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Summary

The mass spectral fragmentation patterns of the diphosphines Ph,P(CH,),,PPh,
{(n =6, 8, 10, 12) and the distibines Me,Sb(CH,),,SbMe, (n = 6, 10) are reported
and compared with those of Me, As(CH,),,AsMe, and the analogous ligands with
C; and C; backbones.

Introduction

Mass spectra of several types of bidentate Group VB donor ligands have been
reported over the past few years, including Ph,E(CH,),,EPh, (E =P, As, [2,3]
Sb [4}), cis- and trans-Ph,ECHCHEPh, (E = P, As) [3], 0-CsH.(EPh,)(E'Ph,)
(E, E' =P, As, Sb) [4]. Not surprisingly the type of ligand backbone (alkane,
alkene or o-phenylene) has a profound effect upon the mode(s) of fragmenta-
tion of the ligands. Recently we reported [1] the mass spectrum of the long -
chain diarsine, Me,As(CH,),,AsMe,, which exhibited an unexpected tendency
to cyclise and lose C,H, fragments progressively. We are currently [5,6] exam-
ining the coordination chemistry of a range of a,w-alkane diphosphines, diar-
sines and distibines with medium (n = 4—8) and long (n = 10—14) backbones in
order to try to elucidate the varying importance of backbone length and donors
upon their ability to function as trans chelating or bridging ligands, i.e. to see
if the reaction seen [1] in the mass spectml beam
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gave us any information about the tendency

A 232 $280) 84 . s = $ o= 81 af

(CH,),As(CH;),,As(CH;), ™ (CH3)2AS_M7A5(CH3)2
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Thus, the mass spectra of several ligands have been examined to see if the varia-
tion in backbone length exerted any marked effect upon the fragmentation
modes.

Experimental

Mass spectra were recorded as described previously [4]. The synthesis of the
ligands will be described elsewhere [6].

TABLE 1
FRAGMENTATION PATTERNS OF COMPOUNDS 11V

PhyP(CH2);2PPhy Ph;P(CH3);oPPh;
Mass Rel. int. Fragment Mass Rel. int. Fragment
538 32.1 C3gHg45P2 510 11.4 C34H40P2
537 7.4 C3cHa3P2 509 3.9 C33H39P2
509 1.5 C3sH3gP2 467 1.7
495 9.0 433 7.6 C2gH3sPy
481 2.4 C32H3sPy 370 21.6 C24H20P2
461 14.4 C30H39P2 325 65.7 C22H30oP
370 23.0 Ca24H20P2 313 9.9 C21H28P
353 65.6 Ca4H34P 297 71 C20H26P
339 10.7 C23H;32P 283 8.2 Ci9H24P
325 8.9 Ca2H30P 269 13.7 CygH22P
311 7.0 Cz21H2gP 255 254 Cyi7H20P
297 4.6 CaoH26P 241 16.2 CieH 18P
283 8.5 Ci9H34P 213 182 Ci3H 4P
269 26.5 CjigH22P 200 18.0 C13H 3P
262 3.4 CigHysP 199 } 84.0 Cj13H 3P
255 22.5 Ci7H2goP ’ 186 42.3 Ci12H11P
241 156 CieH; 3P 185 40.8 Cj12H P
227 1.8 CisH)oP 183 75.0 C12HgP
213 20.5 C13H 4P 154 2.4 Ci12H;0
200 411 Cj3aC;i3P 1562 8.3 Cjy2Hg
199 100 C13H,,2P 121 228 CaHgP
186 50.3 Cji2H 1P 109 379 CeHgP
185 40.9 Cj2H 0P 108 100 CeHsP -
183 80.7 Cj12HgP 107 R 26.4 CeHg4P
154 9.8 Cj2H;zo 21 50.7 C7H,
152 14.4 Cj2Hg 8 26.0 CgHg
121 13.3 CtHgP : 77 28.1 CsHg
109 36.5 CgHgP
108 93.3 CgHsP
107 27.1 . CgH4P

a1 204 T CaHo

78 65.3 - - CgHg

77 968 ' | . CgHs
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Results and discussion

(a) The diphosphines, Ph,P(CH,),PPh, (n =6, 8, 10, 12)

The prominent ions in the mass spectra of 1,12-bis(diphenylphosphino)-
dodecane, (n = 12), (1), 1,10-bis(diphenylphosphino)decane, (n = 10), (II), 1,8-
bis(diphenylphosphino)octane, (n = 8), (I1I), and 1,6-bis(diphenylphosphino)-
hexane, (n = 6), (IV), are listed in Table 1. All four ligands exhibit parent and
P — 1 ions, although for IV the ions are of very low intensity. The ion Ph,PPPh.’,
formed by elimination of the backbone, is an important one in the spectra of I,
11 and 111, but occurs with only very low intensity for IV, perhaps a reflection
of the increasing strain involved in ring closure which must precede elimination.
Phenyl migration reactions are unimportant. Fragments containing two phos-
phorus atoms are rather rare, in marked contrast to the case for the o-phenylene
analogue [4]; only one phenyl group can be lost, (P — Ph)’, before --(CH;),, —P
cleavage occurs; there is no evidence for P — 2Ph" ions.

Loss of PPh, from the parent ion is a prominent decomposition route, the
Ph,P(CH,)," (n=12, 10, 8, 6 for I—-1V, respectively) ions are all of high intensity,
and for I1I this ion is the base peak. All the succeeding Ph,P(CH. )., — 1y ¢n—2)._..
down to Ph,P* (m/e 185) are present. Loss of successive methylene groups is
most unlikely [2]; these ions no doubt result from progressive ethylene (C,H,)
loss from Ph,P(CH,),,* and Ph,P(CH,),, _ , resulting in two overlapping series
(Scheme 1 shows the proposed fragmentation for I). The Ph,P(CH,);, — , ion

Ph2P(CH2)gPPhj PhP(CH2)gPPhy

Masg Rel. int. Fragment Mass Rel. int. Fragment
482 C32H3eP2 454 0.6 C30H32P2
481 C32H3s5P2 453 0.3 C30H3)1P2
439 377 1.1 CaqH27P2
405 Ca26H3 P2 3170 0.8 C24H20P2
370 Ca3H20P2 269 96.9 ~ CgH22P
297 CaoH26P 262 4.8 CjigH;sP
283 Cji9H24P 255 4.6 Ci7H20P
269 CjgH22P 241 3.2 CisH;gP
255 C;7H20oP 227 2.8 CisH,gP
241 CisHjaP 213 3.3 Ci13H14P
227 C1sH)¢P 200 7.4 C)3H 3P
213 C14H14P 198 24.7 . Cj3H 2P
200 CiaH;a3P 186 a5.5 C)2H 1P
199 C13H 2P 185 154 . C12H;oP
186 Ci2H P 183 64.1 Cy12HgP
185 CjyzH;oP 154 6.3 Ci2Hio
183 Cj2HgP 152 14.2 CiaHg
154 C;2H;30 121 11.2 C7HgP
1562 CjiaHg 108 24.0 CgHgP
121 C7HgP 108 100 CgHsP
109 CgHgP 107 45.5 CeHaP
108 CgHsP 91 339 C-H+
107 CgHaP. 78 £2.3 CsHg

‘21 CaH, - 17 - 643 CgHs

78 CgHg

- C¢Hs
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SCHEME 1

Fragmentation pattern of PhaP(CH2)) 2PPhy

Coata P 353
l -CaH,
CoaP” 325
—CoHy
CooHoeP " 207

l_ CoHy

CigHa2P ™ 269

l- CoHy

+
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l—C2H4

Ph,P(CH5 )2 PPhy

CxHP" 339
l —C,H,
Co1HogP an
o
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1 Py
Ci7H0P " 255
1 - C2H4
C15H16 P* 227

C36H 2 537

l —CaH,

A+
C34H3gR s09

|-con.

+
C32H 35p2 481

4
CaHhaP' 213 CiathaP 499

l_c2H4

S
C12H10P 185

presumably arises by loss of Ph,PCH, from the parent. Only ligand I shows any -
evidence for a third series of progressive C,, loss beginning at P— 1*, presum-
ably the cyclic ion V. The ions corresponding to Ph,P* and PhP" are of high in-
tensity, as they usually are in the spectra of phenylphosphines. The spectra also
contain a long series of ions at low m/e (not shown) corresponding to the nor--
mal fragments derived from the alkane backbone.

Ph_ _Pn

Ph/p\ 4
(CHZ)lz o

1873
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SCHEME 2
Fragmentation pattern of Me2Sb(CH» ) gSbMe2

Me,Sb (CH, hoSbMe,

| e

MeSb snMeg
\ /
CH.)
—MGZSDH ‘ 2710 427
| -Me,Sb
. } ‘—H LY
CnHaSb" 595 CioHa0SP 261
| CH, )
~C,H, —CaHa
MeSb SbMe™*
CotygSB' man ~ CHyeSD e
- 21 4 VA (-LHE)’O (=] O =32
426
~CH, I-an‘ | —CaHs
¥ ‘ 274
CoHSD 540 CgHhSb™ 05
x CiqHpaSb3 398
—CaH, —CaH,
CgHyeSb 10, C4HgSb 17>
l ~CaHa '_C2H4
C3HeSb" 163 CH,4Sb (40
1~C2H4
CH,Sb"

135

(b) The distibines, Me,Sb(CH,).,SbMe, (n =6, 10)

‘The spectra of 1,10-bis(dimethylstibino)decane, (VI), and 1,6-bis(dimethyl-
stibino)hexane, (VII) are shown in Table 2. These spectra illustrate the weakness
of the C—Sb bond. In both cases, based upon '*'Sb only, the base peaks are hy-
drocarbon fragments (although for VI, if '23Sb is also considered, '?!Sb + '23Sb
yields a base peak of Me,Sb* ~ 105% of the hydrocarbon base). There are ex-
tensive series of hydrocarbon fragments at low m/e (not shown). The major
antimony peaks are, as expected, Me,Sh*, C,H,;Sb* and MeSb’, characteristic of
mafhulchhlnm f'l 'l Roth VI and VII resemble Me., th{‘n-\ QbMe- [1 ] in that
the reasonably mbense peak at highest m/e observed corresponds to P Me"*

. rather than P, although VIdoes, in fact, exhibit a very weak P {I=0. 9%) The

] spectrum of VI again shows two series of C,H, loss, beginning at C,,H,;Sb"
-{m/e = 275) and C,H;,Sb (m/e = 261) which may result by loss of Me,SbH and

- Me;Sb from P—Me (Scheme 2). A comparison with Me:As(CH.),.AsMe, [1]
‘»“shows that the mass spectrum of VI dxffets in lackmg series contammg two
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TABLE 2
FRAGMENTATION PATTERNS OF COMPOUNDS VI AND VI

MeaSb(CH2)5SbMe Me32Sb(CH3); gSbMe3
Mass Rel. int. Fragment Mass Rel. int. Fragment
371 19.2 CgH21Sb, 442 0.9 Cj14H32Sbs
356 0.1 CgH}13Sby 426 225 Cj;3H28Sb2
302 3.2 CsH1>Sby 398 1.3 C11H245by
287 2.4 C3HgSby 302 3.3 CsH,2Sbs
257 1.8 CH3Sby 291 2.3 C12H265b
235 3.4 CgHygSb 290 5.7 Ci12H25Sb
234 2.2 CgH | 7Sb 276 2.7 Ci11H23Sb
220 3.7 C1qH; sSb 275 14.1 C)1H22S5b
219 13.2 C4H; 4Sb 261 1.9 CioH20Sb
207 3.0 CgH,4Sb 247 0.1 CoH,3Sb
205 8.8 CgHj2Sb 233 0.4 CsH,6Sb
191 5.1 CsHjgSb 219 2.6 C7H,4Sb
177 11.0 CaHgSb 205 1.3 CgH12S5b
166 6.2 C3HgSb 191 1.6 CsH;oSb
163 3.0 C3HgSb 177 1.7 CaHySb
151 80.0 C2HgSb 166 9.8 C3HgSb
149 259 CaHaSb 163 0.9 C3HgSb
136 46.9 CH3Sb 151 61.9 C2HgSh
135 9.5 CH>2Sb 149 16.8 C2H4Sb
122 7.3 SbH 136 23.0 CH3Sb
121 233 Sb 135 9.0 CH;Sb
81 100 CgHo 122 3.3 SbH
121 11.3 Sb
55 100 CaH,

Group VB atoms, again a manifestation of the weakness of the C—Sb bond.
Ligand VII shows similar series of C2H4 loss from the monoantimony ions
CsH,.Sb* and C,H,,Sb".

A comparison of the spectra of I—VII and that of Me,As(CH,),,AsMe, reveals
that progressive loss of C,H,; from the backbone is a characteristic of this type
of ligand, but the effect on the spectra of varying backbone length (at least over
the (CH,),. to (CH;) range) is considerably less than that produced by changes
in the Group VB element or the terminal substituents.
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