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Abstract. The high resolutioa mass spectra of five 12-membered

macrolide aglycones related to methynolide were analyzed with the

aid of the Meta-DENDRAL subprogram INTSUM. Metastable defocusing

data obtained for several prominent ions in the spectra of two of

these mpounds support stepwise cleavage processes subsequent to

initial ring opening. Their behavior in the mass spectrometer

proved to be highly dependent on the substituents present and their

location on the macrocyclic ring. A series of empirical mass

spectral fragmentation rules, which were derived from these data,

proved useful in differentiating between the mass spectra of closely

related isomeric structures. These rules were also useful in the

analysis of the fragmentation patterns of several 14- and 16-membered

macrolide aglycones.

I. INTRODUCTION

The non-polyene macrolide antibiotics are a class of medically important

compounds characterized by a macrocyclic lactone system containing not more

than two conjugated double bonds.
3

During the past ten years many researchers

have tried to use mass spectrometry to obtain structural information about

these compounds.
4-9

However, this use has been hampered by the tendency of

the spectra to be dominated by processes involving the attached sugars. Amino

sugars have an especially strong effect since virtually all of the peaks

above 20% of the base peak contain nitrogen when one is present.
4-9
 The fact

that many macrolide antibiotics contain more than one sugar further obscures

the structural information provided by mass !,pectrometry. The use of chemical

ionization techniques
8 

and of N-oxide derivatives of the antibiotics has been

helpful, but even with these techniques, mass spectrometry has mostly proven
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useful in the determination of molecular weights, the mass
es of the aglycone

and sugar moieties, and in assigning functional groups t
o the ';ugar or to the

aglycone regions of a molecule.
4-9

The portion of these antibiotics which is of primary 
structural interest

is the macrocyclic aglycone moiety. However, the conclusion; which have been

reached about the behavior of the macrolide agly
cone in the mic;s. spectrometer

are not definitive, partly because of the diflicult
ies out above. Mitscher

and co-workers concluded from the high re!;olutio
n mass spectra of a series of

compounds related to erythronolide H that stru
cturally important processes for

these compounds are initiated by ring opening vi
a a McLafferty rearrangement

involving the lactone linkage:
6a,9

+ •

Ninchavt and Van hi.ar nl,.rvid fragliwnts in the mass spect
rum of chaleomycin

which were apparently the result of a preferred 
cleavage a to the keto group:

5
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Achenbach and Karl, however, were not succeLsful in using such rela
tions to

locate the positions of various functional groups (epoxy, keto, 
hydroxyl, etc.)

in several aglycones and concluded that they are not general.
71

Recently, the utility of the computer program (Meta-DENDRAL) to
 assist in

determining fragmentation rules forknown compounds has been demonstrat
ed.

10-12

This pr,Tram, in particular the INTSUM phase 
.8 

was applied to the high resolution

mass sp-ctra of the macrolide antibiotics. We sought to reduce the effort and

time required to correlate the extensive mass spectral data with the ma
ny plausible

ways of fragmenting the molecules.

Fragmentation rules, whether generated automatically
10 

or manually, ran be

tested for their explanatory power (their ability to predict co
rrect miss spectral

in terms of

peaks) and, more importantly, for analytical purpo-..es,Atheir discriminator
y

power (t)ieir ability to differentiate between poslible candidate structures 
based

on the !Ia.::: ..pectrum of a otimpound). Thi!; i d,no by ciwiparinv an .1'? II.



spectrum and the spectra predicted by the apWcation of the rules to possible

structures.

II. RESULTS AND DISCUSSION

A. 12-Membered Macrolides

The unit resolution mass spectra of compounds 1 (3-dehydromethynolide),

2 (mrthynolide), 3 (neomethyrolide), 4 (dihydromethynolide) an,1 5 (dihydro

,13,14
neomethynollue, are shown in Figure .1. The high rc.;oluti“n milf:!; spectral

liii Ior the:a. 4 mpound VWPC ::1)1) it,c1I•d hi .111.11y i!: i ng I NI:aifl i comput

program which generates, within constraints defineo by the tier, an exhaustive

list of all of the mass spectral fragmentations which wculd give rise to t_e

observed mass spectral peaks.
10

The constraints consist of the maximum number

of steps to be allowed in a process, the maximum number of bonds allowed to

cleave in a single sten, whether more than one (non-hydrogen) bond to the same

atom is allowed to undergo fission, and whether double, triple or aromatic bonds

aro allowed to break. It is also po!.sible II Siiceify the number of hydrogen

transfers to and from a fragment as well neutral lo!;nes suet watt r or

, 12
M(.11(*(IlIC.

For simplicity, only one-step processes allowing a maximum of two bond

cleavages were considered. Thus, more complex processes includ.ing for example,

fragmentations involving loss of side chains in combination with ring cleavage

were not considered. Hydrogen transfers of 2, 1, 0, -1 dna -2 were considered.

Because all of the compounds had several oxygen functionalitiet, including at

least ne hydroxyl group, loss of up to two water moloenles permitted.

Lunn ol carbon monoxide w‘-as not considered becatvle it w.e; noted during in

studies (including such losses) and in every inntanee where a process involving



of carbon monoxido was proposed by 1NISUM, there W.V; an alte
VndtiVe simple one-

step explanation which involved the loss of the same atoms a
s a single frau..ent.

The initial examination of the INTSUM data for compou
nds 1-5 revealed that

most of the mass spectral peaks had many possible explanatio
ns. The redundancy

persisted even when only the most simple explanations wer
e considered. The

question was often not one of "either/or" since it wa
s possible in some cases

to demonstrate that several processes were operative, gi
ving rise to a single

mass sp.ctral peak in certain of the compounds but not in 
others. This redundancy

could holp explain some of the uncertainty which has been re
ported regarding the

dont iii mass spectral fragmentations of the macrolide antibio
tics.

5-7
It is

highly unlikely that a mass spectrometrist would exhausti
vely examine a structure

for all of the possible explanations for each Mass spectral 
peak. Alternative,

plausible explanations would be overlooked.

Bet ause of the large number of possible explanations for
 most of the mass

spectral peaks, we restricted our attention to the important
 (>1% i40, n/e_ >)5)

mass spoctral peaks which could he clearly correlated with the str
uctures of

the compounds. The best explanations, when redundancies arise, are t
aken to be

those for which Ow most consistent evidence exists for 
the set of five compounds.

Tante I show:: that macrolides 17!) differ in three respect; througb the

...•vi . Mderi, t i , 2 dm! 3 cow .1i n .111 (•.,11.1.11•carbon /limbic! bond; 1, 2

at Iii 4 Lave a hydroxyl on carbon 10;. 3 and 5 coniain a 12 hy
droxyl and 3 contain!,

a carbonyl on carbon 3. Classified according to these differences, they form

the six overlapping groups listed in Table I. As will be shown, the INTSUM

data for these compounds are best understood in light of th
ese classifications.



Table t. Macrolides 1-5 Grouped by Common Characteristics._   ._...  .. ... . . ._

Coumlon Charael.

4, 5 common skeleton

8-9 double bond

10-hydroxyl

12-hydroxyl

8-9 single bond

3-carbonyl

Group Comppunds

1 1, 2, 3,

2 1, 2, 3

3 1, 2, 4

4 3, 5

5 4, 5

6 3

The important fragmentations of macrolides 1-5 are summarized in Table 
II.

I. process is repeonented by one or more pain; of numbers enclosed by poren-

theses. The numbers correspond to the numbers of the atoms which are separa
ted

when the bond between them is cleaved. The number listed fimt represents the

atom on the charge carrying fragment. For example, in process A the bonds be-

tween atoms 11 and 14, and 7 and 6 respectively are cleaved with charge 
retention

on the fragment containing atoms 11 and 7 as illustrated scheraticall
y in Figure

2.

Only a limited number of processes are observed to occur in all five of

One of them,

the 12 membered macrolides studied (group 1 in Table I).Aprocess A can be en-

involving
A Mc-Lafferty rearranumon1 to that (14.!:.crih(!d by Mitsche.r

and co workers .
6

+.
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1) I (. 1 I . I'vnetn:neti tar I:vi (knee .1:.xiyar. in the N. t...;

1 !sa
!ipeet 1.1 cit ttict4,1_ .

3 Evidence in 12-Membered Neutral

Process Ior
b 

Representation Macrolides L40L Transfers

41

A

C c

cc

-Ft

g

ii

1 2 3 4 5

(11 14) (7 6) 3.9 1.9 2.S 3.9 1.8

(I 14) (t) 6) 1.1 !,.9 1.3

7.7 2 . 0 .H ../

(10 11) (5 4) 3.9 1.9 .9 3.9 1.3

3.2 3.8 - .7 .2

(10 11) (1 14) 2.7 3.3 2.9 -

.8 1.2 .4 .1

(10 11) (3 2) .6 2.2 2 . 0 .1

(10 11) (7 6) 3.2c 2.6c 1.6 .1c .8

1.8c .8c - 2.9c 1.0

(10 11) (6 5) 1.9 5.9 4.9 - .4

1.6 2.3 .4 6.4 .2

(3 4) (7 6) 2.8
c

.4
c

(10 11) (4 3) 5.5
1.4

-; R
2

0, 1+3 ()II, H1 1 : II; 2
H ,'I

, R = (III,1 122 '

8,9 
OH, p2 - II, R3 = II, I:it (HI; 4 R 1 OH,

= H; 5 RI OH, R2 -: II, R3 - II, R4 - OH.

See Figure 1.

No o,'Icr plausible explanations.

-H

tH

-ti

tH-Mo
-Me

H I k3 OH,

R2
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The 8 q carbon ...whim double bond hi I, 2. and 3. ( roup 2 hi T. I) haf:

a very tArong etickA on their maf;!; :Tectra ,r; demonstrated y the procc -i. which

occur most strongly in these compounds. These processes all involve cleavage

allylic to the 10-11 bond. Process 11 is a good example, and a plausible

mechanism is illustrated below:

_D I
•

IItv'i ,t ti v,.? II Id.i)C1•!:::1`!: Ii i (III, II., III, Cli.111)%,' Ill 11,111

of the hydroxyl group which is on C-10 in 1, 2 and 4 and C 12 in 3 and 5.

Process C is accompanied by loss of water only in 1, 2 and H. The C-I OH is

implicated because the hydroxyl group on C-10 of these compounds is ah%ent in

3 ,uid 5. Proce:;!. H occurs in 3 and 5 without alternative c:Tlanations. ft cloe

not occur at all in 1., 2_and 4. This is intriguing becaUsa these two groups of

compounds differ in the position of the hydroxyl group which is on C-10 in

1., 2. and 4 and C•12 in 3 and Although C-10 is formally remote leom the honds

which break In the process, the fact that process 11 occurs with loss of hydrogon

eine. A 'urchin i::m wh ch I ran I i•e:. I he loydi h, I h,•

neutral fragment would explain these reults for 3 atR1 5 since there is no C 10

hydrogen in I, 2 and .4.. Such a mechanim is illustrated below. The inter-

II 1*(11.11C d Ilylic radical fonmed on C-I0 in 3 would make Ihis mechanHm

lavorahle ond could explain why the re:uilting ma:;!; vectrat peak is more

intense for 3 and 5.
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Tho only compound which has a carbonyl group at C-3 is 1. The difference

which this produces in its mass spectrum can be seen in several cases where

processes involving bonds adjacent to C-3 are involved. For example, process

involves a 2-3 bond cleavage and is strongest

for 1. There is evidence for the occurrence of process I in 1 if a loss of

methyl radical is permitted.
16

There are other processes that are eliminatrd

or which produce peaks of reduced intensity in the mass spectrum of 1. For

example, process B with loss of water does not occur for 1, presumably becaue

1. is the only compound larking a 3-hydroxyl y,roup.

In conclusion, thrre are a few processes which can be accounted for by

the ha.:ic nkelrton of 1:5. The mo!:t important, PA' ily identified .r .c. .1re

more cic,L;ely co;sociated with the functional groups present. The strongest

fragmentation directing functionalities are the 8-9 carbon-carbon double bond

of 1-3, promoting allylic cleavages, together with keto groups on C-7 of all

five coil pounds and C-3 of I. With so few compounds, however, a detailed

hierarchy of effects of various functional groups is difficult to establish.
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The correlations which can be made agree generally with the conclusions drawn

by Mitscher and co-workers about the McLafferty rearrangement involving the

lactone linkage
6 

and by Rinehart and Van Lear concerning cleavage a to ketones.
5

H. Metastable Defocusing Studies 

The above analysis of the INTSUM results provides no information on

mechanistic details. "Single Step" processes reflect only the bonds ultimately

broken to yield a fragment.
10

The question of concertedness vs. stepwise loss

of small fragments eventually yielding the observed fragment is important,

however, for a deeper underntanding of any procesr; which involvrs widely ::eparted

portions of a molecule. Does such a process occur with near simultaneous

cleavage of the indicated bonds, or does the ring open by cleavage of one bond

and the resulting ion degrade in a stepwise fashion to the observed fragments?

In order to help answer the above questions, the metastable defocusing

data
17 

were obtained for some of the important mass spectral ions of 1 and 4.

These data are presented in Table III and show that most of the daughter ions

examined had several parents other than the molecular ion at relatively long

times subsequent to ionization. Corresponding conventional metastable transitions

were also observed in the low resolution mass spectra of I and 4 supporting many

of these relationships.

The interrelationships of the daughter ,fla patnt ions indicated by the

met.c.table data support the hypothesis that many ot the important mass spectral

ions are the result of stepwise degradations, sometimes via. different pathways.

For exampletkImportant pathway to m/e 226 (C0H2203) indicated by the metastable_

defocw:ing data for Is is via the m/e 246 (r
1
iH
28
0
4
)M H

2
0 ion through two equiva-

Ilia heaw.he% .it, (h contain the !:ome IWO :041):: hl rcv._!r::c order. Thi!. would



Table III. Metastable Defocusing Data

.(4).

for 3-Dehydromethylno1ide (1) and

Dihydromethynolide

r..'ompound Upli1 CP loll. _ _ • _
I'dred1 141d(s) 1.0::S 01

3-dehydro-

methynolide (1) 268 (C
14

H
20
0
5
) 310 (Mt, C17H2605) C

3
H
6

252 (C
14
H
20
0
4
) 310 (C17

11
26
0
5
) C

3
H
6
0

234 
(C14"1e3)

252 (c]4117004) 1120

196 (C11
H
16
0
3
) 252 

(C14H20°4) C3"40

181 (C10
H
13
0
3
) 196 (C

11
11
16
0
3
) CH

3

154 (C9
H
14
0
2
) 196 (C11

11
16
0
3
) C

2
H
2
0

139 (C
8
H
11
0
2
) 268 (wa' 

C
14

H
20
0
5
) C

6
H
9
0
3

212 (w, C11
H
16
0
4
) C

3
H
5
0
2

196 (s, ('111116
0
3
) C H.0

2 5

168 (w, C10
H
16
0
2
) C

2
H
5

157 (m, C8
H
13
0
3
) 1120

154 (s, C9
H
14
0
2
) CH

3

112 (C.118 
0
2 
)

6 
268 (s, C " ° )14 20 5

Cell, 7 3

252 (w, (7141120°4)
r H

12
0

234 w , C
14

11
18
0
3
) C

H
11
10
0

154 (w, C9
H
14
0
2
) C

3
H
6

130 (w, C6
H
10
0
3
) 1120

98 (C
5

11
6
0 ) 252 (s, C14

H
20
04
) C

9
H
14
0
2

168 (m, C10
H
16
0
2
) C

5
H
10

140 (w, C6
H
12
0
2
) C

3
H
7

126 (w, C7
H
10
0
2
) C H

4

'41 1001, bd::v podk; hd..e podk; w 10 301, 1,u,v podk in 
motx;tohle

17
!;pc,AruM.
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(Tdble III continued)

Compound Dattuht Ier on_ -A--L
Parent Ion(s) Loss Of

dittydro-

methynolide (4) 268 (C
16

H
28
0
3
) 296 (M -H

2
0,

C
17

H
28
04)

CO

254 (C
14

H
7204)

312 (ws C17"28(15)
C
3
H
6
0

2S16 (s, CI7H2804) C
3
H
6

226 (C
13

H
22
0
3
) 296 (m, C17H2804) C

4
H
6
0

268 (s, C
16

11
28
0
3
) C

3
H
6

254 (w, C
14H2204)

CO

141 (C
8
H
13
0
2
) 254 (s, C14112204) C

6
14
9
0
2

240 (0
b

228 Mb

214 (s, CIII1 C
3
H
5
0
2

159 (s, C8111503) 112
0

156 (w' C9H102)
CH
3

128 (C
7
H
12
0
2
) 296 (w, C

17
H
28
0
4
) C

10
H
16
0
2

210 (s, C
13

II
22
0
2
) C

6
H
10

198 (m)
b

99 (C
6
H
11
0) 237 (w)

181 (w' C11H17
0
2)

C
5
H
6
0

1119 (w, C II ) )
IA 3

C
3

11
2
0
2

156 (w, C9111602) C
3
H
5
0

141 (m, H )
8 13 2

('71170

127 (s, C
7
H
11
0
2)

CO

Not present in hip)) resolution imuq!: spectrum.
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occur if the macrolide ring were open
ed with the cleavage of one bond followed

by degradation of the resulting chain
om both ends as illustrated in Figure

 3.

Thus, the metastable data demonstr te
 an extensive interrelationship of

the various mans spectral ions and th
. probable presence of branched degr

adation

pathway: . however, it is not po:;sible ro determ
ine the extent of rearrangements

from the data.

C. 14- ant 16-Membered Macrolides 

In order to test the generality of 
the conclusions drawn from the INTSUM

data for the 12-membered macrolides, 
the high resolution mass spectra

15 
I-

several macrolide aglycones with 14- and 16-membered la
ctones were studied. The

unit re!olution mass spectra of the 14-
membered macrolides kromycin (6) an

d the

aglycoue of anhydrooleandomycin (7)
18 

and the 16-membered macrolides 
platenolide

I (8) ard platenolide IT (9)
19 

arc shown in Figure 4. As was the case for the

12 metilbered maerolides, the proov
::nes group themselves naturally 

according to the

I unctional groups present in the mole
cules. The dominant pr 'u ' ..ses in the

 14-

membered macrolides 6 and 7 and the suppor
ting evidence are listed in Table

 IV.

Processes J and K are the only fragme
ntations which are evidencedby strong

mass spectral peaks in both compounds. They involve cleavage of the 8-9 bond

which is allylic to the 10-11 carbon-carbo
n double bond and n to the 9-ke

to groul

Process K also involves a possible McLaf
ferty rearrangement such as observed 

for

process A. J and K correspond respectively to pro
cesses G and A for the 12-

_ _

membered macrolides (1:5).

Prones .1" M, N dnd O s which iwodnce impwrdnt M.V; ?TvcIral 1vd1.7; in 6

dnd not in 7, dll inv.ly, .1 least one cleava
ge allylic to the 4-5 double bond

in 6. This demon::1 rdt I.:: I hy r( Ing 1.1 !cc( (,1 the f.': rice of carbon-earhon
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T.0 ,I(. IV.. yr.t.vmept.ttiun .ProceNGe:.; for 00411 Evidt.ncp 1:xi.A!1 ill flA!■:.

!;1)..c1va Kicco1iden. 6 mid 7.

7

H
11

Evidence in 14-Membered Neutral

Proces.;_ _ Ton
a

Representation
b Macrolides (%). ) Transfers

6

(4 8) (12 13) 1.1 3.8 _

K k...._ (4 8) (13 15) 1.0 4.5 -H

L 1 (7 8) (3 2) 1.3 -

Ii 4.5 - -H

M m (6 7) (1 15) 1.8

N n (5 7) (3 2) 8.2

0 o (9 9) (3 2) 2.5 - -

E (8 9) (4 3) .8 3.2 -H

- 4.5 -H-H
2
0

Q a (5 6) (1 15) 3.0 +H-211
2
0

.1 , .
.4•1. 1. 1 1,,,111). 11/

,
. 1001.1101.0 C. I it T.1111(.! 2.
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double bonds on the mass spe
ctral behav.3r of these comp

ounds. Processes P

and are procem:es which predomina
te in 7 but not in 6. Both involve

cleavage of bonds in 7 which 
correspond to less labile vi

nylic bonds in 6.

Process Q is accompanied by 
concomitant loss of two wa

ter molecules.

Platenolides I (8) and II (9)
 are so closely related t

hat it was not

J)0 ssible to distinguish among 
the possible explanations 

for many of the strong

peaks. In addition, there are many w
eak but few strong peaks in 

the high mass

regions of the spectra. The processes for which the 
strongest evidence exists

and which produce intense mass
 spectral peaks are listed

 in Table V. Processes

R and S are the only two for wh
ich strong evidence exists

 in both spectra and

each involves at least one clea
vage of an allylic bond. 

The most intense peak

in 8 and one of the most in
tense in 9 are probably due t

o process R which may

involve a McLafferty rearrangem
ent opening the lactone 

linkage. It corresponds

to process A in the 12-memb
ered macrolides and process

 K in the 14-membered

macrolides.

The data are too limited to d
raw any additional conclusi

ons as to the

causel of the differcAces bet
ween the spectra of 8 and 9

. The conclusions

which can be drawn from these s
pectra, however, are in l

ine with those already

discied for the 12- and 14-
membered macrolides. The substituents play the

dominint role in determining 
the bonds which will be cl

eaved. Allylic cleavage

seems to be particularly impor
tant when carbon-carbon doubl

e bonds are present.

D. U.:e of Fragmentation  Rules for Prediction and Rankin&

Although it was of interes
t to see it RUkrcrN and PM

EMOD could form

useful fragmentation rules fr
om the INTSUM ddtd for 

compounds 1-5, this approach
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Table V. Fragmentation Processes for which Evidence Exists i
n the Mass

Spectra of Macrolides 8 and 9.
a

Process Ion
b Representation

b
Evidence in 16-Membered Neutral

Macrolides  (1,E ) Transfers
—40—

8 9

(9 8)(15 17) 2.6 2.5

rr 7.6 4.7 -H

(3 4) (15 14) 1.() H

a
8 R =R = =O.

' 
9 R

1 
=OH
' 

R
2 
=H.

See Figure 4.

proved unsuccessful. ROGEGEN and RULEMOD are designed to generate rules which

show generality throughout a series of compou
nds.

12
 We have already concluded

that few processes are general to the serie
s. Thus, the number of useful rules

which could be generated was limited.

Thr•re are, however, rules dopPnding on 
specific funcAionolities, some of

whI ch were di!;cus..ed previoulAy. There are two po;;!;iblo .11 f!! which couid

be used to generate manually a more comprehen
sive set of Pule:; to prodict the

maw: spectral behavior of 1-9. The fir3t I to tht. L,wrelations which Are



mass spectra of 1-5.

described in the discussion of thej‘ This would result, however, in rules finely

tuned to the skeleton of the original five compounds. This is not desirable

since the original correlation indicates that the location of various function
al

groups is more important in determining the fragmentation processes of the
se

compounds than the basic skeleton. An approach which overcomes this difficulty

defines rules which are combinations of common single bond cleavages su
ch as

McLafferty rearrangements, cleavages a to carbonyl and hydroxyl groups, et
c.

There is some danger of tuning the results to the data, but it is reduce
d.

In fact, this approach makes it simple to formulate general rules which 
can be

extended lo other classes of compounds.

A set of pules of the type discirY;ed above was generated in the 
following

manner. !,ingle bond cleavages of various types (McLafferty rearrangements,

cleavage a to carbonyl and hydroxyl groups, etc.) corresponding in part to
 our

observations of the mass spectra of 1-9, were combined in all possi
ble ways to

generate candidate rules which would result in the fragmentation of a 
compound

into two separate pieces. These rules were tested against the data for macrolides

1-5. Each rule was applied to each individual structure. Each time a rule pre-
_ _

dieted a r ..pectral peak which was found in the actual spectrum of the compound,

iI received a .a.ore of 1; if it predicted a nonexistent peak, -1. Only rules

with at lf.e.t twice as much prv:itive evidence as negative evidence (i.e. ly/NP2

where I' eqlals the sum of the positive and N equals the sum of the negative

evidence, respectvely) for all five compounds were retained. This manner of

scoring was used rather than a simple summation because it permitted the retention

of good rules which were not necessarily applicable in every compound - i.e. a
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type of rule with low generality but relatively high discriminaiory power. The

intensity of a peak correctly predicted by a rule was not taken into consideration.

Th rult.:; were not allowed to have a range of hydrogen tran:;fer!., but were giveu

the specific transfers indicated by the mechanism involved. Foe example, a rule

involving a McLafferty rearrangement was considered to have a loss or a gain of

one hydrogen depending on the fragment retaining the charge. Possible loss of

water was also considered for each rule.

When the candidate rules were scored, 37 rules survived.
15

However, it was

not possible to determine among these "best" rules which types of single bond

cleavages were preferred since most of the rules involved the cleavage of two

types of bonds.

The rules generated as described above were used to predict mass :;pectra

for c,)mpounds 1-5 and the predicted spectra were ::cored ogain!J the actual :;lwectV.1

for each of the five compounds using the scoring function S = E m.I. where m is

the mass and I is the intensity for the mass spectral peak of a predicted and

observed ion (i). In each case, the correct structure received the highest score.

The successful identification of the compounds using the rules which had been

generated from their own spectra, of course, is only significant in that it

demonstrated that the rules do have discriminatory power. It remained to be

seen if the rules could successfully be used to identify a compound from among

a large number of possible structures other than those from which they were ob-

tdined. Therefore, the computer program CONCEN wa!: used to 1,,..licvate

related isomeric structures for macrolides 1-5. In order to limit the number of

structures generated, CONGEN was constrained to kerp the same carbon macrolactone
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Table VI. Ranking of 12-Membered Macrolide Structures.

Structure
Rank/Original

5 Structures
Rank/Total

Number of CONGEN Structures

1 1/5 2/60

2 1/5 1/105

3 1/5 2/105

1/5 5/105

5 1./5 5/105

skeleton for all structures; only the three remaining oxygens were allowed to

change position. Furthermore, these three oxygens were only allowed to exist as

alcohols, ketones and aldehydes. When the resulting structures were ranked using

the experimental mass spectra as described above, the correct structures were

ranked as shown in Table VI.

The structures ranked higher than the correct structures were closely related.I
5

For example, the structure ranked higher than 1 is shown in Figure 5.

The ranking mo::t ;ti iii 11)," the macrolidw; containing .ni ohlinic doable

bond (1-3). rhin iq in agreement with the INTSOM data which indicated that

carbon-carbon double bonds strongly influence the mass spectral behavior of these

compounds.

Since the rules used to score the 12-membered macrolide structures were not

dependent on the skeleton, they are in principle applicable to other classes of

macrolides. CONGFN was therefore used to generate isomeric structures for

macrolides 6-9. These structures were generated under similar constraints as

those trled for the 12-membered macrolides (1-5). Only the oxygen functionalities

not involved n the lactone linkage were allowed to change p(r.ition on the
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macrolide skeletons. In addition, it was necessary to further restrict the

it isomers generated by CONGEN for kromycin (b) by torciug the exoryelic

epoxide to remain on carbon 8, and for the 16-membered macrolides (8 and 9) by

forbidding the generation of structures containing aldehyde or primary alcohol

groups. The predicted mass spectra were used to, rank these structures in the

same manner described for the 12-membered macrolide structures. The results of

these rankings are listed in Table VII.

Table VII. Ranking of 14 and 16-Membered Macrolide Structures.

r.tructure

Rank/Total
Number of CONGEN Structures. _

6 5/70

7 8/140

8 3/196

9 11/84

Only platenolide II (9) is not ranked among the top 10% of the candidate

structures. Again, the structures ranked highest are closely related.
15

For

example, the structures ranked higher than 6 are illustrated in Figure 6.

VI VII
The results of the structure rankings in TablesA and A shod that it is

possible to use empirical evidence to generate useful masts spectral fragmentation

rules. The correct structure may not be ranked first in all cases, but as the

data in Tables VI and VII indicate, they can focus on a set of most plausible

sC ructures which contains the correct one. The Nurec!;,; of this approach can

probably be improved in at least three ways. Greater flexibility in the possible

hydrogen transfer and neutral loss constraiuts in the rule definition.; c.,uld
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account lor mass spectral peaks such as those resulti
ng from the loss of water

from ions predicted by a rule. This occurrence was common in the mass spectra

of compounds 1 9. The :.curing function used for the above ranki
ngs in a very

simple one which does not consider negative evidence 
(predicted peaks which dre

not observed) and can probably be improved. Another source of improvement could

result from the inclusion of intensity information
 in a rule. Often, the applica-

tion of a rule to an incorrect structure generates a pre
dicted ion with the same

composition as an actual peak in the spectrum while t
he spectrum of the correct

structure does not display the ion. Such an ion causes an incorrect structure

for which the rule applies to receive a higher rankin
g relative to the correct

structure. These ions are often of different intensities than
 those which lead to

the formulation of the rule in the first place, and 
intensity information can be

w.ed to filter them out.

111. CfltiChMION

The Meta-DLNDRAL subprogram 1NT5;UM was u!.ed to 
assist in determining the

important mass spectral fragmentations of several cla
sses of macrolide antibiotic

aglycones. The nature of these fragmentations proved to be hi
ghly dependent on

the types of functional groups present in the 
molecules, especially carbon-carbon

double bonds. Metastable defocusing data for two of the compound
s studied indicaIed

that many of the fragmentation processes were mult
i-step rather than concerted.

Because the behavior of these compounds was so highly
 dependent on the sub-

I III • pr•••....it I , I II, t.•• wf•I'1. I Ow l'.1191WII 1.11 11.111 III . ...II"; I I u. wIii.1i iv

coollil It Hind I tivfmghotit .1 i l l iv:: III oompotiti(1.. It w.v; himevvr, to

manually generate a series of useful rules based on c
ombinations of simple,

commonly iccepted one-bond cleavages. Spectral predictions based on these rules
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proved useful in ranking structural candidates based on the mass spectrum alone
.

This approach may eventually prove useful in the automation of atructure elucida-

tions of compound:; from their mass spectra.

IV. EXPERIMENTAL

The high resolution mass spectra were measured by A. Wegmann using a

Varian-MAT 711 mass spectrometer at 73 ev with the direct insertion probe. 
Low

resolution mass spectra and metastable defocusing measurements were recorde
d by

Mr. R. G. Ross on an AEI MS-9 mass spectrometer. Samples of compounds 1-5 were

available from previous investigations in this laboratory.
13,14

Samples of 6

and 7 were generously furnished by Professor Haruo Ogura
18 

and samples of 8 and

9 by Dr. Makoto Suzuki.19 The computer programs are written in Interlisp and

ran on I I.e DLC 10 1,ummrx AIM computrr facility al !;tanford Univ.rsity.

REFERENCES

I. Applicafir,ns of Artificial Intelliw.nrp for Clwmical Infercnce part XXVI.

ror part XXV ::re T. M. Mitchell and C. M. f;chwcnzer, Mar.nrtic

Resonance, submitted for publication.

2. We wish to thank the National Institutes of Health, Grant No.

2 R24 RR00612.

3. R. Morin and M. Gorman, "Encyclopedia of Chemical Technology"
, A. Standen Ed.,

John Wiley & Sons, Inc., New York, 1967, Vol. 12, p. 637.

4 K. L. Rinehart, Jr. and G. E. Van Lear, "Biochemical Application
s of Mass

Spectrometer", G. R. Waller Ed., John Wiley & Sons, Inc., New Yo
rk, 1972,

p. 449.

5. K. L. Rinehart, Jr. and G. E. Van Lear, Abstr. papers,_ 15th Ann..
.Conf.. Mass

!;pectrom._Allied Topics, ASTM E-14, Denver;, ei,10., May 16-19, 196
7, Paper 120.

6. a. R. L. Polz, L. A. Mitscher and M. 1. Levenberg, Abstrz_ papers,
 17th _Ann.

Conf. Mass_Spectrom... Allied Topics, ASTM U-14, Dallas, Tex., M
ay 18-23, 19119,

Paper 119; b. 1. Mae:%Iwa, A. Kinumki and M. !;n.,.uki, 
P4

(1974).



- 23-

7. a. H. Achenbach and W. Karl, Chem. Ber., 108, 772 (1975); b. A. Kinum
aki,

I. Takamori, Y. Sugawara and H. Suzuki, J. Antibiotics, 27, 107 
(1974);

C. A. Kinumaki, I. Takamori, Y. Sugawara, Y. Seki, M. Suzuki 
rind T. Okuda,

J. Antibiotics, 27, 117 (1970)._

R. L. A. Mitscher, R. L. Folz and M. I. Levenherg, Org._ Mass Spectro
m., 5,

1229 (1171).

9. L. A. Mitrcher and H. D. H. Showalter, J.C.S._Chem.._Comm., 796, (1972)-

10. D. H. Smith, B. G. Buchanan, W. C. White, E. A. reigenbaum, J. 
Lederberg

and C. Djerassi, Tetrahedron, 29, 3117 (1973).

11. a. S. Hammerum and C. Djerassi, Tetrahedron, 31, 2391 (1975); 
b. L. L.

Dunham, C. A. Henrick, D. H. Smith and C. Djerassi, oil, Mass Spectrom.,
11, 1120 (1976).

12. B. G. Buchanan, D. H. Smith, W. C. White, R. J. Gritter, E. A. F
eigenbaum,

J. Lederberg and C. Djerassi, J. Amer. Chem. Soc., 98, 6168 (19
76).

13. C. Djerassi and J. A. Zderic, J. Amer. Chem. Soc., 78, 6390 (1956).

14. C. Dj(rassi and 0. Halpern, Tetrahedron, 3, 255 (195S).

15. K. A. Morrill, Ph.D. Di!.scrtation, Stanford Univerf:ity, May 1977.

16. Ikvy: of methyl wir; not cont;idered in the original 1NTSUM a
nalysis, hut it

was considrred in a later analysis and provided additional 
plausible explana-

tion in only a few instances.

17. a. M. Barber and R. M. Elliott, ASTM Committee E-14, 12th Annual 
Conference on

Mass Spectrometry and Allied Topics, Montreal, June 1964;
 b. K. R. Jenniniy-,,

J. Chem. Phys., 43, 4176 (1965).

18. a. H. Ogura, K.

1930 (L975); b.

communication.

19. T. Furamai, Y.

25, 708 (1973).

20. R. E. rarhart,

97, 57'6 (1975

ruruhata, H. Kuwano and N. Harada, J. Amer. Chem. Soc., 
97,

Aglycone of Anhydro-oleandomycin, Haruo Ogura, private

See also ref. 1.

Seki, K. Takqda, A. Kinumaki and M. Suzuki, J. Antibiotics,

D. H. Smith, H. Brown and C. Djerassi, J. Amer. Chem. Soc.,

).



- 214

LEGENDS TO FIGURES

Figure 1. Unit resolution mass spectra of 12-membered macrolides 1-5.

Figure 2. Schematic representation of the mass spectral process A. The

arrow indicates the charge carrying fragment.

Figure 3. Possible mechanisms for the observed metastahle pathways

leading to the m/e 226 ion in the mass spectrum of dihydro-

methynolide (4).

Figure 4. Unit resolution mass spectra of 14- and 16 hicildwred macrolide::

6-7.

Figure 5. Structure ranked higher than 3 dehydromethynolide

Figure 6. Structures ranked higher than kromycin (6).
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