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Abeact The conformatton of aztthromyctn 1 m the soluiton was determrned by NWR spectroscow and molecular 

wechanrcs calculattons and compared wtth IIS mystal strwure and wtth some etythroqwt dertvattves In solutron 1 

exrsts predomrnantly m a “folded-m ” conformatron m the C-3 to C-S regron, whereas tts ctystal state con$onnatton IS 

“folded-out” 

Azlthromycm 1 IS the first member of a new class of antlblotlcs called azahdesl-2 It IS an effecnve 

therapeutic agent for oral treatment of sexually transmltted diseases, upper and lower resprratory tract mfecnons, 

and skm structure mfectlons3 Azlthromycm differs structurally from erythromycm A 2 by msertton of a 

methyl-substltuted mtrogen at posmon 9a m the lactone nng to create a 1Smembered macrocycle Thus 

modlficatlon produces an enhanced spectrum and potency agamst bactena, supenor stabdlty m an acid 

environment, as well much longer ebmmatlon half-hves and much higher hssue concentrauons compared %lth 

erythromqcm A 24 

The crystal structure of 1 IS known from an X-ray crystallographic analysis of Its dlhydra& (Fig la) In 

Mew of the afores;ud mterestmg bIologIcal propertIes, It seems worthwhde to mvestlgate the solution-state 

5 Permanent address “Ruder BoSkov&’ Institute, 4 1000 Zagreb, Croana 
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conformation behavior of 1 and compare to that of 2 5 Smce such analyses are based largely on NMR 

spectroscopy, the NMR charactenzatron of 1 was prerequlslte for these studies The assignments of the NMR 

spectra of 1 have been determmed by a combmabon of 2D NMR method&7 

The conformatton study presented here had four mam alms 

(I) the determmatlon of the solution conformation of azlthromycm 1 by analyzmg tH 3J couplrng constants and 

molecular mechamcs calcula~ons, 

(11) to obtam mformahon concemmg the spatial proximity of sugar and macrocycle moletles usmg 2D NOESY 

experiments, 

(III) the determination of the mottonal properttes of the methyl groups, 

(IV) the comparatlon of the solution conformatlon of 1 with its crystalhne-state conformanon and conformation 

of erythromycm A 2 and dmthromycm 3 

1 

Solvent effect 

2 3 

Small vanatlons m the chemlcai shlfis (I 0 14 ppm) are observed between CDC13 and CD30D (Table 1) 

In the macrocycle, these changes are shghtly enhanced for the protons situated close to the mtrogen and lactone 

(7,, gax, 10, 11, 13) In the sugar nng there IS a particular effect for the protons located on the two faces of 

Table 1 tH NMR Chemical Shdls for Azlthromycm 1 m CDC13 and CD30D and dlastereotopc tH Chemical 

Shift Differences (A8) In ppm 

H CDC13 CD30D H CDCI, CD30D H CDC13 CD30D 
293 K 293 K 293 K 293 K 293 K 293 K 

2 173 2 79 14eq 3 4 19 4 35 14ax ; ;; (0 43) : ;;: (0 39) : 4; (0 78) : ;; (0 54) 

4 1 99 2 01 5 3 51 3 75 
5 364 3 69 14Me 0 89 0 89 SMe 1 24 1 18 
7eq 
7ax 

1 20 121 
; ;; (0 55) ; ;; (041) 

_ 
a;: 

1 05 1 05 
3’NMe2 3 29 2 33 

8 102 2 00 6Me 132 1 32 I II 5 19 5 05 
9eq ; ;; (0 50) ; :; (040) 

8Me 091 0 92 ?“eq 
9ax 1OMe 1 09 1 09 2”ax 

i :i (043) fz (0 54) 

10 3 69 2.77 13Me 1 10 1 10 4” 3 04 3 04 
11 3 69 3 61 9aNMe 3 32 2 29 4”OH 3 16 2 16 
llOH 5 19 5” 4 09 4 30 
190H 3 04 1’ 4 44 4 53 5”Me 1 34 I 38 
13 4 70 4 83 2 3 24 3 35 3”Me 1 25 1 15 

3’ 2 44 2 68 3”OMe 3 35 3 37 
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Table 2 3J Coupling Constants (m Hz) for 1 m Vanous Solvents 

Solvent 

3J =‘3 cDc13 [*WY (~3)2CO mOD 

293 K 318K 293 K 293 K 293 K 293 K 

? 3 36 45 44 46 47 47 i 
3 

i 

7ax 

7eq 
8 
8 
10 
13 
13 
1’ 
3’ 

iI 
3’ 
4’ax 
4’eq 
1 11 

1 II 

4” 

4 

5 

8 
8 
9ax 

9eq 
11 
14ax 
14eq 
2 
-0 

Lx 
4eq 
5 
5’ 
2%x 
2”eq 

17 32 
74 76 

zll 11 1 
15 15 

=lO ==lO 
12 a 
19 16 
99 96 
25 28 
73 75 

102 104 
10 9 10 7 
34 38 

10 9 104 
22 18 
48 49 

a 15 

33 22 21 19 
74 72 76 74 

b 117 10 7 b 

b” b b 10 10 7 95” 
a 28 Sl 15 
a b =l a 

98 99 96 99 
25 26 28 26 
77 72 77 75 
98 91 104 99 

11 8 103 108 109 
39 36 38 36 

103 b 107 10 3 
13 b 19 16 
50 46 55 48 

a a a a 
5” 

a Not resokd 
b tierlapped 

94 93 91 92 97 96 

desosamme (5’. 4eq, 3’. 1’) and cladmose (5”, Ye4) Moreover, these protons are concerned m the Inter-sugar 

mteractlons observed by NOE expenments (see Nuclear Overhauser Enhancement Expenments) This suggests 

that these two regions of the sugars are face to face 

ConformatIonal anaiysu of 1 m the solutton state 

An analysis of the *H NMR 3J values was used to compare the maJor solution-state conformahon of 

azlthromycm and that m the crystalline state 

The structure of tlus compound obtamed by X-ray analysis showed that the erythronohde and the sugar 

nngs have the same conformatIon as m erythromycm A, except of course, m the region of the rmg-enlargement 

(9a N-methyl)2 Both sugar components had chair conformatlon with the maxlmum number of substltuents m 

the more stable equatonal posttlons The sugar rings are onented nearly perpendicularly to the macrocychc 

lactone nng 

From the observed lH couphng constant (Table 2) It IS found that the sugar nngs adopt m solutions the 

same chair conformations as observed m the crystal structure, with slmllar dihedral angles (Table 3) The ncmal 

couplmg constants for the X-ray structure were calculated by usmg a modified Karplus equations 

‘JHH= P,*cos2~+P21co~+~A%X,(PJ+P~*cos~(~,*~+P6i] (1) 

(see Expenmental) and the values obtamed for the two sugar nngs agree well with those measured 

expenmentally (Table 3) The large values of the axial couplings 3Jz.3.. ~JJ*,J*~, ~JJ*~,Y and 3J,. 5. 

(9 4- 10 9 Hz) mdlcated httle or no population of the ring-nverted chau conformations of the two nngs 
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For the lactone nng we iirst exammed the trans couplmg constants wth large 3Jm values 3Jg,9=10 7 Hz, 

3J13,14=9 9 Hz These values are m good agreement with the calculated coupbngs for the crystalline state 

conformation 3J8,9=11 6.3J13.14=11 1 Hz The differences, which are almost wthm expenmental error, can be 

mte-rpreted as a sbght vanahon of the dihedral angles, H8-C8-C9-H9 and HI 3-C 13-C 14-H14 

The drfference for 3J4,5 between the expenmental value (7 4 Hz) and the calculated for X-ray 

conformation (6 2 Hz) may have been due to the stenc effect In the eclipsed Newman proJectton 

(k,- -130 2”) the stenc effect of the sugar nng on CS and the methyl on C4 IS preponderant and the resultmg 

torsion angle, H4-C4-CS-HS, could be sbghtly disturbed m solution A different onentation of these substztuents 

could Increase I$ by ca 7“ The very low values for the lesser three-bond H,H couplmg constants (Table 7) 

Indicate that the regon corresponding to these bonds 3J8,9, 3Jlo, 11, 3Jl3 1~ remains m a similar conformation m 

solution to that m the solid state 

The differences for 3J with respect to the calculated values are more important for 3J2 3 and ‘)J7,8 The 

expenmental 3J2.3 value IS 3 6 Hz (CDCI3) whde the calculated coupling constant for the solid state 

conformation IS 9 7 Hz These values are m agreement with two types of conformattons of erythromycm 

denvatwes the C3 to CS “folded-m” ()J2,3=3 6 Hz) and the C3 to CS “folded out” type (3J2,3=9 7 Hz) 

respectwely The “folded-m” conformations B and B’ are based on the crystal structures of dmthromycmg (B) 

and 11-ether denvatwe of 9-methoxylmmoerythromycm~o (B’), respectwely, whdst the “folded-out” 

Table 3 Couplmg Constants for Vlcmal Proton Pairs and Correspondmg Dihedral Angles for 1 

Vlcmal 
proton pair 

H-2, H-3 
H-3, H-4 
H-4, H-S 
H-7,,+ H-S 
H-7,, H-8 
H-8, H-9, 
H-8, H-9, 
H-10, H-11 

3Jaeupm @bcalcP &-rayP 3Jcy_ra\ HZ +d~P 3Jem2k 

36 116 151 8 97 1104 27 
17 
74 
15 
11 If 
12 

1078 
19 
25 

-60 
137 
-75 
161 
79 

-164 
59 
57 

-162 
171 

-647 
130 2 

-1100 
134 8 
68 6 

-174 9 
82 1 
70 9 

13 -73 8 
61 142 7 
‘5 
67 

-86 4 
161 0 

‘5 64 3 
11 6 178 2 
06 74 6 
12 66 3 

11 1 -175 5 
75 1722 

07 
85 
10 

111 
30 

11 8 
08 
16 

113 
74 

H-13, H-14, 
H-13, H-14ax 
H-l’, H-2 

99 

73 
-172 9 

1743 
H-2’, H-3 10 2 -176 -172 1 99 178 0 10 5 
H-3’, H-41q 34 61 61 2 q - 56 6 41 
H-3’, H-4’= 109 164 177 3 1;; 175 1 117 
H-41q, H-5 22 -60 -59 2 23 -58 4 23 
H-4’,, H-5 109 -157 -174 6 117 -176 0 11 6 
H-l”, H-2”,, 15f 77 70 6 19 65 3 23 
H-l”, H-2”ax 48 -44 -43 1 19 -49 2 41 
H-4”, H-5” 94 180 174 3 92 175 5 93 

a Evpenmental values for 1 m CDC13 at 293 K 
b Dihedral angles $dc were calculated from ‘J e\p usmg equation (I) by sample Turbo Pascal program 
’ Couphng constants calculated for X-ray geometry usmg equation (1) 
d Dihedral angles of solute state conformauon predvzted on base MM2 calculation 
e Coupling cwstants calculated for MM2 solution stale geometry usmg equation ( 1) 
‘CDCl3,318K 
g CD3OD, 293 K 
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Rg 1 Ball-and-stick representation of the crystal (a) and solution state @) structure of authromyan 1 

b 

conformatIon (A) 1s based on the crystal structure of erythromycm A hydrolodlde dlhydratell In the “folded-m” 

conformations B and B’ rotation about C2 to C3 bond causes the Inward foldmg of the C3 to C5 pomon of the 

lactone nng so greatly eases the stenc hmdrance on 2Me, but forces 4Me mto a more hmdered envuonment B 

and B’ type differ from each other mamly m the C6 to C9 regon to The “folded-out” conformatlon IS 

characterized by a close cross-nng approach of H4 and Hl 1 and the rotation of 2Me IS subJect to much greater 

stenc hindrance than that of 4rMe Hosever the Similanty of bH3,HJ and $Hd,Hj In the crystal and soiuion state 

conformanons means that the onentatlons of the sugar rings with respect to one another remains the same, even 

though In solutions they are now “folded-m” towards the C9-Cl2 side of the nng 

The observed values for 3J7eq,8=1 5 Hz and J;a,881 1 1 Hz, respectively, are similar to those of 

etythromycm A5, and correspond to the dihedral angles In trans dlequatonal and trans dlaxlal directions, 

respectrvely In the crystal structure of 1, however, C7-C8 regon IS m the partlally eclipsed conformation 

In order to obtam the precise geometry of the solution state conformation of 1 we have performed 

molecular mechanic calculation by MM2 program 12 The crystal state geometry of l2 was modified m regons of 

mam differences for expenmental 3Jm with respect to the calculated 3Jx_ray values Thus, cbhedral angles 

HX2-C3-H3 and H7.+Z7-C8-H8 (15 1 8” and -110 0’ respectively) were rotated to dihedral angles (116’ and 

-75” respecnvely) calculated from correspondent experlmental 3Jm coupling constants This new geometry was 

than optlmlzed by Mh42 program with mcluded chloroform dlelectnc constant &=4 8 Obtained structure 

(Fig lb) was used In further comparatlons and calculations as calculated solution stafe conformatlon of 1 

SoIvettl attd temperature depettdettce 

One charactenstlc of a molecule which exists In a single, a stable conformanon IS that the Mcmal couphng 

constants remam mvanant wth respect fo solvent and temperature changes5 The proton NMR spectrum of 

azlthromycm was recorded m vanous 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 couplmg constants They remam almost mvanant except 3J2 3 Furthermore, the relative large chemrcal 

shift dlfferencest3 between the diastereotoplc protons at C7, C9, C14, C3” and C4’ (Table 1) would Indicate a 
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high conformatlonal homogenwty From these results, It appears that authromycm exists m solution as one major 

conformer, different from that found m the sobd state, with the negbgble partlapation of the other conformers 

However, the nse m 3J2,3 mdxates an increasing of “folded-out” (X-ray) conformation as temperature mcreases 

or the solvent IS changed from CDCl3 to more polar solvents 

NOE 

2D NOESY Expenments were performed on 1 m CDC13 solution The NOE results (Table 4) represent a 

spatud proxlmtty for pours of protons m the solution-state conformation The correspondmg distances m A 
between two protons obtained from the crystal structure and MM2 calculated solution structure of 1 are shown 

m parentheses 

The crystal structure showed 176 contacts (88 proton pairs, time 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 m the crystal structure, a remarkable level of agreement This IS well Illustrated by the 

mtra-sugar, Inter-sugar and sugar-lactone NOES such as l’-3’, I’-S, 3’NXle2-4’,,, 4”3”Me, l’-3”OMe, II-S, 

l’-4Me, all of which corresponded to the Interactions m the crystal structure of 1 The mtra lactone NOES as 

11-10, 11-13 and 1 I-l?Me confirmed that the ClO-Cl3 portion of the lactone nng remains m slmllar 

confonuatlon m solution as m the crystal state Also, the mteractlons observed m solution for the new 

nng-Inserted 9aNMe group, NOE 9aNMe-1OMe and 9aNMe8, corresponded to the same posltlon for this 

group m solution and m the crystal conformation However, 8 NOES were observed for which no correspondmg 

crystal ,structure contact eFrsted, and 40 crystal structure contacts were found wth no correspondmg 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 mlssmg NOES, 26 were missing due to techmcal ddiicuitles (selective observation Impossible) 

A fiuther 6 were NOES to methyl groups or methylene protons These later VOEs are Inherently weak14 and are 

frequently not observed 

This left only 10 NOES not observed but expected on the basis of the crystal structure - NOE 4-11, 

7,,-4Me, 2Me-3”0Me, 3’-3”OMe and 3’NMe2-3”OMe and 4 NOES observed but unexpected - NOES between 

‘Me-4Me and between 4Me-3”OMe 

These dlscrepancles were Interpreted as follows 

(I) 3’NMe2-3”OMe and 3’-3”OMe In the crystal structure r(3WMe2,3”0Me) IS 2 7 A mmtmum (the mmlmum 

distance found by rotation of the methyl group) and r(3’,3”OMe) IS 2 3 & respectively In qew of the fact that 

a NOE I’-3”OMe was observed (r(l’,3”0Me) 1s 3 0 A) the lack of NOES 3’NMe2-3”OMe and 3’-3”OMe 

Indicated that m solution these distances are ~38, Correspondmg distances calculated for MM2 solution state 

conformauon were 4 0 and 2 9 4 minimum* respectively Furthermore, very long 1H T1 value for 3”OMe 

(0 56 s) was mdlcatlre of almost-free rotation m contrast to high rotational energy bamer (12 7 kcal/mol) 

calculated for 3”OMe m crystal structure 

(II) 4-11, 7,4Me and 7Me-3”OMe More mterestmgly, the missmg NOE 4-11 shows that the close, cross-nng 

approach of HI I and H4, for the crystal structure (r(l 1,4)=2 7 4) so characterlstlc of “folded-out” 

conformatlon, was not present m solution Since the value of 3J2 3=3 6 Hz Indicated “folded-m” C3 to CS 

* Here and later m the text “mmlmum” refers to the minimum distance found by rotation of the methyl group, 
thus, on average r(3’,3”OMe)> 3 A due to methyl group rotation 



Conformational analysis of azlthxomycm 727 

region m solution, we expected NOE between Hll and H3 In the 2D NOESY spectra no cross peak 

H-l l/H-3 was observed Thus, more sensltwe tH NOE difference expenments were used to determme 

spattally distance between these two protons Irradlatlon of H-3 and H-l 1 respectwely, gave a medium-sued 

NOE, thus confirmmg presence of “folded-m” conformation m solution The weaker mteracUon 6om that we 

expected, mdlcated that the protons 11 and 3 are !irther m compound 1 than m 3 Molecular mechamcs 

calculattons for solution state conformation confirm the correspondmg 1D results The calculated Hl 1 to H3 

distance was longer m 1 (3 1 A) than m the same “folded-m” conformatlon of 3 (2 2 A), probably due to the 

nng-enlargement of 1 In addttlon, the non-observation of NOES 7&Me and 2Me-3”OMe supported the 

proposed “folded-m” conformatlon of 1 III solution Namely, the Inward foldmg of the CbCS pomon of the 

Table 4 Quahtatlve NOE Data for Avthromycm la 

Contact Intrauntts 

Aglycone nng 
2 

4 

5 
7ax 

7eq 

8 

9 ZK 

geq 

IO 

11 

1lOH 

120H 

13 

14ax 

14eq 
3Me 

3 (3 -l/2 8), 4 (2 712 2). 3Me (2 S/1 4), 
4Me (1 9/2 3) 
3 (2 S/2 6), 5 (3 O/3 0), 71, (2.3/2.2), 
4Me (2 412 4) 
3 (2 512 4). 6Me (2 3/2 3) 
8Me (3 l/2 8) 

Desosamme 
2 4’m (2 712 7) 
3’ 1’ (2 512 6), 4’, (2 6/2 4), 5’ (2 6/2 5), 
4’eq 4’ae(l 8/l 8). 5’ (2 5/2 5), me(2.7/2 4) 
4’, 3WMezf(2 3/l 8) 
5 1’ (2 5/2 4), 5’Me (2 5/2 4) 

Cladmose 

7= (1 8/l 8), 8 (2 9/2 7). 6Me42 6/2 6), 

8Me (2 412 3) 

sqb(2 7R 61. 9aNXlle (2 3/2 2), 
6Me (2 l/2 2), 8Me (2 5/2 5) 
&&l 8/l 8), 10 (2 O/2 l), mht2.6/2 51 
IOMe (2 713 0) 
9aNMe (2 612 4). 8Me (2 712 4), 
1 OMe (2 412 4) 
1 I (2 7/2 S), lOMe’(2 4/2 4), 

12Mec(2 2/2 2) 

1lOH (3 O/2 8), 13 (2 712 7), 
12Me(3 O/2 9) 

2”s 

2’leq 
4” 

5” 
3”Me 

1” (2 4/2 4). 2”* (1 8/l 8), 4” (2 7/2 5), 
3”Me (2 512 6) 

1” (2 6/2 5), 3”Mef(3 7/2 6), 3”OMe (2 l/2 2 
4”OH (3 O/2 8), 5”Me (2 6/2 6), 
3”Me (2 412 5) 
5”Me (3 6/2 5) 
4”OH (2 5/2 7), 3”OMe (2 312 3) 

Contact Interumts 

Aglycone nng-Sugar nngs 

9aNMe (2 8/3.OJ 3 1” (2 2/2 5) 
J’OH (2 712 4), 13 (2 712 6), 5 1’ (2 2/2 3), 5” (2 l/2 1) 

10Med(2 O/2 0), 12Med(2 2/2 3) 3Me 1” (2 l/2 2). Yeqf(2 3/2 8) 

14eq (2 6/2 5), 14Me (2 5/2 5) 4Me 1’ (2 7/2 3), 3”OMe (3 2/2 7) 

14eq (1 8/l 8), 14Me (2 5/2 5). Desosamme-Cladmose 
12Me (2 3/2 2) 1’ 5” (2 2/2 8), 3”OMe (3 O/2 5) 
14Me (2 512 5) 5 5” (2 4/2 8) 
4Me (3 812 4) 5’Me 5”Mg(2 412 3) 

1OMe 9aNMe (3 312 4) 

a The NOES observed only for azlthromycm 1 are underhned whde other NOES are observed also for enthromycm A 25 
Correspondmg distances tn A betwen two protons (crynal structunz/calculated solution state) for anthromyan 1 are In 
parentheses 

bSc dvevfSg*h PaIn of overlappmg NOES 
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Table 5 Expenmental lH NMR rehxahon umes (Tl m s, CDCI3 solution) and calculated rotatIonal energy 

bamers (calculated solution state conformauon and X-ray conformation) for the methyl groups m 1 

Methyl ‘H Tla/s Eb(so~uuon) EC(w) 
3”OMe 0 56 A D 

14Me 046 
5”Me 0 40 
SMe 0 39 

3”Me 0 38 
8Me 0 38 

9aNMe 036 
3NMez 0 36 

6Me 0 36 
2Me 0 36 

1OMe 0 30 
12Me 0 30 

B 
A 
A 
B 
B 
B 
B 
B 
B 
B 
C 

A 
C 
A 
B 
B 
B 
B 
B 
C 
A 
B 

4Me 0 29 C C 

a Expnmental results at 300 h4Hz for 1 III CDC13, Tl= spm-lattice relaxation ume 
b Theoretical calculauons based on cal~lated soluuon state conformatIon of 1 

A(O-3). B(3-9, C(S-7) and D(>7 kcal mol-l) 
The results are given m terms of energy ranges 

C Theoretxal calculatmns based on X-ray amformatIon of 1 Energy ranges are same as for solution state 

lactone rmg moves 4Me a more outslde nng posltlon, but forces It closer to the 2Me The 4Me IS thus pushed 

mto a more stencally congested envuonment This reorganlzatlon results In the NOES 2Me-4Me and 

4Me-3”OMe which Interactions were not present m the crystal structure of 1, but were found m the crystal 

structure of 3 Simultaneously, the rotation of 3Me group IS less hmdered due to an easing of the stenc 

congestlon between 2Me and 3”OMe that results m mlssmg NOE ‘Me-3”OMe, but was found m the crystal 

state of 1 

Zhe mohonalpropertles of the methyl groups 

1H NMR Relaxation measurements (Tt data) lead to the same conclusions as the NOES expenments with 

the respect to the conformatlon of 1 m solution (Table 5) The “folded-out” sohd conformation of 1 IS 

characterized by a high calculated energy bamer to the rotation of 2Me, due to the close approach of Hl”s The 

adoptlon of a “folded-m” contbrmatlon m solution reduced the mob&y of4Me, while kssenmg the restnctlon to 

the rotation 2Me The tH TI values for the 2- and 4-methyl groups were consistent wth 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-m” 

conformatlon10,15 

The remamrng methyl groups had mtermedlate tH T1 values m agreement with the intermediate energy 

bamers to rotation calculated for these methyl groups m the crystal structure and MM2 solution state 

conformatlon 

Conclrrsrons 

A combmatton of NMR spectroscopy and molecular modelhng techmques showed that the major 

conformatlon of 1 In solution differs from the crystalhne state conformation 

The solution state conformatmn of 1 IS a C3 to CS “folded-m” type, with H3 close to Hl 1 (kg lb) slmllar 

to the crystalline state of dmthromycm 3 The contnbutlon of the “folded-out” (X-ray) conformer m the solution 
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Fig 2 Superposition of solutlon state conformation (sohd he) and crystal conformation (dotted hne) of 

aathromycm 1 

IS low, but increases as the solvent IS changed from CDC13 to the more polar solvents However, m the crystal 1 

exist m a “folded-out” conformation wth close cross-nng approach of Hl 1 and H4 (l$ la) previously observed 

m the crystal state structure of erythromycm A hydrolodlde dehydrate 2 The N9a to Cl3 region remams vntually 

unchanged Both the crystal structure and NMR studies show that the sugars m 1 have the same conformatlons 

and onentatlons as m erythromycm denvatrves, but wth longer distance between them m solution than m the 

crystal structure (Fig 2) 

These results are the opposite of what IS generally observed for erythromycrn denvatlves, which m solution 

retam predommantly the crystal state conformation 

The theoretical calculations based upon molecular modelhng techniques for comparatlon solution wth 

ctystalhne state are m good agreement with NMR parameters such as 3J, XOEs and *H T1 data 

EXPERIMENTAL 

The 1H and 13C NMR spectra were acquired at ambient temperature m 5 mm o d NMR tubes on Vanan 

Gemml 300 spectrometer COSY spectra were acquired with sweep width of 3200 Hz into 1024 data points m 

F2. dlmenslon The 90“ pulse was 13 2 ps, the relaxation aelay was I 0 s and each FID was acquired with 8 scans 

and 3 dummy scans 256 Values of the evolution time were sampled but the data was zero filled to 1024 pomts 

m Fl pnor to double Founer transformation 

The HETCOR spectra were acquired wth sweep widths of 8303 4 Hz mto 2048 points m F3, and 

4500 5 Hz mto 156 pomts m Fl dimension, respecttvely The 90” pulses for tH and t3C were 13 2 and 14 6 ps, 

respectively Each FID was acquired with 256 scans and a relaxation delay of I 0 s Expenments were acquired 

using standard Vanan so&are 

The phase-sensitive NOESY expenment was performed using the time-proportlonal-phase-increment 

method16 FLD were acquired (64 scans, 2. dummy scans) over 3300 3 Hz mto a 3K data block for 511 

increment values of the evolunon rime, tl The raw data were zero filled to a 3K*7K matnx and processed ullth a 

0 1 Hz line-broadenmg timctlon m both dlmenslons Expenments were performed with mnung time 0 45 s and 

the relaxation delay was 2 5 s 
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The tH Tt expenment was conducted by usmg a standard mveruon-recovery sequence 

@1-1800-VD-900-FID) mth the relaxation delay 4 s and averagmg 32 scans mto an 16K data block (acqulatlon 

time 3 2 s) The experunent was repeated for 9 values of the vanable delay VD rangmg Corn 0 0156 to 4 0 s 

The Tl values were calculated by usmg standard Vanan software The 180“ pulse cabbrated m CDCI3 solution 

was 17 ps 

The *H NOE difference spectra were acquired automatically using a mocbficatlon of the method of 

SaundersI Typuzally, 8-10 Irradiations were performed m one expenment usmg 4 dummy scans and 32 scans at 

each frequency The pulse sequence utdized a pre-machatlon delay (3 s), followed by a sub-saturatmg u=ra&atlon 

penod (3-6 s), and then data acqursmon wth the decoupler gated off Difference spectra were obtamed by the 

subtraction of the control (off-resonance trradlatlon) from every other spectrum 

Molecular mechanics optunlzatron of solutton state conformatIon and calculations of rotational bamers for 

methyl groups were performed by usmg MM2 program l* RotatIonal energy bamers for each methyl were 

obtamed through relaxation of molecule (energy mmimlzatron) at methyl-molecule dihedral angle founded by 

ngld rotor approxlmatlon 

Calculations of dihedral angles from 3J values were performed using equation (1) by simple Turbo Pascal 

program based on graphic interpolation Empmcal parameters PI-P, used m equauon (1) were there from 

ongmal paper8, X was Huggms electronegahvrty of the substltuents’7, and 5 was flag (+1 or -1) whch 

represented onentatlon of the subshtuents 
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