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SUMMARY

The normel addition reaction of a ketone with a Grignard reagent,
followed by hydrcolysis of the reaction mixture results in the formation of
a tertiary slcohol. The intermediates resulting from the resction of
benzophenone with methyl and phenyl Grignard compounds in 1:2 stoichio-
metry have been isolated, prior to hydrolysis, by fractional crystalliza-
tion of the reaction mixtures. As the solvent was removed from the
regction mixture under wvacuum, a precipitate resulted which was filtered
in the dry box. Further stepwise removal of solvent from the reaction
mixture resulted in several fractions. In all cases the first fractions
obtained were found to contain an alkoxymagnesium halide., This was true
regardless of which Grignard compound was used or whether the initial
Grignard compound concentration was O.1M or 1.0M in diethyl ether. The
final fraction resulting from the removal of the last traces of solvent,
was found to contain unreacted Grignard compound.

Redistribution has been found to occur readily between methyl-
magnesium 1,l-diphenylethoxide and magnesium iodide dietherate in
diethyl sclution to form methylmaghesium iodide in 1,1-diphenylethoxy-
magnesium icdide quantitatively. Thus, it has been shown that alkyl-
magnesium alkoxides can also be intermediates in the reaction of Grig-
nard compounds with ketones., When inverse addition {e.g. the addition of
the Grigrard compound to the ketone) was used, employing a 1:1 ratio of

reactants the product was again 1,l-diphenylethoxymagnesium iodide.
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The intermediate resulting from the reaction of benzonitrile with
methylmagnesiom icdide in 1:2 stoichiometry, was isolated and found to

be (I), with unreacted Grignard compound again found in the last fraction.

p!}—cl*—N.—.Mg-—I- Et,0
CH
3
I

A kinetic investigation was attempted in order to determine the
mechanism whereby a ketone reacts with a Grignard compound. Z-Methyl-
&-merCaptomethylbenzophenone and methylmagneslium chloride was found to
be a satisfactory system for the study. No suitable data was obtained
with which to determine the kinetic order of the reaction. A system of
analysis was developed, utilizing ultraviclet spectroscopy, with which
it was possible to reproduce values for the initial concentration of the

ketone to within one per cent. Initial difficulty in preparing stable

Grignard solutions at low concentration was overcome. The best method
found for preparing Grignard compounds in triethylamine consisted cof
running the reaction in triethylamine solvent which was previcusly dis-
tilled from a triethylamine sclution of the Grignard compound to be

prepared in the reaction.



CHAPTER I

JNTRODUCTION AND HISTCRICAL BACKGROUND

Grignard reagents have been the subject of much interest and con-
troversy since thelr discovery in the year 19001. Since then many at-
tempts have been made to determine the structure and composition of the
reagent and fto understand the mechanismg by which Grignard compounds
react with various clasgses of organic compounds. A great many contribu-
tions have been made in these areas, particularly in the 1895C's and
early 1960's, however, many are conflicting and lead to confusion and
speculation.

It would appear that an exact description of a reactlon mechanism
is impossible unless the reacting specles are known with certalnty.
Therefore, one must forego consideration of the mechanism whereby a
Grignard reagent reacts with an organic functional group until the com-
position of the Grignard compound in solution is well understecod. Be-
fore discussing the ultimate objective of this research, which concerns
the mechanism of Grignard compound addition to ketones, it is necessary
first to consider the nature of the species present in ether solutions
of Grignard compounds.

Barbier2 first discovered in 1899 that alkyl halides and ketones

react with magnesium metal to produce, on hydrelysis, tertiary alcohols.

1. V. Grignard, Compt. rend., 130, 1322 (1900).

2. P. Barbier, Compt. rend., 128, 110 (18399).




Mg H, 7.0

RCCR + CH3I >

. . 1 . X
In 1900 Victor Grignard , after whom the reagent is named, dis-
covered that the reaction is actually a two step process involving the
formation of an alkylmagnesium halide fcllowed by subsequent reaction

with the ketone, teo yield on hydrolysis the tertiary alcohol.

Et,0
CH,I + Mg -—=> CHMgI (2)
+
M, H0
CHyMgl + RCOR ———=> RC(OH)CH3R (3)

Although "CHBMgI”* is not the only species in solution, it is most often
used to predict the products of the reaction.

Several early workers reported on the composition of Grignard
cempounds in solution. Perhaps the best known is that of Joliboiss,
who in 1912 proposed a dimeric structure (EtEMg'MgBrg) for the Crignard
compound, ethylmagnesium bromide. He based his conclusion on the fol-
lowing facts: {(2) MgIg-QEtgo was olready known, (2) Ethg is scluble

in a diethyl ether solution of Mgl 2Wt O, and (3) "EtMgBr" like Bt Mg

decomposes at elevated temperature (~—175) in the absence of air to give

MgH2 and ethylene. Further support for a dimeric structure was proposed

Fhe quotation marks, as in "CHyMgT", will be used not to indi-
cate the RMgX species, but merely the Grignard compound formed in the
reaction of the alkyl halide with magnesium.

3. P. Jolibois, Compt. rend., 155, 353 (1912).




by TerentievJ+ in 1926, who showed by ebullioscopic measurements that
methylmagnesium iodide wag dimeric in diethyl ether sclution using a
.34 M concentration of the Grignard compound.

Schlenk and Schlenk5 in 1929 proposed the equilibria (4) and (5)
to explain the composition of Grignard compounds in diethyl ether solu-

tions. They observed that the addiftion of dioxane to & Grignard solu-
+ 254 . L
R Mg MgX, === R Mg-MgX, (L)
PRMgX — R Mg + MeX, (3)

tion precipitated the magnesium halide as the bis~dioxanate, whereas
the dialkylmagnesium compound remained in solution. From this, they
also attempted to derive equilibrium constants, but later workers
showed that the equilibrium is mobile and that the amount of magnesium
halide that precipitates is a function of the reaction time. It ig
apperent that all the halogen does not exist in diethyl ether solu-
tion as MgX2 since the solubility of the Grignard compounds, exceeds
the solublility of pure magnesium halide, Therefore, the magnesium
halide must be assoclated as represented by the unsymmetrical dimer
(T) or it may exist in the form RMgX, and the associated symmetrical

dimer (TI).

. A. P. Terentiev, Z. Anorg. Chem., 156, 73 (1926).

5. W. Schlenk and W. Schienk, Jr., Ber., 62B, 920 (1929).



R e X
~ 7 N
Mg -~ M R—Mg - /Mg —R
R "X X
T IT
Stewart and Ubbvloda“ studied the equilibrium in a system contain-

ing methylmegnegivm iodide and magnesiuvm lodide in diethyl ether. They
evaluated the magnesium 1oiide concentration from freezming point data,

and their results can be socounted for on the basis of an equilibrium.

2MgT, + Meblgl P [QMgIQ-MeMgI] (6)
Dessyy, in his clancical exchange experiments of 1957, attempted
to either prove or digsprove i presence of RMgX specieg in solution.
He mixed Ethg and isotoplcelly labeled Mg28Br2 and allowed the mixture
to reach equilibrium. Ee thzn precipitated the magnesium bromide with
dioxane and found that zli of the activity remained with the magnesium
bromide. The conclusion of this experiment wasg that no exchange took
place, and hence monomeric EiMaBr did not exist in a Grignard solution.
Tf exchange had taken place it should have occurred through an RMgX
species, thus resulting in a losg of activity for the precipitated mag-

nesium bromide and z gaiun in activity for the EtEMg remaining in solution.

6. R. Stewart and A. R. Ubbelode, J. Chem. Soc., 2649 (1949).

7. R. E. Dessy, G. &, Hzandler, §. H. Wotiz and C. A, Hollings-
worth, J. Am. Chem. Soc., 72, 3476 (1957).




Et

~
Et Mg + MggBBr T—> Et—Mg “Mg%§ Br (7)
2 2 N e
EtMgBr + EtMg28Br
Lo Bt
2EtMg28Br ——— FEt— MgdB : Mgeé Br (8)
Br

28
Ethg + Mg Br2

Dessy observed only six to ten percent exchange after thirty-six hours

using Mg28 and concluded that this was not due to the formation of RMgX

27

he did observe exchange. This

25

result was largely deemphasized and attributed tc impurities in the Mg ~.

species in solution. However, using Mg

Thug, the absence of moncmeric RMgX became accepted and mechanisms des-
cribing reactions of Grignard compounds were proposed on the basis of an
attacking unsymmetrical dimeric species (I).

Tt should be noted here that in 1951 prior to Dessy's isctope
experiment, Swain8 proposed a mechanism (9), for Grignard compound
addition to ketones involving complexation by a monomeric RMgX species,
followed by subsequent attack by & second molecule of the same type.
Transfer of the alkyl group from the magnesium atom to the carbonyl

carbon was pictured as taking place via a six centered transition state.

8. C. G. Swain and H. B. Boyles, J. Am. Chem. Soc., 73, 870
(1951).




This mechanism would Involve overall third-order kinetics, second-order
in monomeric RMgX and first-order in ketone, if the second step were
rate controlling. By adding an equivalent amount of MgBrg to the ketone
Swain found that he was able to increase the yield of addition product
from 35 to 65 percent, with a corresponding decrease in the amount of
reduction preoduct. He concluded that MgBrg must complex first with

the ketone, (10), decreasing the amount of (ITI) that forms when the
Grignard compound is added, and thereby decreasing the amount of

reduction precduct.

R R /,R'

~
SC=0 4 RUMgX g2 >C=G-oMg (9)
R R X
ITI
T
NP R R
ITT + R'MgX ——= ¢ Mg—R' ———> BR—(~0-Ng + MgX
R} | R 2
R! X
\Mg/
!
X
TV v
R R X
~ N y
- L+ " _— . & a
LC=0 + MgX, e _c=0 Mg (10)



The reduction of KkKetones by Grignard compounds was also represen-
ted by a six-centered transition state {11) involving a monomeric RMgX
gpecies complexed to the ketone, and showing migration of a B-hydrogen
from the alkyl group on the Grignard compound to the carbonyl carbon.

The reduction mechanism referred to by Swain, was first proposed by

Whitmore9. This mechanism was later substantiated by Dunn and Warkentinl©
R R N Br
~
N(=0 + CH_CH.CE MgBr w=——> ¢ “wmg” (11)
R7 32w R |
H CH
-~
\.(IjH 2
CH
3
VI
R
I
VI ——> R—-C~0-MgBr + CaHg
I
H
VIT

who studiea the reduction of ketones by Grignard compounds, in which
the B-hydrogens were replaced by deuterium atoms. They found that a
deuterium atom migrated to the carbonyl carbon, in agreement with the

above mechanism. It is alsc important that reduction does not occur

9. F. C. Whitmore and R. 3. George, J. Am. Chem. Soc., é&,
1239 (19k2),

10, G. E. Dunn and J. Warkentin, Can. J. Chem., 34, 75 (1956).
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unless there is a B-hydrogen present in the Grignard molecule~.
Meisenheimerll proposed a mechanism for the addition reaction
involving the rearrangement of a Werner type complex via a four centered
transition state to give intermediate (VITI). The Meigenheimer mechanism
involves second-order overall kinetics, first-order in monomeric Grignard
compound and first-order in ketone. Tn lieu of Dessy's exchange ex-

periments both the Swain and Meisenheimer mechanism were Jjudged to be

incorrect.
R
R R 0. X ,
C=0 + R'MgX — cT Mg —> R—(—0-MgX (12)
A g 1
R R R '
VIII

Influenced by the new Grignard composition proposzed by Dessy,
Miller, et 32-12 proposed a mechanism invelving attack by the unsym-
metrical Grignard dimer {I). They studied the system diisopropyl
ketone and "EtMeBr'", and found the reaction to be first-order in ketone
and first-order in Grignard dimer. Transition state (IX), in which the
carbonyl oxygen 1s complexed to the magnesium containing the halogen,
leads to addition and (X), while (XI) leads to reduction and (XII). A
second moleculse of ketone could undergo attack by either intermediate
(X) or (XII), in a similar manner, generating more addition or reduction

product.

11. J. Meisenheimer, Ann., 4hz, 180 {(1925).

12, J. Miller, G. Grigoriou and H. 8. Mosher, J. Am. Chem. Soc.,
83, 3966 (1961).
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R R 0 R X
N F TN ' e
D=0 + R' MgrMeX, —— C Mg—X ——— R—(—0-Mg (13)
s 2 2 o oy ~
R R I R X
Rk /X Mg
Mg SR
X
R=isopropyl I X
R'=ethyl
X=bromide
X X
R R o Mg\x B Mg\x
N | -
~ ~ . .
C=0 + R' Mg-MeX_ 7> ¢ Cmg” —— R-C~0-Mg (1h)
-~ 2 P o~ Nt | Nt
R R™ | TR " R
H CH '
2
\CHE/
+ C
XI XIT

Regardless of whether the symmetrical or unsymmetrical Grignard
dimer is used to describe the reaction mechanism, two alkyl groups are
attached to each molecule of the Grignard dimer. Bikales and Becker13
had shown earlier that the reactivity of these two alkyl groups is
vastly different. When fifty percent of the alkyl groups present in
a Grignard solution (e.g. one-half the number of equivalents of mag-
nesium) and undergone reaction, the rate decreased eighty-five fold

in the case of a ketone. With a nitrile, the reaction essentially

halted completely after one-half of the available alkyl groups had

13. N. M. Bikales and E. TI. Becker, Chem. Ind., 1831 (1961).
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reactedlh. Addition of benzaldehyde to the Grignard-nitrile mixture pro-
duced the products expected in the normal reaction of henzaldehyde with
a Grignard compound. This indicated that the remaining alkyl group is
still capable of undergoing the expected reaction but that its reactivity
is in some way hampered. The mechanism of Miller, et al. appears to be
consistent with these results, since the reactivity of the intermediates
prior to reaction with the second molecule of ketone would be expected
to be lesg than that of the original Grignard compound.

Cowen and Mosher15 found in 1962 that changing the halogen had
more effect on the rate of addition than on the rate of reduction.
This would be expected from the above mechanigm, in which the halogen
plays more of a role in the addition intermediate, than in the reduc-
tion intermediate. It is now known that the halogen also influences
the composition of the Grignard compounds in diethyl ether solution.

House and Traficantel6 proposed a mechanism for the Grignard
compound addition reaction invelving attack by only the dialkyl mag-
negium. They studied the reaction of diethylmagnesium with diethyl
ketone and found the rate of reaction to be 50 times greater than the
rate of reaction when ethylmagnesium bromide was used. Furthermore,
they observed that when only diethylmagnesium was used that the
amount of enolization and reduction products was greater than when a

Grignard compound was used. Unlike the mechanismgs proposgsed earlier

14, 8. J. Storfer and E. I. Becker, J. Org. Chem., 27, 1868
(1962). T

15. D. O. Cowan and H. S. Mosher, J. Org. Chem., 27, 1 (1962).

16. H. 0. House and D. 0. Traficante, J. Org. Chem., 28, 355
(1963).
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by other worker58’12’15

they did not propose that magnesium halide pres-
ent in a Grignard compound in solution played any part in the transition
state leading to the normal addition product, but that the magnesium
halide depressed the ability of the intermediate alkylmagnesium al-
koxide to catalyze the enolization of the ketone (l?a, b, 18). For

the normal addition reaction Houge and Traficante concluded that their

— +
RgMgng ——= RMg + MgX, (15}
R R 0. R
7z |
0=0 + R Mg z=—= ¢ Mg-R —— R—{—-0-Mg~R (16)
~ 2 P I
R R R R
+
R"CH—(IJI—R + RMg-CR —— R"'CH#\{IZ-—R Mg—R + R'CH (172)
A
O - [)
R =(CH R" = (H
( 2 5) 3
R' = C(C2H5)3 X = Br
+ —
R'OH + RMg —> RMg OR' + RH (170)
+ - + -
RMg OR' + ngg —> RMg [R'—O—Mg—X2] (18)

data best fit second-order kinetics, filrst-order in ketone and first-
order in dialkylmagnesium. It is probable that the transfer of the

alkyl group from the magnesium atom to the carbonyl carbon takes place



1z

via a four centered transition gtate.

From congideration of all of these reports it was not possible to
draw any satisfactory conclusion concerning the mechanism of the reac-
tion. No one had obtained indisputable kinetic data which presented a
clear cut picture.

Ashby and BeckerlT, studied the reaction of diborane with

"EtMgC1" in tetrazhydrofuran solution. They found that quantitative

vields of chloromagnesium borohydride were produced.

THF
——> 3CIMgBH, + B(C.H_)
25° u =2

MgCl + 2B.H (19)

3CH ol

5 3

Chlordmagnesium borchydride was shown to be stable to disproportiona-

ticn and monecmeric in boiling tetrahydrofuran. If, the Grignard had

appreciable amounts of dialkylmagnesium, either associated or unasso-

clated, the product isolated should have been magnesium borohydride.

However, Mg(BHu)g and Mg012 were found to redistribute to chloro-

magnesium borchydride, and the results are therefore, inconclusive.
THF

Mg(BHu)E + MgCl, -—g——a 2C1MgBH, (20)
50

8 . .
Ashby™ ™, in further work on a similar Grignard compound in tetra-

hydrofuran solution, concluded that monomeric RMgX species do exist.

17. W. E. Becker and E. C. Ashby, J. Inorg. Chem., L4, 1814

(1965).

18. E. C. Ashby and W. E. Becker, J. Am. Chem. Soc., 85, 118
{1963).
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Fractional crystallization of a Grignard, "EtMgBr", produced a quantita-

tive yield of the species EtMggB and Ethg. When put back into tetra-

3

hydrofuran, the EtMgBBr showed an i factor of 0.5 indicating that it

3
dissociated to two species which could only be EtMgBr and MgBrg. The
concentration was not given. Similar results were found in diethyl
ether but the RMg2X3 compoundg were not soluble and association studies
could not be made. Associaticn studlies of ethylmagnesium chlcride in
diethyl ether solution did show the presence of dimeric species over a
concentration range measured from .05 M to .2 M. The Schlenk equilib-
rium (5) was suggested to describe Grignard compound ccompogition in
tetrahydrefuran and an expanded Schlenk equilibrium inveolwving dimeric
species to represent the Grignard compounds in diethyl ether.
R //X\\ X

-~
P + — 5 — 5 R
R/Mg\x/ Mg &= RQMg Mg,X2 «—=2 RMgX ——=R Mg\

~
Me=R (21)
X/

19

Further evidence for the presence of monomeric RMgX was found by Ashby
when he guenched an ether solution of ethylmagnesium bromide with a
large volume of triethylamine. TFractional crystallization of the re-
sulting triethylamine solution resulted in seven fractions all analyz-

ing for the species EtMgBr:Et_ W, showing a Mg:Br:N ratio of 1:1:1. If

3
MgBr2 existed to any extent in the diethyl ether solution of "EtMgBr',

it 1s being the strongest Lewis acid should have complexed first with the

15, E. C. Ashby, J. Am. Chem. Soc., 87, 2509 (1965).




i

triethylamine and having a very low solubility, crystallized in the
early fractions. In the same report it was shown that if EtMgBr was
prepared directly in triethylamine, and the reaction mixture frac-
tionally crystallized, the species isolated was again EtMgBr-EtsN in
all fractions giving a Mg:RBr:l ratic of 1:1:1. Molecular assoclation
studies of these fractions showed them to be monomeric. EtEMg and

MgBr, were shown not to redistribute to EtMgBr in triethylamine, the

2
solvent being a strong enough base to tie up the magnesium orbitals
and prevent the formation of the dimer (XIII}. The data implied that

the first formed species in the reaction of an alkyl halide with

R
s N

Mg—X ——> 2RM 22
o R = X (22)

—_—
RgMg + MgX2 ” R—Mg

X111

magnesium must be monomeric RMgX, and that thils species is definitely
present in appreciable amounts in diethyl ether solution.

Stucky and Rundle20 reported that X~ray studies of phenyl=-
magnesium bromide, obtained by evaporation of the solvent from an ether
solution of "#MgBr", chowed the crystal to be made up of monomeric
PMgBr units with the coordination around the magnesium atom satisfied

by two molecules of diethyl ether.

20. G. D. Stucky and R. E. Rundle, J. Am. Chem. Soc., 85, 1002

(1963).



15

In 1964 Dessy, et gl.gl repeated the exchange work reported

earlier involving EtEMg and Mg88Br They found that exchange occurred

X
in all cases except when "Dow atomized shot" grade magnesium was used.
This was also the most impure sample of magnesium in the study. Shortly
thereafter, Cowen, et 22.22 reported exchange in the system Ethg-MgBr2.
In light of these findings the proposed mechanisms representing the
attacking species by the unsymmetrical dimer no longer appeared as likely.
The possibility of attack by a monomeric RMgX species was again intro-
duced to explain the mechanism of Grignard compound addition to ketones.

23

Anteunis performed several experiments in the early 1960's
which showed that Grignard compound addition to ketones proceeds by
third order kinetics. A Hammett study indicated that the rate control-
ling step was the transfer of the alkyl group from the magnesium atom
to the carbonyl carbongh. The mechanism proposed was the same as the
Swain mechanism represented by equatiocn (9). To explain the kinetic
results Anteunis applied a steady state approximation to the complex

obtained prior to the transfer of the alkyl group. A steady state

treatment showed that if k3, the transfer of the alkyl group fraom the

2l. R. E. Dessy, 8. Green and R. M. Salinger, Tetrahedron
Letters, 8, 1369 (1964).

22. D. 0. Cowen, J. Hsu and J. D. Roberts, J. Org. Chem., 29,
3688 (1964),

#3. M. Anteunis, J. Org. Chem., 26, 4211 (1961).

2., M. Anteunis and T. Van Schoote, Bull. Soc. Chim. Belgs., 72,
776, (1963).
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One of the most significant contributions tc the mechanism cof

25,06

Grignard compound addition to ketones, was published by Smith
1963. Smith used substituted benzophenone system in his study, and

wag able to observe new bands in the ultraviolet region of the spectrum
for complex formation when he added the various ketones to different
species present in a Grignard solution. Smith showed that distinc-
tion could be made between a complex formed on the addition of MegMg,

MeBr. or "MeMgBr". The complex bands attributed to Me Mg were not in

2 2
the same position as those attributed to the normal Grignard. Smith
found that the complex band and the ketone band disappeared at the
same rate, giving good pseudo first-order kinetics for the normal
addition reaction. BSmith plotted the concentration of an ether solution
of methylmagnesium bromide versus the observed pseudo first-order rate
constant and found that the curve was not linear, but tapered off at
higher Grignard concentrations (Fig. 1). However, applying the re-
sults of Ashby'sg7 molecular weight studies, and plotting the concen-
tration of monomeric species, the graph is linear at all concentra-
tions. This seems to indicate that the attacking species if probably
menomeric CHBMgBr. Since Smith's data is given in terms of molal
concentration the assumption was made that the density of the Grignard

solution was the same as the density of ether and the conversion to

molal concentration was made.

25. 8. G. Smith, Tetrzhedron Letters, 7, 409 (1963).

£6. S. G. Smith end G. Su, J. Am. Chem. Soc., 86, 2750 (1964).

27. E. C. Ashby and M. B. Smith, J. Am. Chem. Soc., 86, 4363
(196L).
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Figure 1, Graph of the Pseudo-first Order Rate Constant versus

Concentration of the Grignard Compound from the Reaction
of 2,b-Dimethyl-l'-mercaptomethylbenzophenone with
Methylmagnesium Bromide in Diethyl Ether.
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After reviewing the prior art in this area some logical approaches
to further study became apparent. Since several of the proposed mechan-
isms postulate different intermediates, the first consideration was to
igolate and determine the compogition of the intermediate formed when a
Grignard reagent and ketcne react. In all cases, systems were chosen
to eliminate side reacticns, such as enolizatlon and reduction, thereby
limiting the formaticon of intermediastes to only the addition reaction.
Benzophencne, with nc o hydrogens capable of encolization, and methyl
and phenyl Grignard compounds were used predominantly in this study.

Since the results of this work were informative, but Inconclu-
sive a kinetiec study was then undertaken, in an attempt to determine
the kinetic order of the reaction with respect to ketone and Grignard
compound., The carbonyl absorption band in the ultraviolet region for
the ketones made spectroscopy a useful tool with which to follow the
extent of the reaction. Triethylamine, a solvent in which the Grignard
compound is known to be represented only by monomeric RMgX was chosen.
Thus, any rate constants obtained were the rate constants only for the
reaction of one species in the Grignard sclution and not a summation

of rate congtants due to several species reacting competatively.
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CHAPTER 1T
EXPERIMENTAL

A1l reactions involving organometallic compounds were carried out
under a nitrogen atmosphere (vnless otherwise stated to be argon), in
a system flamed and flushed with nitrogen prior to the addition of the
organcmetallic compound. The conventionsl apparatus for mest of the
reactiong consisted of a three necked reaction vessel eguipped with
appropriate dropping funnels and condensers. All fittings were ground
glass.

A1l diethyl ether used, other than what was used for extraction
purpcses, was freshly distilled over lithium aluminum hydride, unless
otherwise specified. All triethylamine was distilled over godium alumi-
num hydride directly prior to use unless otherwise stated. All alkyl
and aryl halides were distilled prior to use through a column packed
with glass helices., Organcmagnesium compounds Used in the synthetic
work were prepared using Grignard grade magnesium turnings. Triply
sublimed magnseium was obtained from the Dow Chemical Company in ingot
form and milled with a cutting tool. These magnesium turnings were then
washed with diethyl ether several times to remove any contamination due
to o0il resulting from the milling operation. All solid gamples were
dried on a vacuvum manifold.

All vapor phase chromatographic analyses were carried out using
an F and M 720 Dual Column Programmed Temperature Gas Chromatograph.

A1l ultraviolet spectra were obitained on a Cary 14 Recording
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Spectrophotometer. All infrared spectra were obtained on a Perkin Elmer
2378 Grating Infrared Spectrophotometer. The nmr spectra were obtalned
on a Varian A-A0 Spectrograph.

The dry box used in these studies was a Kewaunee Sclentific
Company inert atmosphere box, maintained under an atmosphere of dry
nitrogen. Prlor to the kinetic study this system was improved consider-
ably. A little giant pump was used to recirculate the box atmosphere
continuously, through a dry ice trap to remove any solvent vapor, followed
by passage through molecular sieve (type L-A, 1/16 inch pellets). The
atmosphere was then passed through a column containing MnO suspended ¢n
vermiculite to remove oxygen from the system. Entry into this dry box
involved flushing the entry port for a period of & least 15 minutes
prior to opening the inside door, or if conditions permitied, a vacuum
of one millimeter was obtained in the entry port itself, and the atmos-
phere replaced by nitrogen that had passed through the purification

train.

Samples were prepared for analysis in the following manner.

Liquid samples (e.g. 5 ml of & Grignard compound in diethyl ether solu-
tion) were hydrolyzed with isopropyl alccohol and the resulting hydroxides
were acidified with dilute sulfuric acid. The ether was then removed
with a water aspirator and the aqueous sclutions dlluted to the appro-
priate volumes with distilled water. Solid samples (approximately 1 g)
were covered with diethyl ether and hydrolyzed with diethyl ether to
which a small quantity of distilled water had been added. After hydroly-
gig the mixture was acidified with sulfuric acid and the ether removed

prior to dilution to 250 ml with distilled water. Two 25 ml aliquots
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were withdrawn, buffered to pH 10 and a small guantity of eriochrome
black T and methyl red indicators added. The samples were then warmed
and titrated to the end point with standard ethylenediamminetetraacetic
acid. The analysis for halogen was carried out using another 25 ml
aliquot to which 5 ml of ethanol had been added. The solution was ad-
justed to a pH of about 2 using nitric acid and titrated to the poten-

tiometric end point using a standard silver nitrate solution.

Preparation of Methylmagnesium Iodide in Diethyl Ether

Methyl icdide was distilled through a packed column (glacs heli-
ces) and the fraction taken boiling at L42.9°. Methyl iodide (284 g,
2.0 mocles} was then added to L0OO ml of diethyl ether in a droopping fun-
nel. Triply sublimed magnesium (49.8 g, 2.05 moles) was placed in a 3
necked reaction flask equipped with a stirrer, condenser and solvent
addition funnel containing an additional 400 ml of diethyl ether. The
methyl lodide golution was added dropwise with stirring to the magnesgium
and the reaction proceeded readily. Diethyl ether was added during the
courge of the reaction and the temperature kept at the point of mildly
refluxing ether. The resulting Grignard solution was colorless and clear
after filtration. Analysis by the Gilman method showed the solution to

be 2.07M in magnesium.

Preparation of Magnegium Bromide in Diéthyl Ether

Magnesium metal (26.0 g, 1.07 moles) was added to a reaction ves-
sel equipped with a stirrer, dry ice condenser and thermcmeter. Bromine
(160 g, 1.0 moles) was added to a 125 ml dropping funnel and placed in

the apparatus, as was a solvent funnel containing an additional 500 ml
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of ether., The bromine was added slowly, with the ether, keeping the tem-
perature between 10 and 20° with an ice bath. After the resction had
gone to completion two layers were observed, a straw colored upper layer
and a dark lower layer. The solution was filtered to remove excess
magnesium and the solvent removed in vacuo.
Anal: Caled. for MgBr -Et O Mg, 9.42; Br, €1.9
Found Mg, 9.33; Br, 60.2

Mg/Br 1.0/1.96

Preparation of Magnesium Jodide In Diethyl Ether

Magnesium metal (36.48 g, 1.5 moles) was placed in a 3 necked
flask equipped with a stirrer, thermometer, dry ice condenser and addi-
tion funnel. Icdine (381 g, 1.5 moles) was dissolved in about 1500 ml
of freshly distilled diethyl ether and added to the magnesium over a
pericd of three hours, maintaining the temperature of the reaction at the
point of mildly refluxing ether. The reaction was run under a nitrogen
atmosphere and shielded from light. After stirring for twelwve hours,
the solution appeared to contain unreacted iodine, and more magnesium
was added, continuing the stirring for several hours. After this time
the sclution was two phase, a light colored upper layer and a dark red,
opaque lower layer. The solvent was removed in vacuo and the sample
dried on a vacuum manifold. A portion of the resulting solid (5C.0 g)
was redisgolved in 500 ml of diethyl ether and the solution cooled to
0° precipitating a white crystalline material which after filtration
from the cold solvent and drying on the vacuum manifold gave the

following analysis.
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Anal: Caled. for MgIg'EEth Mg, 5.70; I, 59.5
Found Mg, 5.68; I, 57.5

Mg/T  1.0/1.95

Preparation of Dimethylmagnesium in Diethyl Ether

An apparatus was assembled, consisting of a 2 liter 3 necked flask
equipped with a stirrer, thermcmeter, dry ice condenser, solvent addition
funnel and a second 500 ml addition funnel over which another dry ice
condenser was placed. Methyl chloride (151.5 g, 3.0 moles) was distilled
from a Matheson lecture bottle through a column packed with solid NaCH
and drierite, and condensed on the dry ice condenser, dropping into the
halide addition funnel. The methyl chloride, diluted with 350 ml of
freshly distilled diethyl ether was added slowly along with pure solvent
into the reaction flask containing magnesium metal (75.0 g, 3.08 moles )
with rapid stirring. After 24 hours a white precipitate was observed
which was thought to be MgClg. Analysis showed the Grignard solutian to
be 1.63M in magnesium. p-Dioxane (159 g, 1.8 moles) was added to the
Crignard compound to precipitate the magnesium chloride. With the
addition of the dioxane a thick white slurry was obtained which was re-
moved by filtration in the dry box. The reaction was maintained under
nitrogen at all fimes and the resulting dialkylmagnesium solution was
found to be 0.863M in magnesium. No chloride was detected on addition

of silver nitrate to a hydrolyzed sample of the ether soluticn,

Preparation of Methylmagnesium Chloride in Triethylamine

An apparatus was assembled similar to the one previously described

for the preparation of methylmagnseium chloride in diethyl ether. Triply
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sublimed magnesium (18.2 g, C.75 moles) was placed in the reaction ves-
sel. Methyl chloride was distilled into the halide dropping funnel
through solid NaCH and drierite, and diluted with 40 ml of freshly dis-
tilled triethylamine. A 10 ml portion of the halide solution was added
to the magnesium and the mixture heated to 50° to initiate the reaction,
during which an additional 300 ml of triethylamine was added. After oh
hours a solid was observed in the reaction flask. This solid was re-
moved by filtration in a dry box and redissolved in benzene to remove
the excess magresium and any ammonium salts formed in the reaction. The
benzene solution was fractionally crystallized into two parts (1 and 2)
and the triethylamine filtrate fractionally crystallized into two addi-
tional parts (3 and 4). The solid materials were dried on a vacuum
manifold for 24 hours (72 hours in the case of fraction l), and gave
the following analysis:

Table 1. Fractional Crystallization of Methylmagnesium Chloride
from Triethylamine

Fractions Sample Weight (g) Mg(%) Cl(%) Mg/Cl Ratio
1 6,60 ek 33.1 1.0/1,01
o 11.60 17.7 2k, 7 1.0/.96
3 4,60 13.6 19.7 1.0/.99
L 3.88 k.1 18.7 1.0/.91
Caled. for CH3MgCl-N(02H5)3 13.8 20.2 1.0/1.0
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Preparation of Methylmagnesium Chloride in Triethylamine for the

Kinetic Study

A method analogous to the above was employed with the exception
that the triethylamine was distilled first from NaAlHu and then from a
triethylamine solution of methylmagnesium chloride in triethylamine. In
this case argon was used instead of nitrogen to supply an inert atmos-

phere.

Preparation of Phenylmagnesium Bromide in Diethyl Ether

Magnesium (20.0 g, 0.8 moles) was added to a 3 necked flask
equipped with two dropping funnels and a dry ice condenser. Bromobenzene
(78.0 g, 0.50 moles) was diluted with 150 ml of diethyl ether in one of
the dropping funnels and 200 ml of ether was added 1o the other. The
system was kept under a nitrogen atmosphere at all times. The bromo-
benzene solution was added slowly, at the same rate as the ether, and
the reaction started in one minute. The resulting solution was clear
and colored. Analysis for Mg and Br showed the solution to be 1.14M in

Mg and a Mg/Br ratio of 1.0/1.0.

Preparation of Phenylmagnesium Bromide in Triethylamine

The method used was similar to the preparation in ether with the
exception that the temperature was kept at 40 to S50° during the reaction

and a 100 percent excess of magnesium was used.

Preparation of 1,1-Diphenylethanol

Methylmagnesium iodide (935 ml of a 2.14M solution in diethyl

ether, 2.0 moles) was added to a 2 liter, 3 necked flask equipped with a



27

gtirrer, dry ice condencer and addition funnel for the ketone, which had
been previously flamed and flushed with nitrogen. The Grignard solution
was cooled to 10° with an ice bath. Benzophenone (182 g, 1.0 moles) was
dissolved in Just enough dry benzene to effect solution and added to the
Grignard solution, maintaining the temperature between 10 and 20°., The
addition required two hours and the solution was then allowed to reflux
for an additional two hours. At the end of this time a white solid was
observed in the flask. After stirring for 24 hours the mixture was
hydrolyzed by pouring it on a mixture of ice and NHuCl in a large beaker,
followed by acldification with dilute HCl. The organic layer was separa-
ted and the adquecus layer extracted with several portions of ether.

The ether extract was washed with a solution of sodium thiosulfate to
remove the lodine and dried over anhydrous MgSOu. The liquid was
decanted from the MgSOh and the solvent removed in vacuo. The result-
ing product was recrystallized from n-hexane to a melting point of 78.5-
79.0°. (Lit.28 mp 79-81°). A mixed melting point with Eastmen 1,1-Di-
phenylethanol showed no depression. NMR gave signals at 51.83 (3H,

singlet), 82.2 (1H) and 86,8~7.5 (10H, from the aromatic ring).

Preparation of 9-Methyl-9-Fluorenol

9-Fluorenone was recrystallized from n-hexane to give yellow needles
melting at 82.2-82,6°. (Lit.g9 mp 84°). 9-Fluorenone (6.0 g, 0.033

moles) was dissolved in 200 ml of diethyl ether and added to a 500 ml

28, M. 8. Xharasch and F. L. Lambert, J. Am. Chem. Soc., 63,
2315 (1941).

29. J. Schmidt, Wagner, Ber., 43 1798 (1910).
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3 necked reaction flazk equipped with a stirrer and dry ice condenser.
Methylmagnesium iodide (1.5 m! of a 1.63M solution in diethyl ether,
0.1 moles) was added dropwisze with stirring, and the resulting mixture
was allowed to reflux for two hours and then cooled to room temperature.
The mixture wzg hydrolyzed by pouring it onto ice and NHuCl, acidified
with dilute HC1, and the organic layer separated. The aqueous layer was
extracted with several portiong of fresh ether. The combined extract
was dried over anhydrous MgSOh, decanted and the sclvent removed in
vacuo. The product was recrystallized from benzene to a melting point

30

173.6=-174° (Lit.”” mp 173-174°), giving 5.2 g of the alcohol and corres-

ponding to 80 percent yield.

Preparation of Methylmagnesium 1,1-Diphenylethoxide in Diethyl Ether

Method A:

To 1,l-diphenylethanol (9.9 g, 0.05 moles) dissolved in 150 ml of
diethyl ether, in a 500 ml, 3 necked flask equipped with a stirrer and
dry ice condenser, was added dropwise, dimethylmagnesium (59.7 ml of a
0.862M solution in diethyl ether, 0.05 moles). The reaction was not
noticibly excthermic and gas evolution was cobserved during the course
of the addition. The temperature was maintained at 25° during the 20
minutes required for the addition and then allowed to attain room tem-
perature. After 2L hours the mixture was fractionally crystallized into
three fractions and analyzed for magnesium, giving the results shown in

Tahle 2.

30. G. M. Badger, J. Chem. Soc., 535 (1941).
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Method B:

Dimethylmagnesium (116 ml of = 0.862M solution in diethyl ether,
0.1 moles) was added to 750 ml of freshly distilled diethyl ether, in
a 2 liter, 3 necked flask equipped with a stirrer, thermometer and addi-
tion funnel, and the mixture cooled to 2-3°. To this solution was added
1,1l-diphenylethanol {19.8 g, 0.1 moles) dissolved in 200 ml of diethyl
ether. The migsture was allowed to werm to room temperature after the
evolution of gas had ceased, and waz allowed to sit overnight under a
nitrogen atmosphere. The mixture was then fractionally crystallized inte
three fractions and analyzed for magnesiumm gilving the results shown in

Table 3.

Reaction of Methylmagnesium 1,1-Diphenylethoxide with Magnesium

Todide Dietheratz in Diethyl Ether Soluticn

Methylmagnesium 1,1-diphenylethoxide (0.05 moles) was prepared
in diethyl ether solution by method B, to give a final concentration
of 0.1M at the completion of Lhe resction. Magnesium iodide dietherate

{pl.25 g, 0.05 moles) was discolved in 250 ml of diethyl ether and added

v

to the reaction mixture at »06°. No svolution of heat was observed.

The reaction mixture was left gtirring overnight and a white precipitate
resulted which wag filtered &g fraction 1. The remainder of the mixture
wag fracticnally crystallized into 3 more fractions and analyzed for Mg

and I, giving a total recovery of Mg corresponding to 88 percent.



Table 2. Fractional Crystallization of Methylmagnesium 1,1-di-
phenylethoxide from diethyl ether {Method A)

30

Fractions Sample Weight (g) Mg (%)
1 7.30 8.30
2 2. 4o 8. 75
3 2.80 9.ho
. .8
Calcd. for ¢EC(CH3)OMgCH3 EtEO 7. 85

Table 3. Fractional Crystallization of Methyimagnesium 1,1-di-
phenylethoxide from diethyl ether (Method B)

Fractions Sample Weight (g) Mg (%)
1 7. 20 8.51
o 3.90 8.10
3 16.0k 8.25

Calcd. for $.C(CH.)OMgCH. Et O 7.865
2 3 2

3
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Table 4. Products from the Reaction of Methylmagnesium 1,1-Di-
phenylethoxide with Magnesium Iodide Dietherate in
Diethyl Ether.

Fractions Sample Wt. (g) Mg (%) T(%) Mg/T Ratio

1 17.50 5.91 28,29 1.0/.92

2 1.25 9.02 31.1k 1.0/.67

3 4o 6.11 27.60 1.0/.89

L 10. 20 9.35 L8.34 1.0/1.0
Caled. for ¢EC(CH3]0MgI-Et20 5.78 3C.05 1.0/1.0
Calecd. for CH3MgI-Et20 10.10 52, 83 1.0/1.0

Preparation of U, 4'-Dimethoxybenzophenone

The distillation of p-bromoanisole was carried out at 104.5° and
15 mm using a packed column. p-Methoxyphenylmagnesium bromide was
prepared in the usual manner (see preparation of phenylmagnesium bromide)
by adding p-bromeanisole (37.4 g, 0.2 moles) to triply sublimed magnesium
(6.1 g, 0.25 moles) in diethyl ether under a nitrogen atmosphere. Cad-
mium chloride dihydrate {~ 100 g) was placed in a round bottom flask
and heated with an oil bath in vacuo at 120° to remove the water of
hydration. Anhydrous CdCl, (21.1 g, 0.11 moles) was then added to the
previously prepared Crignard compound over a period of 4 hours, in powder
form, The distillation of anisoyl chloride was carried out at 127° and
6 mn. The diarylcadmium compound was added without further purification
to anisoyl chloride (34.0 g, 0.20 moles) in diethyl ether. The resulting
mixture was hydrolyzed after 48 hours by pouring it onto z mixture of ice

and solid NHhCl in a large beaker, and acidified with dilute HC1l. The
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organic layer was removed and the aqueous layer extracted with 600 ml of
diethyl ether. The combined extract was washed with aqueous NaHCO3 to
remove anisic acid. Recrystallization of the resuliing product was
carried out In EtCH in which the other two compounds, anisole and p-bromo-
31

anisole, are soluble, to a melting point 140,5-141°. (Lit.”” mp 143-

14h°),

Preparation of 2-Methyl-U4 'mercaptomethylbenzophenone

A 500 ml 3 necked flask squipped with a stirrer and Friedrich
condenser was flushed with nitrogen. To this was added thionyl chloride
(77.3 g, 0.65 moles) and o-toluic acid {65 g, 0.5 moles). The reaction
was observed to be very slow at room temperature, and the mixture was
then hezted to 40° in a fume hood, bringing about the evolution of HCI1,
The reaction required four hours and the excess thionyl chloride was
distilled from the mixture. The acid chloride was distilled in vacuo
at 42° and 0.5 mm. Redistillation through a packed column gave a
product boiling at 55.3-56.4° at 1.10 mm. The yield of the acid
chloride was 80 percent based on o-toluic secid.

Carbon disulfide (~ 375 ml) was then added to a liter 3 necked
flask, along with o-toluoyl chloride (61.5 g, .40 moles} and thio-
anisole (46.5 g, 0.375 moles). The mixture was cooled to 15° with an
ice bath, and anhydrous aluminum chloride was added slowly, keeping the
temperature between 15-20°, During the two hours required for the addi-
tion HC1 gas was evolved. The mixture wag then acidified and the organic

layer separated. The aquecus layer was extracted with an additional 100

31. H. Schnackenberg and R. Scholl, Ber., 36, #54% (1903).
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ml of CSQ. The combined extract was washed with aqueocus NaHCO3 and dried
over MgSOh. The solution was then decanted and the ng removed in & fume
hood with a water aspirator. The resulting solid was recrystallized from
a large volume of n-hexane to a melting point of 38.2-39.2, yielding

38 g of pure product. VPC {2 ft. SE-30 columns) showed only one peak.

>\ether
max

attributed to SCHB), 52.26 (3H, singlet attributed to O-CH3), §7.0-7.7

= 312 mu (s=2.5x10h). NMR showed signals at &2.45 (3H, singlet

(8H, attribvuted to the ring protons).

Preparation of 1{o-tolyl),l({p-mercaptomethylphenyl)ethanol

2-Methyl-L '-mercaptomethylbenzophenone (10.0 g, 0.041Lk moles)
wag dissolved in 250 ml of freshly distilled diethyl ether and placed
in a 3 necked reaction flask equipped with a stirrer, dry ice condenser
and addition funnel. Methylmagnesium chloride (100 ml of a 1.1M solu-
tion in diethyl ether, 0.11 moles) was added slowly over a period of
two and one-half hours, and the mixture lef't stirring overnight. After
this time a white preecipitate was observed which was filtered in the
dry box and hydrolyzed by pouring it slowly on a mixture of ice
and solid NHhCl in a heaker. After acidification the organic layer was
separated and the water layer extracted with an additional 5C ml of
ether. The combined extract was dried over anhydrous MgSOh, decanted
and the solvent removed in vacuo. The solid product gave a total yield
of 8.5 g melting at 81.2-81.8°. Ultraviolet analysis showed no absorp-
tion at the ,A max of the starting material using a 0.01M solution, in-
dicating that no resgidual ketone remained. Infrared analysis showed a

-1 . . . . .
sharp peak at 3610 cm indicating a tertiary alcohol, and no absorption
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in the carbonyl range. HNMR of the product showed signals at 52.35 (3H,
singlet attributed to SCH%), &2.92 (3H, singlet attributed to O_CHS)’
52,78 (3H, singlet attributed to the terminal CH3)’ 51,97 (lH, attributed

to alcohol), and signale at &4.9-7.7 (8H, attributed to aromatic protons).

Reaction of Methylmagnegium Todide with Benzonitrile in Diethyl Ether

Methylmagnesium iodide (14% ml of a 2.07 M solution in diethyl
ether 0.3 moles) was diluted to 790 ml with freshly distilled diethyl
ether and placed in a 3 necked reaction vessel equipped with a stirrer,
dry ice condensger and addition funnel. Benzonitrile wag distilled
through a column packed with glags helices and the fraction collected
boiling at 82.2-82.8° at L.L mm, A solution of benzonitrile (15.5 g,
0.1% moles) in 15 ml of dicthyl cther was added slowly to the Grignard
golutiicn and the mixture was allowed to reflux for 20 hours. The
rezulting mixture, 0.4M in Urlicnard compound was allowed to cool to

room temperature and fractionally crystallized into four fractions

giving the following analysi:.

Tavle 5. Products from Uhe leactlon of Methylmagnesium Todide
with Benzonitrile in Diethyl Ether (using a 0.4M
golution of the Grignard compound)

Fractions Sample Wt. (g) Mg (%) I (%) ¥g/I Ratio
1 27.£0 7.03 37.2 1.0/1.01
2 8. 70 7.56 37.3 1.0/.95
3 5.10 7. 64 38.6 1.0/.97
n o, 10 10. 70 50.3 1.0/.91
Caled. for ¢C(CH3)NMgI-Et20 7.08 36.9 1.0/1.0
Caled. for CH,MgI*Et_ O 10.10 50.83 1.0/1.0

3 2
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The same reaction was also carried out using 1M methylmagnesium
iodide and benzonitrile. The reaction product was fractionally crystal-
lized and the fractions analyzéd for magnesium and lodide, excepting

fraction 3*. The results of this study are shown in Table 6.

Table 6. Products from the Reacticn of Methylmagnesium Todide
with Benzonitrile in Diethyl Ether (using a 1.0M
solution of the Grignard Compound)

Fractions Sample Wt (g) Mg (%) T (%) Mg/T Ratio
1 25.20 6.92 hl.1 1.0/1.1
2 L. Lo 7.17 39,0 1.0/1.03
3 oL, 80 -- —

Reaction of Methylmagnesium lodide with Benzophenone

Methyl magnesium icdide (72.5 ml of a 2.07M solution in diethyl
ether, 0.15 moleg) was added to 1400 ml of freshly distilled diethyl
ether to five a final concentration 0.1M in Grignard compound. The solu-
tion was placed in a 2 liter 3 necked flask egulpped with a stirrer,
thermometer, dry ice condenser and addition funnel and cooled to 10° with
an ice bath. Benzophenone (14.0 g, 0.078 moles) was dissolved in 129
ml of diethyl ether and added to the Grignard compound keeping the tem-~

perature between 10 and 20°. The solution was allowed to reflux for

*Fraction 3 was not analyzed to oxidation of the gample. It
may be reasonably assumed that it was unreacted Grignard compound since
fraction 1 and 2 would account for 89 percent of the nitrile and the
welght of sample 3 corresponds to .102 moles, one half of the CH3MgT
added. There is an anology tc the other nitrile experiments and to the
various experiments using benzophenone in which Grignard compound was
always found in the last fraction.



36

two hours after the addition and a white precipitafe was observed in the
reacticn vessel. The solid was filtered in the dry box and the filtrate
fractionally crystallized intoc two more fractions. The final fractlon
was very soluble in diethyl ether., Analysis for magnesium and iodide

gave the results shown in Table 7.

Table 7. Producte from the Reaction of Methylmagnesium Icdide
with Benzophenone (using normsl addition and a 0.1M
solution of the Grignard compound)

Fractions Sample Wt. (g) Mg (%) T (%) Mg/T Ratio

1 29. 90 6.10 29.50 1.0/.93

2 3.0 - 39, 80 -

3 13.45 8,76 53,30 1.0/1. 1k
Caled. for ¢EC(CH3)OMgI-Et20 5.78 30.05 1.0/1.0
Caled. for CHBMgI-Et?o 10.10 52,83 1.0/1.0

The same reaction was also carried out using 1M methylmagnesium
iodide snd benzophenone., The reaction product was fractionally crystal-
lized and analyzed for magnesium and iodide, giving the results shown
in Table 8.

A further modification of this reaction was made using inverse
addition (adding the Grignard compound to the ketone) employing a 1:1
ratio of Grignard to ketone. The mixture was allowed to reflux for one
hour after the addition and was fractionally crystallized after sitting
for six hours under a nitrogen atmosphere. Only two fractions were

obtained giving the following analyses shown in Table 9.



Table 8. Products from the Reaction of Methylmagnesium ITodide with
Benzophenone (using normal addition and a 1.0M solution of
the Grignard compound)

Fractions Sample Wt (g) Mg (%) T (%) Mg/T Ratio
1 30.85 6.09 29.2 1.0/1.0
2 18.80 10.2 50.8 1.0/.95

Table 9. Products from the Reaction of Methylmagnesium Todide with

Benzophenone
Fractions Sample Wt. (g) Mg (%) I (%) Mg/T Ratio
1 18.06 5.92 29.9 1.0/.97
= 1.40 5.02 26.1 1.0/.99
Caled. for ¢EC(CH3)OMgI-Et20 5.78 30.05 1.0/1.0
¢aled. for CH_MgI-Et, O 10.10 52.83 1.0/1.0

3 2

VPC analysis of a hydrolyzed portion of fraction 1 (2 ft. sili-
cone rubber, SE-30) showed the presence of only 1,l-diphenylethanol

and no benzophenone.,

Reaction of Phenylmagnesium Bromide with Benzophenone in Diethyl Ether

Benzophenone (9.1 g, 0.05 moles) and phenylmegnesium bromide
(87.7 ml of a 1.14% M golution in diethyl ether, 0.1 moleg) were mixed,
using normal addition in the manner previously described using methyl-
magnesium iodide. Fraction 1 was obtained by filtering an insoluble
intermediate and fraction 2 resulted when the solvent was removed in

vacuo. Analyses for magnesium and bromide gave the fellowing results.
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Table 10. Products from the Reaction of Phenylmagnesium Bromide with

Benzophenone
Fractions Sample Wt. (g) Mg (%) Br {%) Mg/Br Ratio
1 16.30 5.80 19.3 1.0/1.01
2 12.60 8.30 27.2 1.0/1.00
Calecd. for ¢3COMgBr-Et20 5.56 18.3 1.0/1.0
Calcd, for QMgBr-EtEO g.52 31.30 1.0/1.0

Method for Making a Kinetic Run and Subsequent Analysis

The reaction vessel used for a kinetic run consisted of a 25 ml
volumetric flask, equipped with a small sidearm approximately 1 cm above
the graduation line. These flasks were flamed and flushed with dry
nitrogen and placed in a dry box prior to loading with the Grignard com-
pound and ketone solutions. A 5 ml sample of the Grignard compound in
solution was placed in the bottom of the flask and a sample of the ketone
in the same solvent introduced in the side arm of the flask using a Ham-
ilton micro syringe. One flask contained only Grignard reagent and was
hydrolyzed and acidified, to give a solution used in the reference beam
of the Cary 14 spectrophotometer. A second sample was hydrolyzed prior
to mixing the ketone and Grignard compound and after the work up was
used to establish the absorption at the initial time, to. The remain-
ing samples were mixed by shaking the flask and allowing the soluticns
to react for a given time before hydrolysis of the mixture. The work-up
procedure consisted of hydrolyzing the sample with 2 ml of disgtilled

water, acidification with 7 ml of 6N hydrochloric acid, and dilution
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of this mixture to 25 ml with distilled diethyl ether. Prior to acidifi-
cation the mixture was frozen in a dry ice-acetone bath, and the heat

of the acld-base reaction brought the mixture to room temperature. Dur-
ing the actual kinetic run the samples were maintained at 25° in a con-
stant temperature bath. The extinction coefficient used to determine
the concentration of ketone in each sample was obtained directly in the
water-ether solution using known concentrations of ketone, and was not
the extinction coefficient obtained in pure ether. This was done to
compensate for the fact that some of the ether added was miscible in

the salt water layer.
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CHAPTER IIT
DISCUSSION AND RESULTS

The mechanism of the normal Grignard compound addition to ketones
ig gquite complex, as exemplified by the numerous reports in the lifera-
ture. To study the normal addition reaction it is necessary to chose
a system in which the known side reactionsg cannot occur. If the ketone
has a hydrogen atom ¢ to the carbonyl group, enolization can occur, a
side reaction in which the Grignard compound is destroyed and the ketone
remains unchanged after hydrolysis. If the Grignard compound contains &
B-hydrogen atom, reduction can occur to give a secondary alcohol, For
these reasons this study was limited to those ketones without encolizable
hydrogens, such as benzophenone, and methyl and phenyl Grignard com-
pounds.

Since many of the proposed mechanisms describing Grignard com-
pound addition to ketones predict different intermediates, the first
step was to isolate and identify the intermediates which are obtained
prior to hydrolysis of the reaction mixture. Hopefully, knowledge about
the composition of these intermediates would allow the exclusion of
some of the proposed reacticn mechanisms.

The reaction of benzophenone with methyl and phenyl Grignard com-
pounds was studied at different Grignard compound concentrations, where
elther monomeric or dimeric species were known to predominate in diethyl
gther solutions. The reaction mixtures were then fractionally crystal-

lized prior to hydrelysis. The results are given in Tables 7-9. In all
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cases the first fraction consisted of & slightly soluble species and the
lagt fraction consisted of & very soluble species. The first fractions
were analyzed for magnesium and halogen and had the followling general

formula (XIV). The analysis of the last fractions corresponded to that

R
I
R—C—0-Mg—X - Et_O
iy
KTV
XTVa R=( R' =CHy X=I
XIVb R={ R'= X=Br

calculated for unreacted Grignard compound.

No agsociation study was made on the above intermediate. TIf
monomeric, two molecules of ether would he expected to satisfy the coor-
dination around magnesium. However, it is known that one ether of
solvation can be removed readily in vacuo. The extent of the loss of
solvation sometimes caused a differernce between weight percentages cal-
culated for the intermediate and those actually found, but in all cases
the Mg/X ratic was very good, this being independent of the degree of
golvation.

In most cases & ratio of Grignard compound to ketone of 2:1 was
used employing the normal addition mode (1.e. addition of ketone to the
Grignard compound in solution). Tn the one case where a Grignard com-
pound to ketone ratio of 1:1 was used, employing inverse addition (i.e.

addition of the (rignard compound to ketone) the intermediate was



identical to those previously isolated. A sample of one of the fractions
from this experiment was hydrolyzed and examined by VPC and no residual
ketone was cbserved. The quantitative production of the tertiary al-
cohol on hydrolysis showed that the intermediate was not just a complex
between the Grignard compound and ketone, as once reported by Pfelffer

and BlankBg.

The reaction of benzonitrile with methylmagnesium iodide was
then examined to see 1f this trend persisted. Once again, halogen was
found in the intermediate and analysis of the last fraction indicated
that 1t was unreacted Grignard compound, as shown by Tables 5 and 6.
The general composition of the intermediate isolated in this case is

given by (XV).

¢—|C=N—Mg—1 * Et 0

2
CH
3

There are five reaction mechanisms that predict the composition
of the intermediate isolated in the reaction of benzophenone with a
Grighard compound. The kinetic interpretation of each of these is 4if-
ferent, but all are first-order in benzophenone. Three of these involve
the redistribution of the first-formed intermediate with magnesium halide
in order to rationalize the isclated intermediate.

Tn equation (1) the reaction is first-order in Grignard monomer

32. P. Pfeiffer and H. Blank, J. prakt. Chem., [2], 153, 2k2 (1939).
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and involves a four-centered fransition state, to obtain directly the in-
termediate igolated experimentally. FEquation (2), first order in
dialkylmagnesium, involves attack by dialkylmagnesium and agalin a trans-
fer of the alkyl group from the magnesium atom to the carbonyl via a
four-centered fransition state. Redistribution would then have to occur
to agree with the intermediate isolated, (VIIT). Fquation {3} involves
attack by monomeric Grignard reagent, 2 molecules per molecule of ketone,
to give a six centered transition state. Again redistribution would
have to occur, but here the reaction is third order overall, second
order in Grignard monomer. Equation (4} requires the reaction to be
first order in the symmetrical Grignard dimer and after the transfer of
the alkyl group is identical to (3). Equation (5) requires the reaction
to be first order in the unsymmetricel dimer. TIn view of the present
accepted composition of the Grignard reagent in solution this is pos-
sible but not probable. In all cases the transfer of the alkyl is
thought to be the rate controlling step in the reaction.

To test the theory of redistribution and the fact that the inter-
mediate isolated experimentally may not be the first formed intermediate,
methylmagnesium 1,1-diphenylethoxide was prepared and mixed with magnesium
iodide dietherate in diethyl ether under the reaction conditions used
for the normal Grignard reaction. It was found that redistribution did
take place to give the same intermediate isolated in the normal
Grignerd reaction, and methylmagnesium iodide was again found in the last
fraction. If redistribution had not occurred, then the results would
have been more informative. Since redistribution did occur no cheice

could hbe made to favor any one mechanism over ancther.
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In lieuw of thesze resulis a kinetic study was attempted to deter-
mine the kinetic order of the normal Grignard compound addition to
ketones. The first consideration was again to simplify the sysiem &s
much ag pogsgible, to avoilid a multitude of competing reactions. It is
concelvable that all of the components in a Grignard compound in solu-
tion will react with benzophenone, but at different rates.

Ashbyeo had shown that the Grignard compound "EtMgBr" in tri-
ethylamine contains only the monomeric species EtMgBr. Lewis and
Wright33 showed that the reaction of a CGrignard compound with a ketone
is slower 1in a more basic solvent such as triethylamine, than in d4i-

13

ethyl ether. Bikales and Becker had shown that the reaction of

CH3MgBr with benzophenone was rapid, with 30-40 percent of the reaction
complete in about 40 seconds, using a Grignard compound concentration
0.08M in tetrahydrofuran, with a stoichiometric amount of ketone. For
these reasons triethylamine was chosen ag the golvent for this study,
using again benzophenone and methyl and phenyl Grighard compounds.

The first attempt to fellow the decrease in ketone concentra-
tion, to determine the kinetic order of the reaction was made using
vapor phase chromatography. It had been shown in this work that when
benzZophenone and methylmagnesium iocdide react only one product is pro-
duced, 1,l-diphenylethanol., Hence, by following either the disappear-
ance of the ketone or the appearance of the alcohol, it should be pos-

gible to determine the extent of the reaction, and thereby determine

the rate constant. In the presence of triethylamine, however,

33. R. N. Lewis and J. R. Wright, J. Am. Chem. Soc., Z&, 1253
(1952).
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1,1-diphenylethanol dehydrates in the VPC to give 1,1-diphenylethylene,
limiting the study to the disappearance of ketone.

Two methods of preparing samples for analysis were considered.
Either (a) aliyuots for analysis could be withdrawn at specified time
intervals from one reaction vessel and hydrolyzed or (b} the reaction
could be run in serum bottles and each one hydrolyzed ait some specific
time in the reaction. The reaction of benzophenone and methylmagnesium

3

bromide had been reported to be quite fastl and in order to get data
early in the reaction it was necessary to use dilute golutions of Grig-
nard reagent and even more dilute solutions of ketone, by a factor of

50 to 100 fold. Tn either case (a) or (b) it was necessary to acidify
the samples after hydrolysis, extract from the water layer and then con-
centrate the samples in order to see the peaks on the VPC, using a ther-
mal conductivity detector. In lieu of the small quantities of ketone
used and the number of menipulations inveolved in this method, the
accuracy was doubtful and this method was dropped from further consider-
ation.

Triethylamine absorbs strongly in the region 200-300mp. Benzo-
phenone, in diethyl ether solution exhibits two bands in the ultraviolet
region of the spectrum due to the carbonyl absorption, a ww— xt* transition
at 25imy (€=1.92x10u) and an n- ¥ transition at 343mu (€=128). Since
the study involved the use of dilute reagents to slow down the reaction
and maintain pseudo Tirst-order conditions the band at 251my was chosen.
This m&de it necessary to acidify the triethylamine sclution prior to

ultraviolet analysis. The salt-water layer wac then extracted to volume

with diethyl ether to ensure that the ketone was in solution, and the
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extract examined. When digtilled triethylamine was subjected to this
treatment, it showed no absorption in the reglon 200-30Cmu.

Phenylmagrnesium bromide was prepared in triethylamine yielding a
solution 0.16LM in magnesium, with a Mg/Br ratic of 1.0/1.2. A gample
of this Grignard sclution was prepared for ultraviolet analysis and
showed strong absorption in the wvicinity of 250mp where benzophencne also
shows major carbonyl absorption. A VPC study indicated the presence of
biphenyl, the coupling product in the formation of the phenylmagnesium
bromide. Biphenyl was found to absorb in the region 200-300mu and
Hence, phenyl Grignard compounds were excluded from further study.

An attempt was made to prepare methylmagnesium brcemide in tri-
ethylamine which resulted mainly in galt formation. A sample of

MeMgBr+Et_N was obtained by quenching an ether solution of the Grignard

3
compound as previously described. When this sample wasg examined in the
ultravioclet region it exhibited absorption in the regicn 200-290mu. A
gample of methylmagnesium bromide wasg prepared in diethyl ether and a
sample prepared for study in the UV. Tt showed no abscrption indicating
that impurities in the methyl bromide did not cause this absorption, nor
did it result from the work-up since the same amount of HC1l was added, as
was added to the amine solution. When another sample of the Grignard
compound in triethylamine was prepared and used in the reference bean,
the absorption was minimized, but not totally excluded.

Methylmsgnesium chloride was prepared directly in triethylamine
and it also showed abgsorption in the region 200-290mu. When the triethyl-
amine used in the preparation of the Grignard solution was distilled from
a Grignard solution in triethylamine the absorption of a hydrolyzed, acid-

ified solution was considerably decreased but still observable. The
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addition of a mild reducing agent, SnClg, did not remove the unknown
species causing absorption, nor did the addition of NaSQOB. The latter,
in the presence of the acid used in the work-up procedure resulied in
the formaticn of colleidal sulfur.

The results of this work indicated some unknown specles produced
absorption in the 200-29C mp region. In an attempt to clean up the
triethylamine prior to Grignard compound formation a study was carried
out in which the triethylamine was distilled from several drying agents
and the distillate examined by VPC., Distillation from LiAlH), PQOB’
and MeMgCl-EtBN showed that the water was removed in all cases but
that traces of other components found in a drum sample of triethylamine
were not. No atiempt was made to determine the identiiy of these im-
purities, which corresponded to abtout 0.1 percent, but secondary
amines were ruled out because they would have reacted with the Grig-
nard compound and been removed in that distillation.

Since the unknown absorption could not be eliminated the next
gtep was to find a suitable ketcne with its major carbonyl absarption
above the range of interference. BSeveral ketones were examined and
gave the regsults shown in Table 11.

The n—n* transition for b-methoxybenzophenone, and u,47-
dimethoxybenzophenone did not fall beyond the range of interference
of the Grignard compound and were not suitable for the study. Pre-
liminary work with fluorenone, showed that the reaction was quite fast,
comparable to benzophenone. Also, the product of the reaction, 9-
methyl-9-fluorenol absorbed very close to the ketone, at 319mu. The
shoulder of this peak interfered with the peak attiributed to the

n—n* transition.
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Table 11. Ultraviolet Absorption Bands for Ketones

Ketone ether e
% max
L
4-methoxybenzophenone 283 1.9x10
L
L, Ur-dimethoxybenzophenone 283 2.45%10
fluorene (n—n™) 328 765
L
2-methyl-4'-mercaptomethylbenzophenone 312 2.5x10

The reaction of Z2-methyl-k'mercaptomethylbenzophenone with
methylmagnesium chloride in triethylamine was then studied. The T
transition (e = 2.5xth) for this ketone was removed from the range of
Grignard interference. The product of the reaction, 1-{o-tolyl)-i-(p-
methylmercaptophenyl)ethanol was shown not to absorb at the )\max of
the ketone, even when present in a 0,.01M solution, more than 100 times
the maximum concentration of this species resulting from the reaction
of the ketone with the Grignard compound.

The high extinetlon coefficient of this ketone required the
concentration in the ether extiract after work-up to be Mxlo-sM. To
maintain pseudo first-order conditions the desired Grignard compound

3M. To pre-

concentration in triethylamine must be approximately 1x10"
pare a stable solution of Grignard compound at this low concentration

it was necessary to carefully distill the solvent used for the dilution
of a previously prepared Grignard standard solution. This was achieved

by distilling the triethylamine directly into a 100 ml. volumetric

flask equipped with a 24/40 ground glass joint, after first evacuating
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the receiver and replacing the atmosphere with nitrogen. Any impurity
that was capable of reacting with the Grignard soluticn after dilution
wag removed by distilling the amine from a Grignard solution.

It was also necessary to test the reproduciblility of the addi-
tion of the ketone standard to the side arm of the reaction flask.
Several flasks were prepared by adding 5 ml of a lxth3M golution of
the Grignard solution in the lower portion and 10 pl cof a 0.1M stand-
ard ketone golution to the side arm. The Grignard was first subjected
to hydrolysis and the ketone solution then mixed by shaking the flask.
The resulting mixture was acidified and diluted to volume with diethyl
ether. The initial absorption due to the carbonyl group was found to
be reproducible to within one percent. The stability of the ketone in
triethylamine was also checked over a period of time and gave the re-

sults shown in Table 12.

Table 12. Stability of 2-Methvl-h'-mercaptomethylbenzophenone in

Triethylamine
Time Temperature Absorbance Average Absorbance
initial 26° . 900 . Q06
<911
1 day ol . 509 . 90k
. 898
5 days 27° .88 . 889
. 880
10 days p5° . 902 elel]

. 907
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During this study the Cary 14 instrument was not jacketed. The ketone
solution in triethylamine was shielded from light during the time re-
quired for this study. If the standard sclutlon wasg exposed to light
over a period of two weeks or more a dark, viscous, oily material was
obgerved in the bottom of the flask.

Several kinetic runs were attempted with 2-methyl-4'-mercapto-
methylbenzophenone, most of which resulted in a "shotgun" scattering
of points (e.g. run No. 1) when pseudo first-order conditions were
maintained. One run, (No. 2) was attempted in which the Grignard com-
pound was in only 10 fold excess and in this run better agreement was
reached than in any previous case. TIn view of the scattering of
points, rate constants were not calculated for the early runs. In the
last kinetic run, a pseudo firsi-order rate constant was obtained,
15.52ilh.66x10-hsec-l, using an initial ketone concentration of lxlthM
and . a Grignard compound concentration of lxlO-3M. The results of this

work are given in Table 13.

In the following table, Table 13, the value of k, the pseudo

first-order rate constant is calculated from the following expression.

k = 2.3log(Ao/A)
t,
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Teble 13. Kinetic Data on the Reaction of 2-Methyl-4'-mercapto-
methylbenzophenone with Methylmagnesium Chloride in

Triethylamine
Run No. 1 Run No. 2
1 =1 S g
G = .118M K =1,10 M G _=1x10 M K = 1x10 M
o o] o o
) , L -1
time (sec) Absorbance time (sec) A kx10  sec
0.0 . OPL 0.0 1.01
oh.5 . 166 0.0 .99
50,0 L 207 30,2 .97 9.76
99. 4 .2h3 70.3 .89 16.11
100. 5 . 235 100. 8 .01 20.53

204, 1 .382 200.3 .73 15.71
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CHAPTER 1V
CONCLUSICNS AND RECOMMENDATIONS

Although the isolation of intermedistes from the normal addition
reaction of a ketone with a Grignard compound did nct allow a cholce to
be made as to the correct mechanism, several important observations werse
made. The intermediate was the same regardless of what the concentra-
tion of the Grignard compound in solution was when a 2:1 ratio of Grig-
nard compound %o ketone was used. Furthermore, the intermediate was the
same regardless of whether an alkyl or aryl Grignard compound was used,
and was independent of the halogen in the Grignard. There is also a
marked similarity tetween the reaction of & Grignard compound with a
ketone or nitrile.

The experiment in which inverse addition was used, with the
ketone in excess during the addition of the Grignard reagent, proved
that the species isolated is not just a complex between the ketone and
Grignard reagent, but a species in which the alkyl group has already
been transferred, from the magnesium atom to the carbonyl carbon.

No suitable data was obtained from which a reliable rate con-
stant could be calculated in the kinetic portion of this work, however,
several problems were overcome. The ketone standard was shown to be
stable. The alcohel product from the reaction of 2-methyl-i'-mercaphto-
methylbenzophencne with methylmagnegium chloride was shown not to interfere

with the absorption due to the carbonyl group of the ketone. The impurity
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to which absorption at the lower wavelength wags attributed could not be
eliminated but was at least minimized., The dilution of the Grignard com-
pound in triethylamine did not show any visible evidence that the Grig-
nard reagent had been destroyed at the low concentraticn, leading tc the
observed scattering of the data. At this point the study was abandeoned.
Since there is no apparent reason why the system studied did not
give good kinetic data, 1t may be fruitful to carry out further work in
this area. The last kinetic run attempted gave the begt results., In
the future the author recommends that no attempt be made to obtain pseudo
first-order conditions, but that the investigator work under conditions
that will allow the determination of the order with respect to the
Grignard compound. Since it is known that the reaction is first-order
in ketone, it should be possible to determine the order of the reaction

with respect to monomeric methylmagnesium chloride in triethylamine.
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