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The Megalomicins. Part V.l Mass Spectral Studies 

By Robert S. Jaret, Alan K. Mallams," and H. Frederick Vernay, Natural Products Research Department, 

The mass spectral fragmentation patterns of the megalomicins, a new group of macrolide antibiotics elaborated by 
Micromonospora megalomicea sp. n., are described. The mass spectra of the 9- hydroxy-analogues. the megal- 
alosamines, the erythralosamines, and erythromycin A are also discussed. 

Schering Corporation, Bloomfield, New Jersey 07003, U.S.A. 

MASS SPECTROMETRY has been successfully used in the 
elucidation of the structures of a number of polyene anti- 
fungal antibiotics such as the amphotericins,2 nystatin? 
the mycoticins,4 and the flavofungin~,~ and also for the 
macrolides neutramycin,6 cirramycin A,,' pikromycin,s 
kromycin,* and, to a lesser extent, the spiramycins,9J0 

NMe2 NMez 
R d O A  R~oJ, 

(1) R' = R2 = R3 = R4 = H 
(2) R' = Ac, R2 = R3 = R4 = H 
(3) R' = R2 = Ac, R3 = R4 = H 
(4) R' = EtCO, R2 = Ac, R3 = R4 = H 
(5 )  R' = R2 = H, R3 = R4 = AC 
(6) R' = R4 = Ac, R2 = R3 = H 
(7) R' = R3 = R4 = Ac, R2 = H 
(8) R' = R2 = R4 = Ac, R3 = H 
(9) R' = R2 = R3 = R4 = Ac 

(10) R' = R2 = R4 = H, R3 = EtCO 
(11) R' = EtCO, R2 = R3 = R4 = H 
(12) R' = R2 = H, R3 = R4 = EtCO 
(13) R' = R2 = EtCO, R3 = R4 = H 
(14) R' = R3 = R4 = EtCO, R2 = H 
(15) R' = R2 = R3 = R4 = EtCO 
(16) R' = R2 = ,4~, R3 = EtCO, R4 = H 

Me 

Me 

M e  
E t  

(17) 

the magnamycin~,~. lo and the 1eucomycins.ll We 
describe here our observations on the fragmentation 

Part IV, R. S. Jaret, A. K. Mallams, and H. Reimann, 
preceding paper. 
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patterns of the rnega l~mic ins , l~~~-~~  a new group of 
macrolide antibiotics elaborated by Micrornonospova 
megalomicea sp. n. 

Extensive use of mass spectrometry was made during 
the elucidation of the structures of megalomicins A (l), 
B (2), C, (3), and C, (4). The principal fragmentations 
of these antibiotics, together with a number of selected 
acyl derivatives, are given in Table 1. In the case of 
megalomicin A (l), the compositions of the molecular 
ion and many of the major fragment ions were checked 
by high resolution measurements (Table 2). 

In general the megalomicins exhibited the expected 
cleavages at the glycosidic linkages of the three sugar 
residues (Scheme 1). The glycosidic cleavages e-1 of 
the desosamine and rhodosamine units were more 
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b ( H  t r a n s f e r )  
SCHEME 1 

pronounced than the corresponding cleavages a-d of 
the mycarose residue, and the base peak of the spectrum 
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in general was due to the ions m and/or n. The presence 
of the ions m and n, and their high relative intensity 
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TABLE 1 

Megaloinicin derivative S 

f 
719(0.2) 
761(0*15) 
803(0*10) 
817(0-07) 
761(0.14) 
803(0*03) 
803(0,1) 
845(0.03) 
845(0.05) 
719(0.2) 
775(0.2) 
775(0.05) 
831(0*15) 
831(0.04) 
887(0-04) 
803(0.07) 
719(0.03) 

b and j 

575(0.15) 
575(0*05) 

87510.02) 

Compound Formula 134T 
876(0*46) 
nlS(0.25) 
960(0*11) 
974(0.1) 
960(0*56) 
960(0.03) 

1002(0.3) 
1002(0.05) 
1044(0*16) 

932(0.65) 
932(0.2) 
988(0*08) 
988(0.14) 

1044(0-04) 

1016(0*43) 
831(0*33) 

llOO(0-02) 

a 
731(0*12) 
731(0.13) 
731(0.10) 
731(0*2) 
815(0.08) 
573(0.04) 
815(0.1) 
773(0*05) 

787(0.1) 
731(0.25) 
843(0.05) 

843(0.03) 
!43(0.03) 
1 Si(O.15) 

81 S(O.05) 

731(0*09) 

b 
732(0.2) 
732(0.21) 
732(0.05) 

816(0*11) 
774(0.1) 
816(0.1) 
774(0.0:;) 

732(0-2) 

g 
702(0.28) 
744(0.18) 
786(0.23) 
800(0-14) 
744 0.65) 
78610.04) 
786(0*4) 
828(0.06) 
828(0*28) 
702(0.6) 
758(0*65) 
758(0*34) 
814(0-22) 
814(0.27) 
5_70(0.23) 
r86(0*2) 
702(0.03) 

h 
703(0*37) 
745(0.17) 
787(0*24) 
801(0.14) 
745(0.5) 
187(0.02) 
187(0..7) 
829(0.04) 
829(0.21) 
703(0.3) 
759(0.75) 
759(0.25) 
815(0.24) 
815(0*1Y) 
8 71 (0.1 e )  
787(0.1~) 
703(0.02) 

b and 1 
Zg(O.4) 
559(0.22) 
559(0*12) 
559(0*1) 
601(0*38) 
559(0.25) 
601(0.18) 
559(0*08) 
601(0*06) 
61510.8) 

C 

715 (0.1) 
115(0*08) 
7_15(0.14) 
115(0*3) 
799(0.1) 

d 
716 (0.06) 
716 0.06) 
716[0-07) 
7 16( 0-06) 
SOO(0-25) 

e 

760(0.17) 
802(0.15) 
816(0.1) 
760(0.37) 
802(0-03) 
802(0.2) 
844(0.05) 
844(0.08) 
718(0.5) 
774(0.4) 
774(0.11) 
830(0*19) 
830(0.09) 
SSS(0.07) 
802(0.14) 
718(0.06) 

71 S(0.3) 

b and i 

574(0*3) 
574(0.13) 

574(0.04) 
616(0.2) 
574(0.05) 
616(O.lj 

i j k 
7l9(0.2) 
761(0*15) 
803(0-10) 
817(0*07) 

802(0*15) 
816(0.1) 
760(0-3?) 
760(0*04) 
802 10.2) 

~ 6 i ( o . i 4 j  
561(0.02) 
803(0.1) 
SOn(0.04) 
845 (0.05) 
775(0-3) 
775(0*2) 
775(0.05) 
83110.15) 
831(0-04) 
887(0.04) 
859(0.11) 

744(0.65) 
744(0-1) 
786(0.4) 
786(0.12) 
828(0*2R} 
758(1.2) 
758(0.65) 
758(0.34) 
814(0.22) 
814(0.27) 
870(0.23) 
842(0.46) 
657(0.02) 

799(0.1) 
757(0.06) 
799(0-07) 
771(0*11 

!00(0.07) 
I 5810,041 S02(0.0t) 5_44(0*08) 

r 74(0-4) 

7 74( 0.1 1) 
830(0.19) 
8SO(O.O!J) 
586(0.07) 
8 28 (0.14) 

774(0.4) 

800(0-02 j 
732(0.2) 715(0.2j 716(0.15) 
788(0*2) 

844(0.09) 827 0.03) 828(0.02) 
732(0*05) 715iO.13) 716(0.06) 

827(0.03) 828(0.02) 
fi28(0*1) 
I 72(0*08) 
671(0.12) 

b and h 

559(0.4) 
559(0*22) 

558(0mj 85q0.12) 
558(0.7) 559(0*1) 
600(0*7) 601(0.38) 
600(0.07) 601(0.05) 
600(0*3) 601(0.18) 
600(0*05) 601(0*02) 
600(0.15) 601(0.06) 
SSS(0.5) 559(0*2) 
558(1-5) 559(0*7) 
614(0-82) 615(0.52) 
558(0-35) 55?(0*13) 
614(0*23) 610(0*11) 
614(0*09) 615(0.03) 
558(0*13) 559(0*04) 
558(0.16) 5.39(0.06) 

844(0.09 j 
844(0.01) 
788(0*09) 
687(0.45) 

b a n d f  b andg 

575(0.15) 55810.9) 
575(0.05) 55810.43) 

Compound Formula 

C44H 80NZ01 j 

C46H82N2016 

C48H84N2017 
C49H86N2017 
C48H84N2017 
C48H84N2017 

C50Hf16N2018 
CSOH8,N*O18 

C5,H N 0 
c4 ?H :~N:oO:: 
c4 7H S4N201 6 

C60H88N2017 

C50H88N2017 
C53H92N2018 
C56HV6N2019 
C51HS8N2018 
C42H73N2015 

Formula 

b and e 

574(0*3) 
575(0-13) 

b and k 

558(0.9) 
558(0*43) 
558(0.29) 
558(0.7) 
SOO(0.7) 
558(0.4) 
600(0-3) 
558 (0.1 6) 
SOO(0.15) 
61411.4) 

m 11 0 

703(0.47) 
745(0-17) 
787(0.24) 
801(0.14) 
745(0.05) 
745(0*07) 
787(0-3) 
787(0.12) 
829(0.21) 
75910.7) 

158(100) 

158(100) 

200( 100) 

158(100) 

158(100) 

168(53) 
200(100) l.iS(62) 

200( 100) 
214(60) 
158(100) 
214(60) 

214(100) 
214(100) 
2 14 (55) 

1 58 (1 00) 

138(100) 
158(100) 
158(100) 
158(100) 

200(69) 
2OO(lOO) 

2 OO( 100) 
200(100) 
200( 100) 
158(100) 
158 (100) 
214(60) 

214(100) 
214(100) 
158(100) 
168 (100) 

158(100) 

801(0.7a) 
843 (0.3 5 1 
sS$o-isj 
899(0.17) 
843(1.7) 

574(0.04) 
616(0*2) 
6 16 (0.08) 
616(0-11 

575(0.02) 
617(0*8) 
617(0-02) 
617(0.03) 
617(0.01) 
617(0.01) 
575(0.3) 
575(0.2) 
631(0.12) 
575(0*04) 
631(0.03) 
63110.01) 

6i7(0.08j 
575(0*04) 
617(0.03) 

843io.2 j 
885(1.1) 
885(0.19) 927(0*4\ iu i 616(0*02) 

616(0-03) 
574(0.6) 

759(0*7i) 574(0.3) 
759(0.27) 630(0*6) 
815(0.24) 574(0.1) 
Sl5(0.18) 630(0.08) 
871(0.15) 630(0.02) 
843(0.32) 574(0*02) 
668(0.08) 554(0.3) 

616(0.03) 
630(0.5) 
574(0*3) 
630(0.33) 
574(0.1) 
630(0.08) 
630(0.02) 
63010.06) 

617(0.01) 
63110.6) 857jl-f) 

857(1-0) 857(0-51) 

913(0-3) 
913(0.44) 

575(0*04) 558(0-35) 5.59(0,13) 
631(0.03) 61410.23) 615(0*11) 
631(0.01) 614(0-09) 615(0.03) 
631(0.03) 614(0*31) 615(0.12) 

969(0-23 j 
941(0.55) 
i56(0.4) 

bb 

lOO(26) 
lOO(27) 
lOO(22) 
lOO(20) 
lOo(2::) 

lOO(33) 

lOO(31) 

Compound s and/or t u 

140(3) 87(14) 
140(4) 
140(4) 
140(4) 87(6) 
140(9) 129(2) 

140(9) :;[!b) 

z 

116(15) 
116(13) 
116(13) 
116(16) 
116(8) 

116(13) 

116(9) 

aa  

114(8) 
11418) 

P 
607(0.55) 
657(0.28) 
657(0.28) 
657(0-8) 
699(1*0) 

657(0.3) 

69010.7) 

65710.2) 

GgO(0.75) 

713(0.1) 
!57(0*9) 
113(0*8) 

cl 

154(8) 
l74(7) 
l54(7)  
174(8) 
216(6) 

r 

174(8) 
174(7) 
174(7) 
174(8) 
216(6) 

216(2.5) 

216(6) 

216(4) 

216(2) 

174(13) 
174(13) 
230(3*7) 

w 

71(30) 
71(26) 
71(20) 
71(17) 
71(21) 

'il(36) 

Tl(32) 

il(24) 

T l ( 1 1 )  

Y Y 

TO(3.5) 98(18) 
70(3) 98(17) 
'iO(2) 98(16) 
7_0(2) 98(15) 
tO(2) 98(16) 

'iO(4) 98(26) 

70(4) gS(27) 

70(4) OS(3.3) 

70(1) OS(12) 

70(4) 98(45) 
ZO(3) 98(25) 
rO(2) 98(16) 

70(3) OS(21) 
70(5) !J8(23) 

iO(2) 98(19) 

114i7i 
i i i ( 7 j  
156(9) 
114(8) 
156(12) 174(9) 

216(6) 

174( 19) 

216(3) 

230(3) 
1741 13) 
230(3.7) 

140(10) 129(3) 
87(6) 

140(S) 129(2) 
87(8) 

140(7) 129(2) 

140(25) 88:[:)3) 
140(7) 87(9) 
140(8.3) 87(8) 

114(12) 
116(3) 156(7) lOO(17) 

114(6) 
116(19) 114(16) lOO(45) 
116(16) 114(11) lOO(25) 
116(7) 170(4.7) lOO(16) 

114(6) 

C47H 8 4 N 2 0 1  6 
C17H N 0 
c ,H:N:O:: 

71(51) 
71(27) 
71(13) 

174(8) 
940(.5) 

174(8) 
230(.5) 

140(4) 87(7) 
140(10) 87(6) 

140(12) 87(3) 

140(16) 8_7(4j 
8 r ( l r )  

116(16) 
116(S) 

116(S) 

l lC(l0)  

ii@j 
170(1U) 
114(11) 170(8) 

lOO(28) 
lOO(26) 

513(0-34) 

713(0.46) 
612(0.8) 

230(6) 

230(3) 

230(6) 

174(5) 
174(4) 

lOO(26) 

lOO(47) lOO(26) 

71(18) 

71(21) 
71(64) 

i i 4 p ~ j  
114(9) 
114(i) 

70(2) 98(22) 
70(5) 

Compound Izormula dd 

12i(.5) 
169(4) 
169(15) 
183(1?) 

127(4) 

lGO(8) 

169(2*5) 

169(26) 

169(9) 

ff  6p" 
148(0.57) 604(0*35) 
r90(0.32) 604(0.13) 
832(0*31) 
846(0.19) 

1111 

444(0.6) 
444(0.24) 
444(0.09) 
444( 0.06) 

486(0-16) 

486(0-25) 

486(0.2) 

486(0.07) 

486(0.03) 

444 (2.6) 
444(0*6) 

444(0.1) 
500(0-Oi) 

444(0.08) 
444(0-3) 

500(0-22) 

500(0-01) 

ii jj kk and.'or 11 JIisccllaneous cc 
116(4) 
187(4) 
229(3) 
243(3) 

145(2) 

l S i ( 4 )  

18 7 (1) 

229(3) 

229(2) 

ee 

109(2.5) 
109(12) 
109(27) 
109(27) 

109(3) 

109(14) 

109(12) 

109(56) 

109(16) 

426(0-3) 
426( 0-3 7) 
42W0.3) 

818(0*04) tgl(0.2) 
SSO(0.07) 833(0.14) 
902(0*01) 875(0*07) it1 - 60: OOO(0.02) 

A 1  - 60: 914(0.02); M - 74: 
90010-091 

426(0.4) 

468(0.06) 

468(0.12) 

468(0*1) 

468(0.08) 

468(0*06) 

42 6 (1.0) 
426(1*0) 
482(0.07) 
426(0.21) 
482(0.1) 
482(044) 
426(0*2) 
42 6 (0.1) 

916(0.02) SS9(0*05) 

902(0.2) 873(0.05) M - 6 0 -  

902(0~0l l )  875(0-01) M - 60 - 

944(0*15) 917(0-05) M-60- 

986(0.01) 929(0*01) A1 --)60: 942(0.02); M - 60 - 
986(0.05) 939(0.02) 

874(0*15) 847(0*1) 
874(0.08) 847(0.15) 
930(0*02) 903(0.01) 
930(0*03) 903(0-1) 
SSS(0.03) 

1042(0-01) 
958(0.1) 9_31(0.07) 
573(0.04) 146(0-14) 

42. SOO(0.5) " 

42: 90010.011 

&l - 60: bOO(0.12); 
42; 858(0*85) 

42; 838(0-04) 
A f  - 60: 900(0*02); 

A f  - 60: 94210.08): 

832(0-16) 646(0.1) 

874(0.15) 646(0.04) 

A1 -'60: $84(0.01); A f  - GO - 
48; 942(0.19) 

!lf - 56: YOl(0.6) 
A 1  - 56 : 801(0.6) 

145(7) 127(10) 
201(12) 183(7) 

2.57(31 1831181 
145(15) 127(4.5) 

109(3) 
109(16) 
109(26) 
109(48) 
109(9) 

804(1.1) 601(0.4) 

860(0.43) 
201i3j iss(i.t) 
257(3) 183(14) 
229(4) 169(19) 
14,4(6) 127(9) 

109(33) 

109(7) 
109(31) Ai - Gp: 956(0.04) 

mm: 148(0*19); mm - 18: 
730(0-17); mm - b 604(0.8); 
mm - k: 57410.3); nn: 115(11) 
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compared with the remainder of the peaks affords a 
ready method of determining the compositions of any 
amino-sugar systems in a macrolide antibiotic. In the 
case of megalomicin A (l), the formation of one high 
intensity peak at  inle 158 suggested that both amino- 
sugar residues had the same composition, giving rise to 
the C,H,,NO, ions, which constituted the base peak in 

rrABLE 2 
High resolution mass spectral data 

Coin pound Ion (s) 
(1)a M +  

e and i 
f and j 
g and k 
h and 1 
b and g; b and k 
b axid h ;  b and 1 

ff 
kk and I1 
hh 

dd 

q and r 
in and n 
s and t 
Y 
a a 

bb 

0 

CC 

ee 

Z 

11 
V 
W 

x 
(37) 6 M+ 

j j "" 

g"" 
c/"/ 

9 
m 

(40) I@/ 

g"" 
ww 
m 
S 

Calc. 
876.5557 
7 18-4375 
719,4453 
i02.4426 
703-4504 
568.3640 
559.3718 
801.5110 
748-4482 
791.4902 
444.2959 
145-0864 
127-0759 
109.0653 
174.1 130 
158.1181 
140- 1075 
98.0970 

114.0919 
116.071 1 
100-0762 
87-0684 
S6-0606 
i1.0735 
70-0657 

539.346 
481.304 
381.228 
365.232 
174.113 
158.118 
023.367 
423.238 
407-243 
347.222 
200.129 
140.108 

a Measured on an X.E.I. MS902B spectrometer 
on a JEOL JMS-01% spectrometer. 

Obs. 
876.5496 
7 18.4363 
7 19.4409 
702-4395 
703-4468 
558.3640 
559.3748 
801.5088 
748.4402 
791.4868 
444.291 3 
145-0886 
127.0766 
109-0666 
174.1 131 
158-1166 
140- 1057 

98.0979 
114-0928 
1 16.0736 
100-0759 
87.0688 
86.0622 
71-0732 
70.0666 

539.345 
48 1 -3  0 1 
381.225 
365-229 
174.113 
188.118 
623.368 
423.236 
407-243 
347.221 
200.131 
140-1 07 
b Measured 

the spectrum. Acylation of the hydroxy-groups in 
each of the amino-sugars caused the base peak to shift 
to m/e 200 in the case of the acetates, and to m / e  214 in 
the case of the propionates. The glycosidic cleavages 
e-1 in the high mass region also shifted by 42 and 56 
mass units, respectively. Where only one of the 
hydroxy-groups in either of the amino-sugars was 
acylated, two intense peaks at m / e  158 and 200 (acetate) 
or 214 (propionate) were formed, the latter being of 
lower relative intensity owing to partial conversion into 
the ions m/e 158 by loss of keten or methylketen for the 
acetates and propionates , respectively. In those de- 
rivatives of the megalomicins where the acyl groups were 
located solely in the mycarose unit, the base peak in 
each case was at m / e  158, with the appropriate high 

16 R. S. Jaret, ,4. K. Mallams, H. Reimann, and H. F. Vernay, 
unpublished observations. 

mass cleavages e-1. The foregoing fragmentations 
afford a convenient means of locating various acyl 
groups in three specific areas of the molecule, namely the 
amino-sugar residues, the mycarose unit, and the 
aglycone. Peaks were also observed for successive 
cleavages involving mycarose and either desosamine or 
rhodosamine, and are given in Table 1. 

One of the principal fragmentations in the rhodosamine 
unit is outlined in Scheme 2. In  the case of megalomicin 
A (1) this loss of 75 mass units from the molecular ion to 
give the ion o indicated that rhodosamine was a 2,3,6- 
trideoxy-3-dimethylamino-sugar, a conclusion confirmed 
by isolation and chemical degradation of the D- 
r h ~ d o s a m i n e . ~ ~ ? ~ ~  The formation of the ion o made it 

+ 

+ if 

p ( H  t r a n s f e r )  
SCHEME 2 

possible not only to locate an acyl group in the amino- 
sugars as already described, but also to determine which 
of the two amino-sugars contained the acyl substituent. 
This provided a convenient method for locating the 
acetyl group in the rhodosamine in the esters (6) and (€4, 
and the propionyl group in the desosamine in the esters 
(10) and (16). In the case of the acetyl derivatives of 
the megalomicins it was possible to confirm the fore- 
going assignments, as well as all of those indicated in 
Table 1, from the chemical shifts of the acetyl groups in 
the n.m.r. ~ p e c t r a . l ~ l ~ ~ ~ ~  This was not possible with the 
propionates. The ion o was found to undergo further 
cleavage to give the ion k by loss of 99 mass units, and 
also the ion p by loss of the mycarose unit accompanied 
by a hydrogen atom transfer. 

The low mass region of the spectra showed character- 
istic fragment ions from the expected cleavages of 
desosamine and rhodosamine.l* In  addition to the 
base peak due to  m and n, peaks were also present due 
to fragments q and r. The further loss of water or 
alkanecarboxylic acid (acetic or propionic) from m and 
n gave rise to a peak a t  m / e  140 due to the fragments s 

l6 Compounds ( l l ) ,  (13), and (15) mere prepared under the 
direction of H. Reimann ; manuscript in preparation. 
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and t. The expected cleavages of the amino-sugars led 
to the formation of ions u-x in which the charge was 

4 r 

NMe2 N Me2 

Me O r  M e b  
+ + 

t 

+ 
S 

U V W 

X 

+ 
NMe2 

Y 

stabilised on the nitrogen In addition, desos- 
amine gave rise to fragment ions y l4 and z, and rhodos- 
amine gave ions aa14 and bb, respectively. The form- 
ation of the ions z and bb may be postulated to occur as 

M e  
a a  

outlined in Schemes 3 
ation of the charge 
instances. 

Z 

SCHEME 3 

and 4, respectively, with stabilis- 
on the nitrogen atom in both 

In those derivatives of the megalomicins where the 
acyl groups were located in the inycarose unit,. this was 
evident from the high mass ions arising from the 
glycosidic cleavages a-d. In those examples where 
the mycarose contained one acyl substituent, or where 
the mycarose contained mixed acyl substituents, it was 
possible, by locating peaks due to the fragment ions cc, 
dd, and ee in the low mass region of the spectrum, to  

+ 
c c  

+ 
d d  

+ 
ee 

assign the monoacyl or mixed acyl substituents to the 
3- or 4-positions, respectively, in the mycarose unit. 
This proved to be a useful way of locating the acetyl 
group at  C-4 in megalomicin B (2), and for locating the 
acetyl group at C-3' and the propionyl group at C-4' in 
megalomicin C, (4). Both these conclusions were 
checked by n.m.r. measurements and by isolation and 
degradation of the appropriate mycarose units from 
structures (2) and (4).l 

In those megalomicin derivatives where the desos- 
amine was not acylated, a fragment ion was observed 
corresponding to M +  - 128, which could arise from the 
ion ff  (Scheme 5). Peaks corresponding to further 

( H  t r a n s f e r )  

NMe2 
R Z O A  

f f  gg  ( H t ransfer )  

SCHEME 5 

glycosidic cleavage of the mycarosyl residue leading to  
the formation of the ions gg from the ions ff  were also 
observed (Scheme 5). 

The megalomicins underwent several interesting 
cleavages in the aglycone. One of these gave rise to 
what is postulated to be the ion hh, which could arise 
as a result of a McLafferty rearrangement at the lactone 
carbonyl group accompanied by a cleavage of the 
C(6)-C(7) bond adjacent to the tertiary C-6 (Scheme 6). 
In those megalomicin derivatives where the rhodosamine 
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was acylated the fragment hh shifted to a higher mle cleavage adjacent to the tertiary C-12 would constitute 
value by 42 mass units in the case of an acetate and by a favourable cracking pattern leading to the formation of 
56 mass units in the case of a propionate. The presence ion j j. 
of the ion hh provided additional evidence for locating A medium-intensity peak in the high mass region of 
the rhodosamine unit between C-7 and C-13 in the the spectra of the megalomicins corresponding to a loss 
aglycone, and also for determining the location of a of a C5H,0 unit ( M +  - 85) could arise either as a result 
monoacyl substituent in either the desosamine or of cleavage a to the 9-oxo-group and adjacent to the 

SCHEME 6 

Me 
- E t C H O  

- 5 8  Me 

Me 

i i  
SCHEME 7 

SCHEME 8 

SCHEME 9 

rhodosamine units. The fragment ion hh also lost a 
molecule of water to give the ion ii. 

The megalomicins also gave a peak in the high mass 
region corresponding to the loss of propionaldehyde 
( M +  - 58),  leading to the ion j j  (Scheme 7). Cleavage 
next to the lactone carbonyl group with stabilisation of 
the charge on the carbonyl oxygen atom, together with 

tertiary C-6 with hydrogen atom transfer, leading to 
ion kk (Scheme 8), or via a McLafferty rearrangement at 
the lactone system, accompanied by cleavage adjacent 
to  the tertiary C-12 to give ion 11 (Scheme 9). Both 
processes appear to be favourable on mass spectral 
grounds. 

In general, the acetyl derivatives of the megalomicins 
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lost acetic acid and/or keten from the molecular ion 
(Table 1) , whereas the propionates lost propionic acid, 
and/or met hylketen. 

The mass spectrum of 3"-de(dimethy1amino) -3",4"- 
didehydromegalomicin A (17), in which the desosamine 
residue had been deaminated selectively,17 confirmed 
many of the foregoing assignments. The glycosidic 
cleavages associated with the mycarosyl unit by paths 
b 7 and d t accompanied by ions cc, dd, and ee in the 
low mass region were observed as in the case of the other 
inegaloniicin derivatives. Cleavage of the deaminated 
desosamine system gave rise to the ions e-h by the 
processes already outlined. The base peak in the 
spectrum was again found to be due to the ion n at  m / e  
158, derived in this instance solely from the rhodosamine 
unit. The deaininated desosamine gave rise to a high 
mass ion min by a retro-Diels-Alder fission (Scheme 10) 

NMe2 
R~oJ, 

1 - 8 3  

H 1: 

SCHEME 10 

as well as a low mass ion nn at  in/e 113. The ion mm 
underwent further losses of a water molecule (mm - 18), 
a mycarosyl unit (mm - b), and a rhodosaminyl unit 
(mm - k) giving rise to ions a t  mle  730, 604, and 574, 
respectively. The fragment ions aa and z, associated 
with the rhodosamine unit, were present in the mass 
spectrum of (17), while the ions y and bb, derived from 
ainine-induced cleavages in the desosamine residue, were 
absent in the spectrum. The expected ions u-x14 
common to both amino-sugars were observed in the 
spectrum of (17). As in the case of the megalomicins 
where R4 = H, the fragments at rn/e 444 (hh) and 426 
(ii) were again observed in the mass spectrum of (17), 
further supporting the fact that these ions contained the 
rhodosainine unit. Losses of 58 mass units to give the 
fragment j j  and of 85 mass units to give ions kk t and 
11 t were also observed in the spectrum of (17). 

In the course of the degradation of the megaloinicins, 
mild aqueous acidic hydrolysis was found to cause 
selective hydrolysis of the mycarose giving megalalos- 
amine (18).1913 A number of derivatives (19)-(29) of 
megalalosamine (18) were prepared,17 and some of the 
more important fragment ions from these compounds 

The analogous ion in which the desosaniine unit had been 
deaminated. 

are given in Table 3. In general the megalalosaniines 
exhibited similar fragmentations to those encountered 

w e 2  
~ 3 0 A  

(18) R1 == R2 = R3 == H 
(19) R1 = Ac, RZ = R3 = 13 
(20) R1 = R2 = H, R3 = AC 
(21) R1 = H, R2 = R3 = L l ~  
(22) R1 = R2 = R3 == AC 
(23) R' = EtCO, R2 = R3 = AC 
(24) R1 = Bu'CO, R2 = R3 = AC 
(25) R1 = EtCO, R2 = R3 r= H 
(26) R1 = R3 == ItCO, R2 = H 
(27) R1 = R2 = R3 = EtCO 
(28) R' = H, R2 = R' = BZ 
(29) R1 = tetrahydropyranyl, R2 = R3 = Bz 

with the megalomicins, with the exception of the 
mycarose-derived ions which were absent in the former. 

Fragmeiitation at  the glycosidic bonds in the niegala- 
losaniines gave rise to the ions e'-l',$ and the base peak 
in the spectrum was due to ions m and/or n, in general. 
Acylation of the hydroxy-groups in the amino-sugars 
again caused the appropriate shifts in the m,/e values of 
the ions e'-1', and also caused the base peal- mass 
number to increase by the expected values for the various 
acyl substituents. In the case of the triacyl derivatives 
it was possible by studying the m / e  values of the fore- 
going ions to locate the various acyl substituents in the 
amino-sugar residues or in the aglycone, respectively. 
Further distinctions between the location of a particular 
acyl substituent in the desosamine or rhodosamine units 
could then be made from the wz/e values of the ion 0'. 

A 10 eV scan of megalalosamine revealed the presence of 
metastable peaks at  m2' 589.7 corresponding to the 
transition M+ --t 0' and also m* 453.9 corresponding 

E t  " O R '  
SCHEME 11 

to or + k'. These metastable peaks afforded evidence 
for the fact that the ion k' was produced not only by a 
single-stage glycosidic cleavage (Scheme 11), but also 

Where analogous fragmentations have been discussed for 
the inegalomicins these are indicated by the same alphabetical 
symbol followed by a prime notation in the case of the megalalos- 
amines, a double prime notation in the case of the dihydro- 
derivatives, a triple prime notation, in the case of the erythro- 
mycins, and a quadruple prime notation for the erythralosamines. 

l7 A. K. Xallams and H. F. Vernay, unpublished observations. 
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The mass spectrum of 2’,4”-di-O-benzoy1-3-tetrahydro- 
pyranyloxymegalalosamine (29) showed a close simi- 
larity to the spectra of the megalomicins, with glycosidic 
cleavages of the tetrahydropyranyl group giving rise to 
ions a‘, c‘, and 00. The spectrum of 3’-de(dimethy1- 
amino)-3’,4’-didehydromegalalosamine (30) showed the 

Me 

Me Me 

NMe2 k k ’  N Me2 
~30+, R2 O A  

Me J,oAo- 0 A 0 A Me 

attendant loss of 99 mass units. The ion 0’’ was not 
observed in the spectrum of (33) as the latter contained 

Me Me 

Me N e M e  OH ~30- OR^ 
Me 

E t  
(31) R1 = a-L-mycarosyl, R2 = P-D-desosaminyl, R3 = p-D- 
(32) R1 = H, R2 = p-D-desosaminyl, R3 = p-D-rhodosaminyl 
(33) R1 = R3 = H, R2 = @-D-desosaminyl 

rhodosamin yl 

Me OMe 

typical glycosidic cleavages related to the rhodosamine 
while lacking those of the desosamine,. The deaminated 
desosamine unit underwent glycosidic cleavages to give 
the ions e‘,? f’,t and nn, and also a retro-Diels-Alder Me 

E t  

NMe2 R~OA 1: 
H 

(34) R1 = R2 = H 
(35) R1 = H, R2 = 1 4 ~  
(36) R1 = R2 = Ac 

Me Ao$W A. no rhodosamine sugar. Fragmentation of the desos- 
amine in (31) and (32) gave rise to the ion ff“ in each case. 
The Iow-mass regions of the spectra contained peaks due Me Me 

E t  0 MeoR‘ 
mm’ 

HoQ Me + 
nn 

8 + 
0 0  

fission to  give the fragment ion mm’. The cleavages of 
the aglycone of (30) produced the ions hh, ii, and jj‘- 
11’ t as expected. 

The major fragment ions in the mass spectra of 
9,0(9)-dihydromegalomicin A (31) ,l 9,0(9)-dihydro- 
megalalosamine (32) ,l and 5- p-~-desosarninyIoxy-9,O (9) - 
dihydroerythronolide (33) l 9 l 8  are listed in Table 4. 
Glycosidic cleavages of the sugar residues gave rise to 
the ions a ” 4 “  as in the case of the megalomicins and 
megalalosamines. The base peaks were again at  wz/e 
158, due to the amino-sugar ions m and n. As in the 
9-oxo-series, the loss of 75 mass units from the rhodos- 
amine unit gave ion 0’‘ in the spectra of (31) and (32), 
and this ion fragmented further to give k” with an 

k I‘ 9 1: 
L. l f  ( H t ransfer) h” ( H  ,transfer 1 

d f t  ( H  t r a n s f e r )  d,, 
a I’ 
b’‘ ( H  t ransfer)  

SCHEME 12 

to the ions q-bb, formed by fragmentation of the 
desosamine and rhodosamine units (where the latter was 
present) and also, in the case of (31), the ions cc-ee 
produced by fragmentation of the mycarose residue. 
The ions analogous to  hh-ii formed in the mega- 
lomicins and megalalosamines were not observed in the 

I- The analogous ion in which the desosamine unit has been 
deaminated. 

18 M. V. Sigal, P. F. Wiley, K. Gerzon, E. H. Flynn, U. C .  
Quarck, and 0. Weaver, J .  Amer. Chem. SOC., 1956, 78, 388. 
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TABLE 4 

9-H ydrox y-analogues 
C” d” e” 

717(1) 718(0.05) 720(1) 
576(2*1) 

Commi Formula M’ b” 
734(0-1) 

f’ 
721(1) 
5 7 7 (1 -4) 

g” 
704(3) 
560(3,5) 
403(1-0) 

s and/or t 
140(5) 
140(3) 
140(5) 

ee 
109(4) 

h” 
705(2) 
561( 1.4) 
404(0-4) 

U 
87(27) 
8 y  
8 l(17) 

f f” 
750(0-3) 
606(3-3) 

i” j” 
720(1) 721(1) 
576(2.1) 577(1-4) 

(31) C4,H8,N,015 878(0-02) 
(32) C37H7,N,01, 734(0.4) 
(23) C2,Hs,NOlo 577(2*6) 

1” 

56 1 (1.4) 
503(2) 

n 0.3 9 
158(100) 803(0*1) 174(14) 
158(100) 659(0-8) 174(10) 

174(31) 

aa bb cc 

m 
158(100) 
158(100) 
158(lOO) 

r 
174(14) 
174(10) 

V W 
71(30) 

86(7) 71(23) 
71(26) 

86(5) 
86(8) 

11“ 
793(0*09) 
649(0.8) 
492(20) 

dd 
127(9) 

Y 
98(25) 

98(24) 
98(13) 

Z 
116(40) 
116(23) 
116(64) 

114(9) lOO(41) 145(4) 
114(6) lOO(27) 

TABLE 5 

Erythromycin derivatives 
Formula M+ a”’ b”’ c,tt d”’ e”’ g” h“ m 4 S fJ/’ Compound 

(34) 
(35) 
(46) 

C31H67N013 733(0.01) 574(0*19) 575(0.07) 558f0.45) 559(0*13) 575(0*07) 576(0*05) 559(0*13) 560(0*05) 158(100) 174(14) 140(5) 
CIIHIONO1, 775(0-02) 616(0.1) 617(0*03) 600(0*1) 601(0*02) 200(43) 216(1.5) 140(24) 
C,1H71N015 817(0.03) 616(0-1) 617(0.05) 600(0*3) 601(0*1) 617(0*04) SlS(0.02) 601(0*1) 602(0.1) 200(46) 216(4) 140(19) 

¶v$$ w a n d  
Formula U V W X Y Z PP dd ee qq bb”’ 

C3,HB7NO13 87(19) 86(5) 71(29) 70(4) 98(31) 116(38) 159(27) 127(15) 109(6) 715(1.5) 556(0*53) 557(0*75) 
C3,H,,N01, 129(3) 86(6) 71(47) 70(6) 98(48) 116(22) 159(4) 127(11) 109(10) 757(0-2) 598(0*05) 599(0*05) 

C41H71N015 129(2) 86(5) 71(30) 70(5) 98(38) 116(14) 201(12) 169(3) 109(30) 799(1*5) 598(0*2) 599(0*3) 
87(12) 

87(8) 

Compound 
(34) 
(35) 

36) 

w a n d  Pdqv2d w a n d  w a n d  w a n d  w a n d  kk 
Compound Formula cc”’ ee“’ rr ss tt and/or 11”’ uu ff“‘ gp”‘ hh”’ 

(34) C9,HI7NOl3 540(0.43) 041(0-23) 557(0*75) 558(0*45) 541(0*23) 542(0*11) 269(0.4) 251(0.7) 657(0.26) 648(0*05) 630(0*07) 
(35) C,,H,,NOl, 582(0-1) 583r0.08) 557(0*02) 558(0.1) 541(0.1) 542(0.1) 269(0*3) 251(1*0) 699(0*2) 
(36) C,lH,lNO15 582(0-8) 583(0*4) 599(0.3) 600(0-3) 583(0*4) 584(0.2) 269(0-5) 251(2.1) 741 (0.5) 

spectra of the dihydro-series. Losses of 85 mass units 
from the molecular ions in the dihydro-series gave rise 
to ions 11” in all instances. 

5). In comparison with the megalomicins the erythro- 
mycins showed very weak molecular ions. Glycosidic 
cleavages a ” ’ 4 ” ’  of the cladinose unit were apparent 
in the high mass region, with the accompanying low 

HO 
HO 
Me 

ra nsfer 1 

1 

H 

b’ll ( H  transfer 
SCHEME 13 

mass fragment ions pp, dd, and ee. The m/e values of 
the ions pp and dd demonstrated that the methoxy- 
group was located at C-3’ and that the hydroxy-group 

f f 

In view of the close similarity between the structures 
of the megalomicins and erythromycin A (34),19 the mass 

+ 
PP 

was at  C-4’ in the erythromycins. In the spectrum of 
the monoacetate (35) the positions of these ions remained 

0 I 

spectra of the latter, and its 2”-O-acetyl (35) 20 and 
4’,2’’-di-o-acetyl (36) derivatives 20 were recorded (Table 

l9 P. F. Wiley, K. Gerzon, E. H. Flynn, M. V. Sigal, 0. Weaver, 
U. C. Quarck, R. C. Chauvette, and R. Monahan, J .  Amer. Chem. 
SOL, 1957, 79, 6062. 

unchanged, indicating that the acetyl GOUP was not in 
the cladinose unit. In that of the diacetate (36), the 
m/e values of the ions pp and dd had increased by 42 

2o A. Banaszek, J. St. Pyrek, and A. Zamojski, Roczniki 
Chemii, 1969, 43, 763.  
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mass units, consistent with the location of one of the 
acetyl groups at  the 4’-position in the cladinose. The 
positions of the high-mass ions aa”’-dd”’ also indicated 
the presence of acetyl substitution in the cladinose. 
Glycosidic cleavages of the desosamine also occurred 
with the erythromycins, leading to fragments e”’-li’f’, 
which again varied according to the acylation pattern 
in that sugar residue. In all cases the base peak in the 
spectrum was due to the ion m. The shift of the base 
peak from mle 158 to 200 in the esters (35) and (36) 
indicated that the hydroxy-group in the desosamine was 
acetylated in those derivatives. The other low-mass 
fragment ions from the desosamine, namely q, s, and 
u-z, were also present in the spectra of the erythro- 
mycins. 

In  contrast to the megalomicins, the erythromicins 
showed substantial loss of water from the molecular ion, 
apparently due to the loss of the ll-hydroxy-group to 
give the ion qq. This loss cannot occur in the megalo- 
micins owing to  the presence of the 11-p-D-rhodosaminyl- 
oxy-group. Further glycosidic cleavages from the ion 

Me 

SCHEME 14 

qq by fragmentations of the type a”’-”’’’ were also 
observed in the erythromycins. The fragment qq also 
underwent a Mclafferty rearrangement a t  the lactone 
carbonyl group, accompanied by cleavage between C-6 
and C-5 to give the ion rr, which underwent a further 
loss of water to give the fragment ion ss. The formation 
of the ions rr and ss in the erythromycins is analogous to 

the formation of the ions hh and ii in the megalomicins. 
The loss of propionaldehyde from the ions qq also 
occurred in the erythromycins t o  give the ion tt. In  the 
case of erythromycin A (34), a loss of 85 mass units from 
the molecular ion leading to fragments kk”‘ and 11”’, as 
well as a loss of 85 mass units from ion qq leading to ion 
uu, was observed. 

In  the course of the degradation of the megalomicins, 
a number of erythralosamines (37)-(42) l9 were pre- 
pared; the mass spectral data for these compounds are 

N Me2 
R2 O A  

- E t C H O  
w,,, H0 

Me 

t t  
NMe2 

R 2 0 A  

N M e 2  
R 2 0 A  

Me M e M e  OH A0AMe 

I I “ ’  

Me R201T+2 
O*O*Me 

Me 
E t  

u u  
given in Table 6. The glycosidic cleavages e””-11”” of 
the desosamine unit were observed with the expected 

Me NMe2 

M e  
(37) R1 = R2 = H 
(38) R1 = H, R2 = AC 
(39) R1 = H, R2 = EtCO 
(40) R1 = R2 = -\c 

Me 

E t  OR1 
M’e 

(41) R1 = R2 = H 
(42) K1 = R2 = AC 
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shifts depending on the acylation of the 2'-hydroxy- 
group, leading to a base peak in all cases due to the ion 

--It 
I 

9 ) I t 1  

h';" ( H t rans f er 1 

Me 

f H t ran 
Me 

,sfer  1 

SCHEME 16 

m. The low inass fragment ions q, s, and u-z from the 
desosamine were also observed. The mass spectrum of 

dlf err" 

zSg(3.4) Sl (2 .9 )  
;81(0..76) 381(0.59) 

j93(1.2) D81(::) 

sZs(0.3) 4'2S(2.1) 

494(1.5) %1(8) 
57811.73) 4'23(12) 

Y 2 

95(18) 116(18) 
98(34) 116(9) 
98(47) 116(23) 
%(SO) 116(:XI) 

The 
f"" g"" 

382(1) 365(3) 
:382(0.15) 365(0*43) 

3YY(O.S) 365(24  

$24(0.6) 407(2.1) 

382(2.5) 365(0*8) 
424(3*3) 407(0.6) 

ff"" jj"" 
411(0.1) 481(2*3) 

565 (0.4 j 
4:i6(0*9) 
520(1.2) 

TABLE 6 
erytliralosamines 

11'"' m q S U 

R66(0.8) lSS(lO0) 174(11) 140(2?) 87(11) 
366(0*11) 200(52) 216(1) 110(8) 139(5) 

87(12) 
366(0.5) 214(100) 230(2*5) 140(2S) 143(4) 

87(11) 
408(0.6) ?00(95) ?16(1) 140(11) 129(3) 

26G(O-2) 
40S(O*f) 

Y 7 ( 7 )  

vv w\v xx YY 22 
OZl(O.5) 347(0.7) 395(0-6) 321(3) 123(29) 
563(0.03) 347(0.13) 295(0.19) 221(8) 123(24) 
577(O*1) 347(0*S) 295(1) 221(4) 123(59) 

erythralosamine (37) showed a fragment ion ff"" formed 
by the loss of 128 mass units from the molecular ion. 
As in the case of the megalomicins and megalalosamines, 
this fragmentation was not observed when the desos- 
amine was acylated. The erythalosamines exhibited a 
loss of propionaldehyde from the molecular ion giving 
rise to the ions jj"", A loss of water from the molecular 

Me 

"*" 
Me 

Et  OR' 

Me 

aglycone of the erythralosamine were also observed. A 
McLafferty rearrangement at the lactone carbonyl group 
accompanied by cleavage of the C(5)-C(6) bond gave an 

Me NMe2 

Me 
M +  

0 Me 

E t  

Me V Y  

347(0.8) ?21(4) 123(24) 
4iG(0*4) 347(0.8) 295(1*2) 321(9) 123(89) 

317(0.5) 295(0.3) 221(13) 123(4.3) 

NMe;! 

Me 

ion s x  at wz/e 295 (Scheme 17) and an ion yy at inie 221 
(Scheme 18). A fragment common to all of the ery- 

ion to give the ions vv was observed in those erythralos- 
amines where the 3-hydroxy-group was not acylated. 
Loss of the desosamine and a water molecule from the 
molecular ion gave rise to the ions ww. 

4 number of characteristic fragmentations of the 

V W X 
86(S) il(11) 
86(G) 51(100) 

86(5) i l(44) 70(6) 

S G ( G )  iI('L1) 70(5) 

hIiscellaneous 

Jf - 60: 521(0.04) 
M - 74: 521(0.3) 
A l  - 60: 56:;(0.S) 
nn: 113(27) 
nn: 113(29) and ltj5(10O) 

thralosamines at wzle 123 is thought to be due to the ion 
zz (Scheme 19). 

Me 

Me x x  he 
SCHEME 17 

Me Me 

OR1 

SCHEME 18 
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The deaminated erythralosamine derivatives (41) and 
(42) showed glycosidic cleavage fragments in the high- 
mass region similar to those observed with erythralos- 
amine (37), and gave rise to ions nn in the low-mass 

l+ 

Me 

E t  

Me 

*Me 
+ 
zz 

Me 
SCHEME 19 

region. The deaminated erythralosamines (41) and 
(42) did not lose 128 mass units to give the ions ff"", 
further supporting the fact that the latter fragmentation 

involved loss of a fragment which included the amino- 
group of the desosamine. 

EXPERIMENTAL 

Low resolution spectra were run at 70 eV on a Perkin- 
Elmer RMU-6D spectrometer, or on an Atlas CH5 spectro- 
meter. High resolution spectra were run on an A.E.I. 
MS902B spectrometer, or a JEOL JMS-OlSC Spectrometer 
at 70 eV. Metastable peaks were observed a t  10 eV. 
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