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Reaction of Ph4PiCl- with LiNHR (where R = CH3, C2H5, i-&Hi, n-C4H9, but 
not C(CH,),) gives phosphineimines III, whereas the reaction with LiNRi 
proceeds via three routes depending on the size of R and the dialkylamide ex--. 
cess. With larger R groups, homolytic decomposition of pentacoordinate phos- 
phorus compounds occurs. With smaller R groups, PhsP and PhNR2 are form- 
ed. Higher excesses of lithium amide result, probably, in ligand -exchange at the 
pentacoordinate.phosphorus followed by decomposition of the exchange 
products. Charge transfer complex intermediates are assumed to be formed in 
all the reactions. 

Introduction 

In a short commuriication [l] we have described some reactions of lithium 
dialkyl amides with phosphonium chloride. In the present p&per we wish.to - :. -. 

present.3’P NMR spectra of the reaction mixtures and discuss the effect of the-. 
reactant excess upon the product ccmpositions. : 

Sodium amide-with bis(o,o’-biphenylene)phosphonium iodidc,gave the ax&o~~~ 
phosphorane [ 21, lithium diethyl amide mith tetraphenylphosphonium~ bromide-l 
gave $phenyl-9-phosphafln+ene (I); [3];,The.&me phdsphi&resulted:fiqm 1. -:‘: 
the reaction of lithium~piperidide &nd;t-btityltriphetiylphosphoniuin .bromide::‘- I’ :. 
[4 3. The authors. [ 3,4];believed that the-first step 6f the reaetion:~w& ~me&tion~~ 

I!+ gyfi? found that the re,aotion of :lithium dialkyl &ides with~&r&phenyl~-: T 
_ _phospbonium -&lofig& k co&p~c&,&;&&~& a-set‘ of;parallel-ie~~ti~~.~The’-- ‘;‘ 

prevailing ~dir&tio~ of. th&‘r&ction dcpends‘on the, .q&stitue&~& tl& iritrog&i- i-J< 
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-‘~.~[ficy~phl &i!iiqki i&d their interpreiatioi 
-’ ‘J’h@ ke&ion of tetraphe~~lpho~phoniumchloride with primary lithium_. 

:I. alk@knide~. to give ~J%alkykriphen~lphosphineimin& (Ifi) proceeds< probably, 
. . . . X& the pekrtacoordinate phosphorus intermediate II * (eq. 1) (Table 1). -Lithium .,.. 1.. 
~:Ph&l + LiNHR. G [P&P-NHR] - Ph,P=NR + PhH 

: (II) (III) 

.(R = CH3, C2H5, CH(C&,, n-&H,) 
.’ 

(1) 

t-butyl amide, however, reacts quite differently. The cyclic phosphine I is 
formed -in a yield of 80-85% (eq. 2), together with benzene. This may be due 

1: 
Ph,P*CL - t LiNHCKH& - 

‘8 

P-f’h -t PhH + NH2CKH3J3 (2) 

1 ; (1) 

to the presence of the bulky t-butyl group and the difficulties inherent in 
forming the P-N bond. 

In reaction of tetraphenylphcsphonium chloride with secondary lithium 
dialkyl amides the size of substituents at the nitrogen atom is also decisive. 
Lithium diethyl amide or lithium di-i-propyl amide react by eq. 3 exclusively, 
whereas in the case of lithium dimethyl amide, lithium piperidide and lithium 
morpholide reaction by eq. 4 interferes **. The yields of the products of these 

PkP’Cl- + LiNR, -I+PhH+NHR, (3) 

TABLE 1 

REACTION PRODUCTS FROM THE REACTIONS OF TETRAPHENYLPHOSPHONIUM CHLORIDE 
(1 X 10-l mol/l) WITH PRIMARY LITHIUM AMIDES IN A THF/ETHER MIXTURE 

Lithium Reactants Temp. <“C) Reaction Product yield (a) 
amide rati0 time 

<PhaPCI/RNHLi) (h) PhH PhxP=NR Others 

CH&HLi 113 20 3 90 70= none 
CzHsNHLi 113 20 1 90 70 b none 
GC3H7NHLi 113 20 5 95 75c none ; 
n-C4HgNHLi l/3 20 2 50 93d none 
t-C&IgNHLi 113 e ; 50 3 60 IlOZX I&5) 

__ a Ph&N(CH3)2Tisolated, m-p. 185OC [ZOI. b 

i-CsH,)T isolated. m-p. 211’C C201. 

Ph$‘N<C2HS)tr isolated. m-p. i74OC [20]. c (Ph$N(CH$- 
d <Phl~N<CH+n-C4H+- i+ated, m.p. 240°C. e 1.8 X 10-l moln 

Psg+cl-_ 

.* Si&iIar reactions are Imown: sodium amide and CH3Li with. PhqPCl give Ph3P=NH 151 and 
,. 

~. Pik~P=eHi C6.7; &s&ctively. 

** The fact that the diethylamide group is effectively larger than the pip&dip group ‘has &en &ted ._ 

--~previously[8.91_ : -. . ._- ~. 
:-- _ .:~-- . : 
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.TABLk2- . .I-. m_ % ._ 

REACTIoN PRODUCTS FROM THE REACTIONS OF TETRAPHENYLP$O&HbNIUM CHiORIDE .. .‘- 
WrTH LITHIUM DIALKYLAMIDES AND LITHIUM DBUTYLAMIDE (1 X 10-l mtilll Ph@CI ins - .-. 
THFlether) 

Product yield (%Y). Lithium concen- Temp. Reaction : .. 
(” C) amide tmtion time 

ratio O-0 Ph3P I Phti &JR2 .. 

(Ph4PClf 
R;NLi) 

(CH&NLi I/3 50 3 24 64 60 15 
1115 50 3 98 traces 82 traces 

(Ix?. 2) (ca. 1) 

(CH&NLi I13 50 3 34 66 .41 34 
Ill0 50 3 93 7 69 24 
1115 50 3 57 traces 80 18 

0(CH2CH2)2NLi I/3 a 50 2 47 25 44 27 
I115 50 3 80 n0ne 40 30 

CHZ(CH23H-)tNLi I/3 50 1 64 61 

CH3 traces 
(QH&NLi I/3 20 5 <ca. 3) 98 90 

II7 20 3 10 90 91 
(i-C3H7)+NLi I/3 20 3 traces 94 90 

(ca. 2) 
t-QHgNHLi I/3 b 50 3 traces 85 60 

I/7 b 20 3 4 82 80 

a 5 X 10-Z mol/l PhoPCL b 1.8 X 10-l mol/l Plxz~PCl. 

PhaP’Cl- + LiNR2 L PhNR2 + Ph3P (4) 

reactions are listed in Table 2. The size effect is also evident on comparing 
the reactions of lithium piperidide and lithium 2,6dimethyl piperidide with 
tetraphenylphosphonium chloride: eq. 3 and 4 operate in the former case and 
only eq. 3 in the latter. The reaction sequence is shown in Scheme 1. 

SCHEME 1 

* fjh4~-~RRs] L 

l-r 

Ph3P + PhNRR’ 

G?u) (Ip) 

[Pll&R’] - [ Ph&- &R. D 

CYI (YO 

1 - I + PhH + HNRR’ 

WIU, 

The ion pair V gives a fairly stable complex VI, which may involve partial 
charge transfer, as the deep colour of the solution (A,, = 420 rim) disappears, . . 
during.the course of the reaction. The ctimplex VI may either give the 

Y per&coordinate phosphor& compound VII (Route A) or the radical’ pa.ir~VIII' 
.‘. (Route B)...Route A yields triphenylphosphine arid-&he dialkyjaniliue. IV v&ile” 1.. 
: Route B gives the’phosphine I,-beniene-and the%mme. The tidi~@.pa.ir ma3 &.o 
’ -fo;rm-from.the.aminophosp-hdrane VII:& P-N jiond~homol~~~.,The,~.anS~. : l 

;:-.: :- 
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.‘. .-. ..... ._I,-..,.,_ .iz.: -;._.; ,: 
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SCHEME2 

(I) 

The amine radical abstracts a hydrogen atom from the ortho position of one 
of the phenyls, which leads to concerted homolytic decomposition of the di- 
radical intermediate IX. -The radicals do not escape out of the cage (no reaction 
with the solvent has been observed). Radical decomposition of pentaphenyl- 
phosphorus to the phosphine I and benzene was proposed by Razuvaev [lo]. 

An increase in the lithium dialkyl amide excess lowers the yield of phosphine 
I (Table 2), therefore the assumption [2,3] that the formation of I involves 
phosphonium o-metalation is no longer applicable.- 

The amide radical size effect may be explained by assuming that larger radi- 
cals destabilise the phosphorane VII, hinder its formation and facilitate its 
homolysis. As a result, Route C (Scheme 1) becomes less, and Route D (or B) 
more easily accessible. 

The formation of the pentacoordinate phosphorus intermediate agrees with 
the formation of N-alkyltriphenylphosphineimines (III) from primary lithium 
amides and Ph,P’Cl- (eq. 1) and also with the 31P NMR spectra discussed 
below. 

31PNMR spectra and their interpretation 
31P NMR spectra of the reaction mixtures were recorded, at about 20% 

concentration of Ph,P’Cl-, as a function of time. 
The spectra in Fig. 1 were recorded for the reaction of tetraphenylphos- 

phonium chloride with a six-fold excess (mol/mol) of lithium piperidide in a 
tetrahydrofuran-ether mixture. After 150 h at 20-3O”C, only the signals due 
to tertiary phosphines are seen, for Ph3P S(3’P) = 6 ppm [ll], and 9-phenyl- 
9-phosphafluorene (I) S(3’P) = 10.4 ppm [ll], whereas the spectrum recorded 
directly after the reactants have been mixed contains signals due to intermediates. 
The signal at -20.8 ppm may be due to the initial phosphonium salt or to the 
ion pair V (S31P = -24 ppm [ll] for Ph4P*I- in ethanol). 

The signal at -11.7 ppm, very intense at the beginning of the reaction, may 
be assigned to the complex VI (CTC) because, being close to the ion pair signal, 
it is shifted to higher field. The highfield signal at 74.3 ppm increases and then 
decreases with time. It may be assigned to the Wpiperydyltetraphenylphospho- 
rane [VII, R + R’ = (CH&] since S(‘lP) is known to be 86 ppm for pentaphenyl- 
phosphorus [12] and 95 ppm for amino-bis(o,o’ibiphenylene)phosphor+e [2]... 

Tetraphenylphosphonium chloride reacts with lithium diethylamide much faster 
In 30:59 min atZO’-35°C the sign& due to VI (-11 ppm) disappears from the 
spect%ii and only the.signal due-to phosphine I (10 ppm) remains.;unaffected. 
The reactions with bthium t-butyl amide and lithium-n-butyl.amjde- are‘even .-. _. .-y 1.. 

: 
-. -. _. : ., -..- I _. ... : . . . : __ ;. _:-_ 



-53:. 

I 20°C,30 min 

I 3YC.l h 

I 20°C,24h 
I 
1 

i-1: I I 20-C. 48 h 

I, 1 * 1 * I * I * I 
20°C.150 h 

-20 0 +2O +40 +60 +a0 

Fig. 1. 31P {IH} NMR spectra of the mixture of tetraphenylphosphonium chloride and lithium piperidide. 
Ph4P+Cl-/LiN(CH-& l/6 in ether/THF l/4 *. 

faster, and only signals due to phosphme I at 10 ppm and the N-n-butyltriphenyl- 
phosphineimine (III) signal at -2.9 ppm were observed 7-10 mm (the spectrum 
cannot be recorded earlier) after the reagents have been mixed. Consequently, 
31P NMR spectroscopy verifies the assumptions made above. The spectral data 
are shown in Table 4. 

Effect of lithium dialkyiamide excess upon the reaction course 
Equations 3 and 4 are valid only when the lithium dialkylamide excess is not 

too high. The normal ratio was three equivalents of the amide to one equi- 
valent of the phosphonium salt. If the excess was lower, the reaction was not - 

TABLE 3 

9-PHENYLS-PHOSPHAFLUORENE (-+) AND BENZENE YIELDS AS A FUNCTION OF THE SALT 
CONCENTRATION IN THE REACTION OF Ph4P*Cl- WITH LiNEt2. IN ETHER AT 20° C 

Run 
No. 

salt Concentration Reaction Yield (7%) 
concentra- ratio time 
tion (salt /amide) (h) I PhH 

(moi/U 

1 1 x 10-i 113 50 96 51 
2" 5 x 10-Z I/3 60 46 50 

5 x 10-r 113 90 42 40 
5 x 10-3 II3 90 4 3 

= 50% Ph4PCl isolated. h 90% Ph4PCl isolated. 

* The phosphonium salt will not dissolve in THF or ether before the amide is added, so,+ spectra 
in these solvents could not be recorded. Ph@CI inethanol gives a aig& at 591~ of -24 ppm 
[ill. The ki;ipnal at -6.3 ppm may belong to one of the ion pairs. 
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&mplete,.and .n-otic%ble amounts of the tetraphenylphosphonium chloride .-I’ : 

._vere-recovered. ,A higher dilution .of the rea&ion mixture @able 3) also inhibit- 1 
ed die ie+ion. These dam inay suggest that comblex VI-formation i&reversi- _ 1 
-ble (eq. 5). 

Ph.&- + LiNR2 * [Ph4P*NR,-] + LiCl=+ [Ph,P”c g&] -. (5) 

(V) (VI) : :- -. 

The data in Table 2 show. that an increase in the amide excess lowers the .‘. ’ 
phosphine I yield and, in parallel, raises the triphenylphosphine and benzene -- : 
yields *. The amount of phenylated amide is-also slightly affected. 

These facts cannot be explained in terms of eq. 3 and 4 alone. Probably, 
aminophosphorane VII decomposition via Routes C and D (Scheme 1) competes 
with ligand exchange in VII (eq. 6), under the action of a higher lithium amide 
excess **. 

PbPNR* + LiNRZ - Ph3P(NR& + PhLi (6) 

(VII) (Xl 
Phenyllithium reacts with an excess of the free amine to give benzene. The 

increase in the tziphenylphosphine yield may be due to fast decomposition of 
the diaminophosphorane via eq. 7 ***. 

Ph,P[N(CH,R’),], + Ph,P + R’CH=NCH,R’ + HN(CH,R’), 

(X) 4 

(7) 

Predominant formation of Ph,P, practically complete absence of the phos- 
phine I and the decrease in the yields of dialkylaniline ?, in the reactions with 
a 15-fold excess of the amide, indicates a f&ter ligand exchange in the phos- 
phorane VII when compared with Routes C and D in Scheme 1. 

PhzSbOCH3 --f Ph$b + PhH + OCHz + CH;OPh (8) 

Ph4SbC2HS + PhlSb + CH2=CH2 + PhH (9) 

The da& in Table 2 show that the effect of the reactants ratio is especially 
noticeable in reactions with smaller lithium amides such as dirnethyl amide, 
piperidide and morpholide, but is much weaker with the larger amides such as 

* Note that the result&are very sensitive to reaction conditions such as dilution. temperature. solvent. 
and. probably. irradiation. On the whole. however. the patte_a is &He definite. 

** Similar exchanges involving organolithium compounds are known for a quite extensive nu+3& of : 
pentacovalent ptiosphorus compounds [11.131 and also for PhSP (the potassium amide reagent) 
r141. : 

*** t3-Eiiminatioti <cf. eq- 7). caused.hy thermolysis of~pentkoordinate compc&is of the Group-v 
elements. w& .fotid for alkyl-his(2.2’~biphen~le~ne)ak&ic.[l7]. alkoxyte%raphenylan~im6n~ [ls‘] 

: <es..S). ana.alkyltetmphenyl~~y [is] <es. 9);’ 
* Di&+nil&disa~&ars co&letel$ o.& h t&e r&@cin.wftii a 15_fold lit&-_dimeth+l z&i&l& .-: :I 

.. ‘exe+.. whereas i& yield’is dticreiskd by. 10% in ihe re&ioxk tit& &hi&n &+&de or I+hiusii :c;. -. 1 
.: niorp&o$d&;.kobabi~ an S&2*0) substitution a~~&‘&&~~ &&i oie ti~&irall& ,+t&u:$6;+ei ,-‘--; 

.:. _.‘e of triphenj&lphonitim; salts arid a&ox& ilk] _or +&$$.&&&d& [ ia]. .; -.. . . 
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di&hy+mide’and t-butyl.amide. This may reflect the effect of.the substituent 
&z&.g$ the lifetjxnes of NJV-dialkylaminotetraphenylphosphorane (VII).- .- , 

Experimental 

G&J analyses of reactions products were made on a Variati-Aerograph 1200 
instrument with a flame ionisati& detect& and nitrogen as a carrier gas. The 
columns were made as follows: 
1.5% Xv-60 on Chromaton N-AW-DMCS, grain diameter 0.16-0.25 mm, 

cohunn length 1.5 m, temperature programmed at 100-230°Cj carrier gas 
flow rate 12 ml mine’. 

2.3% Polyrhethylsiloxane PMS-100 on Chromaton N-AW-DMCS, grain diameter 
0.10~-0.16 mm, column length 1 m, temperature programmed at lOO-200X, 
carrier gas flow rate 20 ml min-‘. 

3.15% Carbowax-20M on Chromaton N-AW-DMCS, grain diameter 0.16-0.25 
mm, column length 1.5 m, temperature programmed at 65-9O”C, carrier gas 
flow rate 10 ml min-‘. 
Columns 1 and 2 were used for analysing tertiary phosphines and dialkyl- 

anilines, columns 1 and 3 for benzene. Quantitative data were obtained as cali- 
bration against an internal reference was made. 

Reaction technique 
Ali reactions were carried out over a dry argon atmosphere in anhydrous 

solvents. Tetraphenylphosphonium salt was added to a lithium amide solution, 
prepared from the amine and a butyllithium solution. The reaction mixture 
became quickly homogeneous and acquired a dark red colour. The reaction 
was terminated when a thin-layer chromatography test, on alumina, showed 
that none of the initial salt was present. The mixture was poured into water, 
extracted with toluene and the extract dried and analysed by GLC. The results 
are shown in Tables 1 and 2. 

IV-n-butyltriphenylphosphineimine 
P&P+Cl’ (3.4 g, 9 mmol) was added to a lithium n-butyl amine solution in an 

ether/THF (2/3) mixture, prepared from n-butylamine (4 ml, 40 mmol) and 
butyllithium (18.4 nil of a 1.63 N solution, 30 mmol). The mixture was stirred 
for 2 h, the solvent removed @ an argon atmosphere and the residue triturated 
in anhydrous hexane. The resulting crystals were extracted with chloroform, 
the soIution w&filtered, the solveht removed and the residue heated with 15 
ml of CH&for 3 h. The crystals were reprecipitated from chloroform with 
ethyl-acetate-and frozen from a methanol/ethyl acetate (l/5) mixture, to give 
(C6Hs)&~N(C4H9)CH3r, 4. g (93%); m.p. 240°C. (Found: C, 58.28; H, 5.68; 

--I, 26.86; N, 2.76; P, 6.57. CZ~H2~INI.calcd.: C, 58.11; H, 5.74; I, 26.70; N, 
2.95; P, _6,51%.) 
-. M+hoiodides.oi .eihoiodides of the other N-alkyltriphenylphosphineimines, 

Ph,P=NR. (It =_CH3, ,&HS, i-&H,), were obtained in a similar w&Y.-Their yields 
&nd @elting.pointsare shown in Table 1. 

: :. ., .. 
. . .~.-. _. ___ - -.. 



flMR techniques ‘. 

The spectra were recorded on a Brucker-HX-90 instrument at 36.43 MHz 
operating.frequency. Fresh dark red reaction soIutions were placed into the 
ampoule filled with argon. Table 4 shows the spectral parameters for some 
reactions, Fig. 1 shows the spectral pattern for the reaction Ph4P’ClU with 
lithium piperidide. 

The intensities are not listed, since the measurements were made on a pulse 
instrument where the intensity is broadly dependent on the relaxation time. 
Slow accumulation was impossible under the conditions adopted. 
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