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Stereoselective Photochemical Ring-opening of Cyclohexa-2,4-dienones*

By A. J. Waring,* M. R. Morris, and M. M. Islam, Chemistry Department, University of Birmingham, P.O. Box

363, Birmingham B15 2TT

The stereoselectivity of the photochemical ring-opening of 6-acetoxy-6-methylcyclohexa-2,4-dienones to deriva-
tives of hepta-3,5-dienoic acid has been shown to be general, and the stereochemistry of the products has been
studied by use of n.m.r. long-range coupling and solvent-shift data. Two representative 6-benzoyloxy-analogues

behave in a similar manner.

BarTtoN and QUINKERT 2 showed that u.v. irradiation of
representative cyclohexa-2,4-dienones in the presence of
nucleophiles (water, alcohols, or amines) usually leads
to dienecarboxylic acids, esters, or amides. Arguments
were given to support the view that ketens are produced
by a valence-isomerisation of the dienone, and trapped
(with varying efficiency) by the nucleophiles.»3 Ketens
have recently been observed directly in low-temperature
irradiations of cyclohexa-2,4-dienones, by u.v. b46
1.r.,47 and n.m.r.8 spectroscopy. Their reactions with
alcohols 7 and amines %7 give the products which are
found when the dienones are irradiated in the presence
of the same nucleophiles.

We have reported that irradiation of 6-acetoxy-
2,3,4,5,6-pentamethylcyclohexa-2,4-dienone (VI) gives
a single diene-keten stereoisomer, which can cyclise
stereoselectively to a bicyclo[3,1,0Jhex-3-en-2-one, or be
trapped by amines to give an amide.r We wished to

+ The n.m.r. chemical shifts and coupling constants agree with
the ranges given for o-quinol acetates and alkylcyclohexa-2,4-
dienones by ourselves,® Regel and Philipsborn, % and Bothner-By
and Moser.® For summaries of ir. and u.v. data for such
compounds, see ref. 8.

1 Preliminary communication, M. R. Morris and A. J. Waring,
Chem. Comm., 1969, 526.

2 D. H. R. Barton and G. Quinkert, J. Chem. Soc., 1960, 1.

3 G. Quinkert, Angew. Chem. Internat. Edn., 1965, 4, 211.
4 M. R. Morris and A. J. Waring, preceding paper.

establish the stereochemistry of the amide (and thus, we
argued, of the keten) to allow an analysis of the $tereo-
chemistry of the keten-to-bicyclohexenone cyclisation.
Irradiations of a series of cyclohexa-2,4-dienones allow a
test of the view that the stereoselective ring-opening is
reasonably general, and simplify the n.m.r. spectra of the
products so that stereochemical assignments can be
made.

The 6-acetoxycyclohexa-2,4-dienones (o-quinol ace-
tates) (I)——(X) were prepared by lead tetra-acetate
acetoxylation of the corresponding phenols. Wessely
and his co-workers found, late in their extensive studies,
that chloroform is a better solvent for the reaction than
acetic acid.®  'We have confirmed this, and find that in
most cases the quinol acetates can be crystallised directly,
without the need for prior distillation which can effect
thermal rearrangements. Spectroscopic data (Table 1)
confirm the o-quinol acetate structures.t Ultraviolet

5 G. Quinkert, Photochem. and Photobiol., 1968, 7, 783.

& G. Quinkert, B. Bronstert, P. Michaelis, and U. Kriiger,
Angew. Chem. Internat. Edn., 1970, 9, 240.

7 J. Griffiths and H. Hart, J. dmer. Chem. Soc.. 1968, 90,
3297, 5296.

8 Reviewed by A. J. Waring in Adv. Alicyclic Chem., 1966,
1, 129; Osterr. Chem.-Zig., 1967, 68, 232.

? (a) W. Regel and W. v. Philipsborn, Helv. Chim. Acta, 1968,
51, 867; (b) A. A. Bothner-By and E. Moser, J. Amer. Chem.
Soc., 1968, 90, 2347
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TaBLe 1
Quinol acetates
Mop. Lit. _ < Value of group at position \
Compd. (°C) m.p. (°C) Amax. /0N log = Vmay. [T ? 2 3 4 5 6 -OAc
(1 79-5—81 82-—84 ¢ 206, 310 3-79, 3-57 1740, 1677, 8104 3-39¢ 8124 4.25¢4 875 803
1660
(1n) 46—47-5 207, 307 3-75, 3-58 1743, 1690, 4-19¢ 7-974 8104 4-19¢ 877 8-06
1677, 1659
(111) 70—72 T4 1750, 1680, 4-204 8004 4.20¢ 8.20¢ 870 7-98
1655
(IV) 62-5—64 207, 317 3-82, 362 1740, 1680, 4-007 320/ 8107 8259 872 797
1640
(V) 60—61 64—66 5 217, 314 3-68, 3-73 1747, 1668, 8-17¢ 7989 4-17¢ 8-22¢ 872 7-97
1650
(V) 8486 87-5—89-5% 213, 321 3-87, 3-58 1735, 1663, 8-12¢ 7-98¢ 8127 8-25¢ 878 7-98
1640
(VII) 88—90 217, 319 4-03, 3-63 1755, 1747, 8:06¢ 7759 8-06 870 17-95
1670, 1622
(VILL) 94—96 209, 316 3-92, 3-58 1750, 1680, 4.2014 7-94¢ 8.14¢ 8-26¢ 877 800
1643
(IX) 7173 725 206, 322 3-71, 3-69 1754, 1681, 4037 32147 3-997 8-00
1657
(X) 98100 101°¢ 207, 318 3-85, 3-82 1750, 1680, 4-11¢% 313 % 3.971 7-96
1642

o In 959% EtOH. @& In CCl, solution. ¢ F. Wessely and F. Sinwel, Monatsh., 1950, 81, 1055; F. Wessely and E. Schinzel, ibid.,
1953, 84, 425; E. Zbiral, O. Saiko, and IF. Wessely, ¢bid., 1964, 95, 512. 4 Methyl and vinyl groups have allylic coupling, [ ca. 1 Hz.
¢ H. Budzikiewicz, G. Schmidt, P. Stockhammer, and F. Wessely, Monatsk., 1959, 90, 609; J. Leitich and F. Wessely, ¢bid., 1964, 95,
116. / AB quartet, J ca. 10-0 Hz. ¢ Methyl signals have homoallylic coupling, [ ca. 1 Hz. * J. Leitich and F. Wessely, Monatsh.,
1964, 95, 129. ¢ F. Wessely, J. Kotlan, and W. Metlesics, Monatsk., 1954, 85, 69. 7 AB quartet, J ca. 6 Hz. * AB quartet,

J 93 Hz. ¥ AB quartet, J 7 Hz.

irradiation, through Pyrex, in ether solution containing
cyclohexylamine, gave the amides (la)—(VIIa) and
(IXa) in good yield. In each case g.l.c. analysis of the

R? Me R? OAc Ré RS
OAC hy '{Ae-‘ XH )
R RS R NRE R (|:HR2
Rt R¢ COX
(I)—(V1II) (la)—(VIlIa)
X = NH-
cyclohexyl
(b) X = OMe
(c) X = OEt
R2 R3 R4 R5
1) Me H Me H
(11 H Me Me H
(111 H Me H Me
(1V) H H Me Me
(V) Me Me H Me
(VI) Me Me Me Me
(VII) Me Me Br Me
(VIII) H Me Me Me
AcO
O oAc O HAc
H
— ;
H”\CH,COX
(IX) (IXa, b, ¢) (X)

crude mixtures showed rapid and clean reaction, with
production of a single amide photoproduct, usually a
little of the parent phenol (by formal loss of OAc and
uptake of a proton), and any unchanged quinol acetate.
Monitoring by n.m.r. supported the gl.c. analyses.
Physical data on the amides are given in Tables 2 and 3.

Some quinol acetates were irradiated in methanol or
ethanol, giving the single ester products (IVb), (VIIIb),
(IXb), and (IXc), for which data are given in Tables 2
and 3.

The structures of the amides and esters follow from
their i.r. spectra. Enol acetate (1735—1755), secondary
amide (3380—3410 and 1670—1675) or saturated ester
(ca. 1750 cm™) peaks are similar to those of analogues at
1745—1760, 3360—3385 and 1670—1682, and ca.
1740 cm™. The addition of amines or alcohols to the
ketens could occur at the 1,2-, 1,4-, or 1,6-positions;
all our n.m.r. evidence supports 1,2-addition. The
amides or esters give signals corresponding to the correct
number of vinyl protons for the hepta-3,5-dienoic acid
structures shown. Dienones (IV) and (IX) give com-
pounds (IVa and b) and (IXa, b, and c) with 2-methylene
groups which couple as expected (J ca. 8 Hz) to the 3-
vinyl proton. Similarly, all the 2-methyldienones, and
only they, give amides containing a 2-CH(Me)-grouping
which couples as anticipated to any 3-vinyl proton. The
chemical shifts of the 2-methylene or methine protons are
consistent with the grouping being adjacent to a carbonyl
group.* These results support work on the structures of
esters produced in photolyses of other quinol acetates 11

* The 6-Me, OAc, and 5-Me chemical shifts agree with those
of simple enol acetates. Literature ranges for simple enol
acetates (XII or XIII; Y = OAc), discussed later, are v 8-08—
8-22 for methy! « to the acetate, 7-84—8-03 for acetate, 8-562—8:55
for methyl B and cis to acetate, and ca. 8-40 for methyl 8 and
trans to it. The 5-vinyl proton, if cis to acetate should be near
< 4-43, and if trans near 4-67, according to the additivity relation-
ship of Pascual and his co-workers.1?

10 U, E. Matter, C. Pascual, E. Pretsch, A. Pross, W. Simon,
and S. Sternhell, Tetrahedvon, 1969, 25, 2023, and references
therein.

11 7. E. Baldwin and M. C. McDaniel, J. Amer. Chem. Soc.,
1968, 90, 6118.
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and alkylcyclohexa-2,4-dienones.’? However, we found
no evidence for 1,4- or 1,6-addition to the ketens, al-
though some 1,6-addition of methanol has been found by
Collins and Hart.1?2 It is of interest that amide (Ia)

J. Chem. Soc. (C), 1971

gives a doublet, showing coupling to the 2-proton with
J 10-0 Hz; the other (H-5) gives a quartet (J 0-9 Hz)
due to coupling to the 6-methyl; these data confirm the
structure (Ia).

TABLE 2
Amides and esters

FFound (% Required (%)
—— A .__—-A-q

M.p. B.p. — - — Amax./ Yield
Compd. (°C) (°C; mmHg) C H z H N nm ¢ log e Vmax.fcm1E (%) ¢
(Ia) 7TT—178 4 69:5 92 50 211 3-77 3385, 1740, 1672 56
(ITa) 81—83 69-5 9-0 4-6 69-6 93 48 210 3:80 3380, 1740, 1670 50; >77¢
(I1Ia) 108—110 69-4 97 4-7 213 3-85 3380, 1738, 1670 41
(IVa) 58—60 69-9 94 4-8 210 3-74 3390, 1740, 1670  50; 80¢
(IVD) 98; 1.0 64-0 80 63-8 80 211 3-70 1755, 1685, 1640 53
(Va) 50—51 70-1 95 45 703 95 4-6 207 3-93 3380, 1733, 1670 70
(VIa) 73—174 708 10-1 45 71-0 97 4-4 208 375 3380, 1738, 1670 > 61
(VIa) 73—1757 561 7-1 365 559 72 36 212 3-91 3380, 1750, 1670, 52
1630
(VI1IDb) 96; 0-6 1758—1748, 70
1648 ¢
(IXa) 78-—80 69-8 8-8 5-1 700 86 4-8 205, 245 4-00, 3410, 1750, 1670 35
4.20
(IXb) 640 80 63-8 80 205,244 402, 1745, 1658, 1620 87
4-06
(IXc) 205,243 391, 1744, 1660, 1620 95
4-08 :

e In 95% EtOH; the sharp fall in absorption below 210 nm is believed not to be due to solvent cut-off. ? In CCl, solution
unless stated otherwise. ¢ Yield of crystallised or distilled product. 4 Lit. m.p. 76—79° (D. H. R. Barton and G. Quinkert,
J. Chem. Soc., 1960, 1). ¢ Yield from quantitative g.l.c., at ca. 909% conversion. /Found: Br, 20-3. C,;Hy,BrNO; requires
Br, 20-7%,. ¢ Liquid film. * Without distillation.

TABLE 3
N.m.r. data for amides and esters
2-Subst. 3-Subst. 4-Subst. 5-Subst. 6-Me OAc

Compd. T8 A? T A T A T A T A T A
(Ia) ¢ H 706 —025 H 469 —0-24 Me 8-21 018 H 446 —005 8-22 0-08 17-87 0-47

Me 890 —0-23
(XIVa)d H 6-89 —026 H 4-63 —0-25 Me 816 018 H 430 —004 808 011

Me 8-86 —0-23
(1Ta) ¢ H 721 —0-18 Me 815 —0-12 Me 8-24 014 H 4-38 —0-15 824 0-06 7-87 0-47
(Ilfa)f H 727 —0-19 Me 811 —012 H 4-42 0-08 Me 850 —0-04 827 —003 7-88 0-42
(IVa)# H 730 —024 H 4-45 —0:26 Me 8-20 0-15 Ae 8-48 0-00 830 -—004 1785 0-42
(IVb) & H 704 —-018 H 4-62 —0-12 Me 8-19 0-15 Me 846 —0-03 832 -—0-08 792 0-35
(Va) ¢ H 6-85 Me 8:27 H 4-49 Me 8-54 8-31 7-90

Me 8:92
(VIa) ¢ H 692 —032 Me 828— —024 Me 828 — 0-07 Me 8-47 0-02 8-28— —0-07 7-82 0-50

Me 892 —0-23 830 8-30 8:30
(VIIa) * H 6:85 —0:23 Me 805 —0-25 Me 838 —0-20 819 0-:00 7-81 0-54

Me 883 —0-06
(VIIIb) ! H 6-90 Me 8-26 Me 8-26 Me 8-47 8:33 7-90
(IXa)ym H 699 —0-07 H 449 —016 H 3-:94 —0-20 7-89  0-44
(IXb) » H 6-80 004 H 447 —025 H 3-96 —0-26 7-90 0-39
(IXc) @ H 6-83 H 448 H 3-99 7-90

@ = Values; solutions in CCl,. % A = 7(CiHg) — t(CCl,). ¢ Coupling constants: H-2,Me-2 6-85, H-2,H-3 10-0, H-3,Me-4 1-4,
Me-4,H-5 ca. 0-9, H-5,Me-6 0-9—1-0 Hz. ¢ H-2,Me-2 6-8, H-2,H-3 9-8, H-3,Me-4 ca. 1-2, Me-4,H-5 not determined; H-5Me-6
0:9—1-0 Hz. ¢ H-2,Me-3 small, Me-3,Me-4 ca. 1-0, Me-4, H-5 small; H-5Me-6 0-7—0-8 Hz. f H-2,Me-3 small, Me-3,H-4 1-4—1-5
Hz. ¢ H-2,H-3 ca. 8, H-3,Me-4 ca. 1-5, Me-5,Me-6 ca. 1'5 Hz. » H-2,H-3 7-1, H-2,Me-4 ca. 1-2, H-2,Me-5 small, H-3,Me-4 ca. 1-2,
Me-4,Me-5 small, Me-5,Me-6 1-5 Hz; CO,Me 7 6-40, A 0-26. f H-2,Me-2 7-0, H-2,Me-3 small, Me-3,H-4 1-4, H-4,Me-5 ¢a. 0-9,
H-4,Me-6 ca. 1-5, Me-5,Me-6 1-4—1-5 Hz, i H-2,Me-2 7-2, Me-5,Me-6 ca. 1-5 Hz. * H-2,Me-2 ca. 7, H-2,Me-3 small, Me-5,Me-6
ca. 1-5 Hz, ! Me-5Me-6 ca. 1:6 Hz; CO,Me 7 6-:36. ™ H-2,H-3 7-4, H-3,H-4 11-4 Hz. = Coupling as for (IXa); CO,Me = 635,
A 0-26. ° Coupling as for (IXa); CO,Et v 5-89 (CH,) and 8-75 (Me).

All the amides also have an NH signal, T 3-88—4-10 (d, /] 7—8 Hz, or broad peak), a cyclohexyl methine signal, t 6-44—6-60br,
and other cyclohexyl absorption underlying the t 8-0—9-2 region.

does not have the structure (XIa) previously assigned
with the help of early n.m.r. data.23 In compound
(XIa), which was assumed to arise by cyclohexylamine-
catalysed deprotonation of (Ia) and reprotonation,*
both vinyl protons should be coupled to H-4 and give
doublets (J ca. 8 Hz). In fact one vinyl proton (H-3)

The u.v. spectra of our amides and esters are of little
value in determining the position and stereochemistry

* To test the possibility of easy and general base-catalysed
isomerisations we heated amide (IVa) with excess of cyclohexyl-
amine under much more vigorous conditions than those used in
the photolyses. No isomerisation was detected.

12 P. M. Collins and H. Hart, J. Chem. Soc. (C), 1967, 1197.
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of the double bonds, and empirical rules such as Wood-
ward’s are inappropriate. Multiple substitution of
butadienes causes twisting, with irregularity in the
positions and intensity of u.v. maxima, and ultimately
in the complete loss of maxima in the 210—250 nm

X—ﬁ—C {Me)=CH-CH{Me)-CH=CMe(OAc)

(Xla}

H Me Me Me Me Me
__/ ./ _/ \__/
N\ / N\ /~\ / N\

Y H Y Y Me Y
cis trans cis trans
(XII) (XIII)

x—ﬁ—CH(Me)—CH:C(Me)—CH:CMe {0Bz)

(XIVa}

region.!® Table 2 shows this to be the case for all pro-
ducts except (IXa--c); analogous results have been
reported 112 and discussed ! previously. N.m.r. data
for compounds (IXa—c) show the 3,4-double bond to
have c¢is (Z) stereochemistry. When any coupling
between methyls and protons on C-3 and C-4, or vice
versa, was unambiguously determined, the value of | ]|
(14—1-56 Hz)* again supported 3Z-stereochemistry:
allylic coupling constants are discussed later. Collins
and Hart,®2 and Quinkert and his co-workers,® have
shown that the initially formed 3Z-esters or amides
undergo further photoisomerisation to the 3E-isomers if
light of sufficiently low wavelength is used. We found
no evidence of secondary isomerisation under our con-
ditions (Pyrex filter, and avoiding over-irradiation):
this point was tested more closely in the preceding paper.?

The stereochemistry of the 5,6-bond in the photo-
products is of interest. Barton and Quinkert’s original
work 2 implied that one of the possible stereoisomeric
photoproducts was formed predominantly. Our later
studies 14 and others ¥ confirm that the ring-opened
products are formed with very high stereoselectivity:
we have been unable to detect stereoisomers of the major
products. Attempts to isomerise the 5,6-double bond
by prolonged heating of selected amides with toluene-p-
sulphonic acid or by over-irradiation (even through
quartz) were unsuccessful. Since direct comparison of
both 5,6-geometrical isomers was impossible we studied
the n.m.r. spectra of amides in which the stereochemically
dependent coupling between a 5-proton and 6-methyl

* Coupling constants are corrected, when necessary, for the

effects of imperfect resolution by use of the treatment in ref. 14,
. 313.

P # There may be some small coupling between the 4- and 6-

methyl groups which results in line broadening. The decoupled

6-methyl peak had W3 2-0 Hz, ¢f. the sharp acetate peak, W}

1-0 Hz.

13 W, F. Forbes, R. Shilton, and A. Balasubramanian, J. Org.
Chem., 1964, 29, 3527.

14 1, M. Jackman and S. Sternhell, * Applications of Nuclear
Magnetic Resonance Spectroscopy in Organic Chemistry,’
Pergamon, Oxford, 2nd edn., 1969.

15 E. B. Whipple, J. H. Goldstein, and I.. Mandell, J. Amer.
Chem. Soc., 1960, 82, 3010.
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group could be identified and measured. The spectrum
of (Ila) in carbon tetrachloride has two allylic methyl
signals which overlap and are close to the third. Addi-
tion of [2Hg]benzene to the solution causes selective
solvent shifts (Table 3), allowing the peaks to be separ-
ated. A plot of peak positions against solvent composi-
tion allowed each peak to be identified. Optimum
separation of the allylic methyls and the acetate peak was
found in ca. 179, CCl,, 83%, C¢Dg.  Decoupling showed
one of the methyl signals, assigned to the 6-methyl
group, was significantly coupled only to the 5-vinyl
proton, with |[J| 0-7—0-8 Hz.t The other allylic
methyls gave quartets (| ] ca. 1-0 Hz), one of which (the
3-methyl) showed weak coupling to the 2-methylene
group. Similar studies on (Ia), whose methyl peaks were
separated in the spectrum of a solution in [2H]benzene,
showed a 5H,6Me coupling with |J| 0-9—1-0 Hz. Itis
normally found that #rans allylic coupling in systems
(XTI), where Y does not contain a conjugated double
bond, is smaller than cis (i.e. | J|wans << | J|eus), @ difference
of about 0-6 Hz being general. %16 In 2-substituted
propenes, cis-allylic coupling has J —1-0 to —1-7 Hz,
and frans coupling —0-4 to —1-2 Hz 1516 The closest
analogues in the literature allow ranges to be given of
[Jleis 14 4 0-2, | Jltrans 0-75 = 0-2 Hz. Coupling in iso-
propenyl acetate has | J|egs 12, | J]uwans 046 Hz,'® and an
extensive series of olefins used in juvenile hormone
synthesis 17 have |[|uems 0-8 Hz. It appears from such
considerations that compounds (Ia) and (Ila) have the
5-proton and 6-methyl frans (i.e. a 5E-configuration).
Similar arguments apply to 5-methyl,6-methyl couplings,
which have |J| 1-4—1-6 Hz (Table 3): literature values
for trans- and cis-homoallylic coupling in enol ace-
tates 1819 and close analogues % are 1-3—1-6, and 1-0—
1-15 Hz, respectively.

It seemed desirable to develop other methods for
determining the stereochemistry of enol acetates, since
coupling constants do not always allow a decision to be
made.?! It is known that the signal of a B-vinyl proton
cis to the oxygen function in enol ethers or enol acetates
falls at lower field than that of the frans proton. This is
true for solutions in carbon tetrachloride,8:1%22 but the
difference is enhanced in benzene solution %2 and it
seemed that solvent shifts could be useful. Literature
data for (XII and XIII; Y == OAc) were combined to

16 M. Y. de Wolf and J. D. Baldeschweiler, J. Mol. Spectros-
copy, 1964, 13, 344; E. B. Whipple, J. H. Goldstein, and G. R.
McLure, J. Amer. Chem. Soc., 1960, 82, 3811; L. M. Jackman and
R. H. Wiley, J. Chem. Soc., 1960, 2881; A. A, Bothner-By and
H. Giinther, Discuss. Faraday Soc., 1962, 34, 127.

17 B. M. Trost, Accounts Chem. Res., 1970, 3, 120.

18 W. E. Parham and J. F. Dooley, J. Org. Chem., 1968, 33,
1476.

1 H. O. House, L. J. Czuba, M. Gall, and H. D. Olmstead,
J. Org. Chem., 1969, 34, 2324.

20 H. Hecht and B. L. Victor, J. Amer. Chem. Soc., 1968, 90,
3333; N. S. Bhacca and R. K. Sharma, Tetrahedvon, 1968, 24,
6319.

21 H. O. House and V. Kramar, J. Org. Chem., 1963, 28, 3362.

22 J. J. Riehl, J. M. Lehn, and F. Hemmert, Bull. Soc. chim.
France, 1963, 224; F. Bohlmann, C. Arndt, and J. Starnick,
Tetrahedvon Letters, 1963, 1605; A. Suzuki, IX. Ohmori, and M.
1toh, Tetrahedron, 1969, 25, 3707.
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give Al7(CgHg) — =(CCly)] values of 0-10 + 0-03 for the
B-proton in cis-(XII), —0-05 4 0-06 for that in frans-
(XII), 0-23 4- 0-02 for the B-methyl in eis-(XIII), and
0-06 £ 0-03 for the f-methyl in trans-(XIII). For the
acetate and «-methyl groups, A values are ca. 0-30 and
0-16 (one reliable value only).* The A values of 5-
substituents in the amides and esters (I—VIa) and
(IVb) (Table 3) are consistent with a frans relationship
with the G-methyl group. Attempts to use the solvent
shifts of the 4-substituents were unsuccessful, owing to
the lack of analogues, but the large discrepancy between
the A values of the 4-protons in (IXa and b) and those in
the other amides and estersis noteworthy. In(IXa,b,and
c) the 6-acetoxy-group is forced to lie cis to the main
chain.

To find whether other o-quinol esters would suffer
stereoselective photochemical ring-opening we irradiated
6-benzoyloxy-2,4,6-trimethylcyclohexa-2,4-dienone.?® In
the presence of cyclohexylamine this gave a single amide
(ca. 90% by gl.c.), some 24,6-trimethylphenol, un-
changed dienone, and a trace of unidentified material.
The amide (XIVa) has n.m.r. chemical shifts which com-
pare well with those of (Ia) when the change of acetate to
benzoate is allowed for (by use of comparisons of the
quinol acetate and benzoate spectra, and data for enol
benzoates 2). The solvent shifts and coupling con-
stants also agree well, suggesting 5E stereochemistry in
this case also. This result is consistent with our finding
that pentamethyl-o-quinol benzoate, on irradiation in
ether, gives exo-6-benzoyloxy-1,3,4,5,6-pentamethylbi-
cyclo[3,1,0]hex-3-en-2-one, analogous to the acetate
described in the previous paper,* and the report that
both 2,4,6-triphenyl-o-quinol acetate and benzoate give
analogous bicyclohexenones via ketens.?

In addition to the irradiations described, quinol
acetates (I)—(V) and (VII)—(X) and quinol benzoate
(XIV) were irradiated in ether to detect any formation of
bicyclohexenones or other products. In no case was a
bicyclohexenone found. Each quinol acetate and com-
pound (XIV) gave its parent phenol; compound (I) also
gave 3-acetoxy-2,4,6-trimethylphenol as reported by
Barton and Quinkert;? compound (XIV) gave some
3-benzoyloxy-2,4,6-trimethylphenol, and compound (II)
gave 3-acetoxy-2,4,5-trimethylphenol in an analogous
way. The keten from compound (V) was not trapped
during irradiation in methanol, only 2,3,5,6-tetramethyl-
phenol being detected. No keten could be trapped from
‘the bicyclic quinol acetate (X), even by cyclohexylamine,
and we believe that no keten was formed.

The stereoselectivity of the dienone-to-keten valence
isomerisation has parallels in the opening of cyclo-
butenones.’! Baldwin and his co-workers have in-

* Errors in « values of vinyl protons may be appreciable if
tetramethylsilane is used as internal standard and the instrument
scale calibration is not checked. The ranges quoted refer to
comparisons between spectra in single literature reports, where
instrument errors have more chance of being constant. Errors
for methyl signals will be smaller, and the ranges quoted include
within- and between-report comparisons.

+ The acetoxy-group has a moment of inertia 6—7 times
greater than methyl.
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vestigated the suggestion that the preferred ground-
state conformation of the cyclic partner dictates the
subsequent steps, but consider this explanation to pre-
dict the wrong stereochemistry in one cyclobutenone
case.® The suggestion does, however, seem to have
virtues for cyclohexadienone opening. Dreiding models
show the dihedral angles between the C-3, C-4, C-5, C-6
plane and the 6-substituents in the dienone to be ca. (+)
90° and ca. (—) 20°. Steric repulsions should be
minimised by having the small 2! acetoxy-group in the
‘equatorial * and the 6-methyl group in the ‘axial’
position. If the photoexcitation and collapse to keten
occur so that the more ponderous 6-substituent §
suffers minimum movement, the observed (5E) keten
stereoisomer would be found. Ring-opening to give the
5Z-isomer would require the acetoxy-group to swing
through an arc of ca. 160°, instead of ca. 20°; the methyl
has to swing through ca. 90° in any case. The same
explanation would fit the reported opening 11 of 2-chloro-
4-methyl-3-phenylcyclobut-2-enone. Quinkert’s group
found 6-methyl-6-phenylcyclohexa-2,4-dienone to give
comparable amounts of the 5E- and 5Z-ketens as kinetic
products.® If one may assume the 6-phenyl group to
occupy an ‘ axial ’ position in the dienone, it must swing
through ca. 90° to reach the geometry of either keten:
since its inertia is much higher than that of the 6-methyl,
collapse to either keten should occur, with some pre-
ference for the Z-isomer (which involves methyl moving
through 20° rather than 160°).

If the stereoselectivity were to arise during the col-
lapse of excited keten (or excited dienone) to ground
state keten one might expect the proportions of 5E- and
5Z-isomers to reflect roughly their relative stabilities.
Analogy with House and Kramar’s equilibration studies
on simple enol acetates 2 suggests a maximum preference
of about 4 : 1, and that in favour of the 5Z-isomer. The
observed preference for the 5E-product thus seems too
great, and in the wrong sense to be explained by steric
effects in the ground-state ketens or their immediate
precursors. Clearly there are other stages at which
stereoselectivity may arise, and we are investigating
some of these.

EXPERIMENTAL

General experimental data are given in the first paper of
this group. Most n.m.r. spectra were obtained with
Perkin-Elmer or Varian HA 100 (100 MHz) instruments, or
a Varian A60, with checks on the scale calibration.  De-
coupling experiments used the HA 100, or in one chase a
Perkin-Elmer R12B and Varian T60. Solvent-shift data
were obtained from solutions of low and fixed concentration
for compounds (Ia), (Ila), and (IVa), and of low but
variable concentration for the other amides and esters:
concentration effects appear to be insignificant.

23 D. H. R. Barton, P. D. Magnus, and M. J. Pearson, Chem.
Comm., 1969, 550.

24 M. Saunders, J. Plostnieks, P. S. Wharton, and H. H.
‘Wasserman, J. Chem. Phys., 1960, 32, 317.

25 H. Perst and K. Dimroth, Tetrahedron, 1968, 24, 5385.

28 S, M. Krueger, J. A. Kapecki, J. E. Baldwin, and L. C. Paul,
J. Chem. Soc. (B), 1969, 796.
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6-Acetoxy-2,4,6-trimethylcyclohexa-2,4-dienone (I).—2,4,6-
Trimethylphenol (120 g) in chloroform (90 ml) was added
dropwise with stirring to a suspension of lead tetra-acetate
(45 g) in chloroform (70 ml), with the temperature kept
below 30°. After 2 h at 25° the mixture was shaken with
water (3 X 200 ml) and filtered through Celite, and the
organic layer was dried (MgSO,) and evaporated. The oil
crystallised from petroleum (b.p. 40—60°) to give the quinol
acctate (I) (13-6 g, 889,), whose m.p., i.r., and u.v. spectra
agree well with literature 27 data (see Table 1) (Found:
C, 68-3; H, 7-5. Calc. for C;,H,,0,: C, 68:0; H, 7:3%).

6-Acetoxy-3,4,6-trimethylcyclohexa-2,4-dienone (IL).—
2,4,5-Trimethylphenol (120 g) was treated similarly.
Distillation of the resultant oil (b.p. 96-—100° at 0-6 mmHg),
crystallisation from diethyl ether at —78°, and washing of
the crystals with cold petroleum (b.p. 40—60°) gave the
gquinol acetate (IT) (90 g, 60%) as lemon-yellow crystals
(Found: C, 680; H, 7-1. C, H,,O; requires C, 68:0;
H, 7-39,). This compound has been reported previously,2?®
but not isolated or characterised.

6-Acetoxy-3,5,6-trimethylcyclohexa-2,4-dienone (III).—
2,3,5-Trimethylphenol (13-6 g), treated similarly, with
distillation at 100—120° and 1 mmHg and crystallisation
from diethyl ether at —78° gave (III) as yellow crystals
(6:95 g, 369%,).

6-Acetoxy-4,5,6-trimethylcyclohexa-2,4-dienone (IV).—
2,3,4-Trimethylphenol (4-1 g) was treated with lead tetra-
acetate (15 g) as before. Distillation (b.p. 99—100° at
0-4 mmHtg) and crystallisation from diethyl ether—petroleum
(b.p. 40—60°) (1 : 3) mixture gave the quinol acetate (1-51 g,
26%,), m.p. 62-5—64° (Found: C, 67-8; H, 7-3. C;H,,0,
requires C, 68:0; H, 7-3%). The i.r. spectrum of this com-
pound has been published 2® but its preparation has not
apparently been reported.

6-Acetoxy-2,3,5,6-tetramethylcyclohexa-2,4-dienone  (V).—
2,3,5,6-Tetramethylphenol (12-0 g) treated as in the prepar-
ation of compound (I), with crystallisation from petroleum
(b.p. 30—40°), and silica-gel chromatography of the mother
liquors, gave the quinol acetate (13-5 g, 81%,), m.p. 60—61°
{Found: C, 69-2; H, 7-8. C,,H,;0, requires C, 69-2;
H, 7-7%).

6-Acetoxy-4-bromo-2,3,5,6-tetramethylcyclohexa-2,4-dienone
(VII).—4-Bromo-2,3,5,6-tetramethylphenol 3¢ (12-3 g) and
lead tetra-acetate (35 g) treated similarly, with crystallis-
ation from diethyl ether at —78°, gave the quinol acetate
(5-4 g, 35%), m.p. 88—90° (Found: C, 50-6; H, 5-1; Br,
28-3. C;,H;;BrO; requires C, 50-2; H, 53; Br,
27-9%).

6-Acetoxy-3,4,5,6-tetramethyleyclohexa-2,4-dienone (VIII).
—2,3,4,5-Tetramethylphenol (1-19 g) (prepared by alkali
fusion 3 of 2,3,4,5-tetramethylbenzenesulphonic acid 32) and
lead tetra-acetate (5-0 g) in chloroform, treated as in the
preparation of (I), gave the gquinol acetate (0-71 g, 43%,) as
lemon-yellow crystals, recrystallised from ether—petroleum
(Found: C, 694; H, 7-7. C,,;H,;0, requires C, 69-2;
H, 7-74%,).

1-Acetoxybicyclo[4,3,0lnona-3,5-dien-2-one  (I1X) and 1-
Acetoxybicyclo[4,4,01deca-3,5-dien-2-one  (X).—These were
made by the published procedures.??

27 . Wessely and T. Sinwel, Monatsh., 1950, 81, 1055;
J. Derkosch and W. Kaltenegger, ibid., 1957, 88, 778; 1959, 90,
645.

28 E. Zbiral, J. Jaz, and F. Wessely, Monatsh., 1961, 92, 1155.

29 J. Derkosch and W. Kaltenegger, Monatsh., 1959, 90, 877.

30 0. Jacobsen and E. Schnapauff, Ber., 1885, 18, 2841.
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Irradiations in the Presence of Cyclohexylamine.—Each
quinol acetate or quinol benzoate (1-0 g) in dry ether (50 ml)
and cyclohexylamine (10 ml; redistilled) was irradiated with
a Hanovia 450 W lamp, through Pyrex, in a nitrogen
atmosphere, under reflux. Monitoring by g.l.c. (generally
silicone E30 column at 190—200°) and u.v. spectroscopy
showed reaction to be rapid, and complete in ca. 2 h, with
formation of a single amide. Washing of the solution with
N-hydrochloric acid (2 x 200 ml) then water, drying
(MgSO,), and evaporation gave an oil. Crystallisation
from petroleum (b.p. 40—60°) at — 78° gave the pure amides.
Yields of crystalline amides, and of crude amides in some
cases, and physical data are in Tables 2 and 3. All amides
have the correct molecular weights (mass spectra) and
analytical data (Table 2). 1-Acetoxybicyclo[4,4,0]deca-
3,5-dien-2-one (X) gave 5,6,7,8-tetrahydro-1-naphthol, and
no detectable amount of photoamide.

Irradiation in Alcohols.—The quinol acetate (0-10 g) in
methanol or ethanol (100 ml) was irradiated as before,
Analysis by g.l.c. showed the mixture to contain virtually
pure ester [from (IV) and (VIII)] or ester together with
10—159%, of indanol [from (IX)]. Evaporation gave an oil
which was purified by distillation (IVDb) or alumina chroma-
tography (IXb and c), or used directly for spectroscopy
(VIIIb). Comparison with the crude products showed no
decomposition to occur during purification.

Attempted Isomevisation of Amide (INa) with Cyclohexyi-
amine.—The amide (50 mg) in benzene (5 ml) and cyclo-
hexylamine (480 mg, 30 mol. equiv.) was heated under reflux
for 8 h. After work-up as before, gl.c. and n.m.r. analysis
of the crude product showed no change.

6-Benzoyloxy-2,3,4,5,6-pentamethylcyclohexa-2,4-dienone.
—Pentamethylphenol (2-46 g) in dry ether (50 ml) was heated
under reflux with sodium hydride (0-36 g), with stirring for
6 h. The suspension of the sodium phenoxide was cooled
to —20° recrystallised benzoyl peroxide (3-63 g) in dry
ether (150 ml) was added dropwise with stirring, and the
mixture was stirred for 0-5 h at —20°. After a further 0-5
h at 0°, and warming to 25° the product was added to ice—
water, and the ether layer was washed (NaHCO, solution
then acidified FeSO, solution and water) and dried (MgSO,).

‘Evaporation gave a yellow oil (2:82 g) which contained

quinol benzoate, pentamethylphenol, and benzoyl peroxide.
Chromatography on alumina, followed by crystallisation
from petroleum (b.p. 40—60°) gave the cyclohexadienone
(0-56 g, 209%) as pale yellow crystals, m.p. 120—122°
(Found: C, 75-8; H, 7-2. CgH,,0; requires C, 76-0; H,
7-:0%), A 233, 274, 282, and 321 nm. (log < 4-15, 3-37, 3-36,
and 3:63), v, 1725, 1670, and 1640 cm™, © 1-95 (m) and
2-58 (m) (Ph), 7-93 (3-Me), 8:10 (2- and 4-Me), 8-23 (5-Me),
and 862 (6-Me), assigned on the basis of chemical shift
and solvent shift analogy with the quinol acetate.4
Irvadiation of 6-Benzoyloxy-2,3,4,5,6-pentamethylcyclo-
hexa-2,4-dienone.—(a) In wet ether. The dienone (1-0 g) in
ether (200 ml) saturated with water was irradiated through
Pyrex until the 321 nm absorption had decreased to a con-
stant intensity. Drying and evaporation gave a yellow oil
(ca. 1-0 g) containing one major component and 7—8 minor
ones, including pentamethylphenol and unchanged quinol
benzoate. Chromatography on Florisil (twice) gave the

31 W. W. Hartman, Org. Synth., 1923, 8, 37.

32 L. I. Smith and O. W. Cass, J. Amer. Chem. Soc., 1932, b4,
1614.

33 ', Wessely, J. Kotlan, and W. Metlesics, Monatsh., 1954,
85, 69
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photoproduct (250 mg from 700 mg) 909, pure; crystallis-
ation from n-pentane at —78° then gave exo-6-benzoyloxy-
1,3,4,5,6-pentamethyibicyclo[3,1,0]hex-3-en-2-one, m.p. 57—
59° (Found: C, 75'8; H, 7-0. C;gH,y0; requires C,
76-0; H, 7-09,), vy, 1726, 1700, and 1640 cm™, 2 203,
233, 265, and 325 nm (log = 4-37, 4-51, 3:92, and 2-87),
7 2:01 (m), and 2-54 (m) (Ph), 7-91 (q, J 1-2 Hz, 4-Me), 8-37
(q, J 12 Hz, 3-Me), 858 (6-Me), 8-72 (5-Me), and 879
(1-Me) ; spectra similar to those of the 6-acetoxy-analogue.*

(b) With cyclohexylamine. The quinol benzoate (0-10 g)
in ether (10 ml) and cyclohexylamine (0-36 g) was irradiated
for 1 h through Pyrex. Washing with 0-01x-hydrochloric
acid (to remove cyclohexylamine) then water, drying
(MgSQ,), and evaporation gave a pale yellow oil (0-115 g).
Chromatography on Florisil gave 959, pure N-cyclochexyl-6-
benzoyloxy-2,3,4,5-tetramethylhepta-3,5-dienamide, v

max.
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3380 (NH), 1760, and 1670 cm™, Naxe, 209, 231, 275, and 283
nm, as a colourless oil (63 mg), = 1-81 and 2-43 (aromatic
multiplets), 3-55br (NH), 6-:36br (cyclohexyl methine), 6-78
(q, J 7 Hz, H-2), 8-14 (q, J 1-6 Hz, 6-Me), 8-23, (s, 3- and
4-Me), 8-40 (q, J 1-6Hz, 5-Me), and 8-88 (d, J 7H:x, 2-Me).
As in the spectra of some of the other amides from 2-
methyl quinol acetates, the 2-methyl doublet shows a small
subsidiary doublet owing, we believe, to internal rotation
in an unsymmetrical environment.
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