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the diene obtained by recrystallization was 26%. Characteristic 
infrared bands for bibenzyl (900 and 1150 cm-1) were prominent in 
the latter mother liquors from the diene. 
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The proclivity of the benzyl Grignard reagent to 
produce ortho- and />ara-substituted products in 

addition to the expected a has intrigued organic chem
ists through the years.1 The so-called "abnormal 
reactions" of this reagent were first inadvertently 
noted by Grignard himself. In treating benzylmag-
nesium chloride with "polyoxymethylene," he char
acterized the product as the expected /3-phenylethanol.2 

Tiffeneau and Delange3 later disclosed that the material 
which Grignard had actually prepared was instead o-
tolylcarbinol. Since this time, numerous examples have 
appeared in the chemical literature describing similar 
anomalies when the benzyl Grignard reacts with a 
variety of other reagents. 

Unfortunately most of the early work in this field 
was hampered by the lack of adequate analytical tech
niques. The usual analytical method employed was 
oxidation of the crude reaction product to a mixture of 
benzoic, phthalic, and terephthalic acids. Such a 
method has two obvious flaws: (1) the yield of oxida
tion products is seldom quantitative and minor prod
ucts can thus be overlooked; (2) one cannot safely 
extrapolate back to the structure of the materials which 
upon oxidation gave rise to the benzoic and phthalic 
acids. 

Our laboratory is presently engaged in a broad, 
systematic research program designed to shed 1 ght, if 
possible, on those factors which influence benzylic-

(1) See H. Gilman and J. E. Kirby,/. Am. Chetn. Soc, 54, 345 (1932), 
for some pertinent literature references. 

(2) M. V. Grignard, Bull Soc. Chim. France, [3] 29, 953 (1903). 
(3) M. Tiffeneau and R. Delange, Compt. Rend., 137, 573 (1903). 
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type Grignard reagents from reacting, on occasion' 
normally (i.e., yield a products), and, under other cir
cumstances, abnormally (i.e., to form ortho and para 
products). In the present paper we are reporting the 
reaction of benzylmagnesium halides with acetalde
hyde, chloral, and trifluoroacetaldehyde. 

Acetaldehyde. Siegel4 and co-workers, in an excel
lent series of papers, have studied the reaction between 
benzylmagnesium chloride and a variety of aldehydes. 
They report that the product of the reaction with 
acetaldehyde is a mixture of benzylmethylcarbinol (I) 
and o-(2-hydroxypropyl)phenylmethylcarbinol (II). 
They were unable to detect any o-tolylmethylcarbinol 

OCH2CHOHCH3 IJ^S1CH2CHOHCH3 (J^SCH3 
1L^CHOHCH3 lVCH0HCH3 

I II III 

(III) in the reaction product. A similar pattern was 
noted for higher homologs like propionaldehyde, n-
butyraldehyde, etc. It was pointed out that these 
results were in contrast to the reaction of the benzyl 
Grignard with formaldehyde in which only o-tolyl-
carbinol5 is produced. 

We repeated the reaction of the benzyl Grignard with 
acetaldehyde using a 1:1 and 3:1 equivalency of Gri
gnard reagent to aldehyde, respectively. The products of 

(4) (a) S. Siegel, S. K. Coburn, and D. R. Levering, J. Am. Chem. 
Soc, 73, 3163(1951); (b) see also S. Siegel, W. M. Boyer, and R. R.Jay, 
ibid., 73, 3237 (1951). 

(5) As will be pointed out in the next paper in this series, this is an 
oversimplification in the case of formaldehyde. 
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Abstract: The reaction of the benzyl Grignard reagent with acetaldehyde, chloral, and trifluoroacetaldehyde has 
been studied in detail. The products of the reaction with acetaldehyde are concentration dependent. With a 1:1 
equivalency of Grignard to aldehyde, the principal product of the reaction is o-(2-hydroxypropyl)phenylmethyl-
carbinol. Benzylmethylcarbinol is a minor product and practically no o-tolylmethylcarbinol is produced. With a 
3:1 equivalency of Grignard to aldehyde, all three products are formed. The intermediate leading to the diol prod
uct has been trapped out by adding trimethylchlorosilane to the reaction mixture at a time when hydrolysis would 
normally have been effected. The literature directions for the preparation of benzyltrichloromethylcarbinol from 
chloral could not be duplicated. Instead, halogen-metal exchange seemed to occur with the formation of bibenzyl 
and polymeric products. Also contrary to literature reports, it has been shown that benzyltrifluoromethylcarbinol 
is only a minor product when the benzyl Grignard reacts with trifluoroacetaldehyde. The products of this reaction 
are likewise dependent upon the relative concentrations of the Grignard and aldehyde. They are completely analo
gous to those obtained with acetaldehyde in that a, ortho, and diol products are formed. 
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Table I. Reaction of Benzylma 
with Acetaldehyde" 

Grignard: 
aldehyde 

ratio 

(1)1:1 
(2)3:1 
(3)1:1 

Solvent 

Et2O 
Et2O 
THF 

.gnesium 

I, % 

11" 
22 
43 

Chloride 

II, % 

76 
30 
32 

HI, % 

<1 
8 
1 

° The initial Grignard concentration was always 0.4 N. The 
aldehyde was dissolved in 50 ml of solvent and was added over a 40-
min period. b In a duplicate run, there was 8 % of I, 88 % of II, and 
less than 1 % of III obtained. 

all reactions were analyzed by vapor phase chromato
graphy (see Table I for results). With a 1:1 ratio of 
Grignard reagent to aldehyde, our results were quite 
comparable to those of Siegel4 in that compounds I and 
II were the major products. Only a trace of o- and no 
/i-tolylmethylcarbinol were formed under these condi
tions. Authentic samples of the two latter materials 
were at hand for comparison purposes. However, 
when the reaction was run with a 3:1 equivalency of 
Grignard reagent to aldehyde {i.e., Grignard in excess) 
an 8 % yield of o-tolylmethylcarbinol (III) was obtained 
in addition to compounds I and II. Hence, the reac
tion of acetaldehyde with the benzyl Grignard, like that 
with formaldehyde, is concentration dependent.6 How
ever, the tendency for this Grignard to form o-tolyl-
carbinol with formaldehyde is much greater than its 
tendency to form o-tolylmethylcarbinol with acetalde
hyde. 

It was also established with certainty that no p-(\-
hydroxyethyl)benzylmethylcarbinol was produced in 
these reactions. An authentic sample of this compound 
for comparison purposes was prepared by the following 
sequence of reactions. The para isomer was a solid 

Br 
CH1CCEt / \ cone. H2SO, 

CH2CN - ^ - ^ — » Br 4 > C H - CN —U 
NaOEt \ /J I 

C = O 
\ 

CH3 

B r ^ ^ C H 2 - C - C H 3 

LiAlH, 

1. MgTHF 
Rv / \ TW runu ru 2-3-dihydropyran . 2. CH3CHQ 
Br C ^ C H 2 - C H O H - C H 3 ^ 0 + > 

C H 3 - C H O H QcH2 
CHOHCH3 

melting at 52° and was definitely not present in the 
reaction product. Hence, only a and ortho products 
were formed in the reaction with acetaldehyde. 

In still another experiment involving a 3:1 equiva
lency of Grignard to aldehyde, trimethylchlorosilane 
was added to the reaction when normally hydrolysis 
would have been carried out (after 1 hr of reaction time). 
There was no o-tolylmethylcarbinol detected among the 
reaction products in this experiment. Instead, o-(l-
hydroxyethyl)benzyltrimethylsilane (IV) was isolated 

(6) R. A. Benkeser, T. E. Johnston, J. M. Mallan, and A. E. Trevillyan, 
Abstracts, 148th National Meeting of the American Chemical Society 
Chicago, IU., Sept. 1964, p IS. 

OCHOHCH3 

CH2Si(CH3)3 

IV 

and identified by comparing it with an authentic sample. 
The latter was made by treating o-trimethylsilylmethyl-
phenylmagnesium chloride with acetaldehyde. 

The presence of IV clearly bespeaks for the inter-
mediacy of a Grignard species akin to V or Va. Ob
viously, if such an intermediate is permitted to come 

CHOMgXCH3 

CH2MgX 

V 

Cf* 
CH3 

-Mg 

Va 

into contact with acetaldehyde, it will react to form the 
diol II, a commonly observed product in these reac
tions. Also, since no o-tolylmethylcarbinol was formed 
in this experiment, one can conclude that the 8 % of this 
material detected in an earlier experiment came about 
during the hydrolysis of the same intermediate respon
sible for the formation of IV. 

As confirmatory evidence that the high-boiling 
product obtained from the acetaldehyde reaction was 
structure II, it was dehydrated almost quantitatively 
with /j-toluenesulfonic acid. This reaction produced 
cleanly only two products: 1,3-dimethylisochromane 
(VI) and l-methyl-3-ethylisobenzofuran (VII). Com-

OCT 
CH3 

VI 

CH2CH3 

P 
CH3 

VII 

pound VII probably arises through a 1,2-hydride shift 
during acid treatment. 

OCH2-JCH-CH3 

CHOHCH3 

OCH-CH 2 -CH 3 

CHOHCH3 
-+• v n 

Chloral. In order to assess the influence of elec
tronic factors on the reaction between the benzyl 
Grignard and carbonyl compounds, the reaction with 
chloral was examined. This should be a highly re
active aldehyde toward attack by nucleophilic reagents 
and would be a convenient model to demonstrate the 
effect of electron-withdrawing substituents. Despite 
the fact that the claim had been made that this reaction 
yielded only "normal" product7 (attack on a position), 
we failed completely in duplicating the published re
sults. In our hands, this reaction consistently yielded 
rather large amounts of bibenzyl8 in addition to high-
boiling, polymeric residues. We were unable to ob
tain any products corresponding to the expected 
carbinols. We had at hand authentic samples of 0-
and p-tolyltrichloromethylcarbinols. These were stable 
compounds and amenable to column chromatography, 

(7) M. P. Hebert, Bull Soc. CMm. France, [4] 27, 45 (1920); J. W. 
Howard, J. Am. Chem. Soc, 48, 774 (1926); H. Gilman and R. K. 
Abbott, Jr., J. Org. Chem., 8, 224 (1943). 

(8) It may be coincidental, but the boiling point of bibenzyl is rather 
close to that reported for benzyltrichloromethylcarbinol.7 
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distillation, and vapor phase chromatography. When 
the crude reaction product from the chloral reaction 
was subjected to these same purification techniques, no 
trace of the ortho and para products could be detected. 

While we did not examine the reaction with chloral in 
great detail, our findings seem to parallel those of Reeve 
and Fine9 who report that chloral, when treated with 
phenyllithium, undergoes no addition but rather that 
halogen-metal exchange occurs with the formation of 
chlorobenzene. If a similar reaction should occur with 
the benzyl Grignard, benzyl chloride would form. 
This would then couple with the unchanged Grignard 
reagent to form bibenzyl. 

Tnfluoroacetaldehyde. When chloral failed to give 
the expected reactions with the benzyl Grignard, we 
turned our attention to tnfluoroacetaldehyde. In 
contrast to a literature report10 which claimed that the 
a adduct was obtained exclusively in this reaction, we 
found it to be only a minor product. The pattern we 
observed for this reaction (see Table II) was very 

Table II. Reaction of Benzylmagnesium Chloride 
with Tnfluoroacetaldehyde" 

Grignard: 
aldehyde 

ratio 

(1)1:1 
(2)2 :1" 
(3) 3:2' 
(4) 1:1" 
(5)1:1 

Solvent 

Et2O 
Et2O 
Et2O 
Et2O 
THF 

VI, % 

1 
13' 
16 
2\d 

10 

VII, % 

92 
5 

38 
70 
78 

VIlI, % 

<1 
74 
36 
8 
4 

« The initial Grignard concentration was always 0.4 N. With 
liquid tnfluoroacetaldehyde, the addition time was 40 min. The 
reaction time was 1 hr. b Gaseous aldehyde was used and was 
added in a stream of nitrogen. c A duplicate run here produced 
12 % of VI, 5 % of VII, and 75 % of VIH. d A duplicate run here 
produced 20% of VI, 70% of VII, and 8% of VIII. 

similar to that observed for acetaldehyde itself. In 
addition to the expected benzyltrifluoromethylcarbinol 
(VI), there was also obtained o-tolyltrifluoromethyl-
carbinol (VIII) and o-(2-hydroxy-3,3,3-trifluoropropyl)-

OCH2CHOHCF3 [J^SCH 2CHOHCF 3 rf^SCH3 

1!^yCHOHCF3
 1L^CHOHCF3 

VI VII VIII 

phenyltrifluoromethylcarbinol (VII). The presence 
of compound VIII was confirmed by comparing it 
with an authentic sample. It could also be ascer
tained that p-tolyltrifluoromethylcarbinol was not 
present in the reaction mixture since an authentic sample 
of this isomer was also at hand for comparison pur
poses. Compound VI was identified by its elemental 
analysis, nmr spectrum (see Table III), and molecular 
weight. In addition, its vpc retention time was ob
viously different from the authentic ortho and para 
isomers. The diol (VII) was identified by its analysis, 
molecular weight, and nmr spectrum (Table III). 

There are several items of interest in Table II. 
When liquid tnfluoroacetaldehyde was used rather than 
the gas, diol VII was the principal product. When 
gaseous aldehyde was employed and the Grignard/ 

(9) W. Reeve and L. W. Fine, J. Am, Chem. Soc, 86, 880 (1964). 
(10) E. T. McBee, O. R. Pierce, and J. F. Higgins, ibid., 74, 1736 

(1952). 

aldehyde ratio was gradually changed from 2:1 to 1:1 
(entries 2, 3, and 4 in Table II), there was a gradual 
increase in diol product (VII) accompanied by a de
crease in o-tolyltrifluoromethylcarbinol (VIII). The 
percentage of normal product (VI) always remained low. 
Hence this reaction, like that with acetaldehyde, is 
concentration dependent and analogous products are 
formed. As the concentration of aldehyde is increased 
relative to the Grignard reagent, the o-tolyltrifluoro-
methylcarbinol product diminishes in amount and the 
diol (VII) increases. With extremely high concentra
tions of aldehyde (as provided by the introduction of 
the liquid: entry 1, Table II), the diol is formed almost 
exclusively. 

Conclusions. Our findings in connection with acet
aldehyde offer support to the mechanism originally 
suggested by Johnson11 and later modified by Young and 
Siegel12 for the reaction of the benzyl Grignard with 
carbonyl compounds. 

We have demonstrated for the first ti me that a con
centration effect is operative in the reactions of the 
benzyl Grignard with acetaldehyde and tnfluoroacet
aldehyde as would be predicted by the proposed mech
anism. We have also succeeded in "trapping out" 
the suggested intermediate (V or Va) in these reactions 
by causing it to react with trimethylchlorosilane to form 
o-(l-hydroxyethyl)benzyltrimethylsilane. Also of in-

(CHs)JSiCl 
V or Va > IV 

terest is the pronounced solvent effect brought about by 
tetrahydrofuran (entry 3, Table I). The amount of 
benzylmethylcarbinol is increased four- to fivefold when 
diethyl ether is replaced by this solvent. Since the 
composition of the Grignard reagent itself is often 
altered by a solvent13 change, the situation is too com
plex to offer an explanation at this time. 

The findings with regard to tnfluoroacetaldehyde are 
worthy of comment. Both chloral and tnfluoroacet
aldehyde14 have been reported to undergo facile reduc
tion with Grignard reagents bearing /3 hydrogens. 
Normally the cyclic mechanism originally proposed by 
Whitmore15 is employed to explain this reduction 
process. This mechanism involves initial complex 
formation between the carbonyl oxygen and the mag
nesium atom of the Grignard reagent. Previous 
workers14 eliminated this mechanism from considera
tion when it was found that Henry's law constants were 
essentially unchanged by the addition of anhydrous 
magnesium bromide to a variety of fluorinated car
bonyl compounds. It was concluded that both addi
tion and reduction of fluorinated carbonyls probably 
proceeds by a direct attack of the Grignard reagent on 
the uncomplexed fluorine compound.14 While this 
may very well be true, our observation that no p-
tolyltrifluoromethylcarbinol was formed, but only 
ortho isomer, might be taken as some evidence for 
initial complex formation. Such a complex would 
nicely explain reaction at the ortho position to the 
exclusion of any para product. It would be necessary 

(11) J. R. Johnson, ibid., 55, 3029 (1933), 
(12) W. G, Young and S. Siegel, ibid., 66, 354 (1944). 
(13) E. C. Ashbyand W. E. Becker, ibid., SS, 119(1963). 
(14) E. T. McBee, O. R. Pierce, and D. D. Meyer, ibid., 77, 83 (1955). 
(15) F. C. Whitmore and R. S. George, ibid., 64, 1239 (1942); see 

also, C. G. Swain and H. B. Boyles, ibid., 73, 870 (1951); see also R. 
Hamelin, Bull. Soc. Chim. France, 926 (1961), for a modified version of 
this mechanism. 
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Table III. Nmr Spectra of Various Trifluoromethylcarbinols" 

Alcohol r values 

(1) 0-CH3
1C6H4

2CH3OH4CF3 7.73 (H1 singlet), 2.83 (H2 multiplet), 4.90 (H3 

quartet), 6.61 (H4 singlet) 
(2) P-CH3

1C6H4
2CH3OH4CF3 7.69 (H1 singlet), 2.87 (H2 multiplet), 5.28 (H3 

quartet), 6.64 (H4 singlet) 
(3) C6H6

1CH2
2CH3OH4CF3 2.82 (H1 multiplet), 7.26(H2, H4 complex pat

tern), 6.18 (H3 mu tiplet) 
(4) 0 - C F 3 C H 1 O H 2 C 6 H 4

3 C H 2
4 C H 6 O H 6 C F 3 4.61 (H1, H6 complex pattern), 4.11 (H2 doublet), 

2.68 (H3 multiplet), 6.98 (H4 multiplet), 5.90 
(H5 multiplet) 

" All spectra except for compound 4 were determined in carbon tetrachloride solution with tetramethylsilane as an internal standard. 
The spectra of 4 was determined in tetrahydrofuran-^8 solution. A Varian A-60 nmr spectrometer was employed. Chemical shifts are 
measured from the estimated center of a singlet or multiplet. In the case of each spectra listed, the peak areas are quite consistent with the 
proton assignments made. 

to assume the formation of only very small quantities of 
such a complex which would be very reactive to both 
addition and reduction because of the adjacent positive 
charges on the two carbon atoms of the aldehyde.16 

X 

V -
Mg-CH2C6H5 

O' 

CF 3 -C 
\ 

H 
Experimental Section 

Preparation of Benzylmagnesium Chloride. To a 1-1., three-
necked flask fitted with a mercury sealed stirrer, dropping funnel, 
and reflux condenser was added 24 g (1 g-atom) of magnesium 
turnings and sufficient anhydrous ether to cover the turnings. The 
entire system had been previously flushed with dry nitrogen, and all 
subsequent operations were carried out in a nitrogen atmosphere. 
A few milliliters of benzyl chloride was added to initiate the reaction 
and then sufficient anhydrous diethyl ether to give a total volume of 
about 500-600 ml. Then 63 g (0.5 mole) of pure benzyl chloride 
was added dropwise over a period of 4-6 hr. When addition was 
complete, the mixture was allowed to stir for an additional 1 to 5 
hr. 

The yields of benzylmagnesium chloride by this method were 
consistently in the range of 87-96 % as determined by hydrolysis of 
an aliquot followed by titration with standard acid. 

Benzylmagnesium Chloride and Acetaldehyde. All glassware was 
flamed out under dry nitrogen before use, and all subsequent reac
tions were carried out under nitrogen. 

An appropriate amount of the Grignard solution was diluted with 
enough dry solvent to give 750 ml of a 0.4 N solution. The acet
aldehyde, dissolved in 50 ml of dry solvent was added dropwise over 
a period of 40 min, and the mixture was allowed to stir for 1 hr. 

Reaction mixtures were hydrolyzed with 20% aqueous am
monium chloride, and the ethereal solutions were dried over anhy
drous magnesium sulfate followed by "Drierite." Solvent and any 
toluene formed during the reaction was removed under aspirator 
vacuum and the residue was vacuum distilled. 

A mixture of benzylmethylcarbinol and o-tolylmethylcarbinol 
were distilled at 65-75° (0.75 mm). o-(2-Hydroxypropyl)phenyl-
methylcarbinol was distilled at 120-125 ° (0.2 mm). The distillation 
apparatus was washed with concentrated potassium hydroxide solu
tion and distilled water before use. It was necessary to add about 
0.5 g of potassium carbonate to the distillation flask to prevent the 
decomposition of the o-(2-hydroxypropyl)phenylmethylcarbinol. 

The lower boiling fraction was analyzed by vpc on a 6-ft 5% 
FFAP on HMDS Ch W 60-80 stainless steel column at 150°; 
the high-boiling fraction was analyzed on the same column at 235°. 
An F & M Model 500 gas chromatograph was used equipped with a 
glass liner in the injection port. 

(16) It would be possible that the concentration of such a complex 
would be so small as to escape detection by vapor pressure determination 
or infrared: see H. S. Mosher, J. E. Stevenot, and D. O. Kimble, /. 
Am. Chem. Soc, 78, 4374 (1956), and G. E. Dunn and J. Warkentin, 
Can. J. Chem., 34, 75 (1956). 

The high-boiling fraction crystallized upon standing. One 
crystallization from ethyl acetate gave colorless crystals melting at 
83-84° (Iit.4bmp 83-84°). 

Excess Benzylmagnesium Chloride and Acetaldehyde Followed by 
Addition of Trimethylchlorosilane. The reaction of acetaldehyde 
with a threefold excess of benzylmagnesium chloride was carried 
out in the usual manner, and the mixture was allowed to stir for 1 
hr. Trimethylchlorosilane (2.0 moles) was added and the mixture 
was stirred for 24 hr and hydrolyzed with a 30% HCl solution. 
After drying, solvent was removed and the residue was vacuum 
distilled, the following fractions being taken: 40-50° (1 mm), 
50-60° (0.5 mm), 60-62° (0.5 mm), 60-64° (0.2 mm), and 64-67° 
(0.2 mm). AU fractions were analyzed using a 6-ft 20% FFAP 
on HMDS Ch W 60-80 stainless steel column at 175°. Benzyl
methylcarbinol was present in all fractions but no o-tolylmethyl
carbinol was observed. The last two fractions showed a peak in 
the gas chromatogram with the same retention time and infrared 
spectrum as an authentic sample of o-(l-hydroxyethyl)benzyltri-
methylsilane. 

When carbonation was attempted instead of the addition of tri
methylchlorosilane, no o-(2-hydroxyethyl)phenyl acetic acid or the 
corresponding lactone could be detected. Analysis by vpc showed 
about 8 % of o-tolylmethylcarbinol was present in the mixture. 

Benzylmethylcarbinol. This compound was prepared by the 
LiAlH4 reduction of benzyl methyl ketone. A product, boiling 
at 125 ° (25 mm) (lit." bp 125 ° (25 mm)) was obtained. 

o-Tolylmethylcarbinol. The compound was prepared from o-
tolylmagnesium bromide and acetaldehyde. A product, boiling at 
108-109° (20 mm) (lit.18 bp 107.8-108.0° (20 mm)) was obtained. 

p-Tolylmethylcarbinol. This compound was prepared from p-
tolylmagnesium bromide and acetaldehyde. A product, boiling 
at 109-111 ° (19 mm) (lit.18 bp 109-110° (19 mm)) was obtained. 

l-(/>-Bromophenyl)-l-cyano-2-propanone. This compound was 
prepared from 0.56 mole of p-bromobenzylnitrile, 0.88 mole of dry 
ethyl acetate, and 0.73 mole of sodium ethoxide in 193 ml of absolute 
ethanol. The mixture was heated on a steam bath for 2 hr and 
allowed to stand overnight. The mixture was cooled to 0° and 
filtered and the salt was washed with ether. The salt was dissolved 
in 375 ml of water, the solution was cooled to —10°, and 25 ml of 
glacial acetic acid was added with vigorous stirring. The product 
was filtered, a small portion recrystallized from methanol, and 
sublimed, mp 136-137°. 

Anal. Calcd for Ci0H8BrNO: C, 50.42; H, 3.36; Br, 33.61. 
Found: C, 50.39; H, 3.60; Br, 33.82. 

p-Bromobenzyl Methyl Ketone. The crude, wet, crop of crystals 
obtained from the preparation of l-(/>-bromophenyl)-l-cyano-2-
propanone was added to 88 ml of concentrated sulfuric acid at 0°. 
The mixture was heated on a steam bath until solution was com
plete, then for 5 min longer. It was cooled below 0°, 500 ml of 
water was added, and the mixture was heated on a steam bath for 
2 hr with occasional shaking. The organic layer and ether ex
tracts were dried over anhydrous magnesium sulfate, the solvent 
was removed, and the residue was distilled giving 71 g (0.33 mole, 
60%) of product boiling at 74° (0.15 mm). The distillate crystal
lized upon standing, mp 45-46°. 

Anal. Calcd for C9H9BrO: C, 50.70; H, 4.23; Br, 37.56. 
Found: C, 50.73; H, 3.98; Br, 37.40. 

(17) R. H. Pickard and J. Kenyon, J. Chem. Soc, 1124 (1914). 
(18) F. Eisenlohr and L. Schulz, Ber., 57, 1816 (1924). 
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l-(p-Bromophenyl)-2-propanol. To 7.6 g (0.2 mole) of LiAlH4 

in 200 ml of ether was added a solution of 42.6 g (0.200 mole) of p-
bromobenzyl methyl ketone in 50 ml of dry ether. After stirring for 
2 hr, 200 ml of a 20% aqueous ammonium chloride solution was 
added dropwise. The organic layer and ether extracts were dried 
over "Drierite"; the solvent was removed, and the residue was 
distilled. There was obtained 41.3 g (0.192 mole, 96%) of product 
boiling at 74-76° (0.2 mm), ^20D 1.5586. 

Anal. Calcd for C9HnBrO: C, 50.23; H, 5.11; Br, 37.21. 
Found: C, 50.46; H, 4.90; Br, 37.40. 

p-(l-Bromophenyl)-2-(2-tetraliydropyranyloxy)propane. A mix
ture of 41.3 g (0.192 mole) of l-(p-bromophenyl)-2-propanol, 84 g 
(1.0 mole) of 2,3-dihydropyran, and 5 drops of concentrated HCl 
was stirred for 2 days. The mixture was washed three times with 
a saturated NaHCO3 solution dried over anhydrous K2CO3, and 
the excess dihydropyran was removed under aspirator vacuum. 
Distillation of the residue afforded 33 g (0.11 mole, 58 %) of product 
boiling at 109-112° (0.17 mm),/!"to 1.5300. 

Anal. Calcd for C14Hi9BrO2: C, 56.20; H, 6.40; Br, 26.71. 
Found: C, 56.34; H, 6.60; Br, 26.90. 

/Hl-Hydroxyethyl)benzylmethylcarbinol. A mixture of 25 ml of 
dry tetrahydrofuran and 2.4 g (0.10 g-atom) of "activated" mag
nesium19 was heated to 50°. A solution of 21 g (0.071 mole) of 1-
(p-bromophenyl)-2-(2-tetrahydropyranyloxy)propane, in 25 ml of 
dry THF was added dropwise. The heat source was removed when 
vigorous refluxing started. After stirring for 2 hr, 3.5 g (0.08 mole) 
of acetaldehyde was added and the mixture was stirred for an 
additional hour. Hydrolysis was carried out with 100 ml of a 20% 
aqueous NH4Cl solution. The organic layer and ether extracts 
were dried over "Drierite." Solvent was removed and the residue 
was dissolved in 100 ml of absolute ethanol. Five drops of con
centrated hydrochloric acid were added; the mixture was stirred for 
2 hr and poured into 400 ml of water. The organic layer and 
ether extracts were dried over "Drierite" and the solvent was re
moved. The resultant oil, totaling about 3 g, was purified by 
fractional sublimation. After about half the oil had been sublimed, 
crude crystals formed on the cold finger. These were removed, a 
seed crystal was replaced on the cold finger, and the remainder of the 
oil was sublimed, which also formed crystals. The solid was col
lected, recrystallized from an ethyl acetate-pentane solution, and 
resublimed, mp 52-52.5°. 

Anal. Calcd for CnHi6O2: C, 73.33; H, 8.88. Found: C, 
73.51; H, 8.99. 

o-Chlorobenzyltrimethylsilane. This compound was prepared 
from the Grignard reagent of ochlorobenzyl chloride and trimeth-
ylchlorosilane. The product boiled at 110-112° (25 mm), 
/; :OD 1.5122 (lit.20 bp 222-223°, /;20D 1.5128). 

o-(l-Hydroxyethyl)benzyltrimethylsilane (IV). The Grignard 
reagent of o-chlorobenzyltrimethylsilane was prepared in refluxing 
tetrahydrofuran from 8.4 g (0.35 g-atom) of "activated" magnesium 
powder14 and 69.5 g (0.35 mole) of the chloride, and the mixture was 
stirred for 8 hr. Acetaldehyde (17.6 g, 0.4 mole) was added, and the 
mixture was stirred for 1 hr and hydrolyzed with a 30% HCl 
solution. The organic layer and ether extracts were dried over 
anhydrous MgSO4, then "Drierite," and the solvent was removed. 
Distillation of the residue afforded 53 g (0.22 mole, 63%) of product, 
bp 79-81 ° (0.35 mm), «2 0D 1.5173. 

Anal. Calcd for Ci2H20OSi: C, 69.16; H, 9.67. Found: C, 
69.46; H, 9.76. 

Dehydration of o-(2-Hydroxypropyl)phenyImethylcarbinoI. A 
mixture of 5.0 g (0.028 mole) of crude, crystalline o-(2-hydroxy-
propyl)phenyImethyIcarbinol, 50 ml of glacial acetic acid, and 5 g of 
p-toluenesulfonic acid was heated on a steam bath for 1 hr. The 
acid solution was poured into 100 ml of a 20% potassium hydroxide 
solution, and the mixture was extracted with 100 ml of ether. The 
ethereal solution was washed exhaustively with a saturated sodium 
carbonate solution, then with water, and dried over "Drierite." 
Removal of the solvent afforded 4.4 g of an oil which was comprised 
of only two components as demonstrated by vpc analysis (15-ft 
DEGS at 150°). Structural assignments are based on analysis, 
infrared, nmr, and mass spectra. 

The first peak (34%) was that of 1,3-dimethylisochromane. 
Anal. Calcd for CnHi4O: C, 81.48; H, 8.64. Found: C, 
80.87; H, 8.60. 

The second peak (66%) was that of l-methyl-3-ethyl isobenzo-

(19) M. Kharasch and O. Reinmuth, "Grignard Reactions of Non-
metallic Substances," Prentice-Hall, Inc., New York, N. Y., 1954, pp 
8,9. 

(20) C. E. Eaborn and S. H. Parker, J. Chem. Soc., 939 (1954). 

furan. Anal. Calcd for CnHt4O: C, 81.48; H, 8.64. Found: 
C, 81.54; H, 9.02. 

Total yield of products was 0.027 mole (98 %). The reaction was 
repeated giving 4.3 g (96%) of the same mixture. 

Benzylmagnesium Chloride and Chloral. This reaction was car
ried out in the same manner as the reaction with acetaldehyde, using 
0.3 mole of chloral in 50 ml of ether and 0.3 equiv of a 0.4 N 
Grignard solution. Reactions were carried out at room tempera
ture, at reflux, and at —20°. Hydrolyses were accomplished using 
5% aqueous acetic acid and 20% aqueous ammonium chloride. 
A variety of work-up procedures was attempted, among them 
vacuum distillation at 18 mm and at 0.1 mm, sublimation, molec
ular distillation, vpc, and column chromatography. Aside from a 
black, tarry resin, only bibenzyl was recovered in 5-10% yield. 
More bibenzyl was recovered than could be accounted for from the 
preparation of the Grignard reagent. 

Trifluoroacetaldehyde Hydrate. This compound was prepared 
according to the procedure of Pierce and Kane.21 The product 
boiled at 102-108° (lit.22 bp 103-105°). 

Trifluoroacetaldehyde. This compound was prepared by the 
dehydration of trifluoroacetaldehyde hydrate.23 The hydrate was 
added dropwise to a mixture of 81 ml of concentrated H2SO4 

and 25 g of P2O5 heated to 80-85 °. The free aldehyde, a gas at 
room temperature, was swept into a tared cold trap at —78° by 
means of a stream of dry N2. Yields of 70-80 % could be realized. 

o-Tolyltrifluoromethylcarbinol. This compound was prepared 
from o-tolylmagnesium bromide and trifluoroacetaldehyde. The 
product boiled at 104-106° (13 mm); «14D 1.4730 (lit.24 bp 108-109° 
(13 mm), «14D 1.4728). 

/j-Tolyltrifluoromethylcarbinol. This compound was prepared 
from p-tolylmagnesium bromide and trifluoroacetaldehyde. The 
product boiled at 91-94° (12 mm), « 2 4 D 1.4644 (lit.25 bp 94.5° 
(12 mm), >I24D 1.4650). 

Benzylmagnesium Chloride and Trifluoroacetaldehyde. Tri
fluoroacetaldehyde (a gas at room temperature) was swept into a 
flask containing an appropriate amount of 0.4 /V Grignard reagent 
by means of a stream of dry N2. The aldehyde was contained in a 
trap at —10°. When the addition was complete, the reaction 
mixture was stirred for 1 hr, and worked up in the usual manner. 

When liquid trifluoroacetaldehyde was used, a weighed amount of 
the aldehyde (contained in a cold trap at — 78 °) was transferred to a 
dry addition funnel. It was necessary to surround the funnel with a 
jacket of powdered Dry Ice in order to prevent the aldehyde from 
boiling. Fifty milliliters of cold, dry solvent was added to the 
aldehyde, and the reaction was carried out in the usual manner. 

Benzyltrifluoromethylcarbinol and otolyltrifluoromethylcar-
binol could be distilled at 82-85° (5 mm); however, this procedure 
usually caused partial decomposition of o-(2-hydroxy-3,3,3-tri-
fluoropropyl)phenyltrifluoromethylcarbinol. The latter was crys
tallized from a petroleum ether (bp 35-37 °)-diethyl ether mixture 
and was sublimed. It melted at 143-144°. 

Anal. Calcd for C1H10F6O2: C, 45.83; H, 3.50; F, 39.57; 
mol wt, 288. Found: C, 46.13; H, 3.64; F, 39.80; mol wt, 
291. 

The benzyltrifluoromethylcarbinol and o-tolyltrifluoromethyl-
carbinol were separable by vpc (16-ft 5% FFAP on HMDS Ch W 
60-80 stainless steel column) at any temperature between 175 and 
250°. The o-tolyltrifluoromethylcarbinol was identified by com
paring its retention time and infrared spectrum with that of an 
authentic sample. 

The benzyltrifluoromethylcarbinol (/!20D 1.4589) was identified by 
its elemental analysis, infrared, and nmr spectra. 

Anal. Calcd for C9H9F3O: C, 56.83; H, 4.77; F, 29.99; mol 
wt, 190.2. Found: C, 56.49; H, 4.97; F, 30.35; mol wt, 204. 

The ratio of benzyltrifluoromethylcarbinol to o-(2-hydroxy-3,3,3-
trifluoropropyl)phenyltrifluorornetnylcarbinol was obtained by vpc 
using a 16-ft 5% FFAP on HMDS Ch W 60-80 stainless steel 
column at 235 °. Unfortunately this column would not separate an 
authentic mixture of o- and p-tolyltrifluoromethylcarbinols. The 
latter mixture could be separated on a 250-ft DEGS capillary column 

(21) O. R. Pierce and T. G. Kane, /. Am. Chem. Soc., 76, 300 (1954). 
(22) D. R. Husted and A. H. Ahlbrecht, ibid., 74, 5422 (1952). 
(23) Unpublished results of E. T. McBee, M. J. Keogh, and R. Levek, 

Chemistry Department, Purdue University. 
(24) E. D. Bergmann, Z. Pelchowicz, and A. Shani, Israel J. Chem., 

1, 129(1963). 
(25) R. Stewart and R. Van der Linden, Tetrahedron Letters, 2, 28 

(1960). 
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at 140°. As little as 0 .1% of the para compound could be de
tected in the presence of the ortho. 

Complete analysis was accomplished by using the packed column 
to obtain the ratio of benzyltrifluoromethylcarbinol to o-(2-hy-
droxy-3,3,3-trifluoropropyl)phenyltrifluoromethylcarbinol. The 
peak corresponding to the o-tolyltrifluoromethylcarbinol (possibly 

This article reports the results of three lines of 
investigation relevant to mechanism and catalysis 

for carbonyl addition reactions. These studies include 
(i) examination of the variation in susceptibility to 
general acid catalysis as a function of the basicity of 
the attacking nucleophilic reagent, (ii) kinetic investiga
tion of structure-reactivity correlations for the hydroly
sis of a series of benzylideneanilines substituted in the 
aniline moiety, and (iii) elucidation of structure-
reactivity correlations for the methoxyaminolysis of the 
same series of benzylideneanilines. 

Previous studies have revealed that the attack of 
relatively weak nucleophilic reagents such as water,8-8 

thiourea,9-11 semicarbazide,12,13 aniline,14 and phenyl-
hydrazine15 on carbonyl compounds is subject to 
general acid catalysis. In contrast, corresponding 
reactions involving stronger nucleophilic reagents such 
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admixed with the para isomer) was collected and analyzed on the 
capillary column. No trace of the para isomer was detected. 
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as hydroxylamine,16 cyanide,17 J-butylamine,18 and 
sulfite19'20 exhibit little or no catalysis of this type.21 

Consideration of multiple structure-reactivity correla
tions for general acid catalysis of carbonyl addition 
reactions reveals that the Bronsted a values, which are 
measures of susceptibility to catalysis of this type, should 
be linearly related to the pATa of the conjugate acid of the 
nucleophilic reagent.13,21 In an effort to examine 
more closely the validity of this conclusion and, in so 
doing, to gain further understanding of the variation in 
susceptibility to general acid-base catalysis as a function 
of reactivity, Bronsted a values for the attack of 
phenylhydrazine and urea on suitable carbonyl com
pounds have been determined. 

Several studies of substituent effects on rates of 
Schiff base hydrolysis reveal that such effects may be 
reasonably complex. Early work is difficult to interpret 
since the nature of the rate-determining step at the 
values of pH employed is uncertain.2223 It is now 
clear that the pH-rate profiles for Schiff base hydrolysis 
are quite complex and that the observed structure-
reactivity correlations are a sensitive function of the pH 
at which the reactions are studied.14,18'24'25 Con
siderable attention has been devoted to the nature of the 
pH-independent reaction which is commonly observed 

(16) W. P. Jencks, ibid., 81, 475 (1959). 
(17) W. J. Svirbley and J. F. Roth, ibid., 75, 3106 (1953). 
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(19) T. D. Stewart and L. H. Donally, ibid., 54, 2333 (1932). 
(20) T. M. Lowry, / . Chem. Soc, 2554 (1927). 
(21) W. P. Jencks, Progr. Phys. Org. Chem., 2, 63 (1964). 
(22) O. Bloch-Chaude, Compt. Rend., 239, 804(1954). 
(23) A. V. Willi and R. E. Robertson, Can. J. Chem., 31, 361 (1953). 
(24) A. V. Willi, HeIv. Chim. Acta, 39, 1193 (1956). 
(25) R. L. Reeves, J. Am. Chem. Soc, 84, 3332 (1962). 
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Abstract: Benzaldehyde phenylhydrazone formation, like oxime, semicarbazone, and benzylideneaniline forma
tion, occurs with rate-determining nucleophilic reagent attack under acidic conditions and with rate-determining 
dehydration of the carbinolamine intermediate under neutral and basic conditions. The Br0nsted a value for 
general acid catalysis of the attack of phenylhydrazine on benzaldehyde is 0.20. The addition of urea to acetaldehyde 
exhibits both acid- and base-catalyzed reactions. This reaction too is subject to general acid catalysis which, in this 
case, is characterized by a Br0nsted a value of 0.45. These values of a, together with several previously determined, 
are linearly related to the values of pit. for the conjugate acids of the nucleophilic reagents. First-order rate con
stants for the hydrolysis, in slightly basic solution, of a series of benzylideneanilines substituted in the aniline moiety 
decrease slightly with increasing electron-withdrawing capacity of the polar substituent. The reaction of methoxy-
amine with a similar series of substituted benzylideneanilines is dependent on acid catalysis. Third-order rate con
stants for these reactions also decrease slightly with increasing electron-withdrawing capacity of the polar substit
uent. 
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