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FAB Mass Spectrometry of Palladium(II) Derivatives with 1,4-Benzodiazepin-2-ones:
Evidence of the Stability of Cyclometallated Species
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Abstract

The FAB spectra of the adducts trans-Pd(L),Cl,
(1: L=DIAZEPAM, D =7-chloro-1,3-dihydro-1-
methyl-5-phenyl-2H-1,4-benzodiazepin-2-one; 2: L=
PRAZEPAM, P = 7-chloro-1-(cyclopropylmethyl)-1,3-
dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one) and of
the cyclometallated derivatives [Pd(L-H)CI1], (L =D,
3; L=P, 4), PdPhPXL-H)X (L=P, X=Cl, 5;
L=D, X=Br, 6), PADXD-H)Cl (7) have been
studied in detail.

The main gas-phase fragmentation pathways of
1 and 2 consist in sequential HCI losses, while for
compounds 3 and 4 only primary Cl- loss is ob-
served. A peculiar behaviour is observed for § and 6,
i.e. the lack of protonated molecular ions.

Introduction

The coordination behaviour of 1,4-benzodia-
zepines, in spite of their wide use as drugs, is still
largely to be explored [1]. In the last years, we have
investigated the interaction of some 1,4-benzodia-
zepin-2-ones having a S-phenyl-substituent, with ions
such as gold(IIT) [2], gold(I) [3] and palladium(II)
[4], and shown unambiguously, through X-ray
structure determinations, that several coordination
modes are possible. With palladium(II), adducts,
Pd(L),Cl;, as well as metallated species such as
[PA(L-H)CI] ; and PA(L"YL-H)CI (L' = neutral ligand),
have been synthesized and characterized [4].

The X-ray analysis of the complex Pd(L),Cl,
(L=PRAZEPAM, 7-chloro-1-(cyclopropylmethyl)-
1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one)
shows a trans-arrangement of the ligands around
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the palladium atom, the benzodiazepine being coor-
dinated through the 4-nitrogen atom. The metal-
coordinated PRAZEPAM is in the usual boat con-
formation and displays bond lengths and angles very
close to those found in the free molecule, as observed
previously in copper(Il) [5] and gold(III) [2] deriv-
atives having the ligand coordinated in the same
fashion.

The cyclometallated derivatives [Pd(L-H)CI],,
Pd(Ph;P)(L-H)Cl, Pd(LYL-H)Cl and Pd(L-H)(acac)
involve both C— and N— intramolecular coordination
of the deprotonated ligand. The X-ray structure of
the complex Pd(Ph;PYXL-H)Cl (L =PRAZEPAM)
has confirmed that the ligand is coordinated through
the 4-nitrogen atom and the ortho-carbon of the 5-
phenyl substituent: of the two possible isomers, A
and B, only A was observed in the solid state [6].
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The complexes belong to the series of the five-
membered cyclopalladated systems with N-donor
ligands which are known to be quite stable [7]. The
achievement of these species is noteworthy as they
are potential intermediates for the synthesis of 1,4-
benzodiazepines functionalized on the ortho-carbon
atom of the 5-phenyl substituent.

Following our recent interest in the behaviour of
organometallic derivatives and coordination com-
pounds in the vapour phase [8], here we report a
mass spectrometric investigation, carried out under
FAB conditions, of some adducts and cyclometal-
lated species of palladium with PRAZEPAM (P) and
DIAZEPAM (D), D = (7-chloro-1-methyl-1,3-dihydro-
5-phenyl-2H-1,4-benzodiazepin-2-one).
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Experimental

The ligands DIAZEPAM and PRAZEPAM were
provided by Roche and Parke-Davis, respectively.

The compounds 1-7, trans-Pd(D),Cl, (1), trans-
Pd(P),Cl, (2), [PA(D-H)CI], (3), [Pd(P-H)Cl], (4),
Pd(Ph;PXP-H)Cl (5), Pd(Ph;P)}D-H)Br (6) and
Pd(D)D-H)C1 (7), were synthesized and purified as
previously described [4].

All mass spectrometric measurements were per-
formed on a VG ZAB-2F instrument operating in
FAB conditions (8 KeV Xe atoms bombarding
3-nitrobenzylalcohol sample solutions).

Metastable transitions were detected by B/E=
const. and B*/E = const. linked scans [9] and mass
analyzed ion kinetic energy (MIKE) spectra [10].

Results and Discussion

In the vapour phase, under FAB conditions, the
two series of palladium derivatives, i.e. the adducts
and the cyclometallated species, behave quite dif-
ferently.

The adducts trans-Pd(L),Cl, (1, L=D; 2, L=P)
show identical fragmentation patterns, mainly con-
sisting of sequential losses of hydrogen chloride from
the [MH]" ions (see Table 1 and Scheme 1). In the
FAB spectra of both compounds, the base peak is due
to the [LH]" ions; other abundant peaks are due to
[LPd]* ionic species. The most interesting fragmen-
tation pathway is the loss of two HCl molecules. It is
reasonable to assume that such processes give rise to
orthometallated species. Such decomposition reactions
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might occur, in principle, either directly in solution
by a FAB-induced condensed phase reaction or as
a unimolecular fragmentation process. B/E linked
scans of the [MH]* and [MH — HCl]" species prove
that the sequential HCI losses represent the only
unimolecular fragmentation routes, though an anal-
ogous process in the matrix cannot be excluded.

The loss of the first HCl molecule should give
[PA(LXL-H)C1 + H]" ions, i.e. the protonated molec-
ular ion of the complex having both a deprotonated
and a neutral benzodiazepine coordinated to the
metal. Actually the complex Pd(D)}D-H)C1 (7) was
isolated as a by-product in the synthesis of the
dimeric [Pd(D-H)CI], [4], probably through a classi-
cal bridge splitting reaction.
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The loss of the second HCl molecule should give
ions corresponding to the bis-orthometallated com-
plexes Pd(L-H),, which have not been isolated in the
condensed phase. However, species of this type have
been obtained in the chemistry of other nitrogen
ligands [7].

For both the mono- and dimetallated derivatives,
more isomers are possible, €.g.:
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TABLE 1. The most abundant ionic species arising from unimolecular decomposition?

Ionic species Compounds

1 2 3 4 5 6 7
[MH]* 744 (4) 824 (2) 847 (22) 927 (5) 708 (6)
[M]** 743 (2.5) 823 (0.5) 846 (6) 926 (2) 725 (7) 707 (4)
[MH - C1]* 812 (100) 892 (15)
[MH - HC1}* 708 (16) 788 (6) 672 (6)
M - HClp* 689 (100)
[MH — 2HC1]* 672 (27) 752 (13)
[M — HBr]* 649 (100)
{MH — PdCl1}* 707 (14) 787 (17)
[M — PdCl]* 585 (12)
[MH — PdCl — CI}* 672 (22) 752 (45)
[Pd2CI(D-H) " 528 (15) 568 (8)
[PA(L-H)]* 388 (54) 428 (100) 388 (9)
[PdL]* 389 (31) 429 (16)
[LH]* 285 (100) 325 (100) 285 (100)
[Pd,(P-H),PPh;C1]* 1153 (1)
[Pdy(D-H),PPh;Br]* 1117 (2)

aAll the reported m/z values and relative abundances are related to %5 Pd, 3% Cl and 7® Br isotopes.
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Scheme 1.

Unfortunately, the lack of further fragmentation
processes prevented other investigations on their
structures.

The absence of further decomposition routes also
in B/E linked scans is evidence of the high stability of
such metallated systems, even in the vapour phase,
in agreement with the reported high stability of
palladium(II) five-membered cyclometallated systems
having nitrogen ligands [7].

Furthermore the lack of decomposition pathways
related to cleavage of the benzodiazepine ring, does
not allow us to get information on the protonation
site, even though the high stability displayed by the
metallated species suggests that protonation occurs
quite far from the nitrogen(4) atom involved in the
coordination.

The B?/E linked scans of the ionic species [LPd]*
and [LH]* do not show any precursor for these ions,
proving that they originate through a condensed
phase reaction.
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Compounds 3 and 4, in which cyclometallated
species are already present, behave quite differently
(see Table 1 and Scheme 2). In this case only primary
losses of CI" and PdCl" from [MH]"* ions are shown
from BJ/E linked scans. The loss of Cl° leads to odd
ions, at m/z 812 and m/z 892 respectively, which
correspond to dinuclear monobridged species. In
this respect it is noteworthy that monohalide-bridged
binuclear platinum and palladium complexes have
actually been isolated and characterized [11]. The
further loss of [L-H], from the [MH — CI]* species,
suggests that in this case the dinuclear species are
likely to be stabilized by a metal—metal interaction.
In contrast with what was observed for the adducts 1
and 2, sequential losses of PdC1" and CI" from [M +
H]" are observed in this case, leading eventually to
the ijonic species at m/z 672 and 752 identical to
those already described for I and 2 respectively.
Again, organic fragments are practically undetectable,
proving once more the high stability of the ortho-
metallated moieties.
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The monomeric cyclometallated compound §,
Pd(Ph;P)YP-H)CL, i.e. the species arising from a bridge
splitting reaction of 3, does not show any protonated
molecular species [MH]* but only [M]™*" odd elec-



60

tron ions at m/z 725. The analogous complex 6,
Pd(Ph,;P)(D-H)Br, shows no molecular species at all
(neither [MH]* nor [M]*").

For both § and 6 primary HX loss (X = Cl and Br
respectively) leads to the most abundant ionic species
(m/z 689 and 649 respectively, base peaks of the
FAB spectra) which are likely to involve C— and P—
intramolecular coordination.

In addition, for 5 and 6, dinuclear moieties
become well detectable at m/z 1153 and 1117 res-
pectively. Isotopic cluster analysis confirms the
presence, in these ionic species, of two palladium
atoms and only one halogen atom (see Table 1).
These ions can originate mainly from two different
mechanisms, both induced by FAB:

m/z 585 (12)
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6: m/z 729 (absent)
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Scheme 3.
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[Pd(Ph3P)(L H)X]*
[PA(PhsPYL-H)]* + X'

(i) [Pd(PhaPXLH)X] 25
[Pd(Ph,PYL-H)]* + [Pd(Ph,P)(L-H)X] —>

[Pd,(PPhs)(L-H),X]* + Ph,P

(ii) [Pd(Ph;PYL-H)X] — [Pd(Ph;PYL-H)]" + X

[Pd(PhsPY(L-H)]" + [Pd(Ph,PYLH)X] —>

[Pd,(PPh,)(L-H),X] " + Ph;P

[Pd2(PPh3XL- H)2X] [sz(PPhs)(L'H)z X]*

/

\x/ \

5: mfz 1153 (1)

6 m/z 1117 (2)
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Scheme 4.

The absence of the possible charged reacting species
[M —CI]* can be due to its high reactivity which
immediately leads to dinuclear products. The only
fragmentation pathway of the dinuclear species, ob-
served by BfF linked scans, is a retrosynthetic one
with hydrogen rearrangement (see Scheme 3).

As for 5 and 6, it is remarkable that, contrary to
what was observed for the mononuclear adducts 1
and 2 and for the binuclear metallated compounds 3
and 4, no protonated molecular species are detect-
able. This can be related to a lower proton affinity
of 5 and 6 or to a particular unstability of the [MH]*
ions.

Finally, compound 7, where both neutral and
deprotonated DIAZEPAM ligand are present, shows
together [MH]" and [M]*" ions, primary losses of
HCl, C¢H,4 and contemporary losses of DIAZEPAM
and HCI (see Scheme 4). The base peak is due to the
[LH]* moiety as observed in 1 and 4. The loss of HCI
reminds us of that already described for 1, 2, 5 and 6.
On the contrary, the C¢H, loss is peculiar to 7. The
complete lack of this fragmentation pathway in the
mass spectrometric behaviour of the DIAZEPAM
ligand [12], indicates that the hydrogen rearrange-

Pd
v

61

. ;‘:Hg -'|+
X

msz 632 (0.5)

ment involved in the C¢H4 loss must be necessarily
induced by the metal center. Hence, the fragmenta-
tion pattern of 7 is very different from that of the
isobaric ions originating from 1 through HCI loss.
This can be reasonably ascribed to the different
energy content of these ionic species. While for 7
the ion at m/z 708 represents the molecular species,
for 1 the analogous ions are fragments: consequently
their energy content is surely lower.

An HCl addition product is detected at m/z
743. This could be, in principle, due to an oxidative
addition reaction or, more likely, to the formation
of adduct 1.

Acknowledgements

We are grateful to the Ministero della Pubblica
Istruzione (M.P.I.) and to the Consiglio Nazionale
delle Ricerche (C.N.R.) Rome for financial support,
and to Parke-Davis S.p.A. for a gift of PRAZEPAM.
We thank Mrs Pina Russo (CNR, Milan) for assistance
in the mass spectra registration.



62

References

1 (a) C. Preti and G. Tosi, J. Coord. Chem., 6 (1976) 81;
(b) C. Preti and G. Tosi, Transition Met. Chem., 3 (1978)
246; (¢) C. Preti and G. Tost, J. Coord. Chem., 8 (1979)
223; (d) C. Preti and G. Tosi, J. Inorg, Nucl. Chem., 41
(1979) 263; (e) A. Benedetti, C. Preti and G. Tosi, J. Mol.
Struct., 116 (1984) 397, (f) L. Antolini, C. Preti, G. Tosi
and P. Zannini, J. Crystallogr. Spectrosc. Res., 16 (1986)
115.

2 (a) G. Minghetti, C. Foddai, F. Cariati, M. L. Ganadu and
M. Manassero, [norg. Chim. Acta, 64 (1982) L235; (b)
G. Minghetti, M. L. Ganadu, C. Foddai, M. A. Cinellu,
F. Cariati, F. Demartin and M. Manassero, /norg. Chim,
Acta, 86 (1984) 93.

3 M. A. Cinellu, G. Minghetti, A. L. Bandini, F. Demartin
and M. Manassero, XX Congresso Nazionale di Chimica
Inorganica, Pavia, sett. 1987, Atti B04, p. 215.

4 M. A. Cinellu, M. L. Ganadu, G. Minghetti, F. Cariati,
F. Demartin and M. Manassero, Inorg. Chim. Acta, 143
(1988) 197.

M. A. Cinellu et al.

5 A. Mosset, J. P. Tuchagues, J. J. Bonnet, R. Haran and
P. Sharrock, /norg. Chem., 19 (1980) 290.

6 G. Minghetti, F. Demartin et al., to be published.

7 L Omae, J. Organomet. Chem. Lib., 18, (1986) 9.

8 (a) P. Traldi, U. Vettori, G. Banditelli, A. L. Bandini
and G. Minghetti, Inorg. Chim. Acta, 69 (1983) 207;
(b) A. L. Bandini, G. Banditelli, G. Minghetti, U. Vettori
and P. Traldi, /norg. Chim. Acta, 142 (1988) 101; (¢)
G. Cetini, L. Operti, G. A. Vaglio, A. L. Bandini, G.
Banditelli and G. Minghetti, Gazz. Chim. Ital, 118
(1988) 545; (d) A. L. Bandini, G. Banditelli, G. Minghetti,
B. Pelli and P. Traldi, Organometallics, 8 (1989) 590.

9 A. P. Bruins, K. R, Jennings and S. Evans, Int. J. Mass
Spectrom. Ion Phys., 26 (1978) 395.

10 R. G. Cooks, J. H. Beynon, R. M. Caprioli and G. R.

Lester, Metastable Ions, Elsevier, Amsterdam, 1973.

11 D. M. Grove, G. van Koten, H. J. C. Ubbels and A. L.

Spek, J. Am. Chem. Soc., 104 (1982) 4285.

12 W. Benz, F. M. Vane and U. Rappe, in N. R. Daly (ed.),

Advances in Mass Spectrometry, Vol. 7B, Heyden &
Sons, London, 1978, p. 1271.



