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Abstract -The chemical ionization (CI) mass spectra of four intact 16- 

membered ring macrolide antibiotics have been examined using i-C4H10 and NH3 

as the reagent gases. All CI mass spectra show the abundant protonated 

molecular ions (w') and the aglycone and sugar derived lons arised from 

the cleavage of the glycosid~c lmkages. The fruitful information available 

from above ~ o n  species increases the capabilltles of chemical ionization 

mass spectrometry (CIMS) in the structural character~iation of thzs class of 

compounds. 

It is hard to obtain satisfactory results in elemental analysis and molecular weight deter- 

mination of the rnacrolide antibiotics, because they combined with some solvent molecules very 

tightly. In addition, the macrollde family is usually constituted by large number of components, 

hence it has been required to establish an effective analytical technique for the dlscrimnation 

of thelr components. 

Electron ionization mass spectrometry (EIMS) has been successfully used in the elucidation 

of the structures of a number of macrolides, particularly when the shifting method between pe r -  

2 sce fy l  and perdcuteroacetyl derivatives is employed . However, the recent publication3 of the 

CI mass spectra of the some basic macrolide antibiotics prompted us to present our own results on 

1 the 16-membered ring macrolide antibiotics, M-4365 A2 and G2, containing only amino sugar . 
We now wish tG present the results of CIMS of several lntact macrolides which contaln two or more 

sugars, using both i-C4H10 and NH as the reagent gases. 
3 

Chemical ionization mass spectra of Platenornycin A1(l) and B (2) 
1 

The structure of the 16-membered aglycone is the same in Platenomycin A1(l) and B1(Z), while 

4 
termlnal acyl groups of the sugar moiety are isovaleryl and propianyl, respectively . C I ( I - C ~ H ~ ~  

/NH3) mass spectra of 1 are shown in Fig. 1. 
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Fig. 1.  Chemical ionization mass spectra  of platenomycin A (1) 
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Fig. 2 .  Major fragmentation pathways of platenomycin A 1 ( l )  
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In both CI mass spectra, the protonated molecular xon (w', m / z  842) forms the base peak, 

and in the CI(i-C H 1 mass spectrum, the molecular-ion cluster, such as M . c ~ H ~ +  ; m/z 880, 
4 10 

M'c~H~' ; m/z 882, M.C~H,+ ; mil 884 and M . C ~ H ~ +  ; m/z 898 is weakly demonstrated. By contrast, 

no M.NH~+ ion is observed in the CI(NH3) mass spectrum. This behavior can be attributed to that 

the proton affinity (PA) of the macrolide molecule, whzch contams a dimethylammo group in sugar 

5 moiety, 1s higher than that of NH3 . Formations of the ions at m/z 768 and 740 in both CI mass 

Spectra correspond to loss of C H CO H and (CH3l2CHCH CO H from w', respectively. The principal 2 5  2 2 2 

fragmentation pattern 1s illustrated in Fig. 2. The cleavage of glycosidic carbon-oxygen bond of 

the terminal sugar leads to the ions of aglycone-mycaminose (AGL.MA)H+ ; m/z 614 and acylrnycarose 

(AM)' ; m/z 229. The former ion eliminates C H CO H giving rise to the ion at rnli 540. 
2 5  2 

The latter loses (CI13)ZCHCH2C02H to give the ion at m/z 127. Fission of a glycosidic linkage 

between aglycone and acyldisaccharide, in principle, occurs in two ways. Cleavage at the aglycone 

side of the glycosidic linkage leads to the aglycone-derived lo", (AGL)' ; m/i 423 and the acyl- 

disaccharide ions (ADS~OH)H+ ; m/i 420 and (ADS.O)+ ; m/i 418. Slm~larly, the cleavage at the 

sugar side of the glycosidic linkage leads to (AGI..OH)II* ; m / r  441 and (ADS)' ; m/z 402. 

The loss of acylrnycarosyl moiety from (ADS)', (~Ds.0)' and (ADS.OH)H* ions yields amino sugar 

Fig. 3. Chemical ionization mass spectra of platenomyc~n B (2) 
1 



ions at m/z 174, 190 and 1'32, respectively. A set of these three ions derived from the amino 

sugar (mycamlnore) has been analogously observed in the CI mass sprctra of desosamine containing 

1 
macrolides . In the CI(NI13) mass spectrum, the major fragmentation pattern is similar to the 

case of the CI(i-C H ) mass spectrum, except for the occurrence of the ions at mlz 246, 440 and 
4 10 

458 (Fig. 2). The even mass number of these ions suggests that they should contam a nitrogen 

atom. 

CI mass spectra of 2 using i-C4H10 and NH as the reagent gases are sham in Fig. 3, 3 

The major fragmentation pattern is consistent with that of I. The CI(i-C4H10/NH3) mass spectra 

show the MH' ion at mlz 814 as the base peak, and the ~ o n  at mlr 740 corresponds to the loss of 

C2H5C02H from MI'. Aglycone-derived ions i n  the CI(i-C4Hl0) are observed at mlr 423 (AGL)' and 

441 (AGL.OH)H+, whereas they appear at m/z  423 (AGL)', 440 (423r17)' and 458 (441r17)' in the CI 

(NH3) mass spectrum. In both CI(i-C H /NH ) mass spectra, acyldisacchar ide-der ived ions are 4 10 3 

found at m l r  374, 3 9 0  and 3'32, whlch correspond t o  (ADS)' ,  ( ~ ~ s . 0 ) '  and ( A D S . O H ) ~ ~ * ,  respectively, 

as shown i n  the CI mass spectra of 1. (AM)+ ion at m/z 201 is acylmycarose ion and the ion at - 

m/z 218 is also observed together wlth (AM)' ion in the case of CI(NH3). 

As already outlined, diagnostic fragmentations of the CI mass spectra of - 1 and 2 with NH 3 
reajient gas are similar to those observed with i-C4H10 However, fragment ions derived from acyl- 

mycarose and aglycone parts are observed to be shlfted to a higher mlz value by 17 u in the CI 

(NH3) mass spectra. The former (mlz 218) may be explained as (AM.NH~)+ 18 

produced by participation of the reactant ion plasma. Proof of this 

phenomenon will be discussed later in connection with the CI mass spectra 

of Tylosln (3) and Angolamycin (4). The latter ions (mlz 440 and 458) 

can be expressed as (AGL-H)NH4+ and (AGL,OH)NH~*. Thls observation can 
Platenolide I 1  (5) 

be attributed to that the PA of the aglycone part 1s  rather low com- 

pared with that of NH3 This result is also supported by the fact that the CI(NH3) mass spectrum 

of Platenolide I1 (516, which is structurally analogous to the aglycone part of 1 and 2, shows 

only M.NH,+. 

Chemical ionization mass spectra of Tylosin (3) and Angolamycin (4) 

Tylosin (3) and Angolamycin (4) are the most complex 16-membered macrolldes and are  Struc- 

turally ~someric with each other7". Diagnostic fragmentations of 3 and 4 can be assigned as 

illustrated i n  Fig. 4. The resulting CI mass spectra using i-C4H10 and NH differ in showing 
3 

a much-reduced btl' intensity compared with those of 1 and 2. However, they have enough intensity 
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Fig .  4 .  Diagnostic f ragmenta t ions  of Tyios in  (3) and Angolamycin ( 4 )  
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to determine their molecular welghts. The expected cleavages of the glycosidic linkage lead to 

the formation of the Ions a - rn in the CI mass spectra of 3 and 4 (Fig. 4). The ions a, b and c 

corresponding to the loss of rnycarose, mycinose and both neutral sugar units from are common 

to the CI(i-C I! /NH ) mass spectra. However, the ions d and e derived from aglycone part are 4 10 3 

observed at the different m/z values for i and 4. Namely, above 10"s are detected at m / z  425 and 

407 for A, and at m/z 441 and 423 for 4 in the CI(i-C41i10). In thc CI(NH3), ammonium adduct ion 

e '  is demonstrated in addltion to the ion e. The difference of the m l z  values of the l o n s  d and 

e observed between in - 3 and - 4 is attributed to their individual chrornophorfs in the aglycone 

parts. Disaccharide-derived ions f, g and h are also observed in the CI(I-C~H~~/NH~] mass spec- 

tra of 3 and 4. These three 10"s observed in 3 are found upwards 16 u in comparison wlth those - - 

observed in - 4. This result is apparently consistent with their disaccharide structures. A sim- 

ilar rat~onal~zation can be advanced for the ammo sugar-der~ved ions i, j and k. Cleavage of 

thc glycosldlc bonds at neutral sugars leads to the ions 2 and rn corresponding to the rnycarosyl- 

and the rnycmosyl-derived ions, rcspectlvely. I n  the CI(NH ) mass epcctra, these fragments are 
3 

obscrved as the NH3-adduct ion anticipated from the results of 1 and 2. 

Consequently, cleavage of the glycosidic linkage between the aglycone and the amino sugar 

occurs at both sides of glycosldxc oxygen giving rlse  to the protonated type ion i and the oxonium 

tfle ions j and k, whereas cleavage of the glycosidic linkage with the ncutral sugar moiety 
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Fig. 5. Fig. 6. 
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occurs at one side of the glycosidic oxygen giving rise to the only onomum type ions 2 and m, 

or I '  and m'. 

In order to prove the ion structures of the sugar unlts in 3 and 4, shifting technique 
1 using ND as the reagent gas has been performed . Plausible structures of amino sugar-denved 3 

lons thus obtained, i, j and k are depicted in Fig. 5 .  The shifting values observed in the CI( 

NH /ND ] mass spectra are consistent with the values expected for the ion structures. 
3 3 

Szm~larly, plausible ion structures of the neutral sugar-derived ~ o n  2 '  and m' are shorn in Fig. 

6. The shifting values in this case can be explained in terms of the H-D exchange of iictlve 

hydrogen and the addition of ammonia-d maleculc. 3 

In conclusion, all CI mass spectra of the macrolides - 1 - - 4 exarnincd using both I - C  11 4 10 and 

NH as the reagent gas definitely give the MH' ion indicating the molecular weight. Malor frag- 
3 

mentations are arisen from the cleavages of the glycosidic lmkage. Therefore, the resulting 

fragment ions provide the useful information concermng the structures of the aglyconc and sugar 

moieties. The glycosidlc cleavages associated with the amino sugar moiety occur at both sides 

of glycosidic oxygen giving rise to the three types of the ions, whereas, with the neutral sugar 

moiety occur at the sugar side of glycosidic onygen yielding the oxonium type ion. B c s l d r s ,  i n  

the CI(NH3) mass spectrum, the latter ion is also ohserved as the ammonia adduct ion. Above 

findings suggest that the CI(i-C4H10/NH ] mass spectra provide easy discriminat~on between amino 3 

sugars and neutral sugars in natural glycosides. These results show that CIMS is practically 

potentla1 for the characterization of basic macrolide mtact molecules, comparing with EIMS. 

EXPERIMENTAL 

The chemcal ionization mass spectra were obtalned using a Shimadzu LKB 9000A mass spec- 

trometer equipped with a high-pressure chemical ~onzzation source. The source temperature was 

250-26O0C, while the samples were introduced through a d~rect inlet system. Reagent gas pres- 

sures were in the range of 0.2-0.3 Tor r .  
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