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Ethyl o-(p-iodobenzyl)-n-caproate was obtained in
689, yield as a colorless oil, b. p. 156° (2 mm.); sp. gr.%s
1.352; n?*Dp 1.5333.

Anal. Caled. for CisHnO0I: I, 35.2. Found: I, 354.

Hydrolysis and decarboxylation of ethyl ethyl-(+-
phenyl-n-propyl)-malonate gave «-ethyl-5-phenyl-n-valeric
acid in 809, yield, b. p. 189-190° (14 mm.); »%p 1.5033.

Anal. Caled. for Cy3HyO2: C, 75.7; H, 8.79; neut.
equiv., 206. Found: C,75.6; H, 8.62; neut. equiv., 207.

Ethyl a-Ethyl-3-(x-iodophenyl)-n-valerate.—The iodina-
tion of a-ethyl-é-phenyl-n-valeric acid was carried out in
the presence of sodium nitrite. The iodinated acid was
obtained as a heavy oil, which was converted to the ethyl
ester without purification. A 619, yield of ethyl a-ethyl-
§-(x-iodophenyl)-n-valerate was obtained as a viscous oil,
b. p. 162-164° (2 mm.); sp. gr. %% 1.362; %D 1.5352.
The position of the iodine atom was not determined.

Anal. Caled. for CiyHnO.I: I, 35.2. Found: I, 35.2.
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Summary

For study as absorbable liquid contrast media
in radiographic diagnoses, the ethyl esters of the
w-(p-iodophenyl)-n-fatty acids from p-iodophenyl-
acetic to {-(p-iodophenyl)-n-heptoic acids have
been prepared from the corresponding uniodi-
nated phenyl-n-fatty acids by direct iodination in
the presence of sodium nitrite-sulfuric acid.
Several branched chain iodophenyl fatty acids
and their ethyl esters have been prepared, also.
Of these various esters, ethyl §-(p-iodophenyl)-n-
valerate seems to be suitable for restricted use as a
contrast medium. In the course of the work an
improved synthesis of §-phenyl-n-valeric acid
has been developed.

ROCHESTER, NEW YORK RECEIVED JUuLYy 9, 1942
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Vitamin E. XLI.

Synthesis of 1-Chloro-3,7,11,15-tetramethylhexadecanol-3, and

its Condensation with Trimethylhydroquinone to Form «~Tocopherol'

By LEr IrRVIN SMITH AND JOSEPH A. SPRUNG

As is well known, tocopherols are synthesized
by condensation of an appropriate hydroquinone
with phytol or one of its derivatives—a phytyl hal-
ide or phytadiene. Since all of the derivatives
are made from phytol itself, these syntheses all re-
quire an adequate source of phytol. Although
enough phytol is available for relatively small
scale operations, the supply of phytol would be a
limiting factor in the manufacture of a-tocopherol
on a scale comparable to that involved in the
manufacture of some of the other vitamins, and
for this purpose, a synthetic substitute would be
desirable. The synthesis of phytol from hexa-
hydropseudoionone by Fischer and Lowenberg?
is well known, and, although this synthesis has
recently been modified and improved,’® it still
leaves much to be desired in its adaptability to
large scale operations.

Citral is the most readily available commercial
material whose structure contains repeating ‘‘iso-
prene” units; this Cy-compound therefore was
chosen as the most promising starting material for

(1) XL, Tr1s JOURNAL, 66, 441 (1943). This work was made
possible by financial aid, through the Graduate School, from the
General Research Fund of the University of Minnesota, for which the
authors make grateful acknowledgment.

(2) (a) Fischer and Lowenberg, Anx., 464, 69 (1928); (b) 475, 183
(1929).

(3) Karrer and Ringier, Helv. Chim. Acia. 22, 610 (1939).

the synthesis of any substance containing twenty
carbon atoms with a regular sequence of ‘‘iso-
prene’” units. Moreover, in view of results pre-
viously obtained on the condensation of ‘‘poten-
tial dienes’ with hydroquinones to give chromans*
it was known to be unnecessary to synthesize an
unsaturated substance; any compound, having
the requisite carbon chain ending with two func-
tional groups—halogen and/or hydroxyl, in the
1,3-positions, would suffice. With these facts in
mind, a synthesis of 1-chloro-3,7,11,15-tetra-
methylhexadecanol-3 (X) was undertaken; the
synthesis is outlined in the chart. Several of the
reactions in the chart required a considerable
amount of study before the proper conditions were
found.

In order to use trimethylene glycol, it was first
necessary to convert it into a mono ether (I).
The group R in this ether had to be one which (a)
could be introduced in good yield, (b) would not
be extensively cleaved when the halide II or Gri-
gnard reagent was formed, and (c¢) would cleave
fairly readily from VI under the proper condition.
Three ethers were prepared; those in which R in I
was methyl, ethyl and benzyl. Of these, the ethyl

(4) Smith, Ungnade, Stevens and Christman, THIS JOURNAL, 81,
2615 (1939).
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Caarr I
SYNTHESIS OF PHYTOL DERIVATIVES
HO(CH:)QOH —_— HO(CH,);ONa — HO(CH:);OR —_— X(CHg)aOR

I (60-657%,) 11 (60-709%,)
CH3COCH=CH; + HCl —>» CH;COCH,CH,Cl
XI1I (67%)
M R
CHyCHO —> CyHuCH=CHCOCH, o 8(CHIOR 1 CH—CHC—CHCH,CH,OR

111 IV (45%, pure)
HBr
CyHCH,CH,CHCH,CH,;CH,Br € —

CH,
VII (75-95%)

Ca,
V (50-55%)

H,
catalyst

CgH“CHzCHg?HCHzCHzCHgOR

CH,
VI (85-90%)

\L Mg followed by XII
OH

C;H;sCH,CH,CHCH,CH,CH,CCH,CH,Cl

H, Hs
X (40-509%,)
s
Hj OH
H
CH,;
CH; H
Hc” YO ?
CH,CysHgy
HO
CH;
XI (70%)

CgHu = (CH3)2C=CHCHQCH;C(CH3)=CH—
CRHH = (CH;)QCH(CH;);CH(CH;)CH,P—

ether proved to be the most satisfactory. Al-
though it was not formed in the best yield of the
three, it gave the best yield of bromide II. More-
over, the methyl and benzyl ethers underwent ex-
tensive cleavage when they were converted into
bromide (II) by action of phosphorus tribromide.
The yields of bromides II were 27, 70 and 349
when R was, respectively, methyl, ethyl and ben-
zyl, and 679, for the chloride IT when R was ethyl.

Methyl vinyl ketone did not react well with the
Grignard reagent (laurylmagnesium bromide)
used in the model experiments. Instead, the ke-
tone polymerized, and this happened either when
the Grignard reagent was made separately, or
when a mixture of the ketone and lauryl bromide
reacted with magnesium.

However, 4-chlorobutanone-2 (XII) could be
prepared in 679, yield by addition of hydrogen
chloride at 0° to methyl vinyl ketone, and the halo-
ketone was used in a model experiment with ethyl

Mg followed by CH;CHO

C;H3CH,CH,;CHCH,CH,CH,CHOHCH;

CH,
VIII (60-70%)

| [0l
CQHNCHQ CHzCHCHzCHgCHgC=O
CH,

IX (60-70%) T
[O]
CaoHgOH (phytol)

CH,

magnesium bromide to produce methylethyl-g-
chloroethylcarbinol in about 509, vield. 4-Chlo-
robutanone-2 (XII) was colorless when freshly
prepared and in ethereal solution; removal of the
solvent caused considerable darkening and there-
fore this haloketone was always used very soon
after it was prepared.

Citral (III) was condensed with acetone to
form pseudoionone (IV) according to the proce-
dure of Russell and Kenyon.? For the prepara-
tion of a-tocopherol, it was necessary to use care-
fully purified citral and to purify the pseudoio-
none via the bisulfite addition product. If these
precautions were not taken, the pseudoionone
boiled over a range of 7°, and contained impurities
which were not removed in any of the subsequent
steps of the synthesis. The yield of carefully
purified IV was about 459, based upon citral.

No attempts were made to determine the yields

(6) Russell and Kenyon, Organic Syntheses, 23, 78 (1943).
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of Grignard reagents obtained from the alkoxy
halides II. The over-all yields from IV to V were
about 509,. No particular difficulty was experi-
enced in carrying out the Grignard reactions; the
intermediate carbinols were not isolated but were
converted upon distillation into the unsaturated
ethers V which were easily separated and which
had sharp boiling points when purified pseudo-
ionone had been used. These unsaturated ethers
were yellow oils which, on exposure to air, slowly
polymerized to sticky, glassy solids. They were,
therefore, used soon after they had been prepared.

In the early experimeunts, y-bromopropyl ace-
tate, prepared from trimethylene bromohydrin
and acetyl chloride, was substituted for the bro-
mide IT, but this material could not be converted
into a Grignard reagent.

Reduction of the unsaturated ethers V to satu-
rated ethers VI was usually quite smooth and
nearly quantitative in the presence of Raney
nickel catalyst at 125°, under a pressure of about
2000 1b. of hydrogen, and in the absence of any
solvent. Very little, if any, hydrogenolysis oc-
curred except with the benzyl ether, where it was
quite noticeable. But the reduction was quite
sensitive to impurities in the ethers V and was
very sluggish if the bomb had been in contact
with nitrogenous compounds previously. In a
good reduction, complete absorption of three
moles of hydrogen occurred during the first hour,
but in the sluggish reductions no hydrogen was
absorbed until the temperature reached 100°;
then two to three hours was required for absorp-
tion of three moles of hydrogen and the fourth
mole (complete saturation) was not absorbed at
all. In these cases it was necessary to remove
the material from the bomb, filter it and introduce
fresh catalyst before the reduction could be com-
pleted. - The saturated ethers VI were colorless,
stable oils.

Cleavage of the saturated ethers VI to the
bromide VII was very slow and incomplete when
carried out in open vessels. When dry hydrogen
bromide was passed through the ethyl ether VI
(R = C:H;) at 135° for six hours (reflux con-
denser), cleavage to the extent of 279, occurred.
Action of 489, aqueous hydrobromic acid was
much slower; addition of a great excess of acetic
acid to the mixture accelerated the reaction but
action for twelve hours at 115° was required to
produce 859 cleavage to VII. When the cleav-
age was carried out under pressure, in acetic acid
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containing 3 moles of dry hydrogen bromide per
mole of VI, the reaction was complete (969) in
six hours at 150°. In all these reactions, the ex-
tent of cleavage was followed by determining the
refractive indices and (occasionally) by carbon-
hydrogen analyses of the products. Of the three
ethers VI studied, the methyl ether cleaved more
readily (959, in four hours at 180°) than the
cthyl ether, and the benzyl ether most readily of
all (five hours at reflux temperature in acetic and
hydrobromic acids). Unchanged ether VI could
be removed from the products by extraction with
sulfuric acid.

Judging from the over-all yields of later prod-
ucts, the bromide VII reacted with magnesium
to produce a good yield of the Grignard reagent.
The latter was added to acetaldehyde; there re-
sulted a 709, (based on VII) yield of the alcohol
VIII, which was identified by oxidation to the ke-
tone IX and comparison of the semicarbazone of
the ketone with an authentic specimen prepared
from IX obtained by oxidation of phytol. This
reaction showed that the structures of all the
products involved had been correctly assigned.
Moreover, these reactions constitute an excellent
synthesis for this ‘“‘phytol ketone” independent
of phytol itself and this, in turn, eliminates from
the tocopherol synthesis of Smith and Miller® any
dependency upon phytol.

The Grignard reagents from VII and two other
bromides—ethyl and lauryl—were added to the
chloroketone XII. The halohydrins X were ob-
tained in about 509, yields. The model experi-
ments showed that, for good results, it was neces-
sary to use no more than one gram atom of mag-
nesium per mole of the halide, or else to remove
unchanged magnesium from the Grignard solu-
tion, since the chloroketone XII reacted with
magnesium. Moreover, excess chloroketone was
detrimental since it was decomposed during proc-
essing of the reaction into products which were
difficult to remove later. Finally it was necessary
to add the solution of the chloroketone slowly to
the Grignard reagent, and to decompose the in-
termediate metallic derivative with iced saturated
ammonium chloride solution, and not with hydro-
chloric acid. When methylethyl-g8-chloroethyl-
carbinol was subjected to the action of quinoline
or alcoholic potassium hydroxide, both water and
hydrochloric acid were eliminated and the product
was a mixture of pentadienes.

(8) Smith and Miller, Tmra JoUmNAL, 64, 443 (1942).
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Two halohydrins were condensed with tri-
methylhydroquinone. The reaction was smooth,
the products were formed in good yield (70%),
and were readily purified. Methylethyl-3-chloro-
ethylcarbinol and the hydroquinone gave 2-ethyl-
2,5,7,8-tetramethyl-6-hydroxychroman® which had
a melting point and mixed melting point of 60-61°.
The halohydrin X and the hydroquinone gave a-
tocopherol in 709, yield, and the product required
much less processing for complete purification than
did a-tocopherol prepared by condensation of the
hydroquinone with phytol. The tocopherol was
identified by analysis, melting point and analysis
of its 3,5-dinitrophenylurethan, gold chloride titra-
tion,” absorption spectrum,” Furter-Meyer assay’
and by a bioassay® which showed it to have the
full vitamin E activity of natural a-tocopherol.

In one series of reactions, 74 g. (0.385 mole) of
pseudoionone was converted into 9.2 g. (0.0214
mole) of pure a-tocopherol. This over-all yield,
5.59,, represents a minimum value because in this
preparation the pseudoionone had not been puri-
fied via the bisulfite compound, nor was complete
cleavage of the ether VI achieved. The over-all
yield from pure pseudoionone and including a
complete cleavage of the ether VI would be 8-
109, (4-5%, based upon citral).

Experimental Part®

v-Ethoxypropanol (I, R = C;H;).—Sodium (25 g.,
1.08 gram atoms, cut into small pieces) was added, in por-
tions, to a hot (115-120°) and vigorously stirred solution
of trimethylene glycol (250 g., freshly distilled, b. p. 115-
119° (9 mm.)) in dry xylene (100 cc.). External heating
was not necessary until near the end of the reaction.
Ethyl bromide (120 g., 1.2 moles) was slowly added, with
stirring, to the hot (120°) solution of the sodium deriva-
tive. As soon as sodium bromide began to precipitate,
further external heating was not necessary. The mixture
was heated (120°) and stirred for one hour after all the
ethyl bromide had been added. The mixture was cooled,
the precipitate was removed, and the filtrate was distilled
through a packed column. After a fore-run of xylene and
diethoxypropane, the v-ethoxypropanol boiled at 157-
163°. The yieldsranged from 58 to 629%,. This substance
was also prepared from trimethylene chlorhydrin and
sodium ethoxide,!! but the yield was only 38%,.

v-Methoxypropanol!? (I, R = CH;) was prepared in a
similar manner, but with omission of the xylene, from the

(7) We are indebted to Dr. T. J. Webb of the Research Labora-
tories, Merck and Co., Inc., Rahway, New Jersey, for these deter-
minations.

(8) We are indebted to Dr. L. S. Palmer of the Division of Agri-
cultural Biochemistry, University of Minnesota, for this assay.

(9) Micro analyses by E. E. Renfrew and C. H. Stratton.

(10) Noyes, Am. Chem. J., 19, 766 (1897).

(11) Rojahn and Lemme, Arch. Pharm., 263, 617 (1925).

(12) Pummerer and Schénamsgruber, Ber., 72, 1838 (1839).
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glycol (254 g.), sodium (25.3 g.), and methyl iodide (158 g.).
The temperature was difficult to control during the first
part of the reaction, and the mixture was cooled to 20°
before addition of the methyl iodide. The product (64
g., 649%) boiled at 148-149°,

v-Benzyloxypropanol (I, R = CsH;CH,)!? was prepared
as described for the ethoxy compound from the glycol (240
g.), sodium (25 g.) and benzyl chloride (150 g.). The prod-
uct (133 g., 73%) boiled at 145-150° (13 mm.).

~v-Ethoxypropyl Bromide (II, R = C;H;; X = Br).1—
Phosphorus tribromide (108 g., 0.4 mole) was slowly (one
hour) dropped, with stirring, into the ether I (104 g, 1
mole) in an apparatus protected from moisture. At room
temperature a slow reaction began, with evolution of
hydrogen bromide; the temperature was maintained be-
low 60° by external cooling. Finally the mixture was
warmed to 60° for one hour and then poured into water.
The organic layer was removed, washed several times with
water, dried (sodium sulfate), and distilled through a
packed column. The yields ranged from 55 to 659, and
the product boiled at 147-150° (86-87° (100 mm.)), but it
was necessary to collect it in a cooled receiver to avoid loss.

v-Methoxypropyl bromide (II, R = CH,;; X = Br)!?
was prepared from the corresponding ether (59 g.) and
phosphorus tribromide (70 g.) as described above. The
product (27 g., 27%,) boiled at 131-133°, Apparently the
methoxyl group was extensively cleaved during the re-
action,

v-Benzyloxypropyl Bromide (II, R = CH;CH;; X =
Br).—Phosphorus tribromide (32.5 g., 0.12 mole) was
slowly added to a cold (0°) and stirred solution of -
benzyloxypropanol (50 g., 0.30 mole) in dimethylaniline
(15 cc., 0.12 mole). The mixture was then heated to 50°
until solution was complete. The material was poured
into excess cold dilute hydrochloric acid and extracted with
chloroform. The extract was washed thoroughly with
dilute hydrochloric acid, then with water, and dried (so-
dium sulfate). The solvent was removed and the residue
was distilled. The fraction boiling at 130-132° (8 mm.)
weighed 23.3 g. (34%).

Anal. Caled. for CyH;yOBr:
Found: C, 52.85; H, 5.76.

v-Ethoxypropyl Chloride (II, R = C;Hs; X = CI).10. 14—
A mixture of y-ethoxypropanol (68 g., 0.65 mole) and pyri-
dine (11.5 g., 0.145 mole) was slowly added, with stirring,
to cold (0°) phosphorus trichloride (36 g., 0.26 mole).
The solution was heated at 75° for one hour and the prod-
uct was then distilled directly from the reaction mixture.
The halide boiled at 125-128° and weighed 53 g. (67 %).

4-Chlorobutanone-2 (XII).—Freshly distilled methyl
vinyl ketone (104 g., b. p. 78-82°) was saturated at 0°
with a rapid stream of dry hydrogen chloride, The solution
was allowed to stand at room temperature for one hour
and was then poured into ice-water, neutralized with
dilute sodium hydroxide and extracted thoroughly with
ether. The colorless extract was washed with water, dried
(sodium sulfate), the solvent was removed and the rather
dark residue was distilled. The product (106 g., 67%)
boiled at 48-50° (15 mm.).}® When this chloroketone

(13) Bennett and Hock, J. Chem. Soc., 472 (1927).

(14) Palomaa and Kenetti, Ber., 64, 708 (1931).
(15) Blaise and Maire, Bull. soc. chim., [4] 8, 268 (1908).

C, 5240; H, 572,
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XII was warmed with either quinoline or alcoholic potas-
simny hydroxide, the elements of both water and hydrogen
chioride were eliminated and a mixture of dienes (b. p.
65-75°) resulted. Satisfactory analytical values could
not be obtained because of the extreme volatility of the
mixture. An attempt was made to condense the crude
miXtuge with trimethylhydroquinone in the hope of ob-
taining the known 2-ethyl-2,5,7,8-tetramethyl-8-hydroxy-
chroman, but no solid product could be isolated.

Pseudoionone (IV) was prepared from purified citral
(208 g., b. p. 110-112° (8 mm.), via the bisulfite compound)
and atetone (1 1, dried over potassium carbonate) exactly
as deseribed by Russell and Kenyon.? The pseudoionone,
when putified via the bisulfite addition compound, boiled
at 127-129° (4 mm.) and had #%p 1.5310. The yield was
118 g. (45%). When the citral and the product were not
purified via the bisulfite compounds, the yield was 569,
of a material which boiled at 130-137° (5 mm.) and which
had »%p 1.5280.

Ethers (V) of 4,8,12-Trimethyltrideca-3,5,7,11-tetraene-
1-0l. Ethyl Ether, V, R = C;H;.—A small portion of a
solution of pure pseudoionone (96 g., 0.5 mole) and v-
ethoxypropyl bromide (100 g., 0.6 mole) in dry ether (375
ce.) was dropped on to magnesium (15.2 g., 0.625 mole),
The reaction was started by application of heat, or by
addition of a crystal of iodine or a few drops of ethyl bro-
mide, and when it was well under way, the remainder of
the solution was added in a rapid stream. The reaction
was completed by heating the mixture for thirty minutes.
The ether solution was decanted from the magnesium,
shaken with cold, dilute, hydrochloric acid, washed with
water and dred (sodium sulfate). Water began to cleave
from the produtt as the solvent was removed on the steam-
hath; elimination of water was completed by heating the
residae at 90-95° for thirty minutes. The product was
dissolved in a little ether and dried (sodium sulfate).
After removal of the solvent, the orange residue was dis-
tilled in a1 atmosphere of nitrogen. The distillate (52%)
a lemon-yellow oil, boiled at 163-165° (3 mm.), had #%*p
1.5242, and slowly set to a sticky, glassy solid on exposure
to air,

Amnal. Caled. for C;sH3O: C, 82.38; H, 11.51. Found:
C, 82.09; H, 11.25.

When y-ethoxypropyl chloride was substituted for the
bromide in a reaction with pseudoionone that had not been
carefully purified, the yield of the above ether was 469,
and the reaction occurred much more slowly.

Methyl Ether, V, R = CH,—This was prepared by the
above procedure from pseudoiotione (28.8 g. not purified),
y-methoxypropyl bromide (25 g.) and magnesium (4.4 g.).
The product (19.9 g., 53.5%) boiled at 150-160° (3 mm.)—
a typical boiling range from these products when impure
preudvionone was used.

Benzyl Ether, V, R = CH;CH,.—This was prepared
as above from pseudoionone (15.6 g.), y-benzyloxypropyl
bromide (229 g.), and magnesium (2.7 g.). The product
(12.8 g., 499}) boiled at 210-220° (3 mm.) with some de-
composition.

y-Bromopropyl acetate (123 g., 68%, b. p. 103-108° (50
mm.)) was prepared from trimethylene bromohydrin
(139 g., redistilled, b. p., 100-108° (50 mm.)) and acetyl
chloride (157 g.) according to the procedure of Bogert
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and Slocum.!® A solution of this acetate (20,9 g.) and
pseudoionone (19.2 g.) in ether (75 cc.) was warmed with
magnesium (2.9 g.) according to the procedure described
above for preparation of V, The reaction was extremely
difficult to start, and proceeded very slowly. Only after
the mixture was refluxed for eight hours had an appreciable
amount of magnesium dissolved. The mixture was proc-
essed as described above; a portion of the reactants was
recovered, but the omly product was polymeric material
which could not be distilled.

Ethers (VI) of 4,8,12-Trimethyl-1-tridecanol: Ethyl
Ether, VI, R = C,H;—The unsaturated ether V, R =
C;H;, was subjected to the action of hydrogen at 125°
under 2000 1b. Reduction began at 50° and during the
first hour three moles of hydrogen was absorbed. Reduc-
tion was completed by heating the bomb at 125° for one
hour after all apparent absorption of gas had ceased.
Usually the reductions were rapid and complete, but
occasionally they were sluggish and no hydrogen was
absorbed until the temperature reached 100°. In these
cases the fourth mole of hydrogen was not absorbed even
after prolonged heating at 150° and it was necessary to
remove the catalyst from the material, add fresh catalyst
and continue the reduction. The product was a colorless
oil which boiled at 138-140° (3 mm.) and which had #%p
1.4370. The average yield for a large number of prepara-
tions was 829,.

Anal. Caled. for CgHgiO: C,79.91; H, 14.17. Found:
C, 80.16; H, 14.11.

Methyl Ether, VI, R = CHj;, and Benzyl Ether, VI,
R = C¢H;CH;—These were prepared from the respective
unsaturated ethers as described above, but they were not
characterized.

1-Bromo-4,8,12-trimethyitridecane (VII). @ A.—The
ethyl ether VI was placed in a three-necked flask equipped
with a thermometer, a short upright condenser, and an in-
let tube which ended in a bulb with several perforations.
A rapid stream of dry hydrogen bromide was passed
through the ether VI for gix hours at 135-140°. Most of
the water formed in the cleavage dropped back into the
reaction mixture, although no water was passed through
the condenser. The material was poured imto water, ex-
tracted with ether, and dried (sodium sulfate). The prod-
uct boiled at 140-145° and had n%p 1.4431. Amnalysis
indicated that cleavage had occurred to the extent of
about 26%,.

Anal. Caled. for CyHygBr:
Calcd. for CiHgO: C, 79.91;
75.45; H, 13.26.

B. This product (27 g.) was refluxed with aqueous
hydrobromic acid (48%) for one and one-half hours. No
noticeable evolution of ethyl bromide occurred during this
time. Acetic acid (50 cc.) was then added and refluxing
was continued for an additional seven hours, after, which
the material was processed as in A. Very little change
had occurred; the boiling point and refractive index were
practically the same as before, but the analysis indicated
34% of cleavage.

C. The product from B (24 g.) was refluxed for twenty-
four hours with acetic acid (100 cc.) and hydrebromic acid

C, 62.88; H, 10.89.
H, 14.17. Found: C,

(16) Bogert and Slocum, THis JourRNaL, 46, 766 (1924),



July, 1943

(50 c¢., 48%). The material, processed as in A, gave &
product which had »%p 1.4559 and C, 66.28; H, 11.76.
The analysis indicated that cleavage had occurred to the
extent of 80%,.

D. The same procedure used in A was employed except
that the condenser was set downward to deliver into a
cooled trap. The ethyl ether VI was subjected to the ae-
tion of a rapid stream of hydrogen bromide at 185-200°
for eight hours. The upper layer of the distillate in the
trap was returned to the reaction mixture from time to
time. The products from two such experiments had #2*p
1.4555 and 1.4568, respectively, indicating 75-859, cleav-
age.

E. Apparatus as in A, with a water cooled reflux con-
denser. The ethyl ether VI (50 g. n?p 1.4370) was dis-
solved in acetic acid (50 cc.) and hydrogen bromide
was passed into the solution at 115° for twelve hours.
Two layers were formed; the cooled mixture was neu-
tralized with solid sodium carbonate and extracted with
ether. The extract was washed with water, dried (sodium
sulfate), and the solvent was removed. The residue
boiled at 135-140° (3 mm.), weighed 51 g. and had #?p
1.4568 (85%, cleavage).

F. The ethyl ether VI (10 g.) was dissolved in acetic
acid (25 cc.) in which hydrogen bromide (11 g.) had been
absorbed at 0°. The solution was heated in a Carius
tube at 150° for six hours. The product (two layers)
was processed as in E. The material boiled at 135-138°
(3 mm.) and had n2%p 1.4598. The analytical values (C,
63.49; H, 11.23) indicated that the ether had been
cleaved to the extent of 969),. The yield, however, was
only 8.5 g. (75%,), largely due to mechanical losses.

G. The pure bromide VII was prepared as follows:
the product from E (47 g.) was shaken with sulfuric acid
(15 cc.) and the mixture was allowed to stand overnight.
The upper layer was removed, dissolved in ether, washed
with dilute carbonate solution, and dried. The pure bro-
mide boiled at 138-140° (3 mm.), weighed 30 g., and had
n?p 1.4508,

Anal. Caled. for CyjsHgBr:
Found: C, 63.04; H, 11.17.

H. The methyl ether VI was subjected to the action of
hydrogen bromide at 180° for four hours, according to pro-
cedure D. The bromide had #2p 1.4595 (959, cleavage).

I. The benzyl ether VI was completely cleaved by
procedure C in five and one-half hours. The product
was fractionated, the first fraction (benzyl bromide, b. p.
75-80° (10 mm.)) was followed by a fractions consisting of
the pure bromide VII boiling at 140-145° (3.5 mm.)
and having #?Dp 1.4600.

6,10,14-Trimethyl-2-pentadecanol (VIII).—A Grignard
reagent was preparéd in the usual way from the pure
bromo compound VII (41 g., 0.135 mole), magnesium
(4.85 g., 0.2 mole), and dry ether (75 ¢cc.). Acetaldehyde
(20 ce.) in ether (50 cc.) was slowly added to the cooled
(0°) and stirred Grignard reagent. The mixture was re-
fluxed for thirty minutes and was then decomposed by ac-
tion of dilute hydrochloric acid and processed in the usual
way. The alcohol (25.5 g., 70%) boiled at 150-155°
(8 mm.) and had n%D 1.4448.

Anal. Caled. for C,;H30: C,79.91; H, 14,17, Found:
C, 80.39; H, 13.88.

C, 62388, H, 10.89.
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6,10,14-Trimethyl-2-pentadecanone (IX, “Phytol Ke-
tone”).—A solution of the above alcohol VIII (25 g.,
0.0925 mole) in benzene (30 cc.) was slowly added to & well
stirred solution of sodium dichromate dihydrate (21 g.,
0.07 mole) in water (65 cc.) containing acetic acid (30 ec.)
and sulfuric acid (8 cc., 0.14 mole). Stirring was con-
tinued, and the temperature (which rose to 50° during
the reaction) was maintained at 40° for one hour after it
had fallen to that point., The solution was extracted
thoroughly with ether and the extract was washed with
water, then with sodium hydroxide (6%,), and dried (so-
dium sulfate). The ketone boiled at 150-152° (3 mm.),
weighed 18.7 g. (75%) and had #?®p 1.4433.17

Anal. Caled. for C;oH»O: C, 80.50; H, 13.53. Found:
C, 80.75; H, 13.30.

The sethicarbazone melted at 70-70.5 (in agréement with
Heilbron’s report),”’® alone or when mixed with an au-
thentic specimen of the semicarbazone prepared from ke-
tone obtained by oxidation of phytol.

1-Chloto-3-methyl-3-pentanol.—A Grignard reagent was
prepared from ethyl bromide (32.7 g., 0.3 mole), mag-
nesium (7.3 g., 0.3 mole), and ether (75 ¢cc.) and to the
cooled (0°) and stirred solution, 4-chlorc-2-butanone
(XI1, 31.5 g., 0.3 mole) was slowly added. The metallic
derivative was decomposed with cold dilute hydrochloric
acid and processed in the usual way. The ether solution
was colorless, but considerable darkening occurred as
the solvent was removed. The alcohol boiled at 104-105°
(50 mm.), weighed 21.5 g. (519%,), and had an odor somie:
what like that of camphor.

Anal. Caled. for CsHisOCI: C, 52.70; H, 9.59. Found:
C, 52.61; H, 9.81.
2-Ethyl-2,5,7 8-tetramethyl-6-hydroxychroman.—Tri-
methylhydroquinone (4 g.), zinc chloride (freshly fused,
4 g.) and the above chloropentanol (3.7 g.) were dissolved
in acetic acid (15 cc.) and the solution was refluxed for
one hour. The dark brown solution was poured into water
and extracted with petroleum ether (b. p. 60-68°). The
extract was evaporated and the residual oil was refluxed
for thirty minutes with a solution of potassium hydroxide
(2.5 g.) in methanol (10 cc.). The solution was extracted
with petroleum ether (extract discarded) and then was
acidified with dilute hydrochloric acid and extracted with
ether. The ether extract was washed with carbonate,
dried (sodium sulfate) and evaporated. The residual red
oil was distilled (b. p. 135-140° (2 mm.)) and the orange
distillate was crystallized from petroleum ether (b. p.
60-68°). The product formed colorless needles which
melted at 60-61°, alone or when mixed with a specimen
(m. p. 60.5-62.5°) prepared by a different method.®

Anal. Caled. for CisHyO,: C, 76.86; H, 9.48. Found:
C, 76.72; H, 9.67.

The 3,5-dinitrophenylurethan!® melted at 200-201.5°
alone or when mixed with an authentic specimen.t

1-Chloro-3+-methyl-3-pentadecanol.—The above proce-
dure for the chloropentanol was used, substituting lauryl-
magnesium bromide (from lauryl bromide, 25 g., mag-

(17) The reported values are (a) 1.4432 (ref. 2a, p. 81); (b) 1.4434
(ref. 2b, p. 195); and (c) 1.4435 (20°). Heilbron, J. Chem. Soc..
117, 884 (1920).

(18) Smith and Sprutg, Tmse Jourwar, 64, 433 (1942).
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nesium, 2.5 g., and ether, 75 cc.) for ethylmagnesium bro-
mide and using 8.5 g. of the ketone. The alcohol (9.5 g.,
34.5%,) boiled at 165-170° (3 mm.) but it contained small
amounts of dilauryl.

Anal. Caled. for Ci¢HyOCI:
Found: C, 70.03; H, 11.43.

A portion of a solution of lauryl bromide (25 g.) and
methyl vinyl ketone (7 g.) in ether (75 cc.) was added to
magnesium (2.5 g.). The reaction was very difficult to
start, and when the remainder of the reactants was added,
the reaction ceased completely and the mixture gradually
set to a white gel from which no pure products could be
obtained. When laurylmagnesium bromide (25 g. of bro-
mide, 2.5 g. of magnesium, 75 cc. of ether) was prepared
separately and added to methyl vinyl ketone (7 g.), a re-
action apparently occurred, but the only product was a
waxy yellow solid (13 g.) which could not be distilled or
crystallized.

1-Chloro-3,7,11,15-tetramethyl-3-hexadecanol (X, ‘‘Iso-
phytol Hydrochloride”).—Impure bromo compound VII
(66 g., mixture containing 75%, 0.162 mole, of VII and
25% of VI), magnesium (4.85 g., 0.2 mole) and ether
(100 cc.) was converted into the Grignard reagent, and to
it the ketone XII (21 g., 0.2 mole) in ether (50 cc.) was
slowly added at 0°. The mixture was refluxed for thirty
minutes and was then decomposed with dilute hydrochloric
acid and extracted with ether. The ether extract was
washed with water, dried (sodium sulfate), and the solvent
was removed. The residue was distilled in an atmosphere
of nitrogen. The first fraction consisted of unchanged
ketone XII which partially decomposed during the dis-
tillation, giving a solid decomposition product which was
deposited in the condenser. After this first fraction and
the decomposition products were removed, the distillation
proceeded smoothly. The second fraction (29.3 g.)
boiled at 120-165° (2 mm.). The third fraction (21 g.,
38%) boiled at 165-175° (2 mm.) and was a faintly yellow-
green viscous oil. Fractions IT and III were redistilled.
Fraction II gave 19 g. of a product boiling at 120-128°
2 mm.)‘ which was largely the ether VI present in the
starting material, although it contained some other ma-
terial—probably the hydrocarbon corresponding to the
bromide VII. Almost all of fraction III, on redistillation,
boiled at 173-175° (2 mm.), and had #?%p 1.4620.

Anal. Caled. for CpH,OCL: C, 72.12; H, 12.42.
Found: C, 72.22; H, 12.23.

a-Tocopherol (XI).—The above halohydrin X (12 g.,
0.036 mole) was added to a hot (115°) and stirred solution
of trimethylhydroquinone (5 g., 0.033 mole) and zinc chlo-
ride (2.5 g., freshly fused) in acetic acid (20 cc.). The
mixture was refluxed for one and one-half hours; hydrogen
chloride was evolved throughout the course of the reac-
tion. The dark brown liquid was poured into water
(100 cc.) containing a small amount of sodium hydrosulfite,
and the mixture was extracted with petroleum ether (50
cc.,, b. p. 60-68°). The extract was washed with water
and then twice with a solution of potassium hydroxide in
509 aqueous methanol (5%, 50 cc. and 25 cc.) and finally
with aqueous methanol (25 cc., 509;). Each of the wash
liquids was extracted once with petroleum ether. All the
petroleum ether solutions were combined, dried (sodium
sulfate), and the solvent was removed. The residual red

C, 69.39; H, 12.02.
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oil was refluxed for one and one-half hours with a solution
of potassium hydroxide (1.5 g.) in methanol (50 cc.), then
poured into water and extracted with petroleum ether.
The solvent was removed from the dried extract and the
residue was again refluxed with alkali. The final petro-
leum ether extract was washed once with aqueous metha-
nol (509%), dried, concentrated to a small volume and
transferred to a high-vacuum still. The remainder
of the solvent was removed, and the residue (13.7 g.) was
degassed at 100° under 10 mm. and then distilled at a
bath temperature of 185-190° and a pressure of approxi-
mately 10~® mm. The distillate of a-tocopherol weighed
10.1 g. (70%,).

Anal, Caled. for CxuHnOs: C, 80.85;
Found: C, 81.14; H, 11.69.

The 3,5-dinitrophenylurethan melted at 145-146°,
alone or when mixed with an authentic specimen.!® The
gold chloride titration gave a value 93.19,; the Furter-
Meyer assay!® gave a value of 97.5%. The extinction coef-
ficient for the wave length of maximum absorption was
2.7 = 0.1 (1 millimole per liter as the unit of concentra-
tion; solvent, 959, alcohol). The accepted value for a-
tocopherol is 3.05 = 0.5. The bio-assay (rats) showed the
substance to have a full vitamin E activity with a median
dose of between 1 and 3 mg.

H, 11.71.

Summary

1. This paper describes a synthesis of a-to-
copherol from citral in which phytol is not an
intermediate. An over-all yield of 4-59, of a-
tocopherol can be obtained from citral.

2. Two ‘‘isoprene” units are built onto citral
in six steps: (a) conversion of citral to pseudo-
ionone, (b) a Grignard reaction between pseudo-
ionone and a vy-alkoxypropyl halide, (c) reduc-
tion of the resulting unsaturated ether to a satu-
rated ether, (d) cleavage of the saturated ether to
a saturated Cie-bromide, (e) reaction between the
Grignard reagent of the Cys-bromide and $-chloro-
ethyl methyl ketone to produce a Cy-halohydrin
structurally comprised of four “isoprene’” units
with a chlorine atom in the 1-position and a hy-
droxyl -group in the 3-position, (f) condensation
of this halohydrin with trimethylhydroquinone to
produce a-tocopherol.

3. Each step in the synthesis has been ex-
amined and studied in some detail.

4. The synthesis is a general one for 1,3-halo-
hydrins, and the condensation between these
halohydrins and hydroquinones is also general,
thus opening the way to the synthesis of a great
variety of 2,2-dialkyl-6-hydroxychromans.

5. ‘“‘Phytol ketone”’ has also been prepared,
in excellent yield, from the Cis-bromide and
acetaldehyde. This ketone can be converted

(19) Furter and Meyer, Helv. Chim. Acta, 23, 249 (1939).
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into phytol itself, so that these reactions may
constitute the basis for a new synthesis of this
alcohol.

6. With “phytol ketone” available, the toco-
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pherol synthesis of Smith and Miller® becomes
practicable, since it is no longer dependent upon
a source of phytol.
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An Instance of the Diene Synthesis with an Isobenzothiophene

By C. F. H. ALLEN anD J. W. GATES, JR.

4,5-Diphenyl-1,2-dibenzoylbenzene I was
needed for use as a reference compound in some
other work. The obvious way to secure this sub-
stance was by means of the diene synthesis, add-
ing dibenzoylethylene to 2,3-diphenylbutadiene,
and dehydrogenating; it is known that diben-
zoylethylene can be added

The sulfur-bridged substance dissociates into its
components at its melting point (245°). It is
very sparingly soluble in most solvents. When
an alcoholic suspension is saturated with hydrogen
chloride and heated for four hours, hydrogen sul-
fide is evolved and the anhydride is converted to

to dienes.!? The desired fsz COCHs Hopr SeHE
addition compound II was CeH,C CH CsHa/\ —CcocH, S CHy N \
dily obtained, but when ' — | g s
readily obtained, but whell  ¢p,c = CH CeH_—COC:H; : NP
it was heated with sulfur ‘ i,H I C
for dehydrogenation, the CH, COGCH, oot CaHs
product was bright yellow, AcO CrO;, HNO; ‘ M.A.
with a strong greenish cH H.PO 2By HOAc
615 3 4 CsHs
fluorescence. It was sub- H L -
sequently found to contain ¢, Ve \ Br, CoHy \COCH; cH N N —=co
an atom of sulfur, which Om [ I S >0
fact at once suggested that ~ “*HL \C/ avac, ¢ GeHs\ /COCH, SN \l /}?{_CO
it was an isobenzothio- H o CoH,
phene ITI, by analogy with VI CeHs I v
similar properties of iso- CoH, Z“lHOAC HCllROH
benzofurans.®45 H CeHs CeHs
Like other thiophenes it CsHy /N—co M.A. CHy Y \ CsHs NCOOR
fails to add methyl iodid @R °
ails to add methyl lodide ¢ g\ A ] —co 5 : NG N CaEli\ _/COOR
nor is it oxidized to a sul- H SH Ex
. N 615 228
fone, but it does add maleic C¢H;
anhydride. Thenewaddi- ¥ HCl, ROH Vi THin(NaOH) v
tion product IV is the first CeH,
instance of the isolation of CeHs N—CO
a substance containing a CeH, /—C>OO
sulfur atom as a bridge VI CH,

across a six-membered

ring. Other attempts to employ thiophenes in the
diene synthesis have been unsuccessful® or the sul-
fur has been eliminated as hydrogen sulfide’ during
the reaction.

1)
(2)
3)
4)
5)
(6)
7

Adams and Geissman, THIS JoURNaAL, §1, 2083 (1939).
Adams and Gold, ibid., 82, 56 (1940).

Dufraisse and Priore, Bull. soc. chim., [5] §, 502 (1938).
Barnett, J. Chem. Soc., 1326 (1935).

Norton, Chem. Rev., 81, 474 (1942).

Dufraisse and Daniel, Bull. soc. chim., [5] 4, 2063 (1937).
Clapp, Tais JOURNAL, 61, 2733 (1939).

an ester; without isolation, the ester V was hy-
drolyzed by sodium hydroxide, and, upon acidifi-
cation, the anhydride VI of 1,4,6,7-tetraphenyl-
naphthalene-2,3-dicarboxylic acid resulted. The
sulfur bridge was not removed by lead salts, nor
did it add methyl iodide or methyl p-toluenesul-
fonate under any conditions.

In contrast to the 4,5-dialkylated addition
products, the diphenyl analog does not add bro-



