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~-~i~y~~yiphosp~~ rtwts with phlorani1 at a carbun atum and forms a trichloro- 
quimme-Gphosphonium chloride. Triphenylphosphine reacts with chloranil at BSI oxygen atom and 
foxms asl ~ph~p~~~-p~o~de dipolar-ion. Possible reasoxu for this diE_ are disuse& 
Th@ ~~h~~oq~ouepho~h~i~ ~0~~ serves as starting mater% for a new type of stable* 
cotour& phosphorus yfide: dichkwo- and ~y~~~or~~o~xyph~ph~~ bet&es and 
q~inon~bi~xyphosphonium d&&sines. IR and W spectra and ply-valut#; are given. The p NMR 
shifts of these and of other stable F-ylides are given. 

Tm first observable produc% of the reaction of ~iph~ylph~sp~ue with p&m@- 
~j~~~~ is the Cophosphoniumq~nol betaine,5 (I). This is formed, presum8bly, by a 
proton shift in the intermedi8te which results from a l&addition of pha+‘phom to 
~~~~~~‘~~~ 
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The reactian of t~phenylphosphin~ with pclrlor6n2 takes a different cc+urse! 
NOW, the final product is the ~0phosphoniumph~o~de dilly-ion (II) which 
results from 8n attack by phosphclnrs on oxygen? 

z Pramat Ad-: State ~~~~ of New Yurk at Stony Brook, New York Par& of this work 
wcm 4upprted frlv Pub& Health Service Research G-t C2%-0#?69 from the National Caner 
XxMitute. 

* Du Pant lb&graduate Tm&ing Assistant and U.S. Rubber Fellow at Columbia Utivusity. 
From part of the Ph.D. The& of D. R. k, C&x&ii University, 1961. 

t F, Raxnizz and 5. ~0~~ J. Amer. G&em, Sot. nr, 5614 (1956). 
’ A~withP~boMtf~ftfPG~~~o~~~yl~~iadduct~~~~~ 

by H. Hoff&u, L. Harner ad 0. Ha&, i&n. Jkr. 9I, 58 (19581, replacing the previous for- 
mulation with a P-0 bond giveu iu pp. 79 and 94 of L Homer and R, IUupfct, &M&s &. 
SW,69 (1955) and other Ref. thereiu. 
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The reaction of chloranil with ~ipheny~phosphine generates a red colour and an 
electron spin resonance spectrum during the early stages of the reactiorP in certain 

solvents. The nature of the species responsible for these phenomena has been 
elucidated recently! 

Both, carbon-attack and oxygen-a~ck, were observed in the reaction of tri- 
phenylphosphine with 2,5-dichloro-p-benzoquinone. The solid that separated when 
three moles of the phosphine were added to two moles of the quinone in benzene 
solution had one ionic and three non-ionic chlorines? This solid was converted by 
water into two moles of ~iphenylphosphine oxide and one mole each of 2,5~ich~oro- 
hydroquinone (III) and triphenyl-(2,5-dihydroxy+chlorophenyl) phosphonium 
chloride (IV). 
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In contrast with triphenyIphosphine, trimethyl phosphite attacked the oxygen 
atom of the three p-quinones mentioned above ! The final products were methyl 
ethers of p-quinol phospha~s (VI) formed, probably, from the inte~~iate dipolar 
ions (V). 
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To obtain more information on the effects caused by changes in the structure of the 
trivalent phosphors compound in these reactions, we have examined the behaviour of 

6 = F. Ramirez and S, Dershowitz, J. 0~. Cliem. 22,856 (1957); b &id. 23,778 (1958); = F. R.amirez 
and S. Dershowitz, J. Am. Clrcm. SOC. 81,587 (1959); d F. Ramirez, E. H. Chen and S. Dersho- 
witz, I’M. 81,4338 (1959). 

8 F. Ramirez., V. P. Catto, D. Rhum, S. Dershowitz and E. A. 6. Em&en, Temhedron (1965). 
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~~ora~l toward die~y~~heny~phos~hine, a ~~a~vely strong baser and nucleo~hi~~.s 
The results are described in this paper. 

RESULTS 

When a benzene solution of chloranil was treated, at 20”, with diethylphe~yl- 
phosphine, a brown solid precipitated immediately. The formation of this solid 
ceased after la3 to 194 mole equivs of the phosphine had been added; any further 
excess of the latter remained unreacted. The pr~ipitate was mainly 2,3,5-r~ieh~u~~~- 
(dierhy~~~~y~hosphortiwn)-pa~e~~~~i~~~e ~h~u~ide (VII~~ probably formed viu 
intermediate VII). 

PR,R’ 

ml 

A minor ~mponent of the pr~ipi~te~~s an adduct inning one mole of the 
quinone, in a reduced form, and two moIes of the phosphine. One of the two phos- 
phorus atoms in this adduct was attached to carbon, since it could not be easily 
hydrolyzed. The other phosphorus was attached to oxygen and could be removed 
from the adduct by trea~ent with cold water (v&Se i~~~~. One of the four chlorines 
present was ionic. The adduct is therefore formulated as the tetrapolar-ion (IX), 
This could have resulted from an attack by the phosphine on one of the two oxygen 
atoms of the trichloroquinone-betaine (VIII), which remained in solution. The 
evidence does not estabbsh which of the two oxygens in (VIII) was attacked, but 
s~cture (IX) seems to have a more favourable charge-distribution than its isomer. 

7 The pKu of dimethylphenylphosphonium chloride is ,4-32 and that of dimethylphenylammonium 
&bride is 4*21, both in 50% ethanol. W. C. Davies and H+ W. Addis, J. C&m. Sk f622 (1937), 
See also W. A. Henderson and C. A. Streuli, J. Rntet. Cka SM. I&S791 (1~). 

a Die~ylphenylphosp~~e is said to form a quaternary &iodide 1000 times fster than d~thyl~il~e. 
W. C. Davies and W. P. G. MS, J. Chcm. Sot. 1599 (1934). See also W. A. Henderson and 
S. A. Buckler, .?. Anler. Chem. Sm. 82,5794 (1960). 
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The original brown precipitate formed from diethylphenylphosphine and chloranil 
was hygroscopic ; exposure to moisture led to evolution of hydrogen chloride and 
formation of a bright-red solid. Consequently, the precipitate was treated with water 
at 20°, and the resulting products were separated by fractional crystallization. The 
major product, obtained in 70-75x yield was the red ylide, 2,3&~Z~cGoxy-6- 
(diethylphenylphosphonium)benzoquinone betuine (XIa). This ylide could have been 
formed via intermediate X. 

Hz0 

X XI0 
R ’ C2H3 
R'= CsH5 

Formula (‘XIa) is one of the several possible resonance structures and brings out 
the triketoalkylidenephosphorane character of the red substance. 

A convenient way of representing this new type of stable phosphorus ylide is 
shown in formula (XI). This structure is based on the following data. The substance 

XI 

had molecular formula C,H&QO,. Its IR spectrum had a band at 59 cc (Fig. l), 
which is attributed to one of the carbonyl groups. There was a very strong band at 
63-6-4 p which is typical for the “enolate” carbonyl of acylphosphine-methylenes. 
For example, triphenylbenzoylmethylenephosphorane@ has its carbonyl at 6-6 cc. 

The p1 NMR spectrum of the dichloro-ylide (XI) had a signal at (CH,ClJ 8pol= 
-256 ppm ~JS 85 % HaPOd. The significance of this value will be discussed below. 

The UV absorption spectrum of the red compound is given in Table 1. The maxi- 
mum at 441 rnp could be related to an “orthoquinone” chromophore. 

The ylide (II) is a very weak base. The pK value for the corresponding acid-base 
equilibrium will be discussed below, and is consistent with the structure given. 

In addition to the red ylide (XI), a colourless substance was isolated in 20% yield 
from the action of water on the original brown precipitate. This proved to be 2,3,5-t& 
chlom-6-(diethyZ,,heny@hosphonium)hydroquinone chloride (XIII). In addition, diethyl- 
phenylphosphine oxide was obtained. Isolation of these substances forms the basis for 
structure (IX) assigned to the tetrapolar adduct. 

* l F. Ran&z and S. Dcmhowitz, J. Org. Gem. 22,41 (1957); b F. Ramimz and 2. Hamlet, to 
be published. 
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OH OH 

The IR spectrum of this phenol is included in Fig. 1. The UV spectrum and the 
changes caused in it by acids and bases, are shown in Fig. 2. 

sedation of the ~c~orohy~~~nonephosphoni~ chloride @III’) with 
aqueous ferric chloride regenerated the red ylide (XI). 

These experiments show that diethylphenylphosphine, unlike triphenylphosphine, 
tends to attack a C&NW atclm of pchloranil. The dialkylarylphosphine, however, is 
capable of attacking the u~ygm a~~~ of apquinone like (‘VIII), in which one of the 
chlorine atoms has been replaced by a phosphonium group. 

0 

FIG. 1 Infra-red spectra of quinone-oxyphosphonium betaines and 
of ~~h~or~pho~phonjum hydroquinone chloride. 
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OH 
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FIG, 2 UV-spectrum of trichlorophosphonium hydroquinone 
chloride in neutral, acidic and basic ethanol. 

Reuction of the ~i~~Ioroqui~~ne_oxyphosphonium betaine (XI) with alkali 

Treatment of the red ylide (XI) with aqueous sodium hydroxide resulted in the 
rep~ceme~t of one of the two chlorine atoms by a hydroxy group. The course of this 

hydrolysis is shown in formulae (XIV) and (XV). 

xx xx 

The isolated product was a yellow-orange substance, m.p. 182-183”, formulated 
as 2-hydroxy-3-chloro-S-oxy-6-(diethylphenylphosphonium) benzoquinone betaine 
(XVI); i.e., a tautomer of (XV). A third tautomer (XVII) is possible in this system. 
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TABLE 1. ULIRA-VIOLET AESXWIION MAXIMA OF 
QUINONE4XYPHoSPHONIl.M YLIDES IN CH,C& 

Compound* A,,, mp & x lo-’ 

2,3-Dichloro 
WI 

2-Hydroxy-3chloro 
(XVI) 

2-Oxy-3-phosphonium 
Bis-ylide 

(XXIII) 

266 10.7 
289 13.6 
441 1.13 
240 12.9 
294 17.9 
423 O-89 
267 17.5 
286 23.6 
296 25.0 
307 19*1 
370 0.51 

* Substituents on positions 2 and 3 of a S-oxy-6- 
diethylphenylphosphonium-1 &benzoquinone betaine 
ring. 

Structure (XVI), with the hydroxy meta to the phosphorus, is favoured over that of 
an isomer with the hydroxy para to the phosphorus, for two reasons. The IR band 
due to one of the carbonyls is at longer wave-length (60 p) in the hydroxychforo-than 
in the precursor dichloro-quinone oxyphosphonium betaine, (XVI) US (XI) (Fig. 1). In 
(XVI), but not in its isomer, the hydroxy and the carbonyl groups are conjugated, 
which would account for the shift to longer wave-length. Furthermore, as shown 
below, the hydroxychloro-betaine (XVI) was converted into a compound having two 
phosphorus atoms para to each other; therefore, the replaceable chlorine in (XVI) was 
also para to the phosphorus. 

The hydroxychloro-betaine (XVI) had its “enolate” carbonyl at 6~3-604 p (Fig. 1). 
It gave a p NMR signal at B (CH,Cl,) ps1= -23 ppm tls 85% H,PO,; i.e., its 
nucleus is slightly more shielded by electrons than in the dichloro-betaine (XI). 
The conjugate acid of (XVI) was a very strong dihsic acid (uide infra), as expected 
from this structure. 

The UV spectrum of (XVI) is summarized in Table 1. 

Reaction of the dichloroquinone-oxyphosphonium betaine (xl) 
with diethylphenyl@hosphine 

When a benzene solution of the red ylide (XI) was treated with diethylphenyl- 
phosphim, a bright red precipitate formed immediately. Again, as was the case in the 
original reaction of chloranil with diethylphenylphosphine, the formation of the solid 

PR2R’ 
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ceased after l-3 to l-5 moles of phosphine had been added to I mole of the quinone. 
The major component of the red precipitate was 2-chloro-5-oxy-3,6-~is-(diethylpherryl- 
phosphoniwn)-p-benzoquinone betaine chloride (XVIII). In this reaction, the chlorine 
atompara to the phosphonium group was repraced by another phosphonium group, 
probably z&r intermediate (XIX). 

A replacement of the meta- chlorine in the red ylide (XI) would have resulted in 
the isomeric betaine chloride (XX), formed uia intermediate (XXI). 

XXI Not formed xx 

Structure (XX) is energetically unfavourable relative to (XVIII), as can be seen from 
the corresponding resonance formulae ; two positive charges can be placed in adjacent 
positions of (XX) but not of (XVIII), which benefits also from additional phosphorane- 
resonance associated with the second phosphonium group. 

In the reaction of the dichloro-ylide (XI) with aqueous sodium hydroxide, the 
chlorine atom meta to the phosphonium group was replaced by a hydroxy group. It 
should be noted that the addition of a nucleophile to the meta-carbon of (XI) to give 
intermediates (XXI) or (XIV), does not disturb the extended ylidbresonance involving 
the phosphonium group and the two adjacent oxygen atoms; this type of addition 
should, therefore, be more favourable than the addition to the pars-carbon to give 
intermediate (XIX). However, the phosphine reaction, unlike the hydroxide ion 
reaction, is probably reversible, and the less favourable path, (XI) + (XIX) * 
(XVIII) leading to the morestable product could be preferred over the more favourable 
path, (XI) + (XXI) 4 (XX), leading to the less stable product. 

The choice of structure (XVIII) over structure (XX) for the betaine chloride is 
based on the results of hydrolysis experiments. The precipitate formed from diethyl- 
phenylphosphine and the dichloroquinone ylide (XI) was hygroscopic and evolved 
hydrogen chlqride in contact with moist air. When this precipitate was treated with 
water two substances were isolated. The major product was the light yellow 2,5- 
dioxy-3,6-bis-(diethylpheny&hosphonium)benzuquinone bb betaine (XXIIIa), m.p. 
331-332”, resulting from (XVIII) as shown in formula (XXII). 
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A ~nv~ent represen~tion of the bi~ox~hospho~um betaine is ~~, 
StruGture (XXIII) with four e~~~2~~ ox)lgens, rather than structure (XXIV), with 
three different types of oxYgen=fu.nGtiOnS, is supported by the IR speGtrum given in 
Fig. 1, which shows ouly one very strong ~r~nyl~b~d at 635 ~1. , 

The p1 NMR spectrum of the bisylide 
trifluoroacetic acid, where 6p1 = -26 ppm. 

(XXIII) Gould be determined only in 
There appeared to be only one type of 

phosphorus in the molecule, The bisylide (XXIII) as discussed below, is a very weak 
base, ~~efo~, the signal that was detected in the Iun NMR spectrum Godsends 
apparently to the phosphors of the ylide and not of its conjugate acid? 

The p&measurements also support structure (XXIII) for the his-ylide. The UV 
spectrum of (XXIII) is scrip in Table 1. 

The hydrolysis of the precipitate formed from ~e~ylphenylphosp~e and the 
dichloroylide, (XI) afforded small amounts of a colourless phosphonium chloride with a 
double m.p. 183-186a and 21>214’, probably (XXVI). This material dkoloured 
slowly, on exposure to air. Elemental analysis showed a P/Cl ratio of 1. No definite 
sects is assist to this subset, but, by analogy with the reaGtion of the 
phosphine with chores, the follower m&ions seem plausible: 

(XVI3Q i- R‘R,P - 
f-W 

(XXV) - (XXVI) 

OH 

Cl I (+) 
PR,R’ 

\ \/ 0 I 
c+v’ ‘1 

R’R,P d Cl*-’ H 
Of-’ OPR,R’ 

XXVI 

The chlorine atom in this ylide should not be very reactive towards nucleophiles. 

lo However, it should be no&d that among rr~~~~~~ derivatives, the signal of the ylide is 
not at a much him ~~~ field than the signal of the ~~~~g hy~~d~ Thus: 
~p~yl~~y~yl~p~~h~, Wz = -f6*7 ppm; its hydrochbide, -2@7 pm both 
in CHCI,. (The ~@BS for this hydrochloride and &is ylide given by A. J. Speziale and K. W. 
&t@, J. Amer. C&r. SQC. aS, 2790 (1963), are in errasl.) 
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This is more clearly seen in the tautomer (XVII), in fact, the chlorine atom is probably 
more l ~positive~’ than “n~~tive”, 

A reaction between the hydroxychlor~ylide, (XVI e XVII) and an excess of the 
phosphine occurred in boiling toiuenne, and gave small amounts of his-ylide (XXIII). 
This showed that the chlorine was para to the phosphorus in (XVI). A possible path 
is attack by phosphorus on chlorine to give (XXVII), followed by recombination to 
(XXVIII) and loss of HCi to his-yiide (XXIII). 

, 

The major product of the reaction of hydroxychioroy~de (XVI) with diethyi- 
phenyiphosphine was a purple solid m.p. 251-254”. This subset turned blue in 
alkali and orangein acid; the~lo~~hanges appeared to be~versible. Themethylene 
chloride solution of the crystals had maxima at 260 rnp (E = 1,700), 299 rnp (1,400), 
378 rnp (700) and 515 q~ (3,000). The molecular extinction coefficients are based on 
formula CJ-IMP,P&i, established by elemental analysis and mol. wt. determination. 
The crystals were soluble in water and also in methyiene chloride, but insoluble in 
acetone. Formula (XXIX) is in agreement with the available data; in particular, the 
shift to a blue colour in alkali is accounted for by the formation of the conjugate base, 
a tris-ylide @X.X). 

0 0 

R = C2HS 
R’= C,H, 

The dimer (XXIX) could arise from a Wittig oiefination reaction between two 
molecules of hydroxychioro-ylide (XVI) to give (XXXI). The latter can react with 
more phosphine and form the dimer bis-ylide @XXII’). Reaction of this with more 
phospbine results in the purple compound (XXIX). These types of reactions were 
observed in the simpler systems discussed earlier in this paper. Further investigation 
of (XXIX) is in progress. 
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PR2R’ 
-XXIX 

pK Values of the quinone-oxyphosphonium betaines 

Representing the conjugate acid of the dichloro-ylide (XI) as BH+ and the yhde 
itself as B, the equilibrium between the two is 

and 
BH+T,B + H+ 

pKa = wH+l 
Ho + log [B] 

where Ho is the I-Iammett acidity function, a measure of the proton-donor power of a 
medium. The base B is formally neutral, but actually it is a dipolar-ion, i.e. an ylide. 
The neutralization reaction, therefore, is not of the usual type in which a proton is 
added to a neutral base or to an anion. 

The conjugate acid of the hydroxychloro-ylide (XVI) is a dibasic acid; two 
equilibria are involved, 

BH,+e BH + H+; BH-_B-+ H” 

The equilibria in the bis-ylide case (XXIII) are 

BH$+Z BH+ + H+; BH+eB+H+ 

Here, again the bases B are dipolar or tetrapolar ions whenever they appear as 
formally neutral. 

pK values can be readily obtained spectrophotometrically, using a graphic method, 
since, at the mid-point of a titration 

PH+l = PI, and pKa = Ho. 

The pK values of the ylides are of considerable interest. First, they give informa- 
tion concerning the structure of the compounds themselves. Second, the values can be 
compared among themselves and with related compounds of known acidity, like 
chloranilic acid (2,5-dihydroxy-3,6dichloro-pbenzoquinone) and nitranilic acid 
(2,5-dihydroxy-3,6dinitro-p-benzoquinone). These comparisons provide a way of 
assessing the significance of ylide-resonance in providing stabilization to systems in 
which they can occur. 
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The pK’s of the hydroxychloro ylide (XVI) and of the bis-ylide (XXIII) were deter- 
mined in aqueous-hydrochloric acid; however, the dichloro-ylide (XI) was not suffi- 
ciently soluble in water for this purpose. The ply’s of the three ylides were then 
measured in attic-s~~hu~c acids. The data required to calculate the p&z’s are given 
in Figs. 3 and 4 and the p&z values are listed in Table 2. 

Evidently, the Ho scale cannot be extended to the acetic acid-sufphuric acid system 

pK Detwminatiins 

in Aqueous NoOH and HQ 

I I 

I . I I 
-IO -8 -6 -4 -2 0 2 4 

-Ho 

1*20-- 
pK Determination 

I-IO- 
in Aqueous IiCl 

I*00 - 

OaO- 

0*80- 

0.70 - 

040 - 

O*50 - 040- t 0 

0*x)- 

0*20- 1 1 I I I I I I I I 
0 I.0 2.0 3.0 4.0 5-6 6.0 7.0 8.0 9.0 

-HO 

FIG. 3 pK DeWminations of betaines. Optical den&y tls -Ho. 

in the ~~i~~ar case of the ylides since the *pKa’s thus obtained were not identical 
with the p&k’s obtained in water. The *pKu*s in acetic acid serve, however, to corre- 
late the acidity of the three ylides. It can be seen that the bis-ylide (XXIII) forms the 
strongest acid and the hydroxychloroylide (XVI) the weakest. 

The pXa1 values for the ionization of thefirstprofon in the his-ylide acid and in the 
hydroxychloro-ylide acid were accurately determined in water, since both the di- 
protonated and the.monoprotonated forms were sufficiently soluble in water. These 
acids are quite strong; in fact one of them is even stronger than nitranilic acid 
(Table 2). 

In water, 

The plyaz value for the ion~tion of the ~~~~~~~020~ in the hydroxy~h~oro-ylide 
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pK Determinations in Acetic aci8 

0 I I I I 
I I 

-HI 0 I-0 PO 3.0 4.0 

-Ho 

FIG. 4 Optical density us -Ho for quinone-oxyphosphonium 
betainea in acetic acid-sulfuric acid. 

TABLE 2. pKa OF HYDROXWH~SPHONIUWQUINONES (CXDNJIJGATE ACIDS OP 

QIJINONl3oXYPHtX3PHONlUM YIJDES) AND OF NVROHYDROXY~ AND CHLORO- 
HyDROXYQuINONES 

Compound 
In H,CLHCl In A&H-H&30, 

Phi P&2 *p&I1 

2,3-Dichloro, 
(XI) ca. -2.2 - -1.23 

2-Hydroxy-3chIoro, - 1.99 + 1.94 -1-16 
(XW 

2-Oxy-3-phosphonium 
(XXIII) -3.55 ca. -0.4 -1.69 

2,5-Dihydroxy-3,Minitro~ -3.0 -0.5 
2,5-Dihydroxy-3,6dichloroa + O-85 +3.18 
2,5-Dihydroxya + 2.73 +5.18 

6 G. Schwarzenbach and H. Suter, Wslv. Chim. Acta 24,617 (1941). See also, 
J. N. Phillips, AUP. J. Chem. 14, 183 (1961). 

(XVI) was also measured with precision, because both species in the equilibrium were 
water-soluble. The second proton is also fairIy strong as an acid. The pKiz2 for the 
bis-ylide acid was estimated only approximately, since the bis-ylide itself was insoluble 
in water. 

The very weak basicity of the ylides shows the stability which is conferred to a 
moIecule by the presence of a phosphonium ion and a highly delocalized negative 
charge. Part of this stability is undoubtedly due to some phosphorane contribution to 
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the resonance hybrid, but the pK values give no information on the extent of this 
p-d w-bonding in the ylides. 

p1 NMR shiff of stable ylides 

The pS1 chemical shifts of the three ylides are given in Table 3. This table includes 
also other stable ylides prepared and measured in this laboratory. The shifts are 
listed in the order of increasing magnetic field, i.e., in the order of increasing shielding 
of the pS1 nucleus by electrons. 

Ylides derived from trimethyl phosphite (6pS’ = -140*0 ppm) and from ethyl 
diphenylphosphinite (6p1 = - 109-8 ppm) have chemical shifts at much lower 
magnetic fields than those derived from tri-n-butylphosphine (dpS1 = +32 ppm) 
and triphenylphosphine (W1 = +5*7 ppm). In the first group, the ylides are at 
higher fields than the corresponding trivalent phosphorus compounds. In the second 
group, the ylides are at lower fields than the corresponding trivalent phosphorus 
compound. These trends in the y/ides parallel those found for the corresponding 
oxides : 

WWM’=O, - 2-S; (C,H,O)(C,H,),P=O, -31*1; 

(n-C,H&P=O, -43; (GH&P==O, -265, ppm 

F1 NMR SHIP~S OF STABLE PHOSPHORUS YLYDES; IN PPM us 85 % H,PO,*At 40.5 MC/S 

No. Compound 6P” Ref. 

1 Trimethoxy-benzoylphenacyl-methylenephosphorane 

2 Ethoxydiphenyl-benzoylphenacyl-methylenephosphorane 

3 Quinone-bissxyphosphonium ylide 

4 Dichloroquinone-oxyphosphonium ylide 

5 Bromomethylide-bis-triphenyl-phosphonium bromide 

6 Hydroxychloroquinoneoxyphosphonium ylide 

7 Tri-n-butyl-benzoylphenacyl-methylenephosphorane 

8 Methylide-bis-triphenylphosphonium bromide 

9 Triphenyl-carbethoxy-phenyl-methylenephosphorane 

10 Triphenyl-2-oxocyclohexylidenephosphorane 

11 Triphenyl-carbethoxy-methylenephosphorane 

12 Triphenyl-benzoylphenacyl-methylenephosphorane 

13 Triphenyl-benzoyl-methylenephosphorane 

14 Triphenyl-acetyl-methylenephosphorane 

15 Triphenylphosphoniumcyclopentadienylide 

16 Carbodi-triphenylphosphorane 

-56.2 

- 54.2 

-25.7 

-25.6 

- 24.7 

-23 

-21.3 

- 20.4 

- 19-2 
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For the same carbon compound, the ylide with three alkyl groups on phosphorus 
is only at a subtly lower field than the ylide with three phenyl rings on the phos- 
phorus. The~fore, rough comparisons between ~iphenyl-y~des and die~ylphenyl- 
ylides can be made. The quinone-oxyphosphonium betaines fall toward the more 
negative or low-field end of the group of phosphine-derived ylides while carbodi- 
phosphorane and triphenylphosphoniumcyclopentadienylide are in the less negative 
or high-field end. 

Although several factors enter into these n.m.r. shifts, the general trend is in the 
direction to be expected from a relatively low contribution of phosphorane structures 
i.e. of pd w-bonding in the quinone-oxyphosphonium betaines. 

DISCUSSION 

The course of the reactions of trivalent phosphorus compounds, PX,, with complex 
carbonyl compounds like o-quinones,3*G o-quniones,re a-diketones,lg or a&un- 
saturated ketones,l’-l* will vary with the electronic and the steric characteristics of 
both reactants, In this paper we are concerned only with the reactions of three 
p-quinones @-benzoquinone, 2,5-dichloro-p-benzoquinone and pchloranil) with two 
types of phosphorus compounds: tertiary phosphines and trialkyl phosphites. 
Several facts must be explained. (1) The phosphorus of trimethyl phosphite attacked 
the oxygen atom of the three ~quinones.~ (2) Triphenylphosphine attacked the 
oxygen of ~chloranil, 3 but it attacked the cffr~o~ of ~~nz~~non~ and of 2,5- 
dichloro-~-benzoquinone.3 (3) ~iethylphenyIphosphine attacked the C&OR of 
p-chloranil. 

The transition states for the attack by phosphorus on oxygen and on carbon can be 
represented by formulae (XXXIII) and (XXXIV), respectively.17 

Considering first the quinone portion, it can be seen that an attack on oxygen 
(XXXIII) is favoured by the incipient aromatization, but is, perhaps, discouraged by 
the larger charg~~paration which is generated in the ~ansition state. 

Considering, next, the nature of the phosphorus compound, several effects may be 
operating. Variations in the nature of the substituent X in PX, can affect the reactions 

** Lit. reviewed by F. Ramirez, Pure and Applied Chemby 9, 337 (1964). 
I7 Transition states (XXXIII) and (XXXIV) could be c~llled oxophilic and carbophiZic, respectively, to 

emphasize the nature of the atom which is being attacked by the phosphorus. The term biphilic 
transition state has been used by Shaw and his co-workers in an explanation of the direct oxygen 
transfer from dimethyl sulphoxide to trivalent phosphorus compounds. This would be comparable 
to the quinone case (XXXIII) if an intermediate were involved in the sulphoxide case. See E. H, 
Among-Nor, S. R. Ray, R. A. Shaw and B. C. Smith, J. Calm. Sot. (1965). The nature of 
the chemical bonding in org~oph~~o~ ~rnpoun~ has been disscused by R. F. Hu~n, 
IWe ad Applied Chem. 9,371 (1964) and in Refs. therein. 
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of PX, in several ways,l’ some of which are undoubtedly, interrelated. (a) The 
nucleophilicity and the basicity of PX, will change. (b) The hybridization of the 
phosphorus will change, both in the ground state of PX,, and in the transition state of 
its reaction at oxygen (XXXIII), and at carbon (XXXIV), of the p-quinone. The 
transition state for oxygen-attack (XxX111) would be favoured to the extent that there 
is p-d v-bonding involving the phosphorus and the unshared electrons on the oxygen 
which is being attacked. The extent of this electron delocalization is, in turn, affected 
by the nature of the substituent X on the phosphorus. This leads to a predominance of 
oxygen attack (XXXIII) by trimethyl phosphite (X = OCH& in all the p-quinones, 

(+I 
since the tetraoxyphosphonium cation, [---O--(P)(OCH$,] represents a situation 
most favourable for p-d x-bonding. The tendency for oxygen-attack diminishes in the 
case of triphenylphosphine (X = C,H,) which reacts at oxygen only in the case of 
p-chloranil. This result may be due, in part, to a reluctance of the large phosphine to 
attach itself to ‘a carbon carrying a chlorine and flanked by another, as in (XXXIV); 

(note attack on carbon in 2,5-dichloro-p-benzoquinone). Finally, diethylphenyl- 
phosphine attacks the carbon of p-chloranil (XXXIV) probably because of a smaller 
size and a greater nucleophilicity, i.e. a greater tendency to share the electron-pair on 
phosphorus with a carbon atom. 

The three ylides reported in this paper (XI, XVI and XXIII), and the yields 
previously reported @*11-16 from this laboratory and listed in Table 3, illustrate various 
ways in which negative charge can be accommodated in a molecule which carries also a 
phosphonium cation. 

Much work has been reported in recent years on stable ttphenyfalkyltienephos- 
phoranesuBgl and on the less known triaZkyiafkylidenephosphoranes.~-m There are 
also scattered examples of trialkoxydkylidenephosphoranes.m~31 Some measurements 
on p1 NMR spectra of ylides have been reported.“a88 

EXPERIMENTAL 
~3-Dichloro-S-oxy-~(~ethylplrenylpClospho~ium)~nz~q~i~ne bet&e (Xl) and 
2,3,5-trichioro-6-(diethy@henyl-phosphonium)hfloquti~ chloride (XIII) 

Procedure A. Diethylphenylphosphine (O-251 mole) in benzene (40 ml) was added dropwise at 
a rapid rate, to a stirred saturated solution of chloranil (O-167 mole; recrystallized) in benzene. A 

lo D. B. Denney and S. T. Ross, J. Org. Chem. 27,998 (1962). 
lo A. V. Dombrovsky and M. I. Shevchuk, J. Gen. Chem., U.S.S.R. 33,1235 (1963). 
ao J. S. Discoll, D. W. Grisley, Jr., J. V. Prustinger, J. E. Harris and C. N. Matthews, J. 0~. Chem. 

29, 2427 (1964). 
41 S. Trippett, Quart. Reu. 17,406 (1963). 
** A. W. Johnson and R. B. LaCount, Tetruhedron 9, 130 (1960). 
aa Q G. Wittig and H. Laib, Lieb(gs Ann. !I80,57 (1953); a G. Wittig, Rngew. Chem. 68,505 (1956). 
I4 S. Trippett and D. M. Walker, J. Chem. Sot. 1266,213O (1961). 
96 0 H. J. Bestmann and 0. Kratzer, Chem. Ber. %,1894 (1962) ; b H. J. Bestmann, 0. Kratzer and 

H. Simon, Ibid. 95,275O (1962) ; c H. J. Bestmann and B. Arnason, Ibid. %,1513 (1962). 
a( A. J. Speziale and D. E. Bissing. J. Amer. Chem. Sot. 85, 1888 (1963). 
*’ A. Blade-Font, C. A. Vander Werf and W. A. McEwen, J. Amer. Chem. Sot. 83,2396,2646 (1960). 
aa M. Schlosser, Aqew. Chem. 74,291 (1962). 
to J. A. Ford, Jr. and C. V. Wilson, J. 0~. Chem. 26,1433 (1961). 
*O G. H. Birum, U.S. Patent, 3,058,876 (1962). 
I1 W. J. Middleton, U.S. Patent, 3,067,223 (1962). 
a9 H. Tolkmith, J. Amer. Chem. Sot. 8!5,3246 (1963). 
m A. J. Speziale and K. W. Rat& J. Amer. Chem. Sot. 85, 2790 (1963). The value for triphenyl- 

benzoylmethylenephosphorane given by these authors is in error. 
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brown precipitate immediately separated. TRe &id (WI + IX) was filtered 30 min after completion 
of the reaction and was washed with benzene and triturated with 10 ml water. HCI was evolved. 
The new solid was filtered off with the aid of more water and was then treated withmethylenechloride. 

(a) The red methylene chloride solution was percoiated through a column of alumina. Elution 
with more solvent gave 21-5 g red dichloro-oxyphosphonium beraine (Xl) m.p. 191-192”; after r+ 
crystailization from benxene-cyclohexaue. (Found: C, 54.0; H, 4.3; Cl, 19.7; P, 8.8; M.W. 370 
(Rast). CIaHUCiIOIP requires: C, 538; H, 4.2; Cl, 19.8; P, 8.7%; M.W., 357.) IR bands (in p): 
3*30 m, 590 m, 6.1 w, 6.26 vs, 6.33 vs, 6.95 w, 7.50 s, 8.25 s, 890 m, 11.38 m, (in CHCIJ. UV 
absorption maxima at 266 rnp, log .r 4,070; 289 w, log e 4,133; 441 rnp, log E 3.054, (ii CH,Cl,). 

(b) The white methylene chloride-insoluble solid (3.36 g, m.p. 187-190”) was recrystallized from 
methanol+.thyl acetate affording the trichlorohy&oquinone phosphonium chloride (XIII), m.p. 
187-190”. (Found: C, 46.4; H, 4.1; Cl, 34-l; P, 7-6. C1,H,,C1,O,P requires: C, 46.4; H, 4.1; 
Cl, 34.2; P, 7.5 %.) IR bands (in c() : 3.3 (very broad, 6.6 w, 6.95 s, 7.2 w, 7.85,8-O s, 8.4 m, 8.95 m, 
9.6 m, 11.1 s, 11.3 s (in KBr). UV maxima at 273 rnp, log E 3,143; 337 rnp, log 8 3.822; 365-370 IIIC(, 
log 8 3*494 (in neutral EtOH). 

Procedure B. Diethylphenylphosphiie (11 mmoles) in 50 ml of benzene was added sIb+ (30 
min) to a stirred suspension of chloranil (10 mmoles; Eastman Kodak as received) in benzene 
(100 ml). After 1 hr at 4O”, the mixture was treated with 10 ml water and stirred for 2 hr. The 
solvents were removed in uacuo and the residue was treated with methylene chloride and filtered 
from 1 g of insoluble material. The solution was evaporated and the red residue (3-3 g, m.p. 155-160”) 
was recrystallized from benzene giving 2.72 g (76yd of (Xl), m.p. 182-185”. 

Oxi&tion of rrichlorohydroquinonephosphonium chlorkk (XIII) 
lo dichloroquinone-oxyphosphonium betaine (XI) 

Phosphonium salt (414 mg; 1 mmole) was dissolved in 5 ml MeOH and 10 ml water. A solution 
of 0600 g FeCl,*6H,O (2.14 mmoles) in dil. HCl was added. A red precipitate appeared quickly. 
ARer 30 min it was filtered off and washed with several small portions of water and 1: 1 MeOH-water, 
yield 291 mg, m.p. 19&191”. Upon warming the filtrate on the steam bath another 36 mg of red 
solid, m.p. W-192”, was obtained for a total yield of 91%. The IR spectrum of the red compound 
was identical to that of (XI). 

2,5-Dioxy-3,6-bis(diethylphenylphosphonium)benwquinone bisbetaine, QCXIII) 
2-chloro-3,6di(d~e~hy~~ny~hosphonium)-S~x~hydr~u~~ betaine chloride 

and 

Diethylphenylphosphine (28.0 mmole) in benzene (200 ml) was added, dropwise, to a stirred 
solution of (XI) (14-O mmole) in 1 1. benzene. A reddish-brown precipitate formed; this was stirred 
for 30 min, filtered and washed with benzene. 

(a) The solid QMII + XXV) wu stirred with 20 ml 1: 1 MeOH-water (1 hr). The mixture was 
concentrated in rwzcuo to 8 of its original volume and then filtered. This first crop of yellow bkylide 
(XXIII), m.p. 330-334”, amounted to 2.8 g. A second crop (O-3 8) was obtained by partial evaporation 
of the aqueous MeOH. 

(b) 7%e or&i& benzene Jirrrate underwent some hydrolysis on exposure to moist air; it was 
concentrated to 20 ml and filtered. The solid was recrystallized from MeOH and gave a third crop 
(0.2 g, m.p. 33&336”) of yellow bis-ylide (XX.II.l). The total yield of (XXUI) was 3.3 g (50 %); analytic 
sample: m.p. 331-334” from MeOH. (Found: C, 66.3; H, 6.3; P, 13.0. CIIHIoOIPI requires: 
C, 66.6; H, 6.4; P, 13-2x.) IR bands (in p): 3.30 s, 6-17 m, 6.38 vs, 6.84 w, 6*95 m, 7.1 w, 7.40 m, 
7.80 vs, 890 s, 9.55 m, 9.9 w, (in CHCl3. UV maxima at 267 mp, log e 4242; 286 mp, log 8 4372; 
296 mp, log E 4,399; 307 w, log 6 4.281; 370 w, log s 2.702 (in CH,C&). 

(c) ?7~e crquco~-MeOH $ffrafe was evaporated to a sirup, diluted with 70 ml of Cl-IJ&, dried 
over MgSO, and concentrated to 30 ml. On cooling, l-54 g of solid 6efaine-chloridk, (XXVI), m.p. 
f75-185”, separated. This material was wateraluble; the aqueous solution gave an immediate 
precipitate of AgCl with AgNOI. The beta&-chloride, (XXVI), was recrystallized several times 
from MeOH-ethyl acetate, the m.p. was 183-186” or 213-214”, depending apparently on the temp 
of ctystallization. The two forms had identical IR spectra. (Found: C, 61.1; H, 6.8; Cl, 12.8; 
P, 11-3. CS,H,,O,P,Cf,requires: C, 59.5; H, 6.1; Cl, 13-S; P, 11.8x.) 
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Preparation of quimne-his oxyphosphonium betaine QUUII) from chloranil 

Diethylphenylphosphine (2.2 mmoles) in benzene (20 ml) was added, during 30 min, to a suspen- 
sion of chloranil (2 mmoles; Eastman Kodak Co., as received) in benzene (40 ml). The mixture 
was kept 16 hr at 20” and then was hydrolysed with 3 ml HIO. The solvents were completely removed 
in uacuo and the red crude product (ca. O-8 g) was dissolved in CHIC& (20 ml). The solution was 
filtered and the f&rate was freed from solvent. The residue (056 g, ca. 80% of XI) was suspended 
in benzene (40 ml) and treated with more diethylphenylphosphine (l-8 mmoIes) in benzene (20 ml) 
during 30 min. The mixture was kept 19 hr at 20” and then was hydrolysed (5 ml H%O). The solvents 
were removed and the residue was crystallized from MeOH giving 0.43 g of (XXIII) m.p. 337-340’ 
(45 % yield based on chloranil). 

2-Hydroxy-3-chloro-5-oxy-d(diethy~henyJuhosphonium) benza@none betaine (XVI) 

Aqueous NaOH (250 ml of 0*374 N) was added to a solution of (XI) (15 g, 42 mmoles) in boiling 
MeOH (500 ml). After several min, the solution was made strongly acid with cont. HCI. On cooling, 
12.4 g of the yellow-orange hydroxychloroquinone-axyphosphonium betaine, (XVI) m.p. 180- 183” 
crystallized out. Concentration of the fihrate gave more (XVI), (I.51 g). The yield was 97 %. The 
analytical sample had m.p. 182-183” from benznvclohexane. (Found: C, 56.5; H, 4.9; Cl, 
10.3; P, 9.2. C,,H,,O,ClP requires: C, 56.7; H, 4.7; Cl, 10.4; P, 9-I %.) 

The XR spectrum is given in Fig, 1. The UV-maxima are listed in Table 1. 

Reuction of diethylphenylphosphine with the hydroxy-chloroquinone-oxyphosphonium beta& (XVI) 

Procedure A. A mixture of (XVI) (3.00 g, 8.75 mmole) and the phosphine (2-90 g, 17.5 mmole) 
was heated to refiux for 48 hr in 1,2-dimethoxyethane (100 ml). The violet solution was decanted 
from a solid. The latter was stirred with water and filtered. The insoluble material was only 0.26 g of 
bisylide, (XXILI), m.p. 330-337”. 

Procedure B. A mixture of (XVI) (14.9 mmoles) and diethylphenylphosphine (29 8mmoles) was 
refluxed in toluene (350 ml) for 4 hr. The toluene was decanted from a deep purple-black solid 
(5.69 g). This was dissolved in water (100 ml). The solution was filtered and exhaustively extracted 
with CHJ&. The violet organic layer was dried, concentrated and treated with acetone while 
boiling. On cooling, violet crystals, (XXVIII; 1 a3 g; m.p. 247-251”) separated. These were re- 
crystallized from CH,CI,-acetone to constant m.p. of 251-254”. (Found: C, 62.6; H, 6.8; P, 11.4; 
Cl, 4.4; m.w. 787 (isothermal distillation.) C,oH,~O,P,CI requires: C, 63.7; H, 5.8; P, 11.7; 
Cl, 4.4% m.w. 791.) UV spectrum in CH,C&: Lx 260 rnp (E = 1,700); 299 rnp (1,400); 378 v 
(700); 515 w (3,008). 

The violet compound (XXVIII) underwent a reversibk colour change with base to a brilliant 
blue and with acid to deep orange. 

pK Determinations in water. Optical densities were measured in the Beckmann DU spectro- 
photometer. A stock solution of quinone-bisoxyphosphonium bisbetaine (XXIII), was made from 
133.6 mg of betaine and 25 ml of 1 N HCI. One ml-aliquots were treated with various amounts of 
cont. HCI and the solutions were then diluted to 10 ml with distilled water. Optical densities at 
424 rnp were measured. The acid-concentrations were determined by titration of one ml-aliquots 
with standard NaOH. The acidconcentrations were converted, graphically, to Ho values as given 
by Paul and Long. u A typical point in Fig. 3 was: vol. of HCI, 9 ml ; O.D. 0.58 ; ml of 0.2393 N 
NaOH, 47.10; molarity of HCI, 11.26; Ho = -4.10. The last point in Fig. 3 was obtained by 
addition of 9 ml HLSOI, the molarity estimated as 15 M, the Ho at ca. -9.2; the O.D. was 0.27. 
The pKa is given in Table 2. 

A saturated solution of the sparingly soluble (XVI) was made by boiling an excess of the compound 
with water, cooling to 20” and filtering. Five ml-aliquots were mixed with various amounts of acid 
or of base; the solutions were diluted to 10 ml with water. Optical densities were measured at 
475 w and aIso at 445 IT~C(. Acidities in the positive pH region were measured with a Beckmann 
pH meter. Acidities in the negative pH regions were determined by titration as before. 

The technique was checked with 4_chloro-2-nitroaniline. 
pK Meusurements in acetic acid-sulpluric acid. Acetic acid of m.p. 16.3” was made by fractional 

distillations and freezings. 100% H$O, was made by addition of fuming H,SO, (15-18 % SO, 

M M. A. Paul and F. A. Long, Chem. Rev. St, 1 (1957). 
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assay) to cont. H$O, (96.4% assay) until a mixture with maximum m.p. was obtained (Beckmann 
freezing point apparatus). 

Various amounts of H,SO, were weighed into volumetric flasks (10 ml, 25 ml). Aliquots (2 ml, 
5 ml respectively) of the stock solutions containing the betaines in acetic acid were introduced. The 
solutions were diluted to the mark with acetic acid. Optical densities were measured. When required, 
a 2 ml-aliquot of stock solution was introduced in a 100 ml volumetric ilask and the optical density 
was measured in a cell of 10 cm-path. The Ho values corresponding to the H&O, concentrations 
were determined graphically from data by Hall and Spengemana6 using the new “best” values of the 
pK’s of the Hammett indicators given by Paul and Long.*’ A correction of -0.11 Ho units was 
applied to the calculated Ho values to bring the latter into agreement with values of Ho found in a 
check-&termination using 4chloro-2-nitroaniline. For example, 1.0666 g HPS04 in a 10 ml-vol. 
flask was mixed with a 2 ml-aliquot of a stock solution containing 328.7 mg of bisberoine in 100 ml 
of acetic acid. After dilution to the mark with acetic acid the O.D. was found to be O-475 at 411 ~JL 
The molarity of HPSO4 being l-09, the corrected Ho = -3.15. The data is shown in Fig. 4 and the 
pK values are listed in Table 2. 

The technique was checked by finding Ho values in the acetic acid-HISO system usingp-chloro- 
o-nitroaniline, employing the “best” value of the pK of this indicator and the equation Ho = pK - 
log (OD,-OD)/(OD.OD,, t ). The found Ho (for example -0.98) was compared with the Ho 
value (for example -0.87) obtained from the data by Hall and Spengeman.ab 

SUMMARY AND CONCLUSIONS 

The phosphorus of diethylphenylphosphine attacks the carbon and not the oxygen 
of p-chloranil. A trichloroquinonephosphonium chloride is formed as a result of 
the chlorine displacement. The chlorine adjacent to the phosphorus in this quinone 
is easily replaced by a hydroxyl from water, resulting (after loss of hydrogen chloride) 
in a new type of stable phosphorus-ylide, a red dichloroquinoneoxyphosphonium 
betaine 6p1 = -25-6 ppm VS. 85 % HsPO, (in CH&l&. 

The chlorine atom pura to the phosphorus in the red betaine is replaced by 
diethylphenylphosphine. After hydrolysis and subsequent loss of hydrogen chloride, 
a new ylide, m.p. 331”, is formed. This is a yellow quinone-bisoxyphosphonium 
betaine, 6p = -25-7 ppm (in CF,COOH). 

The chlorine atom meta to the phosphorus in the red betaine is replaced by a 
hydroxy group upon treatment with alkali. The product is a stable, orange hydroxy- 
chloroquinone-oxyphosphonium betaine, m.p. 182”, W1 = -23 ppm. 

The three ylides are very weak bases. The pKu’s were measured in aqueous 
hydrochloric acid. They were measured also in acetic acid-sulphuric acid and it was 
shown that in these compounds an extension of the Ho function to acetic acid is 
not feasible. 

The reactions of p-quinones with trimethyl phosphite, with triphenylphosphine 
and with diethylphenylphosphine are discussed in terms of: (i) the electronic and 
steric characteristics of both reactants; (ii) the differences in the transition states 
for oxygen-attack and for carbon-attack; and (iii) changes in hybridization in 
both ground and transition state involving the phosphorus compound, PX,, as the 
nature of the substituent X is changed. 

The pS1 NMR shifts of a group of stable phosphorus ylides were measured at 
4Oe5 M c/s. 

a‘ N. F. Hall and W. F. Spenv, J. Amer. Cirent. Svc. 62,2487 (1940). 


