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IN connection 
rearrangement 

Preparation and Properties of a Series of Alkyl-4,4-dimethylcyclohexa- 
2,5-dienones, and Related Cyclohexenones and Cyclohexanones 
By Kenneth L. Cook and Anthony J. Waring,' Chemistry Department, University of Birmingham, P.O. Box 

363, Birmingham B15 2TT 

The preparations and spectroscopic properties are described of 4,4-dimethyl-, 3,4,4-trimethyl-, 3-ethyl-4.4-di- 
methyl-, 3,4,4,5-tetramethyl-, 3,5-diethyl-4,4-dimethyl-, 2,4,4-trimethyl-, and 2,4.4,5-tetramethylcyclohexa-2,5- 
dienones, and related cyclohexenones and cyclohexanones. The stereochemistry of the related series of 2,6- 
dibromocyclohexanones is  discussed, and various stereochemical criteria are compared. Spectroscopic data for 
3.4.4-trimethylcyclohex-2-enone are given ; n.m.r. solvent shift and other data were used to confirm that the 
major product in a recently reported preparation of this compound is  in fact 3,6,6-trimethylcyclohex-2-enone. 

with studies of the dienone-phenol 
we needed Dure samdes of the cvclo- 

hexa-2,5-dienones (1)-(7). lWe repor't the preparakons 
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R2 (6) Me H H H 
(7) Me H Me H 
(8) Br H Et H 

Me M e  

and properties of these dienones, of a bromo-dienone 
(8), and of related intermediate compounds. The 
stereochemistry of some 2,6-dibromocyclohexanones 
in the series is discussed. 

The dienone (1) has been made previously by de- 
hydrogenation of 4,4-dimethylcyclohexenone with 2,3- 
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) in benz- 
ene,2 d i ~ x a n , ~  or carbon tetrachloride: or with selenium 
dioxide in t-butyl alcohol catalysed by acetic acid.6, 
The DDQ route, with dioxan as solvent, gave clean 
but incomplete reaction (ca. 90% conversion) and 
the dienone could not be completely freed of traces of 
unchanged cyclohexenone. The use of selenium di- 
oxide gave impure dienone which was not adequately 
freed of selenium-containing impurities by the con- 
ventional ammonium sulphide 6,' or Raney nickel s 
treatments. Bordwell and Wellman9 made the di- 
enone by dehydrobromination with calcium carbonate 
of cis-2,6-dibromo-4,4-dimethylcyclohexanone, formed 

t A similar route has been used to prepare the 4,4-diphenyl- 
dienone.s 

K. L. Cook and A. J. Waring, Tetrahedron Letters, 1971, 
(a),  p. 1676; (b) p. 3369; (c) K. L. Cook, M. J. Hughes, and 
A. J.  Waring, J.C.S. Perkin I I ,  1972, 1606. 

* G. Legler and B. Quiring, Tetrahedron, 1967, 23, 2683. 
* H. E. Zimmerman, P. Hackett, D. F. Juers, J. M. McCall, 

and B. Schroder, J .  Amer. Chem. SOC., 1971, 93, 3663. 
4 V. P. Vitullo, J .  Org. Chem., 1970, 35, 3976. 
6 H. E. Zimmerman, R. W. Binkley, J. J. McCullough, and 

G. A. Zimmerman, J .  Amer. Chem. SOC., 1967, 89, 6689. 
6 H. Alper and J. T. Edward, J .  Organometallic Chem., 1969, 

l6, 342. 

by bromination of 4,4-dimethylcyclohexanone in acetic 
acid.1° This route, with slight modification, gave good 
yields of dienone of high purity, but traces of a bromine- 
containing impurity could not be removed by preparative 
g.1.c. A further route, based on a method developed 
by Plieninger and his co-workers (Scheme), was more 

0 OAc 0 

A 
X 

Me Me 
(1)  

SCHEME 

satisfactory.? This gave crude dienone ca. 95% pure, 
contaminated mainly with solvent dimethylformamide. 
Preparative g.1.c. gave pure material. Attempts to 
prepare the bromide (11) from compound (9) by treat- 
ment with copper(I1) bromide in ethyl acetate-chloro- 
form l2 which, like copper(I1) bromide in methanol l3 is 

M. Kocor, e t  al.,  2nd Internat. Symp. Chem. Nat. Products, 
Prague, 1962, Angew. Chem. Internat. Edn., 1962, 1. 666. 

S. Fox, M. S. Blicharz, and V. E. Origoni, Ger.P. 1,096,900/ 
1961. 

F. G. Bordwell and K. M. Wellman, J. Org. Chem., 1963, 28, 
2644. 

l o  M. Yanagita, A. Tahara, and E. Ohki, J .  Pharm. SOC. 
Japan, 1951, 71, 1060 (Chem. .4bs., 1962, 48, 6004i). 

l1 H. Plieninger and T. Suehiro, Chem. Ber., 1966, 89, 2789; 
H. Plieninger, G. Ege, H. J. Grasshoff, G. Keilich, and W. 
Hoffmann, ibid., 1961, 94, 2116. 

l2 H. C. Brown, M. M. RogiC, and hl. W. Rathke, J. Amer. 
Chem. Soc., 1968, 90, 6218; L. C. King and G. K. Ostrum, 
J .  Org. Chem., 1964, 29 3469. 

l3 A. W. Fort, J .  Org. Chent., 1961, 26, 766. 
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often able selectively to brominate ketones at the 
a-position, gave impure samples from which only a 
little pure bromo-ketone (11) was isolated. The use 
of pyrrolidone hydr~bromideperbromide,~~ which might 
have achieved selective bromination,15 also gave un- 
satisfactory results. 

For the preparation of 3,4,4-trimethylcyclohexadi- 
enone (2) it was not practicable to use 3,4,4-trimethyl- 
cyclohex-2-enone as starting material (see later). The 
3-methyl group was introduced into 4,4-dimethylcyclo- 
hexenone (9), to give 3,4,4-trimethylcyclohexanone, 
or into the dienone (1) to give 4,4,5-trimethylcyclohex- 
2-enone, by use of lithium dimethylcuprate, which 
effects clean p-methylation of ap-unsaturated ke- 
tones.l6-l8 The cyclohexanone, with bromine in acetic 
acid, gave the diequatorial 2,6-dibromide, which was 
dehydrobrominated with calcium carbonate in dimethyl- 
formamide to the dienone (2). This has been made 
before, in small yield, in a similar way but has been 
only briefly described.19 The 4,4,5-trimethylcyclo- 
hexenone was dehydrogenated with DDQ in dioxan or 
(more satisfactorily) in benzene to give a high yield of 
the dienone (2), which could be freed of traces of un- 
changed enone by preparative g.1.c. or alumina chrom- 
atography. Attempts to dehydrogenate 3,4,4-trimethyl- 
cyclohexanone directly to the dienone (2) with DDQ 
in dioxan were not completely successful. Mixtures of 
ca. 70% dienone, unchanged cyclohexanone, and 4,4,5- 
trimethyl- and 3,4,4-trimethyl-cyclohex-2-enones were 
obtained: further conversion of the enones into the 
dienone was slow, and resulted in lower yields (<30%). 
3-Ethyl-4,4-dimethylcyclohexa-2,5-dienone was also 

prepared from 4,4-dimethylcyclohex-2-enone. This was 
ethylated with lithium diethylcuprate 2o to give 3-ethyl- 
4,4-dimethylcyclohexanone, which was brominated to 
give a mixture of two crystalline 2,6-dibromides (see 
later). Dehydrobromination of a crude bromination 
mixture, which probably contained some tribromo- 
ketone also, gave the desired dienone (3) and appreci- 
able quantities of 6-bromo-3-ethyl-4,4-dimethylcyclo- 
hexa-2,5-dienone (8), which were separated by chrom- 
atography. 

In the synthesis of 3,4,4,5-tetramethylcyclohexa- 
2,5-dienone (4), the dienone (1) was methylated to give 
first 4,4,5-trimet hylcyclohex-2-enone, then 3,4,4,5-t etra- 

* For analogous additions of ethyl groups in the presence of 
copper(r1) acetate, see ref. 21; for analogous methylations see 
refs. 16a-c, 19, and 21, and references cited therein. 

7 Catalysis of DDQ dehydrogenations [presumably by 
increasing the rate of enolisation of the ketone) by traces of 
acid 18* 249 25 or base 24 has been reported previously. 

l4 W. E. Daniels, M. E. Chiddix, and S. A. Glickman, J .  Org. 
Chem., 1963, 28, 573. 

l6 D. V. C. Awang and S. Wolfe, Canad. J .  Chem., 1969, 47, 
706. 

l6 (a) H. 0. House, W. L. Respess, and G. M. Whitesides, 
J .  Org. Chem., 1966,31, 3128; (b) H .  0. House and W. F .  Fischer, 
jun., ibid., 1968, 33, 949; (c) E. Piers and R. J. Keziere, Canad. 
J .  Chem., 1969, 47, 137; (d) E .  Piers, R. W. Britton, and W. de 
Waal, Chem. Comm., 1969, 1069; J .  A. Marshall and G. M. 
Cohen, J .  Org. Chem., 1971, 36, 877. 

l7 J. A. Marshall and S. F. Brady, J .  Org. Chem., 1970, 35, 
4068; J. A. Marshall and T. M. Warne, jun., ibid., 1971, 36, 
178; J. A. Marshall and A.  E .  Greene, ibid., p. 2036. 

met h ylcyclohexanone, with lithium &met hylcuprate. 
Bromination then give the 2,6-diequatorial dibromide, 
and dehydrobromination the dienone (4) as a crystalline 
solid. Attempts a t  dehydrogenation of the cyclo- 
hexanone with DDQ in benzene gave poor results, with 
either incomplete conversion (dienone, cyclohexenone, 
and unchanged ketone obtained) or destruction of all 
volatile products after prolonged reaction. The bromin- 
ation was also achieved with pyrrolidone hydrobromide 
perbromide in tetrahydrofuran. Use of 1 equiv. of 
this reagent gave 2-bromo-3,4,4,5-tetramethylcyclo- 
hexanone, which was dehydrobrominated to 3,4,4,5- 
t etramethylcyclohex-2-enone. The same tetramet hyl- 
cyclohexenone was made by addition of lithium di- 
methylcuprate to 3,4,4-trimethylcyclohexa-2,5-dienone 
(2). This reaction showed that the methyl addition 
occurred specifically a t  the unsubstituted (5,6) olefinic 
group; analogous results have been reported in alkyl- 
ations of similarly substituted die none^.^^,^^ 

The synthesis of 3,5-diethyl-4,4-dimethylcyclohexa- 
dienone (5) was similar, via 5-ethyl-4,4-dimethylcyclo- 
hex-2-enone, 3,5-diethyl-4,4-dimethylcyclohexanone, and 
the 2,6-dibromo-derivative of the latter. However, 
the conjugate addition of lithium diethylcuprate was 
less clean than the analogous methylation reaction, 
and gave alcoholic by-products. In the subsequent 
addition ethylmagnesium bromide in the presence of 
copper(1) iodide was used.* 
4,4,6-Trimethylcyclohex-2-enone was made in poor 

yield from the piperidine enamine of isobutyraldehyde 
and methyl isopropenyl ketone, or, more easily, by 
direct condensation of the aldehyde and ketone in 
alkali.22 Dehydrogenation with DDQ in benzene gave 
2,4,4-trimethylcyclohexadienone (6), previously made 
by the bromination route.% The trimethylcyclohexen- 
one was also converted into its enol acetate, 2-acetoxy- 
1,5,5-trimethylcyclohexa-1,3-diene, but this could not 
be converted satisfactorily into 6-bromo-4,4,6-trimethyl- 
cyclohex-2-enone by a route similar to that shown in 
the Scheme. Methylation of the trimethylcyclohexen- 
one gave 2,4,4,5-te t rame t h ylcyclohexanone, which was 
dehydrogenated directly to the dienone (7). The 
reaction with DDQ in benzene was very slow, but 
addition of a trace of toluene-P-sulphonic acid greatly 
accelerated it .t Complete conversion into dienone was 

Is H. W. Whitlock and L. E .  Overman, J .  Amer. Chem. SOC., 
1971, 93, 2247. 

l9 R. L. N. Harris, F. Komitsky, jun., and C. Djerassi, J .  
Amer. Chem. SOC., 1967, 89, 4765. 

2o E. J. Corey and G. H. Posner, J .  Amer. Chem. Soc., 1968, 
90, 6615; E. J. Corey, J. A. Katzenellenbogen, N. W. Gilman, 
S. A. Roman, and B. W. Erickson, ibid., p. 5618; G. H. Posner 
and C. E. Whitten, Tetrahedron Letters, 1970, 4647. 

21 J. A. Marshall and H. Roebke, J .  Ovg. Chem., 1966, 31, 
3109; R. E. Lack and J.  D. Roberts, J .  Amer .  Chem. SOC., 1968, 
90, 6997. 

22 W. G. Dauben, G. W. Shaffer, and N. D. Vietmeyer, J .  Org. 
Chem., 1968, 33, 4060. 

23 (a)  M. Yanagita and S. Inayama, J .  Org. Chem., 1954, 19, 
1724; (b) S. Inayama, Chem. and Pharm. Bull. (Japan), 1956, 
4, 198. 

24 S. Sarel, Y. Shalon, and Y .  Yanuka, Chem. Comm., 1970, 81. 
25 D. I. Schuster and W. C .  Barringer, J .  Amer. Chem. SOC., 

1971, 93, 731. 
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not achieved, and the crude product contained some in an essentially normal chair conformation have given 
unchanged saturated ketone; longer reaction times the following results. Axial %protons in 2-bromo- 
caused loss of product and the overall yield of dienone cyclohexanones have JAx + J ~ x  17.8-19.9 H Z , * ? ~ * ~  
was poor. with Jm,a8 12.2-13-4 Hz, Jaz,ep 5-7-7-1 Hz,3l-= and 

Spectroscopic data for the compounds studied are T 5.17-5.42.3°,31,33-36 In two examples of cis-2,6-di- 
presented in the Experimental section and in Tables 1 bromocyclohexanones the 2- and 6-axial protons show 

TABLE 1 
N.m.r. data for cyclohexa-2,5-dienones 

2-Subst. 3-Subst. 4-Me 5-Subst. 6-S~bst .  
L I >r- 7 - v  f 7 

H 3.93 ' -0.21 H 3-24' 0.54 8.73 0.50 H 3.24 c 0.54 H 3.93' -0.21 

H 4.01 -0.15 CH, 7-66' 0.55 8.76 0.47 H 3.38i 0.43 H 3.96 -0.20 

Compound T a  A b  A T A  L A T A T c 

r-----7 r 

H 4.04 -0.18 Me 8.02 d 0.51 8.75 0.49 H 3.37f 0-40 H 3.97 c* -0.20 
(1) 
(2) 
( 3) 

(4) 
(5) 

(6) 
( 7) 
( 8) 

Me 8.82h 0.38 
H 4-17 -0.33 Me 7.98d 0.54 8.73 0.51 Me 7.98d 0.54 H 4-17d -0-33 
H 4-05 CH, 7.70J 8.75 CH, 7.70j H 4.05 

Me 8.81i Me S.81j 
Me 8.191 -0.08 H 3.51 ~m 0.38 8.77 0.45 H 3.31 mln 0.49 H 3.94" -0.14 
Me 8.19 -0.02 H 3.52d 0.32 8.80 0.44 Me 8.03d 0.52 H 4.02d -0.12 
Br H 2.89 0.39 8-70 0.69 CH, j  7.69 0.68 H 3.88 0.00 

MeJ 8.79 0.55 
a Solutions in CCI,. a 4 = 7(C6H,) - f(CC1,). c Jz ,3  10-3-10.5.H~. d JH,Me 1.2-1.4 Hz. J2,6 1.8-1-9 Hz. f J5,6 9.9 Hz. 

J2.6 CU. 1.6 Hz. J 7 Hz. 1 5 . 6  10.0 Hz. f J 7.4 Hz. JH,mIe 1.4 Hz. J3,5  2.9-3.0 Hz. ' I  J5,6 9.7 Hz. 

TABLE 2 
hT.m.r. data for cyclohex-Z-enones 

r- -7 r---h------? 7 - 7  
Substituents T O  A b A r A  A 7 A 

4,4-Dimethyl- H 4.31 -0-12 H 3 . 4 4 ~  0.48 Me 8.84 0.42 H 8.15d 0.46 H 7-6!jd 0-14 
2-Bromo-4,4-di- Br  H 2.93 Me 8.76 H 8.10d H 7-39d 

6-Bromo-4,4-di- H 4.06 c H 3.29 ele Me 8.75 H CU. 7.6 

5-Subst. 6-Subst. 2-S~bst .  3-Subst. 4-Subst. 

T c 

methyl- 

methyl- Me 8.77 
H 5.16 

4,4,6-Trimethyl- H 4.27 c -0.14 H 3.490 0.37 Me 8.86 0.41 H g H g 
Me 9.00 0.41 Meh 9.03 0.39 

3,4,4-Trimethyl- H 4.33 -0.12 Me 8-10' 0.48 Me 8.81 0.47 H 8-16d 0.43 H 7.77d 0.07 
3,6,6-Trimethyl- H 4.343 -0.12 Me 8-09' 0.46 Hd 7.74 0.55 Ha 8.22 0.37 Me 8.97 0.00 
3,6,6-Trimethyl- 3 H 4.33 Me 8-08 H 7-71 H 8.23 Me 8.99 
5-Ethyl-4,4-di- H 4.25 e H 3-47' Me 8-83 CH, k H k 

methyl- Me 8.99 Me 9-04k 

methyl- Me 8.90 0.45 Me 9-00' 0.39 
3,4,4,5-Tetra- H 4.34 -0.20 Me' 8.08 0.52 Me 8.83 0.46 H 1 H 1 

4.4,6-Trimethyl- H 4.29 -0.09 H 3-47m~'~ 0.38 Me 8.79 0.38 H 8.28 HO 7.57 
Me 8-86 0.38 Me 8.93P 0.01 

a Solutions in CC1,. a A = r(C,H,) - r(CC1,). c J Z s 3  10 Hz. d Triplets, J 6-7-7-0 Hz. e J3,5  1.2 Hz. f X part of ABX 
pattern, JAx + JSx 18.5 Hz. J(ally1ic) ca. 1.2 Hz. 
j Lit. data from L. Eberson, Tetrahedron Letters, 1966, 223; the spectrum in J .  M. Conia and F. Rouessac, Bull. SOC. chim. France, 
1963, 1925, is very similar. Complex, r 7-5-8.1 in 
CCl, includes 5- and 6-H: Me, doublet I 6.2 Hz. P Doublet, J 6-8 Hz. 

g Complex, r 7.64-43.09 in CCl,, 7.6P-8-57 in C,D,. 

k Complex, r 7.36-8-64 includes 6- and 6- protons; Me, doublet J 7 Hz. 

h Doublet, J > 6 Hz. 

m J z , s  9.7-9-8 Hz. Doublet, J 1.7 Hz. 0 Complex. 

and 2. All the dienone i.r., u.v., and n.m.r. peaks fall 
in the normal positions established p r e v i ~ u s l y . ~ ~ , ~ ~  

Stereochemistry of 2,6-Dibromocyclohexanones.-Pre- 
vious n.m.r. studies on compounds which were shown, 
or strongly believed, to have their cyclohexanone ring 

* When the compound has a methylene group at position 3 
the 2-proton is the X part  of an ABX spin-system, for which 
JAx + Jsx is accurately known from the line-spacings of the 
X part of the n.m.r. spectrum.26 

26 A. J .  Waring, A d v .  Alicyclic Chem., 1966, 1, 129. 
Z7 A. J.  Waring, Osterr. Chem.-Ztg., 1967, 68, 232. 
28 L. M. Jackman and S. Sternhell, ' Applications of Nuclear 

Magnetic Resonance Spectroscopy in Organic Chemistry,' 
Pergamon, Oxford, 2nd edn., 1969. 

29 E. W. Garbisch, J. Amer.  Chem. Soc., 1964, 88, 1780. 
30 E. W. Garbisch, J. Org. Chem., 1965, 80, 2109. 

similar coupling  constant^,^^^^ but the T value is less 
(5-05) ; 33 in trans-2,6-dibromo-compounds the axial 
protons again have similar  coupling^,^^*^ but T values 
are 4 .214-79  owing to deshielding by the axial bromine 
a t ~ m . ~ O , ~ *  For equatorial 2-protons, JAx + Jsx is 

31 R. J .  Abraham and J. S. E. Holker, J. Chem. SOC., 1963, 
806. 

32 A. K. Bose, M. S. Manhas, and E. R. Malinowski, J. Amer.  
Chem. SOC., 1963, 85, 2795. 

33 C. W. Shoppee, T. E. Bellas, R. E. Lack, and S. Sternhell, 
J. Chem. Soc., 1965, 2483. 

34 A. Baretta, J. P. Zahra, B. Waegell, and C. W. Jefford, 
Tetrahedron, 1970, 26, 15. 

35 K. M. Wellman and F. G. Bordwell, Tetrahedron Letters, 
1963, 1703. 

36 A. Nickon, M. A. Castle, R. Harada, C. E. Berkoff, and 
R. 0. Williams, J. Amer .  Chem. SOC., 1963, 85, 2185. 
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64-60 H2,29*30p32*33 with T 6.33-6.25 in 2-bromo- or 
cis- or trans-2,6-dibromo-ketone~.~,~~*~-~~ It has been 
stated recently that a T value of 5432-6.04 may be 
taken as a fair indication of an equatorial bromomethine 
proton, and that 7 5.32 may be taken as an upper limit 
for an axial 2-proton in a 2-bromocyclohexanone.~ 

The n.m.r. spectrum of 2,6-dibromo-4,4-dimethyl- 
cyclohexanone shows the 2- and 6-proton signals a t  
T 5.14, with Jax  + J B x  18-9 Hz; treating the system 
as AMX gives individual coupling constants 12-5 
and 6-3 Hz, which may be, respectively, somewhat 
smaller and larger than the true These 
data confirm the conclusionm from the i.r. carbonyl 
peak (40 cm-1 to higher wavenumber than the parent 
dimethylcyclohexanone) that this compound has H-2 
and H-6 axial. For 2,6-dibromo-3,4,4-trimethylcyclo- 
hexanone, the H-2 signal is a doublet (J  12.4 Hz) of 
doublets ( J  1.2 Hz) T a t  7 549. The larger coupling 
is consistent with H-2 and H-3 both axial, but the 'i 
value is rather high-this will be discussed later. The 
6-proton, 7 5.19, has JAX + J B X  19.8 H z ;  from treat- 
ment as AMX the individual values are 13.8 and 6.1 Hz. 
These signals are also doublets, J 1.2 Hz.? The n.m.r. 
and i.r. data (vmX. 1760 cm-l; cf .  1723 cn1-l for the parent 
ketone) confirm that H-6 is also axial. 

Two isomers of 2,6-dibromo-3-ethyl-4,4-dimethyl- 
cyclohexanone were isolated. One of these (v,,, 
1757 cm-l; cf. 1720 cm-l for the parent ketone) 
should3'P38 have both the 2- and 6-protons axial. The 
6-proton, with Jax  + JBx 20 Hz (individual values 
13.3 and 6.7 Hz) must be axial, but resonates a t  high 
field (z 5-36). The 2-proton coupling, J 11-9 Hz, 
shows it and H-3 to be essentially axial, but the T 
value (5-52) is much closer to that expected for an 
equatorial proton. The other isomer has vmx. 1742 
cm-l, consistent 37*38 with H-2 and H-6 tram. The 
2-proton signal (doublet, J ca. 3.4 H z )  at  z 5.50 is typical 
of an equatorial proton, where H-3 may be axial or 
equatorial; H-6, with JAx + J B ~  20.1 Hz (individual 
values ca. 6.1 and 14.1 Hz) and z 4.61, is typically axial. 
2,6-Dibromo-3,4,4,5-tet ramet hylcyclohexanone (v,,, 
1763 cm-l; cf. 1720 cm-l for the parent ketone) has the 
2-proton n.m.r. signal as a doublet, J 11.8 Hz, indicat- 
ing that H-2 and H-3 are both axial; the T value, 
5.57, is again abnormally high. The 6-proton doublet, 
J 4-5 Hz at  z 4-81 (rather low), indicates that H-6 
is axial and H-5 equatorial. 

The inconsistent chemical shifts of some of the 2- or 
6-protons in the foregoing spectra may be explained in 
terms of diamagnetic shielding of the cyclohexanone 
ring by the alkyl substituents. The effects of alkyl 

* See footnote on page 631. 
t Small long-range couplings between equatorial protons a t  

C-2 and C-6 have been reported ; 33 these are between two axial 
protons. 

37 R. N. Jones, D. A. Ramsay, F. Herling, and K. Dobriner, 
J .  Amer. Chem. SOC., 1962, 74, 2828. 

38 E. J. Corey, T. H. Topie, and W. A. Wozniak, J .  Amer. 
Chem. SOC., 1966, 77, 6415. 

groups on the chemical shifts of axial or equatorial 
carbinol ring protons in substituted cyclohexanols 
have been correlated with their nature, position, and 
stereochemistry. Of particular significance is the 
finding that a methyl or ethyl group cis and adjacent 
to  such a proton exerts a shielding effect of 0.35- 
0.47 ~ . p . m . 3 ~  If the established additive quantities 
are used to estimate the bromomethine proton shifts 
in the dibromo-ketones, taking 2,6-dibromo-4,4-di- 
methylcyclohexanone as an arbitrary standard, the 
following values are obtained. For the axial 2-protons 
in the 3,4,4-trimethyl, 3-ethyl-4,4-dimethyl (isomer with 
vmaX 1757 cm-l), and 3,4,4,5-tetramethyl compounds 
7 values (calculated) are 5.61, 5-49, 5-61; for the axial 
6-protons the values are 5.19,5.19, and 5-00, respectively. 
These estimates agree quite well with the experimental 
values (mean deviation (0.1 p.p.rn.). 

Comments oft 3,4,4-T~imethylcyclohex-2-enone.-The 
obvious precursor of 3,4,4-trimethylcyclohexa-2,5-di- 
enone is 3,4,4-trimethylcyclohex-2-enone, which one 
would expect to be formed by alkaline condensation 
of methyl isopropyl ketone (3-methylbutan-2-one) and 
methyl vinyl ketone (but-3-en-2-one). Conia and 
Rouessac have reported the condensation with sodium 
pentyl oxide in benzene to give ca. 30% of a mixture 
containing ca. 5% of the desired cyclohexenone and 
95% of 3,6,6-trimethylcyclohex-2-enone.40 More re- 
cently, Dauben and his co-workers22 used the con- 
ventional conditions 41 and claimed to obtain 3,4,4- 
trimethylcyclohexenone as the product. When we 
repeated this preparation we obtained a product with 
spectroscopic data similar to those reported,22 but 
with chemical properties inconsistent with the structure 
assigned. Preparative g.1.c. resulted in separation 
into three compounds ; a saturated ketone (not studied), 
3,6,6-trimethylcyclohexenone (major product), and 3,4,4- 
trimethylcyclohexenone. There is insufficient difference 
between the b.p.s and i.r. and U.V. spectra of the two 
isomers to allow one of them to be identified in the 
absence of the other, and the n.m.r. spectra of solutions 
in CDC1, or CCl, are very similar. Although a brief 
correction has appeared,42 the original data22 do not 
distinguish between the two isomers. It is clear, 
however, that this route does not offer an easy synthesis 
of the 3,4,4-trimethyl isomer. N.m.r. solvent shifts 
allow the two isomers to be readily distinguished. 
The n.m.r. spectra of saturated and unsaturated ketones 
in benzene solution are different from those of solutions 
in CDCl, or CCl,. Protons lying on the ' oxygen 
side ' of an imaginary plane surface through the car- 
bony1 carbon atom, and perpendicular to the carbon- 
oxygen bond, resonate a t  lower field in benzene than in 
CDCl, or CCl,, whereas protons lying on the opposite 

39 E. L. Eliel, M. H. Gianni, T. H. Williams, and J. B. Stothers, 

4O J. M. Conia and F. Rouessac, Bull. SOC. chim. France, 1963, 

E. L. Eliel and C. A. Lukach, J .  Amer. Chenz. SOC., 1957, 

Tetrahedron Letters, 1962, 741. 

1926. 

79, 6986. 
42 Corrigendain J .  Org. Chem., 1970, 85, 4004. 
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side resonate at higher field in benzene.&* The mag- 
nitude of the solvent shift, A = T(C,H,) - ~(Ccl,), 
increases as the protons become more remote from the 
plane surface. Examples of this effect in cyclohexen- 
ones and cyclohexanones 45 have been reported: 
new data from our own compounds are in Table 2. 
The A value for the gem-dimethyl group in 3,6,6-tri- 
methylcyclohex-2-enone is zero, confirming its location 
at  C-6. The gern-dimethyl group in 3,4,4-trimethyl- 
cyclohex-2-enone has A 0.47, confirming its location at 
C-4. An identical, authentic sample of this isomer was 
made by monobromination of 3,4,4-trimethylcyclo- 
hexanone and dehydrobromination as in ref. 19 ; this 
gave the desired product, which was separated from 
4,4,5-trimethylcyclohex-2-enone and traces of dienone 
and unchanged cyclohexanone. The 3,6,6-trimethyl- 
cyclohexenone gave a dinitrophenylhydrazone whose 
m.p. agrees with a reported value; hydrogenation gave 
2,2,5-trimethylcyclohexanone which was easily dis- 
tinguished from our two samples of 3,4,4-trimethyl- 
cyclohexanone. 

EXPERIMENTAL 

G.1.c. analyses used a Pye 104 instrument with flame 
ionisation detector and glass columns (7 f t  x & in) of 
silicone gum (E30), neopentyl glycol succinate (NGS), 
Ucon fluid LB 550-X (Ucon) or cyanoethylsilicone fluid 
(XF1150) on silanised Supasorb (B.D.H.). A Pye 105 
instrument with glass columns (10, 20, or 30 f t  x 8 in) 
was used for preparative g.1.c. 1.r. spectra were obtained 
on a Unicam SP  200G grating instrument, U.V. spectra on a 
Cary model 14 or a Unicam SP 800, and n.m.r. spectra on a 
Perkin-Elmer 100 or 60 MHz instrument with tetra- 
methylsilane as internal standard. M.p.s were measured 
on a microscope hot-stage. ' Evaporation ' denotes re- 
moval of solvent with a vacuum rotary evaporator a t  room 
temperature. All 2,4-dinitrophenylhydrazones were made 
by the method of Parrick and Ra~burn,4~ with dimethyl- 
formamide as solvent. ' Petroleum ' refers to the fraction 

4,4-DimethyZcycZohex-2-enone (9) . T h e  method of Eliel 
and L ~ k a c h , ~ 1  modified by using 90% methyl vinyl ketone- 
water (Koch-Light) and correspondingly less water, 
could be scaled up to twice molar proportions to give 
material, b.p. 72-73' a t  13 mmHg (33-40y0), of >93% 
purity (lit.,,' b.p. 72-5-73-5" a t  20 mmHg; lit.,48 72- 
73" a t  15 mmHg; lit.,49 54-56' a t  4 mmHg). The n.m.r. 
data are in Table 2. The 2,4-dinitrophenylhydrazone had 
m.p. 140-141' (from ethyl acetate) (lit.,,' 142"; lit.,48 

4,4-DimethyZcycZoh.exanone .-The cyclohexenone (9) 
(12.5 g) in ethyl acetate (120 ml) was hydrogenated over 
5% Pd-BaSO,; filtration and evaporation gave the 
dimethylcyclohexanone (1 1.3 g, go%), purified by crystall- 

of b.p. 40-60". 

143-144"). 

43 C. J. Timmons, Chem. Comm., 1966, 676. 
44 Y .  Fujise and S. Ito, Pharm. Bull. (Japan), 1966, 4, 

797; F. H. Cottee and C. J. Timmons, J .  Chem. SOC. (B) ,  1968, 
326. 

46 M. FBtizon, J. God, P. Laszlo, and B. Waegell, J .  Org. Chem., 
1966, 81, 4047; J. D. Connolly and R. McCrindle, J .  Chem. SOC. 
(B) ,  1966, 1613. 

isation from petroleum or sublimation at 15 mmHg, m.p. 
41-42" (lit.,48 40-42'; lit.,4a 39-40'), vmax (CCl,) 1725 
and 1716 cm-l, 7 8-89 (4-Me), 8.34 (t, J 6.9 Hz, 3- and 
6-H,), and 7.74 (t, J 6.9 Hz, 2- and 6-HJ. 
cis-2,6-Dibromo-4,4-dimethylcyclohexanone .-Method A. 

Treatment of 4,4-dimethylcyclohexanone (6.92 g) with 
bromine in glacial acetic acid a t  3 and recrystall- 
isation from petroleum gave the cis-dibromo-ketone 
(7.58 g, 49y0), m.p. 96-97" (1it.,lo 97'; lit.,9~4a 95-96'). 
Method B. 4,4-Dimethylcyclohexenone (102.9 g) in 

acetic acid (300 ml) was hydrogenated a t  1 atm over 
Adams catalyst (70 mg) for 6.5 h;  g.1.c. on NGS (120") 
showed reduction to be complete. A portion of the 
solution (155 ml; 54 g of dimethylcyclohexanone) was 
stirred well at lo', and bromine (139 g) in acetic acid 
(50 ml) was added over 4 h. After 0-25 h further a t  10" 
the mixture was poured into cold water (600 ml) and 
extracted with ether (3 x 1 1). The combined extracts 
were washed with water, saturated sodium hydrogen- 
carbonate solution, then water, dried (MgSO,), and evapor- 
ated. Recrystallisation from petroleum gave the di- 
bromo-ketone (72.3 g, 59%), m.p. 93-94', vmX. (CCl,) 
1762 cm-l, 7 8.89 (4-Me), 8.68 (4-Me), and 7.5-8.0 (m, 
3- and 5-H,); the 2- and 6-proton signals are discussed 
earlier. 
4,4-DimethyZcycZohexa-2,5-dienone (1) .-Method A .  The 

foregoing dibromo-ketone (7 1-2 g) in dry dimethylform- 
amide (400 ml) was stirred at reflux for 5 h with finely 
powdered calcium carbonate (105 g). After cooling, the 
supernatant liquid was separated as far as possible by de- 
cantation and the residue filtered. The solid salts were 
washed well with water; the washings were combined 
with the filtrate and supernatant and diluted with water 
t o  1.3 1. Continuous liquid extraction with boiling petroleum 
(250 ml) for 6 hr, and drying and evaporation of the extract 
gave the crude dienone (27.4 g). Distillation gave dienone 
(14.8 g, 50%) of 90-98% purity (b.p. 65-79" a t  12 mmHg), 
of which the fractions of b.p. 77-79" at 12 mmHg (13.5 g, 
44%) were >98% pure by g.1.c. (NGS at  120") (lit.,2 b.p. 
72" a t  12 mmHg; lit.,3 41' at 0.15 mmHg; lit.,9 90" at 
15 mmHg) . Dehydrobromination with lithium carbonate 
gave similar results ; preparative g.1.c. separated the 
major impurity, 2-bromo-4,4-dimethylcyclohex-2-enone, 
vmx (cyclohexane) 249 nm (lit.,D 252 nm in MeOH) with 
n.m.r. data (Table 2) close to those in ref. 9. 

2-Acetoxy-5,5-dimethyZcyclohexa-l, 3-diene (10) .--4,4-Di- 
methylcyclohex-2-enone (25.1 g, 92% pure) , isopropenyl 
acetate (104 g), and toluene-fi-sulphonic acid monohydrate 
(0.7 g) were heated under a 6 in lagged Vigreux column 
(bath temp. 120'). Acetone and isopropenyl acetate 
were distilled off at 56-80' during 5-6 h, then isopro- 
penyl acetate a t  97-101". The brown residue was dis- 
tilled to give the acetoxy-diene, b.p. 93-94' at 17 mmHg, 
80-82' at 10 mmHg, 77-79" at 7 mmHg, as an oil (>97% 
pure by g.1.c. on NGS a t  120:), vmax (film) 3050, 3025, 
2950, 1760, 1672, 1665, 1220 cm-1, hmsK (EtOH) 258 nm 
(log E 3-60), T 8-92 (5-Me), 7-94 (Ac), 7.79 (d, J 4-6 Hz, 
6-H,), 4.75 (t, J 4.6 Hz, of t ,  J 1.5 Hz, H-1 coupled to 

46 J. Parrick and J. W. Rasburn, Caizad. J .  Chem., 1966, 43, 
3463. 

47 E. D. Bergmann and R. Corett, J .  Org. Chem., 1968, 28, 
1607. 

48 J. M. Conia and A. LeCraz, Bull. SOC. chim. France, 1960, 
1934. 

49 F. G. Bordwell and K. M. Wellman, J .  Org. Chem., 1963, 
28, 1347. 
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H-3 and H-4), and 4.44 (d, J 1.5 Hz, H-3 and H-4 coupled 

6-Bromo-4,4-dimethylcyclohex-2-enone (1 1) .-To the ace- 
toxy-diene (10) (10.93 g) in dry carbon tetrachloride 
(100 ml) N-bromosuccinimide (12.24 g) was added, and 
the mixture was heated under reflux (nitrogen atmosphere) 
for 3 h. After cooling, the red oily solid was filtered off 
and the filtrate evaporated under vacuum to give an orange 
gum which was extracted with pentane (4 x 100 ml). 
The combined extracts were washed with saturated sodium 
hydrogen carbonate solution (twice) and water (thrice), 
dried (CaSO,), and evaporated under vacuum to  an oil 
(1 3- 1 g) which crystallised on cooling. Recrystallisation 
from pentane gave the bromocyclohexenone (5.07 g, 
38y0), needles, m.p. 48-48-5" (lit.,9 47.5'), vmxe (CCl,) 
1705 and 1622 cm-l, A,, (95% EtOH) 228 nm (log E 4.01) 
[lit.,Q 225 nm (log E 4-24)]. The n.m.r. (Table 2) and i.r. 
spectra show the bromine atom to be equatorial. 

4,4-Dimethylcyclohexa-2,5-dienone.-A!lethod B .  To the 
bromo-ketone (1 1) (6.08 g)  in dry dimethylformainide 
(25 ml) was added a slurry of lithium bromide (7.87 g) 
and lithium carbonate (6-97 g) in dry dimethylformamide 
(20 ml), and the mixture was heated a t  reflux with stirring 
for 25 min. The cooled mixture was filtered and the 
filtrate diluted with water (150 ml) and continuously ex- 
tracted with n-pentane (100 ml) for 2 h. The dried (MgSO,) 
pentane extract was evaporated under vacuum to give 
the dienone (3.01 g, 83%), 95% pure by g.1.c. (XF  1150 at 
140"), contaminated only with dimethylformamide. Pre- 
parative g.1.c. (7 f t  x 8 in column, with 25% X F  1150 
a t  176"), followed by drying over Linde 4A molecular 
sieve and short-path vacuum distillation gave material 
>99% pure by g.l.c., v,, (film) 1730w, 1720w, 1690s, 
1664vs, 1649w, 1630s, 1614w, and 1597m cm-l, vmX. (CCl,) 
1730w, 1720w, 1683s, 1663vs, 1632s, and 1620w cm-l 
(agreeing within 5 cm-1 with the spectrum quoted in ref. 
50),  A,= (hexane) 224 nm (log E 4-187), A,, (iso-octane) 
225 nm (log E 4-182) [lit.,30 224.5 nm (log E 4-17)]. The 
n.m.r. data are in Table 1. Further spectroscopic data for 
the dienone and its cation are in ref. 1 (Found: C, 78.4; 
H, 8.2%; M ,  122. Calc. for C,H,,O: C, 78.6; H, 8.2%; 
M ,  122). The 2,4-dinitrophenylhydrazone had m.p. 152.5- 
153" (from ethyl acetate) (lit.,2 149-151') (Found: C, 
55.6; H,  4.8; N, 18.4. C,,Hl4N,O, requires C, 55.6; 
H, 4.7; N, 18~5'7'~). 

3,4,4-Trimethylcycloh.exanone.-Method A .-To 4,4-Di- 
methylcyclohex-2-enone (5.21 g) in dry ether was added 
with stirring, during 10 min, lithium dimethy1cuprate,l6 
formed from purified 51 copper(1) iodide (15.41 g) and 
methyl-lithium (0.16 mol of ca. 1.0M-solution in ether, 
from lithium and methyl iodide, standardised by acido- 
metric titration), a t  0" in a nitrogen atmosphere. After 
being stirred for 20 min further a t  0" the mixture was 
poured slowly, with vigorous stirring, into an equal volume 
of saturated aqueous ammonium chloride. After filtration, 
and washing of the solid residue with ether, the ether layer 
was separated. The aqueous layer was extracted with 
ether, and the combined extracts were dried, concen- 
trated, filtered through a silica gel column, and evaporated 
to give crude trirnethylcyclohexanone (5.08 g, 88 %), 
98% pure (g.1.c. on NGS at 130"). Distillation a t  80- 
81" and 12 niniHg (with foaming) gave material of purity 

51 J. A. Dilts and D. F. Shriver, J .  Amer .  Chern. Soc., 1968, 

to H-1) . 

J. Derkosch and W. Kaltenegger, Monatsh., 1969, 90, 877. 

90, 5769. 

>99% (lit.,52 b.p. 80-81" at 13 mmHg); vma, (film) 
1723 and 1712 cm-l, z 9.09 (d, J 6-9-7.0 Hz, 3-Me), 9.00 
(4-Me), 8.96 (4-Me), 8-27 (complex, 3-H and 5-H,), and 
7-78 (complex, 2- and 6-H2) (Found: C, 76.8; H, 11.2%; 
MI 140. Calc. for C,H,,O: C, 77.1; H, 11.4%; M ,  140). 
The 2,4-dinitrophenylhydrazon.e (87 yo) had m.p. 147.8- 
148-6" (from ethyl acetate) (Found: C, 56.7; H, 6.2; 
N, 17.7. C1,H2,N,O, requires C, 56.3; H, 6.3; N, 17-5y0). 

2,6-Dibrouno-3,4,4-trimethylcyclohexanone.-To the preced- 
ing ketone (896 mg) in glacial acetic acid (10 ml) a t  15" was 
added bromine (1.98 g) in acetic acid (10 ml) during 15 min. 
After being stirred for 5 min further the mixture was 
poured into water (50 ml) and extracted with ether; the 
extracts were washed (NaHCO, solution, then water), 
dried (MgSO,), and evaporated to a semicrystalline mass 
(1.71 g)  . Crystallisation from pentane gave the dibromo- 
ketone (629 mg, 33%) as needles, m.p. 83.5-84-5" (lit.,63 
m.p. 81.2-81.7" for material prepared similarly, but as- 
signed the 6,6-dibromo-ketone structure), v,,,. (CCl,) 
1760 cm-l, ?r 8.91 (4-Me), 8.87 (4-Me), 8-79 (d, J 6.3-6.5 
Hz, 3-Me), 8.2 (complex, 5-H,), 7-71 (9, J 6-3-6.5 Hz, 
of d, J 12.4 Hz, 3-H) ; the 2- and 6-proton signals and the 
stereochemistry are discussed earlier (Found : C, 36.2; 
H,  4.4; Br, 53.6. CgHl,Br,O requires C, 36.2; H, 4.7; 
Br, 53.7%) m / e  300, 298, and 296 (M'), intensities 1 : 2 : 1 
as calc. for the 81Br and 79Br isotopes. Further crystalline 
material was obtained by low-temperature crystallisation. 
Both the crystalline product and oily residues could be used 
for the next step. 

3,4,4-TrirnethylcycZohexa-2,5-dienone (2) .-Method A .  
The foregoing crystalline dibromo-ketone (1.22 g) in dry 
dimethylformamide (10 ml) was stirred and heated a t  reflux 
with finely powdered calcium carbonate for 1 h. The 
cooled solution was decanted from inorganic salts, which 
were washed (on a filter) with water; the washings were 
combined with the solution, which was then diluted with 
more water (50 ml). Extraction with n-pentane (8 x 40 
ml), and drying (MgSO,) and evaporation of the pentane 
solution gave the crude dienone (370 mg, 66% ; 88% pure 
by g.1.c. on NGS at 183") as a pale yellow oil. Distillation 
a t  110-112" and 22 mmHg, or alumina chromatography 
(elution with petroleum, then up to 7% ether-petroleum) 
gave material >95% pure, further purified to  >98% by 
preparative g.1.c. (XF 1150 a t  180°), identical with samples 
made by method C. 

The oily residue from the crystallisation of 
the foregoing dibromo-ketone (3.27 g)  in dimethylform- 
amide was similarly treated with calcium carbonate, to 
give crude dienone (800 mg, 53%; cu. 90% pure by g.1.c.). 
4,4,5-TrimethyZcycZohex-2-enone.-To lithium dimethyl- 

cuprate from purified copper(1) iodide 51 (15-80 g) 
and methyl-lithium (140 ml of 1-lM-solution) in ether was 
added 4,4-dimethylcyclohexa-2,5-dienone (5.00 g) in ether. 
Treatment as in the preparation of 3,4,4-trimethylcyclo- 
hexanone gave the trimethylcyclohexenone (5.38 g, 94%), 
95% pure by g.1.c. (NGS a t  130"). Distillation (b.p. 
86-87' a t  14 mmHg) gave material (4.78 g, 85%) >97% 
pure; vmX. (film) 1687, 1677, 1667sh, and 1613w cm-l, 
A,,,. (95% EtOH) 227 (log E 4.026) and ca. 320 nm (ca. 
1.48) [lit.,19 vm, (film) 1680 cm-l]. The n.m.r. data are 
in Table 2 (Found: C, 78.1; H, 10-4y0; M ,  138. Calc. 
for CgH14O: C, 78.2; H, 10.2%; M ,  138). The mass 

52 E. R. Buchman and H. Sargent, J .  Org. Chem., 1942, 7, 140. 
53 E. R. Buchman and H. Sargent, J .  Org. Chem., 1942, 7, 

Method 23, 

148. 
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spectrum agreed with that published in ref. 19. The 
2,4-dinitro~henylhydruzone had m .p. 143-1 44" (from 
ethyl acetate) (Found: C, 56.3; H, 5.7; N, 17.4. Cl,H1,- 
N,O, requires C, 56.6; H, 5.7; N, 17.6%). 

3,4,4-TrimethyZcycZohexanone.-Method B. The foregoing 
cyclohexenone, hydrogenated over Adams catalyst in ethyl 
acetate a t  1 atm gave 81% (after distillation) of trimethyl- 
cyclohexanone, identical with that made earlier. 

3,4,4-Trimethylcyclohexa-2, B-dienone (2) .-Method C. 
4,4,5-Trimethylcyclohex-2-enone (1.23 g )  in dry benzene 
(65 ml) was stirred with DDQ (3.00 g) a t  reflux, under 
nitrogen, for 11 days. At this stage (>go% conversion) 
the cooled mixture was filtered, the solid residue washed 
with ether, and the combined solutions evaporated to dry- 
ness below 0". The residual oil was stirred well and boiled 
with petroleum four times; the petroleum solution was 
washed with aqueous sodium sulphite until this no longer 
became coloured, then water, and dried (MgSO,) . Evapor- 
ation gave the dienone (448 mg, 37%) better than 90% 
pure. Filtration of an ether-petroleum (1 : 5) solution 
through alumina, and preparative g.1.c. (XF 1150 a t  146") 
gave the dienone as a liquid >99-7yo pure (Chromatography 
on alumina afforded material ca. 95% pure), vmX. (film) 
1746w, 1665vs, 1640m, 1625s, and 1603m cm-l, v,, (CCI,) 
1742w, 1672vs,br, 1634s, and 16lOsh, cm-l, Amx. (hexane or 
iso-octane) 227 nm (log E 4-150), A,, (H,O) 241 nm (log E 

4.172). The n.m.r. spectra are reported in Table 1 (Found: 
C, 79.1; H, 9.2%; M ,  136. CgH120 requires C, 79.4; 
H, 8.9% ; M ,  136). The 2,4-dinit~o+henyZhydrazone, 
m.p. 1454-146.2" (from ethyl acetate), was identical 
(mixed m.p.) with a sample made by Method A, m.p. 146.2- 
147" (Found: C, 56.8; H, 5.1; N, 17.8. C,,H1,N,O4 
requires C, 57.0; H, 5.1; N, 17.7y0). Both samples 
contained both yellow and red crystals; the former were 
converted into the red form near the m.p. 

Mixture of 3,4,4- and 3,6,6-Trimethylcyclohex-2-enones.- 
Dry, redistilled methyl vinyl ketone (70 g; b.p. 23-24" 
a t  61 mmHg) and isopropyl methyl ketone (86 g) were 
condensed in the presence of aqueous methanolic potassium 
hydroxide, by the procedure of Eliel and Lukach,,l and of 
Dauben and his co-workers.22 The five fractions collected 
between 81 and 86" a t  10 mmHg (total 29.3 g, 21 yo) contained 
three components ; that identified as 3,6,6-trimethylcyclo- 
hexenone comprised 68-75y0 of each, and 3,4,4-trimethyl- 
cyclohexenone (total yield 3-4y0) was concentrated more 
in the later fractions (7-25y0 of each). Preparative 
g.1.c. (25% XF 1150 or 25% Ucon a t  150") gave a saturated 
ketone (not studied further), and the two cyclohexenones. 
The 3,6,6-trimethyl isomer showed v,, (film) 2965s, 
2925s, 2865m, 1675s,br (with fine structure), 1650sh, and 
1638s, n.m.r. chemical shift and solvent shift data in Table 2, 
Amx. (95% EtOH) 234 and 320 nm (relative E ca. 100: 1) 
[lit.,40 v,, (film) 1674 and 1645 cm-l; lit.,54 1660 and 
1632 cm-l; lit.,40 A,, (EtOH) 235 nm (log E 4.21); lit.,64 
234 and 317 nm]. The 2,4-dinitrophenylhydrazone had 
m.p. 207.5-208" (from ethyl acetate) (lit.,40 203-204" ; 
lit.,54 204-205") (Found: C, 56-5; H, 5.8; N, 17.4. Calc. 
for C15Hl,N,0,; C, 56.6; H, 5.7; N, 17.6%). The 3,4,4- 
trimethyl isomer was identical (g.l.c., i.r. and n.m.r.) 
with the sample made by the following alternative route. 

3,4,4-Trimethylcyclohex-2-enone.- 3,4,4-Trimethylcyclo- 
hexanone (1.77 g) in glacial acetic acid was treated with 
bromine (1 equiv.) in acetic acid at 10'. Work-up as 
for the earlier bromo-ketones gave a crude bromo-ketone 
mixture which was dehydrobrominated in the usual way 

with calcium carbonate in dimethylformamide. The usual 
work-up gave an oil which was separated by alumina 
chromatography into unchanged trimethylcyclohexanone 
(190 mg), 4,4,5-trimethylcyclohex-2-enone (220 mg), 3,4,4- 
trimethylcyclohex-2-enone (440 mg), and mixtures of the 
latter with 3,4,4-trimethylcyclohexa-2,5-dienone. The 
3,4,4-trimethylcyclohexenone (95% pure), after molecular 
distillation, had vma, (film) 3023w, 2960s, 2920s, 2865m, 
1712sh, 1673s,br, and 1616m cm-l, A,, (95% EtOH) 236 
nm (log E 4-13), n.m.r. data given in Table 2, M 138 (as 
calc.) [lit.,19 v,, (film) 1660 cm-1; dinitrophenylhydrazone 
lit.,40952 m.p. 167"; lit.,6S 168'1. 
3-EthyZ-4,4-dimethylcyclohexanone.-To lithium diethyl- 

cuprate [from purified copper(1) iodide (15.37 g) in ether 
and ethyl-lithium (160 ml; ca. 1 . 0 ~ ;  from ethyl chloride)] 
at 0 "C under nitrogen was added 4,4-dimethylcyclohex- 
2-enone (5-05 g) in ether (40 ml) during 10 min. After 
a further 20 min a t  0", work-up as in the preparation of 
3,4,4-trimethylcyclohexanone (method A) gave the crude 
ketone (5.51 g) of ca. SOYo purity. Distillation (foaming) 
gave a liquid, b.p. 88-90' at 12 mmHg, >95% pure, 
v,, (film) 1720s and 1710s cm-l (doublet), T 9-01 and 8-96 
(4-Me) (Found: C, 77-9; H, 11.5%; M ,  154. CloHl,O 
requires C, 77.9; H, 11.8%; M ,  154). The 2,kdinitvo- 
9hePzyZhydruzone formed needles, m.p. 155-157" (Found : 
C, 57.2; H, 6.5; N, 16.7. C,,H,,N,O, requires C, 57.5; 
H, 6-6; N, 16.8%). 

2,6-Dibromo-3-ethyl-4,4-dimethyZcycZohexunone .- Treat- 
ment of the foregoing ketone (910 mg) in acetic acid with 
bromine, as in the preparation of the dibromotrimethyl- 
cyclohexanone, gave a semicrystalline mass ( 1.86 g) which 
was dissolved in n-hexane (25 ml) and cooled to 0", giving 
the cis-dibromo-ketone (428 mg), m.p. 82-85", m/e 310, 
312, and 314 (intensityratio 1 : 2 : 1) (Found: M+, 309-9602. 
CloH16Br20 requires M ,  309-9569), v,, (cc1,) 1757s and 
1722w cm-l, T 8.92 (t, J 7 Hz, CH2Me), 8-88 and 8.86 
(4-Me), and ca. 8.43 and 7.9 (complex) (the bromomethine 
proton signals are discussed earlier). Concentration of 
the liquors from the crystallisation, addition of a little 
ether-hexane and cooling a t  -80" gave the truns-di- 
bromo-ketone (160 mg), m.p. 87-90", v,, (CCl,) 1742s 
and 1708w cm-l, T 9.03 (t, J ca. 6.5 Hz, CH,Me), 8.97 and 
8.71 (4-Me), and 8-45-7-53 (complex) (the bromomethine 
proton signals are discussed earlier), m/e 310, 312, and 314 
(intensity 1 : 2 : 1). The evaporated residues from the 
crystallisation (1.06 g) were used in the next step. 

3-EthyZ-4,4-dimethylcyclohexa-2,5-dienone (3) .-The fore- 
going crude residual bromo-ketone mixture (1.06 g) was 
dehydrobrominated with calcium carbonate (2.0 g) in di- 
methylforniamide (15 ml) for 3 h in the usual way. Work- 
up gave an oil (508 mg). Alumina chromatography gave 
2-bromo- 5-ethyl-4,4-dimethylcyclohexa-2,5-dienone (2 14 
mg) as a solid, m.p. 76.8-77.8" (from petroleum), v,, 
(CCl,) 1665s, 1630w, and 1610m cm-l, A,, (95% EtOH) 
247 nm (log E 4-15), in/e 228 and 230 (intensity 1 : 1) (M') 
n.m.r. data in Table 1. The later fraction was 3-ethyl- 
4,4-dimethylcycZohexa-2,5-dienone (1 10 mg), needles, m.p. 
42.5-43" (from petroleum), >99% pure (g.1.c. on NGS a t  
150"), v,, (CCl,) 1666s, 1631, and 1608 cm-l, A,, (95% 
EtOH) 237 nm, A,, (H,O) 242 nm (log E 4-18), n.m.r. data 
in Table 1 (Found: C, 79.7; H, 9.1%; M ,  150. ClOH,4O 
requires C, 80.0; H, 9.4%; M ,  150). 

54 L. Eberson, Tetrahedron Letters, 1966, 223. 
55 R. P. Gandhi, B. Vig, and S. M. Mukherji, J .  Indian Chem. 

Soc., 1959, 36, 299 (Chem. Abs., 1960, 54, 10892b). 
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6-Ethyl-4,4-d~methylcyclokex-2-enone.4,4-Dimethylcyclo- 

hexa-2,5-dienone (1.14 g) was treated with lithium diethyl- 
cuprate [from copper(1) iodide (9.373 g )  and ethyl-lithium] 
in the usual way. The usual work-up gave an  oil which on 
alumina chromatography gave 5-ethyl-4,4-dimethylcyclo- 
hexenone (760 mg, 54%) as a liquid, vmX. 1678 and 1610 
cm-l, XmX. (95% EtOH) 227 nm (log E 4-04), m/e 152 (M+) 
n.m.r. data in Table 2. The 2,4-dinitrophenylhydrazone 
had m.p. 131-132" (from ethyl acetate) (Found: C, 
57.6; H,  6.4; N, 16.9. Cl,H,,N40, requires C, 57.8; H, 
6.1; N, 16-9y0). 

3,5-Diethyl-4,4-dimethylcyclohexanone.-To stirred puri- 
fied copper(1) iodide (2.83 g) in dry ether (50 ml) at -8O", 
under nitrogen, was added ethylmagnesium bromide in 
ether (14.1 ml of 2M-solution). After 10 min at - 78' the  
mixture was warmed to  0' and 4,4-dimethylcyclohexadi- 
enone (840 mg) in ether was added during 30 min. After 
a further 30 min at 0" the usual work-up gave 5-ethyl- 
4,4-dimethylcyclohex-2-enone (910 mg; 70% pure by g.1.c.) 
as before. The ethylation was repeated in the same way 
on this material, and the product separated on alumina 
to  give 3,5-diethyl-4,4-dimethylcyclohexanone (306 mg, 
25% ; ca. 90% pure), vmX. (film) 1722 and 1712 cm-l. 

3,5-Diethyl-4,4-dimethylcyclohexa-2,5-dienone (5) .-The 
foregoing ketone in acetic acid (10 ml) was treated with 
bromine (548 mg) in acetic acid (10 ml) in the usual way, 
and the product dehydrobrominated with calcium carbonate 
in dimethylformamide as in the preparation of the 3,4,4- 
trimethyl-dienone (method A). Alumina chromatography 
gave the dienone, crystals (121 mg, 41%), m.p. 68-71', 
vmX. (CCl,) 1693m, 1683sh, 1672s,sh, 1665vs, 1658sh, 
1649m,sh, 1625s,sh, and 1601 cm-l, AmX. (H,O) 247 nm 
(log E 4.26) (Found: M+, 178.1355. Cl,Hl,O requires M ,  
178-1358), n.m.r. data in Table 1. Since all this material 
was needed for physical studies i t  was not analysed. 

hex-2-enone (5.38 g) and lithium dimethylcuprate [from 
copper(1) iodide (14.71 g) and methyl-lithium (140 ml of 
l~ l~-so lu t ion) ]  in the usual way gave the crude tetramethyl- 
cyclohexanone (5.36 g ,  94%; 95% pure by g.1.c.). Distill- 
ation gave material, b.p. 96-98' at 12 mmHg, 97% pure 
(NGS a t  140°), v,, (film) 1720 and 1713 cm-1, z 9.10 (d, 
J 6.5 Hz, 3- and &Me), 8.97 (4-Me), and 7.59-8.20 (m, 
2-, 3-, 5-, 6-H) (Found: C, 78-1; H, 11.4%; ill, 154. 
CloHl,O requires C, 77.9; H, 11.8%; M ,  154). The 
2,4-dinitrophenylhydrazone had m.p. 133-133.5" (from 
ethyl acetate) (Found: C, 57.8; H, 6.6; N, 17.0. C1,H,,- 
N404 requires C, 57.5; H, 6.6; N, 16.8%). 

cis-2,6-Dibromo-3,4,4,5-tetramethylcyclohexanone.- The 
preceding ketone (5.55 g )  in acetic acid (18 ml) was 
treated with bromine (11.55 g) in acetic acid during 105 
min at ca. 10". Work-up in the usual way gave crude 
crystalline product (8.40 g) ; recrystallisation twice from 
ether-petroleum gave pure dibromo-ketone (5.44 g, 48y0), 
needles, m.p. 125-5-126.5°, v,, (CCl,) 1763vs, 1736sh,m, 
and 1720sh,m cm-l, T 9.02 (d, J 7.2 Hz, 5-Me), 8.80 (d, J 
6-2 Hz, 3-Me), 8-86 and 8.71 (4-Me), 7.89 [q ( J  6.2 Hz) 

5-HI, 5-57 [d ( J  11.8 Hz)  of d ( J  1.1 Hz) 2-HI, and 4-81 
[d ( J  4.5 Hz) of d ( J  1.1 Hz)] (Found: C, 38.8; H, 5.4; 
Br, 60.9. CloHl,Br,O requires C, 38.5; H, 5.2; Br, 
51-2%), nt/e 310, 312, and 314 (M+, relative intensities 

3,4,4,5-Tetramethylcyclohexa-2,5-dienone (4) .-The fore- 
going dibromo-ketone (5.44 g) was treated with calcium 

3,4,4,5- Tetramethylcyclohexanone.4,4,5-Trimethylcyclo- 

Of d ( J  11.8 Hz), 3-HI, 7-82? [q ( J  7.2 Hz) of d ( J  4.5 Hz) 

1 : 2 :  1). 

carbonate (7-00 g) in dimethylformamide (50 ml) at reflux 
for 3 h. The usual work-up, with continuous petroleum 
extraction, gave crude dienone (2.59 g), which was crystall- 
ised twice from petroleum at 0" (yield 1.59 g, 61%). Short- 
path distillation gave >99% pure dienone, m.p. 46.5- 
47.5", vmX. (CCl,) 1673 and 1668 (vs doublet), 1660sh, 
1650w, 1630, and 1615 cm-l, A,, (hexane) 230.5 nni (log E 
4.22), A,, (iso-octane) 230-8 nm (log E 4-21), (H,O) 246 nm 
(log E 4.25), n.m.r. data in Table 1 (Found: C, 80-3; H, 
9.2%; M, 150. C10H140 requires C, 80-0; H, 9.4%; 
M ,  150). The 2,4-dinitrophenylhydrazone had m.p. 178.5- 
179.5" (from ethyl acetate) (Found: C, 58-5; H, 5.2; 
N, 16.9. Cl6H1,N,O4 requires C, 58.2; H, 5.5; N, 17.0%). 

2-Bromo-3,4,4,5-tetramethylcyc~ohexanone and 3,4,4,5- 
Tetramethylcyclohex-2-enone .-To 3,4,4,ci- tetramethylcyclo- 
hexanone (400 mg) in chloroform (50 ml) was added, 
with stirring during 1 hr, pyrrolidone hydrobromide per- 
bromide l4 (1.346 g) in chloroform (40 ml). After a further 
15 min the solution was washed (H,O, then NaHCO,, 
then H,O), dried (CaSO,) a t  0", and evaporated to  leave the 
crude bromo-ketone (536 mg) as a semicrystalline mass. 
This was treated with calcium carbonate (1.0 g) in refluxing 
dimethylformamide (10 ml) for 2 h in the usual way, t o  
give an  oil containing some unchanged cyclohexanone, 
and the cyclohexenone and corresponding dienone (ratio 
ca. 4 :  l) ,  from which the dinitrophenylhydrazone of the 
enone was obtained [m.p. 132.6-133-4' (from ethyl acetate)]. 

3,4,4,5-Tetramethylcyclohex-2-enone.-To lithium di- 
methylcuprate [from copper(1) iodide (987 mg) and ethereal 
methyl-lithium (8.0 ml ; 1. IM)] was added 3,4,4-trimethyl- 
cyclohexa-2,5-dienone (225 mg) in the usual way. Work- 
up  and chromatography on a short alumina column, gave 
the cyclohexenone (230 mg, 91%), identical with that pre- 
pared before. A distilled sample (ca. 97% pure by g.1.c.) 
had vmX. (film) 1672, 1666 (doublet), and 1620 cm-l, Am= 
(95% EtOH) 236 nm (log E 4-13), m/e 152 (M+) ,  n.m.r. 
data in Table 2. The 2,4-dinitroplzenylhydrazone (82%) 
(from ethyl acetate) had m.p. 134.4-135.0" (Found: 
C, 58.0; H, 6.1; N, 17.2. C16H,,N404 requires C, 57.8; 
H, 6.1; N, 16.9%). In  the preparation, no evidence was 
obtained of the presence of the possible contaminant 
4,4,5,5-tetramethylcyclohex-2-enone. 
Isopropenyl Methyl Ketone (3--7Methylbut-3-en-Z-one). - 

The method described here is a more reliable and con- 
venient modification of the combined procedures of refs. 
56 and 57. Ethyl methyl ketone (450 inl) and paraform- 
aldehyde (30 g) were stirred a t  40°, and a mixed pH in- 
dicator (Phenol Red and Bromothymol Blue) was added. 
Aqueous N-sodium hydroxide was added until the colour 
turned just to pale blue, from yellow (much indicator is 
adsorbed on the paraformaldehyde), then more alkali 
(2-0 ml) was added. When no solid paraformaldehyde 
remained (usually ca. 40 min) and a Tollens test showed 
the absence of free formaldehyde in the solution, i t  was 
just neutralised with glacial acetic acid-ethyl methyl 
ketone solution and excess of ethyl methyl ketone was 
evaporated off at ca. 30 mmHg. The residue was de- 
hydrated with syrupy phosphoric acid and copper powder,67 
the fractions b.p. 82-98' being collected, dried (CaSO,), 
and redistilled. 

4,4,6-Trimethylcyclohex-2-enone.-Method A .  To the 
piperidine enamine of isobutyraldehyde 58 (4.107 g) ,  stirred 

66 J. Colonge and L. Cumet, Bull. SOC. chim. France, 1947, 838. 
n7 E. F. Landau and E. P. Irany, J .  Org. Chem., 1947,12, 422. 
c8 E. Benzing, Angew. Chem., 1969, 71, 621. 
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at 0' under nitrogen, isopropenyl methyl ketone (2.67 g) 
was added dropwise during 5 min. No reaction occurred 
in 4 days at 25'. Dry dioxan (10 ml) was added and the 
temperature was kept at 45-55' for 46 h. Evaporation 
of the dioxan a t  12 mmHg, then treatment with 15% 
hydrochloric acid (50 ml) for 2 days at 25', then for 45 min 
at loo', extraction with ether, and drying and evaporation 
of the extract gave the cyclohexenone (544 mg, 13%), 
identical with the sample obtained by method B. 

Isobutyraldehyde (60.0 g) and isopropenyl 
methyl ketone (56.0 g) ,  condensed by the method of Eliel 
and Lukach *l (as used by Dauben and his co-workers 22), 

gave the cyclohexenone (37.12 g, 40y0), b.p. 60-70' at 
15 mmHg (75-96y0 pure), of which the best fractions, 
b.p. 67-70' a t  15 mmHg were >96% pure (lit.,2a b.p. 
44-5-45-5" at 2-5-3.0 mmHg; lit.,6g 55-57" at  2 mmHg). 
The n.m.r. (Table 2) and i.r. data agree well with those in 
ref. 22, but the n.m.r. data differ from those reported in 
ref. 59. 
2,4,4-Trimethy2cyc2ohexa-2,5-dienone (6) .-The foregoing 

cyclohexenone (2.36 g) was heated 13 days a t  reflux in dry 
benzene with DDQ (5.42 g), under nitrogen, until > 90% 
had reacted. Work-up as in the preparation of the 3,4,4- 
trimethyl-dienone (method C) gave the cyclohexadienone 
(1.36 g, 56%), >90% pure (g.1.c. on NGS at  150'). Chrom- 
atography on alumina, and molecular distillation gave 
material >99% pure (NGS a t  llOo), vmxa (film) 1666, 
1641, and 1635 cm-l, vmx. (CCl,) 1665br (with fine structure), 
1642, 1635sh, and 1618 cm-l, hmx (H,O) 242 nm (log E 

4-19), hmK (iso-octane) 229.5 nm (log E 4.094) [lit.,23 Lx. 
(EtOH) 237 nm (log E 4-10)], n.m.r. data in Table 1 (Found: 
C, 79.2; H, 9.0%; M ,  136. Calc. for C,H,,O: C, 79.4; 

H. A. Smith, B. J. L. Huff, W. J. Powers, and D. Caine, 
J .  Org. Chem., 1967, 32, 2861. 

Method B. 

H, 8.9% ; M ,  136). The 2,4-dinitrophenylhydrazone 
had m.p. 185-185-5' (from ethyl acetate) (lit.,23*60 179- 
181') (Found: C, 57.0; H, 5.4; N, 17-8. Calc. for ClSHI6- 
N404: C, 57.0; H, 5-1; N, 17.7%). 
2,4,4,5-Tet~amethyZcycZohexanone .-Methylation of 4,4,6- 

trimethylcyclohex-2-enone (4.38 g) with lithium dimethyl- 
cuprate gave the tetramethylcyclohexanone (4-52 g, 87 yo), 
b.p. 84-89' a t  12 mmHg, ca. 90% pure (lit.,61 b.p. 80-85' 
at 14 mmHg), v,, (film) 1713 cm-l (lit.,61 1712 cm-l). 
The 2,4-dinitrophenyZhydrazone had m.p. 133.5-134' 
(Found: C, 57.6; H, 6.7; N, 17.0. C16H22N404 requires 
C, 57.5; H, 6.6; N, 16.8%). 

2,4,4,5-TetramethyZcyclohexa-2,5-dienone (7) .-The pre- 
ceding ketone (714 mg) was treated with DDQ (2.50 g)  
and toluene-9-sulphonic acid monohydrate (GG. 2 mg) in 
refluxing benzene for 57 h. The usual work-up gave crude 
dienone (173 mg, 24%, ca. 70% pure). Chromatography 
of this and further samples on alumina, and molecular 
distillation gave material >98% pure; vmx (film) 1673, 
1667, 1640sh, 1633, 1626sh, 1622sh, and 1613 cm-l, Am, 
(H,O) 246.5 nm (log E 4-18), n.m.r. data in Table 1, m/e 
150 (M+). Lack of material after physical measurements 1 
precluded microanalysis. The 2,4-dinitrophenyZhydrazone 
had m.p. 170-172' (from ethyl acetate) (Found: C, 
57.9; H, 5.6; N, 17.3. C,,Hl,N40, requires C, 58-2; H, 
5.5; N, 17.0%). 
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