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Summary

he fragmentation patterns of seven bidentate and two tridentate Group
VB donor ligands are reported. For these methyl-substituted ligands the initial
fragmentation is essentially loss of methyl radicals. Phenyl, but not methyl,
migration occurs for the bis(phenylmethylarsino)alkanes, but methyl migration
is evident in the all aliphatic bidentate chelates. The tridentate ligands PhE-
(CH,CH,CH,AsMe,), (E = P, As) show similar fragmentation routes, but are
more complex. The long chain diarsine, Me, As(CH,),;,AsMe,, exhibits a tendency
to cyclise and lose C,H, fragments progressively.

Introduction

There is increasing interest in the mass spectral fragmentation patterns of
bi- and multi-dentate ligands. In addition to their inherent interest, mass spectra
of ligands have been recorded in an attempt to elucidate the difficulties in the
synthesis of various diarsines {2], to identify the products from the attempted
preparations of several ditertiary stibines {3], and to examine the possibility of
a correlation beteen the electron impact fragmentation of thioether ligands and
metal catalysed S-dealkylation reactions [4]. Previous studies have reported the .
mass spectra of EPh; [5], Ph,E(CH,),EPh, [6,7], cis- and trans-thECH=CHEPh2
[6] (E = P, As), and the range of o-phenylene ligands o-CsH4(E Ph,)(E"Ph,) [8].
Alkyl substituted ligands have been much less studied although the fragmenta-
tion of o-phenylenebis(dimethylarsine) [2,9], and cis-1 Z-bls(dxmethylarsmo)-
ethylene [9] have been briefly discussed.

* For Part XVIII see ref. 1.
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Here we report the mass spectra of a series of predominantly alkyl substitut- = .
ed ligands: 1,3-bis(dimethylphosphino) propane (dmp).(I), 1,3-bis(dimethyl- - -
arsino)propane (dma) (I1), (3-dimethylphosphinopropyi)dimethylarsine (dmap)
(III), 1,3-bis(dimethylstibino)propane (dmsb) (IV), 1,2-bis(phenylmethylarsino)-
ethane (dase) (V), 1,3-bis(phenylmethylarsino)propane (dasp) (VI), bis(3-di-
methylarsinopropyl)phenylarsine (tasp) (VII), bis(3-dimethylarsinopropyl)- -
phenylphosphine (tap) (VIII), and 1,12-bis(dimethylarsino)dodecane (dmd)

(IX) *=. '

Experimental

The 70 eV mass spectra were obtained using an A E.I. MS 902 mass spectro-
meter linked to a DS 30 data system. Spectra were recorded at a resolving power
of 2000, and atomic compositions confirmed by accurate mass measurements
(RP = 10000). ' :

The ligands were obtained by literature methods: dmp [10], dma [11],
dmap [10], dmsb [12], dase [13], dasp [14], tasp [15], tap [16], and dmd by a
method [17] similar to that used to prepare dma.

Results and discussion

The prominent ions in the mass spectra of these ligands are listed in Tables
1 (I-IV), 2 (V and VI), 3 (VII and VIII) and 4 (IX).

Ligands I-IV (Table 1)

These ligands Me, E(CH,; );EMe, do not exhibit a parent ion in their spectra,
the heaviest fragment observed corresponding to P — CH;*. For I-III the ion
having m/e P— CH;" is also the base peak, but for IV the base peak corresponds
to m/e 151, Me,Sb*. All four spectra show the propensity of this type of ligand
to lose methyl radicals from the parent and subsequent daughter ions. Also all
four spectra exhibit ions containing two Group VB atoms, P — CH;*, P— 2CH,",
CsH,EE"", C,H(,EE'*, CH;EE"*, etc., suggesting that there is a linking of the
pnictogen atoms probably after loss of a methyl radical from the parent as
shown in Scheme 1.

SCHEME1 CH3 .
. + —CH . +
E E'(CHy);, — == CHE E'CHy
CHy” (CHo)3
l—(cwz)3
—CH; ~ , .+ _—CH3 +
CH3E E'(CHg); ——2 == CH3E E'CHy —— 2= CHiE g’

* Me; P(CH3)3PMej . I; Mez As(CH)3AsMeg, 11; MepP(CH3)3AsMes, IIT; Me;Sb(CH3Z)3SbMe,, IV
PhMeAs(CH3); AsMePh, V; PhMeAs(CH3)3AsMePh, VI; PhAs {(CH2)3ASM62 }2, VII;
PhP {(CH,)3AsMe, }o, VIIT; Me; As(CH,)12AsMeg, IX. 7
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:'The cl°avage of an —E(CH3)2 fragment from the backbone is also evident by the

:occurrence of C,HgE" ions. The presence of C;HyE* ions show that the methyl

. groups can migrate from one pnictogen atom to the other in the compound as
previously noted [4,6]. In unsymmetrical ligands the migration only occurs

_from the heavier pnictogen atom to the lighter since the spectrum- ‘of ligand II

- exhibite a peak at m/e 86, (CHs);P* but not at m/e 120 (CH3)3A5

, ngands Vend VI (Table 2)
i The fragmentation patterns of the two a w-bls(phenylmethyla.tsmo)alkanes

show interesting differences. Ligand V exhibits a parent ion m/e 362 and the
base peak at m/e 167, C,;HgAs*(PhMeAs™). Ligand VI resembles the tetramethyl
_analogue II in that the heaviest fragment observed is m/e 361 which is also the
base peak, P — CH;*. Ligand V unlike ligand VI drops out the backbone to give
m/e 334, C,,;H,cAs,* which then loses a methyl radical to give m/e 319, C,;H,4As,",
or undergoes As—As bond fission to give m/e 167, C;HzAs*. Pheny! migration
also occurs since a prominent ion occurs at m/e 229, C,,H,(As*(Ph, As"), the
subsequent decomposition of which is a characteristic feature of the spectra of
arylarsines [5,6]. In the spectra of both V and VI there is no evidence for
methyl migration.

A comparison of the fragmentation patterns of V and of Ph, As(CH,),AsPh,
[7] does not provide any clue to the reasons for the instability of Me, As(CH,),-
AsMe, [18], the tendency to eliminate the backbone is greater for both ligands
than for the trimethylene linked II and VI but partial replacement of phenyl
by methyl groups [Ph,As(CH,),AsPh, vs. MePhAs(CH,), AsPhMe] does not cause
any profound change in the spectra.

TABLE 2
FRAGMENTATION PATTERNS QF COMPOUNDS V AND VI
Ph /Ph Ph\ Ph
>A5CH20H2AS\ ‘AsCH,CH,CH, As
Me - Me Me' Me-
Mass Rel. Int. Fragment Mass Bel. Int. Fragment
362 13.0 Ci16H20AS2 361 100 CigHjgAss
347 3.4 CisH7As2 319 2.4 C13Hj3As;
334 152 Ci14H 6As2 299 8.0 C11Hy7Asy
319 3.6 . CyaHj3As2 229 6.8 Cj2HjgAs
244 17.3 Ci3H;3As 227 6.2 Cj12HgAs
229 32.6 C1.Hj0As 193 6.2 CoHjoAs
227 13.4 Ci2HgAs 180 5.4 C2HgAsy
182 4.4 CgHijAs 167 36.1 C,HgAs
167 100 CqHgAs 165 10.5 CH3As), C7HgAs
165 10.7 CH3Asj, C7HgAs 154 3.3 Cj2Hj0
154 10.6 Ci2Hj10 152 12.1 Cj12Hg, CgHsAs
152 223 CgHsAs, Cj2Hg 151 8.5 CgHgAs
151 26.7 CeHiAs 117 6.0 C3HgAs
91 97.2 C7H,, CH3AS 104 3.8 CHsAs
8 9.8 CHjAs 91 - 649 C;H7, CHAs
78 131.7 CgHg ; 89 5.6 CHzAs
7 - 15.3 CgHs ’ 78 10.1 CeHg
75 - 23 As 77 10.7 CeHs

75 0.3 As
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3 :',, TABLE4. : .
T ‘FRAGMENTATION PATTERN oF MezAs(CHZ)lesMez ax)

. Mass *° RelInt. - Fragment . Mass Rel. Int. Fragment
378 - "L7 . . CigHzeAsp .- 138~ 385 "~ C4HjpAs

877 - .17 . - CieH3sAsz - 131 . 15 C3HgAs
~+863.. - 100.0 . - CysH33Asp 120 .33 C3HgAs

349 . 6.1 CisH31A5; 119 5.4 C3HzAs
347 - 21 | Cig4Hz9As, 117 4.3 C3HgAs
. 335 211 - Ci3H9As) 107 69 ‘CgH1
321 .- ;1.8 CjzH27As2 - 108 - 13.8- C2H7As
1307 40 - CjiHzsAs; 105 31.6 C2HgAs

293 1.9 - CioHz3Asp 103 9.6 " CaHgAs
- 279 2.8 . CgHziAsy 101 2.3 CoHsAs

274 2.1 C14H3AS 95 3.7 CqH;y

273 - 1.3 - . 'CiqHzpAs 91 2.8 CHgAs
C 272 1.4 C14H29As 90 4,2 CH3As

265 1.2 . CgHigAsy 89 4.8 - CHaAs
251 - 2.6 o CqHjy7Asy 83 4.9 C6H11
245 2.5 © Cp2HzeAs 81 41 CgHg

. 237. - - 2.8 CgHsAsy - 75 2.0 As

231 2.1 - . C11HzaAs 71 3.8 CsHj,

217 1.1 CioHi248 69 18.9 CsHg

210 16.3 CaHjzAsy 67 7.0 CsH4
201 2.9 CgHizAs 57 13.6 CsHg

196 1.5 C3H;0As2 56 5.7 CaHg

195 2.4 C3HgAs) 55 41.5 CaH7

189 0.7 CgHjgAs

187 2.2 CgHjgAs

182 24 - CaHgAss

181 2.7 CgHjoAs

175 1.5 C;Hj16As

161 1.4 CgHi4As

159 1.3 CeHjsAs

Ligands VII and VIII (Table 3)

The fragmentation patterns of the two tridentates are complex but show
similar fragmentation routes to the bidentates previously discussed. As in the
trimethylene backboned bidentates no parent ion is seen, the heaviest fragment
being P — CH;". In the case of VIII this ion is also the base peak m/e 387, how-
ever, the base peak for VII occurs at m/e 299 corresponding to P — (CH,)s-

- AsMe,*. This is a reflection of the relatively stronger C—P bond against the
C—As bond. The loss of —(CH,);AsMe; from the parent does occur for VIII but
with a relative intensity of 18. 2%, m/e 255. All expected ions of lower m/e are
found.

Ligand IX (Table 4 )

The ligand 1 12-bls(d1methylarsmo)dodecane gives a complex fragmenta-
tion pattern. The parent ion is seen at low relative intensity m/e 378, 1.7%, and
analogous to II and VI the base peak corresponds to P — CH3 , m/e 363. A weak
P —1 peak occurs probably corresponding to the cychc ion (X), which then '
loses ethylene progressively. Two other series of progressive ethylene loss are
seen beginning with the ions P — CH3*, m/e 363, and P — As(CH;),*, m/e 273.
(Scheme 2). The other most prominent arsenic contammg fragments are m/e
~210 (CH3)2AsAs(CH3)2 and m/e 105 (CH3)2As
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SCHEME 2 .
FRAGMENTATION OF MezAs(CH) 2AsMe;

(CH3),As(CH;)12As(CH3), ™

. . CH,
- ~ ~ +
—As(CH3), . CH3AS /‘\-S(CH:«))z .
KA \Cﬁz)xz
CH3A{—;§S(CH3)2+ CiqHzgAs v x) 377
(CH2)312 273 .
363 J —C2Ha ’ - J —C2Ha
§ —CaHa Ci2HzeAs” C1aH3pAsy"
Ci3H,0Asy 245 ) ’ 349
335 —C>2Ha —C2H,4
—C2Hs , )
| . CioH224s" ' CizHa7Asy ,
Ci11Has5Asy 217 321
307 —C2Hg —C2H,y
—C2Ha 4 : ¥
+ +
o, CgH;gAs CioH23As2
CoH23Asy 3 189 293
279 . —CqoH;4 —CsH,
—C2Hy . $o, v,
CgHjaAs . CgHygAsy
C7HyjAsy 161 265
251 —C2Ha J —CsoH,
CqHjpAs' CeHiaAsy
133 237
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