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CHAPTER I

INTRODUCTION

It was anticipated that reactions of trityl esters with Grignard
reagents might provide a pathway for the preparation of high molecular
weight triphenylmethyl-substituted hydrocarbons. 1,4~-Addition on the
phenyl ring of the acid portion of trityl benzoate is conceivable since
the carbonyl group is hindered. It was therefore of interest to originate
a systematic study of the reactions of trityl esters and to investigate

the mechanisms of the resulting transformations,



CHAPTER II1

HISTORICAL

Reactions of Hindered Esters with Grignard Reagents

Triphenylmethyl (trityl) esters of carboxylic acids have been syn-
thesized in good yields by the heterogenecus condensation of trityl
bromide with salts of carboxylic scids in hydrocarbon solvents; Trityl
acetate (T) wae prepared (90 per cent) by Berlin and co=-workers (7) via
the condensation of one mcle of silver acetate with 1,02 mole of trityl
bromide in boiling anhydrous benzene, Trityl benzoate (II) (92 per cent)
was similarly obtained from one mole of trlityl bromide and 1.20 mole of

potassium benzcate (7). Rathore (43) has recently synthesized trityl B-

CH,C0,C(CaHg) g Cs HgC0,C (G4 Hg) 4

I It

naphkthoate (III) (86,7 per cent) from cne mole of trityl bromide with 1,03
mole of sodium B-naphthoate in anhydrous benzene refluxed under nitrogen
for thirty-nine hours,

Reactions of hindered alkyl and aryl esters, including % and II,
with Grignard reagente have been studied by different investigators.
Fuson and co-workers (16) reported that methyl, n-butyl, and benzyl
mesitoates reacted with alkyl and aryl Grignard reagents to yield
mesitoic acid and the haiides corresponding te the respective ester

alcohols, No mechanism was proposed to explain these transformations.



Me§CO,CH, mmmmmp B MesCOH + CH,Br
25% 50%

CoHgM  H0

MesCO;C, Hy P » MesCOH+n-C, HgI

61% . 549
o CoHsM  HL0
Me sC0, CHy Cg Hy > P> MesCOLH + CgigCH,T
65% 70%
CH, CH,

Mes =

Gl

n~C,HgM = n-butyl Grignard reagent

CaHzM = phenyl Grignard reagent

Kharasch and Reinmuth (33) suggested a cyclic transition state IIT formed

from one mole of the Grignard reagent and one mole of the ester,

b -
0 0
. o ., /1
R«N/ \R’ e 'wqf b e R () + R'X
n P N
+ ?( 0\ ",X \\.
&g——R” Tig Tg
| R” _‘J R.’/
TLT

According to this interpretaticn, the hindered ester portion of the
transition state IIT could not readily react with a second mole of
Grignard reagent to effect the first step of the '"mormal' addition reac-
tion. This reasoning, however, was based on purély theoretical grounds,
and its validipy needs to be experimentally substantiated. Other ener-~

getically less favored reactions could be important in product control.



Aryl mesitoates reacted with CGrignard reagents {16) in an entirely
different manner. When alkyl Grignard reagents were used, the ester was
converted into the corresponding alkyl mesityl ketonme and the phenol

derived from the aryl group that was removed, In this manner aceto~

0 v
: 1
MesCO,Ar + RM s  MesCR + ATOM

RM = Alkyl Grignard reagent

mesitylene (45 per cent) and propiomesityleme (61 per cent) could be
obtained from reaction of p-tolyl mesitoate with methyl and ethyl Grignard
reagents, respeétively. |

Fuson and co=workers (16) found that aryl mesitoates condensed with
aryl Grignard reagents In a more complex fashlon, Thus p=tolyl reagent
reacted with p=tolyl mesitoate (I¥) (1.2:1) to yield p~c¢resol and Z-p-tolyle

4emethylbenzoylmesitylene (V). They explained these results on the

N 0 .
Mescog—@%mia + Cﬂg@/-——‘b{ — Mesg@ﬂiu + p=CHyCqH, OM

v



M = CGrignard reagent

assumption that the ketone LV ﬁas formed initially, as with the glkyl
Grignard reagents, and this compound reacted further with another mole

of the aryl Grignard reagent in a conjugate addition process (l,4-addition)
(15).

Reactions of trityl esters with Grignard reagents were first reported
by Fieser and Heymann (13), They observed that when one mole of trityl
acetate (I) condensed with 4 moles of methyl Grignard reagent, 1,1,1-
triphenylethane (68 per cent) resulted. Formation of the hydrocarbon
(rather than the carbinol) was explained as due to the special reactivity
of the acyloxylgroup which resulted in the replacement of the latter
by an alkyl radical. Trityl benzoate.(Il) similarly reacted with excess
methyl Grignard reagent to yield 1,1,l-triphenylethane (45 per cent)

(26), Fuson and Brasure (17) arrived at the same conclusion about the

unusual reactivity of the acyloxy group in trityl acetate (I) which



with excess t-butyl Grignard reagent, gave 1,1,l«triphenyl-2,2~dimethyl-
propane (20 per cent). Some insight concerning this mode of cleavage
may be found in two recent papers by Winstein and QOHworkefs (53,54)

in which they have carefully studied the importance of ion=-pair return
in reactions of trityl benzeoate (II). Experiments with carbonyl-

- *®o-labeled ester IT in dry and moist acetone at 75° indicated 18O
equilibration, which they postulated to proceed by way of an ion-pair
intermediate, They also illustrated that in the presence of lithium
azlde, the rate of chemical capture was much smaller than the ionization
rates, Hence they concluded that lon-pailr return phenomenon could cause
an exchange of trityl derivatives since the lonizatlon rate was greater
than the rate of lon-pair return. They also indicated that ion-pair
return became legs important as water was added to the acetone solvent.
This result may well explain the formation of the hydrocarbon, In the
presence of excess CGrignard reagents, the medium is somewhat more polar
and may promote ion-pair dissociation. Consequently, capture of trityl
cations by the Grignard reagent may be more facile.

Substitution at the w-carbon in the alkoxy porticn of an ester has
also been observed by Arnold and Liggett (2), who obtained substituted
allylbenzenes (ca. 70 per cent) by treating allyl mesitoates with excess
aryl Grignard reagents. They proposed an ionic, stepwise mechanism

to account for the observed products,



- —
“7 Mgz(
G0~ CHz— Cd==CH, , ¢ da ~CH=CH,
+ Mg =
CHg . CH,
4 L .
© i ‘
CO_Mgx

@ ‘:.u. ,vH.
CH;—CH=CH, 4=———= CHp=sCHunCH + ((&r

o

The structure of alkyl and aryl Grignard reagents in diethyl ether

‘u

has been recently examined by Ashby and Smith (5)., Rather convincing
evidence was presented that whereas alkylmagnesium chlorides were essen~
tially dimeric even at low concentrations (0,05 M), alkyl- énd aryl«
magnesium bromides and lodides contained essentially monomeric species
at low concentrations (0,05 M) and essentially dimefic species at

higher concentrations (0.5-1 M). They also indicated that the monomeric
species RMgX definitely existed in solution to a consiaerable degree,
and that the dimeric.spedies in solution could be in part described as
the symmetrical unit (ﬁMgX)B as well as the unsymmetrical species

R Mg*MgX,. They also suggested that addition of Grignard compounds to
kétones could be more accurately described in terms of either a monomeric
or a dimeric RMgX species (Figure I), or alternatively in terms of an

attacking ionic species (Figure TII).



Figure I

2RMgX === (RMgX),

0(C;Hg)g — —_
| R |
Rl . sl Rl
" T 0=s0 + R—MgX ~22%p (C,Hg),0 + | © >C==0-----Mg —— 0(C,H;),
R’ R’ |
X
0(CHz)
— —
, fast | RMgX
R Rt 0
MgX, + R’ —COMgR €—— R> 7 MgR

c
7~ |
. ) (3

Figure II

. . " ®
2RMgX sEesmmR RMg + MgK, o= RM? + RMgX,

R R @
o1 G0 + e —slowy, o> C—OMgR

0 R/
B l\ R / / \
o ¢ omgr + RM_gxz@ _fasty R,> c?) \Mg——R — R ’;-C—OMgR + MgX,
R X R’
X
o
X

According to Arnold and Liggett (3), hindered esters reacted with
Grignard reagents according to either onme or both of equations (a) and

{(b).




RCO,R’ + R"MgX —— RCO_MgX + R'R” (a)

RCO,R’ + R"MgX — RCOR” + R’OMgX (b)

Lf substituents were present in R which sterically hinder additions to
the carbonyl group of ester, and if R’ was of such a nature that it had
considerable thermodynamic stability as a cation (R'+), then cleavage
of the ester by the Grignard reagent would take place according to
equation (a). If on the other hand R’ had little tendency to form a
cation and the leaving anion (i.e., Clq,-OC,H;, or nco;) was readily
formed, then an entirely different reaction took place and ketones were
produced (1) according to equation (b). Arnold and Liggett further
indicated that when the magnitude of the steric factors about the car-
bonyl group was small, then simple allyl esters of carboxylic acids
behaved normally when treated with the Grignard reagent to produce
tertiary alcohols. The one exception to this rule was the case in
which R’ had an extreme tendency to form a cation, as in esters I and
II, where only alkyl-oxygen cleavage was observed (12,3), If the
steric factors in R were sufficiently great to prevent or inhibit the
addition of R“MgX to the carbonyl group, then allyl esters reacted
entirely according to equation (a). In a systematic study (2) of the
reaction of allyl esters with phenyl Grignard reagents, in which the
steric factors in R were varied over a wide range, it was observed that
the element of steric hindrance was sufficiently important when R was
trityl, 2,2-diphenylethyl, or 2,3-dimethyl-l-naphthyl, that the correspond-
ing alkyl esters underwent complete alkyl-oxygen cleavage with phenyl
Crignard reagent, When R was a 3-heptyl or a 3-pentyl group, normal

reactions (acyl-oxygen fission) proceeded simultaneously and at comparable
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rates, Arnold and Liggett considered additional confirmation for their
explanation was realized from the experiment with R as cyclohexyl or
l-ethylcyclohexyl since only the normal reaction occurred between the
allyl ester and phenyl Grignard reagent, In these two cases, free
rotation was supposedly prevented by the rigidity of the ring structure
although this reasoning should be considered untenable by modern the=-
oretical concepts. '

In later work (3), Arnold and Liggett found that the olefin produced

from phenyl Grignard reagent and n-crotyl mesitoate was pure n-crotyl-

benzene and apparently contained none of the isomeric isocrotylbenzene,

Cg Hg CH,CH==CHCH,

2,4,6-(CHy) 5CgHyCO,CH,CH=CHCH, + C H MgBr —b +

2,4,6=(CH,) 5CqH,CO,MgBr

This seemed of special interest, since it was well known that either

of the pure isomeric crotyl halides gives a mixture of isomeric hydro-
carbons when treated with the Grignard reagent. In view of their
findings, Arnold and Liggett suggested another mechanism to account for
the result, by postulating that the reaction proceeds by way of a quasi

six-membered ring of the form VI. Since group R is an element of the

- e o
0 05-he®
r.r“ ; Vi A) &I\

R“CCH,CH=CHR’ + RMgX —— |R—C R

AN
——=Lia
| R'C =£H Y
s

RCO,MgX + RCH,CH=CHR’' =
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six=membered ring, it is geometrically in a position such that it must
attack only the a=carbon atom of the allylic system (—-gﬂa——Eﬂztgﬂ"R'),
when the redistribution of electrons is completed, Bond breaking and
formation are supposed to occur simultaneously,

In the condensation of hexen~2-yl 4-mesitoate with phenyl Grignard
reagent, Arnold and Searles (4) were able to detect the formation of two
isomeric hydrocarbons predicted by the ionic mechanism. The olefinic
hydrocarbons were found to be a mixture of the two allylic isomers,
4-phenyl-2-hexene and 2-phenyl=-3-hexene, identified by reduction to
the corresponding alkylbenzenes and formation of solid diacetamido de-
rivatives of the latter. In view of the new findings, it was suggested
that formation of a carbonium ion intermediate would explain the mixture
of products obtained, Wilson, Roberts and Young (51) further stated
that generation of a carbonium~-ion was to be expected via a weakening
of the carbon-oxygen bond of the ester through preliminary coordination
with the Grignard reagent, They did not consider that a free carbonium
ion was formed, but rather that an ion-pair was produced in which the
cation was sufficiently free to effectively lose its identity. Arnold
and Searles (4) also found that the reaction of t-butyl mesitoate
with phenyl Grignard reagent afforded t-butylbenzene (24 per cent) and
mesitoic acid (50 per cent), under the usual conditions employed for
the cleavage of allylic esters. In trityl acetate (I) the g=carbon of
the O-alkyl group is shielded by three phenyl groups, so that formation
of a cyclic complex is sterically hindered. The ease of the reaction
may well be due to the stability of the trityl cation.

B-Elimination reactions of hindered esters with Grignard reagents

were cbserved during the reaction of one mole of o,B-diphenylethyl
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mesitoate with 2 moles of phenyl Grignard reagent in n-butyl ether (26).

Stilbene and mesitoic acid were isolated (80-90 per cent), With methyl
MesCO,CH(CqHg )CHyCgHs + CgHsMgBr ——P C HgCH=CHC Hy + MesCO,MgBr

Grignard reagent under similar conditions, the yield of the stilbene

was only 30-40 per cent, and another product, 1,2,3,4-tetraphenylbutane,
was obtained in 8-9 per cent yield, Hauser and co-workers rationalized
the formation of the latter hydrocarbon via dimerization of the inter-
mediate ¢,B-diphenylethyl radical. This type of reaction has been
observed by Stadnikoff (49), who found that benzhydryl acetate reacted
with propyl or n-butyl Grignard reagent to give sym-tetraphenylethane
(VII) (6-10 per cent), along with the corresponding alkane and alkene

from the Grignard reagent.

CH,CO,CH(CgHg ), + CoH,MgI =P (CgHg),CHe +:C,H,* + MgI, + CH,CO,MgI

dimetrization l l

(CgHg) gCH—CH(CgHg), CaHy + CH,—CH=CH,

VII

Some Grignard Reactions in Which Radicals Participate

This review is not intended to be comprehensive but several examples
are chosen to illustrate the general phenomena observed. Kharasch and
co-workers (34) noted that in the presence.Lf cobaltous chloride, phenyl
Grignard reagents reacted with aliphatic halides (methyl, ethyl, propyl,
n-butyl, and t-butyl chlorides) to yield biphenyl and the saturated and

unsaturated hydrocarbons derived from the alkyl halide used. A free

radical mechanism was postulated to explain these results. Later,
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CeHgMgBr + CoCl, —— CzHsCoCl + MgC1Br
2CHgCoCl ————b CaHg—CgHg + 2CoC1

CoCle + CyHgBr =——— CoC1Br + C, Hy*

"
CoH, C,Hg

Kharasch and co=workers (31) indicated that bi-g=cumyl (o,o’=dimethyls-
dibenzyl, or 2,3-diphenylbutane) was formed by the dimerization of the
intermediate cumyl radical when the alkyl Grignard reagent (an alkyl
bromide) and cobaltous chloride interacted in the presence of cumene.
Vapor phase chromatography was not employed for analysis, however, and
the presence of other compounds formed via the postulated intermediate
cumyl radical could have been undetected.

The appearance of radicals from Grignard reagents has also been
observed by Ruechardt and Trautwein (44), who indicated that during the
preparation of the Grignard reagent from l-chloro~2-methyl=-2-phenyl-
propane, there were also formed l-phenyl-2-methylpropane (1.3 per cent),
2-methyl=-3-phenylpropene (1.1 per cent), and l-phenyl-2-methylpropene
(0.8 per cent). They suggested that these hydrocarbons resulted from
rearrangement of intermediate l-methyl-l-phenylpropyl radicals into 1=~
phenyl-2-methylpropyl radicals VIII which then disproportionated. The
radicals of rearranged structure IX were also observed to dimerize

(9.5 per cent dimer).

Ce Hg ?oﬂs
(CH,),C—CH,C1 + Mg ———> MgCl, + (CH,),C—CH,"

VIII
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"
‘ |
vy SSAIIAnEement, (cy,),C—CHy—CeHs =P (CHy)yC—CHy—CqHe

IX
dimerize
CHg CHy ‘f“a
(CHy ) oC=CH—Cg Hg Ce HB_CHS_5=CH9 Ce Hg—CHz— %-?_CHa_ CeHg
CHa CH,

Meyer and Togel (40) observed early that addition of water during
the formation of phenyl Grignard reagent resulted in the synthesis of
large amounts of biphenyl. It was argued that this result might be due
to the formation of free phenyl radicals which subsequently dimerized.
Kharasch and co-workers (30) further stipulated that this mode of reac-
tion was applicable to a variety of Grignard reagents and hydrocarbons.
Recently (23), it was established that during the reaction of magnesium
with iodobenzene, participation of the phenyl radicals in the medium
CqeHy—CgHgD, gave CgHgD and C',Ha in the solvent. A combination method
of isotopic studies and mass spectrometer analyses of products was suc-
cessfully employed.

By means of electron spin resonance (ESR) techniques, Maruyama (39)
was able to detect free radicals during the addition of ethyl, phenyl,
and p-tolyl Grignard reagents to aromatic ketones such as benzophenone,
4=chlorobenzophenone, &4-methoxybenzophenone and acetophenone. The car-
bonyl compounds and the Grignard reagents were mixed at -25° in the
absence of air and moisture. The sample was then inserted into a cavity
which had previously been cooled with a stream of boiling liquid nitrogen,
and the ESR spectrum was measured. It was observed that although benzo-
phenone and 4-chlorobenzophenone gave well-resolved hyperfine spectra

during their reactions with phenyl and p-tolyl Grignard reagents (Plate
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XIII), the other ketones gave a single line, He suggested that the

free radicals detected were of the ketyl type, produced through the reduc=
tion of ketones by a species such as (ng)a(Rng)aaor (MgR.),(Rng)ﬂz which
might exist in the Grignard reagent, However, complete analysis of the
spectra necessary to determine the value of this important discovery is
lacking, and hence the conclusion about a ketyl-type radical is not

completely justified,

Reactions of Some Alkoxvyl Radicals

The discussion is not a comprehensive survey of alkoxyl radicals
but is concerned with model systems most closely related to our work,
Among the most important reactions of alkoxyl radicals, common trans=
formations such as rearrangement (equation c) and decomposition (equation

d) to more stable radicals occur readily. Triphenylmethoxyl radicals
RyCO* ——»R,COR ()
RyCO* =—»R,C=0 + R* (d)
R = Alkyl group or hydrogen atom

generated in xylene solution by the decomposition of trityl peroxide

(50) were found to rearrange and a high yield (70 per cent) of the dimer,

benzopinacol, was isolated., This reaction was also studied in cumene

1, dimerization

(CaHg)aCO* —— (CgHg),COCHs

(Cg Hg )z C—OH

(CgHg )2 C—OH
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solution at 135-140° by Kharasch and co-workers (32), who obtained the tri=-

phenylmethoxyl radical by decomposing t-butyl triphenylmethyl peroxide in
cumene. Under these conditions, the rearranged radical coupled with a

free o=-cumyl radical also produced,

CgHg (CH),C*

(CgHg),CO0* —> (CoHE)aéocsHs

(Cg Hg ) 5 (Cg Hg 0)C—C (CH, ) g Cq Hg <

60 %

Cristol and co-workers (11) observed that the decomposition products
of trityl nitrate at 110° contained benzophenone (83 per cent) and picric
acid (minute amount), but they did not report benzopinacol. Similarly
Wieland (50) indicated that trityl hydroperoxide yielded benzophenone

and phenol, whereas 'trityl peroxide (41) gave benzophenone and

2(CgHg)3C—0—0H =P (CyHg)aC—0—0—C(CgHg), + dy0,
decomposition

(CgHg) 5—C—00H ——> (CgHg)gC=0 + CqHgOH

biphenyl. It was shown that the formation of these products was consistent
with the intermediate formation of triphenylmethoxyl radicals and their

subsequent decomposition., In view of the above work, it seems that

(CgHg)3CO* ——> CgHs* + (CgHy),C=0

i

biphenyl benzene phenol

triphenylmethoxyl radicals can rearrange, couple with another radical,
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or dimerize depending on the temperature, The benzyloxy radical,
CgHgCH 0+, has been generated by pyrolysis of the nitrate (25), Hydro-
gen abstraction from isopropylbenzene occurred at 100°C in the liquid
phase giving large amounts of benzyl alcohol.

Zimmerman and Somasekhara discovered trityl peroxide in the photo=-
lyzate of p-acetylphenyl trityl ether (54). It was postulated that
triphenylmethoxyl radicals could lead to the peroxide presumably through
a coupling mechanism, Triphenylmethanol was also isolated from the
photolysis reaction performed at 5°, Thus it seems reasonable that the
stability of the triphenylmethoxyl radical is sufficient at or below
room temperature to resist rapid decay by hydrogen abstraction of frag-

mentation to benzophenone and phenyl: radical,

ESR Measurements on Radicals

The paramagmetic resonance absorption spectrum of solutions of
trityl radical in different solvents has been observed by different
investigators., Jarrett and Sloan (29) indicated that the spectrum of
0.001 M trityl radical in benzene consisted of groups of four closely
spaced hyperfine structural lines, and that twenty-one such groups
of lines were observed. They obtained their measurements at 24 Kmc/sec.
at room temperature at a static magnetic field of 0.05 oersted. They
concluded that a total of 196 hyperfine structure lines were theoretically
possible if it were assumed that hyperfine coupling with a particular
hydrogen existed when there was an unpaired electron density on the
ad jacent carbén atom. It was also assumed that all the ortho-, para-,
and meta-positions of the three phenyl rings were equivalent. The first

-3
derivative of the resonance absorption of 10 trityl radical in toluene
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was observed by Chesnut and Sloan (plate XIV) (9). They used a varian
x=band spectrometer employing 100 kc field modulation and a Varian 12~
inch magnet, The measurements were carried out between =20° and =50°C,
since at higher temperatures line broadening began to obscure some of
the fine structure, A sweep field of 5 x 10;8 oersted was used through
the measurements, Separation of the two most intense lines of the
spectrum, which might be considered as a direct measure of the para

proton splitting, indicated a para proton coupling constant of 2.77

gauss,

The ESR spectrum of metal ketyls, which are addition products of
alkali metals with ketones, have been studied by many investigators.
Hirota and Weissman (28) first reported that the ESR spectrum of the
potassium ketyl of pentamethylacetone in tetrahydrofuran solvent con-
sisted of seventeen lines evenly spaced at 0.12 oersted. The inten=~
sities corresponded to hyperfine interactions with eighteen equivalent
protons. They further indicated that nineteen lines were expected,
but the two weakest signals were not detected by their spectrometer.

Later, Goto and Maruyama (22) studied the potassium ketyl of benzo=-
phenone (plate XV), p-methylbenzophenone, p,p’-dimethylbenzophenone
and p-t-butylbenzophenone. A hyperfine structure was obtained in the
spectrum of each of these ketyls, and the molecular symmetry of the
ketyls was noted to have a considerable influence on the shape of the
spectra. The cause of the poor resolution of the spectra of the ketyls
of p-methylbenzophenone and p-t-butylbenzophenone, which had different
phenyl groups, was attributed to the difference in contributions of the

two phenyl groups to resonance stabilization of the free electron.
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By analyzing the hyperfine structures in the ESR spectra of various
metal ketyls, Kazakova and Syrkin (35) found that the stability of free
radicals of a given type was determined by several factors. For aromatic
metal ketyls the stabilizing factor was the considerable delocalization
of the unpaired electron., In the aliphatic metal ketyls the unpaired
electron was mainly localized bn the carbonyl carbon atom, and steric
factors were more important than delocalization. In mixed ketyls,
such as obtained from trimethylacetophenone, both factors were involved
to a considerable degree. The work of Maruyama (39), however, seems to
be the best to date with ESR in this area since he combined ketones

with Grignard reagents and actually detected free radicals.

Visible Spectra of Triphenylmethyl Radical

Thé visible spectrum of the trityl radical was reported by Gilbert
and co=workers (18) to consist of seven bands. They performed their
experiment at liquid air temperature (90°K) in the EPA solvent (5 parts
ether, 5 parts isopentane and 2 parts ethanol by volume). When a
solution of trityl radical was cooled to =50°C, it gradually became
colorless, owing to almost complete dimerization. When the solution
in EPA was cooled by liquid air, however, the color was preserved in-
definitely and was not photosensitive. The conclusion was that the
photochemical process was at least bimolecular, and bimolecular reac-
tions could not occur in rigid media. This result further illustrated

the stability of trityl radicals in EPA solvent.



CHAPTER III
DISCUSSION OF RESULTS AND CONCLUSIONS

The objective of this study was to examine the reaction of trityl
esters with Grignard reagents with respect to potential synthetic utility
for high molecular weight hydrocarbons and to the mechanism of the
resulting transformations, It was discovered that the condensation
pathway of alkyl Grignard reagents with such esters was highly dependent

upon the concentration of Grignard reagent when R’ represented methyl

i
1.3R'M RLR' + (CgHg),COH

RCO,C (CgHg ) s

/r—————b
\4RM , RCO;H + (CgHs),CR’

R'M =alkyl Grignard reagent

R’ = CHy, CoHs, (CHs),CH, (CHy),C, (CH;),CCH,, CgH,,

or ethyl groups, For example, with the molar ratio of Grignard re-
agent:ester (R = CH,) as 1.3, acetone and triphenylmethanol were

obtained in high yields in what appears to be the classical process.
However, if the molar ratio was altered to 4, acetic acid and 1,1,1-
triphenylethane were isolated, as previously recorded (13)., Where a

bulky reagent [R’ = (CH,),CH] was used under the extremely mild conditions
of the reaction (ether solvent at room temperature), no reaction was

observed between trityl benzoate (II) and the Grignard reagent. With a

20
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ratio of 4 for these reactants, benzoic acid and 1,1,l~triphenyl-2-
methylpropane were produced, Two other new hydrocarbons [R’ = (CHy) ,CCH,
and C.H;;] were synthesized by this method.

Most surprising was the observation that trityl peroxide was a major
product from treatment of trityl acetate (I), trityl benzoate (II), or
trityl B-naphthoate (III) with aryl Grignard reagents. In addition,
with a ratio of Grignard mixture to ester as 1.3, the corresponding

ketone was obtained, The reaction of trityl B-naphthoate (III) produced

0
RCO,C(CgHg)y + ArM ——Pb Rghr + (CqHg)4CO0C(CoHg ) 4

ArM= Aryl Grignard reagent

R = CH,, Ar = CgHg, p-CH,CgH,
R = CgHg, Ar = CgHg

R = 2—C,oH,, Ar = CgHg, p=~CHyCgH,, p-CHyO0CgH,

two new ketones (R = 2-C,oH,, Ar = p =CHaCgH,, p - CHOCgH,). Alternative
synthesis by classic Friedel-Crafts (6) reactions confirmed the identities
of these two diaryl ketones.

The reaction of one mole of ester I with 1.3 moles of methyl Grignard
reagent at room temperature under nitrogen was investigated. A slightly
exothermic reaction occurred during the addition of the ester and the
color changed to yeilowish green, The formation of triphenylmethanol
and acetone as the only products suggested a '"normal" addition of either
a monomeric, a dimeric (Figure 3), or an ionic species (Figure 4), of
the Grignard reagent to the carbonyl carbon atom of the ester. Heterolytic

acyl-oxygen bond fission may occur to produce the ketone and the carbinol
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in a manner analogous to that proposed by Ashby (5) for the addition of

 Grignard reagents to ketones.
Figure 3
;| 2CH Mgl T=——= (CHaMgI),
0(Csts),

0 v Hy :
CHG('}l-OC(CeHs)G + CHyf~Mg—I—Pp CH,C=0----lflg 4—-—-0(03}1531] + (CBHE)EO

0(0335)5 C(Cets )
X
g ML, qg, o et
| >9’ " "\MgCHy —— CHy—C—CH, + MgI,
{
(CgHs)5CO é“a\ (1" 0C(CeHg) 4
Mg~

l
I

OMgCH, P ) &OgOH

®
Mg(OH), + CH3g0H3 + C(CgHg) s

Figure &4

& .
2CH,MgI T==——= (CH,) Mg + Mgl, T==== CH,Mg + CHs,Mg?Q



0
CHyC—0C(CaHg)g + CH Mg ~—me—b cué--i—or‘agcn3

C(CeHg)a
©
CH,MgI,
CH, - c_ N
CHg-E-—-OMgCHa — > Mg—CH,
(CgHg)4C (CgHg)aCO \
+ MgI, . \éH ‘,ﬁg/l
|
I
H,0
CH, OMgOH
C/// + CH,
| 7N\ ‘
(CoHg )5 CO CH,

[} Lo, . ® N L
CHyCCH, + Mg(OH), 4 C(CqHg)y ———=# HOC(CqHg)s

Investigation of the reaction of trityl acetate (I) with excess
methyl Grignard reagent indicated that a different mechanism was then
operative. Triphenylmethanol and acetone were not found, but instead

1,1,1-triphenylethane in high yield (83 per cent) and acetic acid were

23
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obtained, These results are similar to those reported by Fieser and
Heymann (13), although their yileld 6f the hydroecarbon was only 68 per
cent, The formation of the hydrocarbon in presence of excess methyl
Grignard reagent may indicate that the rate of dissociation of ion-pairs
formed from the ester in the more concentrated Grignard reagent was
enhanced compared to the rate of ilon=-pair return, and consequently capture

of the trityl cation by methyl Grignard reagent was more favored, .The

0 0
|

| |9
CHaC—0C(CgHg )y i==m= | CHg-C—0 C(CgHg)y
ion=-pair
CHaMgI ”
0

Il
CH;~—C(CgHg); + CHy—C —OMgI

Hy0

I ‘
CH,C=—OH + Mg(OH)I

validity of this mechanism is yet to be proved by the inverse addition
of excess methyl Grignard ?gfgént to ester I, since»ion~pair dissociation
should not be as extensive in the absencé of a polar medium, and classical
addition of the Grignard reagent to the ester might be expected to yield
t-butyl alcohol and triphen&lmethanol. The reaction of one mole of
trityl acetate (I) with 1.3 moles of ethyl Grignard reagent followed the
same path, and the formation of triphenylmethanol and methyl ethyl
ketone as the sole products may be explained similarly,

The conductivity measurements of Evans and Lee (12) on the ethyl

Grignard reagent (C,HgMgBr) in ether at concentrations above 0.5 M
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showed an increase in conductivity with concentration, It has been
pointed out\thht the specific conductances for Grignard reagents, such

as CyHgMgBr, are small and therefore concentrations of ionic species

are probably low. However, this does not rule out the possible importance
of small concentrations of ionic species in describing the mechanism

of attack of the Grignard reagents on the carbonyl function. With this
consideration and the data of Winstein on ion-pair formation from ester II,
a tentative explanation for the course of the reaction of alkyl Grignard
reagents with trityl esters can be presented, In the experiments with
methyl and ethyl Grignard reagents with ester I (molar ratio 1.3:1)

the molar concentrations of Grignard reagent ranged from 0,65 to 0,93,
After complete addition (20 minutes) of the ester, however, the molar
concentration would drop to lows of 0,25 and 0,38 prior to reaction with
ester, Since the alkyl iodides were used, monomeric units of the cor=
responding Grignard reagent may exist, although this is somewhat spec-
ulative since the recently published molecular weight data was for con=-
centrations only up to 0,4 M, In any event normal 1,2-attack on the
carbonyl group could proceed to give, after hydrolysis, ketone and tri=-
phenylmethanol as observed. At higher molar ratios (4:1 reaction) of
Grignard reagent to ester I, the molarities in most experiments exceeded

2 initially and could drop only. to 0,77 upon addition of ester (assuming
little reaction during the addition), a fact which may favor the existence
of increased quantities of the Grignard reagent in dimeric or polymeric
aggregates, Thus, in view of Evans and Lee work (12), at concentrations
of the Grignard reagent between 0.5 and 4 molar and at the higher ratio

of reactants, both a structural alteration of Grignard reagent and a

slightly improved ionic medium (12) may be generated. The latter situation
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could favor increased ion=-pair formation from the ester. With ethylmag-
nesium bromide at 20° in ether the conductivity measurements varied by a
factor greater than 10 for 0.5 M to 2.0 M concentrations (12)., In addi=
tion, under the mild conditions employed, the polymeric Grignard species
might not be as effective in its attack on the hindered carbonyl group.
Capture of the trityl ion by the Grignard reagent may thus compete suc=-
cessfully by default,

In larger Grignard reagents, such as from isopropyl bromide, t-butyl
bromide, neopentyl bromide, and cyclohexyl bromide, the steric factor alone
could prevent the attack on the carbonyl carbon atom, For the isopropyl
reagent, no reaction was observed with ester I under the same conditions
(1.3:1) used with the smaller alkyl reagents, Only the condensation at
higher molar ratios of reagent to ester (4:1) resulted in a condensation
which gave benzoic acid and 1,1,l-triphenyl-2-methylpropane, postulated to
result from attack of the Grignard reagent on the trityl ion in the ion-=-
pair.

g ﬁ et | oo
elg=C—0C(CHg ), —=—— Ce Hg 0 C(CgHg),
ion=pair

(CH, ) ,CHMgBr Jr 0

(CHy) ,CH—C(CgHg)s + CgHgC—OMgBr

The formation of 1,1,l-triphenyl=-2,2-dimethylpropane and acetic
acid from the reaction of excess t-butyl Grignard reagent with ester I
was explained by Fuson and Brasure (17) as due to the special reactivity
of the acyloxy group, which resulted in the replacement of the latter
by an alkyl radical, An improved interpretation might include the
mechanism just postulated for the reaction of excess isopropyl Grignard

reagent with ester II. It would have been proper in this case to try



the same reagents
could occur. The
ester I also gave

triphenylmethane.
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under more mild conditions to ascertain if any reaction
condensation of excess t-butyl Grignard reagent with
rise to a small amount (12 per cent based on ester) of

Formation of this hydrocarbon is not unusual

since t-butyl Grignard reagent is known to be a strong reducing agent (27),

0
El Il
CaHz OC—C—0C4Hy + (CHg)aC-MgCl

l

_t_-uc‘;Hs--i:H—-cQaH + CHF=C(CHg), + Cplbig

Similarly the t-butyl anion can easily lose a hydride ion to the

trityl cation in the following fashion. Attempts should be made to

0
I

QP

l
CHaé-—'OC(CéH.S)a === | CHC—0 C{lgHs),

CHQ
E é-—ec (usHE)G:\H\-CH ?

fon=palr

l CH,
Ui

+ (ColgdoCHl + CH == C-mCH,

®

0

J @
Hy O
0

. 1
HyO + CHyC—OH

O=—=C

CH,

find isobutylene among gases evolved, which would lend credibility to

this suggestion.
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The absence of triphenylmethanol and 2,2,4,6,6~pentamethyl-4=
heptanol among the products of reaction of excess neopentyl Grignard
reagent with ester I suggests that attack at the carbonyl group cf the
ester by the large neopentyl carbanion is inhibited, The formation of
L,1,l-triphenyl=3,3~dimethylbutane and acetlc acid as the only two
products indicates extensive lon-pair formation in the ester and car-
bonium ion capture by the neopentyl Grignard reagent.

The reaction of ester I with excess cyclohexyl Grignard reagent
was conducted primarily to determine whether the geometry of the cyclohexyl
ring would hinder capture of the ion-pair intermediate by the cyclohexyl
reagent , . The formation of cyclohexyltriphenylmethane, as well as
acetic acid, from the above reaction suggests that ion=-pair capture is
again facile with the cyclohexyl Grignard reagent.

During the reaction of ester I with ethereal phenyl Grignard reagent
at room temperature under nitrogen, there was a distinct change in
color from yellow to blood red and finally to yellowish green. A high
yield (ca. 70 per cent) of trityl peroxide was obtained, along with aceto-
phenone and a small quantity of triphenylmethanol, detected by gas
chromatography. These results suggest an initial attack of a phenyl
reagent on the carbonyl carbon atom of the ester, followed by homolytic
fission of the acyl-oxygen bond to yield triphenylmethoxyl radicals,
Coupling of two alkoxyl radicals in this case could give trityl peroxide,
although abstraction of hydrogen (perhaps from ether) would lead to tri-
phenylmethanol. In either case, acetophenone would result via the
decay of the magnesium ketyl as represented in Figure 5. The formation
of the peroxide in high yield indicates that at room temperature,

coupling of triphenylmethoxyl radicals was favored over hydrogen



abstraction, and this seems to be in agreement with srevicus work (25),
The findings of Lorand and Reese (37) constitute an example of alkoxyl

radical dimerization,

’ [+}
20gHg (CHy),00+ 2Cp o h, (CHy ) ,COD(CH, Y 50 g

Figure 5

0
l

OMgBr
1
C‘Hacil—!-OC(CaHs)a
i
CeHs
0 OMgEr coupling o (c,H.),C000(C, ),
CH‘.afl: N CHacl:o + +0C(CgHg)y
CeHs CgHs T (Calls )00

1,07

MgBr, + Mg(OH),

Electron spin resonance measurements made on two samples of phenyl
Crignard reagent (a freshly prepared sample, and another prepared the

previous day) verified the absence of radicals in the Grignard mixture,
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a8 no signal was observed. This fact does not exclude the possibllivy

of radical participation in the attack of the CGrignard reagent on the
carbonyl carbon atom of the ester, The fallure of ester I to glve any
slgnal in ESR further suggests that radical pailr formation was prohably
not important, However, ESR measurements on successive aliquots nf the
reaction mixture of the ester I with phenyl Grignard reagent (within

the f£irst hour) gave a spactrum composed of seaventeen broadened lines
(Plate ZVI). Sharp, well-resolved signals were obtained after the first
hour of reacticn (Plate XVIII). It was also noted that the best-
resolved signals were obtained when the temperature was lowered to -30°,
In any case, however, there were always seventeen peaks in the unresolved
spectra, and seventeen groups of peaks (they appeared to have four

lines per group) in the resolved spectra., The separation of the two
most intense lines of the spectrum, which might be considered as a direct
measure of the maximum coupling of the electron with a proton of another
atom, was 3.4 + 0.2 gauss, It was also noted that the ESR spectrum
obtained from the reaction mixture of ester IT with phenyl Grigrard
reagent had the same features as that obtained with ester I and es-
sentially the same number of peaks. Likewise it was observed that ESR
signals were detected affer twenty hours of reacticn of the ester with
the phenyl Grignard reagent in the quartz tube in the ESR cavity which
indicated the presence of stable radicals. In order to exclude the
possibility of formation of the peroxide via oxidation of trityl radicals
by the small amount of oxygen which might be present in the regular
nitrogen, the same reactions were carried under highly decxygenated

nitrogen, Identical products were cbtained.
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Although the results of ESR measurement indicated beyond doubt the
presence of free radicals in the reaction mixtures of trityl esters
with the phenyl Grignard reagent, definite conclusions ag te the nature
of these radicals can not be stated, The possibillty exlsts that they
are ketyl-type radicals; similar to that obtained by Gato and Maruyama
(22) from the reaction of benzophenone and phenyl Grignard reagent.
This data may be applicable in the interpretation of our ESR spectra
although different solvents are used but further work is needed with
an ESR examination over a variety of temperatures for reaction and
concentration ranges of reactants, In the single experiment acetophenone
failed to give an ESR signal when treated with the binary mixture
Mg-MgBr, . This should be repeated. Interpretation of the spectrum
and determination of products obtained from the reaction of benzophenone
and phenyl Grignard reagent (39) would have been valuable in determining
the nature of the radicals obtained, A radical anion of form I is conceiv-
able, but 'a radical-pair of form II is also likely. .In our case, triphenyl-
methoxyl radicals may be stabilized by delocalization of the unpaired
electrons, Thus mesomeric form III may contribute to stabilization of
the hybrid, and the association of the electron with the protons on

the ring may be responsible for the spectrum,

_flfs Hy B 7
©-0M5—X &+ MgX CoHg CoHg
{ | 0 / C /
C H.C—R CgHg—C —CgHg ¥C e ~C &Sete,
6fls , —( N\ g = §< .
CoH Co B afis Ce s
88 85 \ / /\\/
L . -
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In our effort to ascertain if triphenylmethoxvl radicals were inter-
mediatespbutyl ether was added to the reaction mixture (fifteen minutes
after addition of ester I to phenyl Grignard reagent was complete) and
the temperature was raised to 120-22°, Regular workup afforded benzo-
phenone and acetophenone as major products, The presence of benzo-
phenone strongly supports the presence of triphenylmethoxyl radicals
in the reaction mixture (11). This observation lends further endorse~
ment to the homolytic fission of the acyl-oxygen bond and the formaticn
of trityl peroxide via coupling of the intermediate triphenylmethoxyl
radicals,

In view of the bright red color of the reaction mixture, alkyl-

b

oxygen fiésion to yield trityl radicals which might undergo oxidation
to the peroxide was suspected, However, the visible spectrum (quartz
cells =Plate XII) of the species present during the reaction of ester I
with phenyl Grignard reagent was different from that reported for the
trityl radical (18) and might be due toc absorption of the triphenyl-
methoxyl radical, Unfortunately, the visible spectrum of the latter
has not been reported,

To be sure, the formation of benzophenorne at high temperature from
the reaction of trityl esters with phenyl Grignard reagent is circume
stantial evidence for the acyl-oxygen homolytic fission. Absolute
proof that the cxygen atom in trityl peroxide came from the ester is
yet tc be supplied., It is anticipated that 1eOmlabelling in the alcohol
part of the ester shculd permit this, since the 180w1abe11ed triphenyl-
methoxyl radicals would give rise to l% in trityl peroxide which could
be determined by mass spectrometry.

The reactions of phenyl, p-tolyl and p-anisyl Grignard reagents with
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ester IIL éeem to follow the same path as observed in the reaction of
phenyl CGrignard reagent with ester I and II. Trityl veroxide was
isolated In high yleld in each case along with the corresponding ketones,
p=Tnlyl and p-anisyl B-naphthyl ketones are two new ketones prepared by
this route,

For proof of structure p-tolyl B-naphthyl ketone was prepared by
an alternative method which involved the classic Friedel-Crafts reaction
(6), PBe«Naphthoyl chlerlide was flrst prepared in a quantltative yleld
by the chlorination of B-naphtholc acid with thionyl chloride. The acid
chloride was then treated with a molar amount of anhydrous aluminum
chloride and excesé toluene at the reflux temperature of the solvent,
The reactlon was highly exonthermic and evolution of hydrogen chloride
gas was observed, The p-tnlyl Benaphthyl ketone obtained was identified
by its infrared and nuclear magnetic resonance spectrum, as well as
ité 2,4.DNP devivative, which gave satlesfactory analytical results,

By means of an analogous procedure to that described above, p-anisyl B~
naphthyl ketone was obtained (75 per cent) and similarly charscterized,

In gummary, reactions of trityl esters with excess alkyl Grignard
reagents provide a convenient path for the preparation of 1,1,letriaryl-
substituted alkanes, The reaction mechanism seems to include capture
of the trityl cation by the Grignard reagent. Aryl Grignard reagents
appeared to react with trityl esters by means of a free radical mechanism
in part, ESR and chemical evidence support this conclusion. Thecge

reactions produced two new B-naphthyl aryl ketones.



CHAPTER VI

] 1,2,2,4,6,8,7
EXPERIMENTAL

Preparation of Trityl Acetate (I)., The procedure wag essentially

that developed in this laboratory (7). A l-l,, three-necked, round-
bottom flask equipped with a mechanical stirrer, an addition funnel
fitted with a nitrogen inlet tube, and a reflux condenser was charged
with 22.4 g, (0.06 mole) of trityl bromide. Anhydrous, reagent~grade
benzene (200 ml,) wgs added through the addition funnel, and stirring

was started, After all the trityl bromide had dissolved, 13.6 g.

1
All melting points are corrected,

2 o . - § - -

The infrared gpectra were determined on Beckman IR-5 and ITR-5A
spectrometers with godium chloride cells as potassium brouide pellets
or £ilms.,

a8

The microanalyses were performed by CGalbraith Laboratories, Inc,,
Knoxville, Tennessee.

4The proton magnetlc resonance spectra were determined by Dr, M,
Khayat and D, M, Hellwege, using a Varlan Model A-60 high resolution
spectrometer with a field-sensing stabilizer (Msuper Stabilizer').
Tetrvamethylsilane was used as an internal standard,

5

Gas chromatographic a alyses were performed using a thermal
unit A=350 B and an Aerograph Hy-Fi Model A=550 with a hydrogen flame
ionization aetector from Wiltkens Instrument and Research, Inc,

Visible Spectral Analysis were performed on a Beckman DK-1 Mcdel
Spectrometer by Dr, M. Nagabbushanam and Mr. L. A, Wilson.
7
Electron Spin Resonance Analyses were performed on a conventional
Bridge-type X-Band Spectrometer utilizing a 6-inch Varian- Electromagnet
(3300 Gaussj, by Dr. M, D. Bell and Mr. J., P, King.



(0,08 mole) of silver acetate was added in small portions to the stirred
mixture. The temperature of the mixture rose until the solvent began

to reflux (79°). When the addition was complete, the mixture was heated
at reflux 4 hours under nitrogen. The mixture was filtered while hot

to remove the silver bromide and unreacted silver acetate, and the
filtrate was concentrated under aspirator pressure te one~third its
original volume., A viscous liquid remained which soon solidified on
standing in a vacuum desiccator. The pale yellow solid was filtered
under vacuum, and recrystallized from cyclohexane to yield 21.0 g,

(91,5 per cent) of trityl acetate (I), m.p. 82-3%, which was shown

to Be pure by mixture melting point. VYields averaged 90.1 per cent

on several runs.

Preparation of Trityl Bromide. The procedure was essentially that

followed by Rathore (43), The reagents used were triphenylmethanol
(150,0 g.; 0,50 mole), anhydrous benzene (75 ml.), and acetyl bromide
(56 ml,; 0,75 mole)., The yield of the trityl bromide was 154.0 g,

(96 per cent), m,p, 153=5° (lit., m,p. 152-4°) (43),

Preparation of Trityl Benzoate (I1). The procedure was egsentially

that found in the literature (7)., 7To 1~1., three-necked, round-bottom
flask equipment with a mechanical stirrer, an addition funnel fitted
with a nitrogen inlet tube, and a reflux condenser was added 40.0 g.
(0.124 mole) of trityl bromide and 400 ml. of anhydrous, reagent-grade
benzene. After all the trityl bromide had dissolved, scdium benzoate
(18.0 g.; 0.124 mole} was added in small portions to the stirred mixture,
The temperature of the mixture rose until the solvent began to reflux

(80°). When the addition was complete, the mixture was heated under
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nitrogen at reflux for 5 hours. The mixture was filtered while hot to
remove the sodium bromide and unreacted sodium benzoate, and the filtrate
was concentrated under aspirator pressure to about one=-third its original
volume, A viscous liquid remained which soon solidified to a pale yellow
solid, The solid was filtered under vacuum and recrystallized twice

from methyl ethyl ketone; yield 40,0 g, (90,0 per cent); m,p., 169-70°

(1it, m.p, 169°) (7). Yields averaged 91,0 per cent on several runms,

Preparation of Sodium B-Naphthoate. A solution of sodium hydraxide
(10.1 per cent) was added to a mixture of 40,0 g. (0.23 mole) of B-

naphthoic acid in 200 ml, absolute ethanol until pH 7.6 was attained
(checked by pHydrion paper) . The white precipitate was isolated by
filtration, and the filtrate was concentrated under vacuum where another
crop of the salt was isolated, A yield of 40,0 g. (99.0 per cent)

was obtained, m,p. above 300° (45), and the compound was used without

further purification,

Preparation of Trityl B-Naphthoate (III). The procedure used was

essentially that followed by Rathore (8) with 30.3 g. (0.15 mole) of
trityl bromide, anhydrous benzene (210 ml.), and sodium B-naphthoate
(32.7 g.; 0.18 mole). The pale yellow solid obtained was washed with
25 ml, of isopropyl ether containing 2 ml, of triethylamine. Trityl
B-naphthoate (III) was purified from isopropyl ether, yield 50.0 g.

(80 per cent); m.p. 148-9° (1lit m.p. 149-50°) (43).

Preparation of B-Naphthoyl Chloride. A 250-ml., round-bottom flask

was charged with 27.0 g. (0.016 mole) of B-naphthoic acid and 45.2 ml.

(0.63 mole) of thionyl chloride and the mixture was heated at reflux 5
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hours, A vigourous reaction occurred and a large evolution of hydrogen
chloride and sulfur dioxide was observed for two hours. Excess thionyl
chloride was distilled under vacuum; pale yellow needles remained,

The yield of the acid chloride was 29.4 g. (quantitative), and the
compound was used directly in the next step without further purification

(46) .

Preparation of p-Tolyl B-Naphthyl Ketone., The method used was

a modification of that reported in the literature for the preparation

of p-anisyl a-naphthyl ketone (6). A 500-ml,, 3-necked, round-bottom
flask equipped with a mechanical stirrer, an addition funnel, and a
reflux condenser fitted with a calcium chloride tube was charged with
7.2 g. (0,05 mole) of anhydrous powdered aluminum chloride. Toluene
(100 ml,) was added and stirring was initiated. A solution of 10 g.
(0,05 mole) of B=-naphthoyl chloride in 50 ml, toluene was added drop-
wise by means of the addition funnel over a period of 30 minutes., Rapid
evolution of hydrogen chloride took place from the exothermic reaction,
When addition was complete, the mixture was stirred at room temperature
for 12 hours. The mixture was then cooled in an ice bath and decomposed
by pouring it over crushed ice. Layers were separated and washed in

the same manner as previously described, The ether=-toluene solvent was
distilled under aspirator pressure to leave a yellow solid. Purification
from 95 per cent ethanol gave 7.7 g. (61 per cent) of a white solid,
m.p. 91-5°, The infrared spectrum of the solid (Plate VI) showed strong
absorption at 1650 (conjugated carbonyl group) and 805 em (p-disub-

stituted benzene).
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Anal, Calcd, for C,,H, ,0:
G, 87:77; H, 5,73
Found: C, 86,58; H, 5,55
The nuclear magnetic resonance spectrum of the solid (Plate IX)
showed a singlet centered at delta 2.45 (methyl hydrogens) and a mul=

tiplet centered at delta 7,5 (aromatic hydrogens). The above data is

consistent with the structure of p-tolyl B-naphthyl ketone,

Preparation of p-Anisyl B-Naphthyl Ketone. The method used was a

modification of that found in the literature (6) for the preparation of p-
anisyl w-naphthyl ketone, and essentially that followed to prepare p-
tolyl B-naphthyl ketone. Anhydrous aluminum chloride (7.2 g.; 0.05

mole), anisole (100 ml.), and B-naphthoyl chloride (10.0 g.; 0.05 mole)
were allowed to react in the same manner as described in the previous
analogous experiment, The mixture was stirred at room temperature for

12 hours and then decomposed in the manner described., Distillation of

the organic solvent under vacuum left a white solid which was purified
from 95 per cent ethanol to yield 10.0 g. (72 per cent) of a white

solid, m.p. 93-4°, The infrared spectrum of the ketone (Plate V) showed

1

strong bands at 1650 (conjugated carbonyl group) and 805 cm (p-

disubstituted benzene)., The NMR spectrum (Plate X) showed a singlet
Anal. Calcd, for C, H,,0,:
C, 82.42; H, 5.38

Found: C, 81.,84; H, 5.11
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centered at delta 3.95 (methoxy protons) and two multiplets centered at

delta 6.95 and 7.7 (aromatic hydrogens).

Preparation of p-Tolyl B-Naphthyl Ketone 2,4-Dinitrophenylhydrazone.

The general procedure found in the literature (47) was followed, A
solution of 2,4~dinitrophenylhydrazine was freshly prepared by cautiously
adding concentrated sulfuric acid (2 ml.,) to 0.4 g. of 2,4-dinitrophenyl=
hydrazine, Water (3 ml.) was added dropwise with stirring until solution
was complete, Ethanol (10 ml,; 95 per cent) was then added to the warm
mixture, p=Tolyl B=-riaphthyl ketone (0.5 g.; 0.002 mole) was dissolved

in 20 ml, of 95 per cent ethanol and added to the freshly prepared
solution of 2,4=dinitrophenylhydrazine, and the resulting mixture was
allowed to stand at room temperature. Crystallization of an orange
hydrazone took place within 5 minutes, The mixture was filtered on

a Buchner funnel, mixed with 30 ml, of 95 per cent ethanol, and heated

on a steam cone, Ethyl acetate was added drop by drop to the hot mixture
until solution of the hydrazone was attained. The hot solution was
filtered on a fluted filter paper, and was allowed to stand at room
temperature until crystallization was complete. The orange crystals

were filtered on a Buchner funnel and dried under vacuum; yield, 0.6 g.

(75 per cent), m,p. 248-9°,

Anal, Calc, for C,,H, N, O, :
c, 67.60; H, 4,24; N, 13.14

Found: C, 67.18; H, 4.,27; N, 13,09,

Preparation of p-Anisyl B-Naphthyl Ketone 2,4-Dinitrophenylhydrazone.

The procedure was essentially that followed for the preparation of the
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2,4-dinitrophenylhydrazone of p-tolyl B-naphthyl Ketone., The yield of

the dark red hydrazone was 0,7 g. (87.5 per cent).

Anal. Calcd., for C,, H, gN, Og:
C, 65.15; H,.4.10; N, 12.66

Found: C, 64,75; H, 4.00; N, 12,31

Preparation of Phenyl Grignard Reagent, A 1l-1,, three-necked,

round~bottom flask fitted with a reflux condenser, a mechanical stirrer,
and an addition funnel fitted with a nitrogen inlet tube, was charged
with 0,90 g. (0,037 g, atom) of magnesium, By means of the addition
funnel, a solution of 6.4 g. (0,037 mole) of bromobenzene dissolved in
50 ml., of anhydrous ether was added dropwise to the magnesium in such a
way as to maintain a gentle reflux in the mixture, When addition was
complete, the mixture was heated to reflux under nitrogen for 15 minutes,
Stirring was stopped, and the Grignard reage;t was cooled to room tem=~
perature, Two l-ml. aliquots of the mixture were withdrawn by a l-ml,
pipet and added to excess standard hydrochloric acid and titrated to

the phenolphthalein end point with standard sodium hydroxide (20). The
yield calculated by this method was 93,0 per cent. The phenyl Grignard
reagent was always titrated prior to immediate use in the next step in

the same apparatus,

Reaction of Phenyl Grignard Reagent with Ester T (1.3:1). Trityl

acetate (I) (10.0 g.; 0.033 mole) was dissolved in 80 ml. of anhydrous
ether and added dropwise to the stirred Grignard mixture. Addition
required 20 minutes, after which time the reaction mixture was stirred

under nitrogen at room temperature for 8 hours. The color of the mixture
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changed from yellow to dark orange and finally to blood red within
approximately 20 minutes, The reaction appeared to be only slightly
exothermic under these conditions. At the end of 8 hours, the mixture
was cooled in an ice bath, and decomposed with 300 ml. of ice-cold 6 N
hydrochloric acid which was added dropwise through the addition funnel,
After complete addition, the mixture was stirred for 15 minutes and
was then poured into a separatory funnel. Two layers separated, and
the organic phase was observed to contain a pale yellow solid. Two
ether extracts (20-ml, portions) of the water layer were combined with
the organic layer. The combined organic extract, together with the
yellow solid, was washed once with 20 ml, of water, once with 20 ml.
of 10 per cent sodium bicarbonate solution, once again with 20 ml. of
water, and was finally dried over anhydrous calciumichloride for 2 hours,
The yellow solid (9.1 g.; 68 per cent, m.p. 183-4°) was filtered and
recrystallized from benzene. Infrared analysis of the solid showed
it to be trityl peroxide (lit, m.p. 186°) (21), The organic layer was
concentrated under aspirator pressure to one=-third its original volume,
Qualitative analysis of the ether residue by gas chromatography was
performed using a 12-ft. column composed of 10 per cent silicone rubber
on acid-washed Chromosorb W, with the thermal unit A- 350 B of Wilkens
Instrument and Research, Inc, The nitrogen flow rate was 66 ml, per
minute, and the column temperature was 180°, Three peaks were found and
identified as due to bromobenzene, biphenyl and acetophenone by compgring
the retention times and mixed injections with those of authentic samples.
The results were reproducible in three other experiments.

By careful manipulation with the washings from recrystallization

of trityl peroxide, it was possible to obtain a concentrate. Gas
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chromatographic analyses of the filtrate (Hy Fi A-556 unit), using a 6 ft,
x 1/8 in,column composed of 10 per cent silicone rubber on acid-washed
Chromosorb W confirmed the structure as that of triphenylmethanol, The
column temperature was 240°, and the flow ratio of hydrogen and nitrogen
gas were 26 and 29 ml, per minute, respectively,

Retention time: Triphenylmethanol (240°) 4 min, O sec,

Preparation of 1,1-Diphenylethanol. The phenyl Grignard reagent

was prepared as described previously from 3.3 g, (0,138 g. atom) of
magnesium, 30 ml, of dry ether, and 21,7 g. (0.138 mole) of bromo-
benzene., The yield was 88 per cent by titration., To the stirred phenyl
Grignard mixture was added dropwise, over a period of 30 minutes, a mix=
ture of 15,0 g. (0.124 mole) of reagent-grade acetophenone in 100 ml, of
ether, After complete addition, the mixture was heated at reflux for

12 hours under nitrogen., When cooled to ice=bath temperature the mixture
was decomposed with 500 ml, of ice=cold 6 N hydrochloric acid, The two
layers were separated, and the water layer was washed once with a 30-ml,
portion of ether, and the washings were combined with the organic layer.
The combined organic extract was washed once with a 30-ml. portion of
water, once with a 30-ml, portion of 10 per cent sodium bicarbonate
solution, once again with a 30-ml. portion of water, and finally dried
for 2 hours over anhydrous calcium chloride, Distillation under aspirator
pressure removed the ether, leaving a yellow solid. The solid was
recrystallized twice from Skellysolve F (boiling range 34-45°), to yield
22,0 g. (91.0 per cent) of 1,l-diphenylethanol,m.p., 60-1° (lit. m.p.

1

61-2°) (19). Infrared analysis showed strong peaks at 3350 em - (0-H)

-l
and 700 cm (monosubstituted benzene). Other prominent peaks are present
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at 2585, 1425, and 758 cm .

Reactions of Methyl, Ethyl, Phenyl, p-Tolyland p-Anigyl Grignard

Reagents with Ester I, In each experiment the Grignard reagent was
prepared and allowed to react with ester I in the same manner as described
for the reaction of phenyl Grignard reagent with ester I (1.3:1). The
results of condensations and analyses of reaction mixtures are given in

Tables I, II, III, IV and V.

Reaction of Methyl Grignard Reagent with Ester I (4:1). The method
used is essentially that reported by Fieser and Heymann (13). The methyl

Grignard reagent was formed from 4.0 g. (0,166 g. atom) of magnesium,

50 ml, of dry ether, and 23,3 g, (0,166 mole) of methyl iodide (94 per
cent yield), Trityl acetate (I) (10,0 g.; 0.033 mole) was dissolved in
80 ml, of dry ether and added dropwise over a period of 20 minutes to

the stirred Grignard mixture. No change in color was observed. After
complete addition, the mixture was stirred under nitrogen at room tem-
perature for 8 hours., The reaction mixture was decomposed and worked

up in the usual fashion., The ether was removed under aspirator presgsure
to leave a white solid, The solid (3.5 g.; 83 per cent) was purified

by two recrystallizations from 95 per cent ethanol and was identified

as 1,1,1-triphenylethane, m.p., 95-6° (lit, m.p. 94-5°) (14). The infrared
spectrum was identical to that of an authentic sample. The water layer
was boiled to expel excess hydrochloric acid, and a concentrated solution
of silver nitrate was added dropwise until no further precipitation of
silver acetate was visible. The salt was filtered and dried by pressing
it between two sheets of filter papers. Dilute nitric acid was added

dropwise to the silver salt to liberate the free acid. The infrared



i

spectrum of the acetic acid obtained was identical to that of an authentic

sample,

Reaction of Isopropyl Grignard Reagent with Ester II (4:1). The

isopropyl Grignard reagent was prepared from 2.7 g. (0.113 g. atom) of
magnesium, 50 ml, of dry ether, and 12,0 g, (0,113 mole) of isopropyl
bromide (yield, 94 per cent). A mixture of trityl benzoate (II) (10.0 g.;
0,028 mole) in 80 ml, of anhydrous benzene was added dropwise to the
stirred Grignard over a period of 20 minutes. The gray mixture was
heated at reflux for 8 hours and was worked up in the regular manner,
Distillation of the ether=-benzene solvents under aspirator pressure left
a yellow solid, The solid was dissolved in the smallest possible amount
of anhydrous benzene and was then chromatographed on an acid-washed
alumina column (15 in, x 1.25 in.). Fractions of approximately 25 ml,
each were collected. A solution of cyclohexane-benzene (1l:1) was used
as eluant for the first 12 fractions, followed by a solution of benzene-
ether (1:1) for the next 15 fractions, Pure ether was the solvent for
the following 13 fractions and finally absolute ethanol was added as
eluant for the last 7 fractions, Fractions 1-13 were blank, but the
next three fractions (14-16) contained a viscous liquid on evaporation
of the solvent, After standing, the oil solidified, and the resulting
solid was recrystallized from ether to yield 4.0 g. (50.0 per cent) of

a white solid, m.p. 96-7°, Infrared analysis of the solid (Plate I)
showed recognizably strong peaks at 3050 (C-H stretch) and 700 cm*
(monosubstituted benzene), and other prominent bands were present at
1850, 1425, 1045, and 758 em . The nuclear magnetic resonance spectrum

of the compound (Plate VI) showed a doublet centered at delta 0.83 (methyl
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hydrogens) with J = 6 c¢c.p.s8., a quintet centered at delta 3,53 (tertiary
hydrogen) with J = 7.0 c.p.s., and a multiplet centered at delta 7,16
(aromatic hydrogens). This data is consistent with the structure of
1,1,1«triphenyl~2-methylpropane., Fractions 17~23 were blank, but frac-
tions 24=27 left a white solid (1.7 g.; 48.0 per cent), which was purified
from 95 per cent ethanol, m,p. 120-21°, This material was identified

as benzoic acid by comparing ite infrared spectrum with that of an authens=
tie sample., Fractions 28-30 were blank, but fractions 31-37 left a pale
yellow solid (4.8 g.; 48,0 per cent) identified as trityl benzoate (II)

by its infrared spectrum. In an experiment with the molar ratio of
Grignard reagent to ester II at 1.3, the ester was recovered in yield

exceeding 90 per cent,

Reaction of t-Butyl Grignard Reagent with Ester I (4:1). The same

procedure found in literature (17) was followed. The E-buty1 Grignard
reagent was made in the usual manner from 3.2 g. (0.13 g. atom) of
magnesium, 50 ml. of dry ether, and 17,9 g, (0.13 mole) of t-butyl
bromide; yield 90 per cent. Trityl acetate (I) (10.0.g.; 0,033 mole)
dissolved in B0 ml. of dry ether was added dropwise over a period of

20 minutes to the stifred mixture, The mixture was stirred under nitrogen
at room temperature for 8 hours, Trityl peroxide was not obtained as

an insoluble material in the organic layer, Distillation under vacuum
removed the ether to leave a yellow solid. The material was dissolved

in a minimum quantity of anhydrous benzene and was then chromatographed
on an acid-washed alumina column (15 in. x 1.25 in.). A total of 32
fractions (25 ml. each) were collected. The first 9 cuts were collected,

with cyclohexane-ether (1:1) as eluant, and were found to be blank. The
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next 4 fractions were eluted with benzene-ether (l:1) and were found to
contain a white solid which was purified from ethanol to yield 0.9 g, (12
per cent) of triphenylmethane, m.p. 92.5-3° (lit. m.p. 92.5°) (17), iden=-
tified by the infrared and nuclear magnetic resonance spectra. The fol=
lowing 7 fractions were eluted with dry ether and contained a yellow solid
which was purified from ethanol to yield 2.4 g. (25 per cent) of a white
solid, m.p. 185-6°, The nuclear magnetic resonance spectrum showed a sin=-
glet at delta 0,51 (methyl hydrogens) and a multiplet cnetered at delta
7.15 (aromatic hydrogens), which supports the structure of 1,1,l=-triphenyl-
2,2-dimethylpropane (lit, m,p. 185-7°) (17). The next 6 fractions eluted
with ether were blank, but the next 6 fractions eluted with absolute
ethanol contained a yellow solid, The solid was purified from cyclohexane
to yield 6.0 g, (60 per cent) of ester I, m,p., 83=4°, identified by its
infrared spectrum., The water layer was worked up as described previously
(reaction of methyl Grignard reagent with ester I (4:1)], and acetic acid

was identified by its infrared spectrum as the only other product,

Reaction of Neopentyl Grignard Reagent with Ester I (4:1). The

neopentyl Grignard reagent was made in the usual manner from 3.1 g.
(0.13 g. atom) of magnesium, 50 ml. of dry ether, and 13.9 g. (0.13
mole) of l-chloro-2,2-dimethylpropane (87 per cent)., Ester I (10.0 g.;
0.033 mole) dissolved in 80 ml. of dry ether was added dropwise to the
stirred mixture over a period of 20 minutes., The mixture was stirred
under nitrogen at room temperature for 8 hours. The usual procedure
was then followed. Trityl peroxide was not obtained as an insoluble
material in the organic layer. Distillation under aspirator pressure

removed the ether, and a yellow solid remained. The solid was dissolved
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in the smallest amount possible of anhydrous benzene and was then chro=
matographed on acid-washed alumina column (17 in, x 1.25 in.). A total
of 35 fractions, 25 ml. each, were collected. The first 11 fractions
were eluted with a mixture of cyclohexane~ether (1:1), and were found

to be blank, The next 5 fractions eluted from the column with a solution
of benzene-ether (l:1) contained a white solid which was purified from
95 per cent ethanol to yield 4.2 g, (41 per cent) of a white solid, m.p.
102-3°, The nuclear magnetic resonance spectrum of the compound (Plate
VII) showed a singlet centered at delta 0.59 (methyl hydrogens), another
singlet centered at delta 2.8 (methylene hydrogens), and a multiplet
centered at delta 7.25 (aromatic hydrogens). Infrared spectrum (Plate

I1) indicated prominent bands at 3010, 1480, 780, 750 and 700 cm"*, The

Anal. Calcd, for Cg Hug:
C, 91.67; H, 8.33
Found: C, 92.02; H, 8,06

above data are consistent with the structure of 1,1,l-triphenyl-3,3~
dimethylbutane.,

The next 6 fractions were eluted with pure benzene and were found
to be blank. Absolute ethanol was used to elute the next 8 fractions,
which contained a yellow solid. Purification from cyclohexane gave
5.6 g. (56 per cent) of trityl acetate (I), m.p. 83-4°, which was iden~
tified by its infrared spectrum, The last 5 fractions eluted with
absolute ethanol were blank,

The water layer was worked up as described for the 4:1 molar reaction
of methyl Grignard reagent with ester I, and acetic acid was obtained

and identified by its infrared spectrum,
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Reaction of Cyclohexyl Grignard Reagent with Ester T (4:1), The

cyclohexyl Grignard reagent was prepared in the usual manner from 3.1 g.
(0.13 g, atom) of magnesium, 50 ml. of dry ether, and 21.2 g. (0.13 mole)
of cyclohexyl bromide (91 per cent yield). Ester I (10.0 g.; 0.033 mole)
was dissolved in 80 ml. of dry ether and added dropwise over a period of
20 minutes to the stirred Grignard mixture. The mixture was then stirred
under nitrogen at room temperature for 8 hours, decomposed and worked up
as usual, No trityl peroxide was isolated., The ether was distilled
under aspirator pressure to yield a viscous oil which solidified on
standing to a yellow solid., Infrared spectrum (Plate III) indicated
absorption at 2590, 1490, 1445, 760 and 715 cm™*., No carbonyl peaks

were detected in the spectrum. The solid was purified from absolute

ethanol to yield 3.7 g. (35 per cent) of a white solid, m.p. 139-40°,

Anal, Calcd, for CogHyg:
Gy 92.02; R, 71.97

Found: C, 92.05; H, 8.07

Nuclear magnetic resonance spectrum of the compound (Plate VIII) showed
a broad multiplet centered at delta 1,6 (cyclohexyl hydrogens), and
another multiplet centered at delta 7.25 (aromatic hydrogens). The
above data are consistent with the structure of cyclohexyltriphenyl=
methane, The water layer was worked up as previously described, and

acetic acid was obtained and identified by its infrared spectrum,

Reaction of Phenyl Grignard Reagent with Ester II (1.3:1). The

phenyl Grignard reagent was made in the usual manner from 0,84 g, (0.035 g,

atom) of magnesium, 50 ml. of dry ether, and 5.6 g. (0.035 mole) of
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bromobenzene; yleld 90 per cent. Ester II (10.0 g.; 0.025 mole) dis-
solved in 80 ml, of anhydrous benzene was added dropwise over a period
of 20 minutes to the stirred Grignard reagent. The usual procedure was
then followed. Trityl peroxide (9.1 g.; 68,0Hper cent) was iéolated
and identified by infrared analysis, and biphenyl and benzophenone were
found by gas chromatography (same column as used previously) as the
only other products in the mixture. When the column temperature was

raised to 280°, no other component was detected.
Retention time: benzophenone (180°) 4 min. 15 sec.

Reaction of p-Tolyl Grignard Reagent with Ester IT (1.3:1). The

-p=tolyl Grignard reagent was prepared in the customary manner from 0,80 g.
(0.034 g, atom) of magnesium, 50 ml, of dry ether, and 6.2 g. (0.034

mole) of p-bromotoluene; yield 85 per cent, Ester II (10,0 g.; 0.028
mole) dissolved in 80 ml, of anhydrous benzene was added dropwise to

the stirred Grignard mixture over a period of 20 minutes. Trityl
peroxide (9.0 g.; 65.0 per cent), p-bromotoluene, and p-tolyl phenyli
ketone were identified as the only three products. An authentic sample

of p-tolyl phHenyl ketone was prepared by an alternate route (Friedel-
Crafts reaction). Gas chromatography on the same column used previocusly

at 180° showed the two materials to be identical.

Retention time: p-bromotoluene (180°) 1 min, - O sec.

p-tolyl phenyl ketone (180°) 4 min, - 50 sec.

Preparation of Phenyl p-Tolyl Ketone. The procedure followed was

essentially that found in the literature (16)., A 1-1,, three-necked,

round-bottom flask, equipped with a mechanical stirrer, a reflux condenser
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fitted with a calcium chloride tube, and an addition funnel, was charged
with 73.5 g. €0.55 mole) of powdered anhydrous aluminum chloride. Toluene
(100 g.; 1.08hmole) was added by means of the addition funnel and stirring
was started. Benzoic anhydride (56.5 g.; 0.25 mole) was added dropwise
over a period of 1 hour to the heterogenous mixture. A vigorous exothermic
reaction took place and a rapid evolution of hydrogen chloride was ob=
served, When addition was complete, the mixture was heated at reflux for
1 hour, When cooled in an ice bath the mixture was decomposed by pouring
it over crushed ice, Twoylayers separated and were washed and dried in
the usual manner. The solvent was distilled under aspirator pressure

and the residue was subjected to vacuum distillation to yield 37.2 g.

(80 per cent) of phenyl p-tolyl ketone, b.p. 155-60°/4 mm. The compound
solidified on standing, m.p. 150-2° (1lit m.p. 152°) (38), and was fur-

ther identified by its infrared spectrum,

Reaction of Phenyl Grignard Reagent with Ester III (1,3:1), The

phenyl Grignard reagent was prepared in the usual manner from 0,75 g.
(0,031 g. atom) of magnesium, 50 ml, of dry ether, and 4.9 g, (0,031

mole) of bromobenzene; yield 90 per cent, Ester IIT (10.0 g.; 0,024

mole) dissolved in 80 ml. of anhydrous benzene was added dropwise over

a period of 20 minutes. The mixture was stirred under nitrogen at room
temperature for 8 hours, decomposed and worked up as previously described,
Trityl peroxide precipitated in the organic layer and was removed by
filtration and was purified from benzene; yield 8.6 g. (65 per cent),

m.p. 182=4°, Infrared analysis confirmed the structure, Distillation

of ether=-benzene solvent under asplrator pressure left a white solid

which was purified from 95 per cent ethanol to yield 3.7 g. (65 per cent)
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of phenyl. f-naphthyl ketone, m.p. 81,5-2° (lit. m.,p. 82°) (36), which
wae identified by its infrared spectrum. Analysis of the filtrate by
gas chromatography was performed using the same column under the same
conditions as described for the 1.3:1 molar reaction of phenyl Grignard
reagent with ester I, No other components than those described were

detected.

Reaction of p-Tolyl Grignard Reagent with Ester IIT (1,3:1), The

p-tolyl Grignard reagent was prepared in the usual manner from 0.74 g.
(0.03 g, atom) of magnesium, 50 ml, of dry ether, and 5.3 g. (0,031 mole)
of p-bromotoluene; yield was 86 per cent. Ester IIT (10.0 g.; 0.024
mole) was dissolved in 80 ml, of anhydrous benzene and added dropwise to
the stirred mixture over a period of 20 minutes, The mixture was stirred
under nitrogen at room temperature for 8 hours, decomposed and worked

up as previously described., Trityl peroxide was obtained by suction
filtration and purified from benzene, yield 8.0 g, (64 per cenkt), m.p.
183~4°, Distillation of the ether-benzene scolvent under vacuum left

a gray solid which was purified from 95 per cent ethanol to yield 3.5 g,
(63 per cent) of p-tolyl B-naphthyl ketone, m,p. 91-2°, which had an
infrared spectrum identical with that of the authentic ketone prepared

by the Friedel-Crafts reaction. .Anslysis of the filtrate By gas chromato-
graphy under the same conditions as described for the 1,3:1 molar reaction
of phenyl Grignard reagent with ester I indicated the presence of only

benzene under these conditions,

Reaction of p-Anisyl Grignard Reagent with Ester IIT (1,3:1), The

p-anisyl Grignard reagent was prepared as previously described from

0,76 g, (0,032 g. atom) of magnesium, 50 ml. of dry ether, and 5.8 g.



52

(0.032 mole) of p-bromoanisole; yield 88 per cent. Ester ITE (10.0 g.;.
0.024 mole) was dissolved in 80 ml. of anhydrous benzene, and the solution
was added dropwise to the stirred Grignard mixture over a period of 20
minutes. The mixture was stirred under nitrogen at room temperature for
8 hours, decomposed and worked up as previously described. Trityl
peroxide was isolated and purified, yield 8.8 g. (70 per cent), m.p.
182-4°, Distillation of the solvent left a pale yellow solid which was
purified from 95 per cent ethanol to yield 4,2 g. (66 per cent) of p-=
anisyl B-naphthyl ketone, m.p. 93-4°, which had an infrared spectrum
identical with that of the ketone prepared by reaction of B=naphthoyl
chloride with anisole., Analysis of the filtrate by gas chromatography
under the same conditions described for the 1.3:1 molar reaction of
phenyl Grignard with ester I indicated the presence of benzene as the

only compound under these conditions.

Reaction of Phenyl Grignard Reagent with Ester IT (1,3:1) Followed

by Treatment with Bromine. The Grignard reagent was made as usual from

0.84 g. (0,035 g, atom) of magnesium, 50 ml, of dry ether, and 5.6 g.
(0.035 mole) of bromobenzene: yield 88 per cent. Ester II (10.0 g.:
0.028 mole) was dissolved in 80 ml, of anhydrous benzene and added drop-
wise to the stirred Grignard mixture over a period of 20 minutes.

The mixture was stirred under nitrogen at room temperature for 1 hour,
Bromine (1.5 ml,; 0.028 mole) was slowly added to the stirred mixture
over a period of 15 minutes, After addition was complete, the mixture
was stirred under nitrogen at room temperature for 3 hours. The mixture
was cooled in an ice bath, treated with 5.0 g. (0,03) mole) of sodium

thiosulfate, and stirred for 15 minutes to destroy unreacted bromine.
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The pale yellow mixture was flltered and concentrated under vacuum to

a viscous oil. The oil was chromatographed on a c¢olumn of neutral
alumina (15 in. x 1.25 in.). A total of 25 fractions (25 ml. each)
were collected., Although the first 7 fractions eluted with cyclohexane-=
benzene (l:1) were found to be blank, the next 3 fractions, eluted with
ether, contained a pale yellow solid which was purified from Skelly-
solve B, Trityl bromide (1.5 g., 16.6 per cent) was identified by its
infrared spectrum. The following 10 fractions eluted with ether were
blank, but the next 5 fractions eluted with absolute ethanol contained
a gray solid. Recrystallization from methyl ethyl ketone gave 5.0 g.
(50 per cent) of ester II, m.p. 169-70°, identified by its infrared

spectrum,

Bromination of Ester ITT, A 500 ml.,, 3~necked, round-bottom flask

equipped with a mechanical stirrer, an addition funnel fitted with a
nitrogen inlet tube and a reflux condenser, was charged with 10.0 g.
(0,028 mole) of trityl benzoate, .Anhydrous benzene (80 ml,) was added
and stirring was started., After all the trityl benzoate (IT) had dis-
solved, bromine (1.5 ml.; 0.028 mole) was slowly added to the stirred
ester over a period of 15 minutes, The mixture was then stirred under
nitrogen at room temperature 3 hours, The mixture was cooled, treated
with 5,0 g, (0.031 mole) of sodium thiosulfate, stirred for 15 minutes
and then filtered. The mixture was concentrated under aspirator vacuum
to an o0il, which was chromatographed on a neutral alumina column. A
total of 27 fractioms, 25 ml. each, were collected. The first 10
fractions eluted with cyclohexane-benzene (1:1) were blank, The next

2 fractions were eluted with ether and contained trityl bromide (1.0 g.;
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11.0 per cent) which was identified by its infrared spectrum, m.p. 154<5°,
The next 10 fractions were eluted with ether and were found to be blank,
while the last 5 fractions eluted with absolute ethanol contained 8.5 g.
(85.0 per cent) of ester II, which was purified from methyl ethyl ketone,

m.,p. 169-70°, and identified by its infrared spectrum,

Reaction of Phenyl Grignard Reagent with Ester I (1.3:1) with o=

Butyl Ether, The phenyl Grignard reagent was prepared in the usual
manner from 0.9 g. (0,037 g. atom) of magnesium, 50 ml, of dry ether,
and 6,4 g, (0.037 mole) of bromobenzene (92 per cent), Ester I (10.0 g.;
0,033 mole) dissolved im 80 ml. of dry ether was added dropwise to the
stirred Grignard mixture over a period of 20 minutes, The mixture was
stirred at room temperature under nitrogen for 10 minutes. At this

time n-butyl ether (80 ml.) was added directly by means of the addition
funnel, and the temperature was immediately raised to 120-22° by raising
the Powerstat to 85 v. and measuring the pot tempergture by means of a
thermometer, The reactlion mixture was stirred in this temperature

range for 3 hours under nitrogen. Decomposition, workup, and removal

of trityl peroxide was performed in the wusual manner. Qualitative
analysis of the mixture was performed at 156° with the aid of the Hy Fi
A=500 gas chromatography unit with a hydrogen flame detection cell, A
6-ft, x 1/8=in. column composed of 10 per cent silicone rubber on acide~
washed Chromosorb W was used., Hydrogen and nitrogen gas flow rates

were 26 and 29 ml, per minute, respectively. Acetophenone and benzo-
phenone were found as the only two compounds in the mixture under these
conditions, They were identified by comparing the retention times and

mixed injections with those of authentic samples, The temperature was
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lowered to 80°, where n~butyl ether was also detected.

Retention time: acetophenone (156°) 1 min. O sec.
benzophenone (156°) 5 min. 30 sec,

n-butyl ether (80°) 1 min. O sec.

Electron Spin Resonance Analysis of Reaction Mixtures of Phenyl

Grignard Reagent with Ester I, The phenyl Grignard reagent was made

for each run from 0.037 g, atom of magnesium, 0,037 mole of bromo-
benzene and 50 ml. of dry ether. In each experiment the Grignard
reagent was heated for 15 minutes, titrated, and then treated with 0,033
mole of ester T in 80 ml. of ether, added dropwise over a period of

20 minutes. Several aliquots were withdrawn by means of a Pasteur's
pipet for electron spin resonance analysis, Dilution when required

was made in the reaction vessel. The results of the analyses are shown

in Tables VI, VII and VIII,

Electron Spin Resonance Analysis of the Reaction Mixture of Phenvyl

Grignard Reagent With Ester I (benzene added). The phenyl Grignard reagent

was made from 0.037 g. atom of magnesium, 0.037 mole of bromobenzene

and 50 ml, of dry ether, heated for 15 minutes and treated with 0,033

mole of ester I dissolved in 50 ml. of dry ether over a period of

20 minutes, After complete addition, anhydrous benzene (100 ml.)

was immediately added to the rea;tion vessel and the temperature was
raised rapidly to 50° by turning the‘Variac to 65 volts. The pot
temperature was measured by means of a thermometer, and:was kept at

50° + 2 for 8 hours, Several aliquots were withdrawn for analysis

by means of a Pasteur's pipet. The results of the electron spin resonance

analyses are shown in Table IX.
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Electron Spin Resonance Analysis of Reaction Mixtures of Phenyl

Crignard Reagent with Ester II. The phenyl Grignard reagent for each

run was made from 0,035 g, atom of magnesium, 0.035 mole of bromobenzene
and 50 ml, of dry ether. In each run the Grignard reagent treated with
0.028 mole of ester II dissolved in 80 ml. of anhydrous benzene by
dropwise addition over a period of 20 minutes (in one run, all the ester
was added in 5 minutes), Several aliquots were withdrawn for analyses

by means of a Pasteur's pipet, The results of the electron spin resonance

analyses are shown in Table X.

Electron Spin Resonance Analysis of the Reaction Mixture of Phenvyl

Grignard Reagent with Ester II (cooled to -30°). The phenyl Grignard

reagent was prepared from 0,18 g, atom of magnesium, 0,018 mole of
bromobenzene and 25 ml, of dry ether. Ester II (0.014 mole) was dis=
solved in 40 ml, of anhydrous benzene and added dropwise over a pericd
of 10 minutes to the stirred mixture. The mixture was stirred at room
temperature under deoxygenated nitrogen for 15 minutes, An aliquot
was immediately withdrawn, by means of a Pasteur's pipet, cooled to
-30° and the electron spin resonance spectrum determined. A highly

resolved signal (Plate XXVII) was obtained,

Visible Spectral Analysis of the Reaction Mixture of Phenyl Grignard

Reagent with Ester II. The Grignard reagent was made from 0.035 g.

atom of magnesium, 0,035 mole of bromobenzene, and 20 ml, of dry ether.
Ester II (0.028 mole) dissolved in 40 ml, of anhydrous benzene was added
dropwise over a period of 15 minutes, The mixture was stirred under
nitrogen at room temperature and samples were withdrawn by means of a
Pastuer's pipet for visible spectral analysis, The results are shown

in Table XI,
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Visible Spectral Analysis of the Reaction Mixture of Phenyl Grignard

Reagent with Ester II (ethanol-isopentane solution added). The Grignard

reagent was made from 0,035 g, atom of magnesium, 0.035 mole of bromo=
benzene, and 50 ml, of dry ether (yield 92 per cent). Ester IT (0.028
mole) was dissolved in 80 ml, of benzene and added dropwise to the
Grignard mixture over a period of 20 minutes. The mixture was stirred
under oxygen=-free nitrogen at room temperature for 1 hour., Isopentane
(50 ml,) and 16 ml, of absolute ethanol were added to the reaction
flask, and the resulting mixture was stirred for another hour, at the
end of which the stirrer was stopped for 10 minutes. By means of a
10=ml, pipet fitted with a propipette, a 20-ml., aliquot of the super=
natant liquid was transferred to a 50-ml,, two-necked, round-bottom
flask fitted with an oxygen=-free nitrogen inlet and a calcium chloride
tube, Oxygen-free nitrogen was slowly bubbled through the liquid for
1 hour in order to concentrate the solution, An aliquot was then taken
by means of a Pasteur's pipet for visible spectral analysis. Strong

absorption in the region 400-2400 my, was observed (Plate XII),

Electron Spin Resonance Analysis of the Reaction Mixture of Aceto-

phenone with Magnesium - Magnesium Bromide Binary Mixture. The proce-

dure was essentially that followed by Bowers (8), A 500-ml,, three=
necked, round-bottom flask equipped with a mechanical stirrer, a reflux
condenser and an addition funnel fitted with a nitrogen inlet tube, was
charged with 4.9 g. (0.2 g. atom) of powdered magnesium. By means of
the addition funnel, 60 ml. of anhydrous benzene and 30 ml, of dry ether
were added at once and stirring was started. Bromine (3 ml.; 0.1 mole)

was added dropwise over a period of 15 minutes, A highly exothermic
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reaction took place, When addition was complete, the reaction mixture
was stirred under nitrogen at room temperature for 15 minutes. Aceto=
phenone (12,0 g.; 0.1 mole) was added dropwise over a period of 30
minutes and the resulting mixture was heated at feflux for 1 hour. An
aliquot was taken by means of a Pasteur's pipet for electron spin
resonance analysis, and no signal was observed, The rest of the reaction
mixture was cooled, decomposed and worked up in the usual fashion,

The mixture was then subjected to vacuum distillation to yield 10.0 g.
(85 per cent) of acetophenone (b.p. 80-2°/2 min.) as the only product
which was identified by its infrared spectrum, This needs to be repeated
and gas chromatographic analysis should be used to detect any pinacol

present,

Reaction of Phenyl Grignard Reagent with Ester I (1.3:1). The

phenyl Grignard reagent was prepared in the usual fashion from 0,90 g,
(0.037 g. atom) of magnesium, 50 ml, of dry ether, and 6.4 g. (0.037
mole) of bromobenzene. Ester I (10.0 g.; 0.033 mole) dissolved in

80 ml. of dry ether was added dropwise and the mixture was stirred under
nitrogen for 8 hours, decomposed and worked up in the usual fashion,
Trityl peroxide was removed by filtration and recrystallized twice

from benzene. The filtrate remaining after purification of the peroxide
was carefully concentrated oﬁe-third 6f its original volume. Gas chromato=
graphy analyses of the filtrate (performed on hydrogen flame detection
cell, using a 6 ft. x 1/8 in. column composed of 10 per cent silicone
rubber on acid washed Chromosorb W ) confirmed the structure as that of
triphenylmethanol. The column temperature was 240°, and the flow rates

of bydrogen and nitrogen gas were 26 and 29 ml., per minute, respectively,
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TABLE I
CONDENSATION OF ESTER I WITH GRIGNARD REAGENTS
CHaCO,C(CaHg), + RM

i e
(CeHs)5C00C(CaHg ) + CHaCR + (C4Hg),COH + CHyCR,

A B c D
N : RM/ester Products %
: RX — Liocuets
Bxp (molar) A B c D
i CH, T 1.3:1 0o = 76 0
17T C HgI 1.3:1 0 4 60° 0
11T Cq Hg Br bel 70 0 0 70,5°
IV CHy~{_ ) Bx 1.3:1 71 7 0 0
v CH,0 ) Bx 1.3:1 69 s 0 0

RM = Crignard reagent.

2Qualitatively determined by gas chromatography along with triphenyl-
methanol. The ketone was the only major product; yield of ketone
assumed equal to or less than that of triphenylmethanol.

2Qualitatively determined by gas chromatography along with acetone and
ester T (53 per cent).

#Qualitatively determined by gas chromatography along with triphenyl-
methanol and ester I,

SQualitatively determined by gas chromatography along with methyl ethyl
ketone, These were the only major products; yield of methyl ethyl
ketone is assumed equal to or less than that of triphenylmethancl.

SPurified from Skellysolve F; melting point 60-1° (lit, m.p. 61-2°) (19).

"Qualitatively determined by gas chromatography along with small amounts
of p~bromotoluene and ester L. The yield of p-methylacetdphenone
assumed to be equal to or less than that of triphenylmethanol,

-BQualitatively determined by gas chromatography. The ketone was the only
major product. The yield of p-methoxyacetophenone is assumed equal to
or less than that of triphenylmethancl.
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TABLE 1Y

QUALITATIVE GAS CHROMATOGRAPHIC ANALYSIS OF
ORGANIC LAYER FROM BXPERIMENT I

Columni: S8ilicone rubber 10% on Chromosorb W, 6 ft.

Conditions: ¥, flow = 20 ml/min; N, fiow = 23 ml./min,, Temp. 230°C;

2 2
Hy Fi unit; hydrogen flame celi.
Compound Retention Time
Trityl acetate (I) 2 min., O sec,
Triphenylmethanol 4 min, 30 sec,

Column: U=con Polar 5%, 12 ft,
Conditions: Ny flow = 67 ml,/min,, Temp, 50°, A-350 B unit,

Compound Retention Time

Acetone 1l min. 15 sec,

TABLE T1IL

QUALITATIVE GAS CHROMATOCRAPHIC ANALYSIS
OF QRGANIC LAYER FROM EXPERIMENT II

Column: Silicone rubber 10% om Chromosorb W, 6 ft.

Conditions: H, flow = 20 ml./min; N, flow = 23 ml./min., Temp. 230°C;
Hy Fi unit; hydrogen flame cell.

Compound Retention Time
Trityl acetate (T) 2 min, O sec,
Triphenylmethanol 4 min, 30 sec,

Column: Uecon Polar 5%, 12 ft.
Conditions: Ny flow = 70 ml./min., Temp. 70°C, A-350 B unit.

Compound ‘ Retention Time

Methyl ethyl ketone 3 min, 0 sec.
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TABLE IV

QUALITATIVE GAS CHROMATOGRAPHIC ANALYSIS
OF ORGANIC LAYER FROM EXPERIMENT 1V

Column: Silicone rubber 10% on Chromosorb W, 12 ft.

Conditions: N, flow = 66 ml./min., Temp. 180° and 230°; A-350 B Unit.--

Gompound (Temp. °C) Retention Time

p-Bromotoluene (180°) 1 min, O sec,

p-Tolyl methyl ketone (180°) 1 min, 43 sec.

Trityl acetate (1) (230°) 2 min. 53 sec.
TABLE V

QUALITATIVE GAS CHROMOTOGRAPHIC ANALYSIS
OF ORGANIC LAYER FROM EXPERIMENT V

Column: Silicone rubber 10% on Chromosorb W, 12 ft.
Conditions: N, flow = 66 ml./min., Temp. 180°, A-350 B unit.

Compound Retention Time

p-Bromoanisole 1 min, 25 sec,

p-Anisyl methyl ketone 1 min, 47 sec.
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ESR SPECTRA OF RM' + TRITYL ACETATE REACTION MIXTURE
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Signal

_ Dilution Reaction

Sample? 3% Experiment with Time . hrs Type,
Ether ’ *  Plate
1la RM + Ether none - none
1b Trityl Acetate and Ether none - none

lc RM + Trityl Acetate and Ether none 0.25 XVI

1d RM + Trityl Acetate and Ether none 1,0 XVIT

le RM + Trityl Acetate and Ether none 3.5 XVIT
1f RM + Trityl Acetate and Ether none 20,0 XVITI

'RM = Phenyl Grignard reagent.
®Reactions were run at room temperature,

®High-purity dry nitrogen (Linde Inc.) was used.
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ESR SPECTRA OF RM! + TRITYL ACETATE REACTION MIXTURES
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Dilution Re ction. Signal
Sample®s3 Experiment with Tim:' hrs . Type,
: : Ether ? °  Plate
2a RM + Trityl Acetate and Ether none ~0 XVI
2b RM + Trityl Acetate and Ether none 3.56 - XVII
2¢ RM + Trityl Acetate and Ether 2X 5.06 XIX
2d RM + Trityl Acetate and Ether 20X 5.6 XX

1RM = Phenyl Grignard reagent.

®Reactions were run at room temperature,

SHigh~purity dry nitrogen (Linde Inc.) was used.
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TABLE VIII

ESR SPECTRA OF RM* + TRITYL ACETATE REACTION MIXTURES

s . DilPtion Reaction Signal
Sample~>» Experiment with Time : hrs. Type,,
Ether ’ " Plate

3a RM + Trityl Acetate and Ether none ~0 . XVI

3b RM + Trityl Acetate and Ether none 0.5 XVI

3c RM + Trityl Acetate and Ether 2X 1.0 XVII

3d RM + Trityl Acetate and Ether 10X 1.5 XIX

3e RM + Trityl Acetate and Ether 100X 2.0 none

1RM = Phenyl Grignard reagent.
2Reactions were carried out at room temperature.
3The nitrogen used was deoxygenated by passing it through zinc amalgam-

sodium chromite mixture. Thanks are extended to Dr, P. Arthur for his
help in setting up the deoxygenation system,
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TABLE IX

ESR SPECTRA OF RM' + TRITYL ACETATE REACTION MIXTURES

S Dilution Reaction Signal
Sample?»® Experiment with Time . hrs Type,
Ether tme, *  Plate

ba RM + Trityl Acetate and Ether none ~0 XVI

4b RM + Trityl Acetate and Ether rione 0.67 XVI

4e RM + Trityl Acetate and Ether none 1.0 XVII

4d RM + Trityl Acetate and Ether none 3.5 XVII

be RM + Trityl Acetate and Ether none 4,0 XIX

1RM = Phenyl Grignard reagent,
®Reactions were carried out at.50°,

3Deoxygenated nitrogen was used.



TABLE XU

ESR SPECTRA OF RM! + TRITYL BENZOATE REACTION MIXTURES

. Signal
Sample®3#3 Experiment Dilution T%ggftﬁgg_ Type,
Plate
Sa RM + Trityl Benzoate none 2.0 XXI
50 RM + Trityl Benzoate none 4.5 XXII
6a RM + Trityl Benzoate none 0.25 XXITI
6a RM + Trityl Benzoate none 2,0 XX1V
7a RM + Trityl Benzoate none 1.0 XXV
7b RM + Trityl Benzoate none 2.0 XXIV
8a RM + Trityl Benzoate none 0.5 XXIII
8b RM + Trityl Benzoate none 1.5 XXVI

1RM = Phenyl Grignard reagent.
2Reactions were all carried out: at room .temperature.

3Regular nitrogen was used for experiments 5, 6, 7 and deoxygenated
nitrogen was used for experiment 8,



TABLE XI.

VISIBLE SPECTRA OF RM' + TRITYL BENZOATE REACTION MIXTURES
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_Absorption
Sample® 3 -Experiment Dilution “Beactlon w V1§1b1e
Time, hrs, Region,
Plate
9a RM + Trityl Benzoate rone 1.5 XI
9b RM + Trityl Benzoate none 4.5 JXI
9¢ RM + Trityl Benzoate none 6.5 X1

1RM = Phenyl Grignard reagent.
]
- Reactions were carried out at room temperature.

SRegular nitrogen was used.



5000 4000 3000 2500

Plate I

WAVENUMBER CM*
800 700 850

2000 1500 1400 1300 1200 noo 1000 900

AHTED

IRSAIARRRLE BRI URELLEIEREL R RRAE]

ITHTIY N

i

7 8 ? 10 "

WAVELENGTH IN MICRONS

1,1,1-Triphenyl-2-methylpropane, KBr Pellet

-
R

89



69

391194 agy ‘sueinqrdyzawip-g¢‘g-1Auaydrar-1 1t

[+ L o L] L]

s
i

T
LR

s (1
il

poaibeniiatdenr ook o g Datvo sl b o ada 1 i us
o000t oou oozt oot oowt  00St o000z
W EEA

II =3®ld



2300

Plate III

AL RN R

::'.‘ =it

(3 B 10 600 I

"1

Cyclohexyltriphenylmethane, KBr Pellet

4 2 | i
U’
¥ 1 FEERS
5

0L



5000

100

4000

3000

2500

Plate IV

WAVENUMBER Cm'

1500 TLBe 36D 3200 1109 oed

T

5

T

TFTT T

IERAE]

T

T T

BN R R L AU LIRS SRR AT R RN R R RN B

I
.
i
;
; i
2 3 4 8 ¢ ]

WAVELENGTH (N MICRONS

p~Tolyl B~Naphthyl Ketone, KBr Pellet

1L



1500

1400

1300

Plate V

WAVENUMBER CM?

1200 noeo

T

FETY

T

ryIT

LRI LR RARE PERRE

p-Anisyl B-Naphthyl Ketone, KBr Pellet

WAVELENGTH iIN MICRONS

44



Plate VI
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Plate VII

1,1,1i-Triphenyl~3,3-dimethylbutane
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Plate IX
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Plate X

|R-Anisyl B=-Naphthyl Ketone
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Plate XII

Visible Spectrum of Reaction Mixture of Trityl Benzoate and Phenyl Grignard
Reagent (1:1.3), in Ethanol-Isopentane Scdlution
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Plate XIII

The ESR specirc chiained during the
course of some Grignard reaciion.
[I] Benzophenons/phenyimagnesium bromide
rmc:ng sysmm at —25"(:

[11] maznesium bremide
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Plate XIV
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Plate XV

1 . . ' O’né'o B
i i et
%cOgOcéi o, O—E-C)-ca. -K

s B (B

ESR Spectra of Several Substituted Benzophenone Derivatives

8



MO, EOO000E wsr= o o P
——  —]— e ey e et e TF S P = - i . T A
diF]] R T 4 | [ - [ T T, 2 [T : Nl [ il f i i = i (gl 10 LS = R
b —— - - - - -— — -_——— - - -— — - — — e - - —
) ETRE [T TR i) St e A S SR T =
= = ] = — = IS : i} ST VRGN (] R
i 2% = | EEERE el S e R ) PN Xy Ja == e I T

WAE b B A

Broad, Unresolved Signal of Reaction Mixture of Trityl Acetate and Phenyl Grignard Reagent (1:1,3)

£8



Plate XVII

NO. 800006 wies a co.. WL

NO. 800006 trros a ue €o. PuiLe
I
3 1
1
1
i | 1
i ‘1 = A, A e e
d . anding ™ - htnadl hebeiulhall Bodaiod™
. "I } | Al '! '_: by ™ 4 A 1
= - |
i 1 ]
S0 d § J
’ = L
= b2
1 D
: e d'_ra?-'_,
[N
\{ . e
o " 3 ? 7 2 _IF 4
WADE e L. B A ] RADE In U, . & | L
Strong, Resolved Signal of Reaction Mixture of Trityl Acetate and Phenyl Grignard Reagent (1:1.3) (1 hr.)

w8



Plate XVIII
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Plate XIX
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Plate XX
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Plate XXI
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Plate XXIV
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