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I INTRODUCTION

A. OBJECT OF THIS RESEARCH

‘Spccessful preparation of carbinols by reaction of
organo¥sodium compounds with carbonyls has been reported in
several rather speclalized cases (1,2,3,4 ), The reaction,

R Ne + R'COR" —>RR'R''CONa
has not, hoWever,_been studied systematically to define its
useful scope, limitations and merits relative to the analagous
Grignard.pr'eparat.ion° This study was undertaken in an effort

to provide such a comparison.

In order to make the comparison meaningful, the effects

of variatlon in reaction temperature, solvent and order of
addition of the reactants were studied., The possibility
oflimproving upon phe results of earller work by application
of new fechniques recently reported (5) for more effective
utilization of sodium in organlic reactlions was also examined.

B. BACKGROUND

1., Limitations of the Grignard Keaction

,Despite the wide applicabillity of the Grignard re-

_action 1in carbinolksyntheses,_there are some characteristic

cases where 1t elther falls or provides very poor ylelds,

Thg most important interfering feactions are the following.
(2) Reduction. With branched carbonyl compounds or Grig-.

nard reagents the most prominent side reaction is reduction

of the qarbonyl. fhus ’ reaction of isopropyl mafnesium

bromide and diisopropyl ketone gave 65 per cent reduction tov

diisopropyl carbinol and no addition to triisovropyl cartinol
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Allen snd Blatt have summarized this effect by observines that

it is not poésible to prepare.sécondary alcohols containing
two tertiary groups or tertiary alcdhols-containlng more than
two branched chain groups by the Grignard reaction with opresent
methods, (7)~

(b)' Enolization. Carbonyl compounds in which o-hydrozen
atoms are particularly actlve react as enolé producing tﬁe‘
hydrocarbon from ﬁhe Grignard reagent and the halomagnesium
enolate from the carbonyl which is recovered unchanged on

acldification. Acetomesitylene forms the enolate quantitaQ

tively (7).

(c) Carbonyl Condensation., With carbonyl compounds which

contain an active .- hydrozen and which are not sufficiently

hindered to prevent condensation, aldol or Clalsen type con-

densation can intervene, Thus both the Grignard reasent
and the primary reaction product, a halomagnesium alcoholéte,
are sufflclently baslc to cause acetone t0 undergo the aldol

-condensation; reactlon of zcetone and isobutyl magnesium bromlce

eives only 40 per cent yleld of dimethylisobutyl carbinol plus

a variety of gondensation products from the acetone (8).

(4) Rearrangement. No rearrangements occur in the action
of alibhatic halides with magnesium, employing the tern "aliphatic"
in the generz2l non-conjuzated sense. Rearrangements ,mgy occur
however, in the reactions of allylic Grignard reagents. The
reaction of benzylmagnesium chloride, producing ortho =and para
substitutibn in some cases, has been studied extensively

. 4 1 IO
(9, 10, 31). The amount and type of rearranged product depenas
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upon “he partdicular carbonyl compound reacted with the benzyl
Grisnard reasent,.

(é) Dehydrohalogenation, Whitmore has indicated that 1t
1s nossible to prepare the Arignard reagent in nearly quanti-
tative yield from the simpler alkyl halides of all types, but
that theiincreasing tendency for olefin formation by dehydro-
ha;ogenation causes the yleld to drop rapidly with tertiary
halides higher thaﬁ amyl (11).

2. Potential Limitations of Sodium Reaction.

(a) Wurtz Coupling, Aliphatic halides which do not dehy-
drohalogenate too readily cén give fair ylelds of hydrocarbon
by the Wurtz reaction with sodium. It has been demonstrated

anmply, however, that organo-éodium compounds can be prepared
in excellént yield from a wide variety of halides by working
in diluté solution at moderate temperature (5,12). The general
rule thatvthe Wurtz reactlion occurs most readily with ilodides

and least readily with chlorides suggests that chlorides should

be most efféctive in the carbinol synthesis. For that reason
and because of availability, they were employed throughout
tnis investigation. |

(v) Reduction. The utility of the sodium reaction to
:sﬁpplement the Grignard reaction for preparation of highly
'bnanched alcohols with less reduction of the carbonyl reactant
was indicated‘by two previous studies (1,2). 'Severql alcohols
were réported which had not previously been acﬁessible due to

failure of the Grignard reactlon. Although the yields reported
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were generally poér, 1t appeared likeiy that they might be
improved by developing optimum reaction conditions and by
utilizing sodium dispersions.

(¢) FEnolization and Carbonyl Condensation, ‘These side
reactions arise from the organo-sodium intermediate reacting
_as'a base with an «-hydrogen atom activeted by the carbonyl
group. They may therefore be looked upon as one type of
metallation reaction. Thls limltatlion mlight be expected to
bé more severe in the sodium reaction than in the Griénard |
reaction because organo~sodium compounds are, in general,
more reactive than organo-magnesium halides. 1In fact,'it has
been stated that the reactivity of the colored alkyl aryl
.sodium compounds, as triphenylmethyl sodium, 1s 8o high that
acetone and ethyl acetate react with them as pure enols (13).
That observation 1is téo génefal, however, as the reaction of
benzyl sodium with both acetone aﬁd ethyl acetate to the
corresponding tertiary alcohols has been demonstrated 1in this
research, Sufficlient data has not been published previously
to establish the actual severity of the limitation by the

metallation reaction.

(a) Rearrangemént. The reaction of allylic sodium compounds
such as benzyl sodium with carbonyl compounds to give alcohols
had not been feported previouély so the possibility of obtaining

a rearranged product had to be tested.
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Ae) Dehydrohalogenation.‘ The tendency of.metallic sodium
to cause dehydrohalogenation of secondary and tertiary halides
is known to be greater than that of magnesium. As with the
metallation reaction, however, the extent of this limitation
had not previously been deflned.

. (f) Bimolecular Reduction. Metallic sodiﬁm can produce
acyloin condensatibn of esters'and pinacol reduction of
aldehydes and ketones., These reactions should be minimiged,
however, in the presence of the organo-sodium intermediate

from the halide,
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II RESULTS AND DISCUSSION

A, REACTICN CCNDITIONS FOR CARBINOL SYNTHESES

and procedure were studied for the sodium promoted reaction

‘leadling to the tertlary alcohol, benzyldimethyl carbinol:
PhCH,C1 + 2Na + OCHaCOCEp; ———3 PhCHGC(CHy)oONa + NaCl .

At moderate reaction temperatures, the principal products

obtained were the desired carbinol and toluecne, The ylelds
which favor most strongly the addition of benzyl sodium to
reaction:

PhOHNa + CHsCOCH, —— FhCHg + [ONzCGCH] e’
That work is summarized in Table I.

of ﬁhe benzyl chloride and acetone dropwise to a sodlum

dilute, After reactlon wes complete, the slight excess of

‘sodium was quenched by dropwise addition of distilled water

The effects of modiflicatlions in the reaction conditions

of benzyl chloride with acetone. The reactlion sought was that

of dibenzyl from Wurtz coupling were relatively small in most

cases. The problem was therefore to establish the conditions

acetone, as shown above, over the toluene producing metallatlion
‘ \

The general reaction procedure wzs 1o add a dilute solution

dispersion of about 1 to 50 microns particle size, also quite

" with strohg external coollng. The products indicated in Table I

were obtained by fractional distillatlon of the water insoluble

portion of the reaction mixture. The carbinol frgction was
found to contain & small amount of a .carbonyl compound.

Hydroxyiamine hydrochlorlde titration (14) gave the amounts
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shown in Table I, calculated as benzyl acetone. The benzyl
acetone was not separated from the benzyldimethyl carbinol
because it was presept in such small amounts. Their boiling
polnts are very similar b.p. 103 -1050/ 10mm, ‘and
b.p. 110 -112°/ 12 mm. respectively (15, 16) and the fact that
acetonyl sodlum was known to be present , from the metallation
reaction producing toluene, strongly suggests the formation
of some benzyl acetone by reactlon of the acetonyl sodium
with more benzyl chloride. Carbon atom alkylation by reaction
of alkyl halides with the sodium salts from metallation of
aliphatic ketones has been reported previously (17);

As might ve expected, the metallation reaction 1is increased
by working with én excess of acetone (second reaction in
butyl ether). The .other reactions, employiné equimolar amounts
of halide and ketone, were therefore conducted with the halide
addition 10 per cent ahead of the carbonyl addition throughout.

Because the metailation 1s essentlally the reaction of a
stronger acid with the salt of & weaker acld (18,19,12) and
therefore ionic, 1t should be minimized in solventslof low
‘dielectric constant. Accordingly, both benzene and isooctane
were tested as reaction solvents (€ 2.282 and 1.959 at 20°C.
respectively compared with butylether, & 3.5 approx). This
improved the éarbinol yield considerably. The Wurtz reaction
was largely eliminated while the toluene from metallation

increased, contrary to the reasoning which suggested the change.
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The influence of the reaction-témperature was considered
ngxt; Reducing the temperature from 50°to 5°C. increased the
carbinol yield very slightly. The metallation reaction de-
dreased and Wurtz coupling increased by about equai amounts,
The initial réaction of benzyl chloride with the sodium was
reasonably complete at both 50°and 5° as indicated by Volhard
titration of the chloride ion in the agueous washings from
the reaction mixture. Further reducing the temperature to
-25° completely stopped the reaction of the sodium with the
benzyl chlorilde,

The possibility of taking advantage of the metallation
reactioﬁ to prbduce benzyl acetone in significant ylelds was
tested by carrying out the reaction with the acetone addition
ld per cent ahead of the benzyl chloride addition (Table I,
third reaction in Butyl ether). An excess of both benzyl
chloride and acetone was employed to minimize the direct
reactionrof benzyl chlopide and sodium. The proportion of
bensyl acetone in the carbinol product increased appreciably,
howéver, the benzyldimethyl carbinol remained the principal

_product. It was concluded that this does not offer a generally
useful method of ketone synthesls.

Stépwise reaction was also considered, first formling the
benzyl sodium, then adding the acetone separately in dilute
gsolution. This method permits formation of the benzyl sodiun -
at a temperature high enough to sustain the reaction and

subsequent reaction with acetone at a much lower temperature.
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Accordingly, the method was tested at 25%and at -40° (Table I).
The cafbinol yield was significantly lower 1in both cases;
however,a slightly better yileld was obtained ét the lower
temperatufe, confirming the relatively small temperature
effect observed previously. No ketone was present in the
carbinol product from these reactions, Sihce thé hallide was
all reacted before the acetone additlon was started, that result
was expected and confirms the suggestion that the ketone arose.
from coupling of acetonyl sodium and benzyl chloride in the
one-step reactions., The reaction mixture from the reaction at
~40° was carbonated by pouring it on an excess of crushed
dry iée at the end of the reaction with acetone, totrap any
unreacted phenyl or benzyl sodium., No benzbic or phenylacetic
acid was obtained. Carbonatlion of the product, sodium benzyl-
dimethyl carbinolate, did not interfere with isolation of the
carbinol as alkyi sodium carbonates are hydrolysed by water (20).
| The yleld 6f carbinoi.was reduced significantly by carry-
Ing out the reaction in two separate steps. Accordingly,
simultaneous addition of the halide ‘and the carbonyl reactants
in a single dilute solution was retained as the simpler and
‘ﬁSre effective procedure. The simplicity of this method is a
distinct'advantage over the Grignard feaction when the two

glve comparable ylelds.
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The benzyl sodium for the two-step reactlions was prepared
by-meﬁallation of toluene by pheﬁyl sodium because that is the
practical method, e.g. in the synthesis of phenylacetic acid (5),
due to the lower cost of chlorobenzene and because Wurtz
coupling occurs less readily with chlorobenzene than with
benzyl chloride. The effectiveness of the benzyl sodium prep-
aratlon was tested in a separate reactlion by carbonating the
benzyl soaium.with crusﬁed solid dry ice, The cfude yleld of
phenylacetlc acld was 88 per cent. Crystallization from water
gave 80 per cent yleld phenylacetic aclid m. 75.5- 76.5°C.

While the two-step reaction resulted in some reduction
in yield, the preparation of the benzyl sodium from‘chloro-_
benzene, sodium and toluene demonstrétes a simplification
which is much more often available with the sodium than with
the Gfignard reaction. That is the pfeparation of relatively
complex organo-éodium intermediates by reaction of sodium with
a simple, readily avallable halide followed by metallation
of the mofe complex hydrocarbon. For example, fluorenyl
sodium 1s readily prepared by.metallation of fluorene with
amyl or phehyl sodium. The breparationsAof fluorenyi carbinols
which have been reported by the Grignard method have started
with 9-bromfluorene which is not readily avallable.

It was concluded from these tests that the optimum
results are obtalned, in the synthesis 6f carbinols by the sodium
promoted reaction of chlorides and éarbonyl compounds, when

working with equivalent amounts of the two organic reactants
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in dilute solution with a solvent of low dielectric constant,
The feactants'are added simultaﬁeously to a dilute dispersion
of sodium in the same solvent,with the halide addition about
ten per cent ahead of the carbonyl addition, Tﬁe lowest
temperature which will maintain the reaction is employed.

Under those conditions} benzyldimethyl carbinol was prepared in
42 per cent yield from benzyl chloride and acetone. Perman-
ganate oxidatlion of the carbinol to benzolc acid indicated

that only the normal product was obtained wlth no dimethyl-o-

tolyl carbinol from rearrangement.

B. RELATIVE EFFECTIVENESS OF DIFFERENT CLASSES OF HALIDES
AL'D CARBONYL COCMPCUNDS

In order to define the useful scope of this method of
carbinol synthesis, the reaction was conducted with a number :
of comblinetions of five different carbonyl compounds and five

| chlorides._ The resulis are summarized 1n Tables II and III.
Throughout, most of the reactions the principal product obtained,
other than the desired carblnol, was the varent hydrocarbon
from the chloride, e.g. toluene from benzyl chloride, benzene
from chlorobenzene and pentane from amyl chloride. This

'indicates that the principal interfering reaction 1s metallation
of.the active, acidic, o-hydrogen of the carbonyl reagent.

The order of increasing effectiveness of the‘reactants
in Table III is in accord with the known relatlive ¢x>hydfogen
activity of the carbonyl types, aldehyde > ketone > ester. It

also deﬁonstrates"that the tendency toward metallation is a
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function of the halide as well as thé carbonyl compound. That
1s reasonable, as it should actually depend upon the difference
in acidity of the two parent hydrocarbons; i.e. it should
occur least with the halide whose parent hydrocarbon is the
strongest acid and the carbonyl compound having the least
reactive (acidic) hydrogen. That is precisely the relative
order of effectiveness obtained with both the halides and
carbonyls.‘ Considering the perent hydrocarbons'of the halildes, .
the following metallation reactions would be normal, demonstra-

‘ting the order of increasing acidity (12,18):
(CHy)sCNe + CHaCH,CHg4 -——» (CHz)sCH + CH,CHLCHNa
(CHs)pCHNa + CHz(CHy)sCHy — (CHz)gCH, + CHz(CHg)aCEoNe
Clig(CHy )aCHoNa + CgHg ——a= CHa(CHg)sCHy + CgHgNa
ColHgNa + CgHgCHy ——3= CgHg + CgHgCHgNa

Publiéhed reports of relative ‘ihhydrogen activity of other
carbonyl compounds and of relétive acldity of various hydro-
‘carbons éhould thus maké,possible extrapolation of this table

to predict the probable results in other sodium promoted carbinol
preparations, Such extrapolation should be vélid 80 long as

_the metallation tendency may reasonably be expected to be the
limiting factor father than some other effect such as steric
igtefferénce;" The change to dehydrohalogenation as the limit-
ing rcaction with the branched aliphatic chlorides does not
affect the order. of increesing halide utillty because those

halides also are least effective on the basis of relative hydro-

carbon acidity.
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From the considerations outlined above, optimum reactants
should be an éster such as methyi pivalate, having no «~-hydrogen
atoms, and a halide such as benzyl or benzhydril chloride.
While triphenyl methyl chloride would be still less active
toward metallation, the reactlion of two molecules of
triphenylmethyl sodium with the ester should be subject to
strong steric retardation.

| The 6 per cent yield of triisopropyl carbinol obtained
in the reaction of isopropyl chloride with dilsopropyl ketone
essentlally duplicates the results obtained by Bartlett and
Schneider (2) employing sodium sand. This indicates that there
~1s 1ittle advantage to the use of'the‘diSpersed form of sodium
in those reactlons where dehydrdhdlogenation of the’chloride
i1s an important limitation exéept that’the reactions of

dispersed sodium are generally much more readily controlled.

C. COMPARISON O¥ SODIUM PROMOTED SYNTHESIS WITH GRIGI'ARD
REACTION ' .

The carbinol yilelds which have been.reported in the
literature for fGrignard reactions with the same halides and
carbonyl compounds are summarized in Table IV. ' Comparison

.with the ylelds obtained in the sodium promoted reactlons,
Table III, leads to the following conclusions.

In those cases where the metallation reaction ;s minimized

80 that the sodium promoted reaction 1is most effective, ﬁhe

two methods give nearly comparrble yilelds. The advantage then
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lies with the sodium reaction in consequence of the simplicity
of the single Step reactibn plus the fact that it utilizes
chlorides while the Grignard reaction frequently is most
effective with bromides., The possibility of reacting a less
eXpenslve hallide, or one which 1s more reedily available,
Wilth sodium and metallating the hydrocarbon to form the required
Organo-sodium intermediate 1s an additional advantage of the
Sodium reaction in many cases. Thils might easlly compensate
for a somewhat lower yleld in the sodium reaction in cases
where preliminary synthesis of the particular bromide reguired
would be necessary for the Grignard reaction.

The advantage of the sodium reactlon iln some cases where
the Grignard reactlon falls completely, e.g. in the synthesis of
triisopropyl carbinol, which has been reportéd previously,
ls evident.

The relative effectiveness of the two methods with acetone
Clearly demonstrates that the'Grignard.reaction glves much
higher yie;ds witﬁ carbonyl compounds having very actlve anﬁ
accessible o-hydrogen atoms. The fact that the arrangement
of the table does not correspond to .regularly lncreasing
carbinol yields by the Grignard reaction indicates that the
limiting'factor here usually is not the tendency for metallation
or enolization. That 1s particuiarly evident in the 60 per cent
yield of the tert-butylethyl carbinol reported from tert-butyl

magnesium bromide and propionaldehyde.
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The two methods of carbinol synthesis are, therefore,
Supplementary; The sodium method 1s most effective in
preparation of complex, highly branched carbinols. The
Grignard method 1s most effective 1n phe<1arger number of
'cases; i.e., in preparation of the less highly branched

carbinols.
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III EXPERIMENTAL

" (A) BENZYL CHLORIDE AND ETHYL ACLTATE

The procédure enployed in the preparation of dibenzyl-
methyl carbinol from benzyl chloride and ethyl acectate is
ropresentatlve of the general method applied in the series
of sodium promoted reactlons of organlc chlorides with carbonyl
compounds.

A one=-llter round-bottomed flask was equipped with a
mercury-sedaled stirrer, a dropping funnel; a thermometer
extending into the reaction mlxture, a nitrogen inlet and a
reflux~condensér vented through a cold trap and oil bubbler..
The apparatus was purged with dry nitrogen. A few crystals
of beﬁzophenone to activate the sodium, 200 ml., dry isooctane
and 50.6 g. 50 per cent dispersion of sodium in di-n-butyl
ether (1.1 g. atom sodium) were added and the systen was
again purged with nitrogen.

Dro.wise addition of a solutlon of 6.3 &. benzyl cnloride
(fractionﬁted, b.p. 86°/33mr,) in 30 ml. isooctane was’
started at 24°. As,thefe was no evolution of heat, the mix-
tufe was warmed to 30°, The addition was completed in.oneQ
palf’hogr with no evidence of the reaction having started.

Dropwise addition of 57.0 g. benzyl chloride (% g. mole
‘total) and 19.8 g. ethyl acetate (fractionated, b.p. 76.4 - 76.9%)
In 240 ml. isooctane wns started at 220. The mixture
immediately began turning black and the reaction became
mildly exothermic., The temperature was maintained between
22%and 32°by external coollng during the remainder of the
addition ovér three and one-féurth hours. The mixture re-

malned dark black and a moderate amount of heat was evolved
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throughout the recaction.
| Finally, a solutidn of 2.2 g. ethyl acetate (% g. mole
total) in 30 ml. isooctane Qés added over one-half hour at
22° - 30° and the mlxture was stirred one hour more at 24°,
The unreacted sodium was then quenched by dropwise addition
of 100 ml. distilled water (still un@er a nitrogen at@osphere).
During the quenching, the reactign mixture was held at 6°- 20°
with strong extcrhal cooling. It is important not to cool
below 0° aslthe watdr then freegzes as it 1s added and reacts
vliolently with the dlspersed sodium on warming. |
‘ Some hydrogen gas was evolved through the oil-bubbler
during the qenching. The aqueous and oil layers were scparated.
The oil layer was washed with three portions of dilute sodium»
carbonate solution and dried over Drierite. Duplicste Volhard
tltrapions of the chlorilde ioﬁ in aliquot portions of the
combinod agueous layers 1ndicated that the. benzyl chloride
hadlreacted completely. |

The dry product solution was distilled from anhfdrous
Potagsium carbonate through a tiree-foot, helices-pacied cdlumn
(approximately 40 theoretical plates, Column A). A véry small
ethyl acetate forerun was ovtalned, followed by the lsooctane

and butyl ether. The rcsidue of 46.4 g. was distilled from a

Clélsen flask with 8 slow stream of nitrogen. The flask was
previouély rinsed with ammonium hydroxide and dried to insure
agalngt acid-catalysed dehydration. The first portion, 8.1 g.,
boiled at 65,5°- 106° at 1% mm.jand gave strong positive

‘tests for unsaturation with broﬁine-in carbon tetrachloride
and with alkaline potassium'pcﬁmangandte solution. The

‘second portion, 32.7 g., bolled ab 1075- 135° at 1} oo,
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and gave a very weak permanganate test for unsaturation.

This left 5.6 g. dark brown residue, The first portlon was

& mixture of the desired dibenzylmethyl carbinol and the

olefin resulting from partlal dehydration during distillation;

the second was principally carbinol w;th e small amount of

olefin. The yleld of crude carbinol was thus 72 per cent.

Part of the second fraction was refractionated through a

three-foot glagss column 5 mm. in diameter packed with a nionel

wire spiral (Column B). A swmall forerun containing un-

saturated materlal was followed by a large center cut of

constant refractive index, dibenzylmetnyl carbinol, nD25 1.5665,

analysis: calculated for CygHyg0, C 84.91, H 8.02; found

C 85,16, 85.41l; H 8.20, 7.91.‘ The isooctane fraction froﬁ
 the original distillafion was washed with water to remove

ethyl acetate and dried. Thé rciractive ihdex Indicated

the presence of 6.6 g. toluene correséondlng to 14 per cent

metallation reaction. The corresponding propertiés re-

ported for dibenzylmethyl carbinol by Levy and Tabvart are

b.p., 197° - 198°/20mm., nD18.1.5755. (23)

(B) BENZYL CHLORIDE AND DIISOPROPYL KETONE

" The procedure employed in the preparation of benzyl-

diisopropyl carblinol from benzyl chloride and dilsopropyl
Retone Wa S essenbially tﬁe_same as that described in (4).
The prinéipul difference was the use of only % g. mole of
benzyl chloride because only one mole of halide is required
‘per mole of ketone. Therefore, only 0.55 g. atom of sodium
(25.4 g. 50 per centldispersion) was required pd‘provide ghe

10 per cent excess regularly euployed.
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The first 10 per cent of the benzyl chloride (332 g.)
dissolved in 30 ml. 1 sooctane was addpd over twenty minutes at
23? - 25° to the reactlon mixture of dlspersed sodium,
activated wltﬁ benzophenone,  1In isococtanc. A solution of

28,5 g. benzyl chloride and 25.7 g. dllsopropyl ketone
(fractionated b.p. 45.0° - 45.5°/40mm.) in 240 ml. isooctane
was added dropwlse over three nours at 25> - 35°, The reaction.
mixturce rapidly turned biack and rcxained so throughout the
additlion and subsequent stirring. PFinally, 2.9 3. diiso-
Propyl ketone in 30 ml; isooctane was added ovér one-halfl
hour and the mixture was stirred one hour mdro.to Insure
complete reaction. The unreacled sodium wes quenched with
distilled water, us in (A).

After the oll layer was separated and washed, Volhard
titration of the aqueous layers indicated that 97 per cent
+of the benzyl cnloride had reacted.

| The dried oil layer was fractionated from potassium
carbonate through Column A. After the isooctane and most
o the butyl ether had beon removed, the¢ residue, principally
benzyldiisopropyl carbinol, was fractionated directly

through column B. The followini product fractions wvere

oLtaincd:
Sanple Weight, g. nD“25 Identity
(a) 5.51 1.5068 carbinol and butyl ether
(b) 9.32 1.5107 benzyldilisopropyl carbinol
(c) 9.40 1.5120 ' " L
(d) 9.01 1.5120 - " "
(e) 1l.24 1.5123 ‘ " "
residue 2.8 ‘ - - -

Analysis of (C): calculated ror'cl4H220, ¢ 81.50, H 10.75;
found ¢ 81.72, 81.98; H 10.67, 1l0.64. Murat and Amcuroux
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 have reported b.p. 161° - 164°/35 Rite, B 1.538 - for benzyl-
diisopropyl carbinol (24). .

The still-head'tempepabure was 99° - 105° at 1 - 2 mm,
Pressure throughout the carbinol distillation. However,
QVidence of superheating has been notcd, even with the column
wet, at very low pressures. The total yleld of crude
carbinol was 52.5 g. or 65 per cent, The refractive index
of the lsooctane fraction indicated the presence of 4.6 g.

tolpene or 20 per cent.

(CY» BENZYL CHLORIDE AND DIISORUTYL KETONE

The procedﬁre employed in the prepafation of benzyl
dilsobutyl carbinol frow benzyl chloride and dilsobutyl
kotone was the same as that described In (B) for benzyl-
dilsopropyl carbinol except that 3 Z. mole portions were

‘uSed Instead of L1 g. mole because a lower yield was antlici-
pated. Since the product carbinol had not bcen reported
prcviously it was deslrable to prepare enoﬁgh to permit
effectiveApurlfication for characterization. The initlial
Portion bf S5.2 g, benzyl chiloride in 50 ml. isococtane vas
&dded during‘one-half hour at 20° - 22°2 to 50.€ g. of 50
pPer cent dlspersion of sodium (1.1 g. atowm sodium) in
butyl ether mixed with 300 wul. lsoocctane contalning a few
crystals of benzophenone activator. FolloWwing that, a solution
of 60.1 g. benzyl chloride (% g. mole total) and 67.5 g.
diisobutyl ketone (fractisnated b.p. 69.8° - 70.0°/24 nm.)
in 540 ml. isobctane vas added over six and one-half hours
at 229 - 35°. Finally, 3.6 g. diisobutyl ketone (% g. mole
fotal) iﬁ §Q ml. lsooctane was added over oﬁe-half hour

and the recaction mixture was stirred for one hour more.
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The reaction mixture was treat:d exactly as described

in (A) and (B). The chloriﬂe titration indicated that the
~ benzyl chloride had reactod completely.

In the product distillatlon, 15.6 g. toluene from
metallation (35 por cént)'was obtained In the isooctanc;
37 per cent of the dlisobutyl ketone was recovered unchanged,
regenerated from the enclate formed by metallation. The
higher boiling portion was fractionated through column B

into the following portions:
25

Sample weight, g. N, : identity :
(a) 4,63 1.4749 ketone and product carbinol
(b) 9.20 1.4957 :
(c) 9.29 1.49€3
(d) 9,14 - 1.4953
(e) 9.00 1.4952
(f) 8.83 1.4950 benzyldiisobutyl carbinol
(8) 9.04 1.4943
(h) 7.92 1.4938 | | | -
(1) 1.73 1.4926 .

residue - 2.4 -

The still-head temperature ranged from 92° to 100° at % mm
Pressure, The still-pot tempcrafure ranged from 135° to
190°., Analysis of (e): calculated for 016H260 Cc 81.,9¢

H 11.18; found'C g2.28, 82.41; H 11.15, 11.25. The total
¥leld of crude carbinol was €69 g. or 59 per coent. This

Product has not been reported previously.

D. BENZYL CHLORIDE AND ACETONE

A number of preparations were carried out with this
palr of reactants to establish the optimum prodedure for-the
Syntheslis. Eécause'they produce an intermediaete yield of
carbinoi'(42 per cent) under optimum conditions, either an

increase or decreasc in yleld 1s readily observable with
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cnanged reaction conditions. The results of this set of
reactions is summarized in Teble I. The following are
typlcal examples of the principal aodifications.

(1) Most Effective Procedure. The best yield of

benzyldimethyl carbinol was obtained by conducting tpe
8ynthesis as described‘in example (B) for benzyl chlorlide
and diisopropyl ketone.
A total of 31.7 g. benzyl cnloride and 14.5 g. acetone

(C.P. acetone was employed without Pedistillatlon) were
‘reacted t% g. mole each). As before, 0.55 g. atom sodium
was‘employcd. Ipithis.case, the sodium was lnitially

dispersed In xylene instgad of in butyl ether, however the
prlncipallsolvent for the reactlon wu:s again isooctane. The
Prccedure durlng the roaction and the treatment of the'réaction
mixture was_che Samc as that described in example (B) with the

single excéption that the reactlon was carrled out at 0° - 10°,.
The chloride lon titration indicated that 98 percent of the
benzyi;chloride reacted.

| The dried oll layer was distllled through colunn A.

.A total of 6.2 g. toluene from metallation (27 perQent)
wes obtained in the isooctane fractions. Following lns
;sooctgne, toluene and xylene, 1.9 . crude benzyldimethyl
éarbinpl (42.5 percent) was distilled, n,°° 1,5082. Indi-
cations had been obtéinedvpreviéusly that:a‘Small amount of
‘benzylacetdne is formed with the benzyldimethyl carpinol by
feactlon of benzyl chloride with acetonyl sodium for@ed by

metallation. The carbonyl content of the crude benzyldimethyl-
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carbinol was determined by duplicate hydroxylamine hydro-
chloride titrations (14). "This indlcated that the crude
procuct contained 14 per cent benzylscctone. A portion of
the crude cerbinol was subsequently redistilled through
~column P2, A small rorerun with the odor of tenzyl chlorlide
. net , "0 . 16
was followed by a sccond smsll Cractlon b.p. 77 /Smua., np

1.5164, Finally, the principal fractlon wus collucted, b.p.

16
D

literature are b.p. 104°-105°/17mn., ng® 1.5173-4 (21).

84°-85°/5nm,, n 1.5171; the constants reported in the

<he residue from the original distlllutlion was 4.2 g. from
vhich a small amount of grude diﬁenzyl vas recovored,

4 portion ol the dimethylbernzyl carbinol was oxldized
with Qlkalinc potassiun permcnganate., The product wuy 1so-
‘1ated by acidificétlén, ethe; ocxtreaction and colution of the
‘acid procducts 1n chlorofora according ﬁb'the procedure of
Gllman and Kirby (22) in order to establish Lhe presence or
absence of phtralic acids. Ohly benzolc acid was lcolated,
demonstrating thet only normal addition occurs in the redction
of benzyl sodium wilh acetone.

Similar reactions were carrlied oul in varicus Iinert
solvents and at different temperavures vwitn the results
indicated In Table 1. These led to Lhe conclusion theat the
desifcd recaction leg favored‘bj cuployling a sclveni of mini-
i dielsctric qonstant and the minliun tempcrature vihich
will sustain the reaction between the chloride and the sodium.

Witnin the range ol 5 to 50° the cemperature effect 1is quitg
Small., It is usually deoireble Lo conduct the reuction at

room temperature to lnsure rcasonably complete reaction since
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the abllity of the sodium to sustaln-the reactlon at lower
temperatures was found to dépend strongly on the dctivity or

rreshness of the dispersion.

(2) Acetone Addition Leading. In order bto explore the
possiblility of capltolizin;_on ﬁhe side reaction produclng
benzylacetoné by wurtz type reaction between acetonyl sodium
and benzyl chloride, 2 reaction was run in essont;ally the
sane Tashioh as example (1) but with the addition of acetone
10 per cent ahead of the benzyl chloride. 'The reéction was
run at 50°.in butyl ether. Only 0.28 g. atom sodium was
employed with ¢ g. wmole each of benzyl chloride and ucetone
in order to minimize the direct reactién of the sodium and
the benzyl chloride. A solutlon of 1,5 g. acetone 1n 30ml.
butyl ether was addéd during twenty minutes followed by a
.solution of 13.0 g. acctone and 28.5 g. benzyl chloride In

240 ml. butyl c¢ther during onc and ope;ha;f houré and flinally
by 3.2 g. benzyl chloride in I0 ml. butyl ether during fifteen
minutes. The reaction mixture was quenched and lhe produéts
werc separated as in example (R). The chloride titration
indicated that 52 per cent of the benzyl chloride reacted;
reaction of the sodiwm was trnerefore essentially cdmplete.

The yleld o€ crude benzyldimethyl carblinol was £.93 g.
Dupllicate hydroxlamine hydrochloride titrations indicated that
this product contained 26 per cent ketone as benzyl acetone.
The ylelds were-therefore 6 3 per cent benzylacetone and 17 5/4
per cent benzyldimethyl.carbinol (1234 and 35% per cenb‘reé—
pectively ‘based on benzyl chloride reacted). '~ The proportion

of venzylacetone in the product was thus increased sigﬁifif,
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cantly, although the carbinol rcmalned the principal product.

(3) Two Step Reactioﬁ."The sffect of employing &
procedure more closely paralleling the Grignard synthesis
was studied by cbnducting the reactlion in two steps. ’Benzyl
‘godium wag first f'ormed by%petallhtion of toluenc by phenyl
godium, A dilute solution of acetone was then added slowly
to the benzyl sodium.

The eduipment descrived 1In example (A) was purged with
nitrogen; 25.4 g. 50 per cent dispersion of sodlum in
eicosane (0.55 g. atom) and 200 ml. dry toluene were intro-
duced. A solutlon of 28.2 g. chlorobenzene, ¥ g. mole,.
(fractionhted, b.p. 72f8°/109 mm.) in 100 ml. toluene was
added dropwise during ono hour at 17° - 27°, Thg reaction
mlxture turned jet black during the additlon. It was heated
to reflux for three hogrs. The color guickly changed from
black to brown. A solution of 14.5 g. acetone (% 8. mole).
in 100 ml. toluenc was added dropwise during one nour at

A 20° - 30° and the mixture was stirred for one hour more.
The brown color remailned.

The reactlon mixture was quenched and the products
were separated as in example (A). The chloﬁide titratlon
indicated that‘94 per cent ol tho chlorobenzene reacted.
Fractional distillation of the oll layer through column A
gave 9,9 g. crude benzyldimethyl carbinol (26.4 per cent
yleld) nDz5 1.5126., Indications were cbtained that up to
3 g. biphenyl (8 per cent ylcld) remained in the distillation
residue, ' The following pheﬁylacetic écid prpparation was

therefore carried out to éstablish the efficiency of tils
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method of preparing benzyl sodium by metallation.

The same equinment was purged with nitrogen and charged
with 200 ml dry toluene, 25 4 @. 50 per cent dispersion sodium
in eicosane (0.55 g. atom sodium) and a few crystals of benzo-
phenone to activate the sodium. A solution of 28.2 g. chloro-
benzene (% g..mole) in 100 ml. toluene was added dropwise over
one and one-fourth hours at 15° - 25° , The typical black
oolor of phenyl sodium again developed. The mixture was stirred o
one-half hour at room temperature, then heated to reflux for
three hours° It was then partiallj cooied and poured with
.8%irring into a large excess of crushed dry-ice;in 100 ml.
toluene under a nitrogen atmosphere in a stainless steel
beaker., After warning overnight to evaporate the excess dry-'l |
ice, the mixture was returned to the reaction flask and quenched “
“at 5‘7t0'26° , under nitrogen, with digtllled water. Tne‘

- toluene and‘aqneousilaysrs were separated and the toluene
was washed with three portions of distillediwaterla The oomf"
bined aqueous layers wene filtered through sintered glass anq

made acid to Congo red with concentrated sulfuric acid. A

heavy precipitate of tan, crystalline phenylacetic aclid was
removed, 27.0 g., M.po 75.5°- 76t5°’. Extraction of the
acid water nitn three poftions of ethyl ether gave an additional
3 ﬁt'Of;very impure phenylacetic acid. The total yleld was
therefore 80 to 88 per cent of theofy.l A yield that high in a
One-fourth gt mole reactlon Verified‘the effectiveness of,this.
method of preparing the benzyl sodium.

Synthesis of benzyldimethyl carbinol by addition of acetone
to Dreformed benzyl sodium renders possible reaction with the
‘acetone. at a much lower tempenature since the benzyl chloride-

sodium reaction does not have to be main-~
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tained simultaneously.~ Accordingly, the preparation was
repcated éxactly as described above except tiiat the solution
of 14.5 g. Acetone in 100 ml. toluene was added dropwise over
one hour to the reaction mixture at -35° to -45°, 1In this
.case the yield of benzyldimethyl. carbinol was 11.8 g. (31.5
per cent), This substgntiated the earlier observations

that the carbinol s§nthesis is favored by lowering the
reaction temperature and that the effect is relatively small.

-E. BENZYL CHLORILE AND PROPIONALDEHYDE-

The procedure described in example (B) was followed
throughqut in the preparation of benzylethyl cafblnol from
benzyl chloride and propionaldehyde. A total of 31.7 g.
benzyl chléride and 14.5 g. propionaldehyde (¥ g. mole each)
were reacted with 0.55 g. atom of dispersed sodiuwm. The |
chloride ion titration indicated that 99 per cent of the
benzyl chloride reacted, The 1nitial pfoduct distillation
through column A gave 13.4 g. toluene from ﬁetallatlon (59
per tent) and 3.9 g. crude benzylethyl carbinol (1€ per dent).
This was not enough carbinol to permit fractional distillaﬁion.
It was dlstillea from a Clalsen flask into the following two |
port;ons: . |

(2) 1.0 g., b.p. 62.5°-70.5/0.6 mm., n,*® 1.5142

(b) 0.6 g., b.p. 67.59-75.5%/1 mm., n '8 1,5253
Analysis of (b): calculated for C10H140,C 79.95, H 9.39;
foung ¢ 8Q.66; 80.72, H 8.83, 8.58., This cﬁrbinol was re-
Ported once previously (34), The propertics reported.were
b.p, 124°f127°/15mm, nDl6 1.4%01. No analysis was given.
Most aryl-éubstituted carbinols have been observed to have
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refractive indlices greater then 1.5«

F. CHLOROBENZENE AND ETHYi ACETATE

Three attempts were made to prépare diphenylniethyl
carbinol by reaction of chlorovenzene and ethyl acetate
following the procedure described in example (A). In each
case thé dark color of phenyl sodium developed during the‘
initial adaition of chlorobenzene solutlon but the reaction
stopped vwhen the simulteneous addition of ethyi acetate and

_chlorobenzene bégan. It can be started again by werming the
reaction mixture suff'iciently; however, that was not useful
because chlbrobenzene undergocs the Wurtz-Fittig‘reactlon
to Ulphenyl very rcadlly above 45°- 50?. Also, if much
chlorobenzene has been added without reacting, the reaction
18 violent when it docs "catch" and may exceed the capacity
of thé reflux condenser. This poéuliarly slugzish behavior
&ppears to be unique with this pearticular combination of
reactants because ethyl acectate worked Qery vell with benzyl
chloride. No diphenyluethyl carbinol was isolated from any

of the three reactions.

G. CHLOROPENZENE AND DIISOPROPYL KETONE

| The procedure déscrlbed in example (B) was followed
throughout in the preparaﬁion of dlisopropylphenyl carbinol

from chlorobenzene and diisopropyl ketone. A total of 28.2 g.
chlorobenzene and 28.6 g. dilsopropyl ketone (4 g. mole

€ach) were reacted wilth 0.55 g. atom of dispersed sodium

at 39° = 44°, The chloéide ion titrstion indicated that

86 per cent of the chlorobenzene rescted. The inltlal

Product distillation through colwmn A gave 8.50 g. benzene
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Lrom metallation'(ﬁo per cent of the’ chlorobenzene reacted),
36 per cent recovery of unéhgnged diisopropyl ketone, probably
Peéenerated from the c¢nolate formed by metallation, and 15.7
g. crude diisopropylphenyl carbinocl (38 pericent). The crude
carbinol was vacuum distlliled from a Claisen.flask. Three

fractions were collected: _
(8) 4.85 5., b.p. 75%-80°/0.4 mm., n,%° 1.5114
(b) 6.26 g., b.p. 62°-74°/0.3 um., n, 20 1.5119
(c¢) 2.40 g., b.p. 7595°-75°/0.3 mm., n 20 1.5012
Fractions (a) and (b) were éoublnod‘und distilled
through column E; The following fractions were collected:
(1) 1.6 g., b.p. 82°-85%/1.2 am., n%® 1,5114
(2) 3.4 g., b.p. 749-789/0.5 mm., n2® 1.5109

(3) 3.9 g., b.p. 74°-76°/0.5 mm., n%® 1.5107

Stas has reported b.p. 118°-119°/11 mm., n3°1.5239 (26)
Fraction (2) gave negative tests for unsaturation and for
‘carbonyl contamination, Analysis of fraction (2): calculated

for ¢ C 81.20 H 10.48; found C 81.18, 80.96; H 10.44,

1385002
10.52.

H. CHLOROBENZENL AND PROPIONALDEHYDE

The procedure qf example (B) was again followed in the
Preparation of ethylphenyl carbinol from chlorobenzene andv
Propionaldehyde. A total of 28.2 g. chlorobenzene and 14.5
g. propionaldehyde (% g. mole éach) were reécted with 0.55 e
atom dispersed sodium at 509, - The chloride ion titration
showed that 99 per cent of the chlorobenzene reacted.

Distillation of the dried oil layer through column A gave
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13.8 g. benzene from mctallation (71.per cent) and 3.2 g.

crude ethylphenyl carbinol (10 per cent). The carbinol was

dlstilled under reduced pressure from a. Claisen flask into

two fractions:

() 0.58 g., b.p. 77°-78.5°/3 mm., ni° 1.5147

(o) 2.36 g., b.p. 52°-55°/0.8 mm., n2° 1.5183, n%® 1.5174
Reported propefties for ethylphenyl carbinol are:

b.p. 95°/4 am., n%® 1.5208 (35) |

b.p. 76°/3mm., nga 1.8210, p-nitrobenzoate m.p. 56.5° (36)
The yield of carblnol was too small to permit fractionation
through column B. The identlty of the product was established
by preparing the p-nitrobenzoate by'a.procedure similar to
that repérted previously. (3€) Fraction (b) was diluted
with dry diethylléther and reacted with metallic sodium, The
unreacted sodium was removed and 2.0 g. solid p-nlitrobenzoyl

chloride was added to the solutlon of sodium carbinolate in

ether. The reaction mixture stood at room temperature
OVefnight. The preclpitate was removed by flltration. The
ether was evaporated and a new precipitaté formed. It was
removed by flltration and found to.be E—nifrobenzoic acid.

The vliscous filtrate was allowed to ‘stend for ten days. The

ester érystallizod from it very slowly. It was renmoved by

filtration and purified bj repcated washing with petroleum
ether. The product ethylphenyl carbinol g-nit}obenzoate‘
melted at 55-6°.

I+ n-AMYL CHLORIDE AND ETHYL ACETATE

Diamylmethyl carbinol was prepared from n-amyl chloride

8nd ethyl acetate by the procedure described in example (A).
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The reaction of 53.3 £ bfamyl chlorlde, refractionated
b.p.'105.8°-167.4°/745 mm., (% g. mole) and 22.0 g. ethyl
acetate (%1 g. mole) wifh 1.1 g. atom of dispersed éodium

was carried out at 99-15°, The chloride tltratlon indlcated
that 83 per cent of the anyl bhloride reacted. Distillation
of the oil‘layer through column ‘A gave 22.6 g. pentane from
metallation and 9.0 g. crude diamyl methyl carbinol (75 per
cent and 23 per cent yield respectively based on amyl chloride

reacted). An attempt to distil the carcinol from a Claisen

flask at atmospheric pressure gave some dlstillate b.p. 2110~
21309, nzb'l.4675. The refractive index of methylundecene
obtained by dehydration of this carbinol has been reported
to be ngo 1.4368 (28). The remalindor of.the carbinol was
distilled under reducea pressure from the Claisen flask,
b.p.'74°¥83°/2 mm., nz°® 1.4386. The physical properties
Previously reported for di-n-amylmethyl carbinol are b.p.
80°-83°/2mm., n2° 1.4392. (28)

J. n-AMYLCHLORIDE AND DIISOPROPYL KETONE

Amyldiisopropyl carbinol was prepared from n-amyl
chloride and dilsopropyl ketone by the procedurs described
in example (c) using % g. mole each of chloride and ketone.
The reaction of 53.3 g. n-amyl chloride and 57.1 g. dilso-
Propyl ketone (% g. mole each) with 1.1 g. atom of dispersed
sodium was carried out at 25°-30°, The chloride ion titration
indicated that 98 per cent of the amyl chloride reacted.
Distiliation of fhe dried oil layer through column A gave

23.8 g. pentane (66 pcr cent)., The product distilling in
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the range where dmyldiisbpropyl‘carblnol was expecteq was
20,4 . It gave strong pogitive tests for unsatupatlon and
a weak carbonfl test, Careful distillgﬁion throush column
B falled to separate the carbinol product from the unsaturated
| material, Since the high yield of pentane and the relatively
small amount of crude product (22 per-cent yield as carbinol)
" Indicate that this pair of reactants is in the group for
¥aich the Grignard reaction is much more effective, no further
effort was made to separate tﬁe carbinol from the unsatur-
ated product.
K. n-AMYﬂ CHLORIDL AﬂD,DIISOBUTYL KETONE

Amyldiisobutyl carbinol was prepared from‘g-amyl

chloride and dilsobutyl lketone by the procedure described

in example (B)., The reaction of 26.7 g. n-amyl chloride and

$5.6 dilsobutyl ketone (} g. mole each) with 0.55 g. atom

of dispersed sodiwm was carried out at 229-25°, The chloride

lon titration indicated that 86 per cent of the amyl chloride

réacted. Distillation of the oil layer through column A

gave é}e g. pentane and 5.5 g. crude n-amyldiisobutyl car- .

bi,nOl (63 per cent and 12 per cent yield respectively based

On amyl chloride reacted); 81 per cent of the diisobutyl

ketone wa's fecovered uncﬂgnged, regeneratod from the enélate.

The crude carbinol was distilled under reduced pressure from
~ & Claisen fl;sk. The entire sample boiled from 80° to 870

at 14 mm. Thé princlpal center cut gave b.p. 77.5°-78.5°/0.2

mny, , néf 1.4424, analysis: calculated for 0143300, C 78.43,

H 14.li; found C 78.61, 76.78; H 14.07, 13.90., This cerbinol

has not been reported previously.
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L. ISOPROPYL CHLORIDE ANDYDIISOPROPYL KETONE

Triisopropyl carblnol was prepared from lsopropyl
chloride and diisopropyl ketone by the procedure described
in example (B). Tho reaction of 19.6 g. isopropyl caloride
(refractibnated b.p. 55.1°/756 mr.) and 28.6 dilsopropyl ketone
(£ g. mole eéch) with 0.55 g. atom sodlum was carried out at
26°-34°, The chloride ion titration indicated. that the
1sopropyl chlﬁrlde reacted completely. The cold-trap retalned
0.2 g. véry'low Bolling liquid during the recactlon. It gave
only a very weak test for unsaturatlon wlth bromine in car-
bon tetrachloride. It‘was thereforg principally propane from
metallation with a lilttle propene from dehydronalozenation,
Any pfopane romaining in solutlon in theoil layer was lost
during the washing and drying éperations.’ The yield of
metallation product was therofore not established in this

\
reaction, - Distlllation of the oil laycr through coluun A

gave 2.€1 g. crude triisopropyl carbinol (6% per cent'yield).

This was fractlionated through column B Into the following

Portions: .
(1) 0.14 g., b.p. 94°-95°/50.5 ma., n3C 1.4445

(2) 0.28 g., b.p. 94°-95°/30.5 mm., nZ0 1.4465

(3) 0.79 g., b.p. 94°9-95°/50,5 mm., n%o 1.4479

(4) 0.40 g., b.p. 95°-97°/30.5 mm., n%? 1.4487

The properties previously reported for this carbinol are

b.p. 84°-859/50 mm., n,*0 1.4478 (2) and n,R0 1.4476-80 (37).

D
The discropancy in boiling point is probably due to the
tiendeno::y of column B noted previously to give. a boiling.

Polnt elevation, superheating, even with the monel spiral
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packing thoroughly wetted. The 6% pér cent yield of crude
trilsopropyl carbinol obtained here, employing optimum
recaction conditions, is essentially the same as the 7 per
cent crude yield obtained by Bartlett and Schneider who
Carried out the resctlon at reflux 1n isooctane employing

sodiunm sand. This clearly demonstrates that the modified

Procedure for the carbinol prcparation and the use of
dispefsed sodium will not provide any large general imprbve-
ment in the yields reportod In earlicer work on this reaction
whon applied to the synthesié of highly branched carbinols.
M. ISOPROPYL CHLORIDE AND FTHYL ACETATE

The readtlion of lsopropyl chloride and ethyl .acetate
was carrled out following theo procedure described in example
A at 30°-340, The chloride ion tltration indicated that
87 per cent of the isoproﬁyl chloride reacted. No diisopropyl-
methyl carbinol was obtained.

N. ISOPRGPYL CHLORIDE AND ACETONE

Isopropyl chloride and acetone were reacted by the
Prodedure described 1n‘oxample (R) at 30°-34°, 'The chloride
lon titration indicated that 99 per cent of the isopropyl
chloride reacted. ¥o dimothylisopropyi carbinol was‘obtained.
O. t-BUTYL CHLORIDE AND ETHYL ACETATE

The reaction of toert-butyl chloride and cthyl acetate
Vas carried out followlng the procedure of example (A).}
Cyclohoxane was substituted for isococtane as reaction sol-
vent to facilitate isolatlon of any tert-butylmethyl ketone

formed The reactlon wes run at reflux (82°) because it
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“wage found to be quite slu. . leh in &n carlier run which cave
orly 4 per cent reaction of the tert-butyl chlorlde at 38°-
460.. The chloride ion titration showed that €5.6 ner cent
of the Egigfbutyl chlcoride roacted in thie cese. The cold
trep caught 16.0 £. of @ liguid boiling at -10%to 0°C which
gave a very strong pos’tive.test for unsaturalion with
bﬁominé in cqrboh tetrachloride., Thils correcponds to 87
Per cent yield of isobutvlene {rom dehydrohelogzgenation plus

isobutene from metalletion bused on the chloride reacted.

Mo tert-butylmethyl ketone or di-tert-butylmcihyl carbinol
ves obtained,

P.  BENZYL CHLORIDE AND PARAFORNALDEHRYDE

A solution of €3.3 g. benzyl chloride (% g. wole) in
t

200 ml. toluene was added dropwlse to 200 ml. tolucnc con-
taining 33.0 g. peraformeldenyde (1.1 g. role) and 63.6 g.
40 per cent dispersion.of socCium In Nujol (1.1 g. atom sodium)
at 25°-500, WNo reaction of she benzyl chlorlde was-obtained.

The procedure wes repecated with external heating to inltiate

"taction. The only product obtained was dibenzyl.

Iv Summery

V(A) An effective procedurc has been developed for the
DPreparation of carbinols‘by the slmultancous adiition of an
organic chloride end @ carbonyl compound in dilute solution
to a dilute dispérsion of r.etallic sodium. The preparation
is most effective when carrlea cut in a solvent of alnimum
dielectric constant, such-es isooctane, ét the mininum

temperature which will sustain the reaction.
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(B) Tae alternative Lwo-sbtep procodure comprising

. . ‘ -
addition of a dilute colvtlon ol :tir e carbonyl ccin.ouna to
a dilute solution of the preformed organo-sodiwmn intsr-

nediate wes denonstrated Lo recult In a reduced yield of

carbinol. The los: in yield i not so great, however, as
to preclude the use of this procedure in conjunction with

2 nmetallation reactlion vhen that poermits foratlon ol a

difflceultly accessible organc-setallic Intermcdicie from a

readily avallable chloride.

(£) Syntiesis of carblinols vy the sodium prouoted

)

condensablon of organic chlorides und carbonyl cowpounds

Vas shown to e limlted princinally by metallation of
~active o -hydrogen atoms of the carbonyl reactanlt LY the

. Tho effectiveness o curbonyl

o

organo-gsodiuwm intermedial

¢ompounds'in this f¢action increases wlth decrcasing e«-ny-

drogen activity. The effectiveness of chlorides incresces

“Lth decreasing base strength of the organo-sodiuwm Inter-:

mediatcs whldh they broduce.

" (b) The relative utillty of the sodlww veactlon end
‘the Grignard recction anéd the typgs of coupounde with whlch
each 1s most c¢ffective heve been ghown. The sodliuvm reaction
ls niost advantageous when.the Grlgnard»reaction ls prevented
bY»caPponyl reductlion, when the metallétion recaction with
Sodium eliminates the necesslity of preliminary synthesls of-
a suitablc hdlide, and when the tﬁo moethods give comgarczble

‘,yields‘bpcuuse of Lhe simplicliy of the codium resction. The

Grignard reoction is most edventageous when metsallation of

the carbonyl reactant leads to a severe reduction in carbinol
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Yield by uvhe sodium sjnitaesis.

(i Tho‘procedﬁre descricéd under (A) for the gsodium
Promoted synthesis ol carbinols lmproves upon analayous
fodium reactions reported prcviéusly in that simultaneous
addition of tae reactants is more convenient, gredual
addivion of tne halide at a médéfate temperature is safer
and peactlon at @& moderate temﬁerature minlmlizes loss in

yield by wurtz reactlion with sensitlive halides sucn as

.benzyl chloride. [n bthe syntresis of highly branched car-

blnols this procedure does not effect tie -lmprovewent in
Yield nhoped for in comp&arison with reactlions reported pre-
Viously. |

(F)' Iwo carvuinols were prepared wiich have not been
Peﬁorted previously. they arc benéyldiisobutyl carblnol

and n-amyldiisobutyl carvinol.
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TABLYT I BrNZYLDIVRTHYDL CARZINIL SYNTHISIS -
Rsactants Yiele
Resaction iloles sicles % Chloride Yleld Benzyl- Yield Yieléd | #Aigh Briling
Solvant “Temn., °C Chlorids Acetone Reacted Dimethyl Carbinol Katone (2) 'pluene Essicus
*1-CH, ClL 4 2 Na + CHgCOCH, ——> >h-CH,C(CHj),0Na + Fa Cl (1)
Eutyl Fther - 50° : + 160% 25% 4,44 24% 219
3utyl Ether {3) 850 | - 3 100 21 1.2 58 3
Butyl Fther (4) 50 : 2 52 35 12.0 92 35
Benzans 1! x 93 33 . - 42 5
Benzene 5 i 3 89 40 1.0 31 12
Isooctans 5 i 4 93 42 0.7 27 1 (35)
Isosctans -25 2 : o reacton
: ®hCHy CHy G0 CH,
"h-Cl + 2Na——>>afa — > aCH,la -> PhCELC(CHj), ONa
Toluena 25 ° | ¥ 94% 27% of - o7
[
Toluens (67 -40 i i 28 32 0 - '

(1)
(2)
(3)
(4)

—~
[e1 G
—

—~
o
~—

Benzyl chlorids and acetone added simultaneously to .55 g. atom of dilsverssd sodium;
benzyl chloride adcition led acetone by 10 psrcent sxcept as noted othorwise.

XKetoné oroduct boiling with ths Lenzyldimsthyl carbinol, evidontly benzyl acetons.
Hot isolated to prove idsntity.

Benzyl chlorice and acatone added togzsther from tna start.

Acztone additlion led benzyl chiloride by 13 percent. ESmpyloyed only 0.27 g. atom
sodium. ) ‘
£ small amount of crude dibanzyl was isolated Trom this rasidue. It was not is-
clated from the others althouszh there wsre indicat’ons that it was oresent.

The resctlon mixture was carboxylated at thz end of the reaction to tras any un-
reacted nhenyl or benzyl sodium., ¥esit':er banzolc nor phenylac=tic acid was odiained.
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Reactants

Benzylchloride and
ethyl acetats

Benzyl chloride and

diisopropyl ketone

Benzyl chloride and

dlisobutyl ketons

Benzylchloride and

acetone

Benzylchloride and

ethyl acetate

Benzyl chlorlde and

paraformaldehyde

(1)
(2)
(3)

Carbinol

Product

Dibenzylme thyl
carbinol

Benzyldilisovoropyl
carbinol

Benzyldliisobutyl
carbilnol

Benrzyldimethyl
carbinol

Benzirlethyl
proolonaldehyde carbinol
Chlorobenzene and -
athyl acetate
Chlorobenzene and Diisppropylphenyl

- dilsopropylketone carbinol
Chlorobenzene and Ethyiphenyl
proplonaldehyde carbinol
n-Anmyl chloride and Diamylmethyl
ethyl acetate carbinol

. n-Amyl chloride and Amyldiisoprooyl

“diisopropyl ketone carbinol
n-Amyl chlorilde and Amyldiisobutyl
dilsobutyl ketone carbinol :
Isooropyl chloride and Triigoprogyl
diisopropyl ketone carbilnol
Isovropyl chloride and: - N
ethyl acetate
Isopropyl chlbride and -
acetone
Toert-butyl chloride and -

TABLE II RSACTION PRODUCTS

Yield at Crude
Carbonol (1),%

72

- 65

59

10

23
low,

12

0 (3)

Carbinol yields based on chloride reactad.
The ethyl acetate appeared to inhiblt the reaction of chl
The solld paraform aldehyde appeared to ‘Inhibit the react]

carbinol was not isolat

77.5-8.5/0Q"

Boiling
Point, °C/mmi ;s

138-9/0.5-1.9
197-8/20

99/1-105/2
161-4/35

103-5/1
83-5/4.5

104-5/17

68-75/1
124-7/15

74-76/0.5
118-119/11 |

77-8.5/5,5é4yxb
l S
|

-

93/4
76/3

80-3/2 }

94-5/30.5
84-5/30,104'¢
106.6-8.0/¢

[
e

Refractive

Index N
T 5Gos —
1.5708'7%
1.5735'°

1.5125%%
1.538~

1.4957%

1.5171°"

1.5174%¢

1.5253':
1.43017

1.5109%9
1.5140%7
1.5239%°

1,5178%°
1.5208%¢
1.521047

1.43864°
1.4392%°

1.4419%¢

1.4479 %°
1.447542°
1.4476-80%°

Yenzene with sodium.
of benzyl chlori

Theory

Other Characterizatlion

d 1.04986 . :
Theory & 84.91 H 8.02
Found" ¢ 85.16,85.41 H 8.20,7.91

d 1.0258 ~No analysis
Theory C 81.50 H 10.75
Found ¢ 81.98,81.72. H 10.67,10.64

H 11.18

Theory -C 81.99
H 11.25,11.15

Found C 82.28,8241

H 9.39
H 8.83,8,58

¢ 79.95
Found C 80.66,80.72

Theory C 81.20 H 10.48
Found C 81.18;80.96 H 10.44,10.52
80.8 10.7

p-nitrobénzoato m. 55-56

p-nltrobenzoate m. 56.5
dehydrated to olefin n’ . 1,4373
dehydrated to olefin n%‘. 1.4368

Theory C 78.43 H 14,11
Found C 78.61,78.78 H 14.07,13.90

de 'with
sodlum.

Reference .

(23)

(24)
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B TABLE IIX

Yields of Carbinol (Addition Product) and Hydrocarbon (Metallation Product) in Sodium

‘ Promoted Condencations of Chlorides wilth Carbonyl Compounds

-

K

Carbonyl CHa\ CHg\
Compoun . ' ( JCH)xCO ( CH-CH;)ZCO

Chlorids—— CHa COOC, H 5 CH 2 . cH{ (CHj)aCO

C. HsCH,C1 72% Carbinol 65% Carbinol 59% Carbinol 42% Carbinol
149 Toluene 20% Toluene 35% Toluene 27% Toluens

C HeCl No Carbinol (1)  33% Carbinol =
74% Benzene 50% Benzene .- -

n-Amyl c1 23% Carbinol Carbinol low 127 Carbinol - -

- 75% Pentane 66% Pentane '63% Pentane -

flo Carbinol

CH4CH ,CHO

16% Carbinol
607 Tolusne

10% Carbinol

‘ 714 Benzene

CHz,
Neu-01 (2) No Carbinol 6% Carbinol :
CHb’ >12%4 C3Hydrocarbon >2% 03HVQPOCaP00n - 2% CjHydrocarbon = -
CHj | :
CH,->C-C1 No Carbinol
CHy 87% CyHydrocarbon (3) - - - -

(1)

to proceced smoothly in several attempts.
with the r=st of the Table.

(2) Due to the low boiling point of propane, the "Cjhydrocarbon,
prooene, was largely lost and accurate yields were not obtainesd.

(3)
and / or ketone reduction.

The chlorobenzene-ethyl acetate palr gave a peculiarly sluggish reaction which failed
Accorcingly, this data is not consistent

" propane and possibly

With tert-butyl chloride the hydrocarbon was mostly isobutylene from dnhydrohalobenation
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TABLE IV

Yields of Carbinol by Grignard Reaction of Hallde~Carbonyl Pairs
from the Literature (1)

Carbonyl CHa CH4
Compound ( CH); €0 ( _CH-CH,),CO .
Hm-» CH3C00C, H CH: CHaq 20 (CHa),CO  CHCH.CHO
CoH,CH, X ca 80% (23) "low" (24) - 70% (25) -
CgHsX 75% (38) 57% (26) - 614 (27) -
n-Amyl X 75% (28) 60% with - 63% (29) -
' isoamyl (24)
CH;,
CH X - 0% (30,6) 0% (7) 40% (11, -
CH,
CHy =L-X 0% (32) o% (7) o% (7) 28% (33) 60% (33)
CH
3

(1) Products for which ylelds are not given either have not been reported,

have not been prepared by this combination of reactants or have beén

reported without ylelds.



