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Reactions of an Iminophosphoranylidcne 
Carbenoid** 
Wolfgang Sch il bach, Volker von der Gaona, 
Dietrich Oudat, Martin Niegcr, and Edgar Nicckc'" 

Vinylidene ca rbcnoids I are o f major significance as synthetic 
building blocks in organodemenl chemistry.1ll However. little is 
known about this type of ca rbcnoids with phosphorus as het­
croalom (II - IV) , Only for the phosphanylidene carbt:noid sys­
tem II have several experimental investigations been madc.m 

Here we report on thc synthesis and reactivity or un im inophos­
phoranylidcne carbenoid of type IV. in which the phosphorus 
al0m is in a trigona l-planar coordination environment. 
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Bis(aryl)iminophosphane(JJ (I) reacts easily with Irichloro­
mcthy1! ithium to give imino(dichloromethy1ene)phosphorane 
(2); subsequent reaction with n-bu tyllithium in THF at - 105 °c 
resu lts in a deepening of the color of the solution. suggestive of 
the formation ofa ca rbenoid 3 as an intermediate e!p NMR : 
J = 83.2 ; 1PLI = 25 Hz). This intermed iate can be trapped as the 
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thermally stable, C·silylated substitution product 4 by the sub­
sequent addition of chlorotrimethylsilane. Tn tht: absence of:1n 
electrophile. 3 reacts with the solvent to give the imino(letra­
hydrofuran-2-yl-methylene)phosphorane 5, which can formally 
be regarded as an insertio n product of an iminophosphorylidem~ 
carbene with tetrahyd rofuran. Reaction of intennediate 3 and 
triphenylphosphane yields the "phosphane-adduct" phos­
phonio(iminophosphoranylidenemet hanide) (6a) as a stable 
final prod uct. The compound 6b obtainable by the correspond­
ing route with trimethylphosphane is. however, not stable in 
solution but isomerizes(S( by 1,3-H-shift (7). followed by ring 
closure to give the 1,2·dihydro-I.3-diphosphete 8. Nitrogen 
derivatives isoele<:tronic to 6 and 8 are known. a N-si lylated 
bis(imino)phosphorane(61 and a l.2·dihydro·l ,2,3). ~ ,4). ~ -di­
azadiphosphete,1 71 respt:Ctively. 
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The compositions of compounds 2, 4. 5. 6 a. and 8 are con ­
finned by elemental analyses and mass spectra. Their constitu­
tion in solution is verified by NMR spectra and, in case of 
compounds 2 and 4 by X-ray Structure analysis.18) In the low­
field region of the NMR spectrum the imino(methylene)­
phosphoranes 2, 4. and 5 show the characteristic resonances for 
thc P=C structural unit 18b) (0 e 1 P) = 70.1 (2), 86.2 (4).75.0 (5); 
J (DC) = 99.9 (Jcp = 245.9 Hz) (2). 93.7 (icp = 119.8 Hz) (4). 
93.9 (lcp = 184.0 Hz) (5». In the phosphoranes 6 a. b the signal 
(split by the phosphonio group) fo r the th ree-coordinate phos­
phorus atom is shifted drast ically to higher field (J = 20.4 (6 a). 
36.8 (6 b»; the observed shift lies in the expected range for 
bis(imino)phosphoranes.l9c. 101 T he position of thc signal of the 
phosphonio group and the value of 211'1" correspond wit h the 
values reported for carbodiphosphoranes 11 I ) (15 = - 12.4. 
~ J~!, = 1 1 1 . 8 I-1 z (6a); 15=-21.0. 21pp = 63.3 Hz(6b» The 
position of the signa] fo r the two-coordi nate ca rbon atOm 
(15 = 90.8 (63» at low field in comparison to carbodiphospho­
ranes. IIZt and the relatively large coupling constants '1cp 
(219.7 Hz [P ... ], 162. 1 Hz [Pill (63» can be interpreted in 
terms of participation of the li miting dipolar structure 6' 
and are also indicative of the formal relationship with alkyli­
di nephosphoranes,(9d) especially the phosphonium salt 
[(iPrzN) zP=C= PH(iPr l Nhl ' [F1CSOJr .11 J) 

T he composition and constitution of 8 ca n be deduced rrom 
the high.resolution mass spectrum (molecule peak) and from the 
results of NMR measurements. The four-membered ring struc­
ture is verified by the observation of resonance signals for one 
CH and one CH l unit. in which each of the carbon atoms (CH: 
0 = 41.7. 'lcp = 89,84 Hz; CH ~: J = 40.3. 11cp = 60.51 Hz) 
shows direct coupling 10 C<lch of tht: two phosphorus atoms. Tn 
contrast 10 the NM R data obtained fo r 6 a. the cnemical shifts 
for the ylidic carbon atom and for the proton bonded to it, as 
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well as the value of the 2 J,p coupling constant (25.8 Hz), are 
quile typical. The unusual sterie strain of the molecule hinders 
rotation of both a ryl ligands, this gives rise to temperature-de­
pendent coalescence phenomena in the l H and 1JC NMR spec­
tra for the signals of the neighbori ng and non-neighbo ring 
substituents. Below temperatures of -50 ~C the rotation is com­
pletely "frOlen" on the N MR timescale. 

Fi gure 1 shows the structure of com pound 4 in the crystal. As 
in all bis(y1ene)phosphoranes thai have been structurally inves­
tig<ltcd. the central phosphorus alOm is in a trigonal-planar 

fig.. I. Struct ure of imino(mc th ykne)phospho ranc 4 In the crys tal. Sclecttd bond 
lengths [pm) and a n gJ~s [1 (in p;1 rcn theses the data for 2) : P I_ C 167.0(3) [1655(5)]. 
P!.C~ " I ~25(.\) [181.1 (6)]. PI _N I~VX2) [1 52.30)). C",,·PI·C 108.1(1 ) (l 07.7(2)J. 
C . .. ,·PI·N 12~ . 1(1) [1 28.9(2)J. C·PI·N In,1>( I) [121.8(3)} . 

coordination environment (E 358.8°). The atoms CI I and Sil 
are approximately coplanar with the N\ +PI-C I plane (the anglc 
between the p1anes Pl-CI-Cll-Sil and C20-Pl-NI-CI is 15°). 
whereas the C2 alOm is positioned out-o f-plane (dihedral angle 
C::W-PI-N I-C2 - 58 ~ : Cl-P I-N I-C2 137°). In contrast to those 
in I. the two aryl substi lucnts in 4 are Z·configuratcd and or­
thogonaL The stericaHy more demanding methylene substituent 
(SiMcJ ) occupies the favored exo position . The Pl - NI 
(150.0(2)pm) and PI -C I distancc (\67.0(3) pm), and the 
CI -Pl -NI ( 122.6( \ n and C2-NI -Pl a ngles (145.8(2t) corrc­
spond with typical structural feat ures found for imino(methyl­
ene)phosph orancsy~b J All important parameters for compound 
2 deviate only slightly from those of 4. 

f.xpl!fimenllii Procedure 

2: To a so lullOn of chloroform (1.67g. ]4mmo]) in Till' (5O mL) and ether 
(10 mL). an <,<!uimolar amo unC o rnRu Li in n·he.>.ane was addt<! at - 105 "e. Afler 
Che mixlure had bef,n sCl rred for] h. I (4.3 g. ~ mmol) in ~thu (20 mL) Wa!! added 
d ropW1SC. Ancr warmi ng the so\uci,,m 10 H OC Ihe volatile ..,nsticucnt s WCIT ~­

m<lve.! under v~Cuum ~nd the remainin g residue was laken up in li.exane. and the 
,n""luble ma!onal (LiCl)w~s separa!e<.! by filtration . C<lmpound 2 crystallized rrom 
the c<lnc~nlru ted filtrate al _30 °e. Yield: 45%; m.p. 174- 176 ·C: MS (70eV) "'ie 
( "!o )' 617 (12) 1M '). 51 (100) ltSu 'I . 
4 . S: Al - 105 C ~BuLl (0.63 mL. 1.6.-. so lucion in n_hexane) was added I", a 
solution of 2 (620 mg. I mmol) in T H F (10 mL) and el,O ( I mL). After !he mix ture 
ha d t>c<:n ~l "r.d for 1 h. Me,SiC1 (2OQ mg. I.~ mmol) w"s n<.lded ; the soluCion WKS 
Ihen ~lIowed \0 warm 10 ,oom tcm[1trlltun;. The Y<)Ja lileconstilucllt$ wen: removt<! 
under vacuum . lhe rts,due w;lS laken up tn n.huant. and Ihe LiCl that had formed 
w~s fil1cre<l otT. Froln the concenlrate<.! fihrate 4 cry.;tallizcd at -30 ' C as a pale 
yellow sollO.I. Yield : 69 % : m.p. 175 - 177 "C. Compound ~ ;s obtaine<l in ~ similar 
fashton In the absence of !l-k,SiCI. Yield : ~2·1 • . M.p. 148 - 150 ' C. 

4 : NMR (,,;thoul aryl) ' H (CDCl,): l> .. - 0.19( •• SiMc,) ; ' JC(CDCl, ): lJ _ 93.7 
(d . Jr;r _ 1 1 9. ~ fl •. P ... q. - 0 .8 (d . 'J.:, _ 3.6 H~. PCSiC,); MS (70cV) m/r ( ~.) : 

6 19 12) [,If ' 1. 57 ( t OO) [ISU . J. 

s : NMR (wit houc aryl) 'H (CDCI,): 6 _ 5.26 (ddt. 'JM . .. 2.(1. 'J"" _ 7.0. 
10.3 Hz. PCCH ). 392 ("q". 'J"" .. JJMw _ 7.2 H~). 3.57 (d,l 'J". -
32.4. 'JHH _ 10.3 Hz. PCH). 2.2 1 (m, OCCH,) 1.95 (m. OCCH,): DC ICDCI, ): 
~ _ 93.9 (d. Ja- ~ 1114.0 Hz. P- O. 75.2 (d. ' pr;r _l.H Hz. ?CCO). &7.3. 
34 .2. 26.S I'. C,O framework): MS (70 cV) m/I' ("!o): 6 19 « 1) [M 'I. 100 (100) 
[lSu 'l· 

6. 7: Rea,lIon or 2 (62Qmg. I mmol) Wilh nBuLi (0 .61mL 1.6~ in hC.\ane) 
~t - 10S ' C y,ddt<\ quanCitativtly (, ' P NMR (on!rol) the ~t able phos· 
pho ra ne 6~. which. following romo"al o f LiCI. was obtained as a pa le yellow 
soli(l . In ..,ntras t. rcaction~ with PM., yiddt<\ the unstabl. Imermediale 6b. 
which iso meri zed 10 8 during workup of the rca,tion .solutton (ia : Yield. 
83'1' • . m.p. 154 ' C (decomp.): MS pOcV)m/f (0/. ) : ~1}9 (35) IM-], 752 (100) 
[M· _ ,Uu ' I: 8 : MS (70 eV) m/r (';'J' 623 {0.4) [M ' 1. 566 (100) [M . - t Bu·]. 
608 (3 ) [.t/ • - CH,I 
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