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Absbwct : Vnstabiiized P-methyl-l -phosphaallenes 1 are prepared by a base-induced dehydrohalo- 

genation of 1 -chlorovinyl-methylphoqphines or marrangement of1 -alkynyi-nuthyljhosphines. 

Although I-pho@aallenes have been widely studied, only sterically s&lized derivatives have been des- 

cribed so far.19 Such compounds are prepa& either by a base-induced n%nangemellt of P-a@- l-alkynyl- 

phosphine in- 201 thmugh reaction of phosph&etenes with methylenephosphoranes %or silylated 

phosphines.3h Efforts to apply the latter approach to the generation of 1-phosphaallenes with a less bulky 

substituent at the P atom lead to the corresponding dimer. 3b The synthetic utility of the reparted methods is 

restricted by hardly accessible unshielded starting materials. We have recently prepared unstabilized phos- 

phaalkynes by dehydrohalogenation of the corresponding dichloroakylphosphines 4 and by base-induced 

wnt of primary I-alkynylphosphines.5 In the latter approach, the pmsence of a pwene inter- 

mediate has been demonstrated. In this paper, we show that unstabilized P-methyl-1-phosphaallenes 1 can be 

prepared by dehydrohalogenation of l-chlorovinyl-methylphosphines and by nzarrangement of l-alkynyl-me- 

thylphosphines. 

Secondary l-chlorovinyl- and ethynylphosphines 4a-c and Sa,b arc prepared by chemoselective reduc- 

tion at 0°C of the corresponding phosphinic esters 2a-& and 3a,b7 rcspective~y using AlHCl2 iu tetraglyme 

(Scheme 1).8 In both cases, formation of by-products resulting ti C-P bond cleavage cannot be avoided. 

Phosphines 4 and 5 are purified by trap-to-trap distillatiou, and may be kept for several days in solution at 

roomtemperatureinthe~senceofasmaIl amount of hydroquinoue. The structures are assigned on the basis 

of 1H, 31P, 13C NMR and IR spectroscopy and mass specuomeay.*11 

Reactions in solutk. Using DBU, dehydrochlorktion of the phosphine 4a is observed at O’T, but the 

l-phosphaallene la is too unstable in these conditions to be * by 31P NMR. Presmct of this inter- 

mediate is proved by addition of Zpropanethiol and formation of the Q-thiophosphine adduct 6a.l* Com- 

pound1acanbehoweverdetectedbylowtemperature3lPNMRinthebase-~rearrangementofphos- 

phine Sa : the chemical shift of the phosphorus atom of la is observed at 8 42.0 ppm by warming up a THF 
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solution of Sa from -78 to -20°C in the presence of a catalytic amount of DIW. When 2-propane&o1 is ad- 

ded, the 31P NMR signal of la disappears while the signal corresponding to 6a is observed (Scheme 1). In 

hoth approaches, we failed in our attempts to isolate the p~h~~ la. 

THF, DBU 
4 

-2ov 

Reactions in the ga-phase (VGSR). The two liquid-phase approaches to l-phosphaallene Ia preadently 

desuibed can also be performed in the gas-phase (VGSRYIS using Km heated to 25WC as a solid base. 

whatever the precur~ (4s or Sa), a mixmxe ~p~h~l~ la and l-~yl~h~ So is observed in 

the~~ratio(92:8nspecti~ly).Alnixhlnoflb,Sbina5f:4Slnolarratiois~soobservcdstar- 

ting ikom 4b or Sb (Scheme 2). A ttuttomcric equilibrium between 5 and 1 rationalizes these results. The 
srruc~ of compowds la-b sre determimd from their low ?mqmame (-!WC!) IH, 1% and 31P NMR, IR 

and mass spectra.13 m obacmcd values arc in good agrcmmt with those l7prted for bulky sulwitlltcd d+ 
rivatives.q3 As an example, the l3C NMR signals of la at 6 95.2 and 250.4 ppm me characteristic of the 

chemicsl shifts of the two allenk carbons. The XR absorptions at 1715 and 869 cm-t have been tentatively at- 

tributed to VC,,JJ and vcI.p stretching nspcctivcly. I4 Phosphasllenes 1 slowly oligomerize on warming to 

-2WC. 
1 
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Scheme 2 

‘Ike gas-phase ~h~~~~ti~ of semmdaq c~~~ylph~ph~~ provides an efficient synthesis 

of Cdisuhstitutcd I-phosphmllenea : thus, starting from the lchlcm-2-methy@openyl-methylphosphine 4c, 
the 1 -phosphaallene lc is obtained in a nearly pure state in 38% yield (Equation 1).*5 



cl k K2C03, 250°C Me. 
/Me - 

,C=C=P-Me (1) 

Me P’H VGSR Me 

4c lc 

The two approaches, basic dehydtohalogenation of secondary l-chlomvinylphosphines and base-induced 

rearrangement of secondary 1-alkynylphosphines, which are effective in solution and in the gas-phase, pro- 

vide two efficient and convenient routes to unstabilized 1-phosphaallenes. 
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Caution : Phosphtnes are pyrophoric and nauseating smelling compounds. AU the reactions must 

be carried out under nitrogen in a well ventikzted hood. 
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All new compounds exhibit physical and spectroscopic pmperties consistent with their proposed struc- 
ture. 

Selected spectroscopic data : 4a : (yield : 52%) tH NMR (CDC13) 6 : 1.34 (dd, 3H, ~JJ.JJ.J = 7.4 Hz, 
*JpR = 3.5 Hz); 4.05 (dq, IH, lJp~ = 197.0 Hz, 3JBB = 7.4 Hz); 5.77 (dd, lH, 3Jp~ = 13.3 Hz, 

2JR~ = 1.4 HZ); 5.82 (dd, lH, 3JpR = 13.3 Hz, *JRB = 1.4 Hz); slP NMR (CDC13) 6 : -53 (JJpR = 

197.0 Hz); 13C NMR (CDC13) 6 : 4.45 (qd, *JCH = 131 Hz, 1Jcp = 11 Hz); 125.3 (td, ~Jc.J = 162.4 
Hz, *Jcp = 25.8 Hz); 141.1 (d, lJcp = 36.6 Hz). HRMS calcd. for C3H635ClP : 107.9896, found : 
107.990. 4b (2 stereoisomers) (yield : 57%): tH NMR (CDC13) 6 : 1.30 (d, 3H, ~JJ.JJ.J = 7.6 Hz); 1.89 
(dd, 3H, 4J~ = 0.5 Hz, ~JBJ.J = 7.0 Hz); 3.90 (dq, lH, tJpR = 207.9 Hz, 3JBB = 7.6 Hz); 6.39 (qd, 
3J~~ = 7.0 Hz, 3Jp~ = 14.2 Hz) and 1.30 (d, 3H, 3J~~ = 7.6 Hz); 1.86 (dd, 3H, 4Jp~ = 0.8 Hz, 
3J~R = 6.5 Hz); 3.90 (dq, lH, ~J~J-J = 214.8 Hz, 3J~~ = 7.6 Hz); 6.33 (qd, 3JR~ = 7.0 Hz, 3Jp~ = 
7.0 Hz) ; 31P NMR (CDCl3) 8 : -49.6 (lJpB = 207.9 Hz) and -71.6 (~JPJ.J = 214.8 Hz, *JpR = 14.2 

Hz); 13C NMR (CDCl3) 8 : 4.35 (qd, ~J~J.J = 130.9 Hz, lJcp = 9.7 Hz); 15.6 (pd. tJCR = 125.6 Hz, 
3Jcp = 9.7 Hz); 132.9 (d, ‘Jcp = 34.6 Hz); 138.8 (dd, ‘JCB = 150.0 Hz, 2Jcp = 24.1 Hz) and 3.64 
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(qd, ~JCH = 131.7 Hz, lJcp = 9.7 Hz); 16.8 (qd, 1Ja = 128.2 Hz, 3Jcp = 21.5 Hz); 131.0 (d, lJcp= 
39.5 Hz); 136.8 (dd, IJCH = 157 Hz, 2Jcp = 37.8 Hz). HRMS calti for C4IQ35ClP 122.0052; found : 
122.005.4~ : (yield : 65%) 1H NMR (CDC13) 6 : 1.29 (d. 3H. 2Jp~ = 4.2 Hz); 1.94 (s, 3H); 2.07 (s, 

3H); 3.82 (d, lH,lJp~ = 217.5 Hz); 31P NMR (CDCL3) 6 : -61.4 (1Jp~ = 217.5 Hz); 13C NMR 

(CDC13) 6 : 4.39 (qd, ‘JCH = 131.2 Hz, lJcp = 9.7 Hz); 22.9 (qd, ~JCH = 131.7 Hz, 3Jcp = 3.6 Hz); 
23.4 (qd, lJa = 131.7 Hz, 3Jcp = 29.1 Hz); 124.7 (d, lJcp = 37.0 Hz); 145.9 (d, 2Jcp = 25.7 Hz). 
HRMS calcd. for QH@ClP : 136.0209, found : 136.021. 

11. Selected spectroscopic dukaa : Sa : (yield : 31%) 1H NMR (CDQ3) 6 : 1.35 (dd, 3H, ~JHH = 7.6 Hz, 
2Jp~ = 4.2 Hz); 2.71 (d, lH, 4Jm = 3.3 Hz); 3.96 (ddq, lH, lJp~ = 221.4 Hz. 4Jm = 3.3 Hz, 3J~~ 
= 7.6 HZ); 31P NMR (CDC13) 6 : -115 (1Jp~ = 221.4 Hz) ; 13C NMR (CDC13) 6 : 4.6 (qd, IJa = 
131.6 Hz, ‘Jcp = 7.0 Hz); 80.8 (d, 1Jcp = 21.0 Hz); 92.0 (dd, ~JCH =245.0 Hz, 2Jcf = 1.8 Hz). IR 
(film; 77K. cm-l) : vpH : 2280 (m); vclc : 2025(w). HRMS calcd for C3H5P : 72.0128 ; found : 

72.0130. 5b : (yield : 35%) 1H NMR (CDC13) 6 : 1.30 (dd, 3H, 3Jr.r~ = 7.3 Hz, 2Jm = 4.1 Hz); 1.93 

(d, 3H, 4Jp~ = 1.0 Hz); 3.63 (dq, lH, 1Jp~ = 213.0 Hz, 35~~ = 7.3 Hz, ); 3*P NMR (CDC13) 6 -114 

(1Jp~ = 213.0 Hz) ; 13C NMR (CDC13) 6 : 5.1 (q, ~JCH = 131.6 Hz); 5.3 (qd, lJ_ = 131.4 Hz; 1Jcp 

= 6.5 Hz); 73.7 (d, 1Jcp = 12.2 Hz); 101.3. IR (film; 77K, cm-l) : vpH : 2260 (m); vc.c : 2178 (w). 
FIRMS calcd. for C4H7P : 86.0285; found : 86.0286. 

12. Selected spectroscopic ducu : 6a : IH NMR (CDCl3) 6 : 1.22 (dd, 6H, 4J~ = 1.8 Hz, 35~~ = 6.7 Hz); 
1.25 (d, 3H, 2Jp~ = 6.7 Hz); 2.93 (d.hept, lH, 3Jp~ = 3jr.11.1 = 6.7 Hz); 5.47 (ddd, 1H. 3Jp~ = 
26.0 Hz, 3Jmcis = 11.7 Hz, 2Jm = 1.7 Hz); 5.58 (ddd, lH, 3J~~ck = 12.0 Hz, 3J~~- = 18.2 Hz, 
2J~~ = 1.7 Hz); 6.34 (ddd, lH, 2Jp~ = 20.6 Hz, 3J~~ = 18.2 Hz, 3J~~ = 11.7 Hz). 31P NMR 
(CDC13) 6 : 3.2. 13C NMR (CDCl3) 6 : 16.0 (qd, ~JCH = 130.0 Hz, lJ= = 19.3 Hz); 27.1 (qd. ~JCH 
= 126 Hz, 3Jcp = 3.0 Hz); 39.1 (dd, ~JCH = 142 Hz, 2Jcp = 20.6 Hz); 125.4 (dd, ‘Ja = 157.5 Hz, 
lJcp = 17.2 Hz); 142.5 (td, *JCH = 150 Hz, 2Jcp = 25.9 Hz). HRMS : calcd for QI-Il3PS: 148.0476; 
found: 148.047. IR : vm : 1610 cm-l (w). 

13. Ethenylidene-methylphosphine la : (yield : 28% from 3a and 26% from 4a) 1H NMR 

(CD$12/CC13F, -8O“C) 6 : 1.49 (td, 3H, ~JHH = 2.9 Hz, 2Jp~ = 0.5 Hz); 5.46 (dq. 2I-I. 3Jp~ = 

26.0 Hz, 5Jm = 2.9 Hz); 31P NMR (CD$ZlZ/CC13F, -8O“C) 8 : 42.0 (3Jp~ = 26 Hz (d)); 13C NMR 

(C!D#2/CCl3F, -8O’C) 6 : 10.4 (qd, IJa = 132.8 Hz, lJcp = 40.3 Hz); 95.2 (td, 1Ja = 168 Hz, 

2Jcp = 13.6 Hz); 250.4 (d, 1Jcp = 24.6 Hz). IR (film, 77 IL cm-l) : 2970 (s); vC=C : 1715 (s); 1255 

(m); 950 (s); vc=p : 869 (s); 653 (m). *HRMS calcd for C3H5P : 72.0128 ; found : 72.0130. Prope- 
nylidene-methylphosphine lb : (yield : 26% from 3b and 32% from 4b) 1H NMR 

(CD2Cla/CCl3F, -80°C) 6 : 1.42 (d, 3H, 5J HH = 2.6 Hz); 1.8 1 (d, 3H, 3J~~ = 1.3 Hz,); 5.85 (dqq, 

lH, 3Jm = 23.3 Hz, 5J~~ = 2.6 Hz, 3J~~ = 1.3 Hz); 31P NMR (aCl2/CCl3F, -80°C) 6 45.3 (3Jp~ 

= 23.0 Hz) ; 13C NMR (CD2Q/CC13F, -80°C) 6 : 11.3 (qd, ~JCH = 132.0 Hz, lJcp = 41.3 Hz); 17.5 
(qdv 'JCH = 127.8 Hz. 3Jcp = 25.2 HZ); 107.6 (dd, ~JCH = 157.3 Hz, 2Jcp = 11.3 Hz); 247.2 (d, 
lJcp = 24.5 Hz). 

14 These values can be compared with the calculated v~ and vc=p values of the parent compound : 
Nguyen, M. T.; Iiegarty. A. F. J. Cheer. Sot., Perkin Trcans Ii 1985, 1999-2004. 

15. 2-Methylpropenylidene-methylphosphine lc : (yield : 38%) 1H NMR (CD$ZlZ/CCl3F, -80°C) 
6 : 1.34 (s, 3H); 1.81 (d, 6H, 4Jp~ = 9.8 Hz); 3*P NMR (CD&!lZ/CCl3F, -8OOC) S : 39; 13C NMR 

(CD$lflC13F, -8O’C) 6 : 12.5 (qd; ‘Ja = 131.6 Hz, lJcp = 42.4 Hz); 22.1 (qd. lJa = 128.6 Hz, 
3Ja = 11.4 Hz); 118.6 (dhept, 2Jcp = 10.0 Hz, 3Ja = 6.7 Hz); 209.0 (d, lJcp = 23.8 Hz). HRMS 
calcd for CsHgP : 100.0442 ; found : 100.044. 
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