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was analyzed by gas chromatography on a 10% tris(cyanoethoxy)-
propane column (30-100 mesh Chromosorb C-AW-DCMS support
in a stainless steel, 2.4 mm inside diameter, 2.7 m column). Peak
identifications were established as described in ref 2. The same pro-
cedure was followed for damsylate solvolyses, but only 0.06 g of
damsylate was used for each solvolysis.

Registry No.—la-trifluoromethanesulfonate, 68854-29-5; 1b,
68854-30-8; 4, 13395-76-1; 5, 1601-00-9; 6, 24395-07-1; sodium p-
{(dimethylamino)benzenesulfonate, 2244-40-8; sulfanilic acid, 121-
57-3.
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For the isolation of the products from synthetic reaction
mixtures, multiple and discontinuous separation techniques
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such as extraction, distillation, recrystallization, or sublima-
tion have been generally adopted. Such separation procedures
are not only tedious and time consuming but also inefficient,
causing a significant loss of products and in many cases
leading to contamination of the products. Because each pro-
cess is carried out manually, experimental results often de-
pend heavily on the technical skill of the laboratory worker
himself. Also, these methods are not generalizable, and the
details of an isolation procedure must be tailored to fit the
conditions met within a particular synthesis.!

One of the authors (Hara) has been trying to generalize and
to systematize the separation procedures in organic synthesis
in order to do away with tedious traditional experimental
techniques.??® To achieve this, a direct fractionation technique
using high-performance liquid chromatography has heen
developed.® The procedure was designed to simplify and speed
up isolation procedures, while providing for quantitative
isolation of a highly purified product. We wish to report here
an improved technique for the isolation of chromate oxidation
products as an example of this scheme.

Chromate(VI) oxidation has been used very often as an
important synthetic method. However, the isolation procedure
used in this reaction is troublesome. Multiple extraction is
required in the first stage to insure complete removal of the
chromate and other polar substances. This often results in loss
of products. In order to fundamentally improve the separation
procedure, a single-step resolution of the polar inorganic and
less polar organic substances in the chromate oxidation
products has been extensively investigated. In a model ex-
periment, the individual components of a crude reaction
mixture were directly injected into a column packed with
various materials and retention behaviors of the compounds
were experimentally determined. A reversed phase column*
packed with a porous styrene-divinylbenzene copolymer gel
was found to exclude inorganic salts such as chromates(III and
V1) by using methanol/water as an eluent. For example, the
capacity factor of chromate(VI) in the case of the methanol/
water (9:1 v/v) system was nearly equal to zero. On the other
hand, organic compounds were retained and could be sepa-
rated from each other. Retention of the solutes on the column
was intensified when the water content in the mobile phase
increased. The retention was also strengthened when the
polarity of functional groups in the organic solutes decreased
or the number of carbons in the solutes increased.®

These results suggest that the clean up of crude reaction
mixtures and separation of the organic products can be ac-
complished in a single step by using liquid chromatography

Table I. Application Examples of Direct Liquid Chromatographic Isolation Procedure for Chromate(VI) Oxidation

Products
methanol gof product  recov-
registry water sub- yield ered
ref substrate no. reagent (v/v)! J strater % lit.% %
6  cholestercl 57-88-5 NagCrs07, CH3CO3H, 1:0  4-choletene-3,6-dione,c 6.1; 3.5 71 39-40
CeHg cholesterol, 10.3; CH3COxH, 0.1
7  p-nitro- 99-99-0 CrOs, HaSOy, 4:1  p-nitrobenzal diacetate,? 5.4; 6.4 95 65-66
toluene (CH5CO0),0 p-nitrotoluene, 8.3
8  naphthalene 931-20-3 CrOs3, CH3COsH 9:1  1,4-naphthoquinone,?€ 3.8; 16 35 18-22 62
naphthalene, 7.3
9  1-decanol 112-30-1 CrO3(C5H;zN),, CHoCly 4:1 decanal,f 2.5; 1-decanol, 1.9 0.5 94 63-66
10 indene 95-13-6 KyCre07, HoSOy 9:1  homophthalic acid,# 2.5; indene, 6.3 81 66-77
7.8
11 2-acetyl- 781-73-7 NasCry07, CH3CO;H 20:1  9-ox0-2-fluorenecarboxylic acid,” 58 78 67-74

fluorene?

1.8; 2-acetylfluorene, 2.3

@ Colorless crystals. Yellow needles were obtained in the literature.® ¢ Starting material was synthesized from fluorene by the procedure
described in “Organic Syntheses”, Collect. Vol. III, Wiley, New York, 1952, p 23. ¢ Registry no. 984-84-9. ¢ Registry no. 2929-91-1.
¢ Registry no. 130-15-4. f Registry no. 112-31-2. ¢ Registry no. 89-51-0. » Registry no. 784-50-9. ! Solvent system for polystyrene gel
LC. J Capacity factor of products, substrate, and medium solvent. * Quantity injected.
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with an optimized column and solvent system.

At first, oxidation of cholesterol was selected as a model
reaction from “Organic Syntheses”.6 Chromatographic re-
tention data of the components in the reaction mixture were
obtained by using an analytical column. The solvent system
for the reversed phase column was optimized experimentally.
Acetic acid used for the reaction medium was removed at the
same time as the chromates. The loading capacity of the
polystyrene gel packed column was large enough to retain and
to separate the crude reaction products from a large amount
of reagents and reaction medium solvents. The crude reaction
mixture, which was directly injected into the preparative
column, was separated into its constituents. The colorless
crystalline product obtained by evaporation of the eluent was
identified as 4-cholestene-3,6-dione by its spectroscopic data.
The high purity of the sample was demonstrated by its
showing a single peak on an analytical high-resolution column.
On the other hand, the specimen obtained by extraction and
recrystallization of the product following the procedure de-
scribed in the literature was a pale yellow crystalline substance
which showed several minor peaks on an analytical liquid
column chromatography due to impurities. The yield of the
reaction was increased from 40% in the literature to 71% in this
experiment. These results seem to be due to not only high
efficiency fractionation of the main product, but also the re-
moval of chromates at the beginning, which prevents inorganic
impurities from contaminating the product during the evap-
oration under heat. Such contamination is common in con-
ventional separation.

The direct fractionation procedure using reversed phase
liquid chromatography was applied further to several typical
chromate oxidation reactions described in “Organic Synthe-
ses”.711 A few results are shown in Table I. In every case, the
purity and yield of these reactions were improved over con-
ventional isolation procedures. Quantitative recovery of the
starting material was possible, for instance in the case of the
oxidation of naphthalene.® Fractions of low purity such as
second crop crystals or mother liquors are always given by the
traditional techniques. However, with the direct fractionation
procedures, only a single, pure fraction is obtained. In a series
of these experiments, the same packed column has been used
repeatedly to examine the lifetime of the column material. No
deterioration of the column function was observed.

The direct fractionation procedure with no pretreatment,
which was described above, is simple and fast. It can be au-
tomated and waste materials can be minimized by recovering
the inorganic and organic reagents, starting materials, and
mobile phase solvents. The characteristics of this method are
the high purity of the products and the quantitative yield of
the reaction products, which are obtainable only by direct
fractionation using a high-resolution column. This method
can be useful as a general separation procedure for chromate
oxidation reaction and as a substitute for the conventional
procedure which is now widely utilized.

Experimental Section

General. Starting materials and reagents employed were technical
grade chemicals obtained from Wako Pure Chemicals Co., Osaka.
Packing material was TSK-gel 110, Toyo Soda Co., Tokyo, spherical
porous polymer, diameter of 10 um for analytical and 30 um for pre-
parative high performance liquid chromatography. Glass columns
(CIG column system,? Kusano Scientific Co., Tokyo) packed with a
slurry of polystyrene gel-methanol (inter diameter of 4 mm, length
of 10 ¢m for analytical, inter diameter of 15 mm, length of 30 ¢cm for
preparative work) were connected with a sample injector valve made
of PTFE or glass. The crude reaction mixture obtained was directly
injected into the top of the column. The flow rates of the mobile phase
consisting of methanol (technical grade, Wako Pure Chemicals Co.)
and water were 1 mL/min under pressure of 30 kg/cm? for analytical
work, and 3 mL/min under pressure of 10 kg/cm? for preparative
purpose. Chromatographic equipment was assembled from a recip-

0022-3263/79/1944-0894$01.00/0
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rocating pumping system, KP-9H, Kusano Scientific Co., a 254 nm
UV detector, UVILOG, Kusano Scientific Co., and a RI detector,
Waters Associates, Mass. Capacity factors in Table I were calculated
by k' = (Vg = V)/Vo where VR is the elution volume for the chro-
matographic peak and Vy is the column void volume which was
measured by p-toluenesulfonic acid in water (V: 0.8 mL for analytical
column, 18 mL for preparative column). The resolution factor of the
products was always larger than 1. Yield of the main product shown
in Table I was calculated from the weight of the residue obtained by
evaporation of the separated fraction. Polar side products which were
highly oxidized were eluted from the column with chromates and were
not examined precisely in this experiment.

Acknowledgment. We thank Dr. Masaru Hasegawa,
Daiichi Pure Chemicals Co., for support of this research.

References and Notes

(1) An example is the series ''Organic Syntheses'' which deals with standard
and reliable procedures. About half of the book is taken up by detailed
description of isolation procedures.

(2) S. Hara, J. Chromatogr., 137, 41 (1977).

(3) S. Hara and M. Nakahata, J. Lig. Chromatogr., 1, 43 (1978).

(4) Octadecyilsilylated silica (ODS) packing is available as a common reversed
phase stationary; however, it is deteriorated by the adsorption of chromates
on the surface of the remaining silanol groups.

(5) Correlation between retention behavior and solute molecular structure has
been systematically investigated in our laboratory. Details will be reported
in the future. Cf. D. J. Pietrzyk and Chi-Hung Chu, Anal. Chem., 49, 757
{1977).

(6) "Organic Syntheses’’, Collect. Vol. IV, Wiley, New York, 1962, p 189.

(7) '‘Organic Syntheses”, Collect. Vol. IV, Wiley, New York, 1962, p 713.

(8) "Organic Syntheses”, Coliect. Vol. IV, Wiley, New York, 1962, p 698.

(9) Org. Synth., 55, 84 (1976).

10) “Organic Syntheses'', Collect. Vol. Ili, Wiley, New York, 1952, p 4489.

11) "‘Organic Syntheses'’, Collect. Vol. Ill, Wiley, New York, 1952, p 420.

{
(

Synthesis and Photochemistry of
2,4,6-Tri-tert-butylacetophenone

Steven R. Ditto, Roger J. Card, Paul D. Davis,
and Douglas C. Neckers*

Department of Chemistry, Bowling Green State University,
Bowling Green, Ohio 43403

Received September 25, 1978

Hydrogen abstraction reactions by excited aromatic car-
bonyl compounds are generally triplet reactions,! and in the
case of the Norrish type I reaction of arylalkanones they occur
intramolecularly from the v position of the attached alkyl
group. Scission follows and the products are an alkene and a
lower molecular weight aryl ketone (eq 1). The type II process

0

|
@—CCHQCHZCHRIRQ
0
" I
2, CCH, + RR,C=CH, (1)

is accompanied by cyclobutanol formation? in the general case
(eq 2), and the reaction is known to proceed through biradical
intermediates.2
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