with minor corrections and improvements. 
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