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INTRODUCTION

Nitrosamines derived from the tobacco alkaloids are
present in tobacco and tobacco smoke. The principal
alkaloid-derived nitrosamines which have been con-
sidered in studies to date are N’-nitrosonornicotine
[NNN], 4-(methylnitrosamino)-1-(3-pyridyl)-1-butano-
ne [NNK], 4-(methylnitrosamino)-4-(3-pyridyl)butanal
[NNA], N'-nitrosoanabasine [NAB], and N’-nitro-
soanatabine [NAtB] (1).
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NNN, NNK and NNA are formed in the nitrosation of
nicotine. NAB and NAtB are derived from anabasine
and anatabine. NNN, NNK and NAtB have been de-
tected in tobacco and tobacco smoke (2).

The mass spectral data presented in this report will be
useful in further studies on the occurrence and meta-
bolism of the tobacco alkaloid - derived nitrosamines as
well as in studies on related derivatives of the tobacco

alkaloids.

MATERIALS AND METHODS

Apparatus

Mass spectrometry (MS) and gas-liquid chromatography
in combination with mass spectrometry (GL.C—MS) were
run with a2 Hewlett-Packard Model 5982A dual source
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instrument with a membrane separator. For GLC-MS,
a 6 ft. X 0.25 inch column filled with 10%, UCW-98
on Gas-Chrom Q was used, with helium as carrier gas
(flow rate: 50 ml/min). High resolution mass spectra
were determined on an AEI MS-30 instrument (Asso- -
ciated Electrical Industries) by Shrader Analytical and
Consulting Laboratories, Inc., Detroit, Michigan.

Chemicals

Numbers in italics and square brackets refer to struc-
tures in Schemes 1 and 2. All compounds were synthesiz-
ed: NNN (3a); NNK, NNA, 4-hydroxy-1-(3-pyridyl)-
1-butanone [10] (4); NAB (5); NAtB (2, 3); 3’-hydroxy-
NNN [3], 4-hydroxy-NNN [4], NNN-1-N-oxide [1],
3"-hydroxymyosmine, 4-hydroxymyosmine, 3'-hydroxy-
nornicotine, 4’-hydroxynornicotine (6); 5-(3-pyridyl)-2-
hydroxytetrahydrofuran [12], 4-hydroxy-1-(3-pyridyl)-
1-butanone-2,4-dinitrophenylhydrazone, 4-hydroxy-4-
(3-pyridyl)-1-butanal-2,4-dinitrophenylhydrazone (7);
4-0x0-4-(3-pyridyl)butanal [22], 4-0x0-4-(3-pyridyl)bu-
tanal-bis-2,4-dinitrophenylhydrazone [24], 4-hydroxy-
1-(3-pyridyl)butane-1-0l [14], 4-(methylnitrosamino)-
1-(3-pyridyl)butane-1-ol [18], 4-(methylnitrosamino)-1-
(3-pyridyl-N-oxide)-1-butanone (NNK-1-N-oxide [17])
(8); 2'-acetoxy-N’-nitrosonornicotine, 4-(N-carbethoxy-
N-nitrosamino)-1-(3-pyridyl)-1-butanone [21], 5'-ace-
toxy-N'-nitrosonornicotine (9); N’-nitrosonorcotinine,
1-(3-pyridyl)-2-butene-1-one (10); cyclopropyl(3-pyri-
dyl)ketone (11); norcotinine [6] (12); 4-oxo-4-(3-pyri-
dyl)butyric acid [13], 4-hydroxy-4-(3-pyridyl)butyric
acid [15] (13).

Silylation was performed with bis(trimethylsilyl)tri-
fluoracetamide plus 1% trimethylchlorosilane (Regisil
RC-2), obtained from Regis Chemical Company, Mor-
ton Grove, Ill. The purity of all compounds was assured
by analysis by GLC, thin-layer chromatography (TLC),
or high-pressure liquid chromatography (HPLC) prior
to determination of mass spectra.

Mass Spectrometry

Mass spectra were determined by direct introduction
(ion source temperature, 180 °C; ionizing voltage, 70 eV)
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Figure 1.
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Figure 2. Mass spectrum of 4-(methyinitrosamino)-1-(3-
pyridyl)-1-butanone [NNK].
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Figure 3. Mass spectrum of 4-(methyinitrosamino)-4-(3-
pyridyl)butanal [NNA].
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or, for the silylated compounds, by combined GLC—MS
(150°C for 8 min, then 4°/min to 240 °C). High res-
olution mass spectra were obtained by direct introduc-
tion of selected compounds (ion source temperature,
200°C; ionizing voltage, 70 eV; accelerating voltage,
4000 V). All elemental -compositions of fragment ions
discussed in the text have been confirmed by high res-
olution mass spectrometry.

Mass spectrum of N’-nitrosonornicotine [NNN].

Figure 4.
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Figure 5. Mass spectrum of N’-nitrosoanatabine [NAtB].
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RESULTS AND DISCUSSION

The mass spectra of NNN, NNK, NNA, NAB and
NAtB are shown in Figures 1—5. Mammalian meta-
bolites of NNN and NNK are summarized in Schemes 1
and 2. Among the NNN metabolites, 3’-hydroxy-NNN
[3], 4-hydroxy-NNN [4], NNN-1-N-oxide [1], nor-
cotinine [6], keto acid [13], diol [14], hydroxy acid
[15], and lactone [16] are urinary metabolites of NNN
in the F-344 rat whereas myosmine. [7], keto alcohol
[10], lactol [12], 3’-hydroxy-NNN [3], 4-hydroxy-
NNN {[4], and NNN-1-N-oxide [I] were observed
when NNN was incubated with rat liver microsomes;
[10] and [12] were also produced by human liver mi-
crosomes (6, 7, 14). The NNK metabolites NNK-1-N-
oxide [17] and 4-(methylnitrosamino)-1-(3-pyridyl)bu-
tane-1-ol [18] as well as keto acid [13], diol [14] and
hydroxy acid [15] were detected in the urine of NNK-
treated F-344 rats, whereas [17], [18], myosmine [7],
keto alcohol [10], and keto aldehyde [22] were formed
when NNK was incubated with rat liver microsomes (8).
The mass spectra of myosmine [7], norcotinine [6],
keto acid [13], lactone [16] and hydroxy acid [15]
were presented in a previous report on mammalian me-
tabolites of nicotine (15). The mass spectra of the other
metabolites are shown in Figures 6—14.
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Figure 8. Mass spectrum of N’-nitrosonornicotine-1-N-
oxide [NNN-1-N-oxide].
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Figure 8.
nicotine.

Mass spectrum of 4’-hydroxy-N’-nitrosonor-
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Derivatization has been useful in the identification of
metabolites of NNN and NNK. The keto alcohol [10],
lactol [12], and keto aldehyde [22] are most readily
isolated and quantified as the corresponding 2,4-dinitro-
phenylhydrazones, the mass spectra of which are pre-
sented in Figures 15—17. Trimethylsilylation has been
effective for the identification of metabolites by GLC~
MS. The mass spectra of silylated metabolites are shown
in Figures 18—25,

Figure 9.
tanone.

Mass spectrum of 4-hydroxy-1-(3-pyridyl)-1-bu-
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Figure 10.

Mass spectrum of 5-(3-pyridyl)-2-hydroxytetra-
hydrofuran.
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Flgure 11.
tane-1-ol.

Mass spectrum of 4-hydroxy-1-(3-pyridyl)bu-
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Figures 26—35 present the mass spectra of a number of
compounds related to the tobacco alkaloid - derived ni-
trosamines and their metabolites. 2’-Acetoxy-NNN (Fig.
26) and 4-(N-carbethoxy-N-nitrosamino)-1-(3-pyridyl)-
1-butanone (Fig. 27) are model compounds for the
unstable metabolites [2], [8], and [25] resulting from
2’-hydroxylation of NNN or methyl hydroxylation of
NNEK. 5’-Acetoxy-NNN (Fig. 28) is a model compound
for 5"-hydroxy-NNN [5]. 3-Hydroxymyosmine, 3'-hy-
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Figure 12. Ma\u spectrum of 4-(methylnitrosamino)-1-(3-
pyridyl-N-oxide)-1-butanone [NNK-1-N-oxide].
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Figure 13. Mass spectrum of 4-(methylnitrosamino)-1-(3-
pyridyl)butane-1-ol.
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Figure 14. Mass spectrum of 4-oxo-4-(3-pyridyl)butanal.
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droxynornicotine, 4’-hydroxymyosmine and 4'-hydroxy-
nornicotine (Figures 29-—32) are intermediates in the
syntheses of 3’-hydroxy-NNN and 4’-hydroxy-NNN
and are potential metabolites of myosmine, nornicotine
or NNN. Nitrosonorcotinine (Fig. 33) is a potential
nitrosation product of cotinine and norcotinine. It is
unstable in water giving rise to lactone [16]. 1-(3-Pyr-
idyl)-2-butene-1-one and cyclopropyl(3-pyridyl)ketone
(Figures 34—35) have been detected as minor products
in the decomposition of the model compounds for o-hy-
droxylation of NNN and NNK but have not been
identified with certainty as metabolites (9).

The mass spectra of the compounds with a carbonyl
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Figure 15. Mass spectrum of 4-hydroxy-1-(3-pyridyl)-1-
butanone-2,4-dinitrophenylhydrazone.
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Figure 16. Mass spectrum of 4-hydroxy-4-(3-pyridyl)-1-
butanal-2,4-dinltrophenylhydrazone.
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group adjacent to the pyridine ring are characterized
by intense ions at m/e 78 (CgH,N)* and m/e 106
(pyr—C=0)*. In addition, McLafferty rearrangement
ions at mfe 121 are frequently observed. In [74] and
[18] (Figures 11 and 13), ions are observed at m/e 108,
corresponding to (pyr—CHOM)*. The lactol [12] (Fig.
10) also gives an intense m/e 108 peak, which may arise
after ring opening to the corresponding tautomer, 4-(3-
pyridyl)-4-hydroxybutyraldehyde [11].

The mass spectra of the cyclic nitrosamines (Figures 1,
4—8, 26, 28) are generally characterized by loss of NO
(M*—30) followed by fragmentation of the pyrrolidine
or piperidine ring. In NNN, major fragments are ob-



-Flgure 17. Mass spectrum of 4-oxo-4-(3-pyridyl)butanal-
bis-2,4-dinitrophenythydrazone.
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Figure 18. Mass spectrum of 3’-hydroxy-N’-nitrosonor-
nicotine-trimethyisilyl ether.
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Figure 19. Mass spectrum of 4’-hydroxy-N’-nitrosonor-
nicotine-trimethylsilyl ether.
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served at m/e 118 (C;HgN,)* resulting from loss of the
3’ and 4 carbons and at m/e 105 (C,H,N)*. The m/e
118 fragment is also observed in the spectra of NNN-
1-N-oxide, 2’-acetoxy-NNN, and 5'-acetoxy-NNN (Fig-

Figure 20.

Mass spectrum of 5-(3-pyridyl)-N-trimethylsilyl-

2-pyrrolidinone.
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Mass spectrum of 4-hydroxy-1-(3-pyridyl)-1-

butanone-trimethylsilyl ether.
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Figure 22. Mass spectrum of 5-(3-pyridyl)-2-hydroxy-tetra-
hydrofuran-trimethyisilyl ether.
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ures 6, 26, 28). NAB (Fig. 4) gives major fragments at
m/e 92 (CqHgN)* and m/e 105, whereas NAtB (Fig. 5)
has additional intense ions at m/e 117 (CgH,;N)* and m/e
130 (C,H,N)*, presumably due to the influence of the
double bond on fragmentation of the piperidine ring.
Fragmentation of the pyrrolidine ring is observed in the
spectra of the cyclic amines (Figures 29~32), as reported
previously for nornicotine and myosmine (15, 16).

N
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Figure 23. Mass spectrum of 4-hydroxy-1-(3-pyridyf)bu-
tane-1-ol-bistrimethylsilyl ether.
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Figure 24. Mass spectrum of 4-o0xo0-4-(3-pyridyl)butyric
acld trimethyisiiyl ester. :
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Figure 25. Mass spectrum of 4-hydroxy-4-(3-pyridyl)bu-
tyric acid bistrimethylsilyl-ester ether.
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The spectra of 3’-hydroxy-NNN [3] and 4'-hydroxy-
NNN [4] contrast markedly. A prominent ion in the
spectrtum of 4'-hydroxy-NNN is m/e 145 (C,H,N,),
which may result from sequential loss of NO and H,0O.
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Figure 26. Mass spectrum of 2’-acetoxy-N'-nitrosonor-
nicotine.
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Figure 27. Mass spectrum of 4-(N-carbethoxy-N-nitros-
amino)-1-(3-pyridyl)-1-butanone. :
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Figure 28. Mass spectrum of 5’-acetoxy-N’-nitrosonor-
nicotine.
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‘The m/e 145 ion is not observed as a major fragment in

the spectrum of 3’-hydroxy-NNN. Analogous fragmen-
tations occur in the spectra of 3’-hydroxymyosmine and
4’-hydroxymyosmine. These differences may be a con-
sequence of facile cleavage of the pyrrolidine ring of
[3] or of 3’-hydroxymyosmine, at the 2°—3" positions, a
process which is apparently favored by the neighboring
2'-(3-pyridyl) and 3’-hydroxy groups. A second im-
portant distinction between the spectra of 3’-hydroxy-



Figure 29.

Mass spectrum of 3’-hydroxymyosmine.
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Mass spectrum of 3’-hydroxynornicotine.
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Mass spectrum of 4’-hydroxymyosmine.
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Figure 33. Mass spectrum of N’-nitrosonorcotinine.
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Figure 34.
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Figure 35. Mass spectrum of cyclopropyl(3-pyridyl)ke-
tone.
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NNN and 4’-hydroxy-INNN is the loss of NO, which is
inhibited in the latter. In this respect, 4’-hydroxy~-NNN
resembles NNN-1-N-oxide; their intense molecular ions
are unusual for nitrosamines. The mechanistic basis for
these differences requires further investigation,

SUMMARY

The mass spectra of the tobacco alkaloid - derived nitros-
amines NNN, NNK, NNA, NAB and NAtB and of
known mammalian metabolites of NNN and NNK are
presented. Mass spectra of synthetic derivatives related
to these nitrosamines and their metabolites are also in-
cluded. These spectra will be useful in studies on the
occurrence and metabolism of the tobacco alkaloid -
derived nitrosamines and in investigations of other com-
pounds related to the tobacco alkaloids.
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ZUSAMMENFASSUNG

Fiir die von Tabakalkaloiden abgeleiteten Nitrosamine
NNN, NNK, NNA, NAB und NAtB sowie fiir die be-
kannten SZugetiermetaboliten von NINN und NNK wer-
den die Massenspektren dargestellt. Auch werden die Mas-
senspektren synthetischer Derivate dieser Nitrosamine und
ihrer Metaboliten vorgestellt, Bei der Untersuchung des
Vorkommens und des Stoffwechsels von Nitrosaminen,
die sich von Tabakalkaloiden ableiten, und bei der Er-
forschung anderer mit den Tabakalkaloiden verwandter
Verbindungen kénnen die massenspektrometrischen Da-
ten von Nutzen sein,

RESUME

Les spectres de masse des nitrosamines NNN, NNK,
NNA, NAB et NAtB, dérivées des alcaloides du tabac,
ainsi que des métabolites connus de mammiféres de
NNN et NNK sont présentés dans 'article. Les spectres
de masse des dérivés synthétiques apparentés A ces nitros-
amines et 3 leurs métabolites sont également traités, Ces
spectres seront utiles dans le cadre des études sur les
nitrosamines dérivées des alcaloides du tabac et leur mé-
" tabolisme, et dans les recherches relatives & d’autres com-
posés apparentés aux alcaloides du tabac.
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