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The reaction of triphenylphosphine and a-bromoacetophenone in nitromethane is a second-order reaction 
which is only weakly accelerated by electron-withdrawing substituents on the phenyl group ( p  = +0.44). 
Similar results are found for the reaction of pyridine with a-bromoacetophenone ( p  = f0.30) in nitromethane. 
The reactions of a-chloroacetophenone with triphenylphosphine or pyridine are much slower and also second 
order over-all. The simplest mechanism for all of these reactions involves an sN2 type of displacement of 
halide ion by the nucleophile. Attack on bromine of a-bromoacetophenone by triphenylphosphine, which 
gives the debrominated ketone, may occur only in the presence of prototropic species. 

It is known that  a-bromoacetophenone (la) and 
a-chloroacetophenone (2) react with triphenylphos- 
phine in aprotic solvents to give the corresponding 
ketophosphonium halide 3.3 In the presence of pro- 
totropic species, such as methanol or acetic acid, la is 
debrominated by triphenylphosphine to  give acetophe- 
none (4) while 2 still gives the ketophosphonium 
chloride. 

The debromination of a-bromo ketones with triphen- 
ylphosphine in the presence of prototropic species has 
been found to  be general.* It has been postulated 
that the debrominations proceed via attack on bromine 
by triphenylphosphine in a concerted reaction involv- 
ing prior or concurrent protonation of an incipient 
enolate ion by the prototropic species present.4b 

P 
C&-15-C-CH2Br + P(C,Hj), -. 

3 2 

C,H,-C-CH, + OP(CfiH,), + RBr 
4 

G . . . I - l Q R  ‘I 1 
C6Hj-C-CH,-Br + P(C,H,?, 

It was further post’ulated that  2 always reacts with 
triphenylphosphine via simple displacement of chloride 
ion and never via attack on chlorine. This left open 
the question of how la reacts with triphenylphosphine 
in aprotic solvent,s. The simplest pathway for the 
conversion of la to  3 would, of course, involve simple 
displacement of bromide ion. A number of considera- 

(1) (a) This research was initiated at the  Department of Chemistry, 
Lehigh University. Bethlehem, Pa. (b) Organophosphorus Chemistry, VI. 
(0) This investigation was supported by  Grants AF-AFOSR 938-65 and 
1170-66 from the Directorate of Chemical Sciences, Air Force Office of 
Scientific Research. 
(2) Belfer Graduate School of Science, Yeshiva University. 
(3) (a) F. Ramirez and 9. Dershowits, J .  Org. Chem., 22, 41 (1957); 

(b) I. J. Borowtiz and L. I. Grossman, Tetrahedron Letters, 471 (1962); (c) 
H. Hoffman and H. J. Diehr. ibid., No. 13, 583 (1962); (d) I. J. Borowitz 
and R. Virkhaus, J. A m .  Chem. Soc., 85, 2183 (1963). 

(4) (a) S. Trippett, J .  Chem. Soc., 2337 (1962); (b) I. J. Borowitz, K. C. 
Kirby, Jr., and R. Virkhaus, J. Ore. Chem., 31, 4031 (1966). 

tions,6 however, led us to postulate initial attack on 
bromine to  give an enolate bromotriphenylphospho- 
nium ion pair 5 which could then give 3. 

(0 
C6Hj-C-CH,-Br 11 r? 

+ P(C,H& - 
0- 
I + 

5 
C,H,-C=CH, Br-P(C,H,), - 3 

In  a number of a-haloacetophenones substituted by 
electron-withdrawing groups (such as phenyl or halo- 
gen) reaction with triphenylphosphine gives isolable 
enol phosphonium salts or products clearly derived 
from such species.6 Attack on bromine by triphenyl- 
phosphine in such cases would lead to  a stabilized 
enolate which then undergoes phosphonium salt for- 
mation at the less hindered oxygen site. The only 
kinetic study on such a system that has been reported 
to  date was done by Speziale7 on the ala-dichloro-a- 
phenyl-N-methylacetanilide system in reaction with 
triphenylphosphine. A large Hammett p value 
(+2.6) was found, in good agreement with the “halo- 
gen attack” mechanism. 

,CJ& 
(CfiH5),P + O C C 1 , C O N  + 

‘C& 
x -  

CfiH5 

In  order to establish whether la reacts with triphen- 
ylphosphine in aprotic solvents via direct displacement 
of bromide ion or by rate-determining attack by phos- 
phorus on bromine, a kinetic study of the reaction in- 
cluding the determinat’ion of the p value was made. 
Kinetic comparisons with the reactions of l a  with pyr- 
idine and 2 with both pyridine and triphenylphosphine 
were made. The reactions of either la or 2 with pyri- 
dine a,re well known to involve displacement of halide 
ion and to give small positive p values. 

(5) Cf. (a) B. Miller in ”Topics in Phosphorus Chemistry.” Vol. 2. 
M. Grayson and E. J. Griffith, Ed., Interscience Publishers, Inc., New York. 
N. Y., 1965; (b) R. F. Hudson, “Structure and Mechanism in Organo-Phoa- 
phorus Chemistry,” Acsdemio Press Inc.. New York, N. Y.. 1965, Chapter 5. 
(6) (a) R. D. Partos and A. J. Speziale, J .  Am.  Chem. Soc.,  87, 5068 

(1965); (b) cf. ref 3b. 3c, and 4b; ( c )  R. Virkhaus, Ph.D. Dissertation, 
Lehigh University, 1965; (d) P. Rusek and K. Kirby, research in progress. 

(7) A. J. Speziale and L. J. Taylor, J .  Org. Chem.. 31, 2450 (1966). 
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Results 

The reaction of triphenylphosphine with a series of 
phenyl-substituted bromoacetophenones in nitrometh- 
ane were found to be second order over-all as followed 
by a standard conductometric method.8" 

C-CHzEr + (C,H,),P -+ 

la, X = H 
b, X = p-CHa0 
C, X = p-CHa 
d, X = p-Br 
e, X = p-NOz 
f ,  X = m-CHa0 

3a-3f 

Thus an excellent linear plot of R/R  - R, vs. time 
was obtained in each case. In  addition, for the reac- 
tion of l a  with triphenylphosphine, the reaction order 
was calculated from the equationsb 

where n is the order of the reaction, t l  was found to  be 
5.6 min, and t 2  was 12.8 min, for a chosen fraction of 
reaction, y, set, a t  0.2. In  this expression t l  = 
a(1 - y) and tz = a (1  - Y)~. This gave n = 2.10 
which is in good agreement with a second-order 
reaction. 

In  several cases i t  was shown that the reactants gave 
the desired ketophos~phonium salts in high yield in 
nonkinetic runs. In  the actual kinetic runs, examina- 
tion (by tlc) of the reaction mixtures after completion 
of the conductometric readings showed that only the 
phosphonium salt was present. Furthermore, in the 
reaction of la  with triphenylphosphine, a calibration 
curve relating conductance readings to actual concen- 
tration was made for each cell used and it showed the 
kinetic runs to proceed to 97-98% of completion. 

With further regard to the stoichiometry of the re- 
actions, the initial concentration of l a  and triphenyl- 
phosphine were variedl. Table I indicates that  the re- 

TABLE I 
SECOND-ORDER RATE CONSTANTS FOR THE REACTION OF TRI- 

PHENYLPHOSPHINE AND a-BROMOACETOPHENONE IN 
NITROMETHbNE AT 34.90 k 0.01' 

,-Initial concn, AI- 
Phosphine Bromo ketone 

kz, 1. mole-] min-1 

0,0100 0.0100 5.84 k 0.06 
0 00600 0.00200 5.94 f 0.03 

action of l a  with triphenylphosphine is second order 
over-all and first order with respect to each reactant. 

A free-radical chain reaction pathway for l a  and 
triphenylphosphine was eliminated since the addition 
of the free-radical initiator azobisisobutyronitrile 
(0.001 M )  did not change the rate of reaction (kz = 
5.81 1. mole-' min-') in nitromethane a t  34.9 f 0.01". 
Addition of the inhibitor hydroquinone similarly gave 
kz = 5.99 f 0.01 1. mole-' min-'. 

The rate constants for aryl-substituted a-bromo- 

(8) A. A Frost and R .  G. Fearson "Kinetics and Mechanism,'' 2nd Ed. ,  
(a) Chapter 3; (b) John Wiley and Sons, Inc., New York, N. Y., 1965: 

p 43. 

acetophenones with triphenylphosphine in nitrometh- 
ane are given in Table 11. A Hammett plot of this 

T A B L ~  I1 
RATE CONSTANTS FOR THE REACTION OF TRIPHENYLPHOS- 

PHINE AND meta, para-SUBSTITUTED a-BROMOACETOPHENONES 
IN NITROMETHANE AT 34.90 k 0.01" 

Bromo ketones Substituent kz, I. mole-1 min-1 Re1 k 
Bromacetophenone l a  5.88 k 0.07b 1.00 

IC p-CHI 5.28 k 0.10 0.91 
Id p-Br 8.48 f 0.20 1 .45  
l e  p-NOn 13.93 f 0.13 2.40 
If m-CHsO 7.02 k 0.18 1.20 

a Initial concentrations used were 0.0100 M phosphine and 
b Later 5.84 k 0.06 was found to be a 

l b  p-CHaO 5.43 i 0.04 0.93 

0.0100 M bromo ketone. 
better value and was used in activation energy calculations. 

data was done with a computer program developed by 
Professor 1 4 .  C h a r t ~ n . ~  The use of up valuesl0 gives 
p = +0.423 with a correlation coefficient R = 0.985. 
An excellent fit involved the use of upo values'O which 
gives p = +0.4435 (e = 0.996). 

A brief comparison of solvents showed that  the reac- 
tions of several of the bromoacetophenones are faster 
in nitromethane (dielectric constant 35.9 at  30') than 
in acetonitrile (37.5 at 2O0)." The relative rates of 
reaction of l a :  IC : le  with triphenylphosphine in ace- 
tonitrile a t  34.90 * 0.01" are 1.00:0.97:2.41 (kz = 
3.81 1. mole-' min-', 3.70 f 0.06 1. mole-' min-', 
9.18 f 0.18 1. mole-' min-', respectively). 

The variation with temperature of the rates of reac- 
tion of la, IC, le, and 2 with triphenylphosphine gave 
kinetic data and activation quantities presented in 
Tables 111 and IV. 

TABLE I11 
RATE CONSTANTS FOR REACTION OF TRIPHENYLPHOSPHINE 

AND HBLOACETOPHENONES AT SEVERAL TEMPERATURES 
IN NITROMETHANE 

Halo ketone Temperaturea kx, 1. mole-' min-1 

l a  0 . 0  0.633 k 0.002 
34.9 5.84 k 0 .06  
46 .8  11.79 k 0 .02  

IC 34.9 5.28 k 0.10 
46.8 11.74 f 0.11 

l e  0 .0  1.60 k 0 .02  
34.9 13.93 i 0.13 
46.8 27.35 k 0.49 

2 34.9 3.60 f 0.14 X lo-* 
45.3 6.12 k 0.10 X lo-* 

5 Temperature control a t  34.9, 46.8, 45.1 was f 0.01'. 

TABLE I V  
ACTIVATION QUANTITIES FOR REACTION OF TRIPHENYL- 

PHOSPHINE WITH  HALOAC ACE TOP HEN ONES^ 
Hal0 ketone E., kcal/mole A H z ,  kcal/mole AS*, eu 

l a  10.86 f 0.51* 10.3b -29.gb 
IC 12 38 k 0.26 11.8 -27.4 
l e  11.16 k 0.546 10. 6h -27.2b 
2 10.12 k 0.53O 9 . S c  -42.5' 

a From data at 34.9 and 46.8" unless otherwise stated. 
c From data at 34.9 and From data a t  0.0, 34.9 and 46.8". 

45.1'. 

(9) Kindly performed by Professor M. Charton, Pra t t  Institute. 
(10) J. E. Leffler and E. Grunwald, "Rates and Equilibria of Organic 

(11) Why the reactions in nitromethane are faster is not clear. Various 
Reactions," John Wiley and Sons, Inc., New York, N. Y., 1963. 

possibilities are under consideration. 



VOL. 32 3562 BOROWITZ AND PARNES 

The rate constants for the reaction of several aryl- 
substituted bromoacetophenones with pyridine are 
given in Table V. 

TABLE V 
RATE CONSTANTS FOR REACTION OF PYRIDINE AND meta, 

Pam-SUBSTITUTED WBROMOACETOPHENONES I N  NITRO- 
METHANE AT 34.9 * 0.01" 

Bromo ketone0 Substituent kl, 1. mole-1 min-1 Re1 k 
Bromoacetophenone l a  0.527 k 0.003 1 .00  

l b  p-CHaO 0.419 * 0.004 0.80 
Id p-Br 0.767 * 0.024 1.45 
le p-NO2 0.863 -C 0.001 1.64 

5 Initial concentrations used were 0.0100 Af pyridine and 
0.0100 M bromo ketone. 

The use of u p  values in the computer calculated 
Hammett plot gives p = +0.303 ( R  = 0.923) while 
the use of oPo values gives p = +0.312 ( R  = 0.892). 
The "confidence level" of these results is only 90% in 
contrast to  the high R values for the phosphine 
kinetics. 

The reaction of 2 with triphenylphosphine was 
found to  be 44 times faster than with pyridine a t  
34.90 +_ 0.01" (kz = 3.60 k 0.14 X 1. mole-' 
min-'; 8.13 k 0.05 X 1. mole-' min-', respec- 
tively). 

Discussion 

The p value of +0.303 obtained by us for the reac- 
tion of bromoacetophenones with pyridine in nitro- 
methane a t  34.9" is in reasonable agreement with the 
small positive p values obtained for these reactions in 
acetonel2 (+0.55 a t  20") and in rnethanoll3 (+0.60 a t  
20"). The relative reaction rate of 65 : 1 for la : 2 with 
pyridine in nitromethane also agrees reasonably well 
with the reported ratio of 54 : l  in ethan01.l~ These 
reactions are probably best described by an S N ~  type 
of mechanism with additional overlap of the entering 
group to  carbonyl carbon in the transition state.I4 

The reaction ratio of 44: 1 for triphenylphosphine: 
pyridine in reaction with 2 reflects the greater nucleo- 
philicity of the phosphine in such displacement reac- 
tions. The triphenylphosphine :pyridine ratio for bro- 
moacetophenone la is 11 : 1. This smaller ratio for la, 
compared with that for 2, could be due to  several fac- 
tors. Since it appears that  triphenylphosphine and 
pyridine both react with la by bimolecular displace- 
ment of the bromide ion (see below) the smaller ratio 
for la compared with 2 may be due simply to  the 
greater reactivity (and lesser discrimination) of la in 
nucleophilic displacements. 

Of most importance in this present work is the find- 
ing of a small p value (+0.44) for the second-order 
bromoacetophenone-triphenylphosphine system in ni- 
tromethane. Such a small value is most easily ex- 
plained by a mechanism involving bimolecular nucleo- 
philic displacement of bromide ion by triphenylphos- 
phine. Thus the reaction of la with triphenylphos- 
phine under these conditions appears t o  be quite similar 
to  that  of 2 with triphenylphosphine and to those of 
la or 2 with pyridine. 

(12) H. H. Jaffe, Chsrn. Rm.. 55, 206 (1953). 
(13) A. J. Sisti and W. Memeger, Jr., J .  Org. Chem., S O ,  2102 (1965). 
(14) A. J. Siati and 8. Lowell, Can. J .  Chem., 42, 1896 (1964). 

The observed p value does not appear to be consis- 
tent with attack on bromine as usually pictured. 
Thus it is expected that initial displacement on bro- 
mine to give an enolate bromotriphenylphosphonium 
ion pair would be rate-determining (to be followed by 
a fast step involving ketophosphonium salt formation) 
and should give a p value comparable to that of the 
formation of benzoate from benzoic acid ( p  = 1.000 in 
water to  1.957 in ethanol is taken as the maximum 

rangelz). p values for the base-catafyzed formation 
of enolates from acetophenones are apparently not 
available. 

There is a possible complication that should be men- 
t.ioned. Since the p value for the triphenylphosphine 
la system is small, its sign might change with a mod- 
erate change of temperature depending upon the "iso- 
kinetic parameter temperature'' palz  If one is meas- 
uring near the isokinetic temperature then a small pos- 
itive p value might not necessarily be indicative of a 
negative charge buildup in the transition state. The 
only pertinent data on bromoacet'ophenone solvolysis 
is the known p value for the reaction of la  with aniline 
which is 210" K . 1 5  Such a temperature is safely re- 
moved from our operating temperatures. 

Because of the above possibility and because acti- 
vation parameters were desired, the rates of reaction 
of several of the bromoacetophenones with triphenyl- 
phosphine were found a t  several temperatures. The 
relative rates of la: IC : le  at  46.8" (1 : 0.995 : 2.32) when 
compared to  data a t  34.9' (Table 11) indicat,es that  a 
similar p value will be found a t  the higher temperature. 
An approximate p value calculated from these points 
is +0.38. 

The calculated activation enthalpy and entropy val- 
ues for la, IC (p-CH3), le  (p-NOz), and 2 in reaction 
with triphenylphosphine in nitromethane are all 
within the range for bimolecular nucleophilic displace- 
ment reactions in a polar solvent.16 

The reaction of 2 with pyridine in nitromethane is 
about 12 times faster than the reported rate in meth- 
anol" even though the dielectric constants of the sol- 
vents are similar.18 A similarly large rate difference 
in favor of nitromethane was riot,ed in the reactions of 
tributylphosphine with ethyl iodide.lB" 

In view of the apparently accelerated rates of reac- 
tion in nitromethane and because of other reasons it 
was desired to determine the relative rates of reaction 
of the bromoacet.ophenones with triphenylphosphine 
in other solvents. The relative rates of reaction of 
la: IC : le  with triphenylphosphine in acetonitrile, as 
presented above, indicates a p value similar (approxi- 
mately +0.37 from the three points given) to  that  in 

The la: l e  ratio a t  0" is similarly 2.52. 

(15) (a) J. C. Cox, J .  Chem. SOC., 119, 142 (1921). (b) Most 8 tempera- 

(16) (a) W. A. Henderson, Jr. and S. A. Buckler, J .  A m .  Chem. Soc., 
(c) Further studies on the observed 

(17) R. G. Pearson, S. H. Langer, F. V. Williams, and W. J. MeGuire, 

(18) The dielectric constants of methanol 32.6 (25O) and nitromethane 
35.9 (30') were taken from "Technique of Organic Chemistry," Vol. VII, 
2nd ed., A.  Weissberger, Ed., Interscience Publishers, Inc., New York, 
N. Y., 1955, pp 270-274. 

tures are in the 300-40O0 K range. 

82, 5794 (1960). (b) References 7, 8. 
differences for la and 2 are in progress. 

J .  A m .  Chem. SOC., 74, 5130 (1952). 
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nitromethane. Preliminary  experiment^^^ in benzene 
indicate that  the l e  (p-NO2):la reaction rate ratio 
with triphenylphosphine is between 2.1 and 3.0 (Ex- 
perimental Section), This was determined from the 
competition of equimolar amounts of le and la  for 
triphenylphosphine in benzene wherein 32-37 % of l e  
and 63-68% of la  were found to be unreacted by nmr. 
This suggests that the p value in benzene is not too 
different from that  in nitromethane and that it is 
still significantly below 1. 

It thus appears that la is converted to  the keto- 
phosphonium bromidje 3a, a t  least under the condi- 
tions studied in nitromethane and acetonitrile, via S N ~  
type of displacement of bromide ion. The present re- 
sults are not necessari1.y valid for other bromo ketones. 
The relationship of the present data to  the debromina- 
tion of la  with triphenylphosphine and protic species 
is now being explored. It is recognized that a more 
sensitive mechanistic test would involve the use of a 
benzylic bromo ketone series. We hope to  investigate 
such a series. 

Experimental Section 
Microanalyses were performed by Galbraith Laboratories, 

Knoxville, Tenn. Infrared spectra were recorded on a Beck- 
man IR-8. Nmr spectm were recorded on a Varian A-60A 
spectrometer with tetraniethylsilane as an internal standard. 
Thin layer chromatography was done on Brinkman silica gel 
HFzsr using mainly 5% ethyl acetate-benzene as the developing 
solvent. 

The following compounds were obtained commercially and 
recrystallized to a constant melting point and tlc purity (one 
spot): triphenylphosphine, bromoacetophenone, chloraceto- 
phenone, p-nitro-a-bromacetophenone, and p-bromo-a-bromo- 
acetophenone. 

Pyridine was stirred overnight with potassium hydroxide 
pellets and then distilled from calcium oxide through a glass 
helices packed column. 

Spectrograde (Eastman Kodak) nitromethane was dried and 
distilled from calcium chloride through a glass helices packed 
column. The fraction of bp 100.7" ( lk20 bp 100.8") was used 
for kinetic studies. Acetonitrile (Fisher reagent) was dried and 
distilled from phosphorus pentoxide. The fraction of bp 81.0' 
(lit.*O bp 80.06") was used for kinetic studies. Other solvents 
were dried and distilled by common procedures. 

p-Methoxy-a-bromoacetophenone (Ib).-To a solution of 
p-methoxyacetophenone (10 g, 0.067 mole) in carbon tetra- 
chloride (100 ml) was added bromine (10.66 g, 0.067 mole) 
dropwise with stirring. After being stirred for 3 hr the reaction 
mixture was washed with sodium bisulfite and dried, and the 
solvent was removed in VIZCUO. The crude product was recrys- 
tallized four times from 30-60' petroleum ether to give Ib, 7 g 
(46%) of white crystals, mp 69-70', only one spot (tlc) above 
that  for starting material. The nmr (CClJ of Ib exhibited a 
4 H AzBt quartet centered a t  T 2.5 (aromatic protons), a 2 H 
singlet a t  T 5.5 (methylene), and a 3 H singlet a t  6.0 (methoxy). 

m-Methoxy-a-bromoacetophenone (If).-The bromination of 
m-methoxyacetophenone, as for Ib, gave If as white flakes after 
five recrystallizations from 95 % ethanol, mp 61-62". The nmr 
(CDCls) exhibited 4 H aromatic proton absorption at  T 2.5, 
2.6-3.0, a 2 H singlet a t  ,5.5 (methylene), and a 3 H singlet a t  
6.0 (methoxy). 

p-Methyl-a-bromoacetophenone (IC).-To a stirred suspen- 
sion of aluminum chloride (49 g, 0.372 mole) in carbon disulfide 
(100 ml) was added a solution of bromoacetyl bromide (50 g, 
0.248 mole) in dry toluene (22.8 g, 0.248 mole) over a 1.5-hr 
period. The reaction mixture was then warmed on a steam 
bath for 1 hr and poured slowly over ice; the organic layer was 
extracted into ether. The ether layer was washed several times 
each with sodium carbonate and then water, dried over mag- 

'The fraction of bp 115.5" was used. 

(19) K. Kirby, research in progress. 
(20) "Handbook of Chemistry and Physics," 45th ed, R. C. Weaat, Ed., 

The Chemical Rubber Co., Cleveland, Ohio, 1964. 

nesium sulfate, and evaporated to leave a brown solid which was 
recrystallized four times from 30-60" petroleum ether to give 
IC, 35 g (66%) as white needles, mp 51-52" (lit." mp 48-50'), 
one spot (tlc). The nmr (CClJ of IC exhibited a 4 H AZB2 
quartet centered at  i 2.4, a 2 H singlet a t  5.6 and a 3 H singlet 
a t  7.6. 

A n d .  Calcd for C9HgBr: C, 50.73; H, 4.26; Br, 37.50. 
Found: C, 51.03; H, 4.29; Br, 37.87. 

Reaction of a-Bromoacetophenones with Pyridine and Tri- 
phenylphosphine.Severa1 of the bromo ketones were treated 
with pyridine or triphenylphosphine to  give genuine samples of 
pyridinium or triphenylphosphoniumzz bromides. Nitrometh- 
ane and other solvents were used for these reactions. 

Competition Experiments.-A mixture of l a  (2.010 g) and l e  
(2.436 g, 0.010 mole each) in dry benzene (20 ml) was treated 
with triphenylphosphine (2.715 g, 0.010 mole) in benzene (15 
ml) at  reflux. After two hr (no phosphineleft by tlc) amixture 
of phosphonium salts (5.001 g) was obtained. Nitrogen analy- 
ses of 1.79 and 1.68% were obtained for the mixture. This 
corresponds to 63% of the p-nitro salt from l e  and 37% of the 
salt from la. Use of the equation2~ 

gives a relative rate ratio of 2.96. The calculated % N for the 
pure phosphonium salt from l e  is 2.77. 

In  a similar experiment the phosphonium salts were removed 
and the ratio of unreacted 1a : le  was determined to be 68:32 
by comparison of their methylene peaks in benzene by nmr. 
The peaks were assigned by comparison with pure l a  and l e  
and the ratio is an average of three integrations. This gives a 
relative rate ratio for l e :  l a  of 2.14. 

Calibration Curves.-In a typical procedure, a calibration 
curve relating the conductivity of 3 to its concentration in 
solution was prepared as follows. The resistance of a solution 
of 3 (0.131 g) in nitromethane (50 ml) was measured at  34.9" in 
one of the conductivity cells used in the kinetic studies. The 
resistance was measured for the solution at  one-half and one- 
quarter concentration, the resistance values were converted to  
conductance values and the conductance was graphically 
plotted against concentration to give a straight line. The 
"infinite resistance'' values (see below) obtained in actual 
kinetic runs were converted to conductance values and were 
related to concentration of phosphonium salts from the calibra- 
tion curves. In this manner the reaction of triphenylphos- 
phine with la  waa shown to proceed to  96-98% in the kinetic 
runs. 

Kinetic Method.-Solutions of triphenylphosphine or pyri- 
dine and the appropriate halo ketone, usually 0.02 M each in 
nitromethane or acetonitrile, were equilibrated in volumetric 
flasks placed in a constant-temperature bath. A constant- 
volume sample of the halo ketone was withdrawn (all operations 
were done under nitrogen) with a standardized gas-tight Hamii- 
ton syringe fitted with a Chaney adapter and introduced 
through a rubber septum into a conductivity cell which had 
been previously flushed with nitrogen. The conductivity cells 
were fitted with two rubber-capped Teflon stopcocks and a 
septum-containing central joint to allow transfer of solutions 
under nitrogen. After the cell was brought to  constant temper- 
ature an equal volume of a triphenylphosphine or pyridine 
solution was injected, the cell was agitated in the bath for 30 sec 
and resistance readings were taken for a t  least three half-lives. 
The appearance of phosphonium or pyridinium salts wwe 
followed by the decrease in resistance at  1000 cps using a 
Thomas-Serfass bridge. The "infinite resistance," R,, was 
obtained as the constant resistance of the solution after 15-20 
half-lives. At the end of a run the solution w&s examined by 
tlc to show only the phosphonium or pyridinium salts in essen- 
tially every case. Significantly no debrominated ketones were 
found (by tlc) in the triphenylphosphine reactions. Thus any 

(21) "Dictionary of Organic Compounds," Vol. I, I. Heilbron, Ed., 
Oxford University Press, 1965, p 459. 

(22) A. V. Dombrovakii and M. I. Shevchuk, J .  Gen. CLm., USSR, 8% 
1268 (1963). 

(23) G. Russell in "Technique of Organic Chemistry," Vol. VIII, psrt I. 
2nd ed. 8. L. Frieas, E. 8. Lewia, and A. Weisaberger, Ed., Interscience Pub- 
lishers, Inc.. New York, N. Y., 1981. 
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moisture present in the polar solvents used did not alter the 
phosphonium salt formation.%* 

Calculation of Rate Constants and p Values.-Over-all second- 
order rate constants for the equal initial concentration runs 
were calculated by graphically plotting R / R  - R, vs. time, 
where R is the resistance at  the time t and R,  is the infinite 
resistance. The rate constants were then obtained from the 
slope of the linear second-order plot.* Two or more kinetic 
runs were usually performed for each set of compounds under a 
given set of conditions, the observed rate constants were aver- 
aged and the uncertainty was expressed as the standard devia- 
tion of their mean. Reproducibility of 1-2 '% was usually found. 

For the unequal initial concentration runs each resistance 
reading was converted to a conductance value and divided 

tration of salt at time t was determined and the quantity 
log b(a - z ) / [ a ( b  - s)] was calculated for each time t .  This 
quantity was plotted against time to give a straight line from 
whose slope the second-order rate constants were determined 
from the usual second-order equation. 

Approximate (three point) Hammett p correlations were done 
by the usual plotting of log k/ko us. u values. The more pre- 
cise p values obtained from the data given in Tables I1 and V 
were calculated by M. Charton.0 

Registry No.-la, 70-11-1; lb, 2632-13-5; IC, 619- 
41-0; Id, 99-73-0; le, 99-81-0; If ,  5000-65-7; 2, 532- 
27-4; triphenylphosphine, 603-35-0. 

by the-conductance for 100% reaction to  give the per cent of 
phosphonium salt for each time. From this the actual concen- Acknowledgment.-We are indebted to  Dr. Grace 

Borowitz, Dr. Martin Gragson, and Professor Cheves 
(24) We have found that 1 equiv of methanol cause8 much less dehalogena- 

tion in the la-triphenylphoaphine system in acetonitrile than in benzene.1) 
Furthermore ka in only slightly less for this syatem (Table 11) in the presence 

Walling for stimulating discussions and to Professor 
M. Charton for the computor-calculated Hammett p 
values. of 1 equiv of ethanol. 
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The reaction of 2-bromoacetophenone oximes with triphenylphosphine was investigated. Under ordinary 
condition a Beckmann rearrangement occurred and the product was N-phenylacetimidoyl bromide. In  view 
of this result, the reaction of keto oximes with triphenylphosphine dibromide was examined and a new syn- 
thesis of ketenimines was developed. In  the presence of a trace of bases, the reaction of 2-bromoacetophenone 
oximes with triphenylphosphine led to  exclusive formation of oximinophosphonium salts. The oximino- 
phosphonium salts were treated with base to yield the dehydrobrominated products, whose structure and 
reactions were studied. 

The reactions of a-halocarbonyl compounds with 
tertiary phosphines have been reported by many work- 
ers to afford either 2-oxophosphonium salts or various 
products v ia  enolphosphonium salts.' In  an extention 
of this reaction to a-halo oximes, it might be expected 
that Zoximinophosphonium salts or other products 
via intermediates analogous to enolphosphonium salts 
would be formed. I n  the present paper, we report the 
reactions of 2-bromoacetophenone oximes (1) with tri- 
phenylphosphine (2), which resulted in the formation 
of acetimidoyl bromides (3) and of Zoximinophos- 
phonium salts (12) by a novel catalytic effect of bases. 

%Bromoacetophenone oxime was recorded by Kor- 
ten and Scholl to be obtainable as prisms or needles 
with mp 92" in the treatment of 2-bromoacetophenone 
with 3 equiv of hydroxylamine hydrochloride in aque- 
ous methanol;2 the product has been believed to  be 
almost pure in the recent papers.a However, the nmr 

(1) See, for example, (a) F. Ramirez and 9. Dershowite, J .  Ore. Cham., 
08, 41 (1957); (b) S. Trippett, J .  Chem. Soc., 2337 (1962); (c) 1. J. Borowitz 
and L. I. Grossman, Tetrohcdron Letters, 471 (1962): (d) H. Hoffman and 
H. J. Diehr, ibid., 583 (1962): (e) A. J. Speziale and L. R. Smith, J .  Am. 
Clem. Soc., 84, 1868 (1962): (f) R. D. Partos and A. J. Speziale. ibid.. 87, 
5068 (1965): (g) P. A. Chopard, R. F. Hudson, and G. Klopman, J .  Chem. 
SOL, 1379 (1965); (h) I. J. Borowitz, K. C. Kirby, Jr.. and R. Virkhaua. 
J .  Ore. Chem.. 81, 4031 (1966). 

(2) H. Korten and R. Scholl. Bw., 34, 1907 (1901). 
(3) (a) H. P. Fischer and C. A. Grob, H e b .  Chim. Ada, 46, 2528 (1962); 

(b) M. Maeaki, M. Sugiyama, 5. Tayama, and M. Ohta. Bull. Chem. Soe. 
Japan. 39, 2745 (1966). 

analysis of the product revealed that the procedure 
gave only a mixture of 2-bromoacetophenone oxime 
(r 5.63, 2 H) and a considerable amount of Zchloro- 
acetophenone oxime (r 5 . 4 5 2  H) which was formed by 
replacement of bromine with chlorine during the ox- 
imination. 2-Bromoacetophenone oxime (la) could 
be obtained in a pure form with mp 97-98' by treat- 
ment of 2-bromoacetophenone with hydroxylamine 
hydrobromide in methanol. Some 4'-substituted 2- 
bromoacetophenone oximes were prepared by this pro- 
cedure and the constants are summarized in Table I. 

When la was treated with triphenylphosphine (2) 
in absolute acetonitrile a t  room temperature, a trace 
of hydrogen bromide was evolved and N-phenylace- 
timidoyl bromide (3a) was formed together with tri- 
phenylphosphine oxide (4). The formation of 3a was 
confirmed by treatment of the reaction mixture with 
water or aniline a t  room temperature, giving acetani- 
lide or N,N'-diphenylacetamidine in ca. 40% yield. 
I n  the treatment with aniline, a trace of N,N'-diphen- 
ylanilinoacetamidine was also isolated. 

Analogous reactions of %bromo-4'-nitroacetophe- 
none oxime (lb), 2-bromo-4'-methylacetophenone ox- 
ime ( IC) , and %bromo-4'-chloroacetophenone oxime 
(Id) with 2 resulted in the formation of the correspond- 
ing acetimidoyl bromides (3b, 3c, and 3d) and 4. 

A probable pathway for this reaction would involve 
an initial nucleophilic attack of tricovalent phosphorus 


