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Comparison of mass spectra of various morphine derivatives spimsric 

at C uc indicated the possibility of using mass spectrometry to distinguish 

structurally between ccmpounds hating cis-(I) and tram-(II) fusion of - 

rings B and C. 

All N-methylmorphine derivatives exhibit a peak at m/e 59 in 

rather high relative abundance provided there is a hydrogen atom at C 
14' 

Thus, neopine and thebaine which have a C8-Cu( double bond and 14-hydrozq- 

codeinone show only a very low intensity peak at m/e 59. 

+ 

t 

Part III. N. Maoz, A. Mandelbaum and M. Cais, Tetrahedron Letters, 
in press. 

Mass spectra were measured on an Atlas CHl+ Spectrometer equipped with 

direct inlet system. Electron energy was maintained at 70 ev and 

ionization current at 2qrA. 
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Two mechanisms may be proposed to explain the formation of the 

peak at m/e 59 or its analogs for other N-substituents. Mechanism 2 is 

essentially that proposed by Nakata et al (2) but we prefer the alter- -- 

native mechanisml, since it enables us to explain the presence of M-15 

peaks in spectra of compounds having no methyl group, e.g. in 3-hydrow-N- 

(y-phenylallyl)-morphinan. Since identical hydrogen atoms are shifted 

towards the leaving group in either of both mechanisms, deuteration 

cannot bs used to distinauish between them. 
, 

Mechanism 1 &$, _ &;?&+ &cHpH3 

Mechanism 2 & _ &j / Ion a 

Both mechanisms rs&re cis-fused B:C rings because in the m- - 

isomers the hydrogen at C L(( is too far from either Cl5 or from the nitrogen 

atom to participate in a four membered ring transition state as suggested 

above. This is apparently the reason for the relative weak intensity of 

the m/e 59 peaks in the m-isomsrs (see Table). 

Another important difference between compounds epimeric at CU was 

found in the fragmentation pattern leading to k ions of the hydroiso- 

quinolinium type (1,2). a,, 

&_& l $ 
a' 

intermediate B 

i’ 
ion b 

In w-isomers, the CU- hydrogen is close to Clo. Ion p may 

therefore be formed by shift of the hydrop,en I‘ron CU to Clc through a 



sixmembered transition state. In our previous caammication (1) we 

incorrectly proposed this shift for the a-isaaez inwhich such a 

shift is stericallyiqmssible. It is evidentlyforthis reasonthatan 

isomeric hydroisoquinolinilrmiong and/orb is formad byndgration 

of a hydrogen ataa from either Cl5 or C5, respectively (by corresponding 

rotation of 'the aranatic part 'of the intermediate B, around the I&% 

bond, to bring Cl0 into proximity for the formation of a six membered 

transition state). 

a’ 
Intermediate % 

Since the fozwtion of ian 12 appears to be more favored than that 

ofion_$ or$,one should be abletopredictthatm-B:C canpounds 

should give tise to more intense peaks of the ion a type, as canpared 

to the g&g-B:C isamrs. 

In the mass.spectrum of t~-dihydroallopseudoc.odeine (IV%), the 

corresponding ion h3 is of low ahdance (%X40= 0.5) but ion $, probably 

arising by dehydration of ion 4 is of considerable abundance ($,~4~= 4.1). 

In the &-1-r (IVa), the corresponding peaks are of low intensity 



(n(/e 164,$~- 0.7; q/ml46,~,~ 0.4). Similar behaviorwas observed 

for &4il@rqmeudocodaine (de I&, %Xw- 0.4; m/e l46, %Z40- 0.5). 

Shce in&pisamrs the hydmgeol sh&ftleedingtoion~~r&~ 

is less ready than in the ===s, otw fw?a=tat~ons msy be 

fawxwl In the former. A case in point is that of &+hydrcxy-N- 

(~~~~t~l)~~ (1x11 mg. 1): 
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ion& q/e 256 III ion & type, m/e 190 

%Z:,O & = 10.6% %x40 &3 - 1.9 

%C@ w = 1.8% "E&O m - 8.9 

The trans-isomer yields, as expected, a very abundant ion TV, q/e 190. -- 

The cis-isomer yields it in much lower intensity as it can more readily - 

folm the stable ion c, m/e 256. 

The isomeric benzomorphans (V) behave similarly (Kg. 2): 
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(ml 
trans- 

intermediate B2 ion h5, m/e UC0 

Retl-0 

I 

Dielsdlder qo- 10.9 

%-Me 
4 

ion ci, de 100 

04 
cis- - 

intermediate 9 

1 
H ,CW~ 

Me 
4z 

‘iA4e 

ionb,m/e IhO 

%X40' 4.9 

In the m-isomer, a hydrogen atom, in the position analogous to C,,+ 

of the morphine skeleton, may readily shift to give the conjugated ion b5. 

The &-isomer, through the intermediate 9 cannot follow the identical 

route as readily, so that ion G is much less abundant than ion b5. Instead, 

B-, may undergo a retro Diels-Alder type of fragmentation leading to ion d 

and this path is favored for the &-isomer. 

Another example IS the epimeric pair of thebainones (Fig. 3): 
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isomer and therefore the route available for fragmentation to type b ions 

when ring C is completely reduced is more readily taken by the less stable 

u-molecular ion. 

Natalis (4) has shown that trans-decalin gives rise to a more intense 

parent peak than cis-decalln and makes the point that this parallels the - 

greater thermodynamic stability of the former with respect to the latter. 

He has also reported (5) the ssme order in the hydrindanes in which the 

parent peak for the trans-isomer is again more intense than for the cis- - 

isomer. This is, however, at variance with the thermodynamic stability of 

the two isomers (6). l’hls is not surprising since the considerations of 

stability at 5'3 volts (4,s) are related to the fragmentation paths available 

to a highly energetic ionized species and not to the energy of the ground 

state. 

We therefore note as experimental fact the relative abundance of 

molecular ions in our a- and m- B:C morphine derivatives, paralleling 

the behavior OF the unsubstituted decalins. It does not follow that the 

~-isomer in each case, is thermodynamically more stable than the cis- - 

isomer. In fact, Nature chooses to produce the cis-isomers and the very - 

famous case extsts in the first laboratory synthesis of morphine, in which 

a tm- synthetic intermediate, suitably substituted in ring C, was 

converted by Gates into the thermodynamically more stable e-fused deri- 

vative (7). We are unaware of thermochemical combustion data on pairs 

of pure a- and m-isomers in the morphine series which would shed 

light on this question. 
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