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fractions indicated the presence of silicon-methyl and silieon- 
phenyl groups. The solvent was removed from the original 
mother liqunr and the residue heated a t  100" under a pressure of 
0.5 mrn. t o  give 1.5 g. (25.97,) of sublimate, identified as dodeea- 
methylcyelohexasilane, m.p. 250-253' (m.m.p.). -4ttempts 
to obtain products from the sublimation residue were unsueeese 
ful. 

2,2-Dimethyl-l,1,1,3,3,3-hexaphenyltrisilane. Preparation.- 
To 2.6 g. (0.02 mole) of dichlorodimethplsilane, there was added 
0.04 mole of triphenylsilyllithium in 50 ml. of tetrahydrofuran. 
The reaction mixture was hydrolyzed in dilute acid and filtered. 
The solids were washed with water, methanol, and ether, and 
dried to give 8.2 g. (71.4%) of product, m.p.  222-226'. Two 
recrystallizations from a mixture of benzene and cyclohexane 
give 5 .5  g. ( 4 7 . T q )  of pure 2,2-dimethyl-l,l,l,3,3,3-hexaphenyl- 
trisilane, m.p.  223-227". 

Anal. Calcd. for C3&6S(i3: Si, 14.60. Found: Si, 14.48, 
14.58. 

Reaction with Lithium.-A few milliliters of tetrahydrofuran 
was added to a stirred mixture of 5.8 g. (0.01 mole) of the tri- 
silane and 0.7 g. (0.1 g.-atom) of lithium. The reaction mixture 
became yellow after 5 min. A total of 25 ml. of tetrahydrofuran 
was added over a 30-min. period and the reaction mixture was 
stirred for an additional 3 hr. To the resulting dark green 
mixture, 3.4 g.  (0.03 mole) of chlorotrimethylsilane was added 
rapidly. The colorless solution was decanted away from the 
lithium and hydrolyzed in dilute acid. Subsequent to 1,he usual 
work-up, the solvents were removed and the residue crystallized 
from ethanol to give 4.3 g .  (65.1r%.) of l,l,l-trimethyl-2,2,2- 
triphenyldisilane, m.p. lOG-108O (m.m.p.) .  The solvents were 
removed from the mother liquor and the residue heated to 
100' (12 mm.) to yield 0.4 g. (667,) of impure dodecamethyl- 
cyclohexasilane, m.p. 200-230". Recrystallization from acetone 
afforded0.3g. (5O%)of pure product, m.p. 250-252O(m.m.p.). 

Cleavage of Dodecamethylcyclohexasilane with Lithium in 
Tetrahydrofuran.-Triphenylsilyllithium was prepared by the 
reaction of 0.13 g. (0.00025 mole) of hexaphenyldisilane and 0.7 
g. (0.1 g.-atom) of lithium in a small volume of tetrahydrofuran. 

To this, 5.25  g. (0.015 mole) of dodecamethylcyelohexasilane 
was added in 25 ml. of tetrahydrofuran.12 The resulting mixture 
was stirred a t  room temperature for 24 hr.  Titration of the 
brown solution showed the silyllithiuni content to be 0.009 mole.6 
Chlorotriphenylsilane, 3.5 g. (0.012 mole), was added. The 
colorless solution was hydrolyzed and filtered to give 0.2 g. of 
hexaphenyldisilane, m.p. 36G365" (m.m.p.). The filtrate was 
worked up in the usual manner and the solvents were re- 
moved. Petroleum ether (b.p. 60-io') was added to the 
residue and filtration afforded 1.6 g. (50%) of triphenylsilanol, 
m.p. 150-155" (n1.ni.p.). The solvent was removed from 
the filtrate and the residue crystallized from acetone to give 
1.9 g. (36.4T0) of recovered dodecamethylcyclohexasilane, m.p. 
250-252' (m.m.p.). Attempts to isolate other pure products 
were unsuccessful. 

Reaction of Lithium with the Insoluble Dimethylsilylene 
Polymer.-About 0.7 g. (0.1 g.-atom) of lithium, which had 
been used for the preparation of triphenylsilyllithium, and 5.8 
g. of the insoluble dimethylsilylene polymer13 were stirred for 
52 hr. in 20 ml. of tetrahydrofuran. The dark brown reaction 
mixture was hydrolyzed in excess dilute acid and filtered to  give 
0.7 g. (12y0) of recovered polymer. Subsequent to the usual 
work-up, the solvents were removed and the residue distilled 
under reduced pressure and afforded a large number of fractions 
boiling in the range 65' (0.4 mm.) to 100" (0.003 mm.). The 
total amount of distillable material was 4.5 g. (77 .8%) .  All of 
these fractions showed strong absorption bands in their infrared 
spectra for silicon-hydrogen and silicon-methyl groups. One 
fraction, h.p. 100-105° (0.4 mm.), partially solidified. Re- 
crystallization from acetone afforded 1.8 g. (32%) of dodeea- 
niethylcyelohexasilane, m .p. 250-252' (m.m.p.), 

(12) An attempt to  cleave dodecamethylcyclohexasilane with untreated 
lithium in tetrahydrofuan gave no indication of a reaction after 48 hr., and 
starting material was recovered in a 90% yield. 

(13) Obtained from the uncatalyzed reaction of dichlorodimethylsilane 
with lithium in tetrahydrofuran.4 
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The reaction of 3-(4,4-(linietliv1-2.6-dioxoc~vc.lohexyl)levulinic acid ( I )  lvith bromine resulted in an unusual 
The structure of this product and the reactions of some related model compounds intramolecular reaction. 

are discussed. 

The investigation of the reaction of brrniiiie with 
ketones has resulted in an understanding of the mech- 
anism of this reaction. It has been shown that the 
rate of reaction is dependent on the concentration of 
the ketone and catalyst (acid or base) but is independ- 
ent of the concentration of the halogen. From this 
and other data, it is believed that the rate-determining 
step is the formation of the enol which is then rapidly 
attacked by ha10gen.~ In connection with our struc- 
tural studies on some cyclic p-diketones,d we became 
interested in the reaction of bromine with certain 
P-diketones, and this paper describes some novel reac- 
tions which we have observed with this system. 

( 1 )  This investigation was supported generously b y  research grant 
CY5527 from the National Cancer Insti tute,  National Insti tutes of Health, 
Public Health Service. 

(2) The research described in this paper was used in partial fulfillment 
of the requirements for  the Bachelor of Science degree. 

(3)  A number of reviews on this subject have been published; see,  for 
example. E. S. Gould, "Mechanism and Structure i n  Organic Chemistry," 
Henry Holt and  Co., N e w  York, pi. Y.. 1959, p. 372. 

(4) For the previous paper of this series, see H. J. Schaeffer and R. Vince, 
J. Org. Chem.. 27, 4602 (1962). 

When 3-(4,4-dimethyl-2,6-dioxocyclohexyl)levulinic 
acid (I) mas allowed to react with an aqueous solution 
of bromine, a neutral product (11) was obtained which 
had undergone substitution of a bromine for a hydrogen 
atom. An examination of the infrared spectrum of the 
brominated product revealed hydroxyl absorption a t  
3620 and 3340 cm.-l and carbonyl absorption at  1785 
and 1725 cm.-l. Furthermore an examination of the 
ultraviolet spectrum revealed that the p-diketone sys- 
tem was no longer capable of enolization since the char- 
acteristic &sorption of an enolizable p-diketone was 
absent; in fact, the only absorption exhibited was a t  
298 mM with an E of 90 which is characteristic of an 
isolated ketone.5 In  addition, the bromine must be 
located in this compound in a unique position since 
when it is allowed to react with sodium hydroxide, a 
25y0 yield of 3-(4,4-dimethyl-2,6-dioxocyclohexyl)levu- 
linic acid (I) is obtained. In  order to obtain more 

( 5 )  T. R. Btode, "Chemical Spectroscopy," 2nd Ed., John Wiley and Sons 
Inc., New Pork,  N. Y., 1943. p. 221-226. 
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information about these reactions, a study of model 
systems which are related to  I was undertaken. 

In order to assess the effect of an exocyclic ketone on 
the bromination of cyclic p-diketone, the model com- 
pound, 2- (2-oxopropyl) -5,5-dimet hylcyclohexane-1 ,3- 
dione, was treated with bromine; the resultant product 
(111) lost the typical ultraviolet absorption of an eno- 
lizable p-diketone.6 I t s  infrared spectrum did not 
exhibit hydroxyl absorption but did exhibit typical 
carbonyl absorption a t  1740 and 1715 cm.-l. Thus, 
the exocyclic ketone did not alter the course of this 
reaction, as is evidenced by the isolation of the normal 
bromination product 111. 

The effect of a p-carboxyethyl chain on the bromina- 
tion of a p-diketone was investigated by allowing 2-(2- 
carbox yet hyl) -5,s-dimet hylc yclohexane- 1 , 3-dione (IV) 
to react with bromine. The product of this reaction 
was assigned structure V on the grounds that it lost 
the typical ultraviolet absorption of an enolizable 
P-diketone and that it exhibited typical infrared ab- 
sorption due to  acidic hydrogen (2650-2000 cm.-l), 
and C=O of a p-diketone and carboxylic acid at  1745 
and 1710 cm.-', but it did not exhibit hydroxyl absorp- 
tion that was found in 11. Thus, a p-carboxyethyl 
does not affect thc formation of the expected product 
on bromination of a p-diketone. Only in the case where 
as exocyclic ketone and a P-carboxyethyl group are 
present in a 0-diketone, as in I, do we find participation 
by these groups in the bromination reaction. 

Several interesting reactions were observed on V. 
For example, when V was recrystallized from absolute 
methanol, a neutral compound was obtained in a 
72y0 yield which was shown to be the methyl ester 
(VI). The structure of VI was shown to be correct 
by an alternate synthesis; L e . ,  when the methyl 
ester of IV was allowed to react with bromine, a good 
yield of VI was obtained. The formation of the 
methyl ester (VI) from the acid (V) merely by heating 

(6) The  ultraviolet spectrum of a typical cycllc (3-dlketone, for example I 
or IV,  exhibits absorption a t  264 nip n h e n  deterrnmed in ethanol and a t  
289 mp when determined in 0 1 N sodium hydroxlde. The molecular ex- 
tinction coefficient for the maxima are of the  order of 103 to  104. 

IX XI1 

of V in methanol most probably occurs by the eliniina- 
tion of a small amount of hydrogen bromide from V, 
which thereby catalyzes the esterification. If, how- 
ever, V is heated in water, rather than methanol, a 
different neutral compound is obtained which has lost 
the elements of hydrogen bromide. This product 
exhibited infrared absorption a t  1790, 1750, and 1715 
cm. - l  and has been assigned structure VII. 

Compound VI1 can also be obtained by allowing 
compound V to react with either sodium bicarbonate 
or magnesium hydroxide. If VI1 is allowed to react 
with excess sodium hydroxide at  Oo, the p-diketone 
system is cleaved and the lactone is opened to generate 
the dicarboxylic acid VI11 whose infrared spectrum 
exhibited the predicted peaks at  1730 (C=O, ketone) 
and 1700 (C=O, acid). Distillation or sublimation 
of VI11 gave the corresponding lactone (IX). An 
attempt to prepare the diester of VI11 gave the 
corresponding monoester of IX. As expected, I X  
was recovered unchanged upon treatment with sodium 
bicarbonate but regenerated VI11 upon treatment with 
sodium hydroxide solution. Finally, it was found that 
when V was allowed to react with sodium hydroxide, 
a 30y0 yield of IV was obtained. The reversal of the 
bromination reaction by sodium hydroxide also occurs 
with I1 and I11 and can be explained by assuniing the 
release of Br+ to  the attacking base, followed by 
protonation of the corresponding enolate anion.7 

As a consequence of our studies on model compounds, 
we felt that in the bromination of I, the bromine 
must have attacked carbon-2 as the initial reaction, 
followed by further intramolecular reaction to  give 
the neutral product (11). In an attempt to determine 
the carbon skeleton of the brominated product, I1 
was treated with zinc dust and acetic acid. The major 
product of the reaction was 2,6,6-trimethyl-3-carboxy- 
methyl-4-oxo-4,5,6,7-tetrahydrobeneofuran (XI) which, 

(7) The generation of Br+  or its equivalent from a bromo ketone b y  the 
attack of a nucleophile has ample precedence: see, for example, H. E. 
Zimmer~nan, J .  O r g .  C h e m ,  20, 549 (1955). Other related reactions are the 
generation of Br + when N-bromosuccinimide is allowed to  react with sodium 
hydroxide. 
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as we have shown earlier,4 is the product formed when I 
is treated with acid; however, a second product was 
isolated in low yield which was found to  be X4. In  
order to remove the bromine atom from I1 under neu- 
tral conditions, I1 was allowed to  react with hydrogen 
using a palladium-on-charcoal catalyst in the presence 
of magnesium oxide which caused the formation of X 
in good yields. Finally, treatment of I1 with a sus- 
pension of magnesium oxide in 9575 ethanol resulted 
in the formation of XII ,  a compound whose infrared 
spectrum was similar to the infrared spectrum of VII. 
On these grounds, the assignment of structure I1 to  
the bromination product I is the most probably justi- 
fied. The formation of XI1 from I1 establishes that 
the bromine atom is a t  carbon-2, and the formation 
of X from I1 establishes the gross carbon skeleton. 
That  X is formed from I1 also establishes the location 
of the hydroxyl group in I1 since we visualize the reac- 
tion as proceeding in two steps: (a) hydrogenolysis of 
the bromine atom and (b) dehydration of the resulting 
@-hydroxy ketone to give X. 

Experimental8 
Bromination of 3-(4,4-Dimethyl-2,6-dioxocyclohexyl)levulinic 

Acid.-To a solution of 513 mg. (2.01 mmoles) of 3-(4,4dimethyl- 
2,6-dioxocyclohexyl)levulinic acid4,g (I)  in 50 ml. of water was 
slowly added a saturated solution of bromine in water until a 
yellow color persisted. The precipitate which formed was col- 
lected by filtration, washed with water, and dried in vucuo a t  
room temperature; yield, 606 mg. (90.97,), m.p. 120" dec. 
Recrystallization from a mixture of benzene and hexane gave the 
analytical sample; yield, 404 mg. (60.7%), m.p. 117-118 dec. 
5 in cm.-l (chloroform): 3620 and 3340 (OH), 1785 and 1725 
( C = O ) .  

Anal.lo Calcd. for Cl3Hl7O5Br: C, 46.88; H ,  5.15; Br, 
23.98. Found: C, 46.99; H ,  5.22; Br, 24.11. 

This compound is sensitive to heat since i t  decomposed on 
drying in vacuo a t  65'. The melting point is a poor criterion for 
purity; we have found that the melting point of the analytical 
sample may vary from 115 to  124' dec. when determined in an 
oil bath and may be as high as 150" dec. when determined on 
the Kofler Heizbank. 

2-( 2-Oxopropyl)-2-bromo-5,5-dimethylcyclohexane-1,3-dione 
(III).-To a solution of 500 mg. (2.54 mmole) of 2-(2-oxopropyl)- 
5,5-dimethylcyclohexane-1 ,3-dione4 in 25 ml. of water was added 
a solution of bromine water until a yellow color persisted, and the 
reaction mixture was chilled. The white precipitate which 
formed was collected by filtration and washed with water; 
yield, 667 mg. (96.87,), m.p. 112". One recrystallization of the 
crude product from methanol gave the analytical material, 
m.p. Ill'. Q in cm.? (potassium bromide): 1740 and 1715 
(C=O). 

Anal. Calcd. for C11HlSOIBr: C, 48.02; H, 5.49; Br, 20.04. 
Found: C, 47.82; H,  5.52; Br, 29.33. 

2-( 2-Carboxyethyl)-2-bromo-5,5-dimethylcyclohexane-1,3- 
dione (V).-2-(2-Carboxyethyl)-5,5-dimethylcyclohexane-l,3di- 
onell (1.00 g., 4.72 mmoles) was dissolved in 25.0 ml. of water and 
10.0 mi. of methanol with heating. After cooling to  room tem- 
perature the clear solution was treated with bromine water until 
a slight yellow persisted. The reaction solution was chilled, and 
the white product which precipitated was collected by filtration 
and washed with water; yield, l .06g. (727,), m.p. 127". ~ c m . - '  
(potassium bromide): 2650-2000 (acidic hydrogen), 1745 and 
1710 (C=O); 300 (e 214). 

(8) The infrared spectra were determined on a Perkin-Elmer Model 137 
spectrophotometer, and the ultraviolet were determined on a Perkin-Elmer 
Model 4000A spectrophotometer. Except where noted, the melting points 
were determined on  a Kofler Heizhank and  are corrected. 

(9) I .  N. Nazarow and S. I. Zavyalov, J .  Gen. Chem. CSSR,  26, 508 
(1Y55). 

(10) The analyses reported in the paper were performed by Galbraith 
Microanalytical Laboratories, Knoxville, Tenn. 

(11) H. Mtetter, H. Kesseler, and H. Meisel, Ber., 87, 1617 (1954). 

Anal. Calcd. for Cl1H1~O4Br: C, 45.39; H,  5.19; Br,  
27.45. Found: C, 45.47; H,  5.06; Br, 27.52. 

Reaction of 2-(2-Carboxyethyl)-2-bromo-5,5-dimethylcyclo- 
hexane-1,3-dione with Methanol. --A solution of 0.602 g. 
(2.07 mmoles) 2-(2-carboxyethyl)-2-bromo-5,5-dimethylcyclo- 
hexane-l,a-dione (V) in 25.0 ml. of methanol was refluxed for 1 
hr., concentrated in vucuo to  about 10 ml., and chilled. The 
white solid which precipitated was removed b y  filtration and 
washed with water; yield, 0.450 g. (727,), m.p. 70". tj cm.-' 
(potassium bromide): 1745 and 1710 (C=O); XFz 262 ( E  442). 

Anal. Calcd. for C12H1704Br: C, 47.23; H,  5.61; Br, 
26.18. Found: C, 47.50; H ,  5.69; Br, 26.11. 

2-( 2-Carbomethoxyethyl)-2-bromo-5,5-~me~ylcyclohexane- 
1 ,3-dione (VI).-2 -(2 -Carbomethoxyethyl) -5,5 -dimethylcyclo- 
hexane-1,3-dione (100 mg., 0.442 mmole) was dissolved in 1 ml. 
of ethanol and 1 ml. of water a t  room temperature. Bromine 
water was added dropwise to the solution until a slight yellow 
color persisted. Addition of water ( 5  ml.) to  the reaction 
mixture caused precipitation of a white solid which was collected 
by filtration; yield, 101 mg. (757,), m.p. 71". V cm.-l 
(potassium bromide): 1745 and 1710 (C=O). The product 
obtained in this reaction was identical in all respects with the 
product obtained by esterification of V. 
The Lactone of 3-(4,4-Dimethyl-2,6-dioxo-l-hydroxycyc'o- 

hexy1)propionic Acid (VII).-(a) To  477 mg. (1.64 mmoles) of 
2 - (2 - carboxyethyl) - 2 - bromo - 5,5 - dimethylcyclohexane- 
l,3-dione (V)  was added 5 ml. of water and 0.1 ml. of methanol. 
The mixture was refluxed for 5 min. during which time solution 
did not occur, but the pH dropped to  approximately 1 .  The 
reaction mixture was chilled, and the white solid was collected by 
filtration; yield, 260 mg. (75.57,), m.p. 210". The crude prod- 
uct was sublimed from an oil bath at  120" (0.10 mm.) and gave 
256 mg. of the analytical sample (VII), m.p. 210". 5 in cm.-' 
(potassium bromide): 1790 (C=O, 7-lactone), 1750, and 1710 
(C=O) . 

Bnal. Calcd. for CllH1104: C, 62.84; H,6.71. Found: C, 
62.90; H,6.68. 

(b)  To a solution of 200 nig. (0.686 mole) of 2-(2-carboxy- 
ethyl)-2-bromo-5,5-dimethylcyclohexane-l,3-dione (V)  in 20 ml. 
of ether was added 20 ml. of 5 7 ,  sodium bicarbonate solution. 
After the mixture was stirred for 10 min., a white solid formed a t  
the interface of the ether and water. The mixture was chilled, 
and the solid (VII) was removed by filtration; yield, 103 mg. 
(71.57,), m.p. 211". 5 in cm.? (potassium bromide): 1790, 
1750, and 1710. This product was identical in all respects with 
the neutral compound obtained by refluxing V with water. 
3,3-Dimethyl-5-oxo-hydroxyazelaic Acid (VIII).-A mixture 

of 1.62 g. (7.71 mmoles) of 3-(4,4-dimethyl-2,6-dioxo-l-hydroxy- 
cyclohexy1)propionic acid lactone (VII) and 16 ml. of 10% 
sodium hydroxide was stirred for 1 hr. in an ice bath. The cold 
reaction mixture was acidified with hydrochloric acid, and the 
white solid which precipitated was collected by filtration; yie d,  
1.29 g. (68.0%), m.p. 121". Recrystallization from a mixture of 
p-dioxane and hexane gave the pure product, m.p. 122". v in 
cm.? (potassium bromide): 
1700 (C=O, acid): 

3320 (OH), 1730 (C=O, ketone), 
290 mu ( E  40.3). 

Anal. Calcd. for CllH1806: C, 53.65; H ,  7.35; neut. equiv., 
123.0. Found: C, 53.35; H,  7.57; neut. equiv., 124.5, 
124.3. 
The ?-Lactone of 3,3-Dimethyl-5-oxo-6-hydroxyazelaic Acid 

(IX) .-3,3-Dimethyl-5-oxo-6-hydroxyazelaic acid (VIII)  (406 
mg., 1.58mmoles)wassublimedfromanoilbathat 130" (0.1 mm.) 
and 270 mg. (71.67,) of a white solid was collected, m.p. 64-66'. 
Resublimation gave the pure product ( IX) ,  m.p. 64-66". i~ in 
cm.-l (potassium bromide): 2650-2100 (acidic hydrogen), 1780 
(C=O, ?-lactone), 1730 (C=O, ketone), 1700 (C=O, acid). 

Anal. Calcd. for C11H1606: C, 57.88; H ,  7.06. Found: C, 
57.71; H, 7.14. 
The Lactone of 8-Carbomethoxy-7,7-dimethyl-5-oxo-4-hydroxy- 

octanoic Acid.-A mixture of 500 mg. (2.03 mmoles) of 3,3-di- 
methyl-5-oxo-6-hydroxyaxelaic acid (VIII), 205 mg. (6.40 
mmoles) of methanol, and 10 X 1. of ethanesulfonic acid in 5.5 ml. 
1,2-dichloroethane wm refluxed for 18 hr. To the cold reaction 
mixture was added 20 ml. of water and 25 ml. of ether. The two 
phases were separated, and the aqueous portion was extracted 
with ether (2 X 25 ml.). The combined ether extracts were 
washed with 57, sodium hydroxide solution. The organic phase 
was dried with anhydrous magnesium sulfate, filtered, concen- 
trated in vucuo and gave 485 mg. (99Y0) of crude product. Distil- 
lation in a micro distillation apparatus (oil bath temperature, 
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llOo, 0.07 mm.) gave 266 mg. of pure product. in em.-' 
(film): 1790 (lactone), 1740 (C=O, ester). 

Anal. Calcd. for C12H1805: C, 59.47; H, 7.48. Found: C, 
58.95; H, 7.40. 

Action of Zinc and Acetic Acid on the Bromination Product of 
3-(4,4-Dimethyl-2,6-dioxocyclohexyl)levulinic Acid (11) .-A mix- 
ture of 276 mg. (0.830 mmole) of I1 and 425 mg. of zinc dust in 10 
ml. of glacial acetic acid was stirred for 1.5 hr. a t  80". After 
filtration, 25 ml. of water was added to the filtrate, and the mix- 
ture was extracted with ether (3 X 25 ml.). The combined 
ether extracts were washed with water (3 X 25 ml.) and then 
extracted with 5% sodium bicarbonate solution (3  X 25 ml,) .  
The ethereal layer, after drying with magnesium sulfate, was 
evaporated to  dryness and gave 16 mg. (8.27,) of X, m.p. 167". 
8 in ern.-' (potassium bromide): 1805 (enol lactone), 1645 (or,@- 
unsaturated ketone). This product was identical with X pre- 
pared by a different m e t h ~ d . ~  The bicarbonate extracts were 
acidified with concentrated hydrochloric acid and extracted with 
ether (3 X 25 ml.). The  combined ether extracts after the usual 
processing gave 101 mg. (52.0%) of 2,6,6-trimethyl-3-carboxy- 
methy1-4-0~0-4,5,6,7-tetrahydrobenzofuran (XI) (m.p. 125O), 
which was identical with the product previously prepared by a 
different procedure. 4 

Hydrogenolysis of the Bromination Product of 3-(4,4-Dimethyl- 
2,6-dioxocyclohexyl)levulinic Acid (II).-A mixture of 666 mg. 

(2.00 mmoles) of 11, 100 mg. of magnesium oxide, and 150 mg. of 
5% palladium-on-charcoal catalyst in 200 ml. of absolute ethanol 
was hydrogenated a t  an initial pressure of 60 p.s.i. until the 
theoretical amount of hydrogen had been absorbed. After 
filtration, the reaction mixture was concentrated i n  vacuo to  10 
ml., and the white solid (X), which precipitated from solution, 
was collected by filtration; the yield of X was 321 mg. (68.2'%), 
m.p. 167'. 8 in em.-' (potassium bromide): 1805 (enol lactone), 
1645 (or,@-unsaturated ketone). This product was identical in 
all respects with compound X prepared by a different proce- 
dure.4 

The Lactone of 3-Acetyl-3-(4,4-dimethyl-2,6-dioxa-l-hydroxy- 
cyclohexy1)propionic Acid (XII).-A solution of 333 mg. (1.00 
mmole) the bromination product of 3-(4,4dimethyl-2,6-dioxo- 
cyclohexy1)levulinic acid (11) and 50 mg. of magnesium oxide in 
100 ml. in 95% ethanol was stirred for 2.5 hr. and allowed to  
stand overnight. The solution was filtered to  remove excess 
magnesium oxide. The filtrate was concentrated to  50 ml. i n  
vacuo, chilled, and the white solid product which precipitated was 
removed by filtration; yield, 167 mg. (66.2%), m.p. 212'. Sub- 
limation from an oil bath a t  130' (0.1 mm.) gave the analytical 
material, m.p. 210'. fi in em.-' (potassium bromide): 1790 
(lactone), 1745 and 1720 (C=O). 

BnaZ. Calcd. for C13Hla05: C, 61.89; H, 6.39. Found: C, 
62.05; H, 6.59. 

Furazan Oxides. 111. A n  Unusual Type of Aromatic Substitution Reaction1$' 
F R A S K  B. AIALLORY AND SUZANNE P. v A R I M B 1 3  
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Treatment of either 2,4- or 2,3-dinitroaniline in alkaline methanol solution a t  50' with aqueous sodium hypo- 
chlorite gives rise to  an unusual substitution reaction which proceeds by way of the corresponding nitrobenzo- 
furazan oxide as an intermediate. The product in each case is a chloromethoxybenzofurazan oxide in which 
the nitro group in the nitrobenzofurazan oxide intermediate has been replaced by a chloro group and an adjacent 
ring hydrogen in this intermediate has been replaced by a methoxy group. An analogous reaction takes place 
with each of the two nitrobenzofurazans. The structures of the chloromethoxy products were proved by spec- 
tral and chemical means. A mechanism for this reaction is suggested. 

In  1912 Green and Rowe reported4 that 2,4-dinitro- 
aniline underwent an unexpectedly complex reaction 
when it was treated in alkaline methanol solution at  
50' with aqueous sodium hypochlorite. Such treat- 
ment constitutes a well known method for the prepara- 
tion of benzofurazan oxides from o-nitroanilines ; how- 
ever, the product from 2,4-dinitroaniline was found not 
to be the borresponding nitrobenzofurazan oxide but 
rather a chloromethoxybenzofurazan oxide. The 
chloro and methoxy groups mere formulated by Green 
and Rowe as having the positions relative to the hetero- 
cycle which are indicated in structure I,j although the 
structural evidence consisted only in satisfactory 
analyses for S, C1, and CH,O and also the observations 

? 
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Ib type of equilibration by way of o-dinitrosobenzenes have been demon- 
strated by recent work. (See ref. 1 for pertinent referenoes.) 

that the compound underwent several reactions typical 
of furazan oxides. 

The use of ethanol in place of methanol in hypo- 
chlorite oxidation of 2,4-dinitroaniline was found4 to 
give a chloroethoxybenzofurazan oxide whose structure 
was formulated on similar grounds to be analogous to I. 

There appears to be only one other mention in the 
literature of this unusual type of substitution reaction 
in which an aromatic nitro group and a ring hydrogen 
are replaced by chloro and alkoxy groups; in 1958 
Dyall and Pausacker reported6 that treatment of 2,3- 
dinitroaniline in alkaline ethanol with aqueous sodium 
hypochlorite gave a product which they formulated 
solely on the basis of analyses for C, H, and GI as X- 
chloro-4-ethoxybenzofurazan oxide. 

We have reinvestigated these reactions and have 
found that in each case the structure which previously 
was assigned4p6 to the product is incorrect. Thus, 
we have established that the product from 2,4-dinitro- 
aniline in methanol has structure I1 and the product 
from 2,3-dinitroaniline in methanol has structure 111. 
It is suggested that in substituted benzofurazan oxides 
of this sort steric compression of the exocyclic oxygen 
and the adjacent substituent on the six-membered ring 
may destabilize significantly the configurations such as 
IIa and IIIa so that the equilibrium mixture would con- 
tain predominantly the configurations such as I Ib  and 

(6) L. K. Dyall and K. H. Pausacker, Australian J .  Chem., 11, 491 
(1958). 


