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since a complete reaction between (i'-C3H7)2Ge(XCS)2 and 
silver acetate occurs. The two systems below yield mix­
tures of organogermanium compounds (Table I I ) . 

[(C2Hs)3Ge]2O + 2 AgOCOCH3 t> 2 (C2Ho)3GeOCOCH11 
+ Ag 2 O.-One hour of reflux of 0.742 g. of [(C2Hs)3Ge]2O 
and 0.732 g. of silver acetate followed by distillation under 
low pressure yielded a mixture containing 16.3%-OCOCH 3 ; 
similarly, 1.122 g. of (C2Hs)3GeOCOCH3 and 0.595 g. of 
silver oxide yielded a liquid mixture containing 16.6% 
-OCOCH3 . Distillation of a combination of the two mix-

The appearance of a red, crystalline compound, 
decomposing to menthone at 53°, was observed by 
Beckmann3 in 1889 during the chromic acid oxida­
tion of menthol and is the earliest reported indica­
tion of the existence of chromate esters. Such in­
termediates have been observed since, during simi­
lar oxidations of a few other alicyclic alcohols4"6 

such as cholesterol,6 but as a rule oxidation pro­
ceeds too rapidly to allow either the observation or 
isolation of chromate esters. If, however, chromic 
anhydride is shaken with a solution of a secondary 
alcohol in benzene7 or petroleum ether8 a yellow 
color often forms which must be due to the forma­
tion of the chromate ester, since chromic anhydride 
itself is insoluble in these solvents. Decomposition 
to a brown solid usually occurs rapidly, within one-
half hour, the one exception being the ester of bor-
neol9 which was isolated as a fairly stable, red liquid. 
The chromate esters of tertiary alcohols, however, 
have been isolated as solids or liquids, ranging from 
yellow to orange to red in color and are, in general, 
more stable than those derived from oxidizable al­
cohols.10 AU esters so far isolated have been dies-
ters of the oxyacid, (HO)2CrO2, although monoes-
ters have been proposed as transient oxidation in­
termediates. 

In a remarkable series of papers Westheimer and 
his colleagues11 have presented compelling evidence 

(1) This work was supported by Contracts No. DA-19-059-OR.D-
849 and -1494 between the Office of Ordnance Research, U. S. Army, 
and Yale University. Taken from the doctoral dissertation submitted 
by C. N. Matthews to the Faculty of the Graduate School, Yale Uni­
versity, 1955. 

(2) Monsanto Chemical Co., Dayton 7, Ohio. 
(3) E. Beckmann, Ann., 250, 322 (1889). 
(4) W. Dieckmann, ibid., 317, 27 (pp. 65 and 70) (1901). 
(5) R. A. Plattner, Th. Petrizilka and W. Lang, HeIv. CMm. Acta, 

27, 513 (1944). 
(6) L. F. Fieser, T H I S JOURNAL, 75, 4377 (1953). 
(7) F. Holloway, M. Cohen and F. H. Westheimer, ibid., 73, 65 

(1951). 
(8) H. Wienhaus and W. Treibs, Ber., 56, 1648 (1923). 
(9) W. Treibs, Dissertation, Gottingen, 1917. 
(10) H. Wienhaus, Ber., 47, 322 (1914). 
(11) (a) F. H. Westheimer and A. Novick, J. Chem. Phys., 11, 

506 (1943); (b) W. Watanabe and F. H. Westheimer, ibid., 17, 61 

tures showed 3 3 % [(C2Hs)3Ge]2O and 67% (C2Hs)3GeOCO-
CH3 to be present by weight. This confirmed the compo­
sition obtained by titration, which averaged 3.12 mole of 
(C2Hs)3GeOCOCH3 per mole of [(C2Hs)3Ge]2O. 

(J-C3Hj)3GeCl + AgNCS fc? (i-C3H7)3Ge(NCS) + A g C l . -
Study of this reaction from both sides, with fractional dis­
tillation of each product and with tests or the isothiocya-
nate contents, showed that the system required 80% (t-C3H7)3 
GeCl and 20% (i-C3H7)3Ge(NCS). 

PHILADELPHIA 4, PENNA. 

for the participation of chromate ester in the oxida­
tion of isopropyl alcohol and have shown further 
that the elimination of the secondary hydrogen 
atom of this alcohol after esterification is the rate-
determining process. The lack of stability of sec­
ondary chromates is undoubtedly related to the 
ease of elimination of the secondary hydrogen atom. 
Since tertiary alcohols possess no a-hydrogen atoms, 
the Westheimer mechanism is inoperable; hence 
their esters are more stable and must decompose by 
a different path requiring a greater activation en­
ergy.12 

Since Gomberg isolated the chromate of tri-
phenylcarbinol by treating silver chromate with 
triphenylmethyl chloride in benzene,18 other chro­
mate esters have been obtained by treating tertiary 
alcohols with chromic acid in suitable solvents. 
Thus Wienhaus and Treibs have systematically 
prepared a series of such chromates by this method 
in petroleum ether, benzene, hydrogen sulfide and 
carbon tetrachloride.8-"10 Alternatively, chromic 
anhydride can be treated directly with the carbi-
nol,14 the ester then being dissolved in solvent to 
remove it from the aqueous phase formed by the 
elimination of water during reaction. For several 
carbinols Fieser and Ourisson15 found that the esters 
resulted from shaking the alcohols with sodium di-
chromate dihydrate in glacial acetic acid or with 
chromic anhydride in acetic anhydride. Stable esters 
such as di-2-methylfenchyl chromate16 can be pre­
pared by all known methods, and these esters have 
been prepared for the purpose of purifying tertiary 
alcohols9 such as tricyclohexylcarbinol17 and 9-deca-
(1949); (c) F. H. Westheimer and N. Nicolaides, T H I S JOURNAL, 71, 
25 (1949); reference (7); (d) A. Leo and F. H. Westheimer, ibid., 74, 
4383 (1952); (e) M. Cohen and F. H. Westheimer, ibid., 74, 4387 
(1952). 

(12) Product and kinetic studies of this decomposition have been 
made and are the subject of forthcoming papers. 

(13) M. Gomberg, Ber., 35, 2397 (1902). 
(14) R. Oppenauer and H. Oberrauch, Analcs assoc. quim. argentine, 

37, 246 (1949). 
(15) L. F. Fieser and G. Ourisson, Bull. sac. chim., 1152 (1053). 
(16) D. A. Pease, Jr., Dissertation, Yale University, 1954. 
(17) O. Neunhoffer, Ami., 509, 115 (1934). 
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Chromate Esters. I. Solvolysis of Di-(2,4-dimethyl-4-hexyl) Chromate1 

BY HAROLD H. ZEISS2 AND CLIFFORD N. MATTHEWS 

RECEIVED SEPTEMBER 28, 1955 

Chromate esters of simple tertiary alcohols are isolable by freeze-drying technique. A new method of preparation of such 
esters using chromyl chloride is described. The solvolysis of the chromate ester of optically active 2,4-dimethyl-4-hexanol 
in methanol yields only the parent alcohol with essentially unchanged optical activity. The general occurrence of chro­
mium-oxygen bond formation and fission in these reactions implied by this optical result and product is related to the oxidiz­
ing power of hexavalent chromium. 
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lol.18 Unstable esters such as f-butyl chromate 
have been used as agents for the specific oxidation 
of primary alcohols to aldehydes,14 olefins to a,/3-
unsaturated ketones19 and for converting aromatic 
hydrocarbons to quinones.20 

Reactions with chromate esters have been gener­
ally limited to the regeneration of parent alcohol 
by basic8-10 and. acid15 hydrolysis, by reduc-
tion8-10 '16-18 and by oxidation with hydrogen per­
oxide.15 More recently, mechanistic studies have 
been undertaken with the chromates of i-butyl alco-
alcohol ,ud.21 triphenylcarbinol,21 2-methylfenchyl 
alcohol and 2-methylborneol.16'22 In the present 
paper the preparation and solvolysis of the opti­
cally active chromate ester of 2,4-dimethyl-4-hex-
anol has been studied in order that the path by which 
ester formation and cleavage occurs may be de­
fined. 

The chromates of a series of aliphatic tertiary al­
cohols have been prepared successfully in pentane 
solutions over chromic anhydride and also by a new 
method employing chromyl chloride in carbon tet­
rachloride. The important part of the technique 
in both methods is the removal of solvent, excess 
alcohol and any olefin at low temperature and pres­
sure (ca. —40° (0.1 mm.)) in a specially designed 
freeze-dry apparatus. Decomposition difficulties 
at this point prevented earlier workers from realiz­
ing the isolation of these esters. When pure, the 
esters can be stored indefinitely without appreci­
able decomposition at —60° in the dark. The 
chromates of 2,4-dimethyl-4-hexanol, 3-ethyl-3-
pentanol, 2-methyl-2-butanol and i-butyl alcohol, 
as well as 2-phenyl-2-butanol, 2-phenyl-2-propanol 
and triphenylcarbinol, have been prepared by either 
or both of these methods. 

Di-(2,4-dimethyl-4-hexyl) chromate, a red, liquid 
ester, undergoes rapid decomposition in sodium 
methoxide-methanol solution to pure 2,4-dimethyl-
4-hexanol, formaldehyde and reduced chromium. 
The mechanism apparently involves displacement 
by methoxide ion on chromium, i.e., transesterifica-
tion, followed by internal oxidation-reduction of 
the intermediate primary-tertiary chromate. 
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O 
Both steps as written involve chromium-oxygen 
bond fission and should lead to optically active car-

(18) W. Hiiekel and M. Blohm, Ann., 502, 114 (1933). 
(19) G. Dupont, R. Dulou and O. Mondou, Bttll. soc ckim., 60 

(1953); D. Ginsburg and R. Pappo, J. Chem. Soc, 516 (1951). 
(20) W. J. Murray and E. P. Stevenson, U. S. Patent 2,169,368 

(1939); C. A., 33, 9323 (1939). 
(21) M. Anbar, I. Dostrovsky, D. Samuel and A. D. Yoffe, / . Chem. 

Soc, 3603 (1954). 
(22) F. R. Zwanzig, Dissertation, Yale University, 1955. 

binol of unchanged configuration if the chromate 
ester be itself optically active. 

The esterification of optically active 2,4-dimethyl-
4-hexanol,23 [a]_D +4.54° (in CCl4), with either 
chromic anhydride or chromyl chloride gave active 
chromate. However, repetition of the basic hy­
drolysis just described gave carbinol, [a]r> +4.27° 
and +4.33°, respectively. We conclude that the 
ester has the same configuration and optical purity 
as that of the parent alcohol and that the hydrolysis 
of the chromate has proceeded almost exclusively, 
if not totally, by chromium-oxygen bond fission. 

Di-triphenylcarbinyl chromate, however, in 
methoxide-methanol solution does not react ex­
clusively by the chromium-oxygen cleavage process, 
since a small amount of methyl ether is detectable 
in the reaction product. These results are in agree­
ment with the O18 experiments reported by Dostrov­
sky and his colleagues,21 according to which alka­
line hydrolysis resulted in exclusive chromium-
oxygen cleavage of the chromate of ^-butyl alcohol 
and partial carbon-oxygen cleavage of di-triphenyl­
carbinyl chromate. 

In absolute methanol solvolysis of di-(2,4-di-
methyl-4-hexyl) chromate was substantially com­
plete within 24 hours. Again the sole organic 
products were the parent alcohol and formaldehyde. 
The absence of methyl ether or olefin was unex­
pected in view of the formation of such products in 
the methanolysis of tertiary carboxylic esters and, 
more particularly, of di-2-methylfenchyl chro­
mate. le In fact the methyl ether of 2,4-dimethyl-4-
hexanol and the olefin mixture derived from the 
dehydration of the alcohol had been prepared for 
comparison purposes in anticipation of their forma­
tion during the solvolysis. Since mixtures of these 
three liquids are not at all readily separable by dis­
tillation it is considered unlikely that either ether 
or olefin was lost during distillation of the methanol­
ysis product. 

The occurrence of chromium-oxygen fission alone 
in the methanolysis of this aliphatic tertiary chro­
mate ester was confirmed by the reaction of the opti­
cally active ester in methanol. Here solvolysis of 
the chromate ester prepared from carbinol, [a]D 
+4.54°, gave back carbinol with 96% retention 
of configuration, [a]v +4.35°. This almost com­
plete retention of optical activity supports the hy­
pothesis that chromium-oxygen cleavage is the sole 
mode of fission of alkyl chromates in such reactions 
and represents the first reported example of reten­
tion of configuration about a tertiary carbon atom 
in solvolytic reaction. By contrast, methanolyses 
of the optically active tertiary carboxylic esters, 
hydrogen 2,4-dimethyl-4-hexyl phthalate24 and hy­
drogen 2-phenyl-2-butyl phthalate25 occur with 
predominant inversion accompanied by racemiza-
tion. 

The methanolysis of di-(2-ethyl-2-pentyl) chro­
mate likewise gave only carbinol as the solvolysis 
product, whereas di-triphenylcarbinyl chromate 
gave a much larger proportion of methyl ether than 
was obtained by basic hydrolysis. 

(23) W. von E. Doering and H. H. Zeiss, T H I S JOURNAL, 70, 3966 
(1948); 72, 147 (1950). 

(24) W. von E. Doering and H. H. Zeiss, ibid., 75, 4733 (1953). 
(25) H. H. Zeiss, ibid., 75, 3154 (1953). 
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These stereochemical results permit only those 
mechanisms which preserve configurational identity 
to be written for the formation and solvolysis of di-
(2,4-dimethyl-4-hexyl) chromate. One such se­
quence is a t t ract ive to us in which the monoester is 
first formed, followed by a frontside nucleophilic 
a t tack on the ter t iary carbon atom of the carbinol 
by the monoester through a six-membered cyclic 
transition state. Of course reaction between a 
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second molecule of carbinol and the monoester by 
a mechanism shown in the first step above is also 
reasonable and would lead to the same result. 
The simultaneous a t tack of two carbinol molecules 
on chromic anhydride is conceivable bu t improb­
able. A two-step displacement of chloride ion 
from chromyl chloride by carbinol is the most rea­
sonable pa th for the formation of diester with this 
reagent. The solvolysis of the ester can then be 
written as a protonization of chromium oxygen 
with concurrent solvation of the chromium atom by 
methanol and separation of the ter t iary alcohol with 
retention of configuration. 

R-
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-O -« C < 
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O 
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The exceptional oxidizing power of chromic acid 
and its esters can be rationalized by comparison 
with the solvolytic behavior of other oxyacids. 
Hydrolysis of the ter t iary esters of the general 
structure, MO n (OR) m , where n is 1, 2 or 3, m is 1 or 
2, and M is Cl, S, N or Cr, i.e., the esters of per­
chloric, sulfuric, nitric, chromic and nitrous acids, 
listed in the order of decreasing acid strength in 
water,26 will result either in C-O or M - O bond 
cleavage or a mixture of both in relation to the 
strength of the parent acid. Thus, alkaline hydroly­
sis causes C-O cleavage in aliphatic tert iary esters 
of the strong acids (perchlorate, sulfate, and ni­
trate) bu t not in the esters of the weak acids (chro­
mate and nitrite) where M - O fission prevails.21 

In the case of perchlorates and sulfates even the 
primary and secondary esters are hydrolyzed in 
alkali with C-O fission,21 whereas primary and 
secondary nitrates undergo substantial M - O cleav­
age27 as do primary and secondary chromates. For 
neutral and acid hydrolysis essentially the same re­
lationship is apparent between ease of removal of a 

(26) R. J. Gillespie, / . Chem. Soc, 2537 (1950). 
(27) R. Boschan, R. T. Merrow and R. W. Van Dolah, Chem. Revs., 

55, 485 (1955). 

proton from the acid and the ease of C-O cleavage 
in its ester. 

Ease of M - O cleavage is closely related to the 
oxidizing capacity of an ester and its parent acid. 
Oxidation of primary and secondary alcohols occurs 
if their esters can decompose by M - O cleavage, sub­
ject to the further condition t ha t the expelled 
group be capable of independent, albeit temporary, 
existence. Thus, chromic acid and its ter t iary es­
ters exhibit excellent oxidizing properties, M - O 
cleavage occurring with formation of a compound of 
tetravalent chromium which is reduced further to 
the more stable trivalent state. The facileness of 
these reactions involving chromium compounds is 
of course related to the transitional character of 
chromium in which the number of valence electrons 
can be easily varied by chemical means. By con­
trast , perchloric acid is a poor oxidizing agent at 
ordinary temperatures,2 8 while sulfuric acid and the 
sulfates hardly oxidize alcohols a t all; indeed the 
use of primary sulfates for alkylating alcohols de­
pends on their ability to undergo C-O cleavage. 
Ni t ra tes are intermediate in their oxidizing proper­
ties; nitric acid oxidizes alcohols bu t ter t iary ni­
trates (C-O fission) do not. Nitrous acid on the 
other hand is not an oxidizing agent in spite of the 
fact t ha t its esters undergo M - O cleavage,29 since 
oxidation would require the ejection of the unknown 

: N = 0 ion. Similarly, carboxylic acids do not 
oxidize alcohols since even a highly transient exist­
ence of an intermediate anion, R — C = O , seems 
improbable. 

A further consideration in the comparison of the 
properties of chromate esters with other esters is the 
powerful electron-attracting character of the hexa-
valent chromium atom. Nucleophilic a t tack is 
strongly directed a t the chromium a tom rather 
than a t the adjacent carbon atom, whereas for car-
boxylates, for example, the relatively small differ­
ence between the electronegativities of the alkyl and 
acyl carbon atoms permits solvolytic a t tack on the 
former when its electronegativity is increased by 
electron-repelling groups as in tert iary esters80 or 
in certain secondary esters.31 Thus one observes 
C-O fission in the solvolysis of tert iary carboxylates 
but not of the corresponding chromates. I t is pre­
dicted tha t the solvolysis of ter t iary aliphatic ni­
trites will be found to follow a stereochemical course 
similar to tha t of the chromates since clean M - O 
fission is characteristic of their reactions also.29 

The optical results obtained in the solvolysis of 
the hydrogen phthalate2 4 and chromate of 2,4-di-
methyl-4-hexanol clearly show tha t the original 
concept of invariable and extensive racemization of 
a ter t iary carbon center in solvolytic reactions is 
far from true. 

Experimental3 2 

Preparation of Di-(2,4-dimethyl-4-hexyl) Chromate and 
Other Tertiary Chromates. (a) Chromium Trioxide Method. 

(28) H. Burton and P. F. G. Praill, The Analyst, 80, 4 (1955). 
(29) A. D. Allen, J. Chem. Soc, 1968 (1954). 
(30) S. G. Cohen and A. Schneider, THIS JOURNAL, 63, 3382 (1941); 

J. X. E. Day and C. K. Ingold, Trans. Faraday Soc.,31, 686 (1941). 
(31) A. G. Davies, J. Kenyon, B. J. Lyons and T. A. Rohan, / . Chem. 

Soc, 3474 (1954), and earlier papers. 
(32) Optical rotations were measured in 0.5-dm. tubes at room tem­

perature in carbon tetrachloride solution. 
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—A typical preparation using 2,4-dimethyl-4-hexanol23 

involved shaking mechanically 13 g. of the carbinol in 250 
ml. of pentane (purified by shaking thrice with concentrated 
sulfuric acid, washing with sodium carbonate solution and 
water, drying over calcium chloride and distilling) with 6 
g. of chromium trioxide (twice crystallized from water and 
dried over phosphorus pentoxide in vacuo) for 20 minutes. 
The orange-red solution was decanted from the aqueous 
chromic acid layer which had formed and was shaken again 
with 6 g. of fresh trioxide for 10 minutes. Little water was 
formed indicating that esterification was essentially com­
plete. The red solution was filtered onto solid calcium chlo­
ride, shaken for 10 minutes and then filtered into the freeze-
dry apparatus receiver flask {vide infra). Decomposition 
of the diester occurs after a few minutes a t room tempera­
ture (brown precipitate) but if freeze-drying is carried out 
at once no decomposition is apparent. The diester solution 
was kept at —40° during the freeze-drying, the flask being 
submerged in a bath of Dry Ice and acetone, and after 
several days a t 0.1 mm. pressure the infrared spectrum in­
dicated that the diester was free of carbinol or olefin (dis­
tinctive chromate bands a t 10.1 and 10.3 p). Almost 
quantitative yields of the diester were obtained (90%). 

The freeze-dry apparatus used consisted of a 3-1. r .b . 
flask sealed into a 5-1. r .b . flask fitted with openings for the 
attachment of the receiver flask and a vacuum line. The 
outer surface of the 3-1. flask served as a condenser (the 
flask was kept filled with Dry Ice-acetone mixture or liquid 
air) enabling solvent or other material to be trapped ef­
fectively. The apparatus allowed large amounts of solvent 
e.g., 500 ml., to be removed continuously by freeze-drying 
while in the final stage the small volume of almost pure ester 
could be transferred to a small receiver fitted with a side arm 
allowing samples to be removed easily for analysis. 

Esterification of some other tertiary alcohols was also 
performed using the above techniques. With ^-butyl alco­
hol much lower yields were obtained because of the solu­
bility of the ester and the carbinol in water. Extended 
shaking of 3-ethyl-3-pentanol with chromium trioxide in 
three batches was necessary before the characteristic deep 
red color of the pentane solution was attained. With 2-
phenyl-2-butanol and 2-phenyl-2-propanol excess carbinol 
remained even after extended shaking (3 hours) and freeze-
drying (several days). 

(b) Chromyl Chloride Method.—The chromyl chloride 
esterification was carried out in carbon tetrachloride at room 
temperature rather than in pentane at low temperatures, 
the rapid reaction being more efficient than the slow, cold 
one in spite of some decomposition. A typical reaction 
with 2,4-dimethyl-4-hexanol involved adding 13 g. of the 
alcohol to a slight excess (7 g.) of chromyl chloride33 dis­
solved in 500 ml. of carbon tetrachloride. Nitrogen, after 
passing through a xylene solution of benzophenone ketyl, 
was run into the stirred solution and on exit was passed 
through silver nitrate solution. No precipitation of silver 
chloride was observed until the carbinol addition had com­
menced, and this precipitation was accompanied by a 
slight warming of the solution. When all the alcohol had 
been added (10 minutes) stirring was continued for 15 min­
utes more, and a t the end of this period only a minute de­
posit of the chloride was obtained in fresh silver nitrate 
solutions. Solid sodium carbonate was then added to the red 
solution with stirring for the purpose of removing traces of 
sulfuric acid originally present in the chromyl chloride, hy­
drogen chloride and excess chromyl chloride (a carbon tetra­
chloride solution of chromyl chloride is instantly decolor­
ized by sodium carbonate). After filtering, the diester was 
obtained by the freeze-drying technique. With Z-butyl 
alcohol a 90% yield of the diester was secured, but with tri-
phenylcarbinol only a small amount of ester was recovered, 
the carbinol itself not being very soluble in carbon tetra­
chloride. 

In all cases the developing purity of the ester during freeze-
drying was followed by the infrared spectra of its carbon 
tetrachloride solutions. An ester was judged to be essen-

(33) Chromyl chloride was prepared according to the method of 
H. A. Sisler, "Inorganic Syntheses," Vol. II, John Wiley & Sons, New 
York, 1939, p; 205, except that the final distillation step was omitted. 
Instead, washing with concentrated sulfuric acid was carried out to give 
a product of 99% purity: R. Slack and W. A. Waters, / . Chem. Soc, 
594 (1949). In later experiments a sample (98% pure) kindly sup­
plied by the Mutual Chemical Company of Baltimore was used. 

tially pure when the absence of hydroxyl (2.92 /j.) or olefinic 
(6.0, 11.25 fi) bands coincided with the full development of 
the chromate bands at 10.1 and 10.3 / j . The rock salt cell 
used in obtaining these spectra soon became clouded with a 
yellow deposit, probably sodium chromate, and had to 
be cleaned periodically. 

Analyses of Chromate Esters.—The combustion of the 
chromate esters to chromium sesquioxide gave in most cases 
only approximate results for chromium content due to the 
instability of the esters as shown by the change in weight 
during, weighing. The analysis of the chromate diester of 
optically active 2,4-dimethyl-4-hexanol consisted of weigh­
ing rapidly and carefully 0.123 g. of the ester in a micro 
porcelain crucible, igniting slowly in a small muffle furnace 
(the final temperature after 2 hours was 900°) and obtain­
ing 0.0276 g. of the green sesquioxide. The chromium con­
tent of the diester was 15.36% as compared to the calcu­
lated value of 15.19%. 

Analyses for carbon, hydrogen, oxygen and chromium 
were performed by the Schwarzkopf Microanalytical Labo­
ratory, Middlevillage, L. I . , N. Y., and gave the following 
results on samples which had been stored in vials on Dry 
Ice. A violent explosion occurred in one analysis. 

Parent 
alcohol 

<-Butyl 
C8H18O4Cr 
r-Amyl 
C1OHJjO4Cr 
2,4-Dimethyl-4-

hexyl 
C18H34O4Cr 

TABLE I 

CHROMATE ESTER ANALYSES 

Calcd. 
Found 
Calcd. 
Found 
Calcd. 
Found 

Analyses, % 
Car- Hydro- Oxy-
bon gen gen 

41.73 7.88 27.79 
41.99 7.65 27.07 
46.50 8.58 24.78 
46.89 8.55 24.71 
56.11 10.01 18.69 
53.63 9.38 20.44 
49.99 9.15 21.99 
54.62 9.32 17.03 
53.48 9.42 15.15 

Chro­
mium 

22.59 
22.05 
20.14 
20.00 
15.19 
16.77 
18.29 
18.57 
21.00 

Total, 
% 

99.99 
98.76 

100.00 
100.15 
100.00 
100.22 
99.42 
99.54 
99.05 

Reasonable results for the esters of 2-butyl alcohol and t-
amyl alcohol contrast with the poor agreement between 
theoretical and observed values, and also between individual 
determinations for the branched octanol ester. The dis­
crepancies, i.e., low values for carbon and hydrogen and 
high values for chromium, are most likely due to the high 
susceptibility of this ester to decomposition at room tem­
perature. 

Spectrophotometric analysis was abandoned after the 
failure of efforts to improve on reproducibility of results 
obtained from duplicate samples. 

Optically Active Di-(2,4-dimethyl-4-hexyl) Chromate.— 
Optically active 2,4-dimethyl-4-hexanol was obtained by 
fractional crystallization of the brucine salt of its acid 
phthalate ester and subsequent lithium aluminum hydride 
reduction of this salt according to procedures described 
fully elsewhere.34 The optically active carbinol, [a]D 
+2 .17° , was treated with chromium trioxide as previously 
described to form the diester. 

Anal. Calcd. for Ci6H34O4Cr: Cr, 15.19. Found: Cr, 
15.36. 

A solution of the ester in carbon tetrachloride (c 0.76) 
gave an observed rotation of +0.08° with a red light source: 
[a]red +10 .1° . Preliminary attempts had shown that 
even a very dilute solution of the ester (less than 1%) was 
opaque to white light and that an observable "matching 
point" in the polarimeter could be obtained only if red 
light were used, either by passing intense white light through 
a monochromator36 (X 5840 A.) or through red filters. With 
concentrations of about 1% rotations could just be observed, 
although the heating effect of the strong light source (G. E . 
projector lamp, 500 W.) caused fluctuations in readings. 
In any case the results showed that the ester is undoubtedly 
optically active; solutions of the ester prepared from race-
mic alcohol gave no rotation under similar conditions. 

Solvolysis of Di-(2,4-dimethyl-4-hexyl) Chromate in 
Methanol.—Fifty drops (1.12 g.) of the red, liquid ester was 
added to 100 ml. of freshly distilled, absolute methanol. 

(34) See reference 1 and also A. Streitwieser, Ph.D. Thesis, Colum­
bia University, 1951. 

(35) Model B Monochromator, Cambridge Thermionic Corp., 
Cambridge, Mass. 
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The reaction flask was then flushed with nitrogen, stoppered 
and shaken occasionally. In the course of 36 hours the 
originally orange solution became murky, changing in color 
to brown, then brown-green, gray-green and finally gray 
(colloidal suspension). After 7 days, separation in the cen­
trifuge (or better, in the ultracentrifuge) resulted in a fine 
gray precipitate and a colorless methanolic solution. This 
solution was extracted with pentane, the pentane evapo­
rated and the solvolysis product distilled (40° (7 mm.)) to 
give 0.6 g. (75%) of a liquid which on infrared examination 
proved to be pure, parent alcohol, 2,4-dimethyl-4-hexanol. 
The methyl ether of the carbinol, 4-methoxy-2,4-dimethyl-
hexane, was not detected. 

The dried gray solid had a chromium content of 33.29%. 
Duplicate experiments gave solid in which the chromium % 
was 32.32 and 35.45. These values compare favorably with 
the calculated chromium content of chromic methoxide, 
Cr(OCHs)3: 35.86%. 

The chromate ester besides being insoluble in water is 
also relatively inert toward it, requiring about 2 weeks for 
complete decomposition. The product is a mixture of the 
parent alcohol, ketonic material (5.83 ^) and olefin(s) 
with peaks at 6.0, 6.1 and 11.26 n (intense). 

Repetition of the methanolysis of di-(2,4-dimethyl-4-
hexyl) chromate just described using optically active chro­
mate diester prepared from 2,4-dimethyl-4-hexanol, [<X]D 
+4.54° (a 0.27°, c 11.9 in CCl4), was performed. The pure 
carbinol isolated from the methanolvsis was also optically 
active: [<*]D +4.35° (a 0.23°, c 10.58 in CCl4). This 
represents 96% retention of configuration during reaction. 

Reaction of Di-(2,4-dimethyl-4-hexyl) Chromate with 
Sodium Methoxide.—Fifty drops of the liquid diester (1.12 

Our interest in the general problem of the synthe­
sis of branched-chain tert iary alcohols was stimu­
lated by the discovery tha t in a preparation involv­
ing the condensation of ethylmagnesium bromide 
with diisobutyl ketone the yield of the expected al­
cohol I was almost zero. This was a striking result 
in view of the fact tha t ethylmagnesium bromide 
with diisopropyl ketone is reported to give a 7 7 % 
yield of the addition product.1 Whitmore and 
George studied a series of ketone-Grignard reagent 
reactions and determined the extent of addition, 
reduction and enolization obtained in each case. 
With branched-chained ketones where the branch­
ing occurred on the a-carbon atoms the addition re­
action of w-propyl and higher Grignard reagents 
ceased to be the main reaction. Whitmore and 
Lewis2 found t ha t the degree of enolization of the 
carbonyl compound in the presence of methylmag-
nesium bromide depends upon the nature of the 
substi tuents on the carbon atom adjacent to the 
carbonyl group, and tha t substitution on the /3-
carbon atom had less effect on the reaction of the 
carbonyl group. 

(1) F. C. Whitmore and R. S. George, THIS JOUR.VAL, 64, 1239 
(1942). 

(2) F. C. Whitmore and C. E. Lewis, ibid., 64, 2964 (1942). 

g.) was dropped into a solution of 10 g. of sodium in 100 
ml. of methanol. After flushing with nitrogen the flask 
was stoppered and shaken. A yellow-green slurry formed 
at once which separated after 30 minutes as a deposit of 
yellow, crystalline sodium chromate in a green solution. 
An additional 50 ml. of methanol was now added, then 200 
ml. of water, and the resultant green solution was extracted 
with four 50-ml. portions of pentane. After drying with 
sodium sulfate and removal of pentane by evaporation, the 
product was distilled (40° (7 mm.)) to give 0.65 g. (76%) 
of pure 2,4-dimethyl-4-hexanol (infrared comparison). 
The aqueous layer was shaken with dimedon solution (pH 
4.6) from which the white crystalline derivative of formalde­
hyde was isolated. This solid was filtered, washed with 
water and dried; m.p. 190°. 

In a side experiment the chromate diester of triphenyl-
carbinol was treated with sodium methoxide by the same 
procedure. Although the major product was the parent 
alcohol, a small amount of its corresponding methyl ether 
(9.3 ii) was detected. 

Reaction between sodium methoxide and optically active 
chromate ester taken from the same source as that used in 
the solvolysis work above resulted in the formation of op­
tically active parent alcohol, [a]o + 4.27° (a 0.25°, c 11.7 in 
CCl4). This amounts to 94% retention of configuration. 

Optically active di-(2,4-dimethyl-4-hexyl) chromate was 
also prepared from 2,4-dimethyl-4-hexanol, [ « ] D +4 .54° , 
and chromyl chloride. Reaction of this ester with sodium 
methoxide in methanol gave pure carbinol, [a]o +4 .33° 
(a 0.26°, c 12.0 in CCl4), with 9 5 % retention of configura­
tion. 

DAYTON 7, OHIO 

In order to obtain an appreciable yield of the 
addition product, an excess of Grignard reagent to 
ketone was employed. The replacement of ethyl 
ether by benzene in the Grignard reagent solution 
and the subsequent higher temperature used during 
the addition of the ketone had little effect upon the 
product distribution. Only a trace of I was ob­
tained from the two runs in which an approximate 
1:1 mole ratio of Grignard reagent to ketone was 
employed. 

The reaction of an excess of ethylmagnesium 
bromide with diisobutyl ketone gave 2 0 % enoliza­
tion and reduction, 4 0 % unreacted diisobutyl ke­
tone and 4 0 % I. The large amount of unreacted 
ketone differs from the results of Whitmore and 
George1 in the study of the reaction of ethylmagne­
sium bromide and diisopropyl ketone. 

The alcohol was easily dehydrated in the pres­
ence of oxalic acid. Ozonolysis of the olefinic ma­
terial gave diisobutyl ketone and ethyl isobutyl ke­
tone. The ketones were identified by conversion to 
the corresponding 2,4-dinitrophenylhydrazones. 
Thus, the dehydration of I gave a mixture of two 
new isomeric olefins, 4-ethyl-2,6-dimethyl-3-heptene 
and 3-isobutyl-5-methyl-2-hexene. The structure of 
the alcohol is established. 
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The reaction of ethylmagnesium bromide with diisobutyl ketone yields diisobutylethylcarbinol accompanied by consider­
able reduction and enolization. The structure of the alcohol is confirmed through dehydration and the ozonolysis on the 
resulting olefins. 


