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chromatogram of the unhydrogenated photolysate is shown in 
Figure 1. Assays of this photolysate were made periodically until 
the peak B (Figure 1) had disappeared (25 days). The results 
are given in Table I. 

Assay of Formaldehyde. Hantzsch's reagent solution was 
prepared as de~cribed.~ The molar absorbtivity of diacetyldi- 
hydrolutidine (the product of reaction of Hantzsch's solution with 
formaldehyde) was determined in aqueous DME as follows. A 
solution of 2.46 mg (8.2 X loT2 mmol) of paraformaldehyde was 
made in 100 mL of Hantzsch's solution, and this was diluted to 
200 mL with DME. The mixture was incubated at 45-50 O C  for 
12 h and diluted appropriately with a 5050 mixture of Hantzsch's 
solution and DME for spectrophotometry at three dilutions. The 
molar absorptivity was 7.48 * 0.06 X lo3. Nash reports a molar 
absorptivity of 8.0 X lo3 in aqueous  solution^.^ Assays of form- 
aldehyde in photolysis solutions were carried out before and after 
hydrogenation in the same way. This means necessarily that the 
assay before hydrogenation refers to free formaldehyde plus that 
obtained by hydrolysis of 4c by Hantzsch's reagent. Assay after 
hydrogenation refers to free formaldehyde only. 
N-Methylbutane-p-cyanosulfenanilide. There are two 

possible adducts of BuSH to the N-methylene amine 4c. One 

of these is N-methylbutane-p-cyanosulfenanilide, NCCsH4N- 
(SBu)CH3 (lo), and the other is N - [  (buty1thio)methyll-p- 
cyanoaniline, NCC6H4NHCH2SBu (11). The former (10) could 
arise from ionic addition and the latter (11) from free-radical 
addition of BuSH to 4c. It was thought that either one could be 
responsible for the new unidentified peak which appeared in the 
HPLC chromatograms when IC was photolyzed in the presence 
of BuSH. The preparation of 10 was carried out by reaction of 
N-methyl-p-cyanoaniline with butanesulfenyl chloride according 
to the procedure of Ainpour and Heimer.lo The product [bp 
132-136 "C (0.03 mmHg] was found by 'H NMR and high- 
pressure LC to contain some N-methylaniline. The retention time 
of 10 in the high-pressure LC was greater than that of the un- 
identified peak. Attempts to make 11 for high-pressure LC 
comparison with the unidentified peak were not successful. 

Registry No. IC, 79121-25-8; Id, 5579-27-1; le, 74763-65-8; 2c, 
79121-26-9; 2d, 14996-70-4; 2e, 74763-66-9; 3c, 4714-62-9; 3d, 100- 
61-8; 3e, 6911-87-1; 4c, 79121-27-0; 5c, 873-74-5; 1-methyl-1-(p- 
cyanophenyl)hydrazine, 79121-28-1. 

(10) Ainpour, P.; Heimer, N. E. J. Org. Chem. 1978,43, 2061. 
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The reactions of a number of nucleophiles with trans-3-methoxyacrylophenone (MeOAcr) and with trans- 
3-(methylthio)acrylophenone (MeSAcr) in water and methanol have been studied. The reactions of amines produce 
enamines as the first observable products, and primary amines show simple kinetics: first-order with respect 
to amine and first-order with respect to the acrylophenone. Piperidine reactions show kinetics which are consistent 
with a change in the rate-determining step with a change in amine concentration. Methoxylamine reactions produce 
the monooximes, and semicarbazide reactions produce the monosemicarbazone with MeOAcr but the disemi- 
carbazone with MeSAcr. The reactions of hydroxide ion produced the enolate of benzoylacetaldehyde, which, 
a t  the high base concentration used in the MeSAcr reaction, was further converted to acetophenone and formate 
ion. Methoxide and cyanide ion reactions given addition across the double bond. Rate constants for the reactions 
of MeOAcr are 20-1000 times greater than those for corresponding reactions of MeSAcr. There is a very good 
correlation of the rate constants for reactions of nucleophiles with MeOAcr and those with 2,4-dinitrophenyl 
acetate in both water and methanol solution. 

Some years ago, Friedman and his co-workers2p3 showed 
that the relative rates of reactions of a series of amines and 
thiolates with a variety of compounds of the type CH2= 
CHX, with X = CN, CONH2, C02R, PO(OR)2, and S02R, 
are independent of the identity of X. The Br~nsted slopes 
for the reactions of amines are all very close to 0.4, and 
the thiolate/amine rate ratios are ca. 150. These charac- 
teristics are very similar to  those which we have reported 
for reactions of these nucleophiles with a range of elec- 
trophiles.' 

Fedor and his co-workers4 have carried out mechanistic 
studies of the reactions of amines with a series of para- 
substituted trans-3-methoxyacrylophenones which support 
the addition-elimination mechanism proposed by Rap- 

(1) Previous paper in this series: C. D. Ritchie, A. A. Kamego, P. 0. 

(2) M. Friedman, J. F. Cavins, and J. S. Wall, J. Am. Chem. SOC., 87, 
I. Virtanen, and C. Kubisty, J. Org. Chem., 46, 1957 (1981). 

3672 (1965). 
(3) M. Friedman and J. S. Wall, J. Org. Chem., 31, 2888 (1966). 
(4) J. H. Chu, B. S. R. Murty, and L. Fedor, J .  Am. Chem. SOC., 98, 

3632 (1976). 

p0p0rt5 for these types of reactions and which indicate that 
attack of amine is the rate-determining step of the reac- 
tions. 

We became interested in these latter reactions for two 
primary reasons: first, we wished to examine further cases 
of neutral electrophiles reacting with nucleophiles in dif- 
ferent solvents in order to gain further information on the 
variations in relative reactivities of electrophiles with 
change in solvent6; second, the replacement of the methoxy 
group with a methylthio group offered the opportunity of 
investigating the effect of this change from a group with 
high to a group with low polarizability directly bonded to 
the electrophilic reaction site. The first reason above was 
strengthed by Hods recent report' that the reactions of 
nucleophiles with a,a-dinitromethylenefluorene in several 
different solvents followed the N, relationship based on 

~~ 

(5 )  Z. Rappoport and P. Peled, J. Am. Chem. SOC., 101,2682 (1979), 

(6) C. D. Ritchie and M. Sawada. J. Am. Chem. Soc., 99,3754 (1977). 
(7) S. Hoz and D. Speizman, Tetrahedron Lett., 1775 (1978). 

and earlier papers cited therein. 

0022-3263/81/1946-4704$01.25/0 0 1981 American Chemical Society 



Cation-Anion Combination Reactions 

carbonium ion reactions. We have also been intrigued by 
Bernasconi's recent work8 aimed at examining the simi- 
larities in nucleophilic additions to activated double bonds 
and the proton transfers of similarly activated alkanes. 

The results of our studies of the reactions of nucleophiles 
with trans-3-methoxyacrylophenone (MeOAcr) and with 
trans-3-(methylthio)acrylophenone (MeSAcr) in water and 
methanol solution are  presented here. 

Experimental Section 
Materials. trans-3-Methoxyacrylophenone was prepared by 

the reaction of 3-chloroacrylophenone with sodium methoxide 
in methanol as described by Mats~moto .~  Repeated distillation 
from a small amount of potassium bisulfate gave the pure material, 
bp 113-115 OC (0.5 mm) [lit!. bp 112 OC (1.8 mm)]. 

trans-3-(Methylthio)acrylophenone was obtained by the re- 
action of sodium thiomethoxide in methanol with 3-chloro- 
acrylophenone: bp 143-144 "C (0.7 mm); 'H NMR in CDC13 6 
2.35 (s,3, SCHJ,6.65 ( d , J  = 14 Hz,l,=CHCO),7.45 (m, 3,arom), 
7.9 (m, 2, arom), 7.93 (d. J = 14 Hz, 1, =CHS). 

The sources of all other reagents have been described in earlier 
papers.' 

Apparatus. UV spectra were recorded on a Cary Model 14 
or a Shimadzu Model UV-300 spectrophotometer, Kinetic studies 
utilized either a Gilford Model 140 spectrophotometer or the 
singlewavelength stop-flow apparatus described in earlier papers. 
In all cases, the reacting solutions were thermostated at  25.0 f 
0.1 OC. NMR spectra were obtained with a Varian A-60 spec- 
trometer. 

Preparation of Solutions. Stock solutions of the 3-substituted 
acrylophenones were prepared by weighing samples of ca. 160-170 
mg in a 10 mL volumetric flask and filling the flask with aceto- 
nitrile to give solutions ca. l. X low2 M. Microliter pipets were 
used to dilute these solutions into the aqueous or methanolic 
solutions of nucleophiles to give final concentrations ranging from 

Sodium or potassium hydroxide solutions were standardized 
with potassium hydrogen phthalate with phenolphthalein as in- 
dicator. These solutions were then used for the standardization 
of hydrochloric acid solutions and for the preparation of buffers. 

Sodium methoxide solutions in methanol were prepared by the 
addition of small pieces of freshly cut sodium to anhydrous 
methanol under nitrogen in a glovebag. In a few experiments, 
commericalO.5 M sodium methoxide titrant (Eastman) was em- 
ployed and gave the same results as the freshly prepared reagent. 
The methoxide solutions, after 25-fold dilution with water, were 
standardized with potassium hydrogen phthalate. 

Buffers for the reactions of amines were prepared from solutions 
of the amine hydrochlorides by partial neutralization with hy- 
droxide (water) or methoxide (methanol) solutions described 
above. The solutions of glycine ethyl ester were prepared im- 
mediately before use. 

Cyanide buffer solutions were prepared immediately before use 
by partial neutralization of potassium cyanide solution with hy- 
drochloric acid. 

Kinetic Studies. All reactions were studied under pseudo- 
first-order conditions with the nucleophile in large excess. Ionic 
strength of all solutions was adjusted to 0.10 M by the addition 
of either NaCl or NaC104, in water, and NaC104 in methanol. The 
amine and cyanide solutions were buffered with the conjugate 
acid of the nucleophile. Methoxide and hydroxide solutions were 
unbuffered. 

At least one experiment was carried out for each reaction in 
which all the W spectral changes during reaction were followed. 
With the exceptions of the reactions of semicarbazide with 
MeOAcr and of hydroxide with MeSAcr, the spectral changes 
indicated simple conversibn of reactant to product with no in- 
termediates, and the kinetics were then studied by following either 
the absorbance of the acrylophenone (275 nm for MeOAcr and 
330 nm for MeSAcr) or that of the products (330-340 nm for 

5 x 10-5 to 1 x 10-3 M. 
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(8) C. F. Bernasconi and S. Fornarini, J. Am. Chem. Soc., 102, 5329 

(9) T. Mataunoto and H. Shirahama, Bull. Chem. SOC. Jpn., 38,1289, 
(1980), and earlier papers cited therein. 

1293 (1965). 

Table I. Summary of Experimental 
Conditions Employeda 

concentration range, M com- 
nucleophile in water in methanol ment 

A. Reactions of trans-3-Methoxyacrylophenone 
hydroxide ion 
methoxide ion 
cyanide ion 
piperidine 
morpholine 
n-propylamine 
glycine ethyl ester 
ethylenediamineH' 
2,2,2-trifluoro- 

ethylamine 
methoxylamine 
semicarbazide 

0.01-0.05 

0.02-0.20 
0.002-0.05 
0.0 2-0.05 
0.02-0.05 
0.03-0.05 
0.01-0.05 
0.02-0.05 

0.005-0.05 
0.02-0.05 

0.005-0.05 

0.0025-0.025 c 
0.005-0.030 c 
0.0025-0.040 C, d 
0.01-0.025 c 

0.010-0.10 c 

b 

C 

0.020-0.025 c 
c, e 

B. Reactions of truns-3-( Methylthio)acrylophenone 
hydroxide ion 0.06-0.50 f 
methoxide ion 0.01-0.10 
cyanide ion 0.03-0.04 b 
piperidine 0.005-0.05 C 
morpholine 0.01-0.05 C 
n-propylamine 0.0 2-0.05 C 
glycine ethyl ester 0.03-0.05 C 
ethylene- 0.02-0.05 C 

2,2,2-trifluoro- 0.03-0.05 C 

methoxylamine 0.05-0.1 0 C 
semicarbazide 0.02-0.05 c, g 

diamineH+ 

ethylamine 

a All reactions were studied at 25.0 i 0.1 'C, and the 
ionic strength was 0.10 M unless otherwise noted. b Solu- 
tions contained equal concentrations of HCN and CN-. 
In the one experiment with [CN-] above 0.1 M, the ionic 
strength was 0.20 M. C Solutions contained equal con- 
centrations of the amine hydrochloride. The reactions 
of n-butylamine in methanol employed the same range of 
concentrations, For both the n-propylamine and n- 
butylamine reactions, the amine/amineH+ was varied from 
0.25 to  4.0. e Rate constants were calculated from 
the first half-life because of interference from further 
reaction at longer times, as discussed in the Experimental 
Section. f The rate constant reported in Table I1 was 
calculated for concentrations of hydroxide ion below 0.10 
M and was based on data for the first half-life of the 
reactions because of further reaction as discussed in the 
Experimental Section. g The disemicarbazone was the 
observed product of the reaction. 

enamine products). Pseudo-first-order rate constants were cal- 
culated by the nonlinear least-squares method described in earlier 
papers.' 

The reaction of MeOAcr with semicarbazide buffers showed 
a decrease in the absorbance at 275 nm (MeOAcr) followed by 
a slower increase in absorbance at 285 nm (disemicarbazone), with 
isosbestic points appearing at  252 and 315 nm for the slower 
reaction. The slow reaction did not occur with unbuffered sem- 
icarbazide solutions, and the monceemicarhne was the observed 
product. A prepared sample of the monosemicarbazone1° reacted 
with buffered semicarbazide to produce the disemicarbazone,10 
with spectral characteristics confirming the above assignment. 
In the reaction of MeSAcr with semicarbazide buffers, the di- 
semicarbazone is formed without detectable amounts of the 
monosemicarbazone present at any time. 

The reaction of MeOAcr with hydroxide ion yielded the enolate 
ion of benzoylacetaldehyde whose further conversion to aceto- 
phenone and formate ion" was negligible under the reaction 
conditions. In the more basic solutions used for the reaction of 
MeSAcr, the further reaction of the benzoylacetaldehyde enolate 
was competitive with its formation. Three-point analyses of the 

(10) K. V. Auwers and B. Ottens, Chem. Ber., 58B, 2072 (1925). 
(11) J. Rahil and R. F. Pratt, J. Am. Chem. SOC., 99, 2661 (1977). 
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only slightly outside of expected experimental error, with 
a clear trend toward smaller values a t  the lowest concen- 
trations of amine used. For the piperidine reactions, the 
second-order rate constants showed the behavior expected 
of a change in rate-determining step of the reaction from 
amine attack, a t  high amine concentrations, to proton 
transfer, a t  low amine concentrations, as found by Fedor12 
for the reaction of morpholine with trans-C(p-methoxy- 
phenoxy)-3-buten-2-one. The double-reciprocal plot of 
second-order rate constant vs. amine concentration12 was 
accurately linear for the reactions with MeOAcr in both 
water and methanol (r = 0.999 and 0.982, respectively) and 
with MeSAcr in water ( r  = 0.991). The slopes and inter- 
cepts of the plots gave values of k, and k-,/kb for the 
Scheme I as follows: MeOAcrlin water, k, = 40.9 M-' s-l, 

Scheme I 
ka 

k 11 
PhCOCH=CHX + R2NH Z 

PhCOCH--CHXNRZH+ 

kb 
PhCOCH--CHXNR2H+ + R2NH - products 

k- , /kb = 2.65 X M; MeOAcr in methanol, k, = 3.25 
M-' 8 ,  k- , /kb = 1.64 X M; MeSAcr in water, k, = 

obtained are those reported in Table 11. 
Reactions of Methoxylamine and Semicarbazide. 

The reactions of methoxylamine with both MeOAcr and 
MeSAcr produced the o-oxime of benzoylacetaldehyde in 
clean reactions which were first-order with respect to both 
acrylophenone and nucleophile. The second-order rate 
constants were calculated by division of the pseudo- 
first-order rate constants by the nucleophile concentrations 
and were precise to better than +lo%. 

The reaction of semicarbazide with MeSAcr produces 
the disemicarbazone of benzoylacetaldehyde cleanly, and 
the kinetics are accurately first-order with respect to both 
MeSAcr and semicarbazide. The second-order rate con- 
stant was calculated by division of the pseudo-first-order 
rate constants by semicarbazide concentrations and was 
precise to better than *lo%. 

As discussed in the Experimental Section, the reaction 
of semicarbazide with MeOAcr produces the o-semi- 
carbazone which is further converted to the disemi- 
carbazone of benzoylacetaldehyde under the experimental 
conditions utilizing semicarbazide buffer. Pseudo-first- 
order rate constants calculated from the data obtained 
before appreciable appearance of the disemicarbazone 
showed the expected dependence on semicarbazide con- 
centration, and the derived second-order constants were 
precise to better than *lo%. 

Reactions of Hydroxide Ion. The reaction of hy- 
droxide ion with MeOAcr exhibited good pseudo-first-order 
kinetics and the reaction cleanly produced the enolate of 
benzoylacetaldehyde under the reaction conditions em- 
ployed. Rate constants were proportional to hydroxide ion 
concentration, and the derived second-order rate constants 
were precise to better than *lo%. The value obtained, 
0.61 M-l S-' at 25 OC and ionic strength 0.1 M, is in rea- 
sonable accord with the value of 0.31 M-l s-l reported4 for 
reaction at  30 "C and ionic strength 1.0 M. 

The reaction of hydroxide ion with MeSAcr is compli- 
cated by the conversion of the initial product, benzoyl- 
acetaldehyde enolate, into acetophenone and formate ion 
at  a rate comparable to the initial reaction. Pseudo- 

0.630 M-' 8, k,/kb = 3.14 X M. The values of k, thus 

Table 11. Rate Constants for Reactions of Nucleophiles 
With MeOAcr and MeSAcra 

k , ,  M-' s" 
k M e O A u l  

nucleophile (solvent) MeOAcr MeSAcr kMeSAcr 
piperidine (water) 40.9 0.630 65 
morpholine 3.8 0.11 33 

(water) 

(water) 

(water) 

(water) 

ethylamine 
(water) 

(water) 

(water) 

(water) 

(water) 

(MeOH) 

(MeOH) 

(MeOH) 

(MeOH) 

(MeOH) 

(MeOH) 

ethylamine 
(MeOH) 

(MeOH) 

n-propylamine 3.4 2.1 X lo-'  161 

glycine ethyl ester 0.39 4.0 X 98 

ethylenediamineH' 0.31 2.2 x 10-3 138 

2,2,2-trifluoro- 3.3 X 2.4 X 137 

methoxylamine 2.8 x lo-* 1.8 x 16 

semicarbazide 3.5 X lo-' 4.2 X 84 

cyanide ion 3.3 X lo-'  1.5 X 223 

hydroxide ion 0.61 5.3 X 1157 

methoxide ion 1.1 3.1 x 10-3 347 

piperidine 3.2 

morpholine 0.90 

n-butylamine 0.43 

n-propy lamine 0.37 

glycine ethyl ester 9.4 x lo-,  
2,2,2-trifluoro- 6.4 x 10-3 

methoxylamine 1.3 x lo-' 

a At 25.0 5 0.1 "C and ionic strength of 0.10 M. 

spectra confirmed the expected reaction scheme. The identity 
of the benzoylacetaldehyde enolate intermediate was further 
confirmed from the spectral changes on acidification of a p&ially 
reacted solution as compared to those of an authentic sample of 
benzoylacetaldehyde. 

The experimental conditions utilized for the study of the re- 
actions are summarized in Table I. 

Results 
Reactions of Primary Amines. Under the conditions 

employed for the reactions of amines, the pH of the so- 
lutions was sufficiently low that the reactions of hydroxide 
or methoxide ion were negligible. The reactions followed 
good pseudo-first-order kinetics and cleanly produced the 
corresponding enamines as  product^.^ Variation of the 
buffer ratio in the reactions of n-propylamine and of n- 
butylamine with MeOAcr in both water and methanol 
produced no deviations from linear dependence of rate on 
amine concentration. The second-order rate constants 
reported in Table I1 were calculated by division of the 
pseudo-first-order rate constants by the amine concen- 
tration and showed precision of better than *lo% in all 
cases. 

Reactions of Secondary Amines. The reactions of 
morpholine and of piperidine with both MeOAcr and 
MeSAcr exhibited good pseudo-first-order kinetics with 
clean production of the enamines. The pseudo-first-order 
rate constants were not, however, proportional to amine 
concentrations. In the reactions of morpholine, the de- 
viations of the calculated second-order rate constants were (12) P. A. Lartey and L. Fedor, J .  Am. Chem. SOC., 101, 7385 (1979). 
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first-order rate constants were calculated from the reac- 
tions at  the lower hydroxide concentrations shown in Table 
I by using data for early stages of reaction before appre- 
ciable hydrolysis of the initial product. The calculated 
second-order rate constants were precise to better than 
&lo%. A further check was carried out by analysis of the 
spectra during reaction of 0.5 M hydroxide ion to deter- 
mine the concentrations of all three absorbing species as 
functions of time. The disappearance of MeSAcr followed 
pseudo-fmt-order kinetics and the calculated second-order 
rate constant was only slightly lower than that obtained 
a t  the lower ionic strength, as expected. 

Reactions of Methoxide Ion and Cyanide Ion. These 
reactions showed simple spectral changes consistent with 
addition across the double bond. The reactions followed 
good pseudo-first-order kinetics with the rate constants 
proportional to nucleophile concentrations. Second-order 
rate constants were precise to better than *lo%. 

All rate constants obtained in the present study are 
reported in Table 11. 

Discussion 
The present data for the reactions of primary amines 

with MeOAcr and with MeSAcr are quite similar to that 
reported by Fedor4 for reactions with the p-(dimethyl- 
amino)-substituted MeOAcr. For both the MeOAcr and 
MeSAcr reactions, the Brernsted slopes are ca. 0.4 as com- 
pared to 0.37 reported by Fedor. The behavior of the 
reactions of piperidine with MeOAcr and with MeSAcr, 
showing a change in rate-determining step with concen- 
tration of amine, provides strong evidence for the addi- 
tion-elimination mechanism which Fedor proposed for 
these4 an similar12 reactions. The fact that MeOAcr is 
more reactive than MeSAcr toward all of the amines is also 
in accord with the addition-elimination mechanism since 
any appreciable bond-breaking to the leaving group should 
favor MeSAcr over MeOAcr. 

In this last regard, the present data also support the 
conclusion4 that the reaction of hydroxide ion proceeds 
with rate-determining attack of hydroxide on the double 
bond. This is somewhat surprising since, in the case of 
MeOAcr, one might expect methoxide ion to be a poorer 
leaving group than hydroxide If this were true, we 
should have expected that the rate ratio for the reaction 
of hydroxide ion with MeOAcr and MeSAcr would be 
smaller than for the reactions of amines and perhaps that 
MeSAcr would be more reactive than MeOAcr. As shown 
in Table 11, the data are not in accord with this expecta- 
tion; the rate ratio is actually larger for hydroxide reactions 
than for the amine reactions. 

The reactions of cyanide ion, methoxide ion, semi- 
carbazide, and methoxylamine with MeOAcr and MeSAcr 
give products in which the 2-carbon is protonated. The 
kinetics of these reactions, with the second-order rate 
constants having no dependence on buffer concentration, 
and the greater reactivity of MeOAcr than of MeSAcr 
indicate that the rate-determining step is the attack of the 
nucleophile. 

The last column of Table I1 shows clearly that the 
change from OCH3 to SCH3 groups attached to the elec- 
trophilic center significantly changes the relative reactiv- 
ities of the nucleophiles in the present reactions. The 
hydroxide/methoxylamine rate constant ratio changes 
from 22 for MeOAcr to 0.3 for MeSAcr, the largest vari- 
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(13) In fact, cases can be found in which methoxide is a better leaving 
group than is hydroxide [C. K. Sauers, W. P. Jencks, and S. Groh, J. Am. 
Chem. Soc., 97, 5546 (1975)] or a poorer one [L. H. Funderburk, L. 
Aldwin, and W. P. Jencks, ibid., 100, 5444 (1978)). 
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Figure 1. Plot for reactions of nucleophiles with MeOAcr vs. 
those with [p-(dimethylamino)phenyl]tropylium cation. The 
points marked with “M” are for methanol solution. 
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Figure 2. Plot for reactions of nucleophiles with MeOAcr vs. 
those with (2,4-dinitrophenyl)acetate. The points marked with 
an “ M ’  are for methanol solution. 

ation shown. We can offer no rationalization of these 
changes, but note that they are not in accord with polar- 
izability arg~ments . ’~ The MeOAcr/MeSAcr rate ratio 
is essentially the same for the polarizable cyanide ion as 
for the less polarizable amines or methoxide ion. 

The change of solvent from water to methanol also 
changes the relative reactivities of nucleophiles toward 
MeOAcr as compared with other electrophiles studied in 
earlier work.’ The data for reactions of MeOAcr vs. those 
of the [p-(dimethylamino)phenyl]tropylium ion are shown 
in figure 1. The dispersion of the data into separate lines 
for the two solvents is similar to, but more pronounced 
than, that seen in our earlier study of nucleophilic aromatic 
substitution reactions.6 Figure 2 exhibits the data for 
reactions of MeOAcr vs. those of 2,4-dinitrophenyl- 
acetate.15J6 In this latter case, the similarity of the relative 
reactivities in the two solvents is quite striking and must 
be due to similarities in the transition states for the re- 
actions (i.e., Fedor’s “vinylogous ester” analo&12 for these 

(14) G. Bartoli and P. E. Todesco, Acc. Chem. Res., 10,125 (1977), and 
earlier work cited therein. 

(15) The data for the aqueous solution are from W. P. Jencks and M. 
Gilchrist, J. Am. Chem. SOC., 90, 2622 (1968). 

(16) The data for reactions of nucleophiles with 2,4-dinitrophenyl 
acetate in methanol solution were obtained in our laboratories by Mr. D. 
W. Hamp. The reactions were followed by the production of the aryl- 
oxide ion, and the techniques used were analogous to those reported in 
ref 6 above. For the reactions at 25.0 OC and an ionic strength of 0.01 
M, the logarithms of the rate constants (M-I 9-I) are as follows: n-BuNH2, 
1.03; ethyl glycinate, 0.08; CFsCHtNH2, -1.39; morpholine, 1.03; meth- 
oxylamine, -0.68; CH30- 2.65. 
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types of reactions). It should be noted, however, that this 
similarity does not apply in the comparison of MeOAcr/ 
MeSAcr vs. oxy ester/thioester reactivities since the 
thioesters are generally somewhat more reactive than the 
corresponding oxy esters.17 
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Cyclopropylmethanols are converted into homoallylic halides in high yield by treatment with magnesium bromide 
or iodide in refluxing, anhydrous diethyl ether. For uncovering of the details of the reaction mechanism, 
(cyclopropylpheny1methoxy)magnesium bromide (3a) was prepared by treatment of cyclopropylphenylmethanol 
(1) with hydridomagnesium bromide. Alkoxymagnesium bromide 3a was stable in refluxing diethyl ether and 
was not changed when treated with tetrabutylammonium bromide but was transformed into 4-bromo-l- 
phenyl-1-butene by treatment with hydrogen bromide or magnesium bromide. These results, together with 
first-order kinetics for the reaction of magnesium halide with 1, suggest a mechanism involving rapid formation 
of an intermediate ion pair (4), a magnesium oxonium bromide, which undergoes rate-determining ring opening 
to give homoallylic halide. A Hammett study of the reaction of substituted cyclopropylphenylmethanols with 
magnesium iodide provided a p value of -1.82, revealing substantial positive charge development on the carbinol 
carbon in the latter step. This investigation provides one of only a very few reported examples of Hammett studies 
used to probe positive charge development for a reaction carried out in anhydrous diethyl ether. 

Since the early development by Julia of the hydrogen 
bromide promoted opening of cyclopropylmethanols as a 
method for the preparation of homoallylic bromides' and 
the modification by Johnson which involves intermediate 
formation of cyclopropylmethyl bromides,2 this metho- 
dology has become a common route to homoallylic brom- 
ides. More recently, it has been found that cyclopropyl- 
methanols are transformed into homoallylic bromides or 
iodides by treatment with the corresponding magnesium 
halide in refluxing, anhydrous diethyl ether.3 The salient 

1 2 a1 X = Br 

b ) X = I  X = B r ,  I 

features of this efficient synthetic transformation can be 
summarized: generally, the homoallylic halide is the sole 
isolated product; the relative rates of reaction of the al- 
cohols follow the order of the expected stabilities of the 
carbocations at the carbinol carbon; generally, the relative 
rates of reaction of a given alcohol with the various mag- 
nesium halides follows the order iodide > bromide > 
chloride, an order which parallels the relative nucleo- 

(1) (a) Julia, M.; Julia, S.; Guegan, R. Bull. SOC. Chim. Fr. 1960,1072. 
(b) Julia, M.; Descoins, C.; Risse, C. Tetrahedron Suppl. 1966,8,443. (c) 
Julia, M.; Paris, J.-M. Tetrahedron Lett. 1974, 3445. 

(2) (a) Brady, S. F.; Ilton, M. A.; Johnson, W. S. J .  Am. Chem. SOC. 
1968,90,2882. (b) Johnson, W. S.; Li, T.; Faulkner, D. J.; Campbell, S. 
F. Ibid. 1968,90,6225. 

(3) McCormick, J. P.; Barton, D, L. J .  Org. Chem. 1980, 45, 2566. 

philicities of the halides but is opposite to the probable 
relative acidities of the reagents; additional halide, added 
as tetrabutylammonium iodide, has no effect on the rate 
of reaction. 

Related chemistry has been reported, including the al- 
kylation and subsequent opening of cyclopropyl ketones 
when treated with Grignard reagents under certain con- 
ditions: an outcome which was plausibly envisioned as a 
ring-opening reaction of intermediate (cyclopropylmeth- 
0xy)magnesium halides (3).5 Other reactions which in- 
volve use of magnesium halides to accomplish carbon- 
halogen bond formation together with carbon-oxygen bond 
cleavage include conversion of alkyl tosylates into iodides 
by magnesium iodide6 and the action of the latter on 
propargyl acetates to give mixtures of iodides which in- 
clude iodoallene~.~ As well, the action of magnesium 
bromide on cyclic ethers can lead to ring opening with 
bromide displacement of oxygen, as in the case of oxiranes8 
or functionalized o ~ i r a n e s , ~  and cyclic ethers can be ef- 
fectively transformed into acyclic bromoacetates by mag- 
nesium bromide in acetic anhydride.'O 

(4) Yovell, J.; Sarel-Imber, M.; Sarel, S. Isr. J. Chem. 1966, 4, 21p. 
(5) Sarel, S.; Yovell, J.; Sarel-Imber, M. Angew. Chem., Int. Ed. Engl. 

(6) Gore, J.; Place, P.; Roumestant, M. L. J .  Chem. Soc., Chem. Com- 

(7) Coulomb, F.; Gore, J. J .  Organomet. Chem. 1975, 87, C23. 
(8) Cope, A. C.; Hecht, J. K. J.  Am. Chem. SOC. 1962,84, 4872. 
(9) (a) Hudrlik, P. F.; Misra, R. N.; Withers, G. P.; Hudrlik, A. M.; 

Rona, R. J.; Arcoleo, J. P. Tetrahedron Lett. 1976, 1453. (b) de Rein- 
ach-Hirtzbach, F.; Durst, T. Ibid. 1976, 3677. 

(10) Goldsmith, D. J.; Kennedy, E.; Campbell, R. G. J .  Org. Chem. 
1975, 40, 3571. 

1968, 7, 577. 
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