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Abstract-Cxystalline /%&etoyfi&, X,YP=C(COC,H~CH,COC&), were prepared from the 
reaction of tr~dibenzoyletbylene with amino, aikyl, and aryl phosphines. The ylides gave encl- 
etlrer salts with benzyl bromide, and diketopbosphonium salts with hydrogen chloride. ‘rP NMR 
ahifts for ylides, oxides and &ides, X,YP=Z, and for phosphines and phosphonium salts, were 
measured at 40.5 MC/S. rH-*rP spin-spin couplings of the /?‘-methylene protons were identical in 
/?-ketoylides and in their enol-ether salts. 

INTRODUCTION 

THB reaction of trimethyl phosphite, (CH,O)sP, with trams-dibenzoylethylene @BE) 
yielded a trialkoxyalkylidenephosphorane (I)1b*s and not a 1,2-oxaphospholene deriv- 
ative with pentacovalent phosphorus, (III) as had been assumed.&’ Ethyl diphenyl- 
phosphinite, (GH,O)P(C,,H&, likewise, reacted with DBE to give an ylide (II)* 
instead of an oxaphospholene (IV) as claimed.’ 
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(4 -C-H 
4 I 

C-C-Ph 
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x/4 
I; X=Y=OMe III; X-Y=OR 

II; X = Ph; Y = OEt IV; X = Ph; Y = OEt 
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The first authentic 2,2,2-trialkoxy-1,Zoxaphospholene (V) was prepared@ from 
3-benzylidene-2,4_pentanedione. The phosphorus of the oxyphosphorane V* gave a 
NMR signal at higher field than that of the reference 85 % HsPO,, while the signal of 
the ylide-phosphorus (I; II) was at much lower field.‘b*3*s 

CHI, 

CHS C=O 

C+,c: 0 ‘I 
$)I 1(-p\ /d \* \H 

Me0 1 
\ OMe 

OMe V; 6Fi = +27.9 ppm 

This paper deals with the reaction of amino, alkyl and aryl phosphines with DBE. 
The phosphine-DBE adducts have been formulatedlO*u as O-phosphonium dipolar 
ions (VI). Speculation’ has centered on the possible equilibration of VI with C- 
phosphonium betaines (VII) via 1,Zoxaphospholenes analogous to III and IV. There 
is no experimental evidence to support structures of type VI. 

Ph H 
I I 
c=====c 

RESULTS 

VI; R = C,H,: n - CIH,; 
Ph 

NOT FORMED 

Triaminophosphines. The reaction of trisdimethylaminophosphine (IX) with 
DBE (VIII) was rapid and exothermic in methylene chloride at 5”. The resulting 
crystalline 1: l&duct is formulated as trisdimethylamino-(benzoyIphenacyl)methylene- 
phosphorane (XIa t) XIb) from the spectral and chemical data presented below. 
Evidently, the unsaturated ketone underwent a l+addition at carbon, but the 
resulting C-phosphonium betaine (X) rearranged to the more stable ylide (Xl). No 
metastable precursor of XI could be detected in an spectral investigation of the 
course of the reaction. 

Analogous proton shifts have been observed in the reaction of triphenylphosphine 
with p-benzoquinone,12*13 and with maleic anhydride.14 

The *rP NMR shift of the amino-ylide (XI) is listed in Table I. The negative value 

Ph H 

@ F. Rarnirez, 0. P. Madan and S. R. Heller, J. Amer. Chem. Sot. 87,731 (1965). 
lo L. Homer and K. Klupfel, Liebigs Ann. 591, 69 (1955); c$ pp. 79 and 94. 
11 I. Kuwajima and T. Mukaiyama, J. Org. Chem. 29,1385 (1964). 
1’ F. Ramirez and S. Dershowitz, J. Amer. Chem. Sot. 78, 5614 (1956). 
Ia See also H. Hoffman, L. Homer and G. Hassel, Chem. Ber. 91, 58 (1958). For another prior 

formulation of the pbenzoquinonephosphine adduct see Ref. 10, p. 76. 
t’ R. F. Hudson and P. A. Chopard, Helv. Chim. Actu 46,2178 (1963). 
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'hLILE 1. REACTION OF X,YP wrni ~ULS-DIBENZOYLETHYLENE. PROPERTIES~ o~B,y'-DIKET~YUDES, 

X,YP-_C(Co~,)(CH,.CO.C~H~) AND OF RELATED COMPOUNDS 

X*YP 
No X 

Ylide ap” 
Y MPO 

8p.l dPS1 / 
X,YP X,YP=o X*YP=C- 

Ylide CH, Ylide C==O,p Ylide 
7 #‘HP Phen. Bz. P==C,,u 

1 
FF+N 

(CH&N 137 -122.0 -23.2 -63.2 6.31 18.5 5.94 6.62 7.22 
2 ‘4 e II-C,H, 192: +32*6 -45.9 -21.3 6.23 172 5.92 6.68 7.20 
3 WI, $170 -42.4 -21.1 6.10 18.5 5.92 6.68 7.20 
4 C&W 124 - 109.8 -31.1 -54.2 6.33 21.0 5.95 6.65 7.25 
5 CH,O -140.0 -2.4 - 56.2 
6 WI, GH, 122 +5*7 -26.5 - 16.9 6x5 2;O 

5.95 6.62 7.20 
5.95 6.68 7.20 

l 6~” at 40.5 MC/S, in ppm us 85 % H,PO,.Hl NMR at 60 MC/S, in ppm t)s tetramethyl silane = 10 (7 
values). J in c/s, solvents: CDCI, or Ccl, for lH NMR. CDCl, or CHoCl, for ,lP. 

of the shift is inconsistent with an oxaphospholene structure. The shifts of the parent 
phosphine and of its oxide were remeasured15 at 405 MC/S and are included in Table 1. 
These data will be discussed below. 

Proton NMR spectroscopy supports the ylide structure (XI) as can be seen in 
Table 1. The two protons which were originally present in DBE were found as 
equivalent protons in the adduct XI. This signal was a doublet, with a rather large 
coupling J, due to lH-*lP spin-spin splitting. 

The IR spectrum of the adduct XI had the carbonyl-bands to be expected from 
a p,y’-diketoylide .I6 The yellow substance absorbed strongly at 260-290 rnp, with 
1 max = 276 rnp, E = 4,700 and at 236 mp, E = 13,500. 

Alkyd and arylphosphines. Tri-n-butylphosphine reacted with DBE in methylene 
chloride at 0” and gave rri-n-butyl-(benzoyZ~phenacyl)merhylenephe (XII). 
The spectral data in support of the ylide structure are given in Table 1. 

lb0 previous values have been compiled by R A. Y. Jones and A. R. Katritzky, Angew Chem. (Int. Ed) 
1, 32 (1962); * W. A. Henderson, Jr. and S. Buckler, 1. Amer. Chem. Sot. 82,5794 (1960); 0 K. 
Moedritzer, L. Maier and L. C. D. Grcenweghe, J. Chem. Eng. Data 7,307 (1962); d J. R. Van 
Wazer and L. Maier, J. Amer. Chem. Sot. 86, 811 (1964); * H. Tolkmith, Ibid. 85, 3246 (1963); 
f G. Martin and G. Mavel, C.R. Acud. Sci., Paris W,2095 (1962). 

lo F. Ram&z and S. Dershowitz, J. Org. Chem. 22,41 (1957). 
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XII; X = Y = n - C,H, 
XIII; X = C,H‘; Y = Ph 
XIV; X=Y=Ph 

DiethylphenyL(benzoy@henucyl)methylenephosphorune (XIII), was obtained from 
diethylphenylphosphine and DBE. These two ylides, (XII and XIII) showed no 
tendency to dissociate into DBE and the phosphine in methylene chloride solution at 
20”. Addition of ylide to more DBE was not observed. 

Diethylphenylphosphine caused the instantaneous isomerization of cis into truns 
dibenzoylethylene; the latter, then formed the ylide XIII. It is assumed that the 
C-phosphonium betaine adduct, analogous to X, was an intermediate in the c& + 
truns isomerization, which was followed spectrophotometrically in the IR. 

TriphenyE(benzoylphenacy&nethylenephosphorane (XIV) was isolated in 45 % 
yield when the reaction between triphenylphosphine and DBE was carried out in 
dimethoxyethane in which XIV is sparingly soluble. This ylide (XIV) dissociated 
readily into truns-DBE and triphenylphosphine in methylene chloride or in xylene 
solutions. The reversibility of this process could be studied by IR spectrometry, 
when one moleequivalent of trans-DBE was added to a 2M solution of triphenyl- 
phosphine in methylene chloride at 20”. The ylide XIV disappeared also in a slow 
irreversible process. 

The formation of DBE and triphenylphosphine from the reaction of triphenyl- 
benzoylmethylenephosphorane, ((&HJ3P=CHCOC,H,, with phenacyl bromide has 
been observed.” This is understandable since the C-alkylation of the ylide by 
phenacyl bromide, followed by the loss of an a-proton, would give XIV, and hence, 
the observed dissociation products.17*1e 

Reaction of ylides with benzyl bromide. The ylides XI, XII and XIII underwent 
0-alkylation with benzyl bromide at 20”. The properties of the corresponding enol- 
ethers (XV, XVI and XVII) are listed in Table 2. 0-alkylation of &ketoylides has 
been previously observed.lB*ls 

When the butylphosphine-ylide (XII) or the diethylphosphine-ylide, (XIII) were 
heated together with benzyl bromide, a different reaction occurred. The products 
were tri-n-butylbenzylphosphonium bromide, or diethylphenylbenzylphosphonium 
bromide, respectively. This shows that, at elevated temperatures, dissociation of 
ylide into DBE and phosphine, is faster than ylide-alkylation. The reaction of the 

17 M. Siemiatycki and H. Stnelecka, C.R. Acad. Sci., Paris, WI,3489 (1960); cf. S. Trippett, Quart. 
Revs. 17,424 (1963). 

18 H. Bestmann and H. Schulz, Angew. Cltem. 73,620 (1961). 
1’ Calkylation of a ,%ketoylide by phenacylbromide has been reported (c) Ref. 17). We have noted 

that the reaction of triphenylbenzoyhnethylenephosphorane with benzyl bromide, at 20”. gave 
mostly O-alkylated product, plus derivatives of the minor C-alkylated product. At elevated tem- 

perature, only Galkylated product was obtained. The O-alkylated product was decomposed into 
ylide or was rearranged into the C-alkylated product at elevated temperature, depending on 
conditions (F. Ramirez, 0. P. Madan, and C. P. Smith, In Press). 
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TABLE 2. F’ROPERTIB~ op ENOL-ETHERS DERIVED PROM &y’-DIKETOYUDl?Z 

C,H,COCH,~OCH&H,)(C,H~ 

1 iir[(C!Ha,N],; 144 -50.4 6.08 18 5.30 5.96 622 
t-j (+) 

2 Wn-G&I,P - -28.8 5.70 17 5.30 5.95 6.20 

- 3 BrlW%KJ-M~ 99 -28.0 5.35 17 5.78 5.95 6.20 

4 GH,),P(O) 179 -28.6 6.10 17 6.C@ 5.95 6.16 

5 (CH,O),P(O) 122 -22.0 6.25 19 5.31 5.95 6.18 

6 ~rKW,l,~ 230 -20.9 5.85 19 5.85 5.95 6.20 

triphenylphosphine-ylide (XIV) with benzyl bromide gave some triphenylbenzylphos- 
phonium bromide, even at 20”, although the major product was the enolether (XVIII). 

Ph H 

L ---d-H 

XV; X=Y=(CH&,N 

8 
I 

XVI; X=Y=n--CIHB 

X\‘$)/~Gph XVII: X=C,H,; Y=Ph 

“/? Er !LCH Ph I’ XVIII; X=Y=Ph 

Reucfion oJyZi&s with hydrogen chloride. The ylides, XI, XII, XIII and XIV, were 
converted into crystalline hydrochlorides by anhydrous hydrogen chloride in methylene 
chloride solution. The elemental analysis showed that two moles of HCl had combined 
with one mole of ylide. The second molecule of HCl can be part of the anion,= 
(I-Q)- or it can be hydrogen-bonded to the carbonyl groups of the diketophos- 
phonium salts @IX, XX, XXI, XXII). The properties are listed in Table 3. 

TABLE 3. &XX-ION OP b,y’-DIKJJTOYLlDeS wrni HCI OAS IN CH,Ci,. 
(-) (+) 

PROPERTIES OP ClX,YP-CH(COC,H3 (CH,COC~H~) @ICI) AND OP 

X,(O)P-CH(COC,H& (CH,COC&) 

No. X Y Mp”. 6po’ w,/4 

1 (CH3,N KHAN 130 -54.9 5.95 

2 n-GHI n-C,H, 116 -35.7 5.95 

3 GHS C&b 214 -34.1 5.92 

4 C,H, - 164 -27.5 5.95 

5 CH,O - 121 -24.8 5.97 

6 GH, GH, 107 -25.7 5.95 

)” J. A. Salthouse and T. C. Waddington, J. Chem. SC. 4664 (1964). 
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Ph H 

!.IH 

8 C-C-Ph 

XIX; X=Y=N(CH& 

XX; X=Y=n--c,H, 

XXI; X = C,HI; Y = Ph 

X P ‘Ci.HCl XXII; X=Y-Ph 

The hydrochloride made from triphenylbenzoylmethylenephosphorane under 
comparable conditions analyzed for the ylide plus 1.5 moles of HCl. The =P shift of 
this hydrochloride was -20.7 ppm, while that of the corresponding ylide was 
- 16.7 ppm.” 

Hydrolysis of /l-ketoylides. The reaction of the trimethoxyylide (I) with water in 
methylene chloride was nearly instantaneous at 20”; the main products were tri- 
methyl phosphate and 1,2dibenzoylethane. The ylides derived from alkyl and aryl 
phosphines underwent hydrolysis very slowly under comparable conditions; the 
products were the phosphine oxides and dibenzoylethane. Triphenylbenzoylmethyhylene 
phosphorane, with only one &ketogroup was not affected by water.= These hydrolyses 
may involve intermediates like XXIII and XXIV. 

Ph 
Ph I-I I 
I HmCH, 

L-cH, 

Ib ,+k&Ph 
I I 
3 0 ,4-H 

X 
\ / 811 y \ 

X-P 
Me& 

C-Ph 

Y’kH 
OMe II 

OMe 0 

XXIIJ 

=P NMR shifts of triply- and quadruply-connected phosphorus cornpow&. The 
(+) (-) 

availability of a series of derivatives, &YP=Z ts X+,YP-Z) of quadrnply-connected 
phosphorus, in which the “semipolar” atom, Z was 0, S and C, and in which the 
singly-bonded atoms, X and Y, could be varied, permitted several generalizations 
concerning the relationship between structure and slP NMR shifts. These are shown 
in Fig. 1 and in Table 4. 

(1) Conversion of a phosphite ester, of a trisaminophosphine, and of a phos- 
phi&e ester to a sulfide, an ylide and an oxide, resulted in apositive increment of the 
shift; i.e. resonance occurred at higher magnetic field, indicating a more effective 
shielding of the slP nucleus by electrons, increasing in the order given. The mag- 
nitude of these increments are given in Table 4. Note that replacement of an 
“isolated” oxygen [Z in X,YP=Z] by a sulfur and by an ylidecarbon causes a 
negative increment of the shift.= 

*I The values for the Fl shifts of this ylide and of its hydrochloride given by A. J. Speziale and K. W. 
Rat& J. Amer. Chem. Sot. 85,279O (1963), are in error. 

a* This ylide was converted into triphenylphosphine oxide and acetophenone in 30% aqueous EtOH, 
after 10 hr reflux; Ref. 16. 

** L. C. D. Groenweghe, L. Maier and K. Moedritzer, J. Phys. Chem. 66,901 (1962) have given the 
values of -70 and -9 ppm for the changes Az’,$z,‘,“s in the systems (RO),PO and R,PO, 
respectively. 
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VARIATIONS IN P3’ NM R SHIFTS 

X,YP TO XeYPS wm 

X2YP TO XeYPCRR’ - x 

X2YP TO X2YP0 -0 

b-d&P 

b + 32.6 
I M AONETIC 

FELD m+$y 
I 

08 l 

-109.8 

Jo,Nl 
. 

-1220 _ 

‘(CHSO) P SUiFlDE YLIDE 
ro 

- 140.6 
‘OXIDE 

-I40 -120 -IO0 -80 -60 -40 -20 0 l 20 l 40 l 60 

6 P3’ IN PPM VS. H3P04 
FIO. 1. 

TABLE 4. VARL&TIONp IN P’ NMR SHU’IX, 6 IN PPM 

x 

n-W-b 
GH, 

CGHS 
GHr 

KHAN 

CH,O 

Y 

n-C,H, 

C&L 

CA 
C,H,O 

(CH,),N 

CH,O 

ASUlfide 
PYX, 

-86 

-69 

-49 
;30 

+40 

$67 

AYllde 
PYX, 

-54 

-38 

-23 
+55 

+59 

+84 

AoXidE 
PYX, 

Alulflde 
OxIde 

--78 -8 

-59 -9 

-32 -17 
+78 -49 

$-loo -59 

$138 -71 

AYllde 
Oxide 

$24 

+21 

+9 
-23 

-41 

-54 

o A8UlfhW 
PYX, = [G(X(,YPS)] - [@X,YP)], and corresponding notations. 

(2) Conversion of alkyl and aryl phosphines to sulfides, oxides and ylides resulted 
in a negative increment of the shift, indicating a less effective shielding of the a1P 
nucleus by electrons, in the order shown. Note that now the replacement of the 
“isolated” oxygen, Z, by a sulfur causes a small negative increment,= while the 
replacement of the oxygen by an ylide-carbon results in a positive increment. 

(3) The resonance of the sulfides occurred always at the lowest magnetic field, 
regardless of the nature of the groups X, Y, attached to the phosphorus, i.e. the deriv- 
ative with the least shielded P-nucleus was always the sulfide. However, resonance at 
the highest magneticfield did not always occur in the same derivative. The derivative 
with the most shielded P-nucleus was the oxide, if one or more of the atoms X, Y 
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attached to the phosphorus had an unshared electron-pair. The derivative with the 
most shielded P-nucleus was the ylide, when X and Y, both, lacked unshared electron- 
pairs. 

A correlation between the s1P NMR shifts of trivalent phosphorus compounds 
and the differences in electronegativities between the phosphorus and the atoms X in 
XsP, has been suggested. a4b The shifts became less positive as the electronegativity of 
X increased from small values toward some intermediate value (2.8). The shifts 
became more positive as the electronegativity of X increased above this intermediate 
value. Some useful trends have been pointed out in the alP NMR of quadruply- 
connected compounds. 25 There seems to be an increase in the positive value of the 
shift with an increase in electronegativity of the atomsas which is being replaced in 
(RX)sPZ, both as a “bridging atom”, X, or as an “isolated atom” Z. This was 
attributed” mainly to changes in the distribution of n-bonds among the four a-bonds. 

An examination of Fig. 1 and of Table 4 shows that the trivalent phosphorus 
compounds must be discussed in two groups. 

(1) Consider the compounds in which oxygen or nitrogen is attached to phos- 
phorus as one of the bridging atoms, X, Y. Note the effect of placing sulfur, carbon 
and oxygen as the isolated atom, Z. Sulfur and carbon have about the same elcctro- 
negativity (2*5), while that of oxygen is higher (3.5). Higher electronegativity, in the 
absence of other factors, would result in lower-field resonance (i.e. less shielding). 
Therefore, the data is consistent with significant p-d n-bonding in this series of 
compounds, in particular, with more r-bonding among the oxides than among the 
ylides, and least among the sulfides; (p-d r-bonding should be reflected in a higher- 
field resonance). Furthermore, the extent of n-bonding, and the redistribution of 
n-bonding among the four u-bonds in oxides, ylides and sulfides seems to be more 
accentuated in the phosphite than in the aminophosphine series, and least in the 
phosphinite series. 

(2) Consider the compounds in which carbon is attached to phosphorus as the 
X,Y groups. Again, note the effect of placing S, C and 0 as the isolated atom Z. 
Now the ylides are at higher field than the oxides, which is consistent with the lower 
elcctronegativity of carbon US oxygen, if little p-d rr-bonding were involved. That 
some P-bonding effects may be involved in the /I-keloylides (rather than in the oxides) 
of this type is suggested by the much less negative shifts of the ylides US the sulfides, 
although the S, C electronegativities are similar. 

3’P NA4R sh$s in /?-ketoylides, their enol-ethers and their hydrochloride salts. 
Tables 1, 2 and 3 show that the P-NMR of an ylide can occur at higher or at lower 
magnetic field than the resonance of the corresponding enol-ether phosphonium salt 
and hydrochloride. The former was observed when four carbon atoms were bonded 
to the phosphorus. The latter was the case when amino groups were attached to the 
phosphorus. 

u” H. S. Gutowsky and D. W. McCall, J. Chem. Phys. 22,162 (1954); b A. Saika and C. P. Slichter 
Ibid. 22,26 (1954); e J. R. Van Wazcr, C. F. Callis, J. N. S. Shoolery and R. C. Jones, J. Amer. 
Chem. Sot. 78.5715 (1956); * N. Muller, P. C. Lauterbur and J. Goldenson, Ibid. 78,3557 (1956).. 
’ J. R. Parks, Ibid. 79,757 (1957). 

m J. R. Van Wazex, Phosphorus and its Compounds p. 43. Interscience, New York, N.Y. (1958). 
m Note however the very high value for Br,PO, $,, = +102 ppm. Although the Br electro- 

negativity is only 2.8. 
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A P-signal at higher field in an ylide than in its enol-ether or hydrochloride is 
what would be expected from some p-d n-bonding involving the ylide-carbon and the 
phosphorus (“phosphorane” contribution). The “abnormal” lower-field resonance 
in the amino-ylide, XI, relative to its enol-ether and hydrochloride may reflect 
dilTerences in p-d a-bonding contributions involving the groups X and Y, as shown 
in the formulas XXV, XXVI and XXVII. Probably, when the resonance of an oxide 
is below that of an ylide, the corresponding phosphonium salts will also give resonance 
below the ylide and vice-versa.n 

XXV XXVI XXVII 

lH-slP spin-spin coupling in @-ketoylides and in their enol-ethers. The coupling 
constant, JHCCP, should be related to the stereoelectronic properties of the molecule, 
in particular to the dihedral angle formed by the planes H-C-C and P-C-C.~ 
Tables 1 and 2 show that the proton in the p’-positions of the ylides (XXVIII) and 
the enol-ethers (XXIX) are coupled with the phosphorus to the same extent. This 
suggests that the /?-ketoylides have more “phosphonium-betai” character than 
Wkylidenephosphorane” character. 

H H 
I I 

R-C-H R-C-Ho’ 
I 

C+C-R 
IQ B 

C===C-R 
(+)/a I 

x,YP 03 
(-) 

XXVIII 

c+/ t-1 I 
X,YP Br OR’ 

DISCUSSION 

The following observations on the behaviour of carbonyl compounds haoing a,/?- 
unsaturation toward trivalent phosphorus compounds, have been made in this and in 
preceding investigations. (1) The phosphorus of trimethyl phosphite attacked the 
oxygen atom ofp-benzoquinone, of 2,5-dichloro-p-benxoquinone, and ofp-chloranil;” 

a7 This generalization is restricted to /I-ketoylides with no a-hydrogens. Among derivatives of 
triphenylbenzoylmethylencphosphorane, ylide-resonance was above that of the hydrochloride but 
below that of the enolether phosphonium bromides (F. Ram&z, 0. P. Madan and C. P. Smith, 
In Press). 

sr~ C. E. Griffin and M. Gordon, J. Organometal. Chem. 3,414 (1965); b J. B. Hendrickson, N. L. 
Maddox, J. J. Sims, and H. D. Kaesz, Terruhedron 20,449 (1964), o F. Ramirez, A. V. Patwardhan, 
N. B. Desai, and S. R Heller, J. Amer. Chem. Sot. 87,549 (1965); ‘ J. G. Verkade, T. H. Huttemann, 
M. K. Fung, and R. W. King, Inorg. C/rem. 4,83 (1965). l J. G. Verkade and R W. King, Ibid. 1, 
948 (1962). f G. 0. Dudek, J. Chem. Phys. 33,624 (1960); ’ R. C. Axtmann, W. E. Shuler, and 
J. H. Eberly. Ibid. 31, 87 (1959). 

so F. Ramirez and S. Dershowitz, J. Org. Chem. U, 856 (1957); 8 Ibid. 23, 778 (1958); c J. Amer. 
Chem. Sot. 81, 587 (1959); d F. Ram&z, E. H. Chen and S. Dershowitz, Ibid. 81,4338 (1959). 
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(2) Triphenylphosphine attacked the oxygen of p-chloranil only; in the other two 
p-quinones, attack was on carbon ;12 (3) Diethylphenylphosphine did not attack the 
oxygen atom of p-chloranil at all, but went instead to carbon;30 (4) Trimethyl 
phosphite1b*8 triphenylphosphine, and diethylphenylphosphine, as well as other tri- 
valent phosphorus compounds,8*s exhibited no tendency to attack the oxygen atom 
of an a&unsaturated ketone, trans-dibenzoylethylene, (DBE). In all these cases, the 
phosphorus added to the carbon in a 1,4- addition pattern; (5) The reactivity of 
trivalent phosphorus compounds toward DBE was in the order: triamino - tri-n- 
butyl - diethylphenyl > ethoxydiphenyl > trimethoxy > triphenyl. 

Most of the observations can be rationalized in terms of the transition states for 
oxygen attack (XXX, XxX11, “oxophilic”) and for carbon-attack (XxX1, XXXIII, 
“carbophilic”). 

cpx,y R 

OH 

Ok 
H 

R R 
XXXII XXXIII 

Other things being equal, ap-quinone will exhibit some tendency toward oxygen- 
at&c by a trivalent phosphorus compound, while an a$- unsaturated ketone will 
not exhibit such a tendency, because in the former, but not in the latter, the transition 
state for oxygen attack, XXX, benefits from an incipient aromatization. 

Charge-separation in the transition state is relatively larger for O-attacks than for 
C-attacks in both, pquinones and unsaturated ketones. Indeed, charge-separation 
can be quite small in C-attacks on the latter, as shown in formula XXXIII. 

Trialkyl phosphites tend to give oxygen-attack onp-quinones possibly because of a 
most favorable situation for p-d n-bonding involving the unshared electrons of both 
the oxygen being attacked and the oxygens already present in the phosphite molecule. 
Apparently, this assistance is not sufficient to direct the phosphorus of trimethyl 
phosphite to the oxygen of truns-dibenzoylethylene or of 3-benzylidene-2&pentane- 
dione.s 

Oxygen-attack by phosphines on p-quinones is probably due mainly to steric 
factors, in both the quinone and the phosphine. However, the oxidation-potential of 
the quinone and the related ability to form complexes with phosphines may also be a 
factor.3l Note the difference between tetrachloro- and 2,5-dichloro-p-quinone 
toward triphenylphosphine,12 and the carbon-attack by diethylphenylphosphim? on 
the former. 



Reaction of trivalent phosphorus compounds with a&unsaturated ketones 577 

The slow reaction of DBE with triphenylphosphine is probably a steric effect, 
since the ylide, once formed, also tended to dissociate in solution. The rapid reaction 
of DBE with the other alkyl and alkylarylphosphines is consistent with higher 
nucleophilicitys2 and smaller size. The lower reactivity at carbon of the less nucleo- 
philic trimethyl phosphite, and the intermediate reactivity of the phosphinite, are also 
reasonable. The very high reactivity of the triaminophosphine will not be discussed 
further at this time. The aminophosphine could, indeed, be highly nucleophihc;ss 
however, the incomplete evidence now available on this type of phosphorus compound 
indicates a marked tendency for attack by phosphorus on the oxygen in certain 
carbonyl compounds. * More data is required for sound generalization in this system. 

Aminoalkylidenephosphoranes have been reported in solutions and as inter- 
mediates in olefination reactions, 34 but they have not been isolated in pure crystalline 
state. A liquid with several of the physical properties to be expected from mono- 
meric trisdimethylaminodifluoromethylene-phosphorane was isolated recently.% 
However, the value of +655 ppm to highjeld of 85 % H,PO, found for the Psl shift 
of this material is difficult to reconcile with the value of -63.2 ppm to lowjield of 
85% H,PO, found for an aminoylide in this work. Such an effect by the two x- 
fluorines on the Psl shift of a monomeric aminoylide is unlikely. 

EXPERIMENTAL 

The I-I’ NMR spectra were examined in a Varian A-60 instrument against internal tetramethyl- 
silane; the shii in ppm were subtracted from 10 to obtain the 7 values. The PSI NMR w were 
taken at 405 MC/S. in a Varian HR-100 instrument. External trimethyl phosphite was used for 
calibration and the shifts are expressed in ppm us 85% HsPG,. Analyses were performed by 
Schwarzkopf Microanalytical Laboratory, Woodside, N.Y. 

Reaction of trisdimethylaminophosphine with tram-dibenzoylethylene 

A mixture of tranr-dibenxoylethylene (148 9, and dry CHIC& (50 ml) was cooled to 5” and 
tmated with trisdimethylaminophosphine (IO.2 g; 1 mole equiv.; solution is 1.2 M), under N,. 
There was an exothermic reaction; the solution became brown and the color faded to yellow within 
5 min (stirring). About one-half of the solvent was removed in vacuum. Ether (150 ml) was added 
and the solution was kept 1 hr at 20”. The solid which separated was collected, washed with ether 
(50 ml) and dried in vacuum. The yield of crude triaminoylide XI, m.p. 131-135”. was 21.3 (87y’. 
Recrystallization from CH,CI&ther (1: 5) gave trisdimethyIamino-(benzoy@enacyC) methylene- 
phosphorane (X) aa yellow needles, m.p. 137-138”. (Found: C, 66.1; H, 7.8; N, 10.7; P. 7.4. 
GIHIoOINIP requires: C, 66.2; H, 7.5; N, 10.5; P, 7.7%) The spectral characteristics were: 

+ Note Added in Proof. The phosphorus of trisdimethylaminophosphine adds to the oxygen 
atom of phenanthrenequinone, of diphenylpropanetione and of diethyloxomalonate. The central 
carbonyl-oxygen is attacked in the last two compounds. The I:2 aa&cts thus formed have open 
dipolar structures with large negative *lp NMR shifts. F. Ram&z, A. V. Patwardhan and C. P. 
Smith, J. Am. Chem. Sot. 87, 4973 (1965). 

aa F. Ramirez, D. Rhum and C. P. Smith, Tetrahedron 21, 1941 (1965). 
‘I E. A. C. Lucken, F. Ran&z, V. P. Catto. D. Rhum and S. Dershowitx, Tetrahedion22,637(1966). 
** R. F. Hudson, Pure and Appl. Gem. 9,371 (1964); b R F. Hudson, Chimia 16,173 (1962). 
U V. Mark, J. Amer. Gem. Sot. 85,1884 (1963). 
a~ G. Wittig, H. D. Weigmann and M. Scholsser, Chem. Ber. !M, 676 (1961); * H. Gediger and 

K. Eter, Liebigs Ann. 682.58 (1965); o W. Ried and H. Appel, Ibid. 679,51(1964); d W. A. Hart 
and H. H. Sisler, Inorg. C/rem. 3,617 (1964). 

ld V. Mark, Tetrahedron Letters No. 42, 3139 (1964). 

13 



578 F. RAMIREZ, 0. P. MADAN and C. P. Shl~rn 

bands at 594 (C==O), 6.62 (W), 7.22 (P=C), 7.73, 8.27, 8.47, 8.97, 940 and 10.2 (VS.) p (in 
CHIC&). A 1OH’ multiplet at 7 2.2 and 2.7 (aromatics), a 18H’ doublet, Jar = 9.3 c/s, at 7 7.30 
(CH,N) (in CDCI,). 1-x 236 m,u (E 13,500), broad absorption at 260-290 rnp with I,= 276 rnp 
(E 4,760) (in CH,Clp); see also Table 1. 

The solid ylide showed little decomposition after 60 days in a desiccator. 
in methylene chloride turned brown within 2 days. 

Solutions of the ylide 

Reaction of the triaminoylide, (XI), with benzyl bromide at 20” 

A solution of the triaminoylide, XI, (3.34 g) 
benzyl bromide (1.2 mole equiv.), at 20”. 

in CHIC& (25 ml) was treated with 1.71 g puritied 
IR analysis revealed little ylide after 1 hr. The mixture 

was kept 15 hr at 20” and then was evaporated to ca. one-half of its volume (at 18 mm) and was 
diluted with ether (150 ml). The crystalline solid (4.3 g; 93% m.p. 143-144’) gave, after one 
recrystallization from CH,Cl,-ether (1: 3), colorless trkfimethylamino-(1-phenacyl-2-phenyl-2- 
benzyfoxy)viny@osphonium bromide (XV), m.p. 143-144”. (Found; C, 61.5; H, 6.8; N, 7.3; 
P, 5.1; Br, 14.2. C,,H,,N,O,PBr requires: C, 61.1; H, 6.5; N, 7.4; P, 5.4; Br, 14.0x.) Spectral 
characteristics were: bands at 5.95 (c---O), 6.22 (C=&, nearly as strong as them), 6.31 (aromatic, 
V.S), 7*69,8.23,846,8*77 and IO.1 (V.S) IJ (in CH,Cl,). A 15H’multiplet at 7 2.1 and 2.6 (aromatics), 
and a 8H’ doublet, Jar. = 9.8 c/s, at 7 7.25 (CH,N) (in CDClJ; see also Table 3. 

Reaction of amino-yli& (?U), with hyakogen dtloride 

A solution of XI, (3.57 g) in CHIC& (30 ml) was cooled to 0” and treated with anhydrous HCI gas, 
to saturation. The yellow solution became colorless; the solvent was removed at 18 mm, after 5 mm. 
The solid (4.0 g; m.p. 121-124”) was dissolved in CH,Cl, (20 ml); the clear solution was filtered and 
the filtrate was diluted with ether (25 ml). The solid which separated at 20” (3.6 g; m.p. 126128”) 
was again recrystallized from CH,CI,-ether (25:25 ml), giving colorless trisakethyfamino-(l,2- 
a’ibenzoyl)ethy@osphanium chloride-hydrogen chloride adduct (xnr; 3.3 g) m.p. 12%130”. The JR 
spectra of the three solid phases described above were very similar. (Found: C, 55.8; H, 7.4; 
N. 9.2; P, 6.7; Cl, 14.6. C,IH~lO,NIPCl~HCI requires: C, 55.9; H, 7.8; N, 8.9; P, 6.6; Cl, 15.0 
(GHIIO,NaPCl requires: C, 60.6; H, 7.1; N, 9.6; P, 7.1; Cl, 8*1x).) Spectral characteristics 
were: bands at 5.95 with shoulder at 5.93 (C====O). 6.28 and 6.32 7.75, 8.12, 8.5, 940 and 10.1 (v.s.) 
~1 (in CH,Cl,). (The strong ylide bands at 6.62 and 722 ~1 had disappeared.) A 1H’ singlet at 7-1.91 
(HCl of complex), a 10H’ multiplet at 7 1.9 and 2.4 (aromatics), a 2H’ multiplet at 7 5.9 (phenacyl) and 
a 18H’ doublet, Jar = 10 c/s, at 7 7.20 (CH,N) (in CDCI,). The lone methine proton signal, split by 
the phosphorus and by the two phenacyl protons was not located. 

Reaction of tri-n-butylphosphine with trans-dibenzoylethyIene 

trans-Dibenzoylethylene (11.11 g) was added to a stirred solution of tri-n-butylphosphine (9.51 g; 
1 mole equiv.) in dry CHIC& (20 ml), kept at 0” in an ice-bath. (The solution is 203M.) There was an 
immediate reaction; the deep-brown solution was kept 15 min at 0” and 10 min at 20”. The solvent 
was removed at ca. 40” (18 mm; last traces at 1 mm) and the non-crystalline residue was dissolved 
in dry ether (50 ml). Crystals formed after several hr at 20” and then at - 15’. for 2 days. The yield 
of crude XII, m.p. 95-97”, was 15.7 g. (76’/@. Recrystallization from benzene-hexane (1: 1) gave 13 g 
tri-n-butyl-(benzoy@enacyl)methyle7xphosphorane (XIl) as yellow needles, m.p. 96-97”. (Found: 
C, 76.4; H, 8.8; P, 6.1. C,,H,,O,P requires: C, 76.7; H, 8.9; P. 7.0%). The spectral characteristics 
were: bands at 5.92 (C===O), 668 (C=O), 722 (P===C), 8*28,9*00 and IO.15 ~1 (in CHIC&). A IOH 
multiplet at 7 2.3 and 2.7 (aromatics), and 3 multiplets at 7 7.8, 8.5 and 9.1, integrating as 27H’ 
(n-butyl groups) (m CDCI,); see also Table 1. 

Relatiae reactivities of tri&nethylaminophosphine and of tri-n-butylphosphine with trans-da%enzoyl- 
ethylene 

A O*lM solution of tranAibenzoylethylene (20 ml) in CH,Cl, was treated with a O*lM solution 
of the trisaminophosphine (20 ml), and of the tri-n-phosphine (20 ml), at 20”, in separate experiments. 
The color changes (to red and brown, respectively) were nearly instantaneous. The IR spectra were 
examined within 2 min and disclosed that most of the dibenxoylethylene had disappeared and that the 
3 chamcterhtic bands of the ylides had reached about equal intensities in both solutions. Probably, 
the reaction of the trisaminophosphine is somewhat faster than that of the butylphosphine. 
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Reuction ofthe tri-n-buty8)&k, m, with benzyl bromide ot 20” 

A mixture of XII, and excess of benxyl bromide was kept 24 hr at 20”. Ether was added and the 
resulting noncrystalline precipitate was collected, washed with ether and dried. This material could 
not be obtained crystalline or analytically pure; however, the spectral characteristics were in agree- 
ment with the structure XVI. It had bands at 5.95, 620 and 6.30 ~1; the 15 aromatic H’ were at 
7 2.1 and 2.8; the 27I-I’ of the butyl groups were in 3 multiplets at 7 7.5.8.5 and 9.1 (CDCL,); see 
also Table 3. 

Reaction of the tri-n-butylylde, (Xl), wfth boiling benzyl bromide 

A mixture of XII, (1.11 g) and benxyl bromide (10 ml) was kept 5 min at reflux temp. The cooled 
mixture was diluted with ether (60 ml). The resulting solid (0.91 g; 72%; m.p. 144-148”) was 
identified as tri-n-butylbenxylphosphonium bromide, having a m.p. of 153-154” (CH,Cl,-ether.) 
(Pound: C, 61.1; II, 9.5; P, 8.6; Br, 19.3. Calc. for C,,H,PBr: C, 61-l; H, 9.1; P, 8.3; Br, 21*4”%). 
The 2H’ of the benzyl group gave a doublet, Jnr = 15.7 c/s. at 7 5.67 (in CDCIJ. 61p1 = -31.5 ppm 

(CDG). 

Reaction of butyf-y&de (XI) with hyakogen chIor~& 

A solution of XII, (6.47 g) in CH,Cl, (30 ml) was cooled to 0” and was saturated with HCl gas. 
The solvent was removed at 20” (18 mm) and the residue was dissolved in dry ether. The solution 
deposited crystals of the hydrochloride (7.0 g; m.p. dec. 116-127’) after 2 days at 20”. This was 
dissolved in CHIC& (25 ml) and the solution was diluted with ether (125 ml) and kept at -20”. The 
recrystallixed tri-n-butyf-(1,2-dibenzoyC)erhylphosphonium chloride-hydrogen chloride &ct (XX) 
decomposed at ca. 116-127”. (Pound; C, 66.0; II, 8.1; P, 6G; Cl, 12.7; C,,H,,O,PCl.HCl requires: 
C, 65.7; H, 8.0; P, 6.1; Cl, 13.8%. (C,,I&O,PCl requires: C, 70-8; H, 8.4; P, 6.5; Cl, 7.5%)) 
Spectral characteristics were: bands at 5.95 (c=O), 6.28, and 6.35; 6.82, 6*92,8*15 ,u (ii CT&&). 
A 1H’ singlet at 7 -2.97 (I-ICI of complex), a 10I-I’ multiplet at 7 1.9 and 2.5 (aromatics), a 2H’ 
multiplet at 7 5.7 (phenacyl) and a set of multiplets at 7 7.4, 8.5 and 9.1 due to the 27H’ of the butyl 
groups (in CDC&). The lone methine proton signal split by the Fi and by the two phenacyl protons, 
was not located. 

HydroQsis of the tri-n-butybfide (XII). A solution of XII (348 g) in CHIC& (20 ml) was treated 
with 0.28 ml water (2 mole equiv.) at 20”. The IR spectrum of the stirred mixture was examined 
after 42, 66 and 90 hr. The hydrolysis to tributylphosphme oxide and 1,2dibenzoylethane was 
complete afkr 66 hr. The solvent was removed at 18 mm and the residue was kept under ether 
(25 ml) for 1 hr at 20”. The insoluble dibenxoylethane (1.62 g; 87%; m.p. 144-146”) was filtered 
and the filtrate was evaporated to yield tri-n-butylphosphine oxide (P=O band at 8.68 cc; 6 Pu = 
-45.8 ppm). 

Reaction of diethybhenylphosphine with trans&‘benzoylethyIene 

trarrs-Dibenxoylethylene (lOGO g) was added to a stirred solution of diethylphenylphosphine 
(7.04 g; 1 mole equiv.) in dry CH,Cl, (20 ml; 1 M) at 20”. The immediati, exothermic reaction 
produced a brown solution which became red in 3 min. After 5 min. the solution was diluted with 
dry ether (80 ml), when yellow crystals of XIII (11.42 g; 67%; m.p. 120-121”) separated. The 
filtrate gave an additional 16 % of ylide. One recrystallization from CH,Cl, (4 ml/ether (1: 8) at 
-15” gave diethy&enyf-(benzoy~henacyl)methylene phosphorane (XIIl) as yellow crystals m.p. 
120-121”. (Pound: C, 77.6; H, 6.8; P, 79; C,,H,,O,P requires: C, 77.6; H, 6.7; P, 7*7%.) The 
spectral characteristics were: bands at 5.95 (c=O), 6.70 (W), 6*75,720 @=C) and 9.04 p (in 
CH,Cl,). A 15H’ multiplet at 7 2.2 and 2.5 (aromatics), a 4H’ multiplet at ca. 7 6.7 (CH, of ethyl) and 
a 6H’ doublet, Jrrr = 18.5 c/s., of triplets, Jrm = 7.5 c/s., centered at 7 8.92 (CH,. split by F1 and 
CH3 (ii CDCIJ; A,, 240 m,u, (E 21,600), broad absorption at 270-310mp, with 12,. 280mp 
(E 8,000). (in CH,Cl,); see also Table 1. 

A O*lM solution of XIII in CH,CII was examined in the IR from time to time to determine the 
possible existence. of a reversible decomposition to tranrdibenxoylethykne and diethylphenylphos- 
phine. There was less than 5 % dissociation after 3 days at 20”. However, some decrease of the 6.6 p 
ylide band was noted and some phosphine oxide appeared. 



580 F. BAhnnsz. 0. P. &fALMN and C. P. SOUTH 

Reaction of diethyrphenybhosphine with cis-a%enzoyIethyIene 

A solution of c&dilxrnzoylethylene (O-103 g) in dry CH,Cl# (5 ml; O.lM) was treated with 0.07 ml 
diethylphenylphosphine (slightly less than one mole equiv.). The IR spectrum of the pale yellow 
solution was examin ed as rapidly as possible. The bands due to the c&isomer were replaced by those 
of the trans-isomer (6.05, 760 and 7.78 p); in addition some ylide was formed (bands at S-94, 6.70 
and 720 p). The spectrum after 1 hr was rather similar to the “zero-time” spectrum, with somewhat 
less trans-olefin and more ylide. A drop of diethylphenylphosphine was then added; the spectrum 
after 20 hr was that of XIII. 

Reaction of the diethyrphenyfylide (XIJl) with benzyl bromide at 20’ 

A solution of XIII, (240 g) in CHIC& (5 ml) was treated with 1.5 g purified benzyl bromide, at 
20”. The solvent was removed at 18 mm after 12 hr. The non-crystalline residue was difficult to 
crystallize; it was dissolved in benzene and the solution was diluted with ether (1: 1) and filtered. 
The filtrate was kept several hr at 20” and then was slowly evaporated until crystals began to form 
(ca. l/2 vol). The crude, crystalline bromide (2.33 g; 70%; m.p. 90-95’) became sparingly soluble 
in benzene; it was dissolved in CHpClo (3 ml/g), and diluted with ether and benzene (1:2: 3 respec- 
tively). Colorless diethylphenyl-(l-phenacyl-2-phenyl-2-ben~Zoxy)viny~hosp~nium Bromide (XVII) 
m.p. 96-98” formed at 5”. (Found; C, 69.3; H, 6.1; P, 5.5; Br, 13.7. G,H,O,PBr requires: 
C, 69.1; H, 5.9; P, 5.4; Br, 13.9%) Spectral characteristics were: bands at 5.95 (c---O), 6.20 
(W, nearly as strong as the c--=0), 6.30 (aromatic, v.s.), 8.22, 8.75, 8.95 and 10-O ,u (in CH,Cl,). 
A 20 I-I’ multiplet at 7 1.9, 2.3, 2.8 and 3.3 (aromatics), a 4H’ multiplet ca. 7 7.1 (CH,) and a 6H 
doublet, J, = 19 c/s., of triplets, J,, = 7 c/s., centered at 7 8.75 due to the CH, groups split by 
Pi and CH, in CHICHIP (in CDCla; see also Table 3. 

Reaction of the diethylphenylyliak XII with boiling benzyl bromide 

A mixture of XIII (0.65 g) and benzyl bromide (5 ml) was kept 5 min at reflux temp. The cooled 
mixture was diluted with ether. The solid which precipitated (OS3 g; 71 ‘A; m.p. 145-147’) was 
shown to be diethylphenylbenzylphosphonium bromide, m.p. 151-153” (CH,Cl,-ether). (Found: 
C, 61.0; H, 6.6; P, 9.3; Br, 20.5. Calc. for Ci,H,,PBr: C, 60-S; H, 6-S; P, 9.2; Br, 23.0x.) The 
2H’ due to the benzyl group gave a doublet, J xp = 15.2 c/s., at 7 S-35. (CDCl&. pi = -32.7 ppm 
(CDCQ. 

Reaction of diethylphenyl-ylti, (XII), with hydrogen chloride 

A solution of XIII, (2.0 g) in CHIC& (20 ml) was cooled to 0” and was saturated with HCl. A 
crystalline precipitate appeared. (The previous hydrochlorides did not separate out of the CH,Cl, 
solution at the concentrations employed.) Ether was added (IS ml) and the diethylphenyl-(l,Z 
dibenzoyl)ethylphosphonium chloride-hydrogen chloride aa?iuct (XXI) (2.2 g; m.p. 214-216’) was 
filtered off. It was analyzed without further purification. (Found: C, 66.4; H, 5.6; P, 6.6; Cl, 153. 
C,eHl,,OpPCl*HCl requires : C, 65.7; H, 6.1; P, 6.5 ; Cl, 14.9 %.) Spectral characteristics were: a split 
carbonyl at 5.93 and 5.98 p (in KBr pellet). The hydrochloride was insoluble in CHIC&, CHC&, 
ether, and dimethyl formamide, but soluble in acetic acid, MeOH and water. 

Hydrolysis of the diethy@enyIyfia’e (XIII). A solution of XIII, (2.47 g) in CHICll (15 ml) was 
stirred with O-33 ml (3 mole equiv.) of water for 18 hr at 20”. The solvent was removed (18 mm) and 
the residue was stirred with ether (75 ml; 2 hr; 20”). The insoluble 1,2dibenzoylethane (1.30 g; 
89 “/,) had m.p. 146-147”. The filtrate gave diethylphenylphosphine oxide (Pd at 8.52 ,u; W1 = 
-42.4 ppm). 

Reaction of tripheny@wsphine with trans-dibenzoyIethyIene 

tram-Dibenzoylethylene (13.0 g) was added to a solution of triphenylphosphine (13.88 g; one 
mole equiv.) in dimethoxyethane (SO ml; dried 6rst over Na, then CaH, and distilled). The un- 
saturated ketone was still in suspension after 4 hr. but after 12 hr it was replaced by yellow crystals 
of XIV. The latter (11.5 g; 44%; m.p. 12&122”) was filtered and washed with dry ether. Compound 
XIV, tends to decompose in solution, but it can be puritied by solution in CH,Cll (2.2 ml/g at 20”) 
and immediate precipitation with ether (1: 5). The analytical sample of triphenyl-(benzoylphenacy& 
methylenephophorane (XtV) had m.p. 121-122”. (Found; C, 81.8; H, S-6; P, 5.8. C,,H,,O,P 
requires: C, 81.9; H, 5.4; P, 6.2%) The spectral characteristics were: 5.95 (C-=0), 6.29. 6.36, 
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6.68 (U), 6.76,6.97,7*20 M, 8.26, and 9-l p (in a fresh CH,Cl, solution). A 25H’ multiplet at 
7 2-2 and 2-7 (aromatics); see also Table 1. 

Dissociation of triphenyl+enzoylphenacyl)merhylenephosphorane into tr@eny@hosphine and trans- 
dibenzoylethylene 

(a) In methylene chloride. (1) The IR spectrum of a solution of crystalline triphenvlphosphine 
ylide (XIV), in this solvent showed the characteristic bands of trans-dibenzoylethylene at 6.05 p and at 
7.57 and 7.75 p, after 40 min at 20”. indicating dissociation of the ylide. (2) When 2.36 g of trans- 
dibenzoylethylene was added to a solution of triphenylphosphine (2.6 g; one mole equiv.) in CH,Cl, 
(6 ml; 2M) at 20”, an equilibrium with the ylide was slowly established. After 20 hr the IR spectrum 
showed the bands due to phospbine, unsaturated ketone and ylide. The P1 NMR spectrum showed 
the phosphine signal at + 5.7 ppm and the ylide signal at - 16.7 ppm. 

(b) In xyfene. When the crystalline XIV, (7 mmoles) was added to boiling xylene (15 ml) rapid 
dissociation to tranr-dibenzoylethylene occurred, as shown by the IR spectrum of an aliquot removed 
from the solution after 5 min (xylene removed and replaced by CHIC& for IR examination). 

Reaction of the triphenylylide (XIV) with benzyl bromide at 20” 
A mixture of XIV (3.88 g) and benxyl bromide (10 ml) was kept 15 hr at 20”. Ether (75 ml) was 

added. The solid (about 5.3 g) which precipitated was extracted with CH,Cl. (15 ml). The CH,Cl,- 
insoluble portion (1.0 g; 28%; m.p. 290-291”) was shown to be triphenylbenzylphosphonium 
bromide. The CH,CI,-solution was treated with ether (15 ml) and then benzene (5 ml). After 2 
days, crystals of XVIII (2.2 g; 42%; m.p. 228-235”) were obtained. Additional ether (23 %; total: 
65% yield) was obtained from the mother liquid. Pure XVIII, had m.p. 230-235” from CH,Cl,- 
ether. (Found; C, 73.5; H, 5.5; P, 4.7; Br, 12-O C,,H,O,PBr, requires: C, 73.5; H. 5.1; P, 46; 
Br, 12.0x.) Spectral characteristics were.: 5.95 (W) and 6.20 ,u (CL=. (CHIC&). 25H’ at 
ca. 7 2.3; see also Table 3. 

Reaction of the tr@henyly0ai?, (XIV), with boiling benzyl bromide 
A mixture of the triphenylylide (10.3 g) and benzyl bromide (50 ml) was kept 3 min at reflux 

temp. Ether (250 ml) was added and the triphenylbenzylphosphonium bromide (17.2 g; m.p. 
295-296”) was filtered. 6F1 = -22.8 ppm. (CH,CII). A 2H’ doublet, Jim = 14.5 c/s at 7 4.68, in 
addition to the 20H’ aromatic multiplet. The same material was made from triphenylphosphine and 
benzyl bromide. 

The mother liquid afforded tranr-dibenzoylethylene (ca. 50 %). 
Triphenylbenzylphosphonium bromide (1 .O g) in CC& suspension (50 ml) reacted with Br, 

(1 equiv.) at 20” (20 hr) and gave a yellow tribromide (l-5 g), Br, (C.H&CH,C.H., m.p. 144- 
145” from CH,Cl,&her. (Pound: C, 50.4; H, 3.7; P. 5.2; Br, 39.0. &H,,PBr, requires: C, 50.6; 
H, 3.7; P, 5.2; Br, 40.5 %.) 6P’ = -21.7 ppm. (CH,Cl& A 2H’ doublet, JBP = 14.5 c/s, at 
7 5.25, in addition to the 20H’ aromatic multiplet. 

Reaction of triphenylyliak, (XV), with hyakogen chloride 
A cold (O”) solution of XIV (4.72 g) in CHIC& (25 ml) was saturated with HCl gas. The solvent 

was removed at 18 mm and the residue was washed with dry ether (50 ml). The ether-insoluble XXII 
(4.7 g) decomposed at 74-78” but did not completely melt until 120”. The IR spectrum (in CH,Cl,) 
was similar to that of the analytical sample. The P’ NMR spectrum (in CHIC&) showed a signal at 
6F’ = -25.7 ppm and another at @I = -21.2 ppm. The crude hydrochloride was dissolved in 
CHaCll and the solution was diluted with ether. The solid which precipitated was washed with ether 
and analyzed; the sample again decomposed at 30-90”, but did not melt until 120”. (Pound: C, 
73.0; H, 5.5; P, 7.7; Cl, 12.8. C,,H,IIO,PCI.HCl requires: C, 71.5; H, 5.1; P, 5.4; Cl, 12.4%.) 
Spectral characteristics were: bands at 5.93 (C==O), 6.28, 6*95,7-5, 8.2 and 9.05 p (CH,Cl,). 

Action of water on tr@henyl+enzoy@enacy&nethyIenephosphorane (XIV) 
A solution of the ylide (l-8 g) in CHIC& (10 ml) was stirred with 3 mole equiv. of water (0.2 ml). 

The IR spectrum was examin ed after 4 hr, 20 hr and 8 days. At tirst, the solution contained mostly 
trots-dibenzoylethylene (6.05,7.6 and 7.8 ,u bands). Then, the unsaturated ketone began to disappear, 
while triphenylphosphine oxide was being formed (P----O band at 8.45,~). A strong band at 5.92 p 
(C==O) was present after 8 days; thii could be due to 1,2dibenxoylethane and or to 1,2,3+tetra- 
benxoylbutane formed from the addition of dibenzoylethane to dibenxoylethylene. 
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When a solution of the ylide (2.6 g) in MeOH (20 ml) containing water (7 ml) was refluxed for 
2 hr, a mixture of dibenzoylethane (ea. 25’%), dibenzoylethylene, triphenylphosphine oxide and 
possibly triphenylphosphine, was formed. 

Stability of triphenylbenzoylmethyhylenephosphorane to water 

A solution of this ylide” (20 g) in CHIC& (25 ml) containing water (0.2 ml; 2 mole equiv.) 
remained unchanged after 24 hr. 70 hr and 8 days at 20”. as shown by the IR spectrum. The ylide 
had been previously converted into acetophenone and triphenylphosphine oxide in 30% aqueous 
EtOH (10 hr at reflux temp).t@ 

PhenykbkthyrpAosphine sup. This was prepared as described.” p1 = -51.7 ppm. 
Ethyl aiphenyrphosphinothionate. This ester was prepared in 45 % yield in the manner described” 

for the n-octyl analog. B.p. 150-151” (O-15 mm); it became erystalhne under pentane at -2O”, m.p. 
40-42”. (Found: C, 64.0; H, 5.9; P, 11.3. C1,Hr,OPS requires: C, 64.1; H, 5.7; P. 11.8x.) 
Spectral charaeteristies: strong IR-bands at 7.02,9*0,9*7 and 10.6 p (CCl4); no bands due to PO at 
78 to 8.4 ~1. A 2H’ doublet. Jrrr 9.5 c/s, of quartets, JHH 7.5 c/s, at 7 5.90, and a 3H1 triplet, Jnu 
7.5 c/s, at T 8.77 (in CDCIJ. 6P1 = -80.5 ppm (in CDCl&. 

SUMMARY AND CONCLUSIONS 

The l+addition of trivalent phosphorus compounds to the carbon atom of an 
a&msaturated ketone was demonstrated. The initial adducts underwent a proton 
shift and became alkylidenephosphoranes (P-ylides), because in the particular ketone 
used, tranF-dibenzoylethylene, the anion which resulted from the proton shift was 
more stable than the anion present in the initial adduct. 

The properties of crystalline p-ketoylide~, &YP=C(COC,H&(CHsCOCeH6) 
were correlated with the nature of the substituents, X and Y, on the phosphorus. 
The Psl NMR shifts of the glides, the corresponding surfide, XeYPS, and oxides, 
XsYPO, and the parent trivalent P-compound, &YP, were measured at 40.5 MC/S. 
In compounds derived from phosphites, aminophosphines, and phosphinitcs, the 
Psl NMR occurred at increasingly higher magnetic field in the order: &YP < 
sulfide < ylide < oxide. In compounds derived from tri-n-butyl-, diethylphenyl-, and 
triphenylphosphine series, the Psl NMR occurred at increasingly lower magnetic 
field in the order: GYP > ylide > oxide > sulfide. 

The p-ketoylides underwent 0-alkylation with benzyl bromide at 20”, giving 
enol-ether salts. The Hr-Psr spin-spin coupling, involving the methylene protons did 
not vary significantly in going from the p-ketoylides to the corresponding enol-ether 
salts. This suggests similar dihedral angles for the planes H-C-C and C-C-P, 

+ 
and may reflect little P=C pd P-bonding and significant P-C=C-O contribution 
to /?-ketoylides. 

The Psl NMR occurred at lower magnetic field in the aminoylide than in its 
hydrochloride and enol-ether salts. The Pa1 NMR occurred at higher magnetic field 
in the alkyl-, and arylphosphine ylides than in the corresponding two salts. 

The triphenylphosphine-ylide underwent dissociation into the phosphine and 
trans-dibenzoylethylene, disclosing the reversibility of the proton-shift and of the 
phosphorus addition to the unsaturated ketone. Diethylphenylphosphine isomerized 
cis-dibenzoylethylene into the truns-isomer, which then formed the ylide. 

The presence of a second keto group in the y’-position of ,%ketoylides increased 
the rate of hydrolytic cleavage of the P-C bond. 

w R A. Zingaro and R. E. MeGlothlin, J. Chem. Eng. Data 8,228 (1963). 
a7 C. S. Stuebe, W. M. LeSuer and G. R. Norman, J. Amer. Gem. Sot. 77,3528 (1955). 


