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identified by mixed fusion with the 4- or 6-bromo derivative which was obtained by the hydrolysis
-of (1IIf) (a or b).

Bromination of (II') with NBS—A mixture of 4g. of ([I’) in 30cc of CClyand 3.2 g. of NBS was
refluxed for 4.5 hrs. under irradiation of ultraviolet ray. After cooling of the reaction mixture,
the succinimide separated was removed by filtration. On evaporation of the solvent from the
filtrate, an oily substance was obtained. The unstable product was deacetylated with dil. Na,CO;
to give crude deacetylated product which upon crystallization from benzene-petr. ether gave 1.8 g.
of the diketobromo derivative (VI’), m.p. 135~136°, It colored red with FeCl; in EtOH. Anql. Calcd.
for CyH;s0.Br : C, 50.95; H, 5.79. Found: C, 51.35; H, 5.89.

2-Bromo-5,5-dimethyl-1,3-cyclohexanedione (VII)—To a solution of 0.25g. of 5,5-dimethyl-1,3-
cyclohexanedione dissolved in 30cc. of CCl,, 0.32g. of NBS was added and the mixture was refluxed
for 5 mins. After cool, the separated succinimide was removed by filtration and the filtrate was
concentrated under reduced pressure to about 15cc. On cooling, colorless crystals separated out.
Recrystallization from CCl, yielded colorless crystals, m.p. 174~175° which showed no depression
when mixed with the authentic specimen synthesized by the method of Vorldnder.?

2,2-Dibromo-5,5-dimethyl-1,3-cyclohexanedione (VIII)—A solution of 0.5g. of monobromide (VI)
in 20 cec. of dry CCl, was refluxed with 0.33g. of NBS for 20 mins. The reaction mixture was
treated as above. Recrystallization of the product from dil. EtOH gave colorless needles, m. p.
146~147°; yield, 0.37 g. It showed no depression when mixed with the authentic specimen synthesized
by the method of Vorldnder.?

2,2,6-Tribremo-5,5-dimethyl-1,3-cyclohexanedione (IX)—To a solution of 0.5g. of (VI) in glacial
AcOH, a solution of Br, in glacial AcOH was added dropwise until the solution showed a faint
yellow color. The reaction mixture was poured into ice water, and separate white crystals were
recrystallized from EtOH to colorless crystals, m.p. 141°(decomp.). EtOH solution of the product
colored reddish brown with FeCl; solution and liberated Br, from XI solution. Anal. Calcd. for
CgHO.Br; : C, 25.46; H, 2.38; Br, 63.66. Found: C, 25.73; H, 2.50; Br, 63.94.

Summary

The position of the substituted bromine in bromination of 1,3-cyclohexanedione
monoenolate with N-bromosuccinimide was investigated. 1,3-Cyclohexanedione-3-
monoenolates, which have two alkyl substituents at their 5-position, were found to be
brominated at positions other than 2. From the data obtained in infrared spectra,
the sterecchemical situations of the bromo substitution were discussed.

In this reaction dibromo compounds were obtained as by-products which were
not found in a similar reaction for 1,3-cyclohexanedione monoenolates having no or
one aryl substituent at their 5-positions.
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As reported in the previous papers of this series,’»® there are two types in the
bromination reaction of cyclic 1,3-diketone monoenolate with N-bromosuccinimide
(NBS).

Thus for the compounds with general structural type (A), the bromination occurred
at their 2-position, while the 1,3-diketone monoenolates with the structural type (B)
were brominated under the same condition at a 4- or 6-position in the conformational
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1) Part I: This Bulletin, 5, 524(1957).
2) Part IT: This Bulletin, 5, 528(1957).
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situation which did not give a hypsochromic shift for the C=0 streching absorption
in their infrared spectra.

OR OR
RI | ) R/ ——
(A) >< > R= CH, or COCH, (B) >< Y R= CH, or COCH,
H 7 R'= Aryl or H R/ /" R=Rr= CH,
O O R’, R"= Cyclohexane

From the results obtained in the reports hitherto appeared,®* both equatorial and
axial conformations at 4-position and equatorial conformation at C-6 might be proposed
for the position at which the bromination occurred for latter (type B) group of com-
pounds. However, at that time, the final decision required a more detailed research.

In this paper, results of further experiments which enabled to obtain the final
evidence for that problem are reported.
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NO,

According to Ramirez and Kirby,» «-haloketones are generally known to react
with 2,4-dinitrophenylhydrazine (DNPH) even at a low temperature to give «-halo-
hydrazones, and at a more elevated temperature, the products can further be con-
verted into osazones reacting with another mole of the reagent.

The product of NBS bromination of one (I) of the type (B) compounds was reacted
with equimolar amount of DNPH (Brady’s reagent) under cooling. The reaction occur-
red smoothly to give a product, a bromohydrazone, C;;H,;,O;N,Br, which was separated
into two isomers, m.p. 197°(Ia) and m.p. 144°(1b).

Bromines substituted in (IIa) and (IIb) were so reactive that these compounds
easily condensed with piperidine or pyridine under simultaneous dehydrobromination
to give the same amino derivative, C,H;O;N;, m.p. 139°,(IV) or C,H;,O;N;HBr, m.p.
225~227°(decomp.)(II).

On boiling with excess of Brady’s reagent, both hydrazones of monobromo-

3) R.N. Jones, D. A. Ramsay, F. Herling, K. Dobriner : J. Am. Chem. Soc., 74, 2828(1952).
4) E.T. Corey: Ibid., 75, 2301, 3297, 4832(1953).
5) F. Ramirez, A.F. Kirby : Ibid., 74, 4331(1952).
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enolates, (Ila) and (IIb), gave with simultaneous demethylation, an osazone (V), m.p.
270~272°(decomp.), C;H;sN;O,. The same product (V) was also obtained from both (I)
and bromodiketone (IV) by similar treatment with Brady’s reagent.

The above series of reaction for bromo compound (I) reveals that the bromine was
substituted at 6- rather than 4-position of this compound. Otherwise, the final product
of the reaction must be tris(2,4-dinitrophenylhydrazone), because osazone formation
via (ITa) and (IIb) must be preceded by demethylation. Thus, (I) must be 3-methoxy-
5,5~dimethyl-6-bromo-2-cyclohexen-1-one.

As both bromohydrazones, (IIa) and (IIb), were isolated in crystalline form, these
isomers are best interpreted as cis and frans isomers relative to C=N double bond of
the hydrazone. Thus, (IIb) is convertible into (IIa) by its treatment with dilute sulfuric
acid.

On methylation of the bromodiketone (VI), which was thought to have equatorial
bromine,” an oily monobromo-enolate (VlI), b.p, 120°, was obtained, and on keeping at
room temperature, the latter converted into (I).

As the boiling point of (V) was lower than that of (I) (b.ps 125°) and as the former
was easily convertible into the latter, (V) might possibly be a mixture of (I) contami-
nated with a small amount of its conformational pair of bromines.

With Brady’s reagent under milder condition, (VI) was converted into the mono-
hydrazone derivative (IIb) which was further isomerized into (Ira) by treatment with
diluted sulfuric acid. '

The results of the reactions reported in this paper reveal that in the case of
5,5-substituted 3-alkyl(or acyl)-2-cyclohexen-l-one, NBS attacked the 6-position to
introduce bromine probably in axial conformation.

It is of interest that the two types of compounds having a common 1,3-diketone
enolate system, (A) and (B), which differ in the substitution at 5-position, were proved
to be brominated with NBS by different types of reaction. Thus, in the case of type
(B) compounds, the reaction occurred at the methylene neighboring the carbonyl
group.

The «,B-unsaturated carbonyl system is known to be attacked with NBS in two
different ways, (1) and (2), which are shown in Chart 1, and the former type (1), which
gives v-brominated derivatives is more usual than the latter type (2) which results in
a’-brominated product.” In the case of type (B) compound, therefore, NBS-bromination
occurred in a similar mode as in (2) for the simple «,B-unsaturated carbonyl system,
contrary to type (A) compounds which have already been show® to be brominated in
a similar way as that for the simple enolate system.

Q X Q
-H,C-CH=CH-C-CH,- S — -HC~CH=CH-C-CH,- (1)
b’ B « a
N QX
-H,C-CH=CH -C -CH- (2)
Chart 1.

The author wishes to express his deep appreciation to Prof. T. Ukita for helpful advice and
encouragement. Thanks are also due to Prof. K. Kojima, of the Tokyo Institute of Technology, for
his helpful discussions. The author also wishes to thank Miss R. Ota and Mr. B. Kurihara for
carrying out microanalyses.

Experimental

3-Methoxy-5,5-dimethyl-6-bromo-2-cyclohexen-1-one (VII)—To a suspension of 0.6g. of (VI)? in
40 cc. of dehyd. Et,0, an excess of the ether solution of CH;N, was added and the mixture was

6) C. Djerassi: Chem. Revs., 43, 271(1948).
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kept in a refrigerator for 24hrs. After evaporation of the solvent, the residual oil was distilled
under diminished pressure to give 0.2 g. of a colorless liquid, b.ps 120 ~122°. Anal. Calcd. for CoH130:Br:
C, 46.35; H, 5.57; Br, 34.34. Found: C, 46.59; H, 5.59; Br, 34.28.

On standing, this oil solidified into crystals which was identified with (I) reported in the preced-
ing paper.®

3-Methoxy-5,5-dimethyl-6-bromo-2-cyclohexen-1-one Dinitrophenylaydrazone (Ila or IIb)—a) 0.46
g. of bromoketone (I) dissolved in the minimum amount of MeOH was treated at room temperature
with freshly prepared Brady’s reagent” containing 0.4 g. of 2,4-dinitrophenylhydrazine (DNPH).
The precipitated hydrazone was filtered within 5~10 mins. and washed thoroughly with cold hydr.
MeOH. The crude product was extracted with boiling EtOH and EtOH solution was evaporated
to afford reddish sandy crystals which were recrystallized from EtOH to the pure product (Ib),
melting at 143~144°. Awnal. Caled. for C;;H;O:N,Br: C, 43.58; H, 4.11; N, 13.56; Br, 19.37. Found:
C, 44.12; H, 4.29; N, 13.31; Br, 19.31.

The substance which was not extracted with EtOH was recrystallized from EtOAc to reddish
needles (IIa), m.p. 196~197°. Anal. Calcd. for C;sH;OsN,Br: C, 43.58; H, 4.11; N, 13.56; Br, 19.37;
CH,0, 7.51. Found: C, 43.54; H, 4.32; N, 13.80; Br, 19.13; CH;0O, 7.95.

b) The oily bromodiketone methyl-enolate (VI) was treated with DNPH by the method similar
to a). The reaction of (VI) with DNPH gave only dinitrophenylhydrazone, m.p. 143~144°, which
showed no depression when mixed with the sample (IIb) obtained from a).

Rearrangement of (IIb) to (Ila)—ToJa suspension jof 0.1g. of (IIb) in 5cc. of MeOH, 0.5cc. of
H,SO,; was added, the mixture was kept over night in a refrigerator, and the reddish solution was
poured into ice water. The precipitate was {collected by filtration and on recrystallization from
EtOH the product gave 0.05g. of reddish needles, m.p. 196~197°, which showed no depression when
mixed with (Ia).

3-Methoxy-5,5-dimethyl-6-(1-pyridyl) -2-cyclohexen-1-one 2,4 -Dinitrophenylhydrazone (IID)—A
mixture of 0.2g. of bromohydrazone (Ila or IIb) and 4cc. of pyridine was warmed for 20 mins. on
a steam bath. After cool, the separated precipitate was collected by filtration, pressed, and dried
on a porcelain plate. Recrystallization from EtOH gave 0.15g. of reddish needles, m.p. 225~227°
(decomp.). Awnal. Calcd. for CyHgpOsNsBr: C, 48.68; H, 4.66; N, 14.20; Br, 16.22. Found : C, 48.74;
H, 4.83; N, 14.03; Br, 17.19.

3-Methoxy-5,5-dimethyl-6-(1-piperidyl)-2-cyclohexen-1-one {2,4-Dinitrophenylhydrazone (IV)—A
mixture of 0.2g. of bromohydrazone (Ila or ILb) and 0.5cc. of piperidine was kept at the room
temperature for 1hr., the piperidine hydrogen jpromide that separated was removed by filtration,
and the filtrate was distilled to dryness under reduced pressure. Trituration of the residue with
dil. EtOH afforded reddish brown solid, recrystallization of which from EtOH gave 0.12g. of reddish
brown crystals, m.p. 138~139°. Awnal. Calcd. for CsH,:OsN; ¢ C, 57.54; H, 6.52; N, 16.78; CH;0, 7.43.
Found: C, 57.32; H, 6.44; N, 17.13; CH;O, 7.44.

5,5-Dimethyl-1,3,6-cyclohexanetrione 1,6-Osazone (V)—a) A mixture of 0.2 g. of bromohydrazone
(Ia or IIb) was refluxed for 3hrs. with excess of Brady’s reagent. After cool, the separated
crystals were recrystallized from pyridine to reddish sandy crystals, m.p. 270~272%decomp.); yield,
0.12g. Anal. Calcd. for CyHisOeNs: C, 46.67; H, 3.50; N, 21.78. Found : C, 46.82; H, 3.67; N, 21.45.

b) A mixture of 0.2g. of bromodiketone methyl enolate (I) or 5,5-dimethyl-6-bromo-1,3-cyclo-
hexanedione (VI) was refluxed with excess of Brady’s reagent. After cool, the reaction mixture
was treated by a similar procedure as in a). In either case reddish sandy crystals, m.p. 270~272°,
were obtained which showed no depression when mixed with the product obtained in a).

Summary

The position of substituted bromine in the product obtained by bromination with
N-bromosuccinimide of 1,3-cyclohexanedione 3-monoenolates having two alkyl substit-
uents at the 5-position was established as 6, probably in axial conformation.

(Received June 22, 1957)
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NII-Electronic Library Service





