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Summary 

The mass spectrometry behaviour of dimethylaminomethyl- and o1-( dimethyl- 
amino)ethyl derivatives of cymantrene and ferrocene, their iodine methylates as 
well as of the deutero analogues of these compounds has been studied. It has 
been shown that mass spectrometry can be successfully employed for the quan- 
titative determination of the total deuterium content in aminoalkyl derivatives 
of cymantrene and ferrocene, the distribution of the label between the dimethyl- 
aminoalkyl group and the metallocenyl fragment and in case of the dimethyl- 
aminomethylferrocene also between the substituted and unsubstituted cyclo- 
pentadienyl rings. The data on the distribution of the isotopic label were used to 
ascertain the mechanism of fragmentation of the dimethylaminomethylferrocene 
under electron impact. 

Introduction 

Numerous investigations in organic and organoelement chemistry using com- 
pounds containing hydrogen isotopes are associated with the problem of quanti- 
tative and qualitative analysis of the content of deuterium in labelled com- 
pounds. Mass spectrometry is one of possible methods adopted to obtain infor- 
mation of this kind. In particular, this method has been employed [Z] in study- 
ing the metallation of dimethylaminomethylcymantrene (I) with n-butyllithium, 
followed by treatment of the resulting organolithium compounds with deuterium 
oxide. This paper provides the data from a mass spectrometry investigation of 
dimethylaminoalkyl derivatives of cymantrene (I and II) and ferrocene (III and 
IV) and their deutero analogues prepared by the metallation reaction (see Exper- 

* For part XIX. see ref. 1. 
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imental) with a view to determining the content and distribution of deuterium 
in these compounds_ 

Results and discussion 

The possibility of applying mass spectroscopy to the isotope analysis is deter- 
mined by the specific Dehaviour of the compound in a mass spectrometer. One 
of the limitations of the mass spectrometry method in carrying out isotope analy- 
sis of r-complexes of transition metals resides in the possibility of various secon- 
dary processes taking place in the mass spectrometer 131. A study of the rela- 
tionship of mass spectral characteristics of amines I--IV vs. temperature has 
shown that they are not subjected, except IV, to thermal decomposition in the 
mass spectrometer. In the case of IV a partial thermolysis with the formation 
of vinylferrocene is observed_ 

Fe 

(I,R=H;lI R=Me) (llI,R=H ;EZ,R=Me) 

In the combined evaporation of I-IV with D20 in a mass spectrometer no pro- 
tonated (hydrogenated) molecular or fragment ions or processes of exchange 
with hydrogen atoms are observed_ Consequently, the possibility of isotope 
analysis of arnines I-IV should be defined solely by the scheme of their frag- 
mentation under electron impact. 

The principal process of destruction of molecular ions (P’) of I and II is the 
elimination of carbonyl ligands resulting in the formation of the ions P’ - r&O 
(n = 1-3) (Fig. 1). An interesting feature of the fragmentation of amine II is 
the presence of ions [ (C0)&lnC5H4CHNMe2]’ and [(C0)JUnC,H4CHMe]‘. 
These ions are stable particles in a mass spectrometer, which is probably due to 
their isomerization into a structure similar to the benzenetricarbonylmanganese 
cation [ 1] , e.g. according to Scheme 1_ 

SCHEME 1 1+ If 

Fragmentation pathways for the ions P’ -- 3 CO differ from the pathways for 
the molecular ions P’. The main process is the elimination of the molecule 
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Fig_ 1. >Iass spectra (70 eV) of hIe~NCH2C5H4hln(C0)3 (a) and ~I~~NCH(~I~)C~HJBI~(CO)~ (b). 

MeN=CH2 with the formation of ions [RCH&HJvIn]’ (R = H or Me) :k_ 
Simultaneously with this process, the metal-cyclopentadienyl ring bond in 

ions P’ -- 3 CO is broken thus giving ions Mu’ or rearranged ions MnNMe,’ and 
MnR’. In addition, in the mass spectra of I and II a number of ions containing 
no metal atom is present. One of the most intense among them is the ion 
Me,NCHR+. 

Analysis of the mass spectra of III and IV (Fig. 2) indicated that for the 
molecular ions of these compounds substantially all destruction pathways 
known for ferrocene derivatives are realized. These include, first of all, reactions 
of metal-ligand bond cleavage resulting in ions C5HjFe+ (for III and IV) and 
P’ - C5H, (for III)_ In the spectrum of III the formation of the rearranged ions 
C,H,Fe’, P’ - C5H, and C;H,FeNMe;, and the ion C5H6Fe’ in the case of IV, is 
also observed_ In the spectrum of III the ions C,“HloFe+ and P’-MeN=CH2 
have a high intensity. In the case of IV there is no loss of MeN=CH, from P’ 

and the most intense ion is P’ ---Me,NH (the product of 1,2-elimination)_ 
The common feature of the behaviour of the discussed compounds (I- -IV) 

under electron impact is the easy formation of gas-phase ions of the type 

* In contrast to the data described in ref. 4. we have found that in the spectrum of I the most intense 
ion is CgH,Mn+ with m/r of 134. and in the spectrum of its deutero analog~vz. <C0)3hInC5H3- 
DCHzNhle2. the ion with m/z of 135; the intensity of the ion CgHgMn+ is 4% of that of m/z 134. 
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cx-metaIIocenylcarbenium. The aminocarbenium ions LMC,H,CHNMe,’ (LM = 
(CO),Mn or C,H5Fe) should be particularly noted, since their properties in the 
condensed phase are insufficiently studied. 

The above-given analysis of the mass spectrometry behaviour of compounds 
I--IV has made it possible to come to certain conclusions as regards the feasibi- 
lity of qualitative and quantitative analysis of their deutero analogues. 

The presence of intense molecuIar ions, as well as ions P’ -r2 CO (n = 1, 2) in 
the mass spectra of cymantrenyl derivatives I and II makes it possible to 
establish the total content of the label. Furthermore, in the mass spectra of 
these compounds there is a sufficient amount of fragment ions to determine the 
content of deuterium in every structural unit (cyclopentadienyl, dimethyiamino, 
methylene or ethyhdene groups). Analysis of the isotope distribution for the 
ions CHRNMe2’, MnNMez’ (II) in the mass spectra of the products of deutero 
exchange of I and II points to the absence of the label in the substituent. Con- 
sequentIy, the content of deuterium in the cyclopentadienyl ring in this case 
coincides with the total amount in the whole molecule and can be determined 
by the ions P' -n CO, wherein 12 = O-Z. The use of ions P’ - 3 CO and 
P’ - 3 CO--IMeN=CH2 for the same purposes is impossible, since they are 
accompanied by fragments containing a lesser (by one or more) number of 
hydrogen atoms. 

The determination of the total content of deuterium in IV can be also 
effected by analysis of the molecular ion group. However, in the case of amine 
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Fig. 2. Mass spectra (i0 ev) of hleZNCH2CgHqFeC5Hg <a) and hIe2NCH(hfe)CsH4FeCsH~ (b). 
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III the ions P’ -H and P’ --Hz are present and retain their high intensity even 
at low ionization energy (the ratio [P’ -H]/[P’] is about 0.1 at 10 eV). Hence,. 
isotope analysis of the molecular ion group in deutero analogues of III is impos- 
sible. 

Another possible way of determining the total content of deuterium is the 
analysis of the fragment ions complementing each other to the complete struc- 
ture of the starting compound. Among fragments meeting this requirement in 
the mass spectrum of III are CSH,Fe’ and FeCSHICH2NMe,‘, C5H,FeNMel‘ and 
FeC5H4CH1’ and the like. However, as is seen from Fig. 2, each of these ions is 
accompanied with fragments differing by one or more hydrogen atoms. Besides, 
it is also possible that the formation of some of these ions is preceded by a 
complete rearrangement of hydrogen atoms between the ligands, just as in the 
spectrum of methylferrocene [ 51. Consequently, the use of these ions for the 
isotope analysis is not possible. 

Nevertheless, the presence of the ions ClOHloFe+ and lMe2N=CHz‘ in the spec- 
trum of III makes it possible to obtain information on the distribution of the 
label between the ferrocenyl radical and the substituent. In the spectra of 
deutero derivatives of III the value of the intensity ratio of the ions m/z 59 and 
m/z 58 does not exceed the natural isotope distribution for the composition 
C,H,N. This points to the absence of deuterium in the side chain and, hence, 
the total content of the tracer in deutero analogues of III can be determined 
from the consideration of the ions ClOHlOFe+. 

Consequently, from the data from the mass spectra of free bases III and IV 
information can be obtained only for the total amount of the label or its distri- 
bution between the ferrocenyl residue and the substituent. Analysis of the dis- 
tribution of deuterium between the cyclopentadienyl rings through the products 

- of breakdown of the metal--1igand bonds becomes hindered, in particular due to 
the superposition of ions CSH,DFe’ and C5H6Fe+_ 

Among the techniques employed for interpretation of the mass spectrometry 
data is the preparation of chemical derivatives of the compound being studied. 
The most trivial derivatives of the amines I- -IV are their iodine methylates: 
(C0)&InCSH4CH2NMe31 (Ia), (CO),MnC,H,CH(Me)NMe,I (IIa), 
CSHSFeCjH4CH2NMe31 (IIIa) and C5H5FeC5H4CH(Me)NMe,I (IVa). 

-In the mass spectra of Ia-IVa there are no ions‘containing, at the same time, 
atoms of a metal and nitrogen, or nitrogen and iodine. The ions observed in the 
spectra of these compounds are formed solely as a result of ionization and frag- 
mentation of the products of their thermal decomposition (Scheme 2). The 
results of the isotope analysis of the ions (CO),MnC,HICHRI in the spectra of 
Ia and IIa coincide with the data obtained for the free arnines. 

Among the products of thermal decomposition of IIIa, iodinemethylferrocene 
C5HjFeCSH4CHzI is noteworthy. The molecular ion of this compound does not 
decompose with the loss of hydrogen atoms, thus making it possible to calcu- 
late the content of deuterium in the ferrocenylmethyl group. 

The data obtained by this method can be confirmed by the analysis of ions 
CjHSFeI’ and FeC,H,CHJ’ formed by fragmentation of the molecular ion of 
this compound (Table 1). In addition, the presence of the above-mentioned 
products of breakdown of the metal-ligand bond makes it possible to deter- 
mine the content of deuterium in each of the cyclopentadienyl rings which 
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SCHEME 2 

il,-ma LMC5H4CHRI e LMC,H,CHRNMe, 1 A Me1 

LMC5H4CHR LMC5H4CH2R NMe, LMCSH4CH = CH:! 

LM = (CO)_,Mn for Ia and IIa, and C5H5Fe for DIa, EZa; R is H or Me 

characterizes the distribution of deuterium in molecules of III and IIIa. 
Consequently, only the combined study of the mass spectra of III and its 

iodine methylate IIIa makes it possible to determine the amount of the label in 
the side chain and in every cyclopentadienyl ring. The absence of iodine-con- 
taining ions in the spectrum of IVa does not enable a similar analysis_ 

The data given in this paper on the content and distribution of deuterium in 
the products of metallation of I-III, formed by treatment of the corresponding 
organolithium compounds with deuterium oxide, are in full agreement with the 
results of a PMR investigation of these compounds (Table 2). Consequently, 
mass spectrometry can be successfully employed for the quantitative determina- 
tion of the total content of deuterium in aminoalkyl derivatives of cymantrene 
and ferrocene, its distribution between the dimethylaminoalkyl group and the 
sandwich fragment and in some cases, for example for III, between the sub- 
stituted and unsubstituted cyclopentadienyl rings. 

The data on the distribution of the isotope label in deutero analogues of III 
or IIIa have been used by us to check the scheme of fragmentation of the free 
amine III. Just as in the case of methylferrocene [ 51, it could be assumed that 
the formation of certain fragments occurred after the redistribution of hydro- 
gen atoms in the molecular ions. However, it is seen from Table 3 that calcula- 
tion of the intensity of ions with m/z 121-124 and 134-137 for this case 

TABLE 1 

THE DISTRIBUTION OF THE LABEL IN THE DEUTERO ANALOGUES OF AMINE III 

structure 
element 

Compound IOn do dl d2 d3 da = 

CsHs IIIa CsHgFeI+ 55.4 38.8 5.8 

CsH4 IIIa CgHqCH2FeI+ 10.6 62.1 27.3 
IIIa (calculated) &J 5.9 38.5 39.8 14.2 1.6 

CgH5FeCgH4 IIIa CI IHt IFeI+ 7.7 37.5 38.2 14.7 1.9 
III CIoHIoFe+ 9.2 36.8 35.7 15.7 2.5 

o di(~) = (Idi/sZdi)lOO, where Idi is the intensity of the Isotopic ion of given structure. with i being the 

number of deukium atoms. ’ From the above data on the content of deuterium in CSHSFeI+and 

CSH4CHzFeI+ ions. 
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TABLE 2 

THE DISTRIBUTION OF THE LABEL WITHIN THE MOLECULE OF MONODEUTEROAMINES I-III 

DERIVED FROM PMR = AND MASS SPECTRA (CONTENT OF D IN PARTS PER ATOM) 

Allline Method Label position b 

c P Y 

I PMR 0.97 0.10 - 

MS 1.11 - 

II PMR 0.86 0.14 - 

MS 0.95 - 

III PbIR 0.79 0 0.21 

MS 0.72 0.26 

a Eu(fod)J of Dy(fod)x was used to obtaine the resolved spectra of the cyclopentadienyl protons and the 

assignment of the signals 6 No deutero label was found in the dimethslaminoalkul ?ZOUP. 

TABLE 3 

THE EXPERIMENTAL AND CALCULATED MASS SPECTRUM OF THE DEUTERO ANALOGUE OF 
AMINE III (FOR THE SAMPLE MENTIONED IN TABLE 1) 

Ion groups analysed m/z Relative intensity of peaks within the analysed 

group of ions 

Experiment Calculated 

Mechanism A Mechanism B 

121 
122 

123 
124 

125 

C6H6-DnFe 
.r 

and C6H7_+DrnFe 
+ 134 

135 

136 

137 

138 

186 

187 
188 

189 
190 

CI IHI I-&,Fe+=d C, IH,2-,dhFe+ 199 

200 
201 
202 

203 

204 

Ci3H 17-DnFefand CI3HI6--m m D Fe+” 242 

243 
244 
245 
246 
247 

45.3 

40.6 

11.2 
2.8 
- 

7.9 
38.0 

41.2 

12.9 
- 

9.2 
36.8 
35.7 
15.7 

2.5 

7.0 
33.4 
37.2 

17.5 
4.7 

0.3 

3.3 
14.4 

34.5 
30.8 
14.5 

2.5 

33.2 

47.1 

16.4 
3.0 

(0.3) 

23.5 
39.3 

24.4 

10.6 

(2-2) 

1.6 

12.8 
37.6 

34.5 
13-4 

1.3 

47.5 

43.2 

8.8 
0.5 

8.8 
40.4 

39.7 

11.1 
- 

5.9 

38.5 
39.8 

14.2 
1.6 

6.0 
33.2 
38.0 
18.8 

3.8 

0.3 

111 

11.7 
37.8 

34.6 

13.4 
1.5 

a These ions are assumed to be formed via migration of methylene hydrogen. 
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(mechanism A; only the hydrogen atoms of the ferrocenylmethyl group are taken 
into account) does not meet the experimental data. A good agreement with the 
experiment is obtained by assuming that the hydrogen atoms of the ferrocenyl 
fragment keep their place on fragmentation (mechanism B). In particular, the 
formation of ions C5HSFeH’ occurs due to the irreversible migration of the 
hydrogen atom from the cY-methylene unit to the Fe atom. 

In the above-described study of the mechanisms of fragmentation of III we 
have used its deutero analogues or their iodine methylates containing the 
deutero label in both cyclopentadienyl ligands. It enables us to conclude that 
for the determination of the scheme of destruction of certain compounds there 
is no need for labour-consuming syntheses of their selectively label-marked deri- 
vatives_ 

Experilmental 

The amines I, II, III and IV were prepared according to refs. 2, 8, 9 and 10, 
respectively. The quatemary salts of IIa, IIIa and IVa were prepared by methy- 
lation of amines II-IV [ 8,9,10]. In a similar manner, Ia with m-p. 236--237°C 
was isolated from amine I and Me1 in acetone. Elemental analysis: found: C, 
36.17; H, 3.89; Mn, 13.75, C12HISN03hG-rI, calcd: C, 35.75; H, 3.75; Mn, 
13.63% 

Monodeutero analogues of amines I--III were prepared by metallation of 
these amines with an ethereal solution of n-BuLi in ether-THF (1 : 2) at -70” C 
(for I and II) and 24°C (for III) followed by treatment of the reaction mixture 
with D20 [ 21. The amines I-III, containing more than one D atom per mole- 
cule, were prepared by repeated metallation of the monodeuteroamines’under 
similar conditions. All the deuterium-marked amines were converted into the 
corresponding iodine methylates as described above. 

The following main ion peaks were observed in the mass spectra. Compound 
Ia (m/z (ion composition)): 344 ([(CO),MnC,H,CH,I]‘), 309 (MnI,‘), 260 
(MnC,H,CHJ+), 233 ( [(C0)2MnCjHJCH2NMe2]+), 218 ( [(C0)@nCSHJCH3]‘), 
205 (C&i,CH,I’), 190 ([ (CO),MnC,H,CHJ’), 182 (MnI’), 177 (MnCSH&H2- 
NMe;), 161 ( [(CO)MnCSH,CH,]‘), 142 (MeI’), 134 (Mn&H,CH,‘), 128 (HI’), 
127 (I’), 59 (NM+‘), 58 (NC,&,), 5’7 (NC3H7*), 55 (Mn’). 
Compound Ha: 358 ( [(CO),MnCSH&HIMe]+), 281 (?), 274 (MnCjH,CHIMe+), 
230 ([ (C0)3MnC5H3CHCH2]+), 202 ( [ ( C0)2MnCSH4CHCH2]‘), 191 (?), 182 
(MnI’), 174 ([(CO)MnC,H,CHCH,]‘), 146 (MnC,H_$HCH2’), 128 (HI’), 127 
(I’), 120 (MnC5H5+), 91 (C,H,‘), 59 (NMe,‘), 58 (NC&H,‘). 57 (NC,H,+), 55 ’ 
(Mn’)_ Compound IIIa: 326 (FcCHJ]‘), 261 (FeC,H,CH,I’), 248 (C,H,FeI’), 
200 (FcMe’), 199 (FcCH,+), 186 (FcH’), 183 (FeI+), 142 (MeI+), 134 (C,H,Fe’), 
128 (HI’), 127 (I’), 121 (CSHSFe’), 99.5 (FcCH~“), 78 (C,H,‘), 59 (NMe,‘), 
58 (NC,H,‘). 57 (N&H,+), 56 (Fe’). 
Compound IVa: 424 ([(FCC&H,],‘), 282 (?), 257 (FcCHMeNMe,‘), 236 (?), 
212 (FcC,H,‘), 186 (FcH’). 147 (C,H,Fe’), 134 (CsHsFe+), 129 (C,,H,‘), 128 
(HI’), 127 (I’), 121 (C,H,Fe’), 59 (NMe,‘), 58 (NC,H,‘), 57 (NC,H,‘), 56 
(Fe’). 

The mass spectra were obtained on a MS-30 mass spectrometer with a DS-50 
data processing system at ionizing voltages of 70, 12 and 10 V and ionization 
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chamber temperature of ZOO--250°C. The temperature of the direct input sys- 
tem in the case of I-IV is 25°C. The spectra Ia, IIa, IIIa and IVa were ob- 
tained at 280, 230, 200 and 150X, respectively_ The calculation of monoiso- 
tope spectra were performed using programs AELITA and ISOMETA [6,7]. 
PMR spectra were recorded on an R-12 instrument (Perkin-Elmer). 
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