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The mass spectra of five azabicyclo lactams (I-V) have been measured in order to examine the effect upon the
fragmentation pattern of two different functional groups in close proximity to each other. From the utilization
of deuterated analogs, supplemented by high-resolution mass spectrometry, rationalizations are presented for
the principal fragments observed in the spectra of these compounds. Increasing the ring size from eight to ten
membered did not affect greatly the principal fragmentation modes.

The detailed interpretation of the mass spectro-
metric fragmentation of tropane alkaloids* permitted
scrutiny of the effects of differing heteroatoms upon
the electron impact induced fission of these compounds.
Recently the ability of amide groupings substituted
with aliphatic® and aromatic®® moieties or incorporated
in alicyeclic®™ or aromatic heterocyclic systems®® to
control the mass spectrometric fragmentation of
organic molecules has been investigated. It was
considered of some interest in view of these results and
the known ability of the amino group to direct the
electron-induced fragmentation of amines*® to de-
termine the effect on the observed fragmentation of
compounds containing both the lactam and the amino
groups within the same molecule. Azabicyclo lac-
tams” constitute a group of compounds admirably
suited for this purpose especially as deuterated ana-
logs were available for the confirmation of the sites of
hydrogen transfer in the rearrangement ions formed
subsequent to electron impact. In addition, this
class of compounds promised the possibility of de-
termining the effect, if any, of ring size on the mass
spectral fragmentation patterns generated within
this group.

The mass spectra of the unlabeled azabicyclo lac-
tams I-V are reproduced in Figures 1-5. All display
molecular ions of appreciable intensity while the loss
of a methyl group, although noticeable in each in-
stance, generates ions of almost negligible intensity.
In all probability the expulsion of a methyl group is
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attained by the ejection of a carbon atom from the
alicyclic framework rather than of an N-methyl group,
similar to what had been observed with N-methylated
cyclic amines.®®

The principal ions of diagnostic interest in the spec-
trum (Figure 2) of the lactam ITa occur at mass 82,
87, 96, and 97. These ions are either present, or dis-
placed by increments of 14 mass units, in the spectra
(Figures 1, 3, 4, and 5) of the remaining compounds
investigated, so that at least qualitatively the mass
spectral shift technique® can be applied. High-
resolution mass spectrometry® furnished the empirical
compositions indicated in Figure 2 for the peaks at
m/e 82, 87, 96, and 97 in the spectrum of the azabicyclo
lactam Ila.

The base peak in the spectrum (Figure 2) of com-
pound Ila occurs at m/e 82 (M — 86) and was shown
by high-resolution mass spectrometery to be due ex-
clusively to CgHsN*. Furthermore, this peak was
undisturbed in the spectra (Figures 1 and 3) of the N-
demethyl (Ta) and N-ethyl (IIT) analogs, respectively.
The spectrum of the 5,5-d; analog IIb exhibited a
displacement of 25% of the peak at m/e 82 to 83,
the remainder being unaffected. This result indicates
that although the ion of mass 82 is homogeneous in
terms of empirical formula, it need not necessarily be

(8) K. Biemann, ‘“Mass Spectrometry,” McGraw-Hill Book Co., Inc.,
N. Y., 1962, pp 305-312. See also H. Budzikiewicz, C. Djerassi, and D. H.
Williams, “Structure Elucidation of Natural Products by Mass Spec-
trometry,” Vol. I, Holden-Day, Inc., San Francisco, Calif., 1964, pp 46~49.

(9) Determined by Dr. D, J. Goldsmith at Stanford University using an

A.E.I. M8-9 double-focussing mass spectrometer with an apparent resolu-
tion of 12,000.
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Figure 1.—Mass spectrum of azabicyclo lactam Ta. Figure 4.—Mass spectrum of azabicyclo lactam IV.
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Figure 2.—Mass spectrum of azabicyclo lactam ITa.
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Figure 3.—Mass spectrum of azabicyelo lactam IIT.

one molecular species and may be formed by two dis-
tinct mechanisms—one in which a hydrogen atom
adjacent to the lactam carbonyl group is retained
(25%,) and the other in which both of these hydrogen
atoms are lacking. Two plausible general rationaliza-
tions for the formation of the ion of mass 82 (illustrated
for compound IIa in Scheme I) are represented by
[Ia = b — ¢ (m/e 82), and IIa — d — e (m/e 82).

Preparation of the 7,8-d; analog Ic afforded evidence
[95%, of the ion yield at m/e 82 being dispersed be-
tween m/e 83 (~50%) and 84 (~45%)] supporting
both the above rationalizations. Further results,
compatible with these two rationalizations, were en-
countered in the spectrum of the 2,2,5,5-ds analog Ib
in which the peak at m/e 82 was transposed in 209,
yield to m/e 83, the rest being unaffected.

The peak present at m/e 87 (M — 81) in the spec-
trum (Figure 2) of the azabicyclo lactam IIa was
absent in that (Figure 1) of compound Ia which, how-

Figure 5.—Mass spectrum of azabicyclo lactam V.

ever, did display a peak 14 mass units removed at
m/e 73. In contrast, the spectrum (Figure 3) of the
N-ethyl lactam IIT possessed a corresponding ion of
mass 101 and it was thus evident that in the fragmenta~
tion of the lactams Ia, IIa, and IIT to yield ions of
mass 73, 87, and 101, respectively, the nitrogen atom
and its attached carbon atoms were retained in the
charged species. The spectra (see Table I) of the

TasLe I

PrincipaL Mass SPECTRAL PEAXS OF THE AZABICYCLO
Lacrams I anD IT ANp DEUTERATED ANALOGS?

Tsotopic m/e (%) -~
Compd purity

Ia e 73 82 96 97

Ib 859%ds 77(>90) 82(80) 98(70) 99 (>90)
159, ds 83 (20) 97 (25)

Ie 67%dx  73(50) 98 (>90) 99 (>90)
249, di  74(27) 83 (~50) 98(>90) 99 (>90)

9% dy  75(23) 84 (~45)

IIa . 87 82 96 97

I1b 62%d: R9(>90) 82(75) 98 (70) 99 (>90)
289, dy 83(25) 97 (25)
109 dy

¢ The per cent transfers quoted under the heading m/e in this
table have been corrected for species incompletely deuterated
and the values quoted are considered reliable to within 79,

deuterated analogs Ib and IIb required that the carbon
atoms tagged with deuterium be incorporated into the
charged species. Furthermore, the source of the
double hydrogen transfer in the production of these
ions was neatly revealed by the spectrum of the 7,8-d;
compound Ic in which the peak at m/e 73 was now
dispersed between m/e 73, 74, and 75 to the extent of
50, 27, and 239, respectively. The homogeneity
and composition of the ion of mass 87 in the spectrum
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I:I-\,_'O groups (V, Figure 5) afforded peak shifts by 14 and
b 28 mass units, respectively. This evidence mitigated
?HS ?Ha against inclusion of the lactam nitrogen atom into the
Nt Nt charged species, but required that the carbon atoms of
the bridged amino ring be incorporated.
NCH; acleavage N "NCHs Deuterium labeling (Table I) substantiated these
-CH; 7/ * conclusions as was evidenced by transfers (>909)
s} = H of two mass units of the peaks at m/e 96 and 97 to
Ila d m/e 98 and 99 in the spectrum of the 7,8-d; analog Ic.
l_éHa In addition, the peak present at m/e 97 in the spectrum
(Figure 1) of the unlabeled lactam Ia was displaced
(EH3 to m/e 99 (>90%) in the 2,2,5,5-ds analog Ib, and a
CHs Ha +N, similar result was noted (Table I) in the spectrum of
TN B /j—NCHa the 5,5-d; analog IIb. This evidence is consistent
6 r 9O — NCH; . 2 . .
5 I R oy with the rationalization IIa — h — j (m/e 97) (illus-
e, m/e 82 trated for the lactam IIa by Scheme III) for the forma-
’ 0 tion of the ion of mass 97 in the spectra (Figures 1,

(Figure 2) of lactam IIa was established as C;H,NO+.
Recognition of a metastable ion at mass 45.0 (872%/
168 = 45.0) implied that at least a portion of the ion
of mass 87 in the spectrum (Figure 2) of compound
ITa arose from a single-step decomposition of the
molecular ion. A rationalization, consistent with
the evidence cited above, is depicted by Ila — f —
g (m/e 87) (Scheme II). It envisages the transfer of
hydrogen through a MecLafferty rearrangement!® to
yield the species f which transfers an allylically ac-
tivated hydrogen and expels the stable neutral species
N-methylpyrrole. The order of events given and the
localization of the charge on the oxygen rather than
nitrogen atom of the amide linkage is purely arbitrary.

Ions of prominence at mass 96 and 97 occur in the
spectra (Figures 1 and 2) of the azabicyclo lactams Ia
and ITa and high-resolution mass spectrometry® es-
tablished their composition to be C¢HioIN + and CeHy N 1,
respectively. The location of metastable ions at mass
55.0 (962/168 = 54.9) and 95.0 (962/97 = 95.0) in
the spectrum (Figure 2) of lactam II is indicative of
the ion at mass 96 owing its genesis to at least two
processes; one by decomposition of the molecular ion
and the other by ejection of a hydrogen atom from
the species of mass 97. Substitution of the lactam
nitrogen atom by an ethyl group (see Figure 3) re-
sulted in no peak shift while enlargement of the lactam
ring by one methylene (IV, Figure 4) and two methylene

(10) F. W. McLafferty, Anal. Chem., 81, 82 (1959). For latest studies of
the McLafferty rearrangement, see H. Budzikiewicz, C. Fenselau, and C.
Djerassi, Tetrahedron, in press.

2, and 3) of compounds Ia, IIa, and III and at mass
111 and 125 in the spectra (Figures 4 and 5) of the
azabicyeclo lactams IV and V.
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Deuterium labeling (Table I) supported the evi-
dence obtained from the recognition of metastable ions
(see above) in demonstrating the existence of two
modes of formation of the ion of mass 96 in the spectra
(Figures 1 and 2) of the azabicyclo lactams Ia and IIa.
The origin of the transferred hydrogen is clear in the
two geneses of this ion, and the deuterium labeling
results are summarized in Table I. Migration from
C-6 (see h — k (m/e 96)) occurs to the extent of 709,
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while most of the remainder arises from C-5. This
latter alternative is most conveniently visualized
(Scheme IV) as ring expansion of j to m followed by
loss of one of the C-5 hydrogen atoms and production
of n (m/e 96).
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In conclusion, the present study clearly demonstrates
that the amino group (see, for instance, the formation
of the ions ¢, e, j, and k) is much more capable of con-
trolling and directing the fragmentation processes in-
duced by electron impact than the lactam grouping
(generation of the ion g) when these two entities exist
within the same molecule. The present compounds
offer still another example of the great advantage in
considering charge localization at specific centers as
the trigger responsible for subsequent fragmentations
of the molecular 1ons.

Experimental Section!!

9-Methyl-3,9-diazabicyclo(4.2.1]nonan-4-one (Ia) was prepared
from tropinone according to the procedure of Michaels and
Zaugg:? mp 86-88°.

2,2,5,5-Tetradeuterio-9-methyl-3,9-diazabicyclo[4.2.1]nonan-4-

(11) Mass spectra, other than high-resolution spectra,® were obtained
with a Consolidated Electrodynamics Corp. mass spectrometer, Model
No. 21-103C, using an all-glass inlet system maintained at 200°. An ioniz-
ing energy of 70 ev was used with an ionizing current of 50 ua.

(12) R.J. Michaels and H. E. Zaugg, J. Org. Chem., 28, 637 (1960).
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one (Ib) was prepared from 2,2,4,4-tetradeuteriotropinone by the
method of Paquette and Wise:™ mp 84-85°,

7,8-Dideuterio-9-methyl-3,9-diazabicyclo[4.2.1]nonan-4-one
(Ie).—A solution of 26.0.g (0.20 mole) of 2,5-dimethoxy-2,5-
dihydrofuran in 100 ml of dioxane was deuterated at atmospheric
p essure over platinum oxide for 48 hr. The ecatalyst was
scpar ted by filtration and the filtrate was evaporated under
reduced pressure.  Careful fractionation of the residual liquid
afforded 13.7 g of a ceuter cut, bp 65° (65 mm).

A solution of 13.7 g (0.10 mole) of 3,4-dideuterio-2,5-di-
methoxy-2,5-dihydrofuran and 80 ml of 0.2 N sulfuric acid was
stirred for 15 min under nitrogen and allowed to stand for 5 hr
in this atmosphere. The resulting solution was neutralized by
the addition of approximately 4 g of barium carbonate, and the
precipitated barium sulfate was collected and washed with water.
The filtrate was added to a solution of 17.6 g (0.120 mole) of
acetonedicarboxylic acid, 8.1 g (0.120 mole) of methylamine
hydrochloride, 14.5 g of disodium hydrogen phosphate, and 8.5
g of potassium dihydrogen phosphate in 1 1, of water. The solu-
tion was stirred for 48 hr while carbon dioxile was evolved.
The mixture was basified to pH 10-12, filtered to remove some
polymeric material, and extracted several times with methylene
chloride. Evaporation of the solveat and distillation of the resi-
due afforded a yellow oil which was carefully redistilled to yield
3.45 g of pale yellow semisolid, bp 132-135° (40 mm).

To a solution of 3.45 g (24.5 mm»les) of 6,7-dideuteriotropinone
in 30 ml of chloroform cooled to —5° was slowly added 7 ml of
concentrated sulfuric acid, keeping the temperature below 15°.
Sodium azide (3.2 g, 49 mmoles) was added portionwise over a
1-hr period below 35°. After the usual work-up,”1? there was
obtained 3.1 g of hydroscopic white crystals of Ic, mp 83-84°,
which was shown by mass spectrometry to consist of 679, ds,
249, d,, and 9%, d, species.

3,9-Dimethyl-3,9-diazabicyclo[4.2.1lnonan-4-one (Ila) was
prepared from Ia by the procedure of Paquette and Wise:™
bp 152-157° (13 mm).
5,5-Dideuterio-3,9-dimethyl-3,9-diazabicyclo{4.2.1]nonan-4-
one (IIb).—A solution of 1.7 g (0.01 mole) of IIa and 100 mg of
powdered potassium {-butoxide in 10 ml of {-butyl alcohol-d was
refluxed overnight with protection from atmospheric moisture.
On cooling, 2 ml of deuterium oxide was added. The solution was
treated with 25 ml of chloroform and the organic solution was
washed with water to remove the base. The chloroform layer
was dried, filtered, and evaporated, and the residue was distilled
through a Holtzmann column. The colorless liquid which
distilled at 89-93° (1 mm), 1.25 g, was collected. This material
consisted of 629, ds, 289 d;, and 109, d, species (mass spectrom-
etry).

3-Ethyl-9-methyl-3,9-diazabicyclo[4.2.1]nonan4-one (III).—A
mixture of 4.6 g (0.03 mole) of Ia and 1.7 g (0.035 mole) of 50%
sodium hydride-mineral oil dispersion in 50 ml of dimethylform-
amide was heated at 60° with stirring for 1 hr. With ice cooling,
6.25 g (0.04 mole) of ethyl iodide was slowly added. The usual
work-up™ was followed to give 3.1 g (57.5%,) of colorless liquid,
bp 107-110° (0.75 mm), n*-p 1.4982.

10-Methyl-3,10-diazabicyclo[4.3.1]decan-4-one (IV) was pre-
pared from pseudopelletierine according to the procedure of
Paquette and Wise:™ mp 164-166°.

11-Methyl-3,11-diazatricyclo[4.4.1]undecan-4-one (V) was also
prepared from homopseudopelletierine according to the procedure
of Paquette and Wise:™ mp 111.5-112°,



