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The Conformational Analysis of Three Derivatives of Erythromycin A: (9S)-9-
Hydroxy-9-deoxoerythromycin A, (9S5)-9,11-0O-lIsopropylidene-9-
deoxoerythromycin A, and (9S)-Erythromycylamine A by Nuclear Magnetic
Resonance Spectroscopy and Molecular Modelling

Jeremy R. Everett® and John W. Tyler
Beecham Pharmaceuticals, Brockham Park, Betchworth, Surrey, RH3 7AJ

The 'H and C n.m.r. spectra of (9S)-9-hydroxy-9-deoxoerythromycin A (2), (9S5)-9, 11-0-
isopropylidene-9-deoxoerythromycin A (3), and (9S)-erythromycylamine A (4) were solved by
two-dimensional (2D) n.m.r. methods. The solution conformations of compounds (2), (3), and (4)
were then determined by n.m.r. spectroscopy [n.0.e.(1D and 2D) and 7, experiments] and
compared with the solution conformation of erythromycin A (1). In each case the cladinose and
desosamine sugars are in the same chair conformations as found in (1). Furthermore the overall
orientations of both sugars were found to be very similar to those of (1) in all cases. However, the
lactone rings of (2) and (4) were found to be in fast exchange between conformations
characterised as ‘folded-in’ or ‘folded-out’ in the C-3 to C-5 region, whereas the lactone ring of (3)
was predominantly in a ‘folded-out’ conformation, as was found for (1). The ‘folded-in’
conformations are novel and have not been previously described. Molecular modelling was used in
order to compare the solution-state conformations with crystalline-state models of the two types of
lactone ring conformation. No simple correlation was found between the solution-state
conformational preferences of compounds (1)—(4) and their antibacterial activities.

Erythromycin A (1) is a medically important macrolide
antibiotic composed of a polyfunctionalised 14-membered
lactone ring substituted with desosamine and cladinose sugar
units. The solution conformations of (1) and the motional
properties of its methyl groups and sugar rings have been
studied recently by 'H and '3C n.m.r. spectroscopy.! The
logical progression of this work was to study derivatives of (1)
with differing antibacterial activities. A preliminary communi-
cation on compounds (1) and (2) has appeared.? This paper
describes the results of a study on compounds (2),2* (3),% and
(4).° This study had five main aims.

(i) the analysis of the 'H and !3C n.m.r. spectra of compounds
(2), (3), and (4).

(ii) the determination of the solution conformations of
compounds (2), (3), and (4).

(iii) the determination of the motional properties of the
methyl groups and the sugar rings of compounds (2), (3), and (4)
in solution.
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t This new representation of (1) is preferred over our previous
conventional drawings since (i) the lactone moiety is correctly drawn
trans, (i) the major conformations are explicit, and (iii) the problems of
defining stereochemistry at ‘inside-corner’ carbons are eliminated. We
thank Dr W. D. Celmer for helpful advice on this matter.

(iv) the comparison of the solution conformations and
motional properties of compounds (2), (3), and (4) with both the
crystalline-state conformations of erythromycin A hydroiodide
dihydrate and (5) and the motional properties predicted for
these crystal structures.

(v) the determination of possible correlations between the
antibacterial activities of compounds (1)——(4) and their solution-
state conformations.

The structure of erythromycin A (E,) (1) may be represented
as

o 9 5 oD
HO n 3 oc

D = Desosamine C = Cladinose

The structures of (9.5)-9-hydroxy-9-deoxoerythromycin A
(2), (95)-9,11-O-isopropylidene-9-deoxoerythromycin A (3),
(95)-erythromycylamine A (4), and (95)-9-N, 11-0-[2-(2-meth-
oxyethoxy)ethylidene]erythromycylamine A (5) are given
below using the same representation.
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Table 1. '"H N.m.r. chemical shifts (8 in p.p.m.) for (1)—(4) in CDCl5—
Me,Si

Proton @’ 2) 3 (C))
1 — — — —
2.87 2.74 290 2.74
3 3.99 4.09 421 4.11
4 1.97 1.88 201 1.89
5 3.56 3.68 3.63 37
6 — — — —
7 1.93, 1.74 1.64, 1.29 1.75, 1.46 1.72, 1.34
8 2.68 2.17 2.23 2.04
9 — 3.37 351 27
10 3.08 1.96 1.94 2.00
11 3.82 3.74 3.56 3.79
12 — — — —
13 5.03 4.89 5.05 4.85
14 1.91, 1.48 1.92, 1.49 1.91, 1.47 191, 1.48
15 0.84 0.89 0.84 0.90
16 1.18 1.20 120 1.20
17 1.10 1.09 111 111
18 1.46 1.26 1.32 1.22
19 1.16 1.07 0.96 1.15
20 1.14 1.17 1.15 1.13
21 112 L1 1.13 1.10
22 —
23 1.45
24 1.45
1” 4.88 4.97 4.99 5.05
2’ 235,156 237,159 236,160 240, 1.60
3” — — — —
4” 3.00 3.03 3.04 3.05
5” 3.99 4.03 4.04 4.00
6” 1.27 1.31 1.32 1.29
7 1.23 1.25 125 1.25
8” 331 331 333 335
1 4.40 4.53 4.48 4.60
2 321 329 327 328
K 243 2.53 249 248
4 1.67,1.22 1.68, 1.26 1.69, 1.27 1.67, 1.25
5 348 3.57 351 357
6 122 1.23 1.24 1.23
7,8 229 231 232 2.30

Results and Discussion

Analysis of the 'H and 1>C N.m.r. Spectra of (2), (3), and (4)—
The complex and overlapped 400 MHz 'H n.m.r. spectra of
compounds (2), (3), and (4) in CDCI, were solved using 2D 'H
COSY-45 n.m.r. experiments, as done previously for (1).” The
assignment of all the 'H n.m.r. spectra is unambiguous and
complete, except for some of the hydroxy protons. As an
example, Figure 1 shows a contour plot of the high-field region
of the 400 MHz 2D 'H COSY-45% n.m.r. spectrum of (4) in
CDCl;, beneath the corresponding one-dimensional (1D)
spectrum. The multitude of off-diagonal cross peaks established
the connectivities between all the pairs of mutually coupled
protons. There are some notable long-range connectivities e.g.
12-OH, Me-21 and 2”ax, Me-7”. The arrows on some of the
cross peaks in the region above the diagonal serve to indicate
their slopes. The relative signs of coupling constants in certain
spin-systems can be obtained by inspection of the cross peak
slope and this is useful in distinguishing between geminal
(?J < 0)and vicinal (3J > 0, generally) couplings.!®

Having established unambiguous assignments of the 'H
n.m.r. spectra, 2D proton, carbon-13 chemical-shift correlation
experiments were used in order to obtain unambiguous
assignments of the !3C n.m.r. spectra of (2), (3), and (4). An
expansion of the 2D 'H, *3C COSY n.m.r. spectrum®~!! of (3)

Table 2. '3C N.m.r. chemical shifts (3, in p.p.m.) for (1}—(4) in CDCl,—
Me,Si

Carbon  (1)7 @ 3 @)
1 1763 1770 177.0
2 450 457 49 444
3 803 793 799 782
4 395 419 402 426°
5 840 846 842 832
6 748 750 739 755
7 385 371 351 378
8 449 342 R28  338
9 219 832 804 635

10 38.1 320 30.3 31.0
11 68.8 709 69.3 70.2
12 74.5 74.5 739 74.1
13 77.1 71.7 76.3 774
14 21.2 21.8 214 220
15 10.7 11.2 10.6 11.4
16 159 149 16.1 137
17 9.2 9.5 9.5 9.4
18 26.4 25.3 26.6 24.6°
19 18.4 20.1 19.6 20.3
20 120 15.1 16.4 14.6
21 16.2 16.6 15.7 16.2
22 101.8
23 280
24 24.1
1” 96.5 96.5 96.1 95.4
2 350 349 351 349
3 727 727 729 72.8
4’ 77.9 711 78.1 77.9
5" 65.7 66.2 65.6 65.8
6” 18.5 18.2 18.5 183
7 214 21.6 21.6 217
8” 49.5 49.4 49.5 493
1 103.3 1034 102.9 102.4
2 71.1 70.8 71.2 709
¥ 65.3 65.1 65.5 653
4 29.2 29.0 29.0 28.8
5 68.8 69.3 68.8 69.3
6 214 212 21.5 213
7,8 40.3 404 40.4 404

% Indicates broad resonance.

Table 3. Vicinal proton-proton coupling constants (3J in Hz) for (1)}—
(4) in CDCl,-Me,Si

Coupling a7 ) 3 @)
16, 2 75 7.0 71 7.1
2,3 94 6.6 9.0 4.6
3,4 1.5 2.7 1.5 21
4,5 77 58 73 6.2
4,17 74 72 75 72
Ta, 8 11.7 {~6.4 8.4 4.6
Te, 8 ~2.5 ~6.8 ~3—4 8.6
8,19 7.1 70 7.3 7.0
8,9 — 55 3.0 6.6
9,10 — 1.7 3.0 1.7
10, 11 1.3 1.6 24 1.1
10, 20 6.9 7.0 70 70
13, 14e 24 2.6 2.5 31
13, 14a 11.0 99 11.2 9.3
14, 15 74 73 74 7.5

in CDCl, is shown in Figure 2(a) as a contour plot. Cross peaks
are observed at locations 8y, 8c; where H; and C; are directly
bonded proton and carbon-13 nuclei. Since the assignment of
the 'H n.m.r. spectrum was complete, this 2D spectrum gave a
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Figure 1. Contour plot of the high-field region of the 400 MHz 2D 'H
COSY-45 nm.r. spectrum of (4) in CDCl;—-Me,Si, underneath the
corresponding region of the 1D 'H n.m.r. spectrum. The arrows on
some of the cross peaks serve merely to indicate their slope (see text).
All cross peaks are labelled with the numbering of the proton—proton
pair whose mutual J-coupling gave rise to the cross peaks

complete and unambiguous analysis of all the protonated
carbons of (3), including all the methyl carbons. The same
procedure was followed for (2) and (4). In the case of (3) the
quaternary carbon assignments were made by use of a 2D 'H,
13C COLOC experiment.'? This experiment effects 'H, 13C
chemical-shift correlation via 2J; ¢ and 3Jy ¢, thus allowing the
unambiguous assignment of the quaternary carbons. Figure
2(b) shows a contour plot of the 2D 'H, '3C COLOC n.m.r.
spectrum of (3) in CDCl, over the same region as the 2D 'H,
13C COSY spectrum in Figure 2(a). In addition to solving the
quaternary carbon assignments, the mass of correlations found
involving protonated carbons allowed the assignments made in
the 2D 'H, '3C COSY spectrum to be checked.

The Conformational Analysis of (9S)-9-Hydroxy-9-deoxoery-
thromycin A (2).—(i) General conformational features. The 3Jyy
values of the sugar ring protons indicated that both the
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cladinose and desosamine sugar rings were in the same chair
conformations as in (1).!

The pattern of 'H n.O.es'? involving the sugar protons
further indicated that the orientations of the sugar rings with
respect to one another and with respect to the lactone ring were
very similar to those found in (1).!> However an inspection of
the matrix of 'H n.O.es of (2) in CDCl; (Table 4) showed that
whilst (2) exhibited all but three of the intra-lactone n.O.e.s of
(1), eleven new intra-lactone n.O.e.s were found, not including
those involving 9-H.2 The n.Oe. from 11-H to 3-H ie.
n.O.e.[11]3 was larger than n.O.e.[11]4 in (2) whereas for (1)
n.0.e.[11]3 was barely detectable and n.O.e.[11]4 was ~4%,.'2
Other striking differences between the behaviour of (1) and (2)
were observed upon irradiation of 8-H (Figure 3). The new
n.O.e.s from 8-H to 3-H and 5-H in (2) were completely absent
in (1). It was concluded that (2) could occupy lactone ring
conformations different from those of (1).2

The lactone ring 3Jyy, values? of (2) (Table 3) were also quite
different to those of (1), in support of this conclusion. When the
3Juy values were remeasured in CD;OD solution further large
changes were observed eg. 3J,; ~6.6 (CDCl)—> 4.5 Hz
(CD,OD). These 3J,, changes were indicative of fast
conformational averaging between 2 or more lactone ring
conformations, the proportions of each conformation changing
between the different solvents.

N.O.e. kinetics experiments showed a similar (medium) rate
of build-up for n.0.e.[11]3,n.0.e.[11]4, and n.O.e.[11]8 in both
CDCl, and CD;0D solvents (Figure 4). In conjunction with
the 3J,,y data these results led to the conclusion that the lactone
ring of (2) was in fast equilibrium between two or more
conformations. One conformation was very similar to the
crystalline-state conformation !* of the hydroiodide dihydrate of
(1) thus giving rise to all the n.O.es characteristic of this
conformation.? The other conformation(s) has r, ,, > 3 A
but r3 ., 73,5 and rg ,, all <3 A thus giving rise to the new
n.O.e.s observed for (2). This conclusion is novel since previous
n.m.r. work 3723 indicates that all erythromycins are expected
to adopt an alternate diamond-lattice conformation in solution,
similar to the crystal structure of (1).!4

(ii) Crystalline-state models for the new ring conformations.
A search was made of the crystal structures of related
erythromycins in order to find models for the new lactone ring
conformation(s) exhibited by (2). A suitable model was found in
the crystal structure of (5)2° (shown in Figure 5 without its long
ether side chain for clarity). Comparison with the crystal
structure of the hydroiodide dihydrate of (1) (Figure 6) shows
many differences. Rotation, principally about the C-2 C-3 and
C-5 C-6 bonds, has caused the C-3 to C-5 portion of the
macrocyclic ring to ‘fold inwards’ such that 3-H becomes much
closer to 11-H (2.2 vs. 3.7 A). In addition a reorganisation of the
C-6—C-9 portion of the ring has caused 8-H to fold into the
ring thereby coming closer to 3-H (2.2 vs 5.9 A), 5-H (2.3 vs 4.9
A),and 11-H (2.5 vs. 4.2 A). However, the C-10—C-13 portion
of the macrocyclic ring remains in a similar conformation.
Furthermore, the similarity of @c3c4 and @c4cs in the two crystal
structures means that the orientations of the sugar rings with
respect to one another remain the same, even though in (5) they
are now folded-in towards the C-9—C-12 side of the ring.
Table 5 compares the lactone ring torsion angles in the crystal
structure of (1) and (5). Table 6 gives the spatial proximity map !
for pairs of protons less than 3 A apart in the crystal structure of
(5). For conciseness, the crystalline-state conformations of
erythromycin A hydroiodide dihydrate and (5) will now be
referred to as A and B respectively.

(iii) Comparison of the solution-state conformations of (2) with
the crystalline-state conformations A and B. The matrix of n.O.e.s
observed for (2) in CDCI; (Table 4) is equivalent to a proton-
proton spatial proximity map of the solution state. Comparison
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Figure 2(a). Contour plot of an expansion of the 2D *H, *3C COSY n.m.r. spectrum of (3) in CDCl;~Me,Si. Each cross peak is a singlet due to broad-
band 'H decoupling in both dimensions. Figure 2(b). Contour plot of the same expansion of the 2D 'H, !3C COLOC n.m.r. spectrum of (3) in
CDCl;-Me,Si underneath the corresponding region of the 1D distortionless enhancement by polarisation transfer (DEPT)-90'* '*C n.m.r. spec-
trum. The vertical dotted lines (.. ..) link all the cross peaks due to the correlation of several proton resonances with one carbon-13 resonance.
The horizontal dashed line(— — —-) links all the 3C resonances which have a correlation with 1”-H. Note that the quaternary carbon resonances

are suppressed in the DEPT spectrum

of this map with the spatial proximity maps for A* and B (Table
6) showed that features of both crystalline-state conformations
were exhibited by (2) in the solution state.

Conformation B has a close approach of 3-H and 11-H, thus
explaining the very large value of n.O.e.[11]3 in (2) relative to
(1) (~1.9% vs. 0.2%)."? Conformation B also has Me-18 folded
down and under the lactone ring such that r;5 , ~ 2.0 A min
(¢f43AinA)butr g sand r g > 3.5A in B, compared with
1.9 A min and 2.2 A min respectively in A. Irradiation of Me-18
gave medium-sized n.O.e.s to 4-H, 5-H, and 8-H thus confirming
the contribution of conformations like B to a blend including A.

The remarkable observation of n.O.e.s from 8-H to 3-H, 5-H,
and 11-H (Figure 3) can only be explained by a substantial
contribution of conformation B, where 8-H is oriented into the
lactone ring (see Figure 5). On the other hand, the medium-sized
n.0..[8]9 (Figure 3) can only be explained by a substantial
contribution from a lactone ring conformation equivalent to A
(but with an sp3 C-9).

In summary the 'H n.O.e. data indicated that the minimum
representation of the solution-state equilibrium of (2) was
A—B.

The contribution of conformations like B to the conform-
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Table 4. '"H N.O.ess for (2) in CDCl,*
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Figure 3. Two 400 MHz 'H n.O.e. difference spectra due to the irradiation of 8-H in (a) (1) and (b) (2)
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Figure 4. A graph of n.O.. in % vs. irradiation time VD in s for the
irradiation of 11-H in (2) dissolved in CD,OD. The data for n.O.e. [11]8
are omitted for clarity but displayed a medium rate of build-up—
similar to n.0.e.[11]3 and n.O.e[11]4. The points and error bars
represent the averages and ranges respectively of data from two
experiments run under the same conditions

ational blend of (2) in solution was further tested using '3C
n.m.r. relaxation time experiments.!'2” Conformation A is
characterised by a very high energy barrier to the rotation of
Me-16.!2 In B the inward folding of the C-3—C-5 portion of

Table 5. Lactone ring torsion angles (¢ in °) for the crystal structures of
(1) and (5)

Torsion angle @ (1) )
01-C1-C2-C3 1159 94.4¢
C1-C2-C3-C4 —-61.2 —129.6°
C2-C3-C4-C5 164.8 172.8
C3-C4-C5-Cé6 —116.1 —1169
C4-C5-C6-C7 —68.5 67.6°
C5-C6-C7-C8 1750 55.5¢
C6-C7-C8-C9 —-77.0 177.4¢
C7-C8-C9-C10 —60.8 34.5%¢
C8-C9-C10-C11 122.0 70.3%6
C9-C10-C11-C12 —1733 —156.0
C10-C11-C12-C13 167.8 —173.6
C11-C12-C13-C14 165.1 164.5
C12-C13-01-C1 107.3 156.0°
C13-01-C1-C2 171.3 —173.6

¢ = ¢ (1) different to @ (5) by >20°.° n.b. comparing sp? C-9 in (1) with
sp® C-9 in (5).

the lactone ring removes the steric hindrance to the rotation of
Me-16 and the calculated rotational energy barrier drops by a
factor of 5 (Table 7). In (1) the adoption of a solution-state
conformation very similar to A gave rise to a very low !3C NT,
value 282° for Me-16 relative to other methyl groups e.g. Me-
17.12 However, it can be clearly seen (Figure 7 and Table 7) that
the !3C NT, values of Me-16 and Me-17 in (2) are
approximately equal. This result confirmed that in solution (2)
adopted conformations like B (as well as A) which have reduced
energy barriers to the rotation of Me-16. The corresponding 'H
T, data was in agreement with this conclusion (Table 7). The
13C NT, data also indicated less preferential mobility of the
desosamine sugar relative to the cladinose sugar than in (1).!
The averaged '3C NT, values for the protonated carbons of the
lactone, cladinose and desosamine rings were 0.45 + 0.03,
0.48 + 0.03, and 0.51 + 0.01 s respectively.

(iv) Summary. (95)-9-Hydroxy-9-deoxoerythromycin A (2)
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Figure 5. Crystal structure of (95)-9-N,11-0-[2-(2-methoxyethoxy)ethylidene]erythromycylamine A (5), shown without the long ether side chain for

clarity. Oxygen atoms are shaded and nitrogen atoms cross-hatched

Figure 6. Crystal structure of erythromycin A hydroiodide dihydrate.
Oxygen atoms are shaded and the nitrogen atom cross-hatched

exists in CDCl; and CD,OD solution as a mixture of lactone
ring conformers in fast exchange. A minimal description of this
mixture would involve an equilibrium between lactone rings in
the model conformations A and B. In reality the equilibrium is
probably between two types of ring conformations; those with a
‘folded-out’” C-3—C-5 region (A) and those with a ‘folded-in’
C-3—C-5 region (B). Each type of ring conformation is in turn
unstable in the C-6—C-9 region. It was of interest to note that
the in vitro antibacterial activity of (2) against a range of
representative organisms was 16—32 times lower than (1).3°

The Conformational Analysis of (9S)-9,11-O-Isopropylidene-
9-deoxoerythromycin A (3)—The 3Jy 4 values of the sugar ring
protons indicated that both the cladinose and desosamine sugar
rings were in the same chair conformations as (1).!

The pattern of 'H n.O.e.s (Table 8) involving the sugar
protons further indicated that the orientations of the sugar rings
with respect to one another and with respect to the lactone ring
were indistinguishable from those found for (1) in CDCl,
solution.’

The 3Jy y values of the lactone ring protons (Table 3) were
similar to those found in (1) but the values of 3/,,, s ~ 8.4 and

16 17

Tins

0-001

Figure 7. Three partially relaxed 100 MHz !3C n.m.r. spectra of (2) in
CDCIl, taken from an inversion-recovery T, experiment with variable
delays t (in between the 180° and 90° pulses) of 0.001, 0.2, and 04 s.
Note the similar relaxation rates for Me-16 and Me-17

3J1eq8 ~ 3—4 Hz were indicative of some degree of
conformational freedom in the C-6 to C-9 region. Inspection of
the matrix of 'H n.O.e.s for (3) (Table 8) showed that the pattern
of n.O.e.s involving the lactone protons was very similar to that
found in (1) (neglecting interactions involving 9-H).! The only
exceptions to this were the small n.O.e.[21]13 and n.O.e.[6"]1"
which had not been observed for (1). The former n.O.e. was
probably a long-range effect in A (r;, ~ 3.4 A) whilst the latter
n.O.e. was probably indicative of (3) populating a conformation
with a sugar—sugar interaction different to those found in A or
B. As in (1) there was a minor population of another lactone
ring conformation different to A which gave rise to very small
values of n.O.e.[3]11 (~0.1%) and n.O.e.[11]3 (0.3%). In view
of the results obtained on (2), this minor conformation of (1)
and (3) was probably a ‘folded-in’ conformation like B.

In summary, the 3Jy ; and 'H n.O.e. data indicated that the
dominant solution conformation of (3) was A with a minor
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Table 6. Pairs of protons less than 3 A apart (shaded squares) in the crystal structure of (5)
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Table 7. Calculated rotational energy barriers (crystal structures) and
experimental '3C and 'H n.m.r. relaxation times (CDCl, solution) for
the methyl groups in (1)}—(5)

AE® 13C NT, and (‘H T)) (5)°

(kcal mol-?) A N

Methyl 0] )] 1) @ 3 @
15 A A 30 36 — 34
©052) (059 (053)  (0.66)

16 F B 0.78 1.25 09 13
0200 (029 (0.20) (0.31)

17 C D 1.80 1.23 22 1.2
©033) (026) (0.33) (029)

18 C B 19 1.77 2.6 1.58
©030) (033) (035  (0.33)

19 B D 1.56 1.47 — 1.7
029 (029) (026) (0.33)

20 B B 21 1.76 2.6 1.5
038) (035 (0.33) (0.33)

21 C B 1.48 1.61 22 1.7
©028) (031) (033) (0.33)

8” A A 34 45 >3 >3
059) (062) (063) (0.59)

% Theoretical calculations based upon the crystal structures of (1) and
(5). The results are given in terms of energy barrier ranges— A(0—2),
B(2—S5), C(5—10), D(10—15), E(15—20), and F(20—30 kcal mol-?).
These ranges must be regarded as very approximate. The hard-sphere
calculations employed did not allow the molecule to relax as the methyl
group was rotated—hence the calculated energy barriers will be
overestimated. * Experimental results in CDCl, solution at ambient
temperature; T, = spin-lattice relaxation time; N = 3, the number of
protons on each carbon. The average error of the 'H T, determinations
(null-point method) was estimated to be + 0.03 s for all compounds.
The 3C NT, errors for (1) are given in reference 1. The '3C NT, values
for (2) are the average of two determinations with ¢ = 0.06 and ¢ =
0.03 (averages). The '3C NT, values for (3) and (4) are the result of
single determinations with ¢ = 0.08 (average) and ¢ = 0.10 s (average)
respectively.

contribution from B and that the C-6—C-9 region was
possibly less stable than in (1).

This conclusion was tested using !'3C n.m.r. relaxation
measurements. The '3C NT, value of Me-16 was found to be
less than half that of Me-17 (Table 7) as expected 28:2° on the
basis of the domination of A. The corresponding 'H T, data was
in agreement with this conclusion and showed that the T, of
Me-16 was much less than that of Me-17 (Figure 8, Table 7).
The in vitro antibacterial activity of (3) against a range of
representative organisms was only ~ 1—4 times lower than that
of (1).3° The possibility of an association between antibacterial
activity and conformational stability (dominance of A) was
noted.

The Conformational Analysis of (9S)-Erythromycylamine A
(4)—The 3Jy 4 values of the sugar ring protons indicated that
both the cladinose and desosamine sugar rings of (4) were in the
same chair conformations as (1).!

The pattern of 'H n.O.e.s involving the sugar protons (Table
9) indicated that their mutual orientation and their orientations
with respect to the lactone ring were very similar to those found
for (1).! Thisis well illustrated in Figure 9 which shows a contour
plot of an expansion of the phase-sensitive 2D NOESY 'H
n.m.r. spectrum of (4) in CDCl;. The inter-sugar and sugar—
lactone n.O.e.s such as n.0.e[1']5", n.0.e.[1']5, n.O.e.[1"]3,
n.0.e.[57]5, and the weak n.O.e.[57]5’ are the same interactions
previously observed in (1).!

The 3Jy 4 values of the lactone ring protons (Table 3) were
indicative of fast conformational averaging between two or
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Figure 8. Three partially relaxed 400 MHz 'H n.m.r. spectra of (3) in
CDCl, taken from an inversion-recovery T, experiment with variable
delays T (in between the 180° and 90° pulses) of 0.001, 0.140, and
0.180s. Note the very fast relaxation rate of Me-16

more lactone ring conformations, as in (2). The pattern of
lactone ring n.O.e.s (Table 9, Figure 10) was similar to that of (2)
(Table 1). The observation of n.0.e.[11]3 (~2.5%) being twice
as large as n.O.e[11]4 (~12%) indicated that in (4) the
equilibrium was more biased towards B than A. The
observation of n.O.es from 8-H to 3-H, 5-H, and 11-H
confirmed the contribution of conformations like B (Figure 6)
and the observation of n.O.e.[8]18 and n.O.e.[11]4 confirmed
the contribution of conformations like A to the conformational
equilibrium (Figure 10). However, the observation of n.O.e.s
from 11-H to both 7-H protons indicated that the C-6—C-9
region of the molecule was conformationally flexible, as was
found for (2).

As for (2) the !3C NT, values for Me-16 and Me-17 were
approximately equal (Table 5) indicative of the contribution of
‘folded-in’ lactone ring conformations without restricted
rotation of Me-16. The '3C NT, data also indicated less
preferential mobility of the desosamine sugar relative to the
cladinose sugar than in (1), as was found for (2). The averaged
13C NT, values of protonated carbons of the lactone, cladinose,
and desosamine rings were 043 + 0.02, 0.46 + 0.04, and
0.49 + 0.02 s respectively.

In summary, the n.m.r. data indicated that in CDCl; solution
(4) was in fast conformational equilibrium between conform-
ations with ‘folded-out’ (A) and ‘folded-in’ (B) C-3 to C-5
lactone ring regions. This conformational equilibrium was very
similar to that found for (2) but was probably more biased
towards the ‘folded-in’ conformations. The in vitro antibacterial
activity of (4) against a range of representative organisms is in
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Table 8. '"H N.O.ess for (3) in CDCl,*
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Table 9. '"H N.O.es for (4) in CDCl,*
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Figure 9. Contour plot of the low-field region of the 400 MHz 2D
phase-sensitive 'H NOESY spectrum of (4) in CDCI; underneath the
corresponding 1D 'H n.m.r. spectrum. Positive and negative levels are
plotted without distinction
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the range 0.5—2 times lower than (1) i.e. it is quite active. Thus,
the simple correlation between conformational stability in
CDCl, solution and in vitro antibacterial activity, which had
been emerging in the series of compounds (1)—(3), was
unfounded.

Conclusions

The combined use of 'H n.m.r. n.O.e. experiments and '3C T,
experiments has been shown to be a very powerful tool with
which to probe the solution-state conformations of a series of
erythromycin antibiotics. The experiments have conclusively
shown that some erythromycin A derivatives exist in solution
with their lactone rings in fast exchange between conformations
which have been characterised as ‘folded-in’ or ‘folded-out’ in
the C-3—C-5 region.

Molecular modelling techniques were used to compare the
actual solution-state n.O.e. and 7, n.mr. data with those
expected for crystalline-state models of the two lactone ring
conformations.

These findings are novel and go against previous literature
reports which suggest conformational stability in the C-3—C-5
region unless a drastic chemical modification is made in that
region.

No simple correlation between solution-state conformational
behaviour and antibacterial activity was found for compounds

D—4).

Experimental

The 1D 'H and !3C n.m.r. experiments and the 2D 'H COSY-
45,2D 'H NOESY, and 2D 'H, !3C COSY experiments were
performed as described previously !7 on a Bruker AM400 n.m.r.
spectrometer using a 5 mm 1H/'3C dual probe at ambient
temperature and sample concentrations of ~20 mg ml™! in
CDCl;. However, the 100 MHz !3C T, experiments were
conducted 7 in the 10 mm '3C probe of the same instrument at
~ 300 K. Some experiments were conducted under conditions of

By

Figure 10. Three 400 MHz 'H n.O.e. difference spectra of (4) in CDCl, obtained by the irradiation of (a) 3-H, (b) 11-H, and (c) 8-H
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D,0 exchange and/or at slightly elevated temperatures
(~300—310K) in order to improve resolution. The 2D 'H, !3C
COLOC experiment was conducted using the standard Bruker
program. F.1.D.s were acquired (128 scans, four dummy scans)
over 20 kHz, into an 8 K data block for 256 incremented values
of the evolution time. The polarisation delay D2 was 0.0531 s
and the refocusing delay D3 was 0.0266 s. The raw data were
zero-filled to an 8 K x 1 K matrix and processed with a 2 Hz
line-broadening function in both dimensions, prior to double
Fourier transformation.
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