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Summary

Several routes for the synthesis of N-(organomercury)phosphine imides
have been investigated; only transamination reactions are satisfactory for pre--
paratmn ‘of the title compcunds in good yields. Spectroscopic data, Ra.man/IR
1 H NMR, ' P NMR and mass spectra, support a monomeric structure for this
covalent mercury—nitrogen compound

Introduction.

The chemistry of mercury—nitrogen compounds has recently been re- ,
viewed [1], and many interesting structural features have been revealed; among
oligomeric species only a few monomeric derivatives are obtained, e.g. Hg(NR3),
(R’ = CF; [2], SiMe; [3]), RHgNR; (R =Me, Ef, R’ = = SiMe; [4];R = Me,
SCF;, R’ = CF; [5])and RHgN, 4, 6] R= alkyl aryl). The well-known
affinity of mercury for bonding to nitrogen should also lead to formation of
dimeric species with a four membered ring system (-—Hg—-N\)z 5 smtable
choice of substituents at nitrogen and mercury should lead to control of the
oligomerisation process.

In some cases simple phosphme 1m1des are dlmenc, e. g (C13 PNMe)2 ,

[7, 8] (PhF,PNMe), [9], (PhCl, PNMe),, (Ph; CIPNMe), [10], and X-ray:
analysis of these compounds has confirmed an almost planar configuration of
equally spaced nitrogen and phosphorus atoms, with- tr1gona1-b1pyram1da1 co-
‘ordination at phosphorus and an overall symmetry of C,5 for the’ molecule [7].
Organometalhc phosphine 1m1des [11], obtained in reactions (A )——(D) of the L
scheme, are monomenc in solutlon, only for Group IIB elements have ex-

L. Fpr Part I. see ref. 4.
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E _i.ceptlons been reported v1z (RMNPR3 )4 5 w1th R Me M Zn, Cd R' -' -
- Me, Et[121 R T S
SCH:EME _ _ o
Ty ,'R,,MNs + PR} -» R,M—N=PR} + Ng
S "Staudmger reaction® mainly for IVB elements

" ®) ' RpM + H-N=PR’ - R,M—N=PR} + RH
: -Rest:ncted to lngh.ly reactxve metal alkyls

w ‘R,,MNR,_+ H—~N=PRj — RnM—-N—-PR3 +HNR) ,
. Ratﬂcte’d to avaﬂable amino denvatxves of the metal

(D) B.nM—HaI + LiN=PR} — R, M—N=PR’ + Li—Hal.
c Restncted to avaxlable stable N-Lthium salts

N Denvatlves of zine and cadmium are tetrameric in solution (and p0551bly
a]so in the vapour phase) with a suggested cubane structure; we undertook ex-
periments to investigate the coordination chemlstry of mercury inits h1therto

-unknown phosphme imide complexes

: Resultsvand dlscussmn

of the reactlons shown in the scheme, we have tried (4) without success;
reactions of RHgN3 in molten PPh; or pure, liquid P(NMe, ); in evacuated
_sealed Carius tubes at elevated temperatures for several hours led to complete

decomposmon of the mercunals [ 13]

RHgN3 —P——> Hg-metal + Dec. products : (1)

: T/Vac
Reactlon (B), which occurs only with strong acids for R, Hg (cleavage of

“an aryl—mercury bond being easier than that of an alkyl—mercury bond) also-

:Rz Hg + H—N—P(NMez )3 ——> Ni o reactlon y : ’ (2)

- Transammatlons of organometallic amldes with phosphine imides accord-
ing to reaction (C), have been used for the synthesis of (organotin)phosphine
imides [141; the fo]lowmg reaction sequence (3) led to successful preparatlon
of the ﬁrst organomercury phosphme 1m1de. E :

Me3 S]N s+ P(NMe2 )3 -> Me3 SLN-P(NMe2 ) + N2
' Me3 SlN—P(NMez )3 + 1-C3 H., OH —> Mea 810—1-03 H, + HN—P(NMez )3

'MeHgN(SlMeg )2 + HN—P(NMe2 )3 - MeHgN—P(NMeJ )3 -+ HN (SlMe3 )2 (3
- A @ . , el

i Compound (I) was. dlstilled asa colourless hqmd b.p 68—7 0° /0. 01 mm
in'a'90% yield; the compound crystalhzes at about . 80—35°, and is sensitive -
to hydro1y51s. The olecular ‘weight in benzene solutlon corresponds with the
‘monomer. Compound Wis readﬂy soluble in a vanety ‘of organic solvents, but
with: chlonnated hydrocarbons reaction occurs. The. st01ch10metry was esta“
.hshed by eler ental analysm and by spectroscoplc methods T
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CH,-Hg-N=P[NICH L],

& ClHg ¢ -0.48ppm
JHgCH  : UBHz
& PNCH, : =250 ppm
J Mpncy : 9Hz

Fig. 1. 1H NMR spectrum of MeHgN=P(NMe,)3 (I).

(a). *H NMR spectrum
The ! H NMR spectrum in benzene solution, with the correct integration
(1/6) is shown in Fig. 1. Spin-coupling of N-methyl protons with 3! P gives rise -
to a doublet, which is shifted 0.07 ppm downfield compared to P(NMe, ); with
8 —2.43 ppm. Spin coupling of metal-methyl protons with ! Hg produces .
satellite signals with J(*°° Hg—CH) 140 Hz; this agrees closely with corresponding
values for other covalent Hg—N-compounds [4]}. No indication is found for the
dimeric structure (R; P=N—R’), in solution: In this case evidence for an
X, AA'X, -spin system should be provided by the ! H NMR. spectrum, as shown
by Schmidbaur et al. [16] for compounds of the type (Me; P=NAR, ),. L
The 3'P NMR chemical shift of —33.5 ppm (H;PO; external standard)
is in the range reported for four-coordmated phosphorus compounds P(N)4
17, 18]

(b). Mass spectrum ' :
In the mass spectrum of (I) shown in F1g 2, the formatlon of almost all
fragments can be explained in terms of the metastable transitions listed in
Table 1. With maximum amplification, peaks are observed in the high mass -~
region from m/e 400 to 780, but there is considerable doubt whether these
fragments arise from d.lmenc (or ohgomenc) species of ﬁ‘om decomposxtlon .
products . s

(c). IR and Raman specira o o :
IR and Raman spectra (mcludmg a polanzed spectrum) of the neat hqmdj
are shown in Flg 3, and tentatlve asmgnments are made in Table 2 '
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Fig. 2. Mass spectrum of (I) at 70 eV.
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Experimental
. 'The spectroscopic equipment used has been described elsewhere [4]. Ele-
- mental analysis was performed by A. Bernhardt, Analytical Laboratory, 5251

- Elbach iiber Engelskirchen, GFR. Me; SiN;, P(NMez ) 3 and MeHgN (SIM63 )z
were prepared by pubhshed procedures : ) N

: (a) Me;., .S'LN—P(NMe,, )3 -
: ‘Me; SiN; (30.8 g, 0. 31 mole) was added dropw:lse to ca. 60 ml (excess)
P(NMe2 )s in-a 100 ml flask equipped with magnetic stirrer and condenser; the
‘colourless ‘precipitate initially formed gradually dissolved with evolution of
mtrogen. ‘After addition of the azide, stirring was continued for 3 h, and -
the mlxture checked for azide-absorptions by IR. P(NMe, )5 was removed in
vacuo and the oily res1due distilled, yielding a colourless, moisture-sensitive
-liquid, b p. 95--97°/0.1 mm. Yield 55 g (82%). The product was 1dent1f1ed by
a.nalysm IR 1 H NMR and mass spectroscopy , e

TABLEI el -’7

METASTABLE TRANSITIONS IN THE MASS SPECTRUM OF MeHgN=P(NMeg)3 a
‘m*; (m/e) . ‘ R . ) "wansxtion (m/e) L .
805 B o N 379177
177136
. 379307 ¢
. 384—> 349

3943796 .
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Fig. 3. IR and Raman spectra of (0).

TABLE 2
IR AND RAMAN SPECTRA OF MeHgN=P(NMe3)3 (cm™')

490 vw - 475m
30w - ,

Raman IR Assignment
3400 w
3000 m 2990 s -
2930 vs . : :
2890 vs . 2870 s Vas: Vo(C—H)
2840 vs 2838 s
2800 m 2790s
1480 w 1480 m—w . .
1450 w 1460 m (br, sh)
1440w } 8as(CH3)"
1410 vw 1415 vw : :
1290 vw 1285 m—s v(P=N)
1200 m—s -
111656 m o
1145 m 55(CH3)
1112 m
1110m 1060 w-
976 s
960 vw 9605t £(CH3)
870 vw
840 vw
820 vw . 825 vw P(CH3)
: 775w .
720 vw ) - 120s Vag(P—N3) |
o : _ 650 vw vg(P—N3)
639 s ) 625 vw v(Hg—C)
’ ’ ‘ 'B70 m—w D(Hg-—N)
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'ifMe3 SlN—P(N\'Iez )3 : 6 75 g, 27 mmole), added to 30 ml 1-03 H-, Oh vnth 7 :
- 2—5 drops conc. H, SO, ;. ‘was. distilled at atmosphenc pressure ‘with: contmuous

_addition during 2 h of another 50 ml alcohol; removal of solvent and distilla-
’-f'tlon ylelded a colourless llquld b p. 60—62 /O 1 mm. Yield 4.1g (85%), 1dent1-

: Vﬁed as in (a)

( c). MeHgN—P(NMez )3 ' o

L MeHgN(SlMe3 ): (6. 1 g, 16 2 mmole) and 2. 9 g (16 2 mmole) HN=P(NMe, )3
were heated from 60—90° for 3 h; evaporation of volatile compounds and distil- -
‘lation yielded a colourless liquid, b.p. 68—70°/0.01 mm, which crystallized at
‘Toom temperature. Yield 5.8 g (92%). (Found: C, 21.43; H, 5.87; N, 14.06; Hg,
- 50.68. Mol. wt. (cryoscopically in benzene solution), 334 and 356. Calcd =
02141H535N1420 Hg,5100% Mol. wt., 392.) :
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