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The morphine alkaleids underge complex rearrangements. It was a
ressonable & prieri assumption that their behaviour under electron impact
would be no less interesting.

The pentacyclic morphine systea is of such complexity that several
bonds must be cl,nnd before fragmentation is possible. All of the penta-
eyclic compounds studied indeed exhibited the molecular peak in highest
sbundance. The related tetrasyclic derivatives ia which the ether ring
is npunt, undergo fragmentation mere readily.

It appears that on ionisation, one electron is removed from the
pitrogen atom. Subseguent one slectron shifts can lead 40 intermediates
capable of fragmentation. Such a pattern is clearly evidents ia one of
the simplest spectra in this series, that e¢f demexycodeine A, 1.

The mest abundant ion in the mass spectrum of 1 is aé n/e 178
(Scheme 1). This peak is shifted to m/e 179 in the O-deuterated compound,
bence ring A is retained in this fragment. Changes in ring C 40 not affect

the m/e of this peak slthough they affect 1ts relative intensity. These
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data are summarized in Table 1. Unsaturation in riag C increases the -

fon s, m/e 146

ton b, m/e 178
probability ©of formation of ion b through the driving force of aroma-
tization. It should be noted that no significant m/e 178 peak (or its

analogue) was found in any of the mass spectra of the pentacyclic

conpounds investigated,

TABLE I
Conpound I[’. iy pe Relative abundsnce wm/e type Relative abundance
b ion ion b & ion type a ion

Desoxycodeine A,1 178 100 146 55
Thebainone, 2 178 61 162 100
Sinonmenine, 3 178 26 192 35
Dikydrothebainone, 4 148 15 164 100
Tetrakydropseudo- 178 5 166 100

codeine, § K
Tetrabydrodesoxy-

codeine, 6 178 3 150 100
-Methoxy—N-methyl- 162 _ 150 a8

morphiman, 21

The etber important peak in the maas spectrum of 1 is at m/e 146,
+*

Thia does pot shift wpen O-deuteratiom, hence this fragment does not contain

ring A. However, the m/e values depend upon substituents in ring C (Table 1).
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In centrast te fen b, type & tens are alsc found in the spectra of the
pentacyclic compeunds albeit in much lewer abundance. This is due to the
additienal bond which must be cleaved in the latter before ions of type a
msy be formed (ses Scheme 2). Type & ions do not form unless thers are
bydrogen stoms at C-14 and C-6. Thus, for example, there is no fon &
pesk in the spectra of li-hydroxycodeinons 20, and thebaine 22, and only
weak pesks appear in the region Of ¥ype a ions resulting from methyl-

didydremorphinone 15, dikydromorphimone 16, dihydrocodeinone 17, codeinone

+ +
\l

Iy —

"

A9, and l4-hydrexydihydrecodeinone 21.

Substituted
type & ion
+ *> + +
NMe N
\
MeO 28
HO R. ‘. LY
ien a-1, A, R' =K ion a-2, R'= K ien a-d, Rr=1H
n/e 162 A R =D n/e 162 n/e 146
2 ien a-3, R'=D ien a=5, R'= D
n/e 163 n/e 149

SCHEME 2
2able 2 summarises the dsta oObtained for type & iens and demonstrates
$hat osmpeunds ia whioh ring C is saturstied also undergecfragmentssions
similer 46 What described in Schems 2.
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1 R,,0H; R R R,H; A5’7;

2 R ,0H; RR;,=0; RyR,H; A7;

3 By,0H; RR,=0; Ry ,0Me; R, H; a7
% R ,08; RoRyy=0; RyRg,H;

4 ByRg,0H; RR.R,,H;

6 R, ,0H; R RyByRo,H

2] R RRRKH;

?
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R;R BB H; R,,0H; A7:

Rl,m; RZ,OH; 3331;35-53 A7;
6
Rl,m; R3R4R5’n; 473

R ,Ms; R,,0H; RSRI‘RE,H;
2 and R3
Rl,m; RZRBRHRS’H;

as in 10; R interchanged;

Ry Me; RRRy,Hj Ry ,0H;
RyRyR5,H; RyRy,=0;
R Me; RyR,,=0; RR_,H;

By Me; RRy,=0; RyR,H; a7

Rl,Ho; R2R3,=0; R'-}’H; R.,0H; A7

5

R sMe; R Ry,=0; Ry,H; Ry,O0H;

8
R ,Me; R, ,0Me; Ry ,H; E’ 3

R, ,Me;

3 R,,0H; R_R

qRy o8 AS:

.8
Rl,Mo; RZRSRH-’H" i

R, Me; 32R3Ruk5,}l; A7;

R_,4c;

1 RZ,OAc; R RMRS'H; A7;

3
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TABLE 2 .
Cempound o of e g len Relative abundance (%)
Merphins, 7 162 24
Codeine, 8§ 162 24
Desoxycedeins C, 9 146 16
Dihydrecedeins, 10 164 31
Dihydreisocodeine, 11 164 12
Dikydrodesexycedeine D, 12 48 13
Dikydromoreedeins, 13 150 25
Dihydrepseudocedeine, 14 164 7
Desoxycodeine K, 25 146 82
Heroin (dimcetylmorphine), 26 204 29

In the mass spectrum of codeine (and merphine) there is a pesk at
m/e 146, In O-deuterated codeine this pesk remains st m/e 146 whilst in
6-deuterecodeine it is shifted to m/e 147, hence ring C 1s retaiped in the
ien respensible fer this peak and corresponds to & type & ien from whichk
oxygen has been abstracted.

Ve suggest that fon a4 m/e 146 (Scheme 2) arises from the intermediate
‘1 through ion a-2, This mechanism explains the shift to n/e 147 mentiened
for 6-dsuterecedeine (sequence A, —> a=5). The peak st m/e 162 in codeine
must represent both ions a-l and a2 srising frem the same intermediate Ay
in the two concurrent mechanisms dolcribcd in Scheme 2.

In 6-deuterscedeine the intermediste 4, should lead to ien -1, m/e 162,
net differing in this respect frem undeuterated cedeine, However, the corres-
ponding peak is in fact at m/e 162 and partially st m/e 163, Hence it appesrs

$hat the two mechanisms in Schems 2, the latter ene threugh the epoxide
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lens s~2 (for codeine) and a-3 (for 6-deuterocodeine), indeed operste
ceagurrently. Further, in codeine-O-d there is only & partial shift ef

the peak to m/e 163 (about 75%). Sequence A, —3 a-1 (OD instead of OH)

1
requires 100% shift to m/e 163. The concurrent sequence A (oD instead

of OE) —» a-2, can explain this result.

Let us now discuss other fragmentations which eccur in alkaloids
of the morphine type. Compounds which contain a methyl ether group, s.z.
codeine 8, thebaine 22, etc., exhibit the fragmentstion pattern typical

for anisoles, M-15, M-43 and M-31 peaks representing the M-CE_, M-CH _-CO

3’ 3
and H-O(J!l3 cations, respectively (1). Compeunds which contsin a phenelic
residue give the expected phenol pattern, ¥-28 and M-29 peaks representing

loss of the elements of CO and CHO, respectively (2).

A peak cemmon to all ¢f the mon~ketenic N-meihylated morphine alks-
loids investigated appesrs at M-57. This is due to the loss of the etban-
smine bridge and in fact in dihydrenercodeine 13 which is not N-methylated,
the correspending peak appears at H-43. Scheme 3, slthough genersl,
exemplifies the specific case of dihydrecodeine 10 which has also been

proven by high resolution mass spectrometry (HRMS).

NHMe

ion c, m/e 244

e
Med g
ion d, m/e 185

SCHEME 3
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The mechanism of formation of the M-57 fragments (ions of type ¢)
involves a hydrogen transfer from C-16 which is a- to altregen, to C-13.
A similar cleavage clearly involving & similar hydrogen transfer was
observed in the mass spectrum of f-methylmorphimethine 28, where the
expected type ¢ ion corresponds to M-71 (since two methyl groups are
attached to. nitrogen). In fact this ion, c-1 at m/e 242 15 the most

sbundant in the spectrum of 28.

—— @66 + CHZ- Cﬂmz
NeO " “on MW, TL

ion ¢-1, m/e 242

SCHEME 4

Msny of the pentacyclic 3-methoxy compounds exhibit a marked peak at
mnfe 185 (fon d). In several non-methoxylsted pentacyclic compounds there is
az analogous pesk at m/e 171. 1In llbydroxydibydrocedeinone 21, the
eorreaponding pesk is at m/e 201. Ring A &3 well asz C-14 are therefore
retained in type d ions responsible for these peaks, Since the tetracycliec
ecompounds do not show such peaks it is clear that the edher ring is
necessary for the formation of type d fons. The loss of both the ethamamine
bridge and osrbons 6,7 and 8 is involved in this type of fragmentation, as
shown in Scheme 3,

Two peaks appear in all mass spectrs of the compounds examined, at
n/e 115 and m/e 70.

The peak at m/e 115 was shown by HRMS to correspond to an ion of
empirical formmls c917. A plausible structure is s (Scheme 5). The peak
at m/e 70 was shown in the same way to0 correspond to cunen, for which

structure £ 1s proposed. It is poasibly formed by the mechanism shown
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ia Scheme 5. I% ahould be noted $hat dikydromercedeine 13, which caanet

give rise to fon £ does not exhidit & peak st m/e 70.

o -

W
SCHEME 5 ton £, m/e 70
The mass spectrum #f morphine 7, exhibits in additien te the molecular
peak, seven censpicueus pesks st m/e values of 258 (M-CO), 215, 162, 124, 115,
94 and 70. The peak at m/e 215 appears at m/e 216 in merphine deuterated at
beth exygens and at m/e 229 in qedeine 8 or in esdeine-0-d. The ien respon-

sible must therefore contain ring A (see Scheme 6, as represented for cedeine).

M 0
lon g, m/e 229

SCHEME 6

Codeinene 13, li-kydroxycodeimene 20, and desoxycodeine E 25, sll give
an ion g at m/e 229. Hewaver, li-hydroxydikydrocodeinene 21, shevs a streng
peak at m/e 230 and beth dihydrocodeinone 17 and dihydropssudecedeinome 18
shev peaks at -/o 228 slbeit they lack s 47 double bond. A retre Diels—Alder
reaction as postulated in Scheme 6 is unlikely %o eccur when ring C is
saturated. Furiber evidence for the mechanism in Scheme 6 must be sought,
Zor example, by deuteration a$ C~10 and by preving the nature of the peaks
at n/e 228 and 230 hy ERMS. It must nevertheless be neted that for codeine

the respective ien g expected by the adove meghanisa sheuld have the empirical
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* fermuls °1¥n15°z' asd this fermuls has been demonstrated through the use

of HRMS.

The peak at n/e 162 feor morpbine and sodeine cOorrespends Wy HRMS
%o an 1en of empirical formuls cmnmm. This is an ien of 4ype s which
has been discussed above (Scheme 2; Table 2).

The pesk at m/e 124 in the mass spectrs of merphine and codeine
correspends by HRMS t0 sn ien 0711101!0 (ten b). It is st m/e 125 in
morphine O-d er in codeine O~d ss well as in 6-deuterecodeins, and at

m/e 108 in desoxycodeine E 25. Heuce iva b must contain C-6 apd it

eontains the hydroxyl greup. This may be interpreted as shown in Scheams 7.

e

SCERME 7

Ien b arises from the intermediste B sheva in Scheme 7. B may, however,
lead also to ion i st n/e 9% and this explains the appearance of the corres-
ponding peak. The peaksat m/e 115 and 70 have already been discussed
(Scheme 5).

The mass specirum of aeopine 23 eontains im addition to the molecular
Pesk ozly twe intense peaks at m/e 25% and 255 (lems § snd j-1); m/e 254=g82%
of base peak and m/e 255= 25% of base peak. The ioa §-1 srises from fon §
a8 demenstrated by the existence ef s metastable peak at m/e 253. A similer

behaviour is exhibited by thebaine 22, slthough the peaks are less intense.
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At & low voltage (10 oV) the peak corresponding to § ia as intense as that
of J-1. lrho-o two peaks are found in the mass spectra of neopine-0-d and
desoxyneopine 24. Ton J therefore cannot contain C~6. HRMS proves that
in the case of neopine the eliminated fragment leading te ion ] has the
smpirical formula cznuo. The mechanism shown in Scheme 8 permits inter-

pretation of the results.

+. +
4
. & e
SR — e O
NeO 07 oh MO "0 Yy e 0 Med OO
ien j, m/e 255 ton 31
SCHEME 8
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