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Abstract. The high resolution 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 ohtained for several prominent ions in the spectpa of two of
these qpmpounds 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 1l4- 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. & 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

A - ; H=-9
above 20% of the base peak contain nitrogen when one 1s present. The fact

that many macrolide antibiotics contain more than one sugar further obscures
the structural information provided by mass spectrometry. The use of chemical
T . A 8 . . . 9 ii s s

ionization techniques and of N-oxide derivatives  of the antibiotics has been

helpful, but even with these techniques, mass spectrometry has mostly proven




useful in the determination of molecular weights, the masses of the aglycone

and sugar moieties, and in assigning functional groups to the sugar or to the

aglycone regions of a molecule.
The portion of these antibiotics which is of primary structural interest

is the macrocyclic aglycone moiety. However, the conclusions which have been

reached about the behavior of the macrolide aglycone in the mass spectrometer

are not definitive, partly because of the difficultics outlinced above. Mitscher

and co-workers concluded from the high resolution mass spectra of a series of

compounds related to erythronolide B that structurally important processes for

these compounds are initiated by ring opening via a McLafferty rearrangement
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involving the lactone linkage: ’
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Rinchart and Van Lear observed fragments in the mass spectrun of chalcomycin

which were apparently the result of a preferred cleavage a to the keto  group:
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Achenbach and Karl, however, were not successful in using such relations to
locate the positions of various functional groups (epoxy, keto, hydroxyl, etc.)
: 7a
in several aglycones and concluded that they are not general.

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

i i 10-12
determining fragmentation rules for known compounds has been demonstrated.
i R . - 8 g : i
This program, in particular the INTSUM phase, was applied to the high resolution
mass sprcetra of the macrolide antibiotics. We sought to reduce the effort and
time required to correlate the extensive mass spectral data with the many plausible
ways of fragmenting the molccules.
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Fragmentation rules, whether generated automat ically or manuilly, can be
tested for their explanatory power (their ability to predict correct mass spectral

in terms of e

peaks) and, more importantly, for analytical pUPpOﬁOS,ﬁ$hPLP discriminatory

power (their ability to differentiate between possible candidate structures based

on the vass spectrum of a compound).  This 14 done by comparing an actual mass




spectrum and the spectra predicted by the application of the rules to possible
structures.
I1. RESULTS AND DISCUSSION

A. 12-Membered Macrolides

The unit resolution mass spectra of compounds 1 (3-dechydromethynolide),
2 (methynolide), 3 (neomethynolide), 4 (dihydromethynolide) and 5 (dihydro-

5 13,14 a & s .
neomethynolide) o} arce shown in Figure 1. The high resolution mass spectpral

(Iul.n!l‘ for these compound: were subjected to analysis using INTSUM a4 compater
program which generates, within constraints definea by the user, an exhaustive
list of all of the mass spectral fragmentations which weculd give rise to t.e
observed mass spectral peaks.lo 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 step, whether more than one (non-hydrogen) hond to the same
atom is allowed to undergo fission, and whether double, triple or aromatic bonds
are allowed to break. Tt is also possible to specify the number of hydrogen
transfers to and from a fragment as well as neutral looses such as water or

.

carbon monoxide.

For simplicity, only one-step processes allowing a maximum of two bond
cleavapes were considered. Thus, more complex processes including for example,
frapmentations involving loss of side chains in combination with ring cleavage
were not considered. Hydrogen transfers of 2, 1, 0, -1 and -2 were considered.
Because all of the compounds had several oxygen functionalities including at
least one hydroxyl group, loss of up to two waler molecules wa:s permitted.
lLoss of carbon monoxide was not considered bLecause it was noted during initial

studies (including such losses) and in every instance where a process involving
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of carbon monoxide was proposed by INTSUM, there was an alternative simple one-
step explanation which involved the loss of the same atoms as a single fragment.

The initial examination of the INTSUM data for compounds 1-5 revealed that
most of the mass spectral peaks had many possible explanations. The redundancy
persistrd even when only the most simple explanations were considered. The
question was often not one of "either/or" since it was possible in some cases
to demonstpate that several processes were operative, giving rise to a single
mass sprctral peak in certain of the compounds but not in others. This redundancy
could help explain some of the uncertainty which has been reported regarding the
dominant mass spectral fragmentations of the macrolide antibiotics.” It is
highly nunlikely that a mass spectrometrist would exhaustively examine a structure
for all of the possible explanations for each mass spectral peak. Alternative,
plausible explanations would be overlooked.

Because of the large number of possible explanations for most of the mass
spectra) peaks, we restricted our attention to the important (>1% Zqo, m/e >95)
mass spectral peaks which could be clearly correlated with the structures of
the compounds. The best explanations, when redundancies arise, are taken to be
those for which the most consistent evidence exists for the set of five compounds.

Table | shows that macrolides 1-5 dif fer in three respects through the
sipion, Macrotides 1, 2 and 3 contaln an 8.9 carbon-carhon double bond; 1, 2
and B have a hydroxyl on carbon 103 3 and 5 contain a 12 hydroxyl and 3 contains
a carbonyl on carbon 3. Classified according to these differences, they form
the six overlapping groups listed in Table 1. As will be shown, the INTSUM

data for these compounds are best undepstood in light of these classifications.




Table [. Mm:vg_l_illf-s 1-5 Grouped by Common Ph-’nugg‘t_cpis:t i(?_.'i‘.

Croup Compounds Common Charuct.
b § 5 )2 common skeleton
2 1, 2, 3 8-9 double bond
3 s S 10-hydroxyl
y 3,5 12-hydroxyl
5 4, S 8-9 singie bond
6 ' 3 3-carbonyl

The important fragmentations of macrolides 1-5 are summarized in Table II.
Fach process is peprescuated by one or morce pairs of numbers cnclosed by parven-
theses. The numbers correspond to the numbers of the atoms which are separated
when the bond between them is cleaved. The number listed first 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 scheratically in Figure

2.

Only a limited number of processes arc 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
visioned as A McLafferty rearranpgement similar to that deseril.led by Mitscher

6
and co -workers.
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Spectea of Macrol idv_::.

Process Iop” Representation __Macrolides (3Z,,)
2 7 3 3 3
A a (11 14) (7 6) £9 1% 25 30 )0
B b (1) (5 6) .k 5.9 "1 20 1)
o £y g 8 =
e e o) i) 59 1.8 8 33 1S
cc 88 50 - " BT
D d (10 11) (1 1u) 2.7 38 2.9 - -
o s
b e (10 11) (3 2) 5.8 28 2.0 2
F g Genre S v &R W
ff B - Y )
G g (el)OrY 0 5.8 N9 - "
gg 30 2 5 A 2
H A OO - ‘. 2 - E
[ i (10 11) (4 3) 5.8 - - - -
ii 36 - o_oloe 4
a 8,9 ; e 2 ;
1 o B, Rt SO, R 0N, W D , Ry = O,
C 8,9 5 : : :
R, g 3 K5 O, Ry = Ny Ry o H, R, = Ol 4 R,
Ry= O, R, = H; 5 R, = OH, Ry = H, Ry = i, R, = OH.
b

See Figure 1.
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The 8 9 carbon carbon double bhond in 1, 2 and 3 (proup 2 in Table 1) has
4 very strong ef fect on their mass spectra as demonst eated by the proceshes which
occur most strongly in these compounds. These processes all involve cleavage
allylic to the 10-11 bond. Process D is a good example, and a plausible

\
\

mechanism is illustrated below:

I
Y A
QO,’" ot :

There are coveral processes which seom Lo be due o the change o position

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 4. The C-10 OH is
implicated because the hydroxyl group on C-10 of these compounds is absent in

3 and 5. TProcess Hooccurs in 3 and 5 withont alternative erplanations. [t does
not occur at all in 1, 2 and 4. This is intriguing becallse 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 5. Although C-10 is formilly vemote from the bonds
which break In the process, the fact that process H occurs with loss of hydropen
provides a clues A mechanism which teansters the hydeopen brom € 10 1o the
neutral fragment would explain these results for 3 and 5 since there is no C-10

hydrogen in 1, 2 and 4. Such a mechanism is illustrated below. The inter-

mediate allylie radical formed on C-10 in 3 would make this mechanicm cspecially

favorable and conld explain why the resulting wass specteal peak is more

intense for g.and S.




The 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
E 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 pe"mitted.l6 There are other processes that are eliminated

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 because
1 is the only compound lacking a 3-hydroxyl group.

In conclusion, there are a few processes which can be accounted for by
the hasic skeleton of 1-5. The most important, casily identificd processes are
more closely associated 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 conpounds and C-3 of 1. With so few compounds, however, a detailed

hierarchy of effects of various functional groups is difficult to establish.




The correlations which can be made agree generally with the conclusions drawn
by Mitscher and co-workers about the McLatfcerty rearrangement involving the

lactone linkage6 and by Rinehart and Van Lear concerning cleavage a to ketones.

B. 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 v:i. stepwise loss
of small fragments eventually yielding the observed fragment is important,
however, for a deeper understanding of any process which involves widely separated
portions of a moiuculc. 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 resuiting ion degrade in a stepwise fashion to the observed fragments?

In order to help answer the above questions, the metastable defocusing
ddtdl7 were obtained for some of the important mass spectral ions of 1 and M.
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 rclatively long
times subsequent to ionization. Corresponding conventional metastable trans}tions
were also observed in the low resolution mass spectra of 1 and 4 supporting many
of these relationships.

The interrelationships of the daughter and parent ions indicated by the
mctastable data support the hypothesis that many of the important mass spectral
ions are the result of stepwise degradations, sometimes vid. different pathways.
For exampleiﬁ?mportant pathway to m/e 226 (C13H2203) indicated by the metastabie
defocusing data for 4 is via the m/e 296 €. .H. .0 )Mf-H?U ion through two equiva-

17 28 4

Tent hranches which contain the same two steps in peverse ovder.  Thin would




Table 111. Metastable Defocusing Data for 3—DeDydromgghllngiigg_ﬁ})mgng

Dihydromethynolide (4).

Cempound Dauphter lon Farent lon(s) toon 0
3-dehydro- n
methynolide (1) 268 ‘cluuzoos) 310 (M, cl7H2605) C He
252 (Clu"2o°u) 310 (C),H,c0g) C,HeO0
234 (cluu1803) 252 (C),H,,0,) H,0
196 (C) H,.04) 252 (C ,Hy00,) C M0
181 (010H1303) 196 (c1]H1603) CH,
1Su (CgH,,0)) 196 (C11H1603) C,H,0
139 (CgH,,0,) 268 (u”, Cy,Hy00g) CHg0s
212 (w, C11"16°u) C,He0,
196 (s, C11"1603) C,H0
168 (w, C10“16°2) C Mg
157 (m, CGH,40,) H,0
154 (s, CgH,,0,) ci,,
112 (CHg0,) 2b8 (s, cluu?oob) Cglly 204
262 (w, cl“uyoou) Call) 05
234 (w, Cluuleos) Cylty 0
154 (w, C4H,;,0,) CHe
130 (w, CcH,04) H,0
; 98 (CHL0,) 252 (s, Cluﬂzoou) CqH, 09
168 (m, CloHlSOQ) CHf
140 (w, C8H120?) C M,
126 (w, C,H,,0,) CH,

a - .
. %0 100% bate peak; m 30-50% base peak; w 10 30% bhase peak in metastable

spectram,




(Table 11] continucd)

Compound

dihydro-
methynolide (4)

" Mot present in hipgh vesolution mass speclrum.

‘9.

Daughter Ion

268 (chHQBOS)

254 (¢, H.,0,)

1472274

226 (C13H2203)

141 (C8H1302)

128 (C7H120?)

99 (CBHllO)

Parent Ion(s)

296

312

296

296

268

254

254

240

228

214

159

156

296

210

198

237

181

169

1l

127

(H'-HQO,

Cy9H2g0)

(w, C)H,g05)
0“)

)

(s, C)oH g

(m, C),H, g0,

(s, Cyghlyg03)

(w, € H,.0,)

(s, cl“u?2ou)
b

(w)

(w)®

(s, €3 g0%)

(s, Cgi,.0,)

(w, C9H1602)

(W, CyqH,g0,)

(s, C)4H,50,)
b

(m)

(w)b

(W, CyyH,50,)

e H D
(w, 913 J)

L
(w, CgHy0,)
)

i )
(m, (BHIR(Q

(s, 07"1102)

C H.O

C10H1602

CBHIO
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oscur if the macrolide ring were opened with the cleavage of one bond followed
by degradation of the resulting chain from both ends as illustrated in Figure 3.

Thus, the metastable data demonstj&te an extensive interrelationship of
the various mass spectral ions and the probable presence of branched degradation
pathway:.  Nowever, it is not possible to determine the extent ol pearrangemnent s
from the data.

C. 1l4- and 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 . of
several macrolide aglycones with 1lh- and 16-membered lactones were studied. The
unit recolution mass spectra of the 14-membered macrolides kromycin (6) and the
aglycone of anhydrooleandomycin (_7_)18 and the 16-membered macrolides platenolide
I (8) and platenolide IT (9_)]'9 are shown in Figure 4. As was the case for the

12 membered macrol ides, Lthe procesnes group themse lves naturally according to the

funclional groups present in the molecules. The dominant processen in the Yh-
membered macrolides 6 and 7 and the supporting evidence are listed in Table 1V.
Processes J and K are the only fragmentations 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-carbon double bond and a to the 9-keto grouj
Process K also involves a possible McLafferty rearrangement such as observed for

process A. J and 5_correspond respectively to processes G and A for the 12-

membered macrolides (1-5).
Processes L, My N and 0, which produce important mass spectral peaks in 6
and not in 7, all involve at least one cleavage allylic to the -5 double bhond

in 6. This demonstrates the strong, ctfect of the prescnce of carbon-carbon
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Table 1V, FPragmentation Processes for which Bvidence Exists in the Mass

Spectra of Maccolides 6 and 7.

OH
OH
1413 O_?_
¢ o Evidence in l4-Membered Neutral
Process ‘' Ton Representation Macrolides (%I,,) Transfers
6 .
J ! 98) (12 13) i 3.8
K k {9 8) (13 15) 1:0 h.5 ~-H
L 1 (7 8) (3 2) 1.3 - -
11 4.5 - -H
M m (6 7) (1 15) 1.8 - -
N n (6 7) (3 2) 8.2
0 ° (8 9) (3 2) 2.5 - -
P p (8 9) (4 3) .8 3.2 -H
- 4.5 —H-HQO
Q q (5 6) (1 15) - 3.8 +H-2H,0
0

oo Pipure W,

See footnote ¢ in Table 2.




double bonds on the mass spectral behav’ >r of these compounds. Processes ¥
and O are procestes which predominate in 7 but not in 6. Both involve
cleavage of bonds in 7 which correspond to less labile vinylic bonds in 6.
Process Q is accompanied by concomitant loss of two water molecules.

Platenolides I (8) and II (9) are so closely related that it was not
possible to distinguish among the possible explanations for many of the strong
peaks. In addition, there are many weak but few strong peaks in the high mass
regions ol 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 which strong evidence exists in both spectra and
each involves at least one cleavage of an allylic bond. The most intense peak
in 8 and one of the most intense in 9 are probably due to process R which may
involve a MclLafferty rearrangement opening the lactone linkage. It corresponds
to process A in the 12-membered macrolides and process K in the 14-membered
macrolides.

The data are too limited to draw any additional conclusions as to the
causcs of the differcices between the spectra of 8 and 9. The conclusions
which can be drawn from these spectra, however, are in line with those already
discu:sed for the 12- and 1h-membered macrolides. The substituents play the
dominint role in determining the bonds which will be cleaved. Allylic cleavage

seems to be particularly important when carbon-carbon double bonds are present.

D. Use of Fpggmentation Rulesﬁfgg_predicg}on apg_giqkigg

Although it was of interest lo see if RULECEN and RULEMOD could form

useful fragmentation rules from the INTSUM data for compounds 1-5, this approdach
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Table V. Fragmentation Processes for which Evidence Exists in the Mass

Spectra of Macrolides 8 and 9.°

Evidence in l16-Membered Neutral

Process Ton Rggfesegtation Macrolides (%iqol Transfers
8 9
R r (9 8) (15 17) 2.6 2.5 -
re 7.6 4.7 -H
S s (3 4) (15 1%) 1.9 ; -H?u

8 R =R,= =0; 9 R =OH, R)=H.

See Figure U4.

proved unsuccessful. RULEGEN and RULEMOD are designed to generate rules which
; * 12

show generality throughout a series of compounds. We have already concluded
that few processes are general to the series. Thus, the number of useful rules
which could be generated was limited.

There are, however, rules depending on specific functionalities, some of
which were discussed proviowily.  There are two po ible approaches which could
be used to generate maunudlly a wore comprehensive set of rules to predict the

mass spectral behavior of 1-8. The first is to use the correlations which are




mass spectra of 1-5.
described in the discussion of thg/\ 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 functional
groups is more important in determining the fragmentation processes of these
compounds than the basic skeleton. An approach which overcomes this difficulty
defines rules which are combinations of common single bond cleavages such as
McLafferty rearrangements, cleavages a to carbonyl and hydroxyl groups, etc.
There is still some danger of tuning the results to the data, but it is reduced.
In fact, this approach makes it simple to formulate general rules which can be
extended to other classes of compounds.

A set of rules of the type discussed above was generated in the following,
manner. Single 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 possible 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
-5. Each rule was applied to each individual structure. Fach time a rule pre-

dicted a nass spectral peak which was found in the actual spectrum of the compound,

it received a score of 1; if it predicted a nonexistent peak, -1. Only rules
Wwith at 1eist twice as much positive evidence as negative cvidence (i.c. IV/N|>?
where P oeqgaals 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 pood rules which were not necessarily applicable in cvery compound - i.e. a




type of rule with low pgenerality but relatively high discriminatory power. The
intensity of a peak correctly predicted by a rule was not taken into consideration.
The rules were not allowed to have a range of hydrogen transfer:, but were given
the specitic transfers indicated by the mechanism involved. lor 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 sur‘vived.l5 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 spectra
for compounds 1-5 and the predicted spectra were scored against the actudal spectira
for cach of the five compounds using the scoring function S = § miIi 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 rcmained 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-
tained.  Therefore, the computer program FONCHN?O was used to penerate closely
related isomeric structures for macrolides 1-5. 1In order to limit the number of

structures generated, CONGEN was constrained to keep the same carbon macrolactone




Table VI. Fanking of 12-Membered Macrolide Structures. “

Rank/Original Rank/Total
Structure 5 Structures Number of CONGEN Structures

1/5 2/60

1/5 1/105
1/5 2/105
1/5 5/105

L/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.

15

The structures ranked higher than the correct structures were closely related.
For example, the structure ranked higher than 1 1is shown in Figure 5.
The vanking i most suceesstul for the macrolides containing an olelinic double
bond (1-3). This is in agreement with the INTSUM 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 used forr the 12-membered macrolides (1-5). Only the oxygen functionalities

not involved ‘n the lactone linkage were allowed to change position on the




macrolide skeletons. In addition, it was necessary to further restrict the
muber of isomers generated by CONCEN for kromycin (6) by forcing the exocyclic
cpoxide 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.

Rank/Total
Structure Number of CONGEN Structures
6 5/70
8/1140
8 3/196
9 11/8u4

Only platenolide II (9) is not ranked among the top 10% of the candidate
structures. Again, the structures ranked highest are closely r‘elated.15 For
example, the structures ranked higher than 6 are illustrated in Figure 6.

The results of the structure rankings in Tables 4 an&Yr show that it is
possible to use empirical evidence to generate useful mass spectreal 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
structurcs which contains the correct one. " The success of this approach can

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

hydrogen transfer and neutral loss constraints in the rule detinition: could




account for mass spectral peaks such as those resulting from the loss of water
from ions predicted by a rule. This occurrence was common in the mass spectra

of compounds 1-9. The scoring function used for the above rankings is a very

simple one which does not consider negative cvidence (predicted peaks which are

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 pule to an incorrect structure generates a predicted ion with the same
composition as an actual peak in the spectrum while the 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 ranking 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
used to filter them out.
11[. CONCLUSTON

The Mcta-DENDRAL subprogram INTSUM was used Lo assist in determining the
important mass spectral fragmentations of several classes of macrolide antibiotic
aglycones. The nature of these fragmentations proved to be highly dependent on
the types of functional groups present in the molecules, especially carbon-carbon
double bonds. Mctastable defocusing data for two of the compounds studied indicated
that many of the fragmentation processes were multi-step rather than concerted.

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

astituwnts present o there were Tew fragamental ion processes for which cvidence

conld be tound throughout a scrics of compound:. It wan postsible, however, to

manual ly penerate a series of useful rules based on combinations of simple,

commonly accepted 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 uscful in the automation of structure elucida-
tions of compounds from their mass spectra.
IV. LEXPERIMINTAL
The high resolution mass spectra were measured by Mi. Al Wegmann using a
Varian-MAT 711 mass spectrometer at 70 ev with the direct insertion probe. Low
resoiution mass spectra and metastable defocusing measurements were recorded 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.la’lu Samples of 6
and 7 were generously furnished by Professor Haruo Ogurdle and samples of 8 and
9 by Dr. Makoto Suzuki.lg The computer programs are written in Interlisp and
ran on the DEC 10 SUMMEX ATM computer facility at Stanford Univ ‘rsity.
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Unit resolution mass spectra of 12-membered macrolides 1-5.

Schematic representation of the mass spectral process A. The
arrow indicates the charge carrying fragment.

Possible mechanisms for the obscrved metastable pathways
leading to the m/e 226 ion in the mass spectrum of Jdihydro-

methynolide (4).

Unit resolution mass spectra of 18- and 16 membered macrol ides
6-7.

Structure ranked higher than 3-dchydromethynolide (1).

Structures ranked higher than kromycin (6).
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