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thylen-Gruppe); 3,18 (s, Hydroxyl-H); 1,74 (s, Feinstruktur, abzwcigende Methyl-Gruppe) und
1,63 ppm (d, | = 7 Hz, endstandige Methyl-Gruppe).

b) 3-Methyl-2-buten-1-ol (Prenol; 7). Ausgehend von 3 wurde ein analoger Versuch im 10 mmol-
MaBstab unternommen. Gas-chromatographisch (2 m, 209, C-20-M, 8 Min. 100°, dann bis 200°;
2 m, 209, DEGS, 8 Min. 100°, dann bis 200°) erkannte man anhand authentischer Vergleichs-
substanzen das Vorliegen von 7 (429%) und die Abwescenheit jeglicher Ausgangs- oder Nebenpro-
dukte in Mengen > 39,.

c) (E)-3-Methyl-2-penien-1,5-diol (8). 3 (40 mmol) wurde wie im Abschnitt 2a beschrieben,
mit s-Butyllithium (124 mmol) behandelt. Nach Wiederabkiihlen auf — 78° versetzte man mit
vorgekithltem Athylenoxid (7,8 ml; 160 mmol). Mit eiskalter NaCl-Losung (100 ml) hydrolysiert,
wurden die Reaktionsprodukte durch 40stdg. Extraktion im Kutscher/Steudel-Perforator in
Ather aufgenommen. Nach Trocknen und Abdampfen des Losungsmittels fiel ein Rohdestillat
an (3,4 g; Sdp. 98-105°/4 Torr). Anschlicssend ging durch die Spaltrohrkolonne?) eine Fraktion
iber (1,5 g; 329%,; Sdp. 102-105°/4 Torr), die weitgchend aus 8 bestand, das jedoch durch einige
gas-chromatographisch (2 m, 209, C-20-M, 8 Min. 130°, dann bis 200°) sichtbare Begleitstoffe
(Gesamtanteil ungefahr 79,) verunreinigt war. Es wurde deshalb sidulenchromatographisch
(1 m lange, innen 0,9 cm weite Glassdule; 7 atii Druck; Detektor: PYE/UNICAM LCM-1; Ad-
sorbens: Merckogel SI 150; Laufmittel: Petrolather/Methanol 20:1) gesdubert.

CeHy,0, (116,2)  Ber. C62,04 H 10,419  Gef. C62,38 H10,46%

MS.: mje = 98 (249,, M+—H,0); 41 (100%). —IR.: 3360 (s, br., O—H}; 1675 (m, C=C); 1040
(s, €—0); 1000 (s5) und 875 cm~! (w). — 'H—NMR.: 5,43 (¢, ] = 6,5 Hz, 1 olefin. H); 4,60 (s, br.,
2 Hydroxyl-H); 4,07 (d, | = 6,5 Hz, Methylen-Gruppe, sauerstoffbenachbart und allylstindig);
3,67 (¢, ] = 6,5 Hz, andere sauerstoffbenachbarte Methylen-Gruppe); 2,22 (¢, ] = 6,5 Hz, andere
allylstindige Methylen-Gruppe) und 1,68 ppm (s, Methyl-Gruppe).
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278. Organic Phosphorus Compounds 67
The Exchange Cleavage of Dialkylaminomethylphosphines
with Aryl and Diarylphosphines [1]
by William C. Kaska and Ludwig Maier
Monsanto Rescarch S.A., 8050 Zurich, Eggbiihlstrasse 36

(16. X. 74)

Summary. Interaction of dialkylaminomethyl-substituted 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 at 180° yields Ph,P—PPh, and HNEt,, and
interaction of PhP(CH,NELt,), and PhPH, at 150° results in the formation of (PhP);, (PhP),CH,,
HNEt, and CH;NEt,.
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Previously we reported [2] on the reaction of primary and secondary phosphines
with dialkylaminomethyl-substituted tertiary phosphines. Combustion analysis of
the reaction products indicated that the reaction had proceeded according to the
equation:

SP—CH,—N< + H—P< - >P—CHy—P< + H-N

Thus it was reported that treatment of diphenvlphosphine with N, N-diethyl-
aminomethyl-diphenylphosphine gave diethylamine and bis(diphenvlphosphino)
methane as the sole products [2]:

(CeHj5)o P—CH,—N(CyHyg)y + H—P(CgHy), — (CeHy),P—CH,—P(CgHy), + H-N(CHy),

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 nitrogen-carbon bond cleavage:

(CSH5)ZP7CHZ—N(C2H5)2 + H*P(CGHS)Z—) (C6H5)2P_P(CGH5>2 + CI{37N(C2I~I5)2

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

CoHRP[CH,N(CyHy)ly + HPCeH; > [CaHPCH, ], + HN(CH,),

We now observe that the products of the reaction are pentaphenylcyclopentaphosphi-
ne {3], 1,2,3,4-Tetraphenyl-cyclo-5-carba-1, 2,3, 4-tetraphosphine [4], diethylamine
and diethylmethylamine.

C6H5P [CHZN(CZHS)"JZ + HZPCGHS — CHSN(CZHs)Z + HN(CZHS)Z +

CeHg = P — P-Ce H CeHs = h— P=CgHsg
Ce Hs= P P =CgHs CeHs — P _P-CgHg
! CHy
CgHs

Comparison experiments with diethylaminomethyldiphenylphosphine oxide and
phenylphosphine showed that no reaction occurred.
CGHS
2 (CgHy), P(O)CH,N(C,H,), + H,PC,H, 2> (CﬁHﬁ)zP(O)CHzl‘JCH2P(O) {CeHL),

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

1. The intevaction of phenylphosphine with bis(diethylaminomethyl)phenylphosphive. The
phenylphosphine 5.30 g (0.0189 mol) was mixed neat under nitrogen with 2.08 g (0.0189 mol) of
bis(dicthylaminomethyl)phenylphosphine and the mixture heated for 5 h at 140-150°. The
receiver was cooled in an ice bath. After no further amine was collected in the receiver, the mixture
was allowed to cool, whereupon it solidified to a pale yellow-white solid. The amount of amine
collected was 2.40 g (879%,). The pale white solid was mixed with 100 ml of degassed ethanol and
hcated to 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 999 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 reaction). The mass balance is 809%,. Apparently
some of the amine remains in the reaction mixture and is removed by washing the crude mixture
of polyphosphines with pentane.

Analysis of the insoluble portion showed it to be [CgH;P];, m.p. 150-152°, (lit. m.p. 148-152°,
[3]); mfe (CgHgP)s* (15 eV and 70 eV) 540.

CaoHos Py (540.4)  Calc. C66.68 H4.66 P 28.66%  Found C67.37 H4.69 P 27469,

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-1, 2,3,4-tetraphosphine, (CgH;P),CH,, m/e (CgH;P),CH,*, (15 eV and 70 eV) 446.

CosHooPy (446.3)  Calc. C67.27 H4.97 P27.76%  Found C67.66 H4.81 P 27.25%

There was no direct evidence in the mass spectrometer for the original postulated tetramer
(CeH;PCH,),, mfe 488, although a peak at m/e 480 docs suggest that loss of 8 H atoms from the
tetramer could give the peak at m/e 480. In any case the presence of the tetramer in the reaction
mixture is so small that it docs not represent a convenient synthetic route to this compound.

2. The intevaction of diphenylphosphine with diethylaminomethyldiphenylphosphine. The di-
phenylphosphine 1.92 g (0.0103 mol) and diethylaminomethyldiphenylphosphine 2.80 g (0.0103
mol) were mixed under nitrogen and hecated to 180° for 30 h. The amine was collected in an ice
cooled receiver. The amount of amine collected was 0.6 g (829%,). The crude solid after washing
with cold pentane weighed 3.50 g (949%,). The crude solid was recrystallized from ethanol under
nitrogen, m.p. 116-135°. A 3P—NMR. spectrum in chloroform showed a single peak for tetra-
phenyldiphosphine at § 3P + 15 ppm (lit. § 3P = + 15.2 ppm [2], from H,PO, external standard).
A mass spectrum of the product showed the presence of (CiHj),P,, m/e 370 and (CgH;),P,0, m/e
386, but no peak for the bis(diphenylphosphinojmethane. The mass spectrum of bis{diphenyl-
phosphino)methane has been studied by Colion & Porter.

The parent ion can be-observed at 70 eV and the fragmentation pattern of the known bis(di-
phenylphosphino)methane does not correspond with the spectrum taken of the crude reaction
mixture. Our product was analyzed as the monoxide.

CpaHy PO (346.36)  Calc. C74.60 H 521 P16.03%  Found C 7455 H 534 P16.17%
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