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l / t  (q = reacting area) a t  different temperatures 
are collected in Table 11. 

These data could be plotted according to the 
Arrhenius equation, from which an activation en- 
ergy of 50 kcal./mole was derived. 

On the basis of these results i t  can be concluded 
that in the present case the solid state reaction be- 
tween magnesium and chromium oxides occurred 
only a t  the contact area between the two speci- 
mens and not by means of material transport 
through the gas phase and that the rate of the 
process is determined by the difusion of chromium 
oxide particles through the spinel layer. The nature 
of the diffusing particles however cannot be ascer- 
tained from the present data. 
FRICK CHEMICAL LABORATORY 
PRINCETON, NEW JERSEY 

The System Water-Dioxane-Hydrogen Chloride 
BY R. A. ROBINSON 

RECEIVED JULY 7, 1952 

In  a recent note Grubb and Osthoff' published a 
study of the separation of water-dioxane mixtures 
a t  25' into two layers on the addition of hydrogen 
chloride. They stated that this behavior had not 
been reported previously. I t  was, however, given 
brief mention in a review article 14 years ago2 
and has sincea been studied quantitatively. 

Figure la shows the tie-lines and the area corres- 
ponding to  two-phase systems as determined by 
direct analysis of the conjugate solutions.a The 
points correspond to the data of Grubb and Ost- 
hoff.' (A few points on the lower right-hand side 
have been omitted to avoid over-crowding the 
graph.) In  general the agreement between the 
two determinations is good; Grubb and Osthoff 
find that the region of partial miscibility is some- 
what more extensive in the region of the water- 
rich mixtures but, considering the analytical 
difficulties inherent in this investigation, I think the 
agreement is satisfactory. 
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Fig. la.-Isotherm of the system water-dioxdne-hydrogen 
chloride at 25': 0, data of Grubb and Osthoff; tie-lines 
from data of Robinson and Selkirk. 

Some time ago, I made a few measurements on 
this system a t  10' by the method I had used earlier 
a t  25" and obtained the results given in Table I 
and Fig. lb. 

(1) W. T. Grubb and R. C. Osthoff, THIS JOURNAL, 74, 2108 
(1952). 

(2) H. S. Harned, J. Franklin Insl i fufe ,  116, G23 (1938). 
(3) R. A. Robinson and R. C. Selkirk, J .  Chem. Soc., 1400 (1948). 

TABLE I 
-Upper layer-- -------Lower layer-- 

C ~ H s o i ,  C4Ihoz, 
HCL % Hs0, % % " 2 1 ,  % h 0 ,  70 % 
4.68 3.8 91.5 9.56 9.6 80.S 
2.84 2 . 5  94.7 10.02 14.5 75.5 
1.49 1.4  97.1 9.50 18.0 72.5 
0.76 2.0  97.2 8.33 21.8 69.9 

.51 4.2 95.3 6.98 23.5 69.5 

.57 5.6 93.8 5.03 23.8 71.2 

.96 10.9 88.1 3.16 19.6 77.2 
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Fig. 1b.-Isotherm of the system water-dioxane-hydrogeii 
chloride at 10": 0-4, tie-lines and composition of conjugate 
solution; present work. 

Lowering the temperature by 15' causes the 
major axis of the (very approximately) elliptical 
curve to swing slightly in a counter-clockwise 
direction with, however, little change in composi- 
tion of the conjugate solutions. 

I have to thank Mr. Andrew Yeo Boon Hin and 
Mr. Oh Bak Kim for making some preliminary 
measurements on this system. 
UNIVERSITY OF MALAYA 
SINGAPORE 

Potential Antivirals. I. Simple Analogs of 

BY ARTHUR P. PHILLIPS 
RECEIVED AUGUST 8, 1952 

The simple chemical structure' and broad anti- 
biotic spectrum2 of chloramphenicol have made it 
an interesting model for other possible chemothera- 
peutic agents. While a variety of new synthetic 
and biologically produced drugs have become avail- 
able in recent years for combating effectively many 
of the more common diseases of bacterial or proto- 
zoal origin, few if any of these are useful in the treat- 
ment of the important diseases attributed to a 
virus cause. Since chloramphenicol is somewhat 
effective against certain organisms believed to be 
viruses it seemed worthwhile to seek additional 
chemotherapeutic substances against important 
virus infections among various analogs of this use- 
ful antibiotic. 

Two chemical units, the aromatic nitro and the 
dichloroacetyl, had been identified' as part of the 
chloramphenicol structure although these groupings 
had not been previously recognized in natural prod- 
ucts, nor had they been thought desirable for in- 
corporation into synthetic drugs. These two 

Chloramphenicol (Chloromycetin) 

(1) M. C. Rehstock. cf  al., THIS JOURNAL, 71, 2458 (1849). 
(2) I. W. McLean, Jr., e1 al., J .  Clin.  Invesfigafion. 18, 953 (1849). 
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TABLE I 
R - - ,, 
" ' --CH2CH2NHCOCHCl: &=J 

Carbon, r b  Hydrogen, 5 Cnni pd. Cryst.  h l . p . ,  9 C . h  Empirical 
No. I<, K '  solvent" (uncor.) formula Calcd. Found Calcd. Found 

A. Siiiiple phenethyl dichloroacetamides 
I H  13a.I I 80-81 CioHiiOSCln 51.7 51.8 4.8 4 . 3  

11 2-CI-IaO Ea.JI Sii--87 CiiHia02KC12 50.4  50.7 5 . 0  4.9 
S 3 . : i  S 5 . 3  

I11 3-CH30 I'.H or i i .f i  72-7:3 CI~HI,O~NCI: S 5 . 3  S 5,<5 
I \ .  3-GHSO 1C.H 70-71 CL?HLSO2NClL 52.2 52.6 5 . 5  3 . 3  
1' 4-CHaO l.:a.ti 90-92 CiiHi,02NCl> 30.4 50.3 5 . 0  5 . 0  

\ . I  ;3-CH&CHd(> ISa.11 101-102 CigHis02XC12 5 2 . 1  52.1 5 . 4  5 . 4  
3,4-(CH30)2 IVI 127-128 CI~HI~O~NCI :  49.3 49.7 5 .2  5 . 1  

1.111 2,5-(CH30)2 R.H 01- I< 83-84 C12Hia03SC12 ,19,3 49.2 5 . 2  5 .2  
IS 2,5-(CHaO)z- I-Br A I  111-142 Ci?Hi~O~XTBrCl~  :18.R 38.6 3 . 8  3.7 

1 &SO% IZa.11 98-99 CloHli)OaS2C1* 43.3  43.2 3 . 6  3 . 7  
SI :j-SO2-4-Cfi30 Ea, €I 108-109 CIiHizOaKzCly 43.0  43.0 3 . 9  3 . 9  

XI1 2-X024,5-(CH~O h HOAc 3!14-195 CizHiaOiN,CI, 42 .7  12 .7  4 . 2  ,3.9 
SI11 2,5-( CK3O)yt-SOe AI I - '  ,>SI- ,-(. c) 1 CIZHI~O~S?CI:  4 2 . 7  4 3 . 0  4 . 2  4 , 2  

B.  Siinplc iiitro phenethyl dichIoroacetatnidr5 

a B = benzene; E = ether; Ea = ethyl acetate; H = Skellysolvc B ;  HOAc = acetic acid; hl = methanol. b Yield4 
were usually greater than 80%. 

TABLE I1  

groups, either individually or together, have now 
been substituted in some simple phenethylamine 
derivatives (see Tables I and 11). -4 few deriva- 
tives of aniline are shown in Table 111. 

The simple ring substituted phenethyl dichloro- 
acetamides (Table IA) were prepared by warming 
of the appropriate amine with methyl dichloroace- 
tate. The related nitro compounds (Table IB) 
from some of them were obtained by nitration of 
the dichloroacetamides with co i i~e~i  l r l ~ t e d  nitric 
'kcid in glaciltl acetic acid soluticui. 

In Table I1 are shown a number of variations 
from the simpler substances of Table I. Included 
are some monochloroacetyl and trichloroacetyl 
amides as well as some variations on the phenethyl- 
amine skeleton. The trichloroacetyl amides were 
made from the methyl ester as were the dichlo- 
roacetyls. Use of the acid chloride or anhydride 
seemed to be necessary to  introduce the monochlo- 
roacetyl group. The aniline derivatives shown in 
Table I11 were all niade from the aniline and the 
correspoiidiiig acyl chloridc. 
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Most of these compounds were examined for 
antiviral activity by Dr. D. J. Bauer of The Well- 
come Laboratories of Tropical Medicine, Euston 
Road, London, England. Although several of the 
compounds showed some activity against one of 
the viruses used, that of Rift Valley Fever, on repe- 
tition of the experiments most of these proved to  
be inactive. Only one compound, N-(2,5-dimeth- 
oxy-4-nitrophenethyl)-dichloroacetamide (XI11 of 
Table IB), gave a consistently positive result 
against Rift Valley Fever. 

Acknowledgment.-The author is indebted to 
Samuel W. Blackman for the microanalyses in- 
cluded. 

Experimental 
A number of typical preparative procedures are outlined 

below. 
N-(2,s-Dimethoxy henethyl)-dichioroacetamide (VIII).- 

A mixture of 18 g. r O . 1  mole) of 2,EGdimethoxyphenethyl- 
amine and 17 g. (0.12 mole) of methyl dichloroacetate was 
heated for two hours a t  100". The reaction mixture was 
cooled, 100 cc. of ether was added, and after scratching and 
chilling there was obtained 27 g. (93%) of white crystals. 
After recrystallization from benzene-hexane these melted 
a t  83-84'. 

N-( 2,5-Dimethoxy-4-nitrophenethyl)-dichloroacetamide 
(XIII).-To 29 g. (0.1 mole) of the above amide (VIII)  in 
300 cc. of glacial acetic acid was added bit by bit with cool- 
ing and good stirring 15 cc. of concentrated nitric acid over a 
period of one hour. Yellow prisms start to precipitate 
near the end of the acid addition. After all acid had been 
added the mixture was left for two hours a t  room tempera- 
ture, and then was diluted with 3 liters of cold water. The 
yellow crystalline product was collected and washed with 
water; yield 29 g. (87%); after recrystallization from meth- 
anol it melted a t  155-156'. 
THE WELLCOME RESEARCH LABORATORIES 
TUCKAHOE, NEW YORK 

Spectrophotometric Study of the Tetrachloroiodide 
Complex in Acetonitrile 

BY ALEXANDER 1. POPOV AND JOHN N. JESSUP 

RECEIVED JULY 7, 1952 

In  conjunction with a detailed investigation of 
the behavior of polyhalogen ions in solutions, it was 
found necessary to study the absorption spectrum 
of trimethylsulfonium tetrachloroiodide. While a 
large number of metallic salts of the tetrachloro- 
hydroiodic acid have been reported in the litera- 
ture,' these compounds were found unsuitable for 
this investigation since they are only soluble in 
water or aqueous alcohol, solvents which rapidly 
hydrolyze the polyhalogen complexes. In order to 
obtain compounds soluble in organic solvents, i t  was 
necessary to resort to the salts of large organic 
cations. Trialkyl sulfonium salts were chosen be- 
cause of the ease with which they can be prepared. 

Following the method given by Werner12 2 g. 
of trimethylsulfonium iodide was dissolved in 200 
ml. of glacial acetic acid containing about 8% 
of carbon tetrachloride, and a slow stream of dry 
chlorine was passed through the solution for 
several minutes. The solution was cooled to 0" 
and yellow crystals of the complex crystallized out. 

(1) N. V. Sidgwick, "The Chemical Elements and Their Com- 
pounds," Vol. 11, Oxford University Press, New York, N. Y., 1950, p. 
1198 ff. 

(2) E. A. Werner, J .  Chem. Soc., 89, 1625 (1006). 

The product was filtered, washed with chloroform 
to remove excess chlorine, and dried in an oven at 
50". About 1.7 g. (50% yield) of the complex was 
obtained. The melting point of the final product 
was 180" which does not agree with the m.p. of 
155" given by Werner. Analysis for chlorine gave 
40.2% C1, calculated for (CH3)3SIC&, 41% C1. 
The compound was quite stable when kept stop- 
pered and out of contact with moisture. Odor of 
chlorine was noticeable, however, if i t  was ex- 
posed to humid air. 

It was found impossible to recrystallize this 
compound even if the solvents were previously 
saturated with chlorine. Invariably a mixture 
of the tetrachloride and the dichloride complexes 
was obtained. 

For comparison purposes i t  was necessary to 
prepare the analogous dichloroiodide complex. 
Method of preparation suggested by Dobbin and 
Mason3 was used with some modifications. Dry 
trimethylsulfonium iodide was placed in an erlen- 
meyer flask and a current of chlorine was passed 
over it. A dark brown residue appeared in the 
first step of the reaction, being probably the iodine 
chloride formed: (CH$)$I 4- CIZ + (CH3)$Cl + ICl. After several minutes the dark color 
disappeared and a yellow crystalline product was 
obtained. Since in all cases the analysis showed an 
excess of chlorine present (due to the formation 
of some tetrachloroiodide complex), the complex was 
recrystallized from alcohol, dried in an oven a t  50", 
and analyzed. The amount of chlorine found was 
25.2%, calculated for (CH&SIC12, 25.8% C1. 
The melting point was 103" which agreed with that 
given by Dobbin and Mason. The yield was 60%. 

It was necessary to cool the erlenmeyer during 
the reaction, and to pass the chlorine only at  a very 
slow rate; otherwise, iodine chloride formed in the 
first step of the reaction would be carried off with 
resulting poor yields. 

Since the ultraviolet spectrum of these complexes 
was of particular interest, the choice of a suitable 
solvent was somewhat restricted. Alcohols could 
not be used for reasons already given, and the 
saturated aliphatic hydrocarbons did not possess 
sufficient polarity to dissolve appreciable amounts 
of the complex. 

Acetonitrile solutions were found to be relatively 
stable for short periods of time and the solvent did 
possess the required transmittancy in the ultra- 
violet region. As in all previous work with the 
polyhalogen complexe~,~ the purity of the solvent 
was quite critical. 

Acetonitrile was purified by shaking it for 
several hours with a concentrated solution of potas- 
sium hydroxide, drying over anhydrous sodium 
carbonate and then distilling from phosphorus 
pentoxide through a three-foot column. The 
b.p. was 81.0" at 760 mm. of pressure. 

Solutions were prepared by dissolving the re- 
quired amount of the complex in acetonitrile, just 
before the absorption measurements. Usually, 

(3) L. Dobbin and 0. Mason, ibid., 47 ,  67 (1885) .  
( 4 )  ( a )  R. E. Buckles, A. I. Popov, W. F. Zelezny and R. J. Smith,  

Trrrs J O U R N A L ,  73, 4525 (1051); (b) R. E. Buckles, J. Yuk and A. I. 
PopoV, ibid., 7 4 ,  4370 (1952); ( c )  .4. I. Popov and Is. H. Schmorr, 
ibid., 74  4672 (1952). 


