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The chemical behavior of the immediate 1,4-addition product of phenylmagnesium bromide and methyl cin- 
namate has been compared with that of the reaction product of zinc with methyl 2-bromo-3,3-diphenylpropan- 
oate. direct work-up afforded methyl 3,3- 
diphenylpropanoate; reaction with benzoyl chloride afforded the enol-benzoate of methyl 3,3-diphenylpro- 
panoate; fluorenone afforded methyl 3,3-diphenyl-2-(9-hydroxy-9-fluoreny1)propanoate; and prolonged standing 
or heating afforded a “dimeric” reagent which upon work-up yielded methyl 5,5-diphenyl-2-diphenyImethyl-3- 
oxopentanoate, or a readily explained derivative thereof. The experimental data are interpreted as compelling 
evidence in support of describing the Reformatsky reagent as the bromozinc enolate of an ester and as providing 
support for describing the “dimerized” Reformatsky reagent as the bromozinc derivative of a hemiketal of an 
unsymmetrical (p-lactone) ketene dimer. 

In  each instance completely analogous behavior was observed: 

In  a previous paper4 a preliminary study of the 
preparation of the discrete Reformatsky reagent from 
zinc and ethyl a-bromoisobutyrate in solution was 
reported. Two types of organic compounds associated 
with zinc were shown to be present in solution: reagent 
A, which is formed first and which behaves as expected 
for the so-called Reformatsky reagent; and reagent B, 
which is inactive toward a reference ketone (fluorenone) 
and which can, most simply, be viewed as a “dimeric” 
compound derived from 2 mol of reagent A with the 
elimination of the elements of 1 mol of ethoxyzinc 
bromide. The present research was designed to pro- 
vide experimental evidence for a choice between the 
two simplest alternatives for the structure of reagent A, 
the discrete Reformatsky reagent in solution: an 
a-bromozinc ester ( i e . ,  the classical Grignard formula- 
tion) ; or a bromozinc enolate of an ester (as suggested 
by comparison of its behavior with that of the Ivanov 
reagentls e.g. ,  RR’C=C(OMgX)2 from RR’CHC02H + 2 i-PrMgX. The former structure is supported by 
the obvious parallels in its reactions with carbonyl 
compounds6 with those of Grignard reagents, and the 
latter for its resemblance to the Ivanov reagent as well 
as by the slowness with which it appears to “d imer i~e”~ 
and the apparent reluctance with which it adds to the 
ester carbonyl of unreacted a-bromo ester in the course 
of its formation. The possibility that the suggested 
“dimeric” product is formed principally by addition of 
reagent A to unreacted a-bromo ester is excluded by 
the fact that reagent A can be prepared in high yield 
virtually without concurrent production of presumed 
dimer, which can then be formed directly from reagent 
A by standing or heating.4 

If reagent A is to be formulated as the second alterna- 
tive, one must ask whether or not the zinc-ozygen bond 

\ /o-znBr 

/c=c\ 0-R 
reagent A 
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is not equally well pictured as -0- +ZnBr, which after 
all is a necessary contributor to the resonance hybrid. 
Such a formulation suggests that the organic moiety 
might better be considered a discrete ester enolate 
anion. In  the case of ethyl isobutyrate, this question 
may be answered by pointing to the nature of the 
tritylsodium-induced self-condensation of the ester 
which has been shown to proceed to completion only if 
the desired product, ethyl isobutyrylisobutyrate is 
removed from the solution by tritylsodium-induced y 
enoli~ation.~ One must conclude that a highly un- 
favorable equilibrium exists for the reaction between 
ethyl isobutyrate anion and ethyl isobutyrate to give 
ethyl isobutyrylisobutyrate and ethoxide ion. Thus 
there is little tendency for the discrete ethyl isobutyrate 
anion to react with its parent ester carbonyl group. 
In  contrast, the Reformatsky reagent adds to ester 
carbonyls,6 albeit slowly. Consequently, it is reason- 
able to infer that there is a fundamental difference 
between reagent A and a sodium enolate. The latter, 
most simply pictured, involves a truly ambident ion* 
with sodium as the counterion, and the former, most 
simply, is better considered as an essentially covalent 
system. That one may expect a difference between 
anions with sodium as counterion and halozinc, halo- 
magnesium, and lithium as counterions has been 
demonstrated by Hauserg and specifically for the “re- 
verse Reformatsky”6 by one of  US.^ 

It has been pointed out by FusonlO that acid chlorides 
react with sodium enolates to give C-acylation, except 
under special conditions. However, the benzoyl chlo- 
ride acylation of the bromomagnesium enolate of methyl 
3,3-diphenylpropanoate leads to the 0-benzoyl deriva- 
tive without the aid of pyridine,” an observation which 
supports the argument favoring covalent character for 
the 0-metal bond in a bromomagnesium enolate, which, 
if anything, should be less covalent than a corresponding 
bromozinc enolate. Whatever the exact situation may 
be, the discrete Reformatsky metal reagent and a 
corresponding sodio enolate behave respectively like 
“covalent enolate” and discrete enolate anions. 

It is clear from the earliest reported synthesis of ethyl 

(7) C. R. Hauser and W. B. Renfrow, Jr., J .  Amer. Chem. SOC., 69, 1823 

(8) N. Kornblum, R. A. Smiley, R. K. Blaokwood, and D. C. Iffland, 
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(11) E. P. Kohler and a. Heritage, Amer. Chem. J., 88, 21 (1905). 
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isobutyrylisobutyrate from ethyl a-bromoisobutyrate 
and magnesiuml2 that there may be parallels between 
the behavior of the Reformatsky reagent and the anal- 
ogous bromomagnesium reagent which are closer than 
the suggested analogy6 between the Reformatsky and 
Ivanov reagents. Consequently, it was decided to 
compare the chemical behavior of a bromomagnesium 
enolate formed by 1,PGrignard addition to an a,@-un- 
saturated ester with that of the analogous Reformatsky 
reagent (Le. ,  reagent A) formed from the corresponding 
a-bromo ester. If identical or strikingly similar 
behavior is encountered, the case for formulating reagent 
A as shown above (i.e., as a bromozinc enolate of an 
ester) is greatly strengthened, if not completely settled. 

Grignard reagents react with a,p-unsaturated esters 
by both 1,2 and 1,4 addition.ls In  1905 Kohler and 
Heritage studied the reactions of phenylmagnesium 
bromide with methyl cinnamatell (la) and phenyl 
cinnamate14 (lb). With both esters 1,4 addition was 
observed. ‘In both cases, treatment with water 
C ~ H & H = C H C ~ Z R  + C&MgBr + 

la,b 

/OMgBr 
( C~HS)ZCH-CH=C 

‘OR 
2a, R = CHs 
b, R = CaHs 

afforded 3,3-diphenylpropanoate ester (3a,b) and with 
benzoyl chloride, the enol benzoate of the ester (4a,b). 

In  addition to confirming the observations of Kohler 
and Heritage with the methyl ester, the Reformatsky 
(5) reagent was prepared from methyl 2-bromo-3,3-di- 
phenylpropanoate and zinc and allowed to react with 
water and with benzoyl chloride, whereupon the same 
products were obtained, 3a and 4a, respectively. 

Next, 5 WRS allowed to react with fluorenone to give 
the typical Reformatsky product, methyl 3,3-diphenyl- 
2-(9-hydroxy-9-fluorenyl)propanoate (6). It was then 
shown that the same product (6) could be obtained 
from Za, prepared according to Kohler and Heritage’s 
instructions, albeit in lower yield. Thus 5 and 2a have 
three reactions in common: hydrolysis to 3a, O-ben- 
zoylation to 4a, and reaction with fluorenone to give 6. 

Besides the formation of 2a and 2b, Kohler and 
Heritage observed formation of “complex products 
derived from. two molecules of the unsaturated com- 
pound” on reaction with phenylmagnesium bromide. 
Among these were the following: 7b, phenyl 5,5-di- 
phenyl-2-(diphenylmethyl)-3-oxopentanoate; 8, 1,1,5,5- 
tetraphenyl-2-benzoyl-3-pentanone ; and 9, 1, 1,5,5- 
tetraphenyl-2-diphenylhydroxymethyl-3-pentanone. 

(CaHs)zCHCHpCOCH(COCeHa)CH(C6H5)2 
8 

(CeH5)zCHCHzCOCH [C(OH)(CsH5)?] CH(CeHs)? 
9 

(12) Y .  Salkind, J .  Rues. Phye. Chem. Soc., 38, 97 (1906); J. Zeltmer, 
Ber., 41, 589 (1908). 

(13) M. S, Kharasch and 0. Reinmuth, “Grignard Reactions of Non- 
metallic Substances,” Prentice-Hall, New York, N. Y. ,  1954, pp 564 f f .  

(14) E. P. Kohler and G. Heritage, Amer. Chem. J . ,  34, 568 (1905). 

The foregoing compounds were characterized by mo- 
lecular weights, elemental analyses, and degradative 
experiments. In  addition, the formation of 7a was 
reported along with 8 and 9 from methyl cinnamate and 
phenylmagnesium bromide; but for 7a only the ele- 
mental analysis was reported, no molecular weight 
being determined. 

The dimerization of reagent A (5 ) ,  as in the case of 
isobutyrate, was readily realizable for the reaction 
between zinc and methyl 2-bromo-3,3-diphenylpro- 
panoate, the product isolated being 7a which was 
independently synthesized via the Claisen condensation 
of methyl 3,3-diphenylpropanoate. However, our 7a 
corresponded in no way with that reported by Kohler 
and Heritage which we, too, were able to obtain under 
their conditions. Mass spectrometric analyses on the 
Kohler and Heritage compound strongly suggest that 
it is a “trimeric” @,&diketo ester probably containing 
tightly bound solvent molecules sufficient to  account 
for the observed elemental analyses which varied some- 
what on prolonged vacuum drying. Conventional 
molecular weight determination for this supposed 7a 
came within 4.5% of the calculated value for the “tri- 
meric” compound, and nmr analysis provided support 
for the trimeric structure through integration for 
aromatic, methylene + methine, and methyl protons. 
A very similar product was detected as a minor product 
in the “dimerization” of 5 .  However, the effective 
“dimerization” of bromomagnesium enolates is clearly 
evident in the formation of 7b and in the synthesis of 
ethyl isobutyry1isobutrate.l2 

That no 8 or 9 is formed in the Reformatsky case 
follows from the absence of phenylmagnesium bromide 
under the usual conditions. However, it is surprising 
that, when the Grignard reagent is added to fully 
“dimerized” 5 (reagent B), compounds 8 and 9 still fail 
to appear. This would appear to be evidence that 
reagent B has no readily accessible carbonyl group. 
Infrared spectroscopy provides support for this in- 
ference (see below). 

It has been suggested by one of us, with supporting 
 argument^,^ that “dimerization” of reagent A to  
reagent B proceeds by elimination of the elements of an 
alkoxyzinc bromide, leaving a ketene to which residual 
reagent A then adds, leading to 

OR I I  
-C-CC-0-ZnBr 

I I  
I 4c-o 

( 
reagent B 

This clearly can yield 7a on a~idification,~ and, provided 
only that the oxygen-zinc bond is sufficiently covalent, 
i t  need not react with Grignard reagent. The related 
ketene dimer (ens., 10) would have a distinctive, high- 
frequency carbonyl absorption, which is totally lacking 
in the infrared spectra of samples of reagent B in 
solution (see below). If Za, the bromomagnesium 
analog of 5 ,  affords a reagent C (the bromomagnesium 
analog of reagent B) as a precursor to 8 and 9, the only 
substantive difference between reagents B and C must 
reside in the oxygen-metal bond, which for magnesium 
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is less covalent than for zinc.’j This difference can 
facilitate either or both of the following reactions. 

OR 
I 

/ ‘c-d 
-4 

\C‘=o 
‘MgBr 

10 
(+ROMgBr) 

\ 

reagent C 
\ 

reagent D 

Reagent D has the ester carbonyl required for the 
production of 8 and 9 by reaction with 1 or 2 mol of 
phenylmagnesium bromide, and 10 is a ,&lactone of the 
unsymmetrical ketene dimer type which has been shown 
to afford analogs of 8 and 9.16 Failure to obtain similar 
products from phenylmagnesium bromide and reagent 
B may be attributed to the greater covalent stability of 
the oxygen-zinc bond. l 5  

To be sure, Kohler and Heritage proposed an alter- 
native route to 7,8, and 9 which involved first a Claisen- 
type reaction between 2 and unreacted cinnamate ester, 
but this postulate is seriously to be questioned, since the 
essential intermediate is a 2-cinnamoyl-3,3-diphenyl- 
propanoate ester (11) which could not be isolated. 
Further, the only derivative of 11 whose interme- 
diacy could reasonably be inferred was the 1,4-phenyl- 
magnesium bromide adduct across the a,&unsaturated 
ketone system of 11, which is in fact D, whose genesis 
we have formulated via an entirely different route. 

In  summary, the chief difference between 2a and 5 
appears to be a greater propensity for 2a to “dimerize” 
(and “trimerize”) which seems to be more characteristic 
of magnesium enolates than of zinc enolates.12 This, 
too, is reasonably attributed to lesser covalency in the 
oxygen-magnesium bond; however, one may wish to 
formulate the “dimerization” reaction. 

In  the preceding paragraphs we have presented 
evidence for three types of chemical reactions: O-ben- 
zoylation, addition to the fluorenone carbonyl group, 
and “dimerization,” each of which is realizable with 
both the 1,4-phenylmagnesium bromide adduct of 
methyl cinnamate (2a) and the reaction product of 
zinc with methyl 2-bromo-3,3-diphenylpropanoate (5 ) .  
These taken in concert with earlier evidence4p5 establish 
a formal identity for the two reagents (2a and 5) in 
solution, arid the mode of formation of 2a leaves little or 
no room for doubt as to the simplest compatible formu- 
lation for it and, therefore, for 5 (reagent A), the discrete 
Reformatsky reagent, in solution. The case for formu- 
lating the Reformatsky “dimer” (reagent B) as a 
covalent bromozinc derivative of a hemiketal of the 
unsymmetrical (0-Iactone) ketene dimer is strengthened 
by the failure of reagent B to afford 8 and 9 with added 
phenylmagnesium bromide. This failure would appear 
to rule out any appreciable equilibria involving a free 
ketene dimer (e.g., lo) and/or a chelated ester carbonyl 
(e.y., the bromozinc analog of reagent D). 

Finally a few words concerning infrared spectra are 
appropriate. At best it is ext)remely difficult to obtain 
good spectra of the Reformatsky reagent (A and/or B) 
in solution,4 and the complexity of products from the 

(15) H. Gilman [in H. Gilman, ”Organic Chemistry,” John Wiley & 

(16) D. V. Nightingale and R. H. Turley, Jr., J .  Org. Chem., 26, 2656 
Sons, Ino., New York, N. Y., 1943, p 489 f f .  

(1961). 

1,4-Grignard additions effectively rules out meaningful 
spectra in that system. However, we did examine a few 
cases of the Reformatsky reagent from methyl 2-bromo- 
3,3-diphenylpropanoate with results completely analo- 
gous to those obtained from the Reformatsky reagent 
derived from ethyl a-bromoisobutyrate. The only 
identifiable carbonyl absorption is clearly attributable 
to residual unreacted a-bromo ester; there is no high- 
frequency carbonyl stretching or still higher frequency- 
ketene absorption; and there is (in reagent A) a rela- 
tively strong absorption a t  1555 cm-’ analogous to that 
a t  1525 cm-1 in the simpler Reformatsky reagenta4 
That this is not to be attributed to a chelated carbonyl 
group (e.g., the bromozinc analog of reagent D) or to 

OR 
I 

‘Zn-Br 
BrZc Y=o*q I /  

*O=F‘F 

OR 

follows from the failure to obtain appropriate reaction 
products from the reagent solution and phenylmag- 
nesium bromide. 

Experimental Sec tionl7- 
Reformatsky-Zinc .-A 110-g portion of 20 mesh (Baker, 

granular, 99.8%) zinc was covered with concentrated sulfuric 
acid containing a few drops of nitric acid and was heated to 100’ 
for 20 min with occasional stirring. Then the mixture was 
cooled to room temperature, suction filtered through a sintered- 
glass funnel, and washed with three 50-ml portions of water, 
three 50-ml portions of acetone, and three 50-ml portions of ether. 
The treated zinc was then stored in a vacuum desiccator over 
phosphorus pentoxide. 

Methyl 2-Bromo-3,5-diphenylpropanoate.-A mixture of 24.3 
g (107 mmol) of 3,3-diphenylpropionic acid, 1.3 g (43 mmol) of 
red phosphorus, and 25 ml of benzene was treated dropwise and 
with mechanical stirring with 35.2 g (217 mmol) of bromine. 
Stirring was continued with heating on the steam bath overnight, 
after which excess bromine and hydrogen bromide were removed 
by a water aspirator. The red upper layer was decanted from 
the phosphoric acid into cooled (0’) 80 ml of absolute methanol, 
and the resultant red solution was stirred for 45 min with inter- 
mittent warming on the steam bath. Next it was concentrated, 
dissolved in 100 ml of benzene, and washed with three 100-ml 
portions of water, two of 5y0 sodium carbonate solution, three of 
sodium thiosulfate solution, and one of saturated sodium chloride 
solution. Then the organic layer was dried over anhydrous 
magnesium sulfate, concentrated, and allowed to stand overnight, 
whereupon it partially solidified. The crystals were collected by 
filtration and washed with petroleum ether (bp 30-60O) leaving 
13.11 g of crude product, which was dissolved in 200 ml of cyclo- 
hexane, refluxed with Norit, filtered, and concentrated to give 
two crops of white crystals (7.23 and 1.48 g, 21.9Yo yield). An 
analytical sample was recrystallized from cyclohexane, mp 106.5- 
107.0’. 

Anal. Calcd for C16HI6Br02: C, 60.20; H, 4.74; Br, 25.04. 
Found: C,60,28; H,4.74; Br,25.16. 

The infrared and nmr spectra are consistent with the assigned 
structure. 

(17) The molecular weight determination and all microanalyses were done 

(18) The mass spectra were recorded on 8 AEI-MS 12 mass spectrometer 

(19) All melting points and boiling points are uncorrected. 
(20) The vapor phase chromatography (vpc) was done on an Autoprep 

705 instrument using a 5 ft  X ’/a in. column of 4% SE-30 on Chromosorb 
6, a nitrogen flow rate of 5 ml/min, and a column temperature program of 
50-200° with a 15O/min temperature rise. 

(21) The silica gel used for all thin layer chromatography (tlc) was Brink- 
mann S. G. PFm with 5% oalcium sulfate. 

by Spang Microanalytical Laboratory, Ann Arbor, hdicb. 

a t  The University of Connecticut by 0. W. Norton. 
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Preparation of Reagent 2a.-Preparation of phenylmag- 
nesium bromide was carried out in the usual manner and in a 
nitrogen atmosphere. Upon completion of the reaction, the 
solution of the Grignard reagent from 2.0 g (82 mg-atoms) of 
magnesium and 13.5 g (86 mmol) of bromobenzene in 40 ml of 
ether in one run was cooled in ice water and treated with 1.77 g 
(-15 mol yo) of dry cuprous bromide; however, no readily 
observable difference in results was obtained if this step was 
omitted. Addition dropwise of 10.0 g (63 mmol) of methyl 
cinnamate in 40 rnl of absolute ether over a 1.5-hr period with 
stirring for an additional hour provided the solution of reagent 
2a. 

Preparation of Reagent 5 .-This reaction was also conducted 
in a nitrogen atmosphere. Zinc, 295 mg (4.5 mg-atoms), and a 
small crystal of iodine were covered with 5 ml of 1 : 1 (v/v) ab- 
solute ethyl ether-dry benzene (called “solvent” in the sequel). 
The zinc-solvent mixture was stirred and warmed to effect re- 
flux, and a few drops of a solution of methyl 2-bromo-3,3-di- 
phenylpropanoate (“ester”) (1.60 g, 5.00 mmol) in 12.5 ml of 
solvent was added. If needed, a few drops of methylmagnesium 
iodide solution was also added to initiate the reaction. The 
whole amount of the ester solution was added dropwise over a 
3-hr period, but a t  1.25 hr there was added an additional 197 mg 
(3.00 mg-atoms) of zinc, and a t  the end of ester addition there 
was added 154 mg (2.0 mg-atoms) of zinc, after which the mixture 
was refluxed for 2.25 hr. The resulting solution was used for 
experiments requiring reagent 5. 

I-Methoxy-2-benzhydrylvkyl Benzoate (4a). (a) Via 1,4- 
Grignard Addition.-To the full amount (above) of reagent 2a 
solution was added a solution of 11.55 g (82 mmol) of benzoyl 
chloride in 20 ml of absolute ether over a 10-min period. The 
resulting solution was refluxed for a few minutes and then was 
transferred with the aid of a little acetone into a beaker containing 
200 ml of ether. Upon addition of 100 ml of 1% hydrochloric 
acid, the black tar dissolved leaving a precipitate of crude ben- 
zoate which was collected by filtration, washed with ether, dis- 
solved in acetone, hot-filtered, and allowed to crystallize. The 
light green crystals were washed white with acetone, and two 
additional crops were obtained from the concentrated mother 
liquor: total yield, 3.38 g, 15.4%. An analytical sample was 
twice recrystallized from benzene-petroleum ether (bp 30-60’), 
mp 155-156’ (1it.l1 130-133’). 

Anal. Calcd for C23H2003: C, 80.21; H ,  5.85. Found: 
C, 80.27; H, 5.92. 

The infrared and nmr spectra are consistent with the assigned 
structure. 

(b) Via the Beformatsky Reaction.-To the full amount 
(above) of reagent 5 was added 703 mg (5.00 mmol) of benzoyl 
chloride in 10 ml of 1: 1 ether-benzene over a 15-min period. 
Reflux was continued for 5 hr. The reaction mixture was hy- 
drolyzed with 50 ml of half-saturated ammonium chloride solu- 
tion, and the aqueous phase was extracted with 25 ml of benzene. 
The combined organic layers were washed with 25 ml of sat- 
urated sodium chloride solution, dried over anhydrous magnesium 
sulfate, and concentrated to a yellow oil which partially crystal- 
lized on standing. The crystals were collected by filtration, 
washed with petroleum ether (bp 30-60’), and dried: 171.5 mg 
of crude 4a, mp 144.0-144.5’. Purification as before afforded 
white crystals, mp 154.5-155.5’ with no depression in mixture 
melting point. The infrared spectrum was identical with that of 
the previous sample. 

Methyl 2- (9-Hydroxy-9-fluoreny1)-3,3-diphenylpropanoate (6). 
(a) Via I,4-Grignard Addition.-Using half of the solution of 
reagent 2a prepared from 1.22 g (50.0 mg-atoms) of magnesium, 
‘there was added a solution of 3.6 g (20 mmol) of fluorenone in 30 
ml of absolute ether, and the reaction mixture was refluxed for 
2 hr. It was then poured into 50 ml of ice water and was treated 
with saturated ammonium chloride solution until the magnesium 
salts dissolved. The separated aqueous layer was extracted 
with two 25-ml portions of ether, and the combined ether layers 
were dried over anhydrous magnesium sulfate, filtered, and con- 
centrated to give 6.69 g of a six-component oil (thin layer chro- 
matography): biphenyl, 3,3-diphenylpropiophenone, fluorenone, 
9-phenylfluorenol, methyl cinnamate (trace), and the product, 
6. Two successive chromatographs on Florisil (100-200 mesh) 
afforded from 6.07 g of the oil, respectively, 1.11 g (29.2%)22 

(22) Using 319 g of Florisil in a 4.5-om-0.d. column, 200-ml fractions; 
no. 1-25, benzene: no. 26, 1 : 3 ether-benzene; no. 27, 1 : 1 ether-benzene: 
no. 28-39, ether. Crude 6 was found in fraction no. 25-36 (1.4 g). 

and 340 mg of relatively pure 623 which was recrystallized twice 
from carbon disulfide: mp 143-145’; ir (CSZ solution) 3560 and 
1735 em-’. 

Anal. Calcd for CneHzrOt: C, 82.83; H, 5.75. Found: 
C, 82.87; H, 5.71. 

The nmr spectrum is consistent with the assigned structure. 
Treatment of a colorless ethanol solution of 6 with a little dilute 
sodium hydroxide immediately produced a yellow color, fluo- 
renone from a “reverse Reformatsky,” as observed elsewhere.4 

(b) Via the Reformatsky Reaction.-A solution prepared from 
3.19 g (10 mmol) of the bromo ester was treatedwith 1.80 g (10 
mmol) of fluorenone in 15 ml of the “solvent” and refluxing was 
continued for 2 hr. The reaction mixture was then hydrolyzed 
with 20 ml of saturated ammonium chloride solution, the aqueous 
layer was separated and extracted with 10 ml of benzene, and 
the organic layers were combined and dried over anhydrous 
magnesium sulfate. Filtration and concentration afforded 4.43 g 
of a yellow oil. As in the previous procedure chromatography 
on Florisil yielded 6,24 which was recrystallized from carbon 
disulfide-petroleum ether (bp 30-60°), in two crops: 0.91 g, 
mp 147.5-149.0’, and 0.38 g, mp 146.5-148.5’. The total yield 
was 34%. The melting point was not depressed by the previous 
sample, and the infrared spectra of the samples from both pro- 
cedures were identical. The present product behaved identically 
with sodium hydroxide. 

Methyl 5,5-Diphenyl-2-diphenylmethyl-3-oxopentanoate (7a).  
(a) Via the Claisen Condensation.-A solution of 48.1 g (200 
mmol) of methyl 3,3-diphenylpropanoate in 50 ml of o-xylene 
(freshly distilled from calcium hydride) was treated under nitro- 
gen with 9.6 g (200 mmol in 50% oil dispersion) of sodium hy- 
dride. Stirring was started and the gray mixture was slowly 
warmed to reflux in an oil bath. After 3.25 hr of refluxing, the 
dark brown mixture was cooled and hydrolyzed with 100 ml of 
50% acetic acid. The solvents were removed in a rotary evap- 
orator leaving a yellow solid which was titurated with hot chloro- 
form and filtered. The filtrate was concentrated, diluted with 
absolute ethanol, and allowed to crystallize. Two crops of white 
crystals were obtained, 29.1 g (61.8%). An analytical sample 
was recrystallized from 2:  1 (v/v) ethanol-acetone: mp 152.5- 
153.2’; ir (KBr) 1735 and 1710 cm-1. 

Anal. Calcd for CalHtsOa: C, 83.01; H, 6.29. Found: 
C, 83.12; H, 6.19. 

The nmr spectrum is consistent with the assigned structure. 
(b) Via the Reformatsky Reaction.-A solution of reagent 5 

was prepared from 3.19 g (10 mmol) of bromo ester and then was 
refluxed for 24 hr. The reaction mixture was hydrolyzed with 
50 ml of half-saturated ammonium chloride solution, the aqueous 
layer was separated and extracted with 25 ml of ether, and the 
combinedor ganic layers were dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give 2.24 g of yellow oil. Tri- 
turation of the oil with ether left a white solid which was washed 
with ether and recrystallized from ethanol and then from 2:1 
(v/v) ethanol-acetone to give 321 mg of satin-white needles of 
7a, mp 154.0-154.5”with no depression on mixture with product 
from Claisen condensation whose infrared spectrum was identical 
with that of the present product. A number of complex products 
were isolated from the mother liquors from recrystallization and 
trituration of which only dimethyl 2,3-dibenzhydrylsuccinate was 
identified: 210 mg; mp 188.5-190.0’; ir (KBr) 1755 cm-1; 
nmr (CDCla) 7.20 (s, 11.4) 7.12 (s, 8.6), 4.05 (m, 3.9), 2.99 (s, 
6.1); mass spectrum (70 eV) m/e 478 (parent ion). 

Anal. Calcd for C32H~004: C, 80.31; H, 6.32. Found: 
C, 80.22; H, 6.28. 

An additional 25.8% yield of 7a was isolated from the mother 
liquors by column and thin layer chromatography. 

The infrared spectrum of reagent 5 during the above dimer- 
ization was taken a t  the end of ester addition and a t  the end of 3 
hr of refluxing. The first spectrum shows residual bromo ester 
(1750 cm-1, strong) and a weak band at  1555 cm-l; the second 
spectrum shows residual ester (1750 cm-l, moderate) and a mod- 

no. 
1-6, benzene; no. 7-19, 1: 19 ether-benzene: no. 20-24, 1: 1 ether-benzene, 
Compound 6 was found in fraction no. 7-12 (340 mg). 

no. 
1-8, benzene: no. 9-10, 5% ether-benzene; no. 11-14, 25% ether-benzene. 
Product 6 was obtained from fraction in no. 4-6. Preparative tlc (20 x 
20 cm2 X 1.25 mm silica gel, five benzene elutions) afforded 44.7 mg of 6 
from an aliquot. This corresponds to 132 mg in the total eluate from no. 
4-6. More product was obtained from later fractions, and 6 was isolated by 
recrystallization. 

(23) Using 32.9 g of Florisil in 20-mm-0.d. column, 75-ml fractions: 

(24) Using 90 g of Florisil in 30-mm-0.d. column, 250-ml fractions: 
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erately intense band at  1555 cm-l. No other carbonyl bands 
were observed nor was there any absorption between the carbon- 
hydrogen stretching region and 1750 cm-l. 
2-Diphenylhydroxymethyl-l,l,5,5-tetraphenyl-3-pentanone (9). 

-A 15.4yc yield of this compound was isolated, following the 
procedure of Kohler and Heritage,llJd mp (fast) 154-155', lit." 
153'. The infrared spectrum is compatible with the assigned 
structure. Refluxing with 10% sodium hydroxide solution for 
2 hr followed by ether extraction afforded 1,1,5,5-tetraphenyl- 
pentanone-3, mp 125.5-127.0' (lit.'4 130'). On heating in a 
kugelrohr a t  30' (11 mm) two pure products condensed on the 
cooler parts of the tube: the white solid was the above pentanone, 
and the liquid proved to be benzophenone by tlc (silica gel- 
benzene) comparison with authentic samples. 

Attempts to prepare 9 from reagent 5 by addition of phenyl- 
magnesium bromide solution were fruitless, only 7a being iso- 
lated in 41.5yC yield (crude). A considerable variety of un- 
identified products was obtained by chromatographic procedures 
and each, which could be isolated relatively pure (tlc), was 

checked by tlc for identity with 9 and its two decomposition prod- 
ucts, none of which was detected. 

Kohler's 7a.-The crude product had mp 200.5-206.5' and 
was recrystallized from ethanol-chloroform to give satin-white 
needles [dried over phosphorus pentoxide a t  80" (5 mm)], mp 
209.2-210.7". A second recrystallization with 3 days of drying 
as before gave mp 216.0-217.5' (lit.'4 211-213'); ir (KBr) 1760 
1720, and 1665 cm-"; nmr chemical shifts nearly identical with 
those for authentic 7a. The integrated nmr peaks fit methyl 
2,4-dibenzhydryl-3,5-dioxo-7,7-diphenylheptanoate: mass spec- 
trum (70 eV) m/e 656 (parent ion); isotopic abundance ratios a t  
m/e 656 (Calcd: 100,51.65, 14.10. Found: 100,51.5,14.3.); 
conventional mol wt (vapor pressure' in chloroform) 680. 

Registry No.--Methyl 2-bromo-3,3-diphenylpro- 
panoate, 24689-50-7; dimethyl 2,3-dibenzhydrylsuc- 
cinate, 24728-01-6; 6,24689-51-8; "a, 24647-01-6. 
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The cis- and trans-3-t-butylcyclobutanols have been prepared and equilibrated with aluminum isopropoxide 
in isopropyl alcohol a t  different temperatures. The thermodynamic parameters (trans to cis) are AH = -1.6 
kcal/mol, A S  = -1.1 cal/(deg mol), and AGloo = -1.15 kcal/mol. The equilibration of ethyl 3-t-butylcyclo- 
butanecarboxylate with sodium ethoxide in ethanol a t  different temperatures gives AH = -0.8 kcal/mol, 
A S  = -0.7 cal/(deg mol), and AGloo = -0.58 kcal/mol. The cis isomers are enthalpically favored while the 
trans isomers are entropically favored. The results have been explained on the basis of a relatively rigid puckered 
cis isomer and a somewhat flexible trans isomer. 

The free-energy change in the equilibration of ethyl 
cis- and trans-3-l-butylcyclobutanecarboxylate has 
been previously reported.' The cis isomer predom- 
inates a t  equilibrium in support of the idea that the ring 
is puckered leading to the groups being placed in 
equatorial positions similar to those in cyclohexane 
(Chart I, X = C02Et). The trans isomer, on the 
other hand, would have an equatorial t-butyl and an 
axial carbethoxyl group provided that the ring is 
puckered to the same extent as in the cis isomer (Chart 
I, X = C02Et). The argument commonly used in 
conformational studies in cyclohexane would indicate 
that the enthalpy of the trans isomer would be higher 
than that of the cis one due to a 1,3 interaction. How- 
ever, i t  is possible that this interaction may be great 
enough to result in a planar ring (Chart I, X = COZEt). 
Either way, the trans isomer should have the higher 
enthalpy since the puckered form would have a greater 
1,3 interaction, increased angle strain, and better 
torsional angles, while the planar form would have a 
reduced 1,3 interaction, decreased angle strain, and 
poorer torsional angles. The actual strueture for the 
trans isomer may be somewhere between the extremes. 

Experimental evidence supports conformations of 
rings varying between significantly puckered to planar 
ones for substituted cyclobutanes. For example, the 
cis isomers of methyl 3-methylcyclobutanecarboxylate,2 

(1) G. M. Lampman, K. E. Apt, E. J. Martin, and L. E. Wangen, J .  Orp. 

(2) N.  L. Allinger and L. A. Tushaus, dbid., 80, 1945 (1965). 
Chem., 83, 3950 (1967). 

CHART I 
EQUILIBRATION OF PLANAR AND NONPLANAR 

3-t-BUTYLCYCLOBUTYL DERIVATIVES 

trawpuckered 
axial X 

cis-puckered 
equatorial X 

tramplanar 
X = CO,Et, OH 

3-isopropylcyclobuty1 alcohols and  amine^,^ methyl 
3-isopropylcyclobutanecarboxylate,4 2,2,4,4-tetrameth- 
yl~yclobutane-1,3-dinitrile,~ 1,3-dibromocyclobutane,6 
and 1,3-cyclobutanedicarboxylic acid' all have been 
shown to be puckered, and calculations on 1,3-di- 
methylcyclobutane indicate that this should be ex- 
pectedW8 On the other hand, conformations of the 

(3) I. Lillien and R. A. Doughty, J .  Arne?. Chem. Soc., 89, 155 (1967). 
(4) I. Lillien and R. A. Doughty, Tetmhedron, 28, 3321 (1967). 
(5) F. Lautenschlaeger and G. F. Wright, Can. J .  Chem., 41, 863 (1963). 
(6) K. B.  Wiberg and G. M .  Lampman, J. Amer. Chem. Soc., 88, 4429 
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(1966). 
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