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thylen-Gruppe) ; 3,18 (s, Hydroxyl-H) ; 1,74 (s, l;einstruktur, abzweigende Methyl-Gruppc) und 
1,63 ppm (d ,  J = 7 Hz, endstandige Methyl-Grnppe). 

b) 3-Methyl-2-buten-7-01 (Prenol; 7). husgehend von 3 murde ein analoger Versuch im 10 mmol- 
MaDstab unternommen. Gas-chromatographisch ( 2  m, 20% C-20-M, 8 Min. loo", dann bis 200"; 
2 m, 20% DEGS, 8 Min. loo", dann bis 200") erkanntc man anhand anthcntischer Vergleichs- 
substanzen das Vorliegen von 7 (42%) und die Ahmescnheit jeglicher Ausgangs- oder Nebenpro- 
duktc in Mengcn > 3%.  

c) (E)-3-MethyZ-Z-penten-I, 5 - d d  (8). 3 (40 mmol) wurde wie ini Abschnitt 2a  beschrieben, 
mit s-Butyllithium (124 mmol) behandelt. Nach Wiederabkiihlen auf - 78" versetzte man mit 
vorgckiihltem Athylenoxid (7,8 ml; 160 mmol). Mit eiskalter NaC1-Losung (100 ml) hydrolysiert, 
wurden die Rcaktionsprodukte durch 40stdg. Extralrtion im KutscherlSteudel-Perforator in 
Ather aufgenommen. Nach Trocknen und Abdampfen des Losungsmittels fie1 ein Rohdestillat 
an (3,4 g ;  Sdp. 98-105"/4 Torr). Anschlicsscnd ging durch die Spaltr~hrkolonne~) eine Fraktion 
iiber (1,5 g; 320,/,; Sdp. 102-105"/4 Torr), die weitgchend nus 8 bestand, das jedoch durch einige 
gas-chromatographisch ( 2  m, 20% C-20-M, 8 Min. 130", dann bis 200") sichtbare Begleitstoffe 
(Gesamtanteil ungefahr 7%) verunreinigt war. Es wurde deshalb saulenchromatographisch 
(1 in lange, innen 0,9 cm weite Glassaulc; 7 atii Druck; Detektor: PYEjUNICAM LCM-1; Ad- 
sorbens: Mcrckogel SI 150 ; Laufmittel : PetrolatherlMethanol 20 : 1) gesauhcrt. 

C,H,,O, (116,2) Rer. C 62,04 H 10,41% Gcf. C 62,38 H 10,46% 

MS. : m/e = 98 (24%, M+-H,O) ; 41 (100%). -1R. : 3360 (s, br., (1-H) ; 1675 (m, C=C) ; 1040 
(s, C-0); 1000 (s) und 875 cm-1 (w). - lH-NMR.: 5,43 ( t ,  J = 6,5 Hz, 1 olefin. H ) ;  4,60 (s, br., 
2 Hydroxyl-H) ; 4,07 (d, J = 6 , j  Hz, Methylcn-Gruppe, sauerstoffbenachbart und allylstandig) ; 
3,67 ( t ,  J = 6,5 Hz, andere sauerstoffbenachbarte Methylen-Gruppe) ; 2,22 ( t ,  J = 6.5 Hz, andere 
allylstandige Methylen-Gruppe) und 1,68 ppm (s, Methyl-Gruppc). 
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Sunzmary. Interaction of dialkylaminonicthyl-substitutcd tertiary phosphines with primary or 
secondary phosphines results often in the cleavage of a P-C bond and the formation of P-P bonds. 
Thus treatment of Ph,PCH,NEt, with Ph,PH a t  180" yields Ph,P-PPh, and HNEt,, and 
interaction of PhP(CH,NEt,), and PhPH, a t  150" results in the formation of (PhP),, (PhP),CH,, 
HNEt, and CH,NEt,. 
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Previously we reported [2j on the reaction of primary and secondary pliosphines 
with dialkylaminometliyl-substituted tertiary phosphines. Combustion analysis of 
the reaction products indicated that the reaction had proceeded according to the 
equation : 

>l’-CH,-N< + H-P< --f )P-CH,--P< + H-X< 

Thus it was reported that treatment of diphenylphosphine with N, N-diethyl- 
aminometliyl-diphenylphosphine gave diethylamine and bis(diphenylp1iosphino) 
methane as the sole products r2] : 

(C,H5) ,P-CH,-N (C,H,) , + H -P (C,H,) , + ( C,H,) ,P-CH,--l’(C,H,) + H-N (C,H,) 

This work is in error. We now observe that the products actually obtained are 
tetraphenyldiphosphine and diethylmethylamine, which result from phosphorus- 
carbon bond cleavage instead of nitrogemcarbon bond cleavage : 

(c,H,)~P-cH,-N(c,H,), + H--P(c,H,), + (c,H,),P--I?(c,H,), + m3-N(c,1-r,), 

The products isolated after heating bis(diethylaminomethy1) phenylphosphine 
with phenylphosphine were previously reported to be diethylamine and a phenyl- 
phosphinemethylene tetramer, 1,3,5,7-tetraphenyl-l, 3,5,7-tetraphosphocane [2]. 

C,H,P[CH,X(C,H,),j, + H2lJC,H, --f [C6H5€)CHZ14 + HN(C,H,), 

We now observe that the products of the reaction are pentaphenylcyclopentaptiosphi- 
ne [ 3 ] ,  1,2,3,4-Tetrapheny1-cyclo-5-carba-lI 2,3,4-tetraphospliine [4], diethylamine 
and diethylmethylamine. 

Comparison experiments with diethylaminomethyldiphenylphosphine oxide and 
phenylphosphine showed that no reaction occurred. 

2 6 H 5  

2 (C,f-I,),P(O)CH,N(C,Hj)z + H,PC,H, GL+ (C,H,),r(o)CH,rCH,P(o) (C,H,), 

The precise mechanism for these cleavage reactions demands further investiga- 
tion, although it is not unreasonable to suggest a nucleophilic attack on PI11 by PI11 
[5] with concurrent cleavage of tlie phosphorus-carbon bond instead of tlie nitrogen- 
carbon bond. The occurrence of both phosphorus-carbon and nitrogen-carbon bond 
cleavage in the reaction of phenylpliosphine with bis(diet1iylaminomethyl)phenyl- 
phosphine can be explained by the added stability achieved with five-membered ring 
formation. 
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Experimental Part 
1. The interaction of fihenylfihosphine with bis(diethylaminomethy1)~henylphosphi~e. Tho 

phenylphosphinc 5.30 g (0.0189 mol) was mixcd neat uiidcr nitrogen with 2.08 g (0.0189 niol) of 
bis(diethylaminomethy1)phenylphosphine and the mixture heated for 5 h a t  140-150". The 
receiver was cooled in an ice bath. After no further axninc was collected in the receiver, thc mixture 
was allowed t o  cool, whereupon it  solidified to  a pale yellow-white solid. The amount of amine 
collected was 2.40 g (87%). The pale white solid was mixed with 100 ml of degassed ethanol and 
hcated t o  reflux under nitrogen for 15 min. A portion of the original solid remained; this was 
separated from the soluble fraction. The alcohol insoluble portion weighed 1.60 g and the ethanol 
soluble portion weighed 3.00 g. These combined weights account for 99% of the cyclic phosphines 
expected on the basis of mass balance. A total of 7.38 g of reactants gave a total of 6.00 g of 
isolated products (no gas was evolved during the rcaction). The mass balance is 80%. Apparently 
some of the amine remains in thc reaction mixture and is removed by washing the crude mixture 
of polyphosphines with pentane. 

Analysis of the insoluble portion showed it  to be [C,H,P],, m.p. 150-152", (lit. m.p. 148-152", 
[ 3 ] ) ;  m/e (C,H,P),+ (15 eV and 70 eV) 540. 

C,H,,P, (540.4) Calc. C 66.68 H 4.66 P 28.66y0 Found C 67.37 H 4.69 P 27.46°/0 

The soluble portion was allowed to crystallize from ethanol in the form of needles, m.p. 
141-143", (lit. m.p. 134-138" [4]). Analysis showed this material to be 1,2,3,4-tetraphenyl-cyclo- 
5-carba-l,2,3,4-tetraphosphine, (C,H,P),CH,, m/e (C,H,P),CH,+, (15 eV and 70 eV) 446. 

C,,H,,P, (446.3) Calc. C 67.27 H 4.97 P 27.76% Found C 67.66 H 4.81 P 27.25% 

Thcre was no direct evidence in the mass spectrometer for the original postulated tetramer 
(C,H,PCH,)4, m/e 488, although a peak a t  m/e 480 does suggcst that  loss of 8 H atoms from the 
totramer could give the peak at nz /e  480. I n  any case thc presence of the tetramer in the reaction 
mixture is so small that  i t  docs not represent a convenient synthetic route to  this compound. 

2.  The interaction of dzphenylphosphine with diethylaminomethyldiphenylphosphine. The di- 
phenylphosphine 1.92 g (0.0103 mol) and diethylaminomcthyldiphenylphosphine 2.80 g (0.0103 
mol) were mixed under nitrogen and hcated to  180" for 30 h. The aminc was collected in an ice 
cooled receiver. The amount of amine collected was 0.6 g (82%). The crude solid aftcr washing 
with cold pentane weighed 3.50 g (94%). The crude solid was recrystallized from ethanol under 
nitrogen, m.p. 116-135". A 31P-NMR. spectrum in chloroform showed a singlc peak for tetra- 
phenyldiphosphine a t  S 31P + 15 ppm (lit. 6 31P = + 15.2 ppm [Z], from H3P0, external standard). 
A mass spectrum of the product showed the prcsence of (C,H,),P,, m/e 370 and (CBHS),P20, m/e 
386, but no peak for the bis(diphcny1phosphino)methane. Thc mass spectrum of bis(diphcny1- 
phosphin0)methane has been studied by Colton & Porter. 

The parent ion can be observed a t  70 eV and the fragmentation pattern of thc known bis(c1i- 
pheny1phosphino)methane does not correspond with the spectrum taken of the crude reaction 
mixture. Our product was analyzed as the monoxide. 
C,,H,,P,O (346.36) Calc. C 74.60 H 5.21 P 16.03% Found C 74.55 H 5.34 P 16.17% 
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