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4.5 g. (0.03 mole) of l,3-dicyclopropyl-2-butene-l-one in 
150 ml. of water was oxidized at room temperature by add
ing 8.4 g. (0.06 mole) of potassium permanganate during 
three hours. Excess permanganate was removed with 
sodium bisulfite, manganese dioxide was separated, and the 
alkaline filtrate was acidified and continuously extracted 
with ether for two days. Cyclopropanecarboxylic acid, 0.5 
g., was separated from the ether solution by extraction with 
alkali; the residual ether solution on evaporation gave 2.0 
g. of cyclopropyl methyl ketone. A 4.5 g. (0.03 mole) 
portion of the unsaturated ketone mixed with 16 g. of potas
sium iodide and 250 ml. of 5 % sodium hypochlorite gave, 
after sixteen hours, 8.0 g. of iodoform. The alkaline nitrate 
was acidified and extracted with ether, and after separation 
from iodine, 1.5 g. of cyclopropanecarboxylic acid, b .p . 
175-185°, was obtained. 

A sample of l,3-dicyclopropyl-2-buten-l-one, b .p . 104° at 
12 mm., W20D 1.4872, dt*> 1.001, was used for infrared ab
sorption measurements and for preparation of the semicar-
bazone which, when recrystallized from dilute alcohol, 
melted 142.9-143.4°. 

Anal. Calcd. for C11H13OK3: N , 20.27. Found: N, 
19.45. 

A pure sample of methylcyclopropyl-i-butylcarbinol, b .p . 
85° at 45 mm., W20D 1.4495, A,20 0.886, was used for the 
determination of the infrared spectrum. The MRo found 
was 43.09; that calculated from atomic refractivities in
cluding the exaltation of 0.6 was 43.69. 

Anal. Calcd. for C9Hi8O: C, 76.0; H, 12.76. Found: 
C, 75.5, 75.5; H, 12.48, 12.52. 
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Ethyl difiuoromethyl ether has been made and is 
reported to be unstable.1'2 

We wish to report the preparation of difiuoro
methyl phenyl ether by the reaction of potassium 
phenoxide with dibromodifiuoromethane in an
hydrous acetone. It has been found to be stable. 

Difiuoromethyl phenyl ether is a colorless liquid 
with a very pungent odor, soluble in ethyl ether, 
ethyl alcohol, benzene and insoluble in water. 
In the presence of sulfuric acid, the difiuoromethyl 
phenyl ether decomposes to tars and liberates 
hydrogen fluoride. Upon refiuxing the difiuoro
methyl phenyl ether with ethyl ether and sodium, 
the ether splits to form sodium phenoxide and 
sodium fluoride. 

Experimental 

Starting Materials.—Dibromodifiuoromethane was ob
tained from the Dow Chemical Co. and fractionated. The 
potassium phenoxide was prepared from phenol and potas
sium hydroxide. 

Preparation.—Dibromodifiuoromethane, 118 g. (0.56 
mole), was bubbled through a mixture of 400 ml. of anhy
drous acetone and 74 g. (0.56 mole) of potassium phenox
ide with stirring, at a rate to keep the temperature below 50°. 
After the addition of the dibromodifiuoromethane was 
started, the solution turned red and finally dark brown. 

After completion of the reaction, the Dewar-type con
denser was removed and a mixture of acetone and excess di
bromodifiuoromethane was distilled from the solution. 
After removal of 300 ml. of acetone, an equal volume of 
water was added and the mixture was steam distilled. The 
difiuoromethyl phenyl ether layer was separated from the 
aqueous layer, dried over anhydrous magnesium sulfate and 
fractionated at reduced pressure through a 50-om. column, 

(I) Swarls, hull. W . r.him. BeU., 120 (I1JIO). 
i:>) A. I.. Heimc unil M A Siimcik. Tars |IIIIKNAI., 72, 437S I 1950). 

8 mm. i.d. packed with Vie in- glass helices. The difiuoro
methyl phenyl ether distilled a t 66-67° at 30 mm., 139-
140° a t 763 mm., dx, 1.171, M26D 1.4460. The amount of 
difiuoromethyl phenyl ether collected was 13.2 g. 

To the excess dibromodifiuoromethane and the acetone 
distilled from the original solution, 2 liters of cold water was 
added and the dibromodifiuoromethane which separated 
was collected, dried and used for subsequent experiments. 
The amount of dibromodifiuoromethane recovered was 50 
g. The yield of difiuoromethyl phenyl ether based on the 
dibromodifiuoromethane used was 28 .3%. 

When phenol and potassium hydroxide were substituted 
for anhydrous potassium phenoxide, the yield was 16.3%. 

Anal.s Calcd. for C6H6OCF2H: C, 58.33; H, 4.20. 
Found: C, 58.37; H, 4.48. 

The molar refractivity calculated from the density and re
fractive index is 32.58; the value calculated from the sum 
of atomic refractivities is 32.35. 

Degradation.—To 5 g. of difiuoromethyl phenyl ether 
was added 10 ml. of 50% sulfuric acid. A violet semi-solid 
mass was formed and hydrogen fluoride liberated. The 
acidity was neutralized with sodium hydroxide. A residue 
remained which was removed by filtration and which was 
not readily identified. The filtrate, however, after acidifi
cation and extraction with ethyl ether, yielded 1.1 g. of 
phenol. 

To a flask containing 2 g. of sodium metal in 20 ml. of 
anhydrous ethyl ether was added 5 g. of difiuoromethyl 
phenyl ether. The mixture was refluxed for 12 hours after 
which the excess sodium was slowly decomposed by adding 
ethyl ether saturated with water. After acidifying the mix
ture with 20% hydrochloric acid, the ether layer was sepa
rated, dried and distilled, yielding 2.1 g. of unreacted di
fiuoromethyl phenyl ether and 1.6 g. of phenol. The di
lute hydrochloric acid layer contained a large amount of 
fluoride ion. 

The authors wish to acknowledge the sponsorship 
of the Minnesota Mining and Mfg. Co. for part of 
the work reported in this paper. 

(3) Analysis by Clark Microanalytical Lab., Urbana, 111. 
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Ultraviolet Absorption Spectra of Derivatives of 
2,3,5- and 2,4,5-Trihydroxyacetophenone1 
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RECEIVED M A Y 10, 1955 

In the course of structural studiesla in our labora
tory, it became necessary to synthesize certain tri-
hydroxybenzene derivatives as model compounds 
for comparison of ultraviolet absorption spectra. 
The syntheses of some intermediates and the ab
sorption spectra of the acetophenones are reported 
here. 

2,3,5-Trimethoxybenzaldehyde2 was chosen as 
the starting material for building up an a-substi-
tuted propionic acid side chain from the aldehyde 
group. This aldehyde I was converted to the 
nitrile II.3 The variable yield obtained in the 
preparation of I made it difficult to prepare a 
sufficient quantity of this intermediate to carry 
out the projected steps in the synthesis of the 
desired side chain. 

(1) Condensed from a portion of the dissertation of D.D.C. sub
mitted to the Graduate School of Fordham University in partial ful
fillment of the requirements for the Ph.D. degree. 

(Ia) D. D. Clarke and F. F. Nord, Arch. Biochim. and Biophys., 59, 
209 (1955). 

(2) W. Baker, N. C. Brown and J. Scott, J. Chem. SoC, 1022 (193(1). 
(3) R. Adams, H. MacKenzie, Jr., aud S l.ucwe. THIS JUUHNAI., 70, 

Dr1-I (194S). 
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As we were interested in the ultraviolet absorp
tion spectra of derivatives of trihydroxyaceto-
phenone, the aldehyde I was converted to the 
nitrile III via the oxime, and then to the ketone 
IV.4 The ultraviolet absorption maximum for 
this compound is recorded in Table I. 

TABLE I 

ULTRAVIOLET ABSORPTION MAXIMA 

Derivative of 
acetophenone 

2,4-(OH>-5-OCHs VI 
2-OH,4,5-(OCHi)2 VII 
2,4,5-(OCHa)a VIII 
2,4,5-(OAc)» IX 
2,3,5-(OCHa)a IV 

R 

PHENONES 
Wave lengths 

1st 
350 (3.86) 
342 (3.89) 
325 (3.93) 
342 (2.87) 
313 (3.70) 

OF SUBSTITUTED ACETO-

and intensities of maxima 
2nd 3rd 

276 (4.03) 
275 (4.07) 
268 (4.02) 
281 (3.46) 

239 (4.18) 
237 (4.21) 
232 (4.24) 
242 (4.02) 

C^-CH3 

Q 
O 

/OCH3 

C H 3 - O ,-o/V\ OCH3 

ORj 

1,R = CHO 
II, R = CH2CN 

II I , R = CN ,0 
IV, R = CH3C^-

R3O-

OR8 

V, Ri = R2 = R3 = H 
VI, R1 = R2 = H; R3 = CH3 

VII, R1 = H; R2 = R3 = CH3 
VIII , R1 = R2 = R3 = CH3 ,O 

IX, R1 = R2 = R3 = CH3C^-

Other model compounds studied were deriva
tives of 2,4,5-trihydroxyacetophenone (V) which 
had absorption maxima at 345 m/z (log e, 3.79) and 
280 rmi (log e, 4.00). The spectrum of V was un
changed in the presence of 0.1 N hydrochloric acid, 
but in the presence of 0.1 N sodium hydroxide 
an irreversible transformation took place (Fig. 1). 
By analogy with the alkaline oxidation of Aureo-
mycin6 and of di-i-butylpyrogallol,6 it is possible 
that ring contraction had occurred to give a cyclic 
/3-diketone. 

In addition, the ultraviolet absorption spectra of 
some derivatives of V, viz., VI to IX, were meas
ured and are recorded in Table I. 

The ultraviolet absorption spectra of these 
model compounds showed notable differences from 
that of the material under consideration and the 
synthetic studies were not further pursued. 

Experimental 
2,3,5-Trimethoxybenzaldehyde (I).—Sixty grams of 2,5-

dihydroxy-3-methoxybenzaldehyde, prepared as described 
by Baker, et al.,2 was dissolved in 250 ml. of methanol and 
heated under reflux. Ten ml. of dimethyl sulfate was added 
to the reaction mixture followed by 6 ml. of 40% NaOH. 
When the vigorous reaction had subsided, 5 ml. of dimethyl 
sulfate was added followed by 6 ml. of alkali. This alternate 
addition of dimethyl sulfate and base was continued, until a 
white precipitate of sodium sulfate was formed on the addi
tion of alkali. Three hundred ml. of dimethyl sulfate was 
required. The reaction mixture was made distinctly alkaline 
and refluxed for an extra half-hour. After cooling it was ex
tracted with five 200-ml. portions of ether. The ether ex
tract was dried over Drierite and the ether removed under 
reduced pressure. The yield of crude product varied from 
2 to 26 g. and when recrystallized from ligroin (b.p. 90 -
100°) had a m.p . of 62-63°, literature value 63 °.2 

(4) W. Baker and F. M. Eastwood, J. Ckem. Soc, 2907 (1929); 
W. Baker and A. R. Smith, ibid., 347 (1936). 

(5) C. W. Waller, B. L. Hutchings, C. F. Wolf, R. W. Broschard, 
A. A. Goldman and J. H. Williams, THIS TOURNAT., 74, 4978 (1952). 

(0) F. Stitf. O. F. Bailey, Cl. B. Coppinger and T. W. Campbell, 
ibid., 76, 3642 (1954), 

240 300 320 260 280 
X, millimicrons. 

Fig. 1.—Ultraviolet absorption spectrum of 2,4,5-tri
hydroxyacetophenone in 0.1 N NaOH: , 0 hr.; , 
0.5 hr.; , 2.5 hr.; - • •-• — -, acidified solution after 
5 hr. 

The oxime was prepared from 1 g. of the aldehyde in quan
titative yield; m.p . 129-130° (recryst. from methanol). 

Anal. Calcd. for Ci0H13NO4: C, 56.86; H, 6.20; N, 
6.63; OCH3, 44.08. Found: C, 56.65; H, 6.11; N, 6.89; 
OCH3, 43.89. 

2,3,5-Trimethoxybenzylcyanide (II).—Eighteen grams of 
2,3,5-trimethoxybenzaldehyde was reduced with lithium 
aluminum hydride (1 g.) in the usual manner. ' Ten grams 
of 2,3,4-trimethoxybenzyl alcohol was obtained after vacuum 
distillation of the product; b .p . 156-160° at 4 mm. 

This alcohol was converted to the corresponding benzyl 
chloride and then to the cyanide I I . 3 The yield was 12 g. 
After two recrystallizations from petroleum ether the m.p . 
was 60-63°. 

Anal. Calcd. for CuHi3NO3: C, 63.75; H, 6.32; N, 
6.76; CH3O, 44.93. Found: C, 63.92; H, 6.84; CH3O, 
44.86. 

This compound was also prepared from the aldehyde I 
by the rhodanine synthesis8 and found to be identical with 
the previous product; mixed m.p . 60-62°. The yield by 
this latter procedure was lower than that obtained by the one 
described above. 

2,4,5-Trihydroxyacetophenone (V).—This compound was 
prepared by the procedure of Bargellini which consisted in 
the rearrangement of hydroxyhydroquinone triacetate in the 
presence of zinc chloride.9 The trimethyl ether VIII was 
prepared according to the directions of Mauthner.10 The 
4,5-dimethyl ether VII and the 5-methyl ether VI were 
prepared as described by Geissman and Seikel.11 The 5-
methyl ether VT was also prepared by treating V with diazo-
methane in ether solution. For measurement of the ultra
violet absorption spectrum, the crude compound V obtained 
above was reduced by heating with sodium bisulfite in water 
solution followed by recrystallization from hot water. This 
treatment decreased the intensity of the color of the crystals 
from red to salmon pink and eliminated an absorption peak 
at 520 tan. 

(7) R. F. Nystrom and W. G. Brown, ibid., 69, 1197 (1947). 
(8) P. L. Julian and B. M. Sturgis, ibid., 57, 1126 (1935). 
(9) G. Bargellini, Gazz. chim. Hal., 43, I, 164 (1913). 
(10) F. Mauthner, J. prakl. Chem., 136, 214 (1933). 
(ID 'I' A. Geissman and M. K. Seikel, Tins TIWRNAI., 72, f>722 

(1950). 
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2,3,5-Trimethoxybenzonitrile (III).—This compound was 
obtained from 3 g. of the corresponding oxime by dehydra
tion with acetic anhydride4; b .p . 132° (0.2 mm.) , m.p . 66-
67°. 

Anal. Calcd. for CmHnNO3: C, 62.16; H, 5.74; N, 
7.25; CH3O, 48.19. Found: C, 62.35; H, 5.49; N, 7.35; 
CH3O, 48.24. 

2,3,5-Trimethoxyacetophenone (IV).—One gram of the 
above nitrile I I I was treated with methylmagnesium iodide 
as described by Baker, et al.* After recrystallization from 
petroleum ether the m.p. was 60-62°. Mauthner described 
a product of m.p . 101-102° which he considered to be IV.10 

However, his product was probably VIII which has a m.p . 
101-102°.9 

Anal. Calcd. for CnHi4O4: C, 62.84; H, 6.71; CH3O, 
44.29. Found: C, 62.68; H, 6.78; CH3O, 44.36. 
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Some Dialysis Experiments with Polypeptides 

B Y L. C CRAIG AND T. P. KING 

RECEIVED JULY 11, 1955 

In the last few years considerable progress has 
been made in determining the amino acid sequence 
in polypeptides and a few proteins. The ap
proach has involved partial hydrolysis followed by 
isolation of a sufficient number of interlocking 
peptides and determination of their structure so 
that a unique over-all sequence is revealed. At 
best it is a laborious procedure requiring much 
fractionation with ion exchange chromatography, 
countercurrent distribution, zone electrophoresis 
and paper chromatography or preferably by all of 
these techniques since they have different selec-
tivities. 

Ion exchange chromatography and zone elec
trophoresis depend primarily on the differences in 
charge for their separation while chromatography 
depends on a combination of properties involving 
polarity and relative adsorbability. Countercur
rent distribution depends on a combination of 
properties also largely involving polarity or some
thing related to solubility as expressed by the rela
tive preference at equilibrium of a solute for two 
phases in contact. 

It would be of great help in the fractionation of 
these complex mixtures if even a rough separation 
could be made solely on the basis of molecular size 
or weight. The advantages of this with partial 
hydrolysis are obvious not only from the stand
point of separation but also from the standpoint of 
attaining higher yields of peptides of a desired size. 
Milder conditions or shorter hydrolysis times could 
be used initially and the smaller peptides separated 
from those of large size. The latter could then be 
repeated several times with removal of the small 
peptides after each treatment. With these con
siderations in mind a number of experiments have 
been made in the use of partial dialysis. 

The rate of t-seape of solutes through a sintered 

glass diaphragm has been used for some time1 for 
estimating the relative molecular size of molecules. 
There are many accounts in the literature of the 
correlation of molecular size with the rate of dialysis 
through a semi-permeable membrane.2-4 

Interesting attempts also have been made by 
Signer, et al.,h to use the differences in the rela
tive rates of passage through a semi-permeable 
membrane for the separation of complex mixtures 
of smaller molecules. In the latter work a train of 
dialysis cells has been set up so that solution and 
dialysate flow countercurrently to each other. 

A few preliminary experiments have been made 
in this Laboratory with a series of dialysis units 
which can give a result strictly on a discontinuous 
basis in a manner entirely analogous to the ap
proach of countercurrent distribution.6 The dialy
sis is performed in such manner that it can be 
interrupted at each stage when a desired percentage 
of a given solute has escaped from the solution into 
the dialysate. 

Experimental 

The type of dialysis unit chosen for the study is shown in 
Fig. 1 where A is a cell made from 4.8 cm. glass tubing, 11 
cm. in length, supported by a buret clamp. The support B 
for the dialysis sac is made by cutting a 16 mm. test-tube 
60 mm. from the top and fire polishing the lower end. A 
length of Visking cellophane dialysis tubing #20/32 is then 
cut and one end closed by tying a knot in the wet casing. 
The open end is pulled over the glass support B until it 
reaches the flared upper end of the glass tube. The clamp C 
closes around the cellophane and the glass tube B and holds 
both in place. The cellophane sac is cut of such length that 
10 cm. of the sac extends below the glass tube B. 

D is a glass tube 9 mm. in diameter and approximately 27 
cm. in length. I t is partially closed on the bottom and 
serves as a bubble tube for stirring the solution in the dialysis 
sac. I t is supported by the clamp E. A rubber tube con
nected to its upper end supplies the nitrogen. D is of the 
size given so that when nitrogen has displaced all the solu
tion from its lower end and with 12 ml. of solution the level 
of the solution outside D but inside the sac will rise to within 
1 cm. of the glass support B . Since the dialysis tubing 
approximates 5 cm. in circumference approximately 45 sq. 
cm. of dialyzing surface is afforded. 

One hundred-twenty ml. of solvent is placed in the cell A 
outside the sac. This volume will fill it to a point level 
with the solution inside the sac. I t was found that good 
stirring resulted from quite slow bubbling of nitrogen 
through a tube F which extends to the bottom of the cell A. 
Even with surface active solutes which tended to foam the 
rate of bubbling could be reduced and effective results still 
obtained. In this case a drop of octanol was of great help. 
It was found experimentally that reduction of the rate of 
bubbling to practically nothing from the tube D inside the 
sac did not strongly affect the rate of escape of solute through 
the membrane. 

The dialysate could be removed easily by lowering A from 
the apparatus. The solution could be removed conveni
ently through the top of D by a polyethylene tube attached 
to a 20-ml. hypodermic syringe. This disturbed as little as 
possible the fragile sac so that it could be used repeatedly. 
A sac was always tested for leakage immediately before use. 

Rate studies were made at room temperature with many 
different solutes. The experiment with phenylalanine will 
be taken as an example. A sample of 120 mg. of the amino 

(1) J. H . Northrop a n d M . L . Anson , J. Gen. Physiol, 12, 543 (1929). 
(2) A. Bethe, H . Bethe a n d Y. Terada, Z. physik. Chem., 112, 250 

(1924). 
(3) H . Br in tz inger and W. Brintz inger , Z. anorg. u. allgem. Chem.. 

196, 33 (1931) . 
(4) M . Kamateka and K. Hatakayama, Tdhoku J. Agr. Research. 3 , 

101 (1952). 
(5) R. -Signer, H . H a n n i , W . Koes t le r , W . Roftenln-rfr and P. Vim 

T a v e l , rielv. Chim. Acta, 29 , 1984 (1940). 
(G) 1 . C . Craig and O Poiil, .4MJl. Chan , 2 1 , ".(III ( 1949) 


