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A sample of the molecular compound was dehydro- 
genated in the presence of 10% palladium-charcoal catalyst 
at a temperature of 22&310', affording a 7Oy0 yield of 
2-methyl-9-phenylanthracene (IV), m.p. 120.5-122". This 
material gave no depression of melting point when mixed 
with an authentic sample.6 

Oxidatiori of the molecular compound: S-methyl-10-phenyl- 
10-hydroxycmthrone. l4 One gram of the molecular com- 
pound was dissolved in 3.5 ml. of acetic acid and oxidized by 
dropwise addition of a water solution containing 1.87 g. of 
chromic anhydride. After the mixture had been heated on 
the steam bath for 1.5 hr., it  was poured into water and 
the product which separated was crystallized from ethanol, 
yield 0.85 g. (75%) of granular crystals, m.p. 192-199". 
The analytical sample was obtained as colorless granular 
rrystals, m.p 197.5-199.5' (lit.l6 198'). 

Anal. Cnlcd. for Cg1H1802: C, 83.98; H, 5.37. Found: C, 
83.70; H, 5 35. 

The infr:ved absorption spectrum showed the charac- 
teristic absorptions for hydroxyl and carboxyl a t  2.79 and 
5.98 p, respectively.16 

2 - Methyi - 9 - phenyl - 9,10 - dzhydroanthracene. From the 
mother liquw from which the molecular compound had sepa- 
rated, 0.12 g. of long white needles were obtained, m.p. 
87-88". Once recrystallized from ethanol the fine white 
needles melted a t  89.5-90.5'. 

Anal. Calcd. for C1gH18: C, 93.29; H, 6.71. Found: C, 
03.45; H, 6.72. 

Ultravioltt absorption maxima were observed at 250, 
(262),  267, 271, and 276 mH. 
d,LY-Dirnethyl-9-phenylanthracene (VI). A solution con- 

taining 5 g. of o-(3,4-dimethylbenzyl)benzoic acid" (V) in 
dry ether was treated with phenyllithium and worked up 
as in the preparation of 2-methyl-9-phenylanthracene (IV). 
Recrystallization of the crude product from ethanol afforded 
2.42 g. (41%>), m.p. 164-166". The analytical sample crystal- 
lized from tthanol as shiny yellow crystals, m p .  171.5- 
172.5". 

Anal. Caicd. for C22H18: C, 93.57; H, 6.43. Found: C, 
93.36; H, 6.51 

The ultraviolet absorption spectrum had maxima a t  228, 
259, (316), 332, 348, and 366 mp. 
l0-Phenyl-1,d-benzanthracene (VIII). Starting with 5 g. of 

o-(1-naphthylmethy1)benzoic acid (VII),Is and following 
the procedure used in the case of the preparation of the 
analogs (IV and VI), the benzene solution containing the 
hydrocarbon fraction from the chromatographic separation 
was concentrated and the product crystallized by addition 
of ethanol a* light yellow plates, m.p. 182-185", yield 4.06 
g. (58%). A sample recrystallized from benzene-ethanol 
melted a t  184-186' (lit.8 183-184') and did not depress 
the melting point of an authentic ~amp1e.I~ 

The ultraviolet absorption spectrum shomed maxima a t  
222, 259, 271, 281, 291, (300), 320, 335, 351, and 366 mu 
This is in good agreement with the reported values 
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 report^^-^ on the synthesis of N-bromoaceta- 
mide (NBA) mention its decomposition to  form 
bromine. Also bisacetamide hydrobromide has been 
reported as a decomposition product6 or as a by- 
product from slow addition reactions of h'BA.6 
The present investigation involves quantitative 
iodometric analysis and quantitative measurements 
of hydrogen bromide formation during the decom- 
position of NBA in chloroform-ethyl alcohol mix- 
tures. 

Both the 3 B A  and any bromine formed during 
decomposition would be expected to react with 
excess potassium iodide to give triiodide ion. In 
aqueous acetic acid one mole of NBA has beeu 
reported to  react with iodide ion to give two equiva- 
lents of iodine.' This reaction has now been investi- 
gated in water with and without acid present as 
shown in Table I. With acid present these analytical 
results show that two equivalents of iodine were 
formed per mole of NBh while in the absence of 
acid one equivalent of iodine was formed per mole 
of NBA. The interaction of the acid with the SBA 
before the potassium iodide was added caused some 
loss of oxidizing capacity so that the results were 
low and relatively unreliable as shown in the second 
entry of Table I. The best analyses in an acid me- 
dium were obtained when the acid mas added with 
the potassium iodide or after the potassium iodide. 
The average value for the determinations n-ith de- 
layed acid addition was 1.996 f 0.011 where the 
precision sets the 95% confidence limits of the 
average. 

These analytical results on NBA are consistent 
with Equation 1 for the reaction in thc absence of 
acid. When acid was added after this reaction took 
place further iodine was released according to  
Equation 2 (see the last two entries of Table I). 
When acid was added with the potassium iodide the 
reaction given in Equation 3, which is the sum of 

are consistent with the analytical results in the 
presence of excess iodide ion. No reaction producing 
hydrogen ion and iodate ion in the absence of 
added acid can be considered because the reaction 
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Equations 1 and 2, took place. S o  other equ a t' lolls 
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TABLE I 

(YBA) IN AQUEOUS SOLUTIONS OF VARYING ACIDITY 
IODOMETRIC DETERMINATION O F  N-BROMOACETAMIDE 

TABLE I1 
ANALYSIS OF THE DECOMPOSITION PRODUCTS OF N-BROMO- 

ACETAMIDE I N  CHLOROFORM-ETHYL a L C O H 0 L  SOLUTIOTS 

HZSOI 
Concn., 

N 

Equiv. 
Thiosulfate 

per Mole NBA 

0 
0.1-7.od 
0 .  je 
0.5e 
0.05.' 
0.05.' 
o g  

0. 05g 

0.997 & 0,003"b 
1.939 zk 0,058a~c 
1.999 
1.987 
2.005 
1.986 
1.005 
0.996 

a The precision represents the 95% confidence limits of 
the avera,ge. This average represents 9 determinations. 

This average represents 15 determinations. The acid 
was allowed to react with the NB24 before the potassium 
iodide was added. e The acid was added with the potassium 
iodide solution. The acid was added after the reaction be- 
tween potassium iodide and N-bromoacetamide had taken 
place. The acid was added after the first end point was 
reached with sodium thiosulfate and the mixture was ti- 
trated to a second end point. 

of Equation 2 would take place and the net result 
would be Equation 1. Any reaction producing hy- 
droxide ion would lead to  the formation of hy- 
poiodite ion which would react to  give iodate ion by 
Equation 4 and the sum of the equations would 
again be Eqiiation 1. 

GAcNHRr + 101- + 3H20 + 
BAclC"2 + 313- + 6Br- + IO3- (1) 

IO3-- + 81- + 6H+ + 313- + 3H2O (2) 

AcNHRr + 31- + H +  --+ AcNH2 + 1 3 -  + Br- (3) 
310- -+ 1 0 3 -  + 21- 

Chloroform solutions of NBA containing varying 
amounts of ethyl alcohol were analyzed iodometri- 
cally as decomposition progressed. No acid was 
added during the analyses so that each mole of 
NB-4 required one equivalent of thiosulfate while 
each mole of molecular bromine required two. 
Each mole of bromine must have been formed from 
two moles of N-bromoacetamide, however, so that 
the titration was a measure of the fraction of the 
original 'NBA still unchanged or decomposed to  
molecular bromine on the basis of one equivalent 
per mole. The same sample could then be used to 
determine hydrogen ion concentration as a measure 
of hydrogen bromide formed as a product of de- 
composition. This was most conveniently done by 
the addition of potassium iodate followed by titra- 
tion with thiosulfate solution. Since NBA reacted so 
fast with hydrogen bromide to  form bromines it 
was assumed that no acid would be detected when 
N-bromoacetamide was still present. Representa- 
tive results of these experiments are given in Table 
11. 

For each mole of NBA the number of equivalents 
of sodium thiosulfate used plus the number of 
equivalents of hydrogen ion present should total 

(4) 

~~ 

R ~ ~ ~ -  Products, Equiv./Mole XBA EtOH ~_ .- . - -_ __ 
Volume action Reduc- 

Frac- AcNHBr Time, ible 
tion M X lo3 Min. Br Acid Total 

~~~ 

1.36 0.10 1 . 4  
, OOb - 73 0.88 . O O  0.88 
, OOb - 105 .60 . 00 . G O  
. OOb - 140 .38 . 00 , 3 8  
.01 1 . 7 2  10 1.04 .oo 1 . o i  
.05 1.68 10 0.97 .03 1.00 
.05 - 20 .73 .10 0.83 

45 .46 .28 0.74 .05 
. I 6  1.09 10 .75 .28 1 .03  
. I 6  1.57 10 , Gi .33 1.00 
.25 2.11 10 .78 .18 0.96 
.35 1 .95  10 . 64 .32 .96 
.50 2.21 10 .53 .41 .94 
. i 5  0.69 10 .43 .49 .92 

1.00 1.80 10 .53 .37 .90 

This run was carried out until bromine color was deep- 
est. There was a fairly large air space above the reaction 
mixture. An effort was made to  keep the air space a t  a 
minimum in the reaction tubes. 

one if the decomposition involved oxidation only. 
Bromine substitution on the other hand would 
lead to  a t,otal lower than one with a minimum value 
of zero. When pure chloroform was used as a sol- 
vent a slow decomposition to  bromine took place 
and the total of equivalents of reducible bromine 
and acid was often greater than one. This result 
was assumed to be caused by air oxidation of the 
chloroform to  phosgene a,nd hydrogen chloride. 
When the amount of available air was carefully 
limited no acid was detect,ed and the tot'al of 
equivalents was considerably less than one as ex- 
pected for substitution. With ethyl alcohol present 
the total was never more than one within experi- 
mental error. In  fact, except when the reaction 
mixture stood for long enough to allow consider- 
able bromine substitution to t'ake place, the total 
was very close to one. This fact that nearly all of 
the bromine from the NBA could be accounted for 
as either molecular bromine or hydrogen bromide 
is consistent with the view that t'he main reaction 
(Equation 5 )  was the oxidation of et'hyl alcohol to 
acetaldehyde, which was detected as a product,. 
The oxidations of secondary alcohols8 and of 
aromatic nlcoholsg by NBA have been report'ed so 
that such a reaction wit,h ethyl alcohol is not 
surprising. 
CH$CH,OH + AcSHBr -+ 

- - 0. OOU 

- 

CH3CH0 + AcNH2 + HBr (5) 

The hydrogen bromide formed would be ex- 
pected6 to  react rapidly with NBA as shown in 
Equation 6. From the type of dstJa given in Table 

(8) L. F. Fieser and S. Rajagopalan, J .  Am. Chent. Soc., 

(9) J. Le Comte and C. Dufour, Compt. rend., 234, 1887 
71, 3935 (1949). 

(1952). 
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AcNHBr + HRr --f AcNH2 + Brz 

I1 it was possible to  estimate the relative rates of 
the reactions of Equations 5 aiid 6. On the assump- 
tion that each reaction was first order with respect 
t o  each reagent, and that any subsequent reactions 
of bromine would be consjderably slower, Equation 
7 was derived and was integrated to  give Equation 
8. The rate constants for Equations 5 and 6 are 

(6) 

(7) 

represented by kS and ks, respectively, while x, y, 
and A are the concentrations of hydrogen bromide, 
bromine, and ethyl alcohol (assumed to  be con- 
stant), respectively. Over the entire range of 
alcohol concentrations, which were used, the re- 
action of Equation 6 was found to be (1.3 f 0.3)104 
times as fast as that of Equation 5 at  room tem- 
perature (26") .  

EXPERIMEBTAL 

Pure  anh?idrous N-bromoacetamide. Crude NBA6 was dis- 
solved in a minimum amount of warm water (60"), and the 
solution was cooled in an ice bath. The crystals were dried 
thoroughly in an anhydrous atmosphere and then dissolved 
in cold absolute ether. This sclution was chilled and evapo- 
rated. The crystals which formed were thoroughly dried a t  
room temperature and then a t  45". A yield of about 50% 
of NBA, m.p. 108', was obtained from the purification. 
The melting point checks well with that of Hofmann2 and 
is considerably higher than those observed (usually around 
103') for ppoducts obtained by crystallization f i  om chloro- 
form.6t10 

Anal .  Calcd. for CzHaXOBr: C, 17.41; H, 2.92; N, 10.15; 
Br, 57.93. Found for product of m.p. 108': C, 17.39; H, 
2.89; N (Dumas), 10.21; Br, 57.80. Found for product of 
m.p. 102-103": C, 16.80; H, 3.11; N, 10.93; Br, 57.30. 

Iodometric determination of N-bromoacetamide. A carefully 
weighed sample of 0.2-0.8 g. of NBA was dissolved in about 
25 ml. of water and enough 6 N  sulfuric acid was added to 
give a final solution of the desired normality Potassium 
iodide (about 3 g.) was then added in enough water to  make 
a total volume cf 100 ml. The iodine formed was titrated 
with standard sodium thiosulfate. The results are tabulated 
in Table I. 

Decomposition of N-bromoacdamide in chloroform and 
ethyl alcohol. Commrrcial chloroform was n-ashed free of 
alcohol by SeveraI extractions with concentrated sulfuric 
acid. The chloroform was washed with water, dried Gvrr 
anhydrous sodium sulfate, and distilled as needed. Samples 
of 0.1-1.0 g. of NBA were dissolved in 100 ml. of the chloro- 
form, chloroform-ethyl alcohol mixtures, or absolute ethyl 
alcohol. The solutions were sealed into Pyrex tubes with a 
minimum of air space and illuminated by a fused silica 
mercury arc. The tip of each tube was then broken beneath 
the surface of water. The water solutio11 was first treated 
with an excess of potassium iodide and titrated ~ i t h  standard 
sodium thiosulfate solution to determine the amount of 
reducible bromine present. The solution was then boiled 
for two minutes, treated with an excess of potassium iodate, 
and again titrated with standard thiosulfate solution to 
determine the amount of acid present. The acid was also 

(10) E. P. Oliveto and C. Gerold, Org. Syntheses, 31, 
17 (1951). 

determined in many experiments by titration with standard 
sodium hydroxide solution following the iodometric titration 
of bromine. The two methods gave comparable results. 
Representative data are tabulated in Table II. 

Qualitative experiments on  the decomposition of N-bromo- 
acetamide. A bromine color rapidly developed when a chloro- 
form solution of NB-4 with or without ethyl alcohol present 
was illuminated with u1t)raviolet radiation. The color reached 
a maximum intensity, as it was followed by a spectro- 
photometer, and then the color slowly faded as crystals of 
bisacetamide hydrobromide precipitated. The melting point 
varied from 127' to 139" and the material may have been 
contaminated by monoacetamide hydrobromide or by acet- 
amide. Dry hydrogen bromide reacted with acetamide in 
chloroform to yield bisacetamide hydrobromide of m.p. 140- 
141' whiIe the value 139.5' has been reported.1' In other 
experiments a chloroform-insoluble liquid with the color of 
bromine mas observed partway through the decomposition 
reaction. Eventually this liquid deposited crystals of bis- 
acetamide hydrobromide and gradually disappeared. It is 
probable that this liquid was a mixture composed mostly 
of N-bromoacetamide and acetamide with bromine dissolved 
in it. In some experiments evaporation of the chloroform 
solution led to the isolation of small amounts of acetamide. 
Diacetylhydrazine, m.p., 140°, might be expected as a prod- 
uct, but methods of isolation, which were successful with 
an authentic sample,l2 did not yield this material from the 
decomposition solutions. 

Detection of acetaldehyde. A solution of 1.4 g (0,010 mole) 
of KBA in 20 g. of chloroform and 5 g. of absolute ethanol 
was stirred rapidly with 2.5 g. of calcium carbonate in dif- 
fuse light. Only a very light bromine color was observed. 
After thirty minutes the solution was filtered and then 
shaken Trith water in the presence of a little copper wire. 
Addition of excess 2,4dinitrophenylhydrazine solution to  
the aqueous layer yielded 0.40 g. (1876) of acetaldehyde 2,4- 
dinitrophenylhydrazone, m.p. 155-150", which after two 
crystallizations melted a t  165-167' and clitl  not depress t,lit. 
melting point of an authentic samplt:. 
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Diels-Alder Reactions on 1,2-Cyclohexene- 
dicarboxylic Anhydride 

Rosmrr E. BUCKLES A N D  ?rlARJORIE 1,. DEETS 

1,2-Cyclohexenedicarboxylic anhydride (A1-tet- 
rahydrophthalic anhydride) has been reported to 
undergo the Dicls-Alder reaction with butadiene1v2 
to  form the octalin derivative, 1,4,4a,5,6,7,8,8a- 
octahydro-$a,Sa-naphthalenedicarboxylic acid. In 
the present, investigation some new octalin deriv- 
atives have been prepared by using other dienes 
with this anhydride. Six dienes were allowed t o  
react with the dienophile in a sealed reaction tube, 
and adducts were obtained with isoprene and di- 

(1) I<. Alder and I<. H. Rackendorf, Rer., 71B, 2199 

(2)  P. Brig1 and R.  Herrmann, Ber., 71B, 2280 (1938). 
(19%). 


