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Abstract--Conformations of 14-membered macrolide-pikromycm. narbomycin. and their derivatives--m 
solution are studied based upon their NMR and CD spectra compared with the conformation of p- 
bromobenzoylpikromycin m solid state. The z&unsaturated CO group at the C-9 position in pikromycm. 
acetylpikromycin. p-bromobenzoylpikromycin. chacctylplkromycm. pikronolide, narbomycm and 
narbonolide has an s-lruns conformation in solution of the protic solvent. While. in Flkromycm. acetyl 
pikromycin. and p-bromobenzoylpikromycm. it has an .s-~I.S conformation in solution of the aproticsolvent. 
This phenomenon has not been reported previously in macrolides, and is caused by an intramolecular H- 
bond between the OH group at the II-position and the C-3 CO group m the aprotic solvent. This was 
confirmed from KMR. IR. and CD spectra. 

The conformation of the ICmembercd macrolactone is discussed with reference 10 “diamond lattice” 
conformation models A, B. C. D, and F. A new “diamond lattice” conformation model E for plkromycin m 
Ihc aprotic solvents IS proposed based on spectral data. 

There are many reports on conformational studies on 
erythromycins from NMR’ and CD” spectra. Celmer’ 
has proposed a similar conformation for the 
macrolactone ring in oleandomycin. Recently. Egan et 
(11.5 reported that the conformation of the 14- 
membered macrolactone ring in erythronolide B. were 

relatively llexible. This conformational moving was 
confirmed by CMR spectra.” Previously,’ we 
discussed similar conformational moving in oleando- 
mycin and Its derivatives based on the X-ray analysis 
of 11.4”-bis[O-(p-bromobcnzoyl)]oleandomycin. 

“Diumotul lattice” conformation models 

The application of Dale’s “diamond lattice” 
conformation model’ A (Diamond Model A) to l4- 
membered macrolide antibiotics was proposed earlier 
by Celmer.’ Egan et a/.‘~” subsequently proposed an 
alternate “diamond lattice” conformation model B 
(Diamond Model B) to beapplied to the 14-membered 
macrolactonc of erythromycin5.’ and lankamycin’” 
antibiotics. 

Recently. we proposed another “diamond lattice” 
conformation model F (Diamond Model F) instead of 
the Diamond Models A and B for 14-membered 
macrolactone of oleandomycin and crythromycin 
antibiotics based on the X-ray analysis of 1 1.4”-his [O- 
(p-bromobenzoyl)]oleandomycin.’ 

In this paper, we would like to report the 
conformational flipping of 14-membered macrolac- 
tone of pikromycin derivatives, comparing the 
conformational moving of oleandomycin antibiotics 

and using the “diamond lattice” conformation models 
(Diamond Models). The conformational relationship 
between the Diamond Models A. B, and F is clearly 
shown by the maps of dihedral angles in Fig. I. 

In an earlier paper. we proposed the application of a 
“diamond lattice” conformation model C’ ’ (Diamond 
Model C) to the l4-membered macrolactone of kro- 
mycin (7). IO.1 I-dihydrokromycin, deoxykromycin. 
and 10. I I -dihydrodcoxykromycin on the basis of the 
X-ray analysis of kromycm (7).” It is clear that the 
Diamond Model C fits the conformation of 7. 8 and 
this is proved by the maps ofdihedral angles shown in 
Fig. 2. Evidently, the shape and each dihedral angle 
determined by X-ray analysis (dotted lint) are in 
accord with thoseestimated from the Diamond Model 
C (solid line). 

Recently. a new “diamond lattice” conformation 
model D (Diamond Model D) for the l4-membered 
macrolactone of p-bromobenzoylpikromycin (5) was 
proposed based on the X-ray analysis.13 In Fig. 3 
shows that the Diamond Model D applied to 5 based 
on the X-ray analysis. It is clear that the shape and 
each dihedral angle determined by X-ray analysis 
(dotted line) are in accord with those estimated from 
the Diamond Model D (solid line). 

Chemistr) 

Pikromycin I4 I was obtained from the fermen- ( ) 
tation broth ofStreptom!ces,paco~hromogene.s~. 5 and 
narbomycin (2). pikronolide (9)16 and narbonolide 
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(IO)” were obtained from the fermentation broth of 
Srreptomyws wnezuelae MCRL-0376. 

Acetylpikromycin (3) was prepared from 1 with 
acetic anhydride in dry benzene solution, and 
diacetylpikromycin (4) was obtained from I with 
acetic anhydride in pyridine at room temperature. 
Easy acetylation of the tertiary hydroxyl group at 12- 
position of 1 may be explained by the small steric 
hindrance because of the bridge-head position. For a 
similar reason. acetylation ofa tertiary hydroxyl group 

was reported in steroids’” and sugar derivatives.” 
Acetylnarbomycin (6) was prepared by a similar 
procedure to that for 4. 

Stereochemistry in solution 

Fig. 4 shows the CD curves of pikromycin (I), 
acetylpikromycin (3), diacetylpikromycin (4). pikro- 
nolide (9), narbomycin (2). acetylnarbomycin (6), and 

The n-r* Cotton effect owing to a narbonolide (IO). 
carbonyl group at 3-position appeared around 

I 
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Fig. 4. CD curves in MeOH (---) and CHCI, (- -). 
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280-290nm and it should be noted that the sign of the 
effect changes according to different solvents in some 
cases. 

The reversal of the sign of the n-rr* Cotton effect at 
about 290nm was observed in pikromycin (1). 
acetylpikromycin (3). and pikronolide (9) by changing 
solvents. In methanol, the positive Cotton effect was 
observed with pikromycin. narbomycin and their 
derivatives as shown in Fig. 4. While, in chloroform or 
ether, the negative Cotton effect was observed with 
pikromycin (I), monoacetylpikromycin (3). and 
pikronolide (9). This phenomenon is clearly detected 
by adding methanol in ether solution as shown in Fig. 
5. Low temperature CD curves of pikromycin (I) and 
narbomycin (2) are shown in Fig. 6. The conformation 
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of their 14-membered macrolactone is more rigid 
under low temperature. 

This can bc explained by the intramolecular H- 
bonding between the CO group at 3-position and the 
OH group at 12-position. When the OH group is 
acetylatcd or replaced by H-namely, narbomycin 
and its derivatives-- the same positive Cotton effects 
were observed at around 280-290nm both in 
methanol and in chloroform. The above discussion can 
probably beexplained by octant projection A (positive 
Cotton effect) and B (negative Cotton effect). 

IR data of the CO group in carbon tetrachloride can 
be used for detecting the intramolecular H-bonding. In 
pikromycin (1). a strong absorption at 1750cm- ’ is 
assigned to a lactone CO and a strong absorption at 

ether-MeOH :9:l)d ether-MeOH (I: 1: CHCLJ:-----_) CHClz ;-----) 

MeOH 1 2-propan 

Fig. S. CD curves of I, 2. and 4 in various solvents. 

10 
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Fig. 6. CD curves of I and 2 at low temperatures (EtOH: MeOH = I : 1) 
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Fig. 8. IR spectra in Ccl, solution (0.002 M) by I cm cell 

1702 cm _ ’ to a chelate CO at 3-position. respectively. 
Two bands at 1678 and 1642cm ’ are assigned to an 
unsaturated CO group at 9-position. 

A similar IR absorption band in carbon 
tetrachloride for the chelate carbonyl at 3-position of 
monoacetylpikromycm (3) appeared at 1702cm-‘. 
Rut in diacetylpikromycin (4), the chelate CO band 
shifted about 15cm ’ lo a shorter wavelength and 
appeared at 1717cm I. This band appeared in 
narbomycin and acetylnarbomycin (6) at 
1714cm-‘. 

From these observations, it is concluded that an 
intramolecular H-bonding is formed between the CO 
group at 3-position and the OH group at 12-position. 
Medium strong bands appeared at 1678 and 
1642cn-’ in pikromycin (l), and at 1679 and 

1641 cm - ’ in acetylpikromycin (3), respectively, from 
which the conformation of the unsaturated CO group 
at 9-position is suggested to be the s-cis conformation. 
This hypothesis of s-cis conformation explains the 
reversal of the sign of the Cotton effect in protic solvent 
and aprotic solvent. In aprotic solvent, the 
intramolecular H-bond formation causes a part ofring 
flip at position lo- I I and the conformation changes 
from s-trans to s-cis. 

This is further supported by the NMR spectra. 
From CMR. the Me group shows much shift by 
acetylation. This was also reported in erythromycin 
and oleandomycin derivatives.’ The proton coupling 
constants of pikromycin (I) in aprotic solvent are 
J 4.5 = 7.0Hz and J5,6 = 2.5 Hz (CDCI, and C,D,). 
On the other hand, in protic solvent the values change 
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Table 1. Chemical schifts (6:ppm) and coupling conslants (Hz) of pikromycin (1) in various solvents 

C5hN 
CDCls CsD6 CDaOD 

-ZOO 32" loo0 

4-H (J4,5) 3.20 (7.0) 3.13 (7.0) 3.04 (5.5) 3.15 (5.6) 3.12 (6.5) 3.02 (6.5) 

5-H (J5,6) 3.95 (2.5) 3.71 (2.5) 4.01 (2.0) 4.02 (2.0) 4.34 (2.2) 4.18 (2.2) 

10-H :J,o,,I) 6.28 (16.0) 6.49 (16.0) 6.22 (16.0) 6.32 (16.0) 6.63 (16.0) 6.93 (16.0) 

11-H (JII,,o) 6.63 (16.0) 6.84 (16.0) 6.69 (16.0) 6.71 (16.0) 7.22 (16.0) 7.02 (16.0) 

to J 4,5 = 5.5 Hz and Js.(, = 2.0 Hz (CD,OD). In 
narbomycin (2) and diacetylpikromycin (4), the values 
were the same in CDCI, and CD,OD, that is, 
J 4,s = 6.0 and 5.0, Js,, = 2.0Hz, respectively, and 
these values are similar to those of pikromycin (I) in 
methanol. 

Observed NOE’s in benzene also support the .+cis 
conformation of pikromycin (I) in aprotic solvent. The 
NOE’s (Fig. 9) were observed between 4-CH3 and lo- 
H (6 + 2’:“). between 8-H and 10-H (15 f 4”,,,). and 
between 11-H and 12-CH, (16 + 3”,,) in C,D,. 

Similar conclusion was obtained in CDCIJ and 
C5D5N summarized in Table 2. The NOE’s between 4- 
Me and IO-H. and between II-H and l2-Me were 
confirmed by the application of the homonuclear 
INDOR technique. The chemical shift of 10-H 
(6.28 ppm) to a higher field was more than that of I I-H 
(6.63ppm). These data suggested the s-cis confor- 
mation for the r&unsaturated CO group at C-9 
position. 

On the other hand. observed NOE between 8-H and 
I I-H in CD,OD supports the s-tram conformation of 

Fg. 9. NOE data of pikromycin (I) in C,,D,. 
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Diamond Model D Dlemond Model E 

pikromycln 

solvent[H-HI-11-H [lZ-?re].lD-H SCllVeIlt [8-H;+lO-H '12~He]-11-H [4-Me]qlO-H 

prkromycln CDJOD l5sb 12% C,DG lj% 16?; 6% 

dlacetylplkromycin CDC13 17 20 CDCla 18 12 6 

"ol-b"lLlyLTl,, CDClz - 11 CbDsN :_20’: 18 14 6 

narbonolxdr CDC13 10 15 II ( 72': 15 13 6 

I' ilOOO) 12 11 6 

I in protic solvent. A similar result was obtained in 
diacetylpikromycin (4; l7”, between X-H and 11-H. 
20”, between l2-Me and 10-H), narbomycin (2; I1 ‘0 
between 12-Me and 10-H), and narbonolide (IO; lo:,;, 
between 8-H and I I-H, 15 “, between 12-Me and IO- 

H). 
TheJvaluesoflinC6D,,J,3.14=2and IlHzat 

5.12 ppm revealed that the ethyl group at C-13 
position was hindered from free-rotation by the steric 
hindrance of the 12-OH group. This tendency was also 
observed in acetylpikromycin (3) (JLJ,IQ = 2.5 and 
I1 Hz) and pikronolide (9) (.fI 3,1J = 3 and IO Hz). 

This result was confirmed from the comparison of the 
J values of 1. 3, and 9 with those of narbomycin (2) 
(J I 3.,J = 6 and 8 Hz), which showed a poorly split d- 
doublet when irradiated at 14-CHz protons, and from 
the high-temperature NMR studies on 1 (Table 3). 
These data show that the steric hindance of 12-OH 
group affected the free rotation of the l3-Et group, but 
did not hinder it completely. 

In conclusion, the most favorable new “diamond 
lattice” conformation model E (Diamond Model E) is 
proposed for pikromycin (I), acetylpikromycin (3). p- 
bromobenzoylpikromycin (5). and pikronolide (9) in 

Table 3. NMR data of pikromycin (1) at 13-H in various conditions (6:ppm: Hz) 

CDC~J 

CsF6 

CHBr3 

25' 50° 80” 1ooa 120° 149O 

5.00(11.1/2.8) 4.98(11.5/3.0) 4.98(11.2/3.0) 4.97(10.5/3.2) - - 

4./93(11.0/3.2) 4.93(11.0/3.2) 4.93(11.5/3.5) 4.93(11.5/3.5) - 

- - (10.0/3.0) - (9.9/3.2) 

Diamond Model E 

I 

4 
12 

5 

11 

Yodel E 

Model D ____ 

Fig. IO. Diamond Model E and maps of dihedral angles (D. F.). 



aprotic solvent such as chloroform, ether and pyridine. 
The Diamond Model E can explain NMR and CD 
data. and WIS conformation of the r$-unsaturated 
CO group at C-9 position. 

ESPERIMESI’AL 

Temps are uncorrected. NMR spectra were measured with 
a Varian HA-100 and JEOL PSI00 spectrometers operating 
in frequency sweeps at 32 and 25 . respecttvely, wtth internal 
TMS- or benzene-locked mode. Chemtcal shifts are recorded 
in ppm (ii) and coupling constants arc recorded m Hz. Mass 
spectra were determined with a JEOL OIS spectrometer by a 
direct mlet system at 7ScV. IR spectra were recorded with a 
Shimadzu IRG-I (KBr) and with a Japan Spectroscopic 
Model DS-701G in CCI, and I cm cell was used for the 
intramolecular H- bond measurements. CD data were 

obtained on a Japan Spectroscopic Model J-20 recordmg 
polarimetcr. 

Acer~lprkrom~c~rn (3). Soln of I (IOOmg) tn dry benzene 
(IOml) and Ac,O (1 ml) was left at room temp for 10 min. 
After decomposition of excess reagent. the solvent was 
evaporated under a reduced pressure. The residue was 
dissolved in ether, and washed with NaHCO,aq and water. 
Evaporatton of dried ethereal soln left 3 (92 mg) as a white 
powder: IR (KBr) 1750. 1702, 1679. 1641cm. ’ (CO): UV 
;.f$” 225 nm (log I: 4.02). (Found: C. 63.42: H. 8.74; N, 2.45. 
Calc. for C30H49N09: C.63.47; H. 8.70; N, 2.47”,,). 

Diucc,1~lpiliro/fl~~~~ (4). Soln of I (100 mg) in pyradine and 
Ac,O (1 ml) was left at room temp for 2 hr. After 
decomposition of excess reagent. the mixture was extracted 

with CHCI,. Evaporation of the dried CHCI, soln left 4 
(80mg)as a white powder: IR (KBr) 1750. 1745. 1717. 1710, 
1679. 1642cm-’ (CO): I!\~i~~~“225nm(logr:4.10). (Found’ 

Table 4. NMR data of ptkromycin (I) 

Chemical shifts (6 ppm; J value. Hz) --- 

c6D.s CDCl~ 
*CDCla 
ceD6 

CDJOD 

2-H 

Z.-He 
;.c$ 

i’ 
+2;z;e=7.~ 3.89 -0.12 (4.07) 

1.47 0.09 1.33 
4-H 3:13: d;,f4:b=,.oi &,,,ne.6.8 3.20 0.07 3.04 
4ae 1.20, d, "'6.8 I.31 0.11 1.30 
5-H 3.71. dd, Js,.,-7.0; Js.6.2.5 3.95 0.24 4.01 
6-H 2.1, "8, ~e,b.2.5; Je,eMe=7.0 2.1 
6-me 1.05, d, JsMe.s.7.0 1.05 0 1.01 
8-H 2.61, m, J_a.st4e=6.5 2.70 0.09 2.76 
8-ne 1.24. d. ~=6.5 l.10 -0.14 1.09 
10-H 6.49, d, ~10.11.16.0 6.28 -0.21 6.22 
11-H 6.04, d. ~11.10.16.0 6.63 -0.21 6.69 
12-OH 
12ae 1.13, s 1.33 0.20 1.33 
13-H 5.12, dd, J_,~,l4=11 and 2 5.01 -0.11 4.07 
14-H (1.3). t. J14He,l4-7.0 l-l.8 
14-a 0.73. t. J,.+le,14=7.0 0.88 0.15 0.90 
l'-H 4.25, d. 5?'.2'=7.5 4.36 0.11 4.30 
2’ -H 3.17. 
3' -H 

dd, ,1'=7.5; J2' .3'-lo.3 Jz* 3.2’4 0.07 3.27 
2.16, m. .11*~2*=10.3; J~‘,4~-4 and 12 2.4A 0.32 2.61 

me, 1.88. s 2.28 0.40 2.33 
4*-H 1.j. m 
5'-H 3.20, m, J 5:4’r2 and 10.5: ~sI5~~e.6.0 3.56 o. 36 3.57 
5’-Me 1.05. d. ~TMe,5’=6.0 1.24 0.19 1.22 

Table 5. NMR data of acetylpikromycin (2a) and diacetylpikromycin (3) 

r 
chemical shifts (CDCls. b PPm; J value, Hz) - 

% 3 

2-H 1.75. o. J,.,Her7.2 3.81. q, ~2.2ua-7.0 2_He _ ._. _. __._ 
1.43. d. J-7.2 l-39. d, Jz7.C 

4-H 2.96. dq. J4.v5.5; J4,4Me=7.0 2.80, dq. J4,4~e=?.3; Ja.s=4.5 
4-He 1.23. d, J-7.0 1.24, d, J4~e.4.7.3 
5-H 4.18. dd, .Is..-5.5; Js.s-2.5 4.40 dd. .l5.4=4.5: J5,6=2.o 
6-H 2.30 
6-b 

:I;’ 
fl-He 
10-H 
11-H 
12-H 
12-OH 
(OAC) 
12-n* 
13-H 
14-H> 
14~He 
I’ -H 
2' -H 

0.98. 

2.85 
1.11, 
6.17, 
6.j6, 

1.34. 
4.99. 
1.82 
0.88, 
4.52, 
4.82. 

d. J6Me.6.7.2 0.55. 
6.42 
3.07 

d. ~gue,0.6.5 1.12, 
d. J10.*1=17 5.86. 
d, J,,,10-17 6.42. 

i2.10, 

id , ~13,11=11 and 2 1.59. 5.29. 

t. J14He. 14=7.o 0.88, 

d. J,‘,P’ =7.5 4.52, 
dd. J2’,,‘.7.5i 52’,3’=10.5 4.81, 

d. L-6.7 

d. ~-6.5 
d. Jlo.l~=l7.0 
d. J,,.10=17.0 

5) 
id, J1~,14=10.5 and 3 

t. J,s),fe’14’7.0 
d. J,‘,z’=7.5 
dd, Jz:r’-7.5: &‘.3’=10.3 _ 

2’ -OH 
(OAc) (1.98, s) 
3’-H 2.85 2.75. m. J~‘,~’ zlO.3; &54’=12.3 and 4.5 
me2 2.34. s 2.26, B 
5’ -H 3.59. m, J5:.,‘=l.2 end 10 3.61. m. .15:4’=10.5 nnd 2.0 

5'-Me 1.27, d. ~s'ne.s'=6 1.27. d. ~571e.s =6.0 
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Table 6. NMR data of narbomycin (5) and narbonohdc (7a) 

Solvent 

r Chemical shifts ;b ppm; i value, Hz\ * 

2 
CDC13 

&CDC13 
3 

CED6 
CeDs 

CDCl3 
*CDCls 

c6 D6 

2-H 
2-Me 
4-H 
4 -Me 
5-H 
;-OII 
6-H 
6-Ue 
R-H 
8-Me 
10-H 
11-H 
12-H 
12-Me 
13-H 
l't-HZ 
l4-Me 
1' -H 
2’ -tl 
3’ -II 
j' -H 
.j ' -Me 

2' -OH 
!We2 

3.85. 1, &.2M,=7.o 3.69 0.16 3.71 0.25 
1.37, d. J-7.0 1.33 0.04 1.35 0.10 
2.94. dq, .14*5=6: J4.4Me=7.4 2.9’1 0 0.21 
1.37. d. -7.4 

2.69 
1.24 0.1) 1.13 0.09 

4.16, dd. ~~,4=6; &,~=2 4.44 -0.28 3.87 -0.02 
2.28 0.13 

1 -72, dd. Jr,.s-2; .&.iJje=7 cn2.1 cn-0.4 
1.03, d, A=; 1.12 -0.09 0.94 0.03 
2.7 2.94 ca-0.2 2.99 0 
1.12, d, JgMe$e=b. j 1.44 -0.22 1.10 0.02 
6.1". dd, Ilo, *,=16; J!o,l~=l*r) 6.16 -0.04 6.20 0.07 
6.66, dd, ~,,,10=16; JII ,12=6.3 h.72 -0.06 6.88 0.15 
2.74. m, _ll2*ro=l.j; lr2.11=6.3: J12,12Me=7-0 2.47 0.27 2.69 0.53 
t.10. d. Jt2Mell2=7.0 0.72 0.38 1.13 o. 38 
4.91, m, J~~,I~=J.s; ~13,14=6 and 8 4.82 0.09 5.13 0.27 
l.jLO.2 
0.91, t, 0.69 0.22 0.92 0.27 214Me*l4=7 
'1.30, d, J1’.2’=6.2 4.45 -0.15 
3 .2/r, dd. ;’ q 6.2; ~10. 1 L2’, &‘,a’ 3.34 -0.10 
2.49, III, J3*, 2’ q 10.1 ; .J3’, 4’ =‘a and 12 2.21 0.28 

3.18 CA0.4 3.55, m, .&*.4'=2.j and I1 
1 -25, d, J$M~,s' ~6.3 1.07 0.18 
3.13, s 3.34 cn-0.2 
2.28, s 1.88 0.40 

C. 62.X0; H. 8.65: N, 2.30. Cafe. for Cj2HT, NC.), Cl: C. 63.03: H. 
8.43: N, 2.30 ‘I,,). 

Acer!~l,tarhonl!,~.‘~~ (6). Soln of 2 (30 mg) in pyridine (0.5 ml) 
and Ac,O (O.5ml) was left at room temp for 4 hr. After 
decomposition of cxcrss reagent, the mixture was extracted 
with CH<‘l.J. Evaporation of the dried CHCIJ soln left 6 
(25mg) as a white powder: 1R (KBr) 1645cm ’ (CO); 1JV 

i.,“,, -- “(“’ T95nm (logr: 3.82); NMR (CDCIJ) ci 2.03 (3 H. s. OAc). 
2 32 (6H,s. h’Me,).3.82 (I H. q.1 = 7.8 Hz.2-H).6.01 (1 H.d, 
J = 16.5Hz. 10-11). 6.62 (1 H. d-d. J = 16.5 and 6Hz. II-H). 
(Found: C. 64.99; H. X.75; N. 2.32. C’alc. for C:,I,,H,,NO,: c’. 
65.331: H. X.95; N. 2.54”,,). 
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