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ABSTRACT
Part I.

Attempts to synthesize a cyclopropanone derivative from
the reaction of triphenylmethyl sodium and some alpha-halo-
ketones are reported, The reactions of 3-bromo-3-methyl-2-
butanone, 2-methyl-2,4-dimethyl-3-pentanone, methyl-l-bromo-
cyclohexyl ketone, and l-bromo-1,1,3,3-tetraphenylacetone
with triphenylmethyl sodium as well as 3-bromo-3-methyl-2-
butanone and l-bromo-1l,1,3,3~-tetraphenylacetone with dimsyl-
sodium were investigated, 3-bromo-3-methyl-2-butanone and
l-bromo~1,1,3,3-tetraphenylacetone when treated with tri-
phenylmethyl sodium gave a conslderable amount of the reduc-
tlon product. Elimination was also observed when 3—bromoé3—
methyl-2-butanone and 2-bromo-2,4-dimethyl-3-pentanone were
treated with triphenylmethyl sodium. Although a cyclopro-
panone derivatiie was not obtained, a better insight into
the general reaction of alpha-haloketones and base was
realized, |

Part IT

A new synthesis of ethers from triaryl and benzhydryl
alcohols has been found, Thus, triphenylcarbinol and benz-
hydrol when reacted with lodine in the presence of some
aliphatic alcohols yleld the corresponding ethers. This
procedure has proven more convenlent than known methods.
Cinnamyl alcohol was also found to be amenable to this

synthetic procedure, while benzyl alcohol did not yleld the

1ii
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iii

the desired products, when subjected to the same reaction
conditions. The course of the reaction involves iodine as
a true catalyst which generates a carbonium ion from the

trityl and benzhydryl systems.
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PART I
APPROACHES TO SYNTHESES OF CYCLOPROPANONES
CHAPTER I
INTRODUCTION

The cyclopropanone structure has eluded the organic
chemists for many years. Although one would expect
compounds of this nature to be highly reactive and hence
difficult to prepare, 1t must be realized that cyclopropene
and methylene cyclopropene have been well characterized in
the literature.®’2

These compounds would have strain comparable to that
of cyclopropanones., The preparation of 2,3-diphenylcyclo-
propenone has recently been reported by McElvain and
Kundiger,3 as well as by Breslow and co-workers.4 Although
this. compound derives certain stabllity from resonance
considerations, (Fig. 1) here again the structure suffers

from the effect of very strained bond angles.

The cyclopropanone structure has been proposed by

1 M.J. Schlatter, J. Am. Chem. Soc., 63, 1733 (1941).

2 A. Muller, Nature, 135, 994 (1935).

3 S. McElvain and D. Kundiger, J. Am. Chem. Soc., 64,
254 (1942,

, 4 R. Breslow, and J. Posner, and A, Krebs, J. Am,
Chem. Soc., 85, 234 (1963).
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In a similar manner, sultable dlhaloketones produce unsat-

urated carboxylic acids (Fig. 3.).

CH4CC1,CO0CH, + 20H° — CH, = C(CHy)COLH + 2C1° + 2H 0

Flig. 3. Favorskil rearrangement of dihalokétones.

Analogous rearrangement of trihaloketones can give rise to

unsaturated halo acids (Fig. 4.).
(CH3)ECBI'COCHB:02 + 20H — (CH3)20—CBr002H + 2Br
Fig. 4. Favorskili rearrangement of trihaloketones.

The concept of cyclopropanone intermediates in the
reactions of oC-~haloketones with bases was well established
in the German chemical literature prior to 1900.6’7’8’9
In the Favorskii rearrangement the initial step is the
removal of a proton from the o<'-carbon atom to give the
haloketone enolate anion IV. Concerted or subsequent
ejection of halide ion leads to a cyclopropanone which is
rapldly cleaved by alkoxide to gilve the rearrangement

product.

6 Pauly and Rossbach, Ber., 32, 2000 (1899).

7 H‘antzsch and Schiffer, Ber., 25, 728 (1892). |

8 Wolff, Ann., 260, 79 (1890); Ber., 26, 2220 (1893).
9 Conraci,' Ber., 32, 1005 (1899).
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- 10
In the Loftfield experiment, . random cleavage of the cyclo-
propanone V, having radlo-carbon distributed as markéd,
would lead to the isotope distribution observed in the

ester fraction (Fig.5.).

. 0 F-o ]
He I Cl | Il Cl I
g° > o
H H _—_>_ H H ~el
C00B CooB

Flg. 5. Loftfield mechanlsm of Favorskii rearrangement .

Thus the cyclopropanone is undoubtedly an Intermediate in _
the Favorskii rearrangement. The Loftfield mechanism, in
particular, leads to the correct prediction that rearrange-
ment of unsymmetricalec-haloketones leads to the product
formed through cleavage of the cyclopropanone intermediate
so ags to give the more stable of the two possiblé transiént»

.

carbanions (Fig. 6.7.

10 R.B. Loftfield, J. Am. Chem. Soc., 72, 632 (1950).
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e

" ROH . ()
—BOH [cH),ceoR

Fig., Q. ”Qleavagé of an unsymmetrical cyclopropanone
' ‘ “intermediate.

Stabilities of unconjugated éarbanions decrease 1in the ‘order
benzyl‘> tertiary'> secondary > primary.lg Thus the cyclo-
propanone VI derived from 3-bromo-3-methylbutan-2-one |
dleaves'to give_the tertiary trimethylacetic ester, forming‘
a transient primary rather fhan tertliary carbanion}B'
Similarly, the'cyclopropanone‘from‘l—chloro—l—phenylaéetone*
cléaves by way of a benzylic carbénion to give 3-phenylprqf‘

pionlc acid derivatives?‘4

12 ¢.S. Hammond, in Newman, Steric Effects 1n Organic.
Chemistry, "New York, p. 439 - y -

13 J.G. Aston and R.B. Greenburg, J. Am. Chem. Soc.,
gg;-2590»~(194o).; :
(

" 1L W.D. McPhee and E. Klingsberg, J. Am. Chem. Soc.,
66, 1132" (igik).
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Although the cyclopropanone mechanism has been generally
acceptéd enabling'one to predict the formation of a preferred
position isomer, its stereochemical implications are less
firmly éstablished. Loftfield suggested that cyclopropan-
one formatlion is synchronoué with an internai SNQ—type
displacement on the halogen-bearing carbon atom with conse-
quent inverslon at that centre., This view has been quest-:
loned by Burr and Dewar on quantum mechanical grounds}5.

These workers suggested that the geometry of the enolate

T-orbltal is not sultable for effective S 2-type overlap

N
with the ¢-orbital of the halogen-bearing «-carbon atom,

In effect, they, along with Aston and Newkirk%6

postulated
- that the loss of halide lon precedes cyclopropanone form-
ation, and thus involves the generation of a specles
leariously représented as a mesomeric zwitterion,(VIﬁ, or
as a "no-bond" canonical form (VIII) of a cyclopropanone.'
Subsequent Qollapse of this specles to the more stable
‘cyclopropanone‘would lead to the products predicted from
the'Loftfield mechanism (Fig. 7. ). The synchronous and
”‘nonsynchronous meéhanisms'are kinetically indistinguishable

1f enolate formation is rate-determining, but they clearly

differ in stereochemical implications. The synchronous

15 J.G. Burr and M. Dewar, J. Chem, Soc., 1201 1954

16 J.G. Aston and J.D. Newkirk, J. Am. Chem. Soc., 73,
3900 (1951). |
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|l
(&S]
B .
H H H X :
H H
o
I °
§—~‘._
H__l , I H H
L H

Cetta sty

[ - NI

Fig. 7. Aston and Newkirk pathway of cyclopropanone-
formation «

process would necessarily involve steric inversion at the
halogen-bearing carbon with the overall maintenance of

3

essentially sp~ hybridizatlon at this same "site. However,
the nbnsynchronous process'entails the formation df an
intermediate discrete species(VII or VIII)of high resonance
energy, which would lead to the predicﬁion of racemization
of the haiogen—bearing carbon atoﬁ. The pathways could thus

be differentiated by the rearrangement of a suitable optically

active haloketone, such as IX, into a trialkylacetic acild
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O
C.H C % CH
275 3
Cl
IX

which would indicate by 1ts optical purity the degree of
participation of the synchronous as against the nonsynchro-
nous mechanism. Unfortunately, only meager evidence has
been presented in the‘literature for the above rearrangement.
However, G. Stork and I. Borowitz17 have récently demonstrated
a clearcut example of a stereospecific réarrangement using

a palr of epimeric l-chloro-l-acetyl-2-methylcyclohexanes

(X and XII) of proven configuration (Fig. 8.). Rearrange-
ment of (X) with sodium benzyloxide gave a benzyl ester,
which was then converted by hydrogenolysis into a single
1,2-dimethylcyclohexane carboxylic acid (XI). The stereo-
chemisgtry of this acld Qas clearly demonstrated by indep-
endent synthesis which involved the stereospecific Diels-
Alder addition of butadiene to tiglic acid. Rearrangement

of the epimeric chloroketone (XII) gave in turn exclusively

the benzyl ester of the diastereomeric acid (XIII). In

17 G. Stork and I. Borowitz, J. Am. Chem. Soc., 82,
4307 (1960).
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1) CH CO, H
CH ( - _ 30/ °2
? <CH§CHCH—CH2 NG
~COOH™(2) H, “
. C
"~ CH pd
; 3 N
H CHy H
ol I
COEH
~COCH3 N ‘CHg
7 NCH 7 CH
H 3 ’ 3
—— H
XLL
CH3 cl
- I V'()OC:[’I3 ~
CHz .
3 /" CH
i 3
XLV

Fig. 8, Stereospecific rearrangement of epimeric
l-chloro-l-acetyl-2-methylcyclohexanes.

addition, the chloroketone (XIV) was shown to rearrange to

the ester of (XV), which was proven to havé carboxyl and methyl
cis by its nonidentity wlith the adduct of tiglic acid and
2,3-dimethylbutadiene, These results are consistent wilth
Loftfield's mechanism and suggest that cyclopropanone form-
ation and hallde loss are synchronous or very nearly so;

as a minimum they would require that any intermediate
zwitterioﬁ or '"mo-bond" species, if formed, should collapse.
sfereospecifically to a cyclopropanone before the halide

ion moves beyond the range for orbital overlap and hence

cyclopropanone formation., HoweVer, the zwitterion mechanism
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10

may have signlficance for systems wherein steric barriers
retard ring closure in the normal direction and thus allow
the halide ion to‘travei beyond the range of stereosélecbive
electrostatic interaction before bond formation has
occurred}8 Such has been suggested to be the case ih(the
steroid field where Wendlerl9 has shown that l7—bromo—3f
acetoxypregnane—ll,20—dione(XVI)of proven oonfiguration“

glves,on rearrangement with alkoxide ionya 3:2 mixture of

the epimeric 17-methyl-17-carboxylic esters @NTI and XVIIﬁ;
(Fig. 9.) respectively.

¢ 0,CH,

XV

Fig. 9. Favorskil rearrangement of 17-brmo-
3-acetoxypregnane-11, 20-dilone w&th
methoxide ion . ‘

Thils result; which 1s unexplainable via the synchronous

18 C.K. Ingold, Structure and Mechanism in Organic
Chemistry, p. 382- 384. = R :

19 N.L. Wendler, R.P. Graber, and G.C. Hazen,‘Chem;
& Ind. (London) 1956 847; Tetrahedron, 3, 144 (19587.
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Loftfield mechanism, was also rationalized by presupposing
bromine migration to C-21 prior to rearrangement, alﬁhough
independent evidence for such a shifft was hot obtained,
The rearrangement originally was considered by
Favorskiigo to proceed by addition of alkoxide to the car-
bonyl carbon atom, followed by ejection of halide ion; to
produce an epoxyether XIX. This, in turn, further reacted
with the base to yileld the products (Fig.lO}. This, of
course, was an attemptrto explain the mechanism of the
Favorskii rearrangement'before the radioisotopic work of
Loftfield was made known., The formation and isolatlon of

| époxyethers from the action'of alkoxides on certain e«-halo-

o | — —_—
OR . OR OR
‘ ' =0
R"""-C ::O | --X@ R;""""C\ —
| =X 5 o —
R—C—H | — | —C—
L (AT TR
X H ! | H

Fig. 10. Epoxyether formation in Favorskii rearrangement .

20 A. Favorskii, J. prakt. Chem., (2) 88, 641  (1913).
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ketones has been well established by Stevens and others.gl’27

The postulated rearrangemént of the epoxyether XIX to pro-
ducts is highly improbable, and, in fact, such a transfor-
-mation is experimentally precluded by failure to effect this
rearrangement starting with pure epoxyethers syntheslzed by
other means. The epoxyether intermediate usually reacts

with alcohols or water to form hydroxyketals or hydroxy-

ketones (Fig. 11.). OR
l \ '
o _ROMS TP
|
\ | t. | OH OR
_,,C{*;p- -
o | ~_~N~§_‘___ﬁ; OH o
H o —C—C—¢C

< ' '

Fig. 1ll. Reaction of Epoxyethers with alkoxlde ion.

21 C.L. Stevens, W, Malik, and R, Pratt, J. Am. Chem,
soc., 72, 4758 (1950). |

22 C.L. Stevens, J.J. Beereboom;and K.G. Rutherford,
ibid, 77, 4590 (1955).

23 R.B, Loftfield, J. Am. Chem. Soc., 72, 632 (1950);
73, 4707 (1951). »

24 A.M. Ward, J. Chem. Soc., 1541 1929.

25 M. Mousseroh, Jacquier, and Fontaine, Bull. soc.
chim, France (5) 19, 767 (1952).

26 C,L. Stevens and E. Farkas, J. Am. Chem. Soc., T4,
618 (1952). .

27 ¢.L. Stevens and J. Tazuma, ibid, 76, 715 (1954).
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26 have obtained pure époxyethers by the

Stevens and others
action of alkoxldes on «L-halopropiliophenones andwx—halocycloé
hexylphenyl ketones., These epoxyethers rapidly gave:ﬁ-hy—
droxyketals 1n the preéénce of methanol or methanolic methox-
ilde ion; but no rearrangement to esters was observed. The
hydroxy’ketones which result on treatment of ec-haloketones
with hydroxide ilon may undergo hydrolytic or oxidative cleaél
vage to glve carboxylic acids. The formation of 21% of cyclo-
hexanecarboxylic acld from chlorbmethycyclohexyl ketone and~' 
sodium methoxide has been ascribed to hydrolysis of the
intermediate hydroxymethyl ketone, since formation of the
acld was eliminated by the use of anhydrous‘reaction.condi&‘
tiohs?S

The extent to which side reactions such as Ilndicated
above interfere with the normal Favorskil reaction musﬁr
depend on the rate of epoxyether formatlon compared to the
rate of rearrangement. Thls ratio is primarily a functibn
of the structure of ﬁhe haloketone and the nature of the
halogen. Other important factors are, of course, the
polarity of the reaction medium and the nature of thé
alkoxide. Side reactions,Which must also be considered)
involve direct substitution of certain¢x-héloketones by

‘alkoxide (especially methoxide ion) to form «-alkoxy ketones.

28 R.B. Loftfield and L. Schaad, J. Am. Chem. Soc.,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

Stevens'and‘DeYoung29'reported replacemeht of‘chloridé By:
methéxide ion when l,l,3,3-tetraphen&l51—chloroacetbne was
" treated with‘sodium metBOXide.. Examples of replacement, 
,hbwever,,are not too abundant owing to the fact. that most’

of the.o#her slde reactions occur more reédily. In ofder

for replacement to occur, most other possible-reaction paths
must be eliminated éither by steric hindrance.at the'carbonyi,
lack of an»eholiéable ! =-hydrogen atom or by weak nuéleophiliq‘
strength of base being used. .Cases have been cited in the
 liﬁerature by Jullien and othérsBo’Bl where the use of'amine_
‘bases as Favorskii reagents have led to the formation of |

‘ o¢-amino ketones. Rutherford3 was able to lsolate an 857

yield of 2,4- -dimethyl-l-penten-3-one from the action of
triphenylmethyl sodium with l-bromo—2,4—dimethylpentan—2-
‘one. _Examples‘of dehydrohalogenation such as thls are common
yWhenever very strong bases are used and beta hydrogen atoms
are present in fhe starting haloketone. Although the- |
mechanism of the’Favdrskii rearrangement appears now to be'
well established, the critical ihtermediate, the cyclopro-
panone, has yet to be isolated. The isolation of such |

29 C.L. Stevens and J.J. DeYoung, J. Am Chem. Soc.,
76, T18 (1954).

30 A. Jullien et al., Bull _soc. chim. France, (5)
20, 374 (1953). . -

31 R.M. Dodson, F. Morello, and w G. Daubeau, J Am.
Chem Soc., 76, 606 (1954)

32 X.G. Rutherford, (unpublished results)
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an intermediate represents not only the final conclusive
step in the elucidation of the mechanism, but 1t also

| suggests an area of organic chemistfy heretofore not
explored - that of the fundamental chemistry of‘cyclopro—
panone and 1its derivatives,

Staudinger33

was the first worker in the field to
_report attempts to prepare the parent compound, cyclopro-
panone;' _
C.X. Imgoldlz’}_L reported, in 1921, the isolation of a
cyclopropanone as a semicarbazone when cyclopropanol-1,2-
dicarboxylic aeid was heated in concentrated sulfuric acld.
He also obtained'propanoic and succinic acids. |

In 1931, Lipp and Koster35

postulated that a cyclopro-
panone was an intermediate 1in the reaction of ketene with |
diazomethane. The final product of the reaction was cyclo-
butanone., The pOStulated mechanism for the conversion is

shown in Figure 12, One year later, Lipp, Buchkremer and

36 found that the action of diaZomethane on an excess

Steeles
of ketene in the preéence of methanol gave cyclopropanone
monomethylacetal. The mono ethyl acetal coﬁld npp'be

;solated in a pure state, but rather, in the presence of

33 H. Staudinger, Ber., 21, 312, (1930).
34 C.X. Ingold, J. Chem. Soc., 119, 305-29 (1921).

35 P. Lipp and R. Koster, Ber., 64, 2823 (1931).

36 P. Lipp, J. Buchkremer, and H. Steeles, Ann, 499,
1-25 (1932). « —
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ethanol, treatment of diazomethane with excess ketene gave
cyclopropanone hydrate. All attempts to prepare a monomol-
ecular cyclopropanone resulted in a polymeric form, so that
one might conclude that the monomolecular form appears to
exist only in solution. Lipp's mechanism of the formation

of cyclobutanone from the treatment of excess ketene with

CH2=(~,=O + CH;.N:L —_— (>-:0 + N,

[:>:=0 TOCHN — N E><:CH1'—_> [

Fig. 12, Reaction of ketene with dlazomethane.

37

diazomethane was substantiated by Roberts, Cox and Semenow
with the use of radioisotopes. They treated ketene with

14) and obtained cyclobutanone,

radioactive diazomethane (C
The radiolscotoplc distribution in the cyclobutanone was
consistent with theoretical calculations within the limits
of experimental error, The results were consistent with
Initial formation of cyclopropanone from which cyclobutanone
was formed by introduction of a methylene group on either

side of the carbonyl function with equal probability. These

‘results are shown in Figure 13 .

CHCO+CHN———-—$[>0 + N, )
1. 0.0%
. / 2. 315%
D:"O + .CH;_ Ny, ——> Nl ol . 3. as ‘A
% 3715 %

Fig. 13. Reaction of ketene with C14 diazomethane.

37 D. Semenow, E. Cox, J.D, Roberts, J. Am. Chem. Soc.,
78, 3221 (1956). . -
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All of these workers were of the opinion that the failure to
isolate the intermediate cyclopropanone was due to its higher
reactivity with diazomethane as compared with ketene.

38

Dechamps reported the isolation of traces of cyclo-.
propanone when a mixture of betalne and lime. was pYrolyzed
under reduced pressure., He also thought that traces of
cyclopropanone were lsolated when calcium succinate was
héated. However, repetition of this work revealed that
the actual products were methyl ethylketone and diethyl
ketone,

Ingold, Shinichi and Thorpe39 reported the lsolation
of a cyéldpropanone from the treatment of l-hydroxycyclo-
propanecarboxyiic acid with concentrated sulfuric acid,
However, Dem'yanov and Feofilatovuo repeated the above
experiment and.reported negative results., They suspécted
that the actuai structure of the l-hydroxycyclopropane-
carboxylic acid reportedly used by Ingold was in fact
trans-x-hydroxycfotonic acid, -

41

Loftfield clearly‘demonstrated the existence of a

14

¢yclopropanone when C™ '-labelled 2—chlorocyclohéxanone was

38 @. Dechamps,.Bull. soc. chim. Belg., 39, 67 (1930).

39 C.K. Ingold, S. Shinichi, and J.F. Thorpe, J. Chem,
Soc.,, 121, 1177 (1922).

- 4O M. Ya. Dem'yanov, Feofilatov, V.V., J. Gen. Chem.
(USSR), 9, 340 (1939). ~

41 R.B. Loftfleld, J. Am. Chem., Soc., 72, 632 (1950);
3, 4707 (1951).
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‘treated wlth methoxide ion Examination of the cyclopen-
tanecarboxylic acid products gave unequivocal proof of
the existence of a cyclopropanone intermediate. However,
the intermediate could not be isolated becauSe of ite'high
reactivity, and'methanol,'the conjugate acid‘of methdxide.
lon, ,is able to cleave the cyclopropanone ring resulting'
'in ring contraction and formation of the methyl ester. of
cyclopentanecarboxylic acid This elegant work of Loft-
fileld was the first concrete evidence for the existence ofg
a cyclopropanone ,

Kistiakowsky and Sauer42 attempted the formation of -
cyclopropanone by the flash photochemlcal decomposition,of
‘ketene in the presence of methylene., It was thought that
the methylene would react'with ketene to form cyclonropan;
‘one, but this was not isolated. | -

43

‘ Kende attempted to lsolate alcyciopropanonethyj‘
treatment of ketene with ethyl diazoadetate‘ ‘Tt is well
'known that ethyl diazoacetate attacks ketene to gilve dia-
.zonium betaines.‘ The aromatic betaines ‘then lose nitrogen

.and collapse to the furan derivative as shown in Figure

14 .

42 @. Kistiakowsky, and K. Sauer, J. Am, Chem. Soc.,
78, 5699 (1956). . ) o

. 43 A. Kende, Chem. and Ind.' (London) 1053 1956 .
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Fig. 14. 1,1-Diphenyl-2-keto-4-ethoxy-furan.

The aliphatic betainesv$9§e'hitrogen by concerted cycli-
zation to give cyclopropanone intermediates which rearrange‘
to the succinle anhydride encl or 1o:segcarbon monexide to
form the acrylic deriVative. However, all attempts to
isolate a cyclopropanone infermediate in this reaction have
falled.,

Several attempts to isolate a cyclopropanone by treqt4
ment of ketene acetals with dlazomethane have been reported.
Dull and Abend44 treated several ketene acetals with differ-
ent substituted diazomethanes and always obtained the cyclo-
propanone ketal Iln fairly good yleld., A few of the results
are shown in Figure 15. However, the maln attempts to con-
vert these ketals to cyclopropanones failed, McElvain and |
Weyna45 also obtalned cyclopropanone ketals from the treat-

ment of ketene acetals with dichlorocarbene. vSeveral cyclo-

44 M.F. Dull and P.G. Abend, J. Am. Chem. Soc., 81,
2588 (1959). :

45 S.M. McElvain end P.L. Weyna, J. Am. Chem, Soc.,
81, 2579 (1959). :
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OET

CH,N, + CH=C(OET), —> .

OET

CHN + PhCHzc(OET —
2 2 2

| Ph

| OET
PhCHN, + CH=C (0512 ———->/D<OET
=

Flg. 15. Reaction of diazomethane with ketene ketal.

OET

propanone ketals were isolated with different substituted

ketene acetals, Again, the cyclopropancne itself could

not be isolated. |
Attempts to isolate a cyclopropanone from the Favorskii

rearrangement have been reported, but all have falled. Bases

such as alkoxlde and amines have falled to give a cyclopro-

1 panone. ol-Haloketones capable of undergolng the Favorskii
rearrangement usually give esters or amides instead of the
intermediate cyclopropanone. It has also been reported that
2-bromo-2, 4-dimethylpentanone when treated with triethylamine

gave a good yield of the unsaturated ketone.
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Stevens and Farkasq6

and others have reported the forma-
tion of epoxy ethers in the Favorskii rearrangement of certain
oC ~haloketones. However, the presence of an enolizable oc'-
hydrogen atom remains a requirement fér the rearrangement
under nQrmal conditions., Most epoxyethervformation results

in systems which do not fulfill these requirements, Stevens
and Rutherf‘ord47 have reported that haloketones lacking this
feature, Such as l-chloro—lébenzoyléyclohexane or 2-chloro-

l-tetralone, do not give rearrangement products on treat-

ment with alkoxides.

- 46 c,L. Stevens and E. Farkas, J. Am. Chem. Soc., T4,
618 (1952).

47 C.L. Stevens and K.G. Rutherford, J. Am. Chem. Soc.,
77, 4590 (1955). ,

-
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CHAPTER II
DISCUSSION OF EXPERIMENTAL RESULTS

From a review of the previous attempts to prepare'end
l1solate a cyclopropanone, 1t is evident that no cyclopre—
panone can exist 1f, in the dehydrohalogenation procedure;
the conjugate acid of the base possessed nucleophilic
character, With this in mind, the approach taken in this
laboratory was to investigate the reaction of of -haloketones

| with triphenylmethyl sedium, a base, the conjugate acid
(triphenylmethane) of which is inert and hence unreactive.
Theoretically, 1f the cyclopropanone intermediate is |
-capeble of formation by such a method,.isolation should be
‘possible since the side reaction (cleavage) is eliminated.
From a consideration of bond angles 1t should be expeéted
that ring opening of a cyclopropanone nucleus should be
spontaneous in the presence of any nucleophilic species.
‘,Conjuéate aclds of alkoxide bases are fairly strong nuclep—
philes, and hence one would predict immediate attack and
subsequeht ring cleavage in the presence of such nucleo-
philes. Téble 1l shows tThe aliphatic series of'bromo—ise—
propyl-methyl ketone in which the Favorskil ester (xXx),
the hydroxyl ketal (XXI), and the oC-hydroxy ketone (XXII)
may be formed., The table glves a good index of the pro-
found effect the choice of base and solvent has on the

yield of the Favorskii reaction (Figure 16).

22
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| 0
1 @ .
(CH3)pCBrC-CHy  +  OR® —— (CHg)3-CCOR ¥
(XIX) | : (x%)
b 3
(C3)p=C(0H) — ¢ — CHy + (CHg)y— C—C— CH
OR OH ‘
(Xx1) (XXTT)

Fig. 16. Favorskii reaction of bromo—isopfopylmethyl
ketone with alkoxide ion.

TABLE 1

Reaction of (CH3)2—CB1'*COCH3 (XIX) under conditions of the
Favorsklil Reactilon ‘

-z F-2 R R-R-E B B R ¥ -R-R-E-F B B BR-N-R R-B- N A B F-F-R-R-F-g-R-ioN-R-E-RoR_S-R_-f-R-R-R-R-R_R-R R 3 N F-R-N R N -F-3_J ¥

Base A Solvent Yield Yield % Ref.
: %) of of By- -
XX) product

Sodium isopropoxide  Diethyl ether 64% 0% 1
Sodium ethoxide Diethyl ether 61%  O% 1
‘Sodium methoxide Diethyl ether 39% 20% XXI 1
Sodium isopropoxide Isopropyl alcohol 20% 8% XXT 1
Sodium ethoxide Ethyl alcohol 14% 32% XXT 1
Sodium methoxide Methyl alcohol 0% T7% XXI 1
Barium carbonate Water 3% | 2
Potassium hydroxide Water 0% T6% (XXII) 2

T T T T N N T L N R N N N N T N S R S S N N o N S S ST S SR S e TS s s e s R s -
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A survey of Tabie 1 reveals that no single alkoxide-
solvent combination 1is clearly superior forcc—monohalo-
ketones in general. The use of diethyl ether as solvent
1s indicated for the simpler haloketones, and theoretical
considerations suggest that solvents of low pOlarity, might
have a generally favourable effect, The optimum ohoige of
base and solvent appears to vary with the structure of:the
individual haloketone. The use of hydroxides or carbonates
generally leads to extensive hydroxyketal formation, . (Table
1). Significant exceptions include the conversion of 2-
chlorocycloheptanone to cyclohexanecarboxylic acild (69%
yleld) on treatment with hot potassium carbonate.l’zfs'a

Thus our choice of base and solvent was sodium trilphenyl-
- methide and diethyl ether. The conjugate acld of sodium
triphenylmethide, namely triphenylmethane, 1s inert and
hence_unreactiVe since it does not have electrons readily
avaiiable. ‘It was thought, therefore, that thevcyoloprd—
- panone could be trapped and isolated in diethyl ether, ~H°W*‘
“ever, in all cases.attempted, no evidence of the independent

~existence of a cyclopropanone was obtained.. When 3—br6mo-"

3-methyl-2-butanone was treated wlth sodium triphenylmethide‘”

1 J.G, Aston and R.B. Greenburg, J. Am, Chem. Soc., 62,'
2590 (1940). | | = = —_— ==

2 Uenus-Danilova, J. Gen. Chem., USSR., 11, 847 (1941).
3 C.D. Gutsche, J. Am. Chem. Soc., 71, 3513 (1949). -
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in dlethyl ether, three products were obtailned; methyl lso-
propenyl ketone, methyl isopropyl ketone, and unreacted 3-
bromo-3-methyl-2-butanone, The products were ldentlfied by
gas phase chromatography. The chromatographic evidence
Indlcates an equal amount of methyl isopropyl ketone and
unreacted 3-bromo-3-methyl-2-butanone, along with approxi-
mately one thilrd as much methyl lsopropenyl ketone. All
attempts at separation by dilstillation, both at atmospheric
pressure and under reduced pressure, resulted in decompositlon
and polymerization. Three fractlons could be separated crudely
under reduced pressure, The reflractive indlces, however,
indicated that separation was incomplete.

When 3-bromo-3-methyl-2-butanone was treated wlth dimsyl-
sodiumlL in dry dimethylsulfoxlde, a cyclopropanone stlll
could not be isolated. Agaln, three fractlons were lsolated
by distillation under reduced pressure, The refractive indl-
cles and infra red spectra were not comparable wlth those of
the expected reactlon products, We might mention here that
the chances of 1solating a cyclopropanone 1n thls reaction
were diminished somewhat due to the fact that the orlginal
reaction mixture was poured on lce and water before extrac-

tion wilth diethyl ether., As was seen earlier, the cyclopro-

panone ring would open up lmmedlately 1n the presence of

4L E.J. Corey, J. Am, Chem., Soc., 84, 866 (1962).

88337
UNIVERSITY OF WINDSOR LIBRARY
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water to give the normal Favorskii product., However, no
evidence for 2,2-dimethyl propilonic or trimethylacetic acids
waévobtained. Heﬁce_né’Favorskii products were obtaihedw
. When 2-bromo-2,4-dimethyl-3-pentanone was treated with
sodium triphenylmethide in diethyi ether, ilsopropyl isopfof,
penyl ketone was -obtained in 85% yield. Perhaps the avail-

ability of the proton in Fig. 17, when R = CH; can explain

| I /
CH C ¢ — C-H
3| \
Br R
XXIIT
Fig. 17.. A monohalokétone\

the difference in the results obtalned. When R = CH3,‘there
ocecurs approximately 85% elimination. When R = H, the elim—
ination reaction seems to occur, but tQ a much lesser extent.
This may be due also to the fact that when R = H,‘there‘ére,
three «Lhydrogen atoms and thus the possibility of attack by
base at the‘«éoarbon atom is greatly enhanced. This should
undoubtedly decrease the amounts of elimlnation reaction and
inérease the normal Favorskii reaction. However, no évidénce
of Favorskiil products was obtalined,

When l-bromo—l,1,3,3-tetraphenylace£one was treated.with

sodium triphenylmethide in diethyl ether, immediate decolouri-

zation of the reddish-coloured base occurred. When allowed
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to stand, a fine yellowlsh precipltate appeared. After fil-
tratlon and removal of the solvent 1n vacuo, a reddlsh-yellow
crystalline product, which exhiblted a wlide melting point
range was obtalined. Continued experimentation on this
crystalline product afforded only small amounts of triphenyl-
methane and tetraphenylacetone, No evlidence for the presence
of 2,2,3,3-tetraphenylcyclopropanone was obtained. When
dimsylsodlum was substituted for sodium triphenylmethilde, the
starting bromo-ketone was the only ldentiflable product.

It 1s evldent that reduction of the bromo-ketone
resulted, at least 1n part, as well as the expected proton
removal. Thls was not totally unexpected since at least three
other cases of a reactlion of this type appear In the lltera-
tur@.5’6’7 The explanatlon of thls reductlon lles in the
catlonold character of the halogen atom of the bromo-ketone,
Lyle and Covey5 reported the reductlon of 7-bromo-2,2-dlphenyl-
cycloheptanone by means of dimethylaniline to yleld the unhal-
ogenated ketone., Slmllarly, Rosenkranz et §£.6 found reductlion
of 2l-1o0do-20-ketopregnanes when bolled for long perlod of

time wilth collldlne or dimethylaniline, Stevens and Rutherford7

5 R.E. Lyle, and R.A. Covey, J. Am. Chem. Soc., 75, 4973
(1953). - T

6 G. Rosenkranz, 0, Mancera, J. Gatlca, and C. Djerassi,
J. Am. Chem. Soc., 72, 4077 (1950).

7 C.L. Stevens and K.G. Rutherford, J. Am. Chem. Soc., 77,
4590 (1955).
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obtained‘small aﬁounts of tetralone whenoc-halotetralones
Were treatéd with sodium methoxlde.

The unsudcessful:attémpts‘to prepare a cydlopropanqne
using'sodium triphenylmethide and dimsylsodium can be attri-
buted fo the strength of the base which results in non-selec-
tivity of proton attack, The first attempt involved the use
vof 2-bromo-2,4—dimethy1-3-pentanone in which'only‘one

dé-hydrogen atom islpresenf. However,wthe highly non-selec-
tive sodlum triphenylmethide attacked a p-hydrogen atom to
glve an 85% yleld of the elimination product. It was felt;
that by increasing the number of oé—hydrogen atoms, the chances
of forcing the reaction to proceed according to the.Ldftfield
mechanism would be enhanced. Hence, the next bromo-ketone
used was 3-bromo-3-methyl-2-butanone. However, when this
ketgne was treated with sodium triphenylmethide, no evidence
for either cyclopropancone or Favorskli products was obtained;
Although the extent of the elimination reaction was great1y 
‘qecreased, agaln the non-selectivity and strength of the base
were evldenced, in that a considerable amount of reduction of
the haloketone to the unhalogenated ketone occurred. Sodium
triphenylmethide and dimsylsodium were simply too strong‘énd
hence much too non-selectlve to afford attack only at the
oclacarbon atom; In fact, no evidence was obtalned to show
aﬁy attack at this site. The next obvious step was to use

,a'bromo—ketone in which all other possible sites of attack

/’
except the o<-carbon atom were removed. Such a bromo-ketone
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is l-bromo-l,1,3,3-tetraphenylacetone in which there 1s only
one oc¢!-~hydrogen atom present. Both the carbonyl and the

oC ~carbon atom are too sterically hindered to be attacked
by the bulky triphenylmethlde lon, Stevens and DeYoung7
have found that weaker bases, such as methoxlde lon, will
afford replacement of the halogen atom in the correspbnding
chlorotetraphenylacetone."Iowever, when l-bromo-1,1,3,3-
tetraphenylacetone 1is treated.with sodium triphenylmethlde,

no replacement reaction occurs. Instead, the removal of the
single oc'-hydrogen atom occurs, but enough energy to cause
ring closure to yleld the cyclopropanone could not obtained,
E?en the use of dioxane Iin place of dlethylether as a solvent
which affords much hligher reflux temperatures could not supply
the energetlcs required for ring closure. In the meantime,

a small amount of reductlon of the haloketone to the unhalogen-
ated occurred.

During the preparation of tetraphenylacetone, according
to the procedure of Hauser8, an interesting by-product was
obtained. Instead of obtalning tetraphenylacetone (m.p. _
133-134°C. ), there was obtained a white solid which melted
at 18000. When this white solid was treated with concentra-
ted sulfurlc acid, another white solld was obtalned which
melted at 192-19300. Hauser suggested that a small amount

7 C.L. Stevens and J. DeYoung, J. Am. Chem. Soc., 76,
718 (1954).

'8 ¢. Hauser and S.W. Kantor, J. Am. Chem. Soc., T2,
3290 (1950). * -
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of the O-acyl dérivative of the ketone was formed in the
.preparaﬁion or tetraphenylacetone, and that this cculd be
'hydroiyzed wiﬁh aikali or acid to regenerate tetraphenyl-
acetone, However; we suspecﬁ that the‘by—product obtained
‘was the methyl ester of a‘a—keto acld represented below (XXIV)
(Fig. , 18+ ) and subsequént treatment wiﬁh sulfuric acid

would give. (XXV) Compound(XKV)would be resistant to decar- -

boxylation because of the steric hindrance to enol formation.

(c, HY) o.<Cé HD>~ | | (C\H) : (T H)

] HS
\C H—C— (l_:-C O‘QCH3 ..E;?:_-._?‘_t_.; CH——C—C-——CQH
/ c HQ d 9
(& Hs) kca g | (

Fig. 18.. Conversilon of p-keto ester to p-keto acid..

'In general, most 5—keto acids aecarboxylate according to the

scheme shown in RFigure 190

9 —_— - W S0, r—c-CH
i . — - , —_——
0 o . ?kﬁ
il , —
R—C—CH — R—C=CH,

R —

Fig. 19, Decarboxylation of a p-keto acid.
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Inspection of compounds (XXIV). and (XXV) shows the resistence
to decarboxylation. The interest of the strucﬁure of com-
pdund @xn)arose from Hauser's clalm that in the preparation
of tetraphenylacetone, two moles of potassium diphenylmethide
were requlred [or each mole of dlphenylacetyl chloride, No
reaction mechanlsm was given in that publication. It is
suspected that the reason for the reguirement of two moles of
potassium diphenylmethide for each mole of diphenylacetyl
chloride lies in thebpossibility that the reaction occurs

in two steps. The first mole then of potassium'diphenyl—
methide ié used to convert diphenylacetyl chlorlde to diphenyl
ketene; the second molé reacts with ketene to generate tetra-
phenylacetone (Fig. 20.). Hdwever, diphenylketene is known

to dilmerize qulite readily. If thls occurred, a B-keto ester

¢, He NG Ce{
¢ H-C—¢l ¢cf K ——s  DC=c=0

7 C‘/H C"‘&—]/ |

¢, H, b5 Y% s
C%\T% e @

cH K
¢,
6 s
¢, Hy c, .
o/

) Cé hg

T e
P e X

20, Formation of tetraphenylacetone .
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of the type previously descrilbed could then arise from the

following reaction sequence Fig.lzl}

C%QH

(] 0 QJ C) 0
% o Cé)lcl C—COCH
Hoer Qe -—-—cowa(._._... f . ,CH,

Fig. 21 . Dimerizatilon of diphenylketene and subsequent
' p-keto ester formation,

The treatment of one mole of diphenylketene with one mole of
potassium diphenylmethide would afford unequlvocal evidence

“for the mechanlsm proposed above . Investigation of ‘this'

aspect 1s still in progress.
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CHAPTER III
EXPERIMENTAL

Preparatlion of Triphenylmethyl sodium

(a) Tr;ghenylcarbinoll - Magneslum turnings (75 g. = 3.1 m.),

bromobenzene (60 ml. - 0,90 m,), ethyl ether (600 ml.) and a
~.few crystals of lodine were-placed in a dry, 3-litre, round-
bottomed, three-necked flask, which was equipped with a cond-
ensor, mechanlcal stirrer, and a dropping funnel, After the
reaction had started (decolourization of ilodine and evolution
of heat) an etheriel solution contalning bromobenzene (180 ml,
- 2.4 m.) in anhydrous ether (800 ml.) was added dropwlse at
such a rate to keep the reaction mlxture at the reflux temp-
erature, After the addltion'was complete, the reaction mixt-
ure was refluxed for an addltlonal hour, Ethyl benzoate (240'
ml,) dissolved in 600 ml, of anhydrous ether was added drop-
wlise to the cooled Grignard reagent at such a rate to main-
tain a mild reflux. Aﬁter the complete addition of the ethyl
benzoate, an addlitional hour of refluxing was allowed. The
reaction mixture was then poured slowly and wilth stirring over
a mixture of 200 g. of chopped ice and 100 ml, of concentrated
hydrochlorlc acld., The organlc product was extracted with

solvent ether, and dried over anhydrous sodium sulfate, The

1l The melting points were measured on a‘Eisher-JohnS
block and are uncorrected.

- 33
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ether was removed in vacuo, whereupon the triphenylcarbinol
crystallized. The yield was 273 g. (65%), m.p. 158-160°,

’ : 2
(recorded m.p. 16200.)

(b) ZIriphenylchloromethane - A mixture of pure triphenylcar-

binol (200 g.- 0.8 m.) and dry benzene (65 ml.) was placed

in a single—necked,,l—litre)round-bottomed flask whiéh was
provided with a calcium chloride drying tube at the top. The
mixtﬁre was heated on a steam bath and acetyl chloride (40 ml.)
was added to the hot solution with constant shaking. During a |
ten minute interval additional acetyl chloride was added in
lO'ml. portions and the reactlion mixture refluxed for thirty
minutes. The solutlon was cooled and petroleum ether added /
through the condensor: After cooling for three hours 1n an

lce bath, white'sugar—like cfystals of triphenylchloromethane
separated out of‘the reaction mixture, The product was remo-
ved by flltration and washed rapidly with 125 ml. of petrol-
eum.ether whereupon 1t was placed in a desslcator over soda-
lime and paraffin. The drlied product weighed 155 g., m.p, 11ll-
112°%¢, (recorded m.p. 111.590.)? Concentration of the
mother liquors in vacuo yielded an additional 24 g. of prod-
uet, m.p. 111-112.5%C. The total yield was 179 g. or 89%.

3
(¢) Triphenylmethyl sodium - Sodium amalgam (approx. 2.6%)

was prepared as follows: Freshly cut sodium (35 g.) was plac-

ed in an eVaporating dish under nujol and heated until melted;

2 L.J. Fieser, Experiments in Organic Chemistry;CBoston)

1957, p. 220 .
3" Organic Syntheses, Coll, Vol. 11, 609 (1943).
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Mercury (85 ml.- 1150g.) was added slowly with stirring to the

molten sodium. No external heating was necessary to maintain
the proper temperature to keep the amalgam molten. The amal-
gam was allowed to cool and then washed twlce with dry benz-
ene, The amalgam was pulverized and placed in a 1.5—1itre'
bottle (previously dried in an oven), triphenylchloromethane
(200 g.~- 0.72 m.) added, and the bottle filled nearly to the
top with anhydrous ether. The bottle was stoppered and placed
in a mechanical shaker for 8 - 10 hours, whereupon a deep red
coloured solution was obtalned, The bottle was then placed
upright in the refrigerator to allow the mercury salts to set-
tle out., The triphenylmethyl sodium solution was then transf-
ered to 500-ml, bottles for storage.

5.0 ml, of the triphenylmethyl sodium solution were placed
in water, ether was added to extract the triphenylmethane,
and the water layer tilitrated wlth standard hydrochlorlc acid.
The normality of the base was between'O.22-O.29N;

3-Bromo-3-methyl-2-butanone - Methyl isopropyl ketone (17.2

g.- 0.2 m,) was dissolved in 50 ml, Of glaclal acetic acid
and 5 ml., of acetlc anhydride, The temperature of the solu-
tion was lowered to OOC. by means of an ice bath and bromine
(32.0 g.- 0.2 m) was added dropwlse with stirring at such a
rate that each drop decolorized before ahother drop was added,
Addition of bromine was complete in one hour, whereupon the

reaction mixture was poured on lce-water contalning a small

4 J, R. Catch, D. H. Hey, and E. H. Jones; J. Am. Chem,
Soc., 70, 276 (1948).
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gmount of sodium bilcarbonate. The bromokétone was extracted
with ether, the ether layer washed twice with water, dried
over anhydrous sodium sulfate and distilled. The product was
collected over a distillation range of 135-139°¢. The yleld
was 37.5 g. or 75%, (n= 1.4585); (reported n= 1.4590)?

Anal, Caled., for C5HgBrO: G, 36.39; H, 5.49; Br, 48.42.
Found: C, 36.48; H, 5.37; Br, 48.24,

Diphenylacetyl chloride - Diphenylacetic acid (10 g.~- 0.05m.)

was placed in a SOO-ml single-necked flask which was equipped
wlth a water cooled condensoé and thionyl chloride (30 m1.)

was added. The reaction mixture was réfluxed for two hours
yielding a dark green_solution. The excess thionyl chloride

was distilled off and the regidue taken up'in chloroform and
petroleum ether., When cooled, 7.7 g. of diphenylacetyl chlér-
1de was precipitated, m.p, 49-50°¢, Recrystalliiation from pet-
roleum ether—chloréform afforded diphenylacetyl chloride, m.p.
53-54°¢. (recorded m.p. 54-5500.);6 |

Tetraphenylacetone -

(a) Potasslum amide - In a 2000-ml.,three-necked, round-bott-
omed flask, whlch was equlpped with a dropping funnel, cond-
ehsor, and a stirrer (to whlch was attached a plece of rusty

wire), was placed 800 ml, of commerclal anhydrous ammonla, POt
assium (21.5 g. - 0.55 m.) was added with stirring to the cool-

5 J. R. Catch, D:; H. Hey, and E. H. Jones,loc.clt,

( % S. Kantor, and C. Hauser, J. Am. Chem. Soc., 72, 3290
1950). _
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‘ed ammonia slowly ¢ = It was converted to a dark grey potas-
silum amlde in two hours. Conversion was indicated by discharge
of the deep blue colour of the solutlon.

(b) Potassium diphenylmethide - The potassium amide was placed

in an ice-water bath andhwith stirring diphenylmethane (84,0 g-
0.5 m.) in 800 ml, anhydrous ether was added, resulting in an

orange coloured heterogenous solutlon which was allowed to

come”to’rodm'temperature slowly with constant stirring. The
" mixture was stirred overnight to allow the excess ammonia to
vaporize,

(c) Tetraphenylacetone - To a suspensilon of 0.05 mole of potas-

sium diphenylmethide in 800 ml, of ether, immersed in a dry ice-
acetone bath, was added rapldly diphenylacetyl chloride (57.5
g.- 0.25 m.) in 400 ml. of ether. The reaction mixture was
refluxed for twenty hours and then poured into 500 mls. of
water, more solvent ether added,'and after vigorous shaking,

the agueous-alkaline layer separated. The ether phase was wash-
ed with water, dried over sodlum sulfate and the ether removed:
on a solvenﬁ stripper. The residue was stlrred with lSQ mls. of
methanol glving essentially pure tetraphenylacetone, (32%), m.p.
127—12900. Recrystalllization from glaclal acetic acld-water
wéave tetraphenylacetone (25 g. white needles), m.p. 132-13400,
(reported m.p. 133-13400.).7 |

Note: |

In'one tetraphenylacetone preparatlion in which the exact

procedure as outlined above was followed, a strange product

.7- 8. Kantor and C. Hauser, loc. cit.
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was obtained. Instead of obtaining the expected tetraphenyl-

acetone,15 g. of a white solid was obtained which melted at
18000. Suspicions of the compound being diphenylacetic acid
anllide were removed when a mixed melting polnt with an auth-
entic sample. was 162-164°C, When one gram of this white solid
was heated with 10 ml. of concentrated sulfuric acld and pour-
ed into water, a white solid was again obtalned. Recrystalllz-
ation from glacial acetic acid-water gave 050 g. of a white
solid which melted at 192—19300. The analyses of these two
unexpected white sollds were as follows:

Unexpected product from tetraphenylacetone preparation

Anal. Calcd, for 029H2403: C, 81.90; H, 6.13.;
Found: C, 82.80; H, 5.71.

Product of heating the above compound with sulfuric acid

Anal. Calcd. for 028H2203‘ C, 82.70; H, 5.42.
~“Found: C, 81.74; H, 5.98.

Bromotetraphenylacetone - Tetraphenylacetone (10.0 g.- 0,03 m.)

was dissolved in 60 ml, of carbon tetrachloride and placed in

a 250-ml, round-bottomed flask which was equipped with a water-
cooled condensor and heating mantel. A few drops of a solution
of 4,45 g, (0.03 m.,) bromine in 10 ml, carbon tetrachloride
were added, the reaction mixture brought to reflux temperature,
and then irradiated with an ultra-violet light for one hour.
During this time the colour of the solution changed from red

to orange. After addition of the remainder of the bromine-

UMIVERSITY OF WINDSOR LIBRARY
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darbon tetréchloride solution, the reaction mixture was irr-.
adlated for an additional 12 hours., The solvent was removed |
on a solvent stripper, whereupon a gfeenish paste was obtain;
ed. The addition of approxxmately 25 ml. of chloroférm and 200
ml. of petroleum ether gave 10.0 g. (86%) of an orangeecolbured
éolid, bromotetraphenylacetone, m.p. 107—108OC., (reported m.p.
lOB—lOQOqu? No dibromé derivative could be obtained.

Anal. Calcd. for 027h2133fo C, 73.47; H, 4.79, Br, 18.10.

Found: C, 73.36; H, 4.65; Br, 18.10.

3-Hromobutan-2-one - Methyl ethyl ketone, (36.0 g.- 0.5 m, ),

was added to a 1l-1. round-bottomed {lask which was cooled via an
ice-bath., One molar potassium chlorate solution (200 ml.) was
added and a solution of bfomine (80 g.- 0.5 m.) in 100 ml.

water was added dropwise with stirring over a period of one

and one half hours. The bromoketone was extracted with ether;
washed twice with sodium bicarbbnate and water, dried over .
anhydrous sodium sulfate and the ether removed in vacuo. The"
product was distilled under reduced pressure and the fractidn
which boiled at 86—880C. at 150 mm, pressure was taken. The
yield was 37.5 g. or 45%, refractive index 1.4570; (reported

refractive index 1.4571), 910

Methylcyclohexyl ketone

(a) Magnesium (12.5 g.- 0.5 m.) was placed in a three-necked

8 H. Dean et g., J. Am. Chem. Soc., 76, 4988 (1‘954)'
9 J. Cateh et al., J. Chem. Soc., 272 (1o48). .
lO:E Janetzky et al. Rec. trav chim., 65, 691 (1946).
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‘flask whiaglwas fitted with a'sﬁirrer, condensor, and d?gpp;j
ing funnele "~ The apparatus was flamed ocut, a stream of dry. -
nitrogen passéd through and 100 ml, of anhydrous ethéf added;
A solution of methyl iodide (70.5 g.- 0.5'm.j in 250_ml$. an- -
hydrous ether was added slowly at a rate such as to maintain the.
reaction mixture at the reflux temperature. Upon completei‘
vaddition of the methyl iodide, the'Grignard reagent-wés réflé
uxed for an_additional'ohe half hour,

A hé@‘flask with the same equlipment was set up, driéd, a
stream of dry nitrogen passed through and an heterogenéous :
mixture of previously dried cadmium chloride (50 g.- 0.26 m;)
in 100 mls, of anhydrous ether was added. To this mixture was
added slowly the'previously made Grignard reagent and‘thé
brownish mixture which resulted was refluxed for one half-hour;
To the cooled solution was added slowly a solution of'dyolo~
hexylcarbonylchloride (50 g.- 0.35 m.) in 200 mls.‘anhydrous'
ether and the reaction mixture refluxed forktwenty hburs. The
reaction mixture was then poured carefullylzvon ice and hydro-
chlofic acld and extracted withlmore solvent ether. The ether
layer was washed with water, sodium blcarbonate solution, water
again, and dried over anhydrous sodium'sulfate. The ethér was
removed in vacuo and the.ketbne distilled, The yleld wasvl7 g.
(39.9%), b.p. 178-180°C., refractive index 1.4510, Se.m.p.
177°¢., 2-4-Dn. m.p. 137-138°c.

(b) Bromocyclohexane (82 g.- 0.5 m.) in 200 mls. of anhydrous

11 J. Cason, Chem. Revs., 40, 15 (1947).

N .IZCM(CHs)Q 1s explosive when in contact with water or
acid, ' : . - -
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ether was added slowly to magnesium (12.0 g. - 0.5 m.) in 100
mls. of anhydrous ether. The resultant Grignard reagent was
refluxed Cfor an additional hour after all the reactants had
been added.

Redistilled acetic anhydride (0.5 m. - approx. 51 ml.)
in 150 mls. of anhydrous ether, was placed in a l-litre,

three-necked, round-bottomed flask13

which was equipped with
a stirrer, condensor, and dropping funnel. The solution was
cooled to —7OOC. with a dry ice-acetone bath and the cyclo-
hexylmagnesium bromide solutidn added slowly and carefully
(reaction 1s quite violent even at -7000.) over a period of
one and one-half hours. The stirred solution was allowed to
come to room temperature and was poured over ice and sodium
hydroxide. The water layer was extracted with solvent ether
and thls dried over magnesium sulfate after it had been
washed twice with sodium bicarbonate solutlion and water.

The ether was removed 1ln vacuo and the resultant llquid,
when distllled under reduced pressure, ylelded 35 g. (55%)
of the methylcyclohexyl ketone, b.p. 58-59°C. at 9 mm.
pressure; refractive index 1.4510, (reported refractive
index 1.4514).14

Methyl-1l-bromocyclohexyl ketone - Methylcyclohexyl ketone and

hydrobromic acid, (31.7 g. - 0.25 m.) was placed in a flask
which was equipped with a magnetic stirrer. The solution was

cooled to —10°C. wlith an ice-salt bath and bromine (40 . -

13 M. Newman and A. Smith, J. Org. Chem., 13, 592 (1948).

14 R. Wagner and J. Moore, J. Am. Chem. Soc., T4, 2884
(1950).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R

0.25 m.) added. After addition of 100 mls. of pentané, the
solution was allowed to stir at 0°C. for one and one half
hours, whereupon 200 mls, of water were added. The orgénic
layer was separated, washed successively with water, sodium

' bicarbonate solution, water and dried over anhYdrous sodium-
sulfate. The pentane was removed 1ln vacuo and the reméiﬁing“
bromoketone when distilled under reduced pressure amounted to
25 g., b.p..58—6500. at 3 mm. pressure. The refractive index |
was 1.5019-1,5043 . | |
Corey's Base (CH3—S—CH§ Na+)

(a) Drying of dimethylsulfoxidel5 - Dimethylsulfoxlde was dri-
ed by refluxing for three hours over calcium hydride and then
distilled under reduced pressure ( b.p. 50—5500. at 1 mm. pre-
ssure ). |
| An alternate methodl6 of drying dimethylsulfoxide was also
_used. Dimethylsulfoxide (700 mls.) was placed in a singlé—‘
necked flask and approximately one gram of triphenylmethane

was added.‘Dimsylsqdium was added to this solution unfil a.per-
manent red colour remained, The dimethylsulfoxide Was then dist-
illed under reduced pressure'(approx. 1 mm, pressure). |
(b) Dimsylsodium - Dry dimethylsulfoxide (200 mls.) was placed
in a SOd—ml., threeénecked, round-bottomed flask which was equ-
ipped with a stirrer, condensor, and nitrogen inlet. The appara-

tus was placed in an oil bath and the temperature‘carefully

(196 %5 E. J. Corey and Chayakowski, J. Am. Chem. Soc., 84, 866
1962). T T

16 G. Price and M. Whiting, Chem. and Ind., 775 (May 1963).
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controlled between 65—7000. It was important not to heat above
7OOC. Sodium hydride (16 g. of a 53.5% suspension in paraffin
0il) was weighed out, washed twice with 60-ml. portions of

dry methylcyclohexane, and added slowly in 100 mls. dry
methylcyclohexane to the dimethylsulfoxide which was kept at
65—7000. Addition was complete in about forty-five minutes
and the reaction mixture was stirred continuously until all
evidence of hydrogen evolutlon subsided., The reactlion mix-
ture was then transferred to a separatory funnel and the
greylish-brown dimethylsulfoxide layer separated. The dimsyi-
sodium was immediately stored under nitrogen in the refrigera-
tor, Titration of 5.00 mls., of the dimsylsodium with standard
hydrochloric acid resﬁlted in a determined normality of 1.8.

Reaction of 3-Bromo-3-methyl-2-butanone wlth Triphenylmethyl

Sodium -

(a) 3-Bromo-3-methyl-2-butanone (5.4 g. - 0.03 m.) was placed in
a 500-ml. three-necked flask which was fitted with a stirrer,
éondensor, and nitrogen inlet, in 100 mls. of anhydrous ether.

To this solution which was cooled ‘to OOC. by an lce bath, was
added reapidly 110 mls. of 0.29 N. triphenylmethyl sodium. An
orange coloured solution resulted immediately with instantane-
ous disappearance of thef dark red-coloured base. After fifteen
minutes, the solution was allowed to come to room temperature

and was stirred overnight whereupon a finely divided yellow pre-
cipitafe separated out. Upon filtration, 7.0 g. of this solid
was -obtained having a very high and wide melting point range.

Extraction of the solid with chloroform left a small amount of
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a fine white precipitate which was soluble in water, The infra-
red spectrumiwhich was taken on the chloroform extract showed
signs of triphenylmethane being present. All attempts to crys-
tallize the triphenylmethane from the chloroform failed.

The ether layer was concentrated down, yielding an orahge-
yellow paste, which when dissolved in chloroform and an infra-
red spectrum taken; again gaVe evidence for triphenylmethane
along with a weak carbonyl band showing up at 5.75 microns.

(b) 3-Bromo-3-methyl-2-butanone (5.4 g.- 0.03 m.) was mixed
with 110 mls. of 0.29 normal triphenylmethyl sodium in anhyd-
rous ether and allowed to stir overnight at room temperature,
The reaction mixture was then transferred to a single-necked,
SOO—ml. flask, and one gram of hydroquinone added., The ether was
removed in vacuo , and the pasty mass which remained, was dist-
1lled at atmosgpheric pressure, A small amount of an orange-
coloured»liquid was obtained up to 90°C., after which no more
material could be obtained and decomposition occurred., An infra-
red spectrum of the orange liquld gave evidence of a carbonyl
compound with a band showing at 5.75 microns, No infrared
- evidence for an alpha-beta-unsaturated carbonyl compound was
observed, Bromine water was not decolourized by the orange dist-
illate.
(¢) 3-Bromo-3-methyl-2-butanone (10.0 g.- 0.06 m.) was dlssolved
in 100 mls. of anhydrous ether and 257 mls. of triphenylmethyl

sodium ( 0.237 normal) addeds The mixture again decolourized

immediately and was allowed to stir at room temperature for two

hours whereupon a colloidal precipitate was observed.. The mix-
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ture was then refluxed for five houré and the}fine orange
preclpitate allowed to settle out. Analysls of the solid which
separated ‘out from the reaction mixture showed the absence of
halogen.
The clear orange etherial layer was separated with the aid
of a centrifuge and the ether removed, leaving an orénge pasty
mass ., This paéty mass was then flash distilled under reduced
pressure whereupon about 5 cc, of clear distillate was obtain-
ed. Upon standing in a stoppered flask for two hours, the cleaf
distillate was observed to turn to é light violet coldur. This
light violet distillate was distlilled under reduced pressure
and three colourless fractions were collected at 85 mm, press-
ure. |
I 38-40°C,/85 mm.
1T 72-74°C. /85 mm.
TII above T4 (to 90°C.)/85 nm. |
The'orange, gummy preclpitate which remained after flash
‘distillation was poured on lce and hydrochloric aclid and extr-
‘acted wilth petroleum ether and methylcyclohexane. The solvents
were removed and crystalliéation from methylcyclohexane attemp—.
ted. No ldentifiable material,except a small amount of tripheny-
lmethane, was obtained,
(a) 3—Bromo-3-methyl—2—butanone‘(l0.0 g.- 0.06 m,) was dissolved
in 100 mls. anhydrous ether, cooled to Ooc.,-and 257 mls. of tri-
phenylmethyl sodium‘(.0,237 normal) added. The mlxture again
decolourized immediately from dark red to orange and was allow-.

ed to stir at room temperature for one hour, After refluxing
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for five hours, the solution was allowed to stand and a fine
yellow precipitate settled out. The ether was decanted and
removed on a solvent stripper whereupon an orange pasty mass
remained. The orange pasty mass was then flash distilled under
reduced pressure (2 mm.) at 150°C. The clear flash distillate
was passed through a gas chromatograph and the mlxture was fou-
nd to contain four components. By the use of known compounds,
the components were found to be: ether, methyle~bromoisopropyl
ketone, methyl isopropyl ketone, and methyl ilsopropenyl ketone.
The gas chromatogram showed equal amounts of methyl isopropyl
ketone and methyl<-bromoisopropyl ketone while the amount of
methyl isopropenyl ketone was one third that of the previous
two,

Reaction of 1-Bromo-1,1,3,3-tetraphenylacetone with Triphenyl-

methyl Sodlum - l-Bromo-l,1,3,3-tetraphenylacetone (4.4 g.-

0.01 m,) was placed in 150 mls, of anhydrous ether in a three-
necked flask which was equilpped with a stirrer, water-cooled
condensor, and a dropping funnel, The solution was cooled to
0°c. and 37.5 mls of triphenylmethyl sodium ( 0.267 normal)
added rapidly. Immedlate decolourization of the base was noti-
ced and the reactlon mixture allowed to stir at room temperat-
ure for four hours, When‘stirring waé discontinued;, a fine
yellow precipltate settled out. The precipitate was filtered
off, and the ether removed 1ln vacuo leaving a yellow-orange

pasty mass. The pasty mass was placed under reduced pressure

overnight and 6.6 g. of a yellow crystalline product with a

wide melting point range (75 - 115°C) was obtalned. The yellow
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solid'was taken up in 125 mls. of petroleum ether; 100 mls; of
ethér, and 50 mls. of chloroform and the total volume comcent-
rated down to 100 mnmls. fhe solution was then passed fhrough a
chromatographic column thch was packed with alumina.vIt was
then washed through with a 2:1 mixture of petroleum ether and
ether, ApproXimately 10-ml., fractions were taken ahd concentra-
ted down on a steam bath. A yellow solid\which melted at‘855105°
was‘obtained from fractions number four to number eleven. A
white solid which melted at 100-120°C. was obtained frbm fract-
lons number twenty—bne to number thirty-eight.'.nfrared. |
spectra of the above two solids were inconclusive. The spectra
seem:to indicate a mixture of triphenylmethéne, bromotetraphenyl-
acetone and tetraphenylacetone. Further attémpts at separation
by using a more polar effluént to wash the chromatographic col-
umn were met wlth little success. |

All of the fractions were dissolved in glacial acetic acld,
andlfraotional crystallization from glaclal acetic acld-water

attempted., Small amounts of white solids which melted at the

following temperatures were obtained.

#1 fractional crystaliization B m.p. 144-149°.
#2 fractional crystallization m.p. 131-133°C..
#3 fractional crystallization m.p. 110-11500.

Several attempts which involved changing reaction tempera-
tures and periods of reflux of the original reactionjmixture
were tried with no noticeable change in results. The reaction-

was_attempted using dioxane as a solvent which -afforded a.

reflux temperature of 101°¢c. The results'were.comparable to all.
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other attempts. A complete separation of the products of the
reaction of bromotetraphenylacetone with triphénylmethyl sod-
ium could not be obtained.

Reaction of Dimsylsodium with 3—Bromo~3—methyl—é-butanone - 3~

Bromo-3-methyl-2-butanone (10.0 g.- 0.06 m,) was placedbin a
three-necked {lask which was)equipped with‘a stirrer, water-
cooled condensor, and a dropping funnel: Dry dimethylsulfoxlde
(50 mls.) was added and the solution cooled to 0°c. To the cold
solution was added rapidly 34 mls. of dimsylsodium (1.8 normal).
The reaction mlxture was allbwed to come to room temperature
whereupon 1t turned to a dark red color from the original grey.
The mixturé was stirred overnight, then poured over lce and
water, and ektradﬁed with ether, The ether -layer was dried over
anhydrous sodium sulfate, and the solvent removed in vacuo . The
liquid whlch remalned was distilled under reduced pressure and

three fractions were taken at 79 mm. pressure,

#l 57°¢C. refractive index 1.4334
#2 - 62-73%¢. refractive index 1.4323
#3 76-78°¢C. refractive index 1.4425

A sample of the above liquld before dlstillation was passed
through the gas chromatograph. No clear separatlon into single
cgmponents could be obtained, The small amount of dimethylsulf-
oxlde which remained was apparently too polar and thus remained on

the column for a long period of time. The refractive indices of

the above three fractlons are not comparable to those of fract-.
ions taken when triphenylmethyl sodimnwasyusedin place of dimsy-

1sodium.
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Reaction of l-Bromo-1,1,3,3-tetraphenylacetone with Dimsylsodium

1-Bromo-1,1,3,3-tetraphenylacetone (4.4 g.- 0.01 m.) was pla-
ced in 50 mls. of dry dimethylsulfoxide in a three—necked'flask
which was equipped with a stirrer, water-cooled condensor,‘énd
dropping funnel, The solution was c¢ooled to OOC., and 7 mls. br
dimsylsodium (1.6 normal) in 20 mls. of dry dimethylsulfoxide
was added rapidly while being stirred. The reaction mixture,
which turned dark brown immediately, was refluxéd overnight. It
was then poured on ice‘and water, and the light-brown oil was
extracted with ether, ?he ether was removed leaving an oil.which
was crystallized from chloroform and petroleum ether. A very
small amount of light-brown precipitate whlch melted at 105?
ilOOC. was obtaihed. The infrared spectrum of this material

was comparable to that of the starting bromoketone.
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PART IT
A NEW SYNTHESIS OF TRIARYLMETHYL AND BENZHYDRYIL ALKYL ETHERS
CHAPTER I
INTRODUCTION

The synthegis of ethers has been well established in the
literature. Numerous methods have been cited and, of course,
some are advantages for one type of ether (e.g. aromatic)
whille others are more sultable for other types. Perhaps
the Williamson synthesis is the most commonly used for the
preparation of symmetrical and unsymmetrical aliphatic ethers.
The method consists in coupling alkyl halides with sodium

alkoxides as shown in Figure 1.

RONa + R'X ——> ROR' + NaX
R = aliphatic or aromatic

R' = aliphatic (1° or 2°)

Fig. 1. The Williamson synthesis.

Since the reaction is not reversible, it may be used to pre-
pare mixed ethers as well as simple ethers. This synthesis
is important also because it affords synthetic proof of the
structure of ethers. Since an alkyl group has replaced the
sodium of an alkoxide made by replacing the hydrogen of the
hydroxyl group of an alcohol by sodium, an ether must have

two alkyl or aryl groups combined with oxygen.

50
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The synthesis of alkyl phenyl ethers may be carried out
similarily when agueous or alcoholic solutions of alkali
phenolates are reacted with alkyl halides, but the yields.
in general are low} However, the reactive hallde in the
benzyl halides 1s readily replaced by an alkoxyl group with
yields as high as 95%?

Triarylmethyl chlorides react with alcohols to form ethers
according to the followlng reaction scheme (Fig..21). Nixon

~and Brauch3 studied the kinetlcs of alcoholysis of triaryl-

Ar Ar

| | .
Ar?Cl + ROH ———> ArCOR + HC1
|
Ar Ar

Fig. 2. Reactlon of triarylmethyl chlorides wilth alcohols,

methyl chlorides and found the reaction to be first order

. with respect to the trityl chloride and independent of the.
cohcentrations of hydrochloric acid and trityl ether, Either
‘scheme (1) or (2) following can be used in consistency with

the kinetic data.

1 A. Vogel, J. Chem. Soc., 616- (1948).
2 T.Emmerson et al, J. Am. Chem. Soc., 69, 1905  (1947).

'3 A.C. Nixon and G.K. Brauch, J. Am. Chem, Soc., 58,
4o2 © (1936). . _ -
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Rl =22 g . 1T
R" + Riop —=28%s Ror' + HT (1)

RCl + R'OH —— ROR' + HCl (2)

Scheme (2) represents all mechanisms in which the removal of
chloride ilon 1s assisted by the combination of an unshared

electron palr of the alcohol, as for instance the formation
H
of the transition compound R3C;‘" R with absorption of

Ay

‘ ) "\Cl
energy followed by rapld loss of hydrochloric aclid. Scheme

(2) implies a bimolecular reaction, but since, in thelr exper-
iments, the alcohol concentration was so large with respect
to the trityl‘chioride; a pseudo-unimolecular reaction was
observed.

Substituted diaryl '‘ethers may be prepared (Ullmann reac-
tion) by the treatment of alkall phenoxides with aryl halides

4,5

in the presence of a copper catalyst. Purther studles have

shown that the yleld of ether varles consilderable with differ-

ent copper-catalyst preparations.6 Aromatic diethers such as

2-methoxydiphenyl ether have been prepared by the Ullmann pro-
7

cedure.

4 P. Ullmann and F. Sponagel, Ann., 350, 83 (1906).
5 C.M. Suter and F. Green, J. Am. Chem. Soc., 59, 2578

(1937). |
6 R.Q. Brewster, Org. Syntheses, Coll. Vol. II, 445 (1943).
(1943). ' '

7 H. Ungnade and A. Orwoll, Org. Syntheses, 26, 50 (1946).
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Allylic chlorides, e.g., allYl, methallyl; crotyl, and
cinnamyl, are very reactive and are employed in the synthesis

8 Besides the usual coupling of the

of unsaturated ethers.
sodium alcoholate and hallde in alcohol solutions, other
conditions have been descrlbed which included the reaction
of the alcohol and unsaturated halide in:the presence of
potassium carbonate or sodium hydroxide in acetone or water.
The combinaﬁion of potassium carbonate and acetone 1s wildely
used in the preparatioh of allyl aryl ethers, and Smith et
g;.g have reported that the addltion of finely powdered potas- -
sium lodide not only facilitated the reaction, but reéulted
in greatly increased ylelds. |

| Several other examples of alkylation of hydroxy compoundé
by‘halogen compounds, e.g., preparation of halocethers, prepar-
atlon of aromatic and aliphatlc amino ethers or cyano ethers,
have been reported in the literatufe.lo’ll’12
Ethers may also be prepared by the alkylation of hydroxy

compdunds by alkyl sulfates, sulfites or sulfonates according

to the following reaction scheme (Fig. 3.).

e’

8 cC. Olsoﬁ et al., J. Am. Chem. Soc., 69, 2451 (1947).

9 L. Smith, H. Hoehn, and A. Whitney, J. Am. Chem. Soc.,
62, 1863 (1940). ) -

10 N.L. Drake et al., J. Am. Chem. Soc., 68, 1536 (1946).

11 H.H. Richmond and G. Wright, J. Am. Chem. Soc., 67,
2272 (1945). | S

12 H.B. Hass and M.L. Bender, J. Am, Chem, Soc., 71, 1767
(1949).
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2RONa. + (CH3)2304 — 2ROCH; + Na,S0,

Fig. 3. Alkylation of hydroxy COmpounds“by alkyl sulfates

Mixed aliphatic ethers containing methyl or ethyl radicéls éan”
be synthesized from the corresponding alkyl sulfateAand.maQQ:

‘nesium alcoholate513 e.g.jmethyl n-butyl ether, methyl cyclq-

. hexyl ether, and methyl isoamyl ether (70-78%). The method
finds more general use in the alkylation of phénols. -Dimethyl
sulfate nhas also been‘reacted with allylic alconhols in the"
presence of sodium emide to produce the corresponding unsaﬁu-_

. ‘ I
‘rated ethers in 80% yleld as shoun in Plpups W

2RCH = CH~— CH,OH + (CH3)2504-a——e. ORCH = CHCH200H3 + Naesoq'

lFig_ 4, Reaction of dimethyl sulfate with allylic alcoholsJ

Many other groups such as‘hydfoxy, methoxy, c¢yano, or nalogen
may be present in the alcohol or phenol during alkylations
involving dimethyl sullfate. Swallen, Boord and Paull5’16
have reported the preparation of chloro ethers from the

treatment of chlorohydrins with dimethylisulfate as.shown in

13 B. Gredy, Bull. soc. chim., France, (5), 3, 1093 (1936).

14 V. Cherchez, Bull. soc. chim., 43, 762 (1928).

15 L.C. Swallen and C.E. Boord, J. Am. Chem. Soc., 52,
651 (1930). — T |

16 .R. Paul, Bull. soc. chim., France, (10), 18, 315 (1932).
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Figure 5.
(CHg)pS0, + 201 CH,CHpOH 5 2C1CH,CH,OCHy + Na,SO)
Fig. 5. Reaction of dimethyl -sulfate with chlorohydrin.

Natelson and Gottfried.l7 later reportcu ..o preparation of".
halo ethers from the ac‘c‘ion of dimethyl sulfate on halogenated
_phenols, e.g. m-blromo-anisole (91%). Alkylation by alkyl
éuifates has also been used to successfully convert 'phenol,j_‘c

aldehydes to alkoxy aldehyd.esl8’19 (Fig. “6.).

CHO CHO

O"I
CH S O NG
+~{CH, S0 TN
- OH - - OCH
\ ' o 3
Fig. 6. Alkylé‘cion o‘f' phenoliq aldehydes td alkqu aldehydes. _

Bernstein and Walliszo have i1llustrated the conversion of a

A

phenolid ketone to an alkoxy ketone by the treatment of p-

17 S. Natelson and S. Gottfried, J Am .Chem, Soc.; 61,
1001 (1939). - ST

18 R.N. Icke, Org. Syntheses, 29, 63 (1949),

19 J.S. Buck, Org. Syntheses, Coll. Vol. II, 619 (1943).

© 20 S. Bernstein and E. Wallis, J. Am. Chem.".Soc,_,."@g’
2872 (1940) —
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hydroxypropicphenone with dimethyl sulfate to gilve g—methoxy-
propiophenone (88%). Phenolic acids, esters, cyanides, ahdv
nitrophenocl$§ respond févourably to this methodvof méthylafioh;
Reeve and Christoffelglfhave reported the'methylation7éf éﬁe
sodium salt of mandelic acld acoording‘to the fbllowing'SCheme:

(Fig. * 7).

- .+ . -
C6H5CEOH CO0 Na'+ (CH3)2504 > CgHs CH (OCﬁ3) COOH

5
42g%
Fig. 7. Methylation of mandelic acid.

The dehydration of alcohols under acidic con&itions_is
used as a general method of preparation:-of symmetrical ali-
‘phatic ethers (Cy - Cg) (Fig. § . ).

2ROH H N ROR + HQO
. 7/

Fig., 8. ©Dehydration of alchols to form ethers.

When secondary or tertlary alcohols are used, reaction tempera- .
tures must be kept low to avold olefiniformation., However;.
Norrils and RigbyQQ'haVe shown that this method has special

advantages in the preparation of mlxed ethers containing

21 W. Reeve and I. Christoffel, J. Am. Chem. Soc., 72,
1480 (1950). . o ' T

‘ 22 J.F. Norris and G. Rigby, J. Am. Chem. Soc., 54, 2088 ..
(1932).. - T T T
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t-bgtyl and primary alkyl radicals. For exampie, t-butyl
alcohol, when slowly added to a boiling mixture of ethanol
and 15% aqueous sulfuric acid glves a 95% yleld of t-butyl
ethyl ether, Prolopged contact of the tertlary alcohol with
the mineral acid must be avoided in order to minimlze the
amount of olefin formation, However, the method has little,
1f any, applicablility in the preparation of aromatic ethers.
The interaction of Grignard reagents with halo ethers
1s commonly used to prepare branched ethers according to the

following reaction scheme (Fig. 9.).

RCHOTOCH, + R'MgX ———3 RCHR'OCH,

Fig. 9. Interaction of Grignard reagents with<£}haloethers;;

The ease of reaction of the reactlve halogen atom wlth
Grignard reagents has proven to be very useful in the prepara-
tion of some benzhydryl alkyl ethers. Unfortunately, the
method has been studied more extensively only in the allphatilc .
series,. Gredy23 has reported that if ethers without branching
on the alpha carbon atom are desired, chloromethyl ether must
be made from n-butyl magneslum bromide and chloromethyl ether.

The reaction of Grignard reagents wilith alpha~beta dibromo
24

ethers to form beta-bromo ethers has been developed by Boord

23 B. Gredy, Bull. soc. chim. France, (5), 3, 1094 (1936).

ol C.E. Boord et al., J. Am. Chem. Soc., 52, 651 3396,
(1930). ‘
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and others®2% a5 the third step in the Boord synthesis of
olefins. The bromine atom in the beta-position is unreactive
and hence one can obtain beta-halo ethers by this method.. The
products from the above reaction may be put through a second
process of dehydrobomination, bromination, and coupling to

give more highly branched beta-bromo ethers as shown in Figure

R-CHCH-0—CHCH,’ X 5 R-CHBCH(R)-0-CHCH,

[ )

Br Br l K OH

/
RCH=C (R 0CHCH,
| , \(/Bra
J R"M X

R-CH f—-o-c HOH, 7 R-G H-C (R) 0-CHCH,

B!r R’ Br Bvr

Fig. le. Formatlion of br‘anched b}eta-bromo ethers.

In general, primary,alkylmagnesium halides give better yilelds
than the secondary derivatives, and the tertlary Grignard
‘reagents do not react with the alpha-beta dibromo alkyl ethers;
Bossert and Br'ocile‘27 have shown that allyl and phenyl magnesium

( ?5 M. Sherrill and G. Walter, J. Am. Chem. Soc., 58, T42
1936

26 F. Soday and C.E. Boord, ibid, 55, 3293 (1933). .

4?7 R.G. Bossert and W. Brode, J. Am. Chem. Soc., 56, 165
(193 ““
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halides‘respond favourablyywhen treated wlth similar dibromo
ethers.

It is noteworthy, at this point, that the vast majority
of the methods previously discussed for the synthesis of éthers
has been applicable only toAsymmetrical and unsymmetrical
aliphatic ethers. A survey of the literature would lead one
to believe that éromatic ethers are not as well explolited. In
‘general, aromatic trityl and benzhydryl alkyl ethers are more
difficult to prepare. The Williamson synthesis 1s used for
the preparation of compounds of this type, but in some cases
the ylelds leave something to be desired. Also, the reaction
conditions are sémetimes very severe,

Although methods for the synthesls of ethers of all types
are very well established, thls does not preclude the search
for newer methods in light of both theoretical and economic

conslderations,
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CHAPTER II
DISCUSSION OF EXPERIMENTAL RESULTS

In the course of research on the elimination of the tri-
phenylmethoxy group from 2-triphenylmethoxy-l-chloroethane
(C6H5)3 C-0-CH,CH,Cl using a solution of potassium iodide
(excess) in acetone according to the equation illustrated by

Figure 11, 1t was found that the addition of methanol had

' KI (X3)
(CH.),C-0-CH,CH,C1 y  (C,H.),C-OH + CH, = CH, + K
67573 e e acetone 4 675’3 2 2

Fig. 11l. Reactlon of 2-triphenylmethoxy-l-chloroethane with
potassium iodide,

an outstanding effect on the maln products of the reaction.
Thus triphenylmethoxy methane was obtalned instead of the
expected triphenylcarbinol (Fig. 12.). Speculatlon that the
triphenylmethyl methyl ether could have arisen from an lodide

KI (XS)
CHg ) 4 C~0-CH,CH,C1 > (CgH.);C-0-CH, + CH, = CH
( 65’3 272 acetone 65’3 3 2 2
methanol + KC1

Flg. 12.. Reaction of 2-triphenylmethoxy-l~chloroethane with
potassium iodide in acetone-methanol solutlon.

ion catalysed reaction of triphenylcarbinol (the normal product)

with methanol was shown erroneous since an éuthentic sample of

triphenylcarbinol was recovered unchanged under such reaction

conditions. It was found, however, that triphenylcarbinol

underwent faclle conversion to the methyl ether when a

- 60
UNIVERSITY OF WINDSOR LIBRARY
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methanolic solution was allowed to stand at room temperatufe
in‘the presence of ilodine. Titrimetic procedures which involve
the use of sodium thiosulfate indicated that the iodine was'a
true catalyst ih the reaction. It was also shown that iodine‘
was liberated in4the elimination'reaction illustrated in Flgure
11 undoubtedly as a result of the following sequence of events
(Fig.;;3g ). |

KI
y (C, H) C-0-CHCHI .+  KCI
<c rgc OTHOHOL ——r g <4 33 L0

KI
C- 1
_(c6 H;3C oK + T,

ﬁig.'13.. ,Reéctioﬁ.of Eétriphenylmethoxy-l-chloroethane with
U ' excess potassium iodide,

The final conversion_of'the.potassium salt to the methyl'ether.
.probably involved the initial well known equilibrium of an
alkoxide salt with halogen (Lodine in thils case) to yield

fthe tr;phenylmethoxy'hypoiodite. Subsequent ionizatlion of

Ehé hypolodite followed by reéombination of the carbonium .

ion with methanol then completes the sequence'(Fig;k;é}),‘

(1) , (.C6H5)3C‘-QK + ;2 p—— (06H5)3c-o; + KT
(2) (C6H5)3C-OI o ": (05 5)3 + ‘OI
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+ o
(3) (¢6H5)3¢ + CHaOH —y (¢635) c-ocn3+H

(4) HOI + KI P — KOH + I,
Fig.,14. Conversion of alkoxide salt to methyl ether,.

An analogous course of reaction can be applied to the .

conversion of triphenylcarbinol to the methyl ether (Flg.1s5,).
—— -
(1) (06H5) COH + ;2 (C6H5)3C OI + HI

(2) (CgHg)0-OT — (061-I5)3c+ + OI

(3) (C6H5)3C+ + CH30H — (C6H5)30—OC}§+ gt
(4) H +0I" —— HOI
(5) HL + HOI P Hy0 + T

Fig. 15 . Conversion of triphenylcarbinol to the methyl ether,

Although‘the proposed mechanism iIs still under Investigation in
thls laboratory using optlcally active systems, this sequence of
events explains the catalytic activity of iodine. Reaction (2)
v 1In Figure 1§ would be the controlling step in the sequence since
it would be predicted that only those organic alcohols which
form stable carbonium lons should be susceptible to ether form-
ation under the mild conditions employed. Indeed, this investi-
gation thus far reveals that at room temperature only trityl
carbinol and benzhydrol are amenable to this new ether syn-
thesis, Benzyl alcohol appears (at least under normal condi-

tions) to yield only starting material although cinnamyl alco-
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hol has been converted to the methyl ether., Undoubtedly trityl,
| benzhydryl and benzyl alcohols which are substituted with
electroh'donating groups will also be coﬁvertéd tOVethers by
this procedure;:
Table l summarizes those ethers prepared thus far by

this hew’method.

.(06H5)20-OfCH3

B.P. 147-148

B.P. 146-148

TABLE I
Ether Reported m.p. Observed m.p. | ;Yield
¢ - 710 69-71° a1
»(C6H5)3c 0033 | 69 7 | 69-71" ‘9 %
(CgHs ) 3C-0-CH,CHy - 83 Th-76 | .93
‘(C6H5)3C—O-CH20H20H3 | 56 55 67
: /,CHg
- (CgH )2 C-0-CH 111-113 108-110 50
5’3 e
B! ‘
(06H5)30-0~CH2-C6H5 106-107 102-104 | 50°

70

B.P. 160-161 B.P. 157-159. 52

(C6H5)20H-OCHECH3

(g ) o CH-0~ CH, CH,, CH B.P. 161 B.P. 160-162 = 41.6

,~OCH B.P. 101-102.5 B.P. 101-103 - - 55

(C6H5)—CH == CH~-CH 3

" - i Em e W A G M R A R G S SN G S S R B e OR AS M Ma A e W G Ml G AR G G MO S B R G M St AR LS G ST W W T e SR M S e A G A e e

" As can be seen from Table 1, triphenylmethyl and ethyl eﬁhers
were prepared in over'90% ylelds, while the ylelds of the.higher

allphatic series decreased as the number of carbon atéms in the
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aliphatic alcohol increased. It was also noticed that primary
Ialiphatio alcohols .gave the best yields of the tridryl ether.
The results with fherbenzhydryl_system were somewhat analégous
to the triaryl system, except that the yields in general were |
lower., _The yields of both systems compared quite favourably |
with those in whioh»éthér methods were_employed, and in some
cases, were higher. This.method was also extended to an alpha-
beta unsaturated alcohol (cinnamyl), where a 46% yleld of cin-
namyl methyl ether was obtained when cinnamyl alcohol was |
treated with lodine and methanol in acetone for a period of
three hours. Extenslon of the reaction time had little or
no effect on the yields,

It 1s interesting to note that the well known lodine
déhydration of tertiary alcohols ylelds products which appear
to result from initlal carbonium ion formation. Thus; Baileyl'
reports that dehydratlion of l-methylcyclohexanol with lodine
yledds l-methylcyclohexene almost to the total exclusion of |
methyleﬁecyclohexane. Cardéw and Burwell Jr.2 report that
trans-1,2-dimethylcyclohexanol gives 1,2-dimethylcyclohexene
in 73% yleld along with 2,3-dimethylcyclohexene (2U%) and |
2-methy14methylenecyclqhexane (30%) wheréas‘Hammond ahd Def’uy3

1 W.J. Bailey and W.F. Hale, J. Am. Chem. Soc., §;Jﬁ647‘“
(1959). » - T

2 M. Cardew and R.L. Burwell Jr., J. Am. Chem. Soc., 82,
6289 (1960). . “ ,

3 D.H. Froemsdorf,.C.H. Collins, G.S. Hammond)and C;H.,
DePuy, J. Am. Chem. Soc., 81, 643 (1959). :
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report that pyrolysils of the correspondlng acetate ylelds

only 2,3-dimethylecyclohexene (45%) and 2-methyl-methylenecyclo-
hexane (55%). No 1,2-dimethylcyclohexene 1s obtained‘from

this kinetically controlled process. The reports are numerous
in the literature on other alcohol systems which have been sub-
jected to iodine dehydration, Invarilably the Saytzeff Rule

is followed, hence the conclusion that a carbonium ion as a.
precursor is evident in all cases. Future research plans
include an investigation of methanolic iodine dehydratioh of
many of these previously reported systems 1In an attempt to
capture the intermediate carbonium ion as the methyl ether.
Whether this "interceptor reaction” wlll be successful will
depend on the relative rates of proton loss of the carbonium
lon (leading to olefin formation) and its reactlon with meth-

anol to form the ether.
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CHAPTER III
EXPERIMENTAL

Triphenylmethyl methyl ether - Triphenylcarbinol, (5.0 g. .-

0.019 m.), lodine, (5.07 g. - 0.019 m. ), methyl alcohol,

(20 m1.) and 80 ml. of reagent grade acetone were placed in

a dry 300-ml. Erlenmeyer flask and allowed to stand for three
hours. The reaction mixture was then poured over a mixture

of cracked ice, water and an excess of sodium thiosulfate,
Decolourization of the i1odine occurred simultaneously with

the formation of a whitish-yellow precipitate. The removal

of the acetone by alr evaporation ailded.in the formation of

an additional amount of the whitish-yellow precipitate. The
solid was removed by filtration and taken up in petroleum
ether, Upon evaporatlion of the petroleum ether, 5.0 g. of
crude triphenylmethyl methyl ether was obtained. Recrystalli-
zatlon from petroleum ether afforded 4.7 g. of triphenylmethyl
methyl ether (91%), m.p. 73—750, reported (80—810).l

Note: Reaction periods longer than three hours resulted in
more tars when the reactlon mixture was poured over lce and
sodium thiosulfate. Also, the ylelds of ethers could not

be increased by increasing the temperature of the reaction

mixture.

Triphenylmethyl ethyl»ether - Triphenylcarbinol, (5.0 g. -

0.019 m.), iodine, (5.07 g. - 0.019 m.), ethyl alcohol (redis-

1 H.H. Hart, J. Chem. Soc., 483 (1938).

66
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tilled), (20 ml.) and 80 ml. of reagent grade acetone Wefe,
§1aced in a dry 300-ml. Erlenmeyer flask and allowed'to.Stand_
for three hours., The reaction mixture was then poured over a_
mixture of cracked lce, water, and sodlum thiosulfate, Decol-
6urization of.the iodine occurred immediately simultanéOus w;th
the formatioh of a light-yellow preclpltate. The femovai of:‘ 
the acetone by air evaporatlion resulted in an additional'éﬁounﬁk
of light-yellow precipitate. 'The preclipltate was separated

by filtration and dissolved 1n an excess of petroleum ether,
Upon evapofatioh of the petroleum ether, 5.1 g. of crude trif
phenylmethyl ethyl ether was obtailned, Recrystallization'frqm'
a minimal amount of petroleum ether afforded 4;8 g. of tri-
phénylmethyl ethyl ether (93%), m.p. 74—760, reported (m.p.
830){2 .

Triphenylmethyl n-propyl ether - Triphenylcarbinol, (5.0 g; -

0.019'm.), iodine, (5.07 g. - 0.019 m.), redistilled n-propyl
alcohol, (20 ml.), and 80 ml., of reagent grade acetone were
Iplaced in a dry‘SOO—mi.vErlenmeyer flask and allowed to sténd"
for a perlod of three hours. The reaction mixture was then
poured over a mixture of cracked lce, water, and sodium thio-
‘sulfate. The acetong was removed by air evaporation and the
white precipitate extracted with an excess of petroleum ethér.

Upon evaporation of the petroleum ether, white crystals of

2 A.C. Nixon and G.E.K. Branch, J. Am. Chem. Soc., 58,
4oz (1936). .
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triphenylmethyl n-propyl ether separated out from the solvent,
The crude yield of the desired ether was 4,2 g, Recrystalli-
zation from petroleum ether afforded 3.8 g. (67%) of the-frié
'phehylmethyl n-propyl ether, m.p.-53-54°,(}eported m.p. 56013

Triphenylmethyl isopropyl ether - Triphenylcarbinol, (5.0 g. -

0.019 m.), lodine, (5.07 g. - 0,019 m.), redistilled isopropyl
'alcohel, (20 m1.), and 80 ml. of reagent grade acetone were
placed in a BOO-ﬁl. Erlenmeyer flask and allowed to stand for
a period of three hours. The reactlion mixture was poured on |
a mixture of cracked lce, water, and sedium thiosulfate. The
resultant white solid was filtered and dissolved iﬁ petroleum
ether. Removal of the acetone from the water layer fesulted
in a small amount of lighﬁ—yellow preclpltate which was also

" dilssolved 1n petroleum ether and combined with the first |
extract. Upon evaporation of the petroleum ether, 3.0 g. of
white triphenylmethyl isopropyl ether was obtained;_ Recry-~
stallization from petroleum ether afforded 2.7 g. of tri-

" phenylmethyl isoprepyl ether (45%), m.p. lll-llec,Creported
111-1139).% |

| Triphenylmethyl benzyl ether - Triphenylcarbinol, (5.0 g. -

3 B.F. Helferich, P.E. Speidel and W. Toddte, Ber., 56,
767 (1923).

: I J.F. Norris and R.C. Young, J. Am. Chem. Soc., 46,
2582 (1924). .
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0.019 m.), benzyl alcohol, (20 ml,), iodine, (5.07 g. - 0.019
m. ), and>80 ml. of reagent grade acetone were placed in a dry
'360—m1. Erlenmeyer flask and allowed to stand at room tempera-
ture for a period of three hours. The reaction mixture was
poured over a mixture of cracked ice, water, and sodium thio- .
sulfate. The resultant white so0lid was extracted with petroleum
ether and the water layer separated. The acetone was removed
from the water layer by air evaporation and the resultant small
amount of solld was taken up in petroleum ether and added to
the original extract. Evaporation of the petroleum ether
ylelded 3.6 g. of crude triphenylmethyl benzyl ether. Recry-
stallization afforded 3;3 g. of the deslired ether, m.p. 102-
104°, (reported m.p. 106-107°)°

Benzylhydryl methyl ether - Diphenylcarbinol, (10.0 g. - 0,054

m.), lodine, (13.7 g. - 0.054 m.), methyl alcohol, (25 ml.),
‘and 90 ml, of reagent grade acetone were placed in a 3005@1.-
Erlenmeyer flask and allowed to stand for a period ofythree'_ﬁ
hours. The reactlon mixture was poured over a mixtufé;of R
cracked ice, water, and sodium thiosulfate, The acétbne‘was
removed by alr evaporation and the organic material extraéted.
with petroleum ether. The petroleum ether solution was decol-
ourized with Norit (decolourizing charcoal) and the soiveﬁt

removed in vacuo. The benzhydryl methyl ether was distilled"

5 G.L. Stadnikov, Ber., 57, 6 (1924).
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under reduced pressure and a yield of 7.1 g. or 7T0% was ob=-
tained, which boiled at 146—148°}at 17 mm. pressure. The‘ln
reported boiling point and refractive index are: (b.p.\i47+
148° at 17 mm. ),p\—l 5653. The observed refractive index wes
1.5648° |

Benzhydryl ethyl ether - Diphenylcarbinol, (10.0 g. - 0.054.m.),

‘lodine, (13.7 g. - 0.054 m.), redistilled ethyl alcohol, (25
ml.), and'90 ml, of reagent grade acetone were placed in a
dry 300-ml. Erlenmeyer flask and allowed to stand at room temp- ’
erature for a period of three hours. The reaction mixture was
poured over a mlxture of cracked ice, water and sodium thio-
sulfate, The acetone wae_removed by air evaporation and the
erude organic meterial extracted with petroleum ether; The
petroleum ether solutlion was separated and decdlourizedfwith 
‘Norit. The solvent was removed in vacuo and the_benzhydfyl
ethyl‘ethef‘distilled undef reduced presSure. The yield‘of
the desired ether was 6.0 g. (52%), b;p. 158-160°. at i9wmm.
pressure. Reported (b.p. 160-161° at 19 mm. pressure), index
of refraction 1.5544, observed index of refractionﬂl;55407'

‘Benzhydryl n-propyl ether - Diphenylcarbinol, (10.0 g. =~

6 E. Bergmann & J. Hervey Ber. 62, 893 (1929).

7 V. Meyer, J. prakt. Chem. (2) 82, 540,
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0.054 m.), iodine, (13.7 g. - 0.054 m.), redistilled n—prOpyl
alcohol (30 m1.), and 90vml of reagent grade acetone were‘
placed in a dry 300-ml. Erlenmeyer flask and allowed to stand
at room temperature for a period of three hours., The reaction
mixture was poured over a mixture of cracked ice, water and
sodium thiosulfate. The acetone was allowed to.evapOraté'
‘and the organic materlal extracted with petroleum ether. The
" petroleum ether solution was then decolourlzed with Norit and‘
the solveht removed in vacuo. The benzhydryl n-propyl'ether
was distilled under reduced pressure, the fraction taken whiCh
boiled'at 160-161° at 11 mm. pressure. The yleld was‘5.2 g. or
(42%). Reported (b.p. 161° at 11 mm. pressure)§

Cinnamyl methyl ether - Cinnamyl alcohol (10.0 g. - 0.075 m.),

iodine, (19 g. - 0.075 m.), methyl alcohol (25 ml.), and 90 ml.
of reagent grade acetone were placed in a 300-ml. Erlenmeyer
flask and allowed to stand atvroom temperature for a period.of
 three hours. The reactlon mixture was poured over a mixture
of cracked 1lce, water, and sodium thiosulfate and the acetone
removed by alr evaporation. The organlc materlal was extracted
with petroleum ether and decolourlzed with Norlit, The petro;eum
~ether was'femoved in vacuo and the liquid which remained dis-
tilled under reduced pressure, The yield of cinnamyl methyl
ether was 6.0 g. (55%), b.p. 100-103° at 11 mm. pressure.

8 G.L. Stadnikow, J. prakt. Chem. (2) 88, 7.
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'Reported (b.p. 101-102.5° at 11 mm. pressure)? The reffac-
tive index was 1.5451, (reported 1,5452).

The reaction was repeated with the amount of methyl alco-
hel increased to 75 ml., but the yleld of cinnamyl methyl

ether remained unchanged.

Titration of Iodine

Triphenylcarbinol (2.0 g.), methyl alcohol (8 ml.) and
50 ml. of reagent grade acetone were placed 1in a 125-m1.
Erlenmeyer flask which was fitted with a cork stopper.  To
this mixture was added 1.147 g. iodine (accurately weighed
on an analytical balance) and the reaction mixture was allowed
to stand fer a perilod of three hours. The mlxture was then
titrated with 0.0449 normal freshly standardized sodium thiqe
'sglfate. The results below show the catalytic nature of
iodine 1n the reaction,

number of equivalents thiosulfate used = 0.0449 x 4%032
. = 0.00

therefore the number of equivalents lodine titrate26
, = 0,00

number of equivalents of lodine weighed out 1.147
253.8

= 0.0045
The results of the titration are conclusive evidence that the

iodine was not used up 1n the synthesis of the ethers.

9 Pschorr & Dickhauser, Ber., 44, 2640.
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