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Summary 

The mass spectra of five bidentate chelates containing the o-phenylene 
linkage, o-C,H,(EPh,)(E’Ph,) (E = E’ = P; E = E’ = -4s; E = P, E’ = As; E = P, 
E’ = Sb; E = As, E’ = Sb), are reported. The fragmentation patterns reflect the 
effect of decreasing C-Group VB bond strength a the mass of the VB element 
increases. Thus the intensity of the parent ion M and M-l decrease along the 
series P --, Sb. The base peak in each ligand is a cyclic ion C,,H8E’: and in the case 
of the mixed bidentates E is the lighter Group VB element. Unlike those bidentate 
ligands with the alkane or alkene backbones, these o-phenylene llgand fragmenta- 
tion patterns show that Ph,EEPh, + ions are not formed to any appreciable es- 
tent, and phenyl migration reactions to give Ph3F ions are unimportant. Tfie 
fragmentation of two ditertiary stibines, Ph2Sb(CH2),SbPh, (n = 1, 3) are aIs.3 
reported. In these cases the major fragments are Ph?Sb’, PhSb’ and C12HIO+. 

Introduction 

The recent extensive studies on the synthesis and coordination chemistry 
of heavy Group VB donor Ligands have, rather surprisingly, prompted few 
studies of the mass spectra of the ligands themselves. The fragmentation patterns 
of triphenyl-phosphine [ 2, 31, -arsine, and -stibine [3], and of the bidentate 
chelating Ph,ECH2EPh, [4], PhlECH&H2EPh, [4], and cis- and trarzs-Ph,ECH= 
CHEPh, [5] (E = P, As), Ph2PCH&H2AsPh2 [5], and cis- and trans-Ph?PCH= 
CHAsPh, [5] have been reported. Feltham and Metzger 163 examined the 

l For Parts X and XI see rci. 1. 
l - Author lo whom correspondence should be addressed. 
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products of the reaction of Me,As- ions with o-dichlorobenzene by mass spectra 
etry, and also recorded the fragmentation patterns of o-phenylenebis(dimethyl- 
arsine) and of cis- and bans-1,2-bis(dimethylarsino)ethylene. 

Here we report the mass spectra of five o-phenylene ligands: o-phenylene- 
bis(diphenylphosphine) (I), [o-(diphenylarsino)phenyl]diphenylphosphine (II), 
[o-(diphenylphosphino)phenyl]diphenylstibine (III), o-phenyIenebis(diphenyl- 
arsine) (IV), and [o-(diphenylarsino)phenyl]diphenylstibine (V); and of two 
ditertiary stibines: bis(diphenylstibino)methane (VI) and 1,3-bis(diphenyl- 
stibino)propane (VII). 

PPh2 

PPh, 

(I,PP) (II ,ap) 

AsPh2 AsPha 

AsPh, SbPh2 

(IP.aa) (P. sba) 

(III, sbp) 

Pn2SbCH2CH2CH2SbPh2 

Ph2SbCH2SbPh2 

(El,dsbm) 

Experimental 

The bgands were obtained by literature methods, viz.: pp [7]. ap [8], 
sbp [9], sba [9], aa [ 101, dsSm [ 111 and dsbp [ 121. 

The 70 eV mass spectra were obtained using an AEI MS 902 mass spectrom- 
eter and a DS 30 Data System. Spectra were recorded at a resolving power of 
2000 and the atomic compositions confirmed by accurate mass measurements 
(RP = 10,000). 

Results and discussion 

The major fragments of the o-phenylene ligands are listed in Table 1. The 
effect of decreasing bond strength C-Group VB element as the atomic number 
of the latter increases is particularly noticeable along the series, particularly in 
the decreased importance of the parent ion. The base peaks for all five ligands* 

l aba ws kolzated as a n.butanol solvale and as ~ch gave a base peak of m/e 56 (buteoe). The spectrum 

was recomputed to eliminate the solvate. 
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C,H,As+ 

152 

+ 
C6H5 

-Ph 

306 

\ 
\ 

-PI-I 

\, 
C QH&s+ 

380 

I 

-AsPn 

Fig. 1. Fragmentation of aa. 

TABLE p 

MASS SPECTRA OF dsbm AND dsbp 

&bm 

hlaxs Rel. int. Fragment 

djbp 

MdSS Rel. int. FragIDeIl1 

564 11.5 C25H,2Sb? 

550 1.6 Cm”zoSb2 
352 7.1 C\d+tsSb 
319 2.6 CgH.$bz 

290 4.5 C13”ixSb 
289 1.6 C13”tzSb 
275 19.5 Clz”loSb 
273 8.1 C,,HSSb 

198 80.2 C6HjSb 

197 8.5 CgHqSb 

154 100 C12”10 
153 19 C12H9 
132 14.6 CIZ”B 
121 4.1 Sb 

592 1.4 C27”xsSbz 
550 3.6 Cz4H?oSb, 
515 10.1 Czt”z1Sbz 
438 3.6 Cls”t&bz 
352 5.4 Cls”lsSb 
319 52 C,j”.jSb2 
317 10.7 Cts”l6Sb 
276 5.5 CizHl~Sb 
275 39 Clz”IoSb 
273 6.1 CIz”aSb 
240 1.3 C9”1 ISb 
239 1.0 CdlOSb 
198 65.3 C,+@b 
197 8.7 C6”4Sb 

154 100 CI?HIO 
153 17.6 C12H9 
152 12.9 CIZ”S 
121 6.8 Sb 

= only data for I?-‘Sb containing fragments is given. and the 1% are net corrected to take into account 
lz3Sb cootainin~ ions. 
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are cyclic ions of the type: 

where E = P for pp, ap, sbp, and = -4s for aa, sba. The mixed ligands produce 
particularly clear evidence of the effect of decreasing C-E bond strength - 
for example the relative intensities of the CIzHBP+ and C,2HBA~T ions in ap are 
100 and 24.5% respectively. In contrast to alkane or alkene backboned d&Group 
VB donor ligands [4, 51, the elimination of the backbone to give Ph2EEPh2’ 
ions is unimportant here, as is phenyl migration to give Ph3E+, since only weak 
peaks due to the latter are observed. As previously noted [ 51 in mixed donor 
ligands, where phenyl migration does occur, the phenyi group is transferred 
from the heavier to the lighter E atom, but not vice versa. The phosphorus con- 
taming ligands all show a strong peak at m/e 337 which is due to C2aH18P+ and 
which probably has the structure: 

PI/’ 'P" 

Similar As and Sb containing fragments do not appear to form to any extent. 
The fragmentation of aa is relatively simple and in shown in Fig. 1. The peak 

m/e 152 consists of Ph As’ and C, zHi (this is confirmed by high resolution stud- 
ies). 

The basic fragmentation patterns of the other ligands appear to be essential- 
ly similar, although those containing at least one P atom show quite complex 
behaviour. 

DisCibines* 
The fragmentation pattern of dsbm is fa.ir:y similar to those reported for 

the phosphorus and arsenic analogues [ 41; the differences observed can be attri- 
buted to the much weaker C-Sb bond [ 131 and to the unimportance of species 
containing multiple bonds to the antimony. From Table 2, where only the ‘*‘Sb 
fragments are listed, it appears that the base peak of the dsbm spectrum is the 
ion m/e 154 (biphenyl). If, however, the lz3Sb fragments are also considered 
the base peak is PhSb’. The corresponding base peaks in the phosphorus and 
arsenic analogues are the cyclic ion VT11 and the parent, respectively [41_ As 
previously mentioned, species containing multiple bonds to antimony are un- 
important - for example Ph2P+=CH2 has I = 62% in the spectrum of 

l See footncte to Table 2. 



C,li,SD, 

319 

SoC6H, 

197 

Fig. 2. Fragmencatmn of dsbm (“‘Sb). 

Fh,PCH2PPh, and Ph2Ast=CH, I = 7% in that of the arsenic analogue, whilst 
Phl_Sb=CH2 has only I = 1.6% (“‘Sb + “‘Sb), and there is no ion at all 
sponding to the m/e of PhSECH ion. The phenyl migration reaction: 

corre- 

Ph 

Ph 

c Ph,Sb+ + CH,SbPh 

is also relatively less important since Ph3Sb (m/e = 352) has I = 7.5%, compared 
with I = 81% for Ph3P’ and I = 64% for Ph3As* in the phosphorous and arsenic 
analogues [ 4 1. The major antimony containing species are ions of m/e 275, 198 
which are attributed to Ph,Sb’ and PhSb’, respectively. The proposed fragmen- 
tation patterns for dsbm and dsbp are shown in Figs. 2 and 3. The dsbp spectrum 
has a base peak of Ph-Ph m/e 154 (“‘Sb data only), but the sum of “‘Sb and 
lz3Sb fragments for PhSb’ is 115% of the Ph-Ph peak. 
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PhSbCH,CH,CH, 

Fig. 3. Fngmenlation of dsbp (“‘Sb) 
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