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Dye-Sensitized Photooxygenation of
4,6-Di- tert-butyl-2-diazo-1,2-benzoquinone
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Oxygenation reactions of diazo compounds with molecular
oxygen! have been intensively investigated in connection with the
chemistry of carbony! oxides. The latter are formed as inter-
mediates in ozonation of alkenes and alkynes? and also could be
models for intermediates in monooxygenase-catalyzed reactions.?
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It is to be expected that carbonyl oxides derived from singlet
oxygen oxygenation of diazo compounds would be trapped effi-
ciently by nucleophiles, since they bear a similarity to the ozonation
intermediates. In fact, we found that dye-sensitized photo-
oxygenation of azibenzil in CH,Cl,-MeOH (1:1) at -78 °C
produced the corresponding a-ketomethoxy hydroperoxide which
spontaneously decomposed to methyl benzoate and benzoic acid
upon warming to room temperaturc:.4
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As part of an investigation of biomimetic oxygenation reactions,
we wished to photooxidize 4,6-di-tert-butyl-2-diazo-1,2-benzo-
quinone (1) in the hopes that we could produce the hydroperoxy
hemiketal 1a, a potential intermediate in pyrocatechase reactions.’
However, dye-sensitized photooxygenation of 1 instead resulted
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in the formation of endoperoxide 2 in which the diazo group was
unaffected (Scheme I).

Photooxygenation of 1 (0.1 M) at =78 °C in CH,Cl, with
methylene blue (10™* M) sensitizer using a tungsten lamp filtered
by Na,CrO, (400 g/L)¢ gave 27 and 3% as major products with
ratios which depended on irradiation times. Control experiments
monitored by NMR spectroscopy showed that 2 was the sole initial
oxidation product and was formed in 87% yield; 3 is a minor
product at the point where 1 is completely consumed. Under the
same conditions, 2 was slowly oxidized to 3 (76%) which was
isolated as the stable hydrate 4.° Compound 4 could be dehy-
drated to 3 at -28 °C without decomposition in the presence of
molecular sieves. Photooxygenation of 1 in MeOH-CH,Cl, (1:1)
also led to 2 as the initial oxidation product; 2 subsequently reacted

(6) The filter solution cuts off wavelengths shorter than 550 mm. With
this filter, only methylene blue (MB) absorbs the incident light from a
tungsten—halogen DWY lamp (650 W), which was operated at 70 V. Oxygen
was bubbled through the solution during irradiation. Bleaching of MB was
observed when the photooxygenation was carried out at room temperature.

(7) Compound 2: mp 80 °C dec; 'H NMR 4 (CDCl, internal standard,
7.25 ppm) 1.14 (9 H, s), 1.18 (9 H, 5), 5.63 (1 H, d, J = 2.2 Hz), 6.10 (I
H, d, J = 2.2 Hz); IR (Nujol) 2120, 1680 cm™'; mass spectrum, m/e 236 (M
- 28); 13C NMR 4 (CDCl, internal standard, 77.3 ppm) 27.4 (q), 34.6 (s),
35.0 (s), 60.1 (s), 73.7 (d), 89.6 (s), 118.6 (d), 160.7 (s), 189.9 (s); positive
peroxide test with KI/HCI.

(8) Compound 3: 'H NMR 6 (CDCly) 1.14 (9 H, s), 1.17 (9 H, 5), 5.10
(1 H,d,J=22Hz), 647 (1 H,d,J = 2.2 Hz); ’'C NMR 6 (CDCl;) 27.3
(q), 27.4 (q), 34.8 (s), 35.4 (s), 82.0 (d), 90.3 (s), 123.9 (d), 158.1 (s), 181.5
(s), 184.5 (s), 184.1 (s); positive peroxide test with KI/HCI.

(9) Compound 4 (hydrate of 3): mp 79 °C dec; 'H NMR § (CDCl;) 1.15
(9H,s),1.16 (9H,s),3.72 (1 H, br),3.78 (1 H, br), 483 (1 H,d, /=23
Hz), 6.15 (1 H, d, J = 2.3 Hz); IR (Nujol) 3500, 1760 cm™!; mass spectrum,
m/e 209 (M - 61), 180; 3C NMR & (CDCl,) 25.3 (q), 28.1 (q), 34.6 (s), 35.1
(s), 79.2 (d), 86.2 (s), 88.5 (s), 117.9 (d), 160.7 (s), 199.6 (s); positive peroxide
test with KI/HCI. So far we have not determined which carbonyl is hydrated.
Besides 3, we observed the formation of a minor product (24%), which is less
stable than 3 and sensitive to MeOH. The structure has not been determined
yet.
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quantitatively to give two isomers 5a,b'° (5a/5b = 6:4) of a
methanol addition product. Upon warming, 5a,b gave several
decomposition products including 3 (30-64%). However, when
Ph,S was added to the solution immediately after irradiation at
-78 °C and the solution subsequently warmed to room temper-
ature, 3 was formed exclusively along with Ph,SO,!! indicating
that oxygen-atom transfer occurred from 5ab to Ph,S upon
warming.!? On the basis of this evidence, together with NMR
data, it is reasonable to assume that the oxidation of 2 leads to
a carbonyl oxide which reacts with MeOH to give both isomers
of the a-ketomethoxy hydroperoxides 5a,b.*

Thermolysis of 2 under N, in benzene afforded 6 (~40%)"
along with some reversion to 1. However, when the decomposition
of 2 was catalyzed by Pd(OAc), at room temperature, under N,
6 was obtained quantitatively. The formation of 6 is surprising,
and must result from a deep-seated rearrangement, but the
structure is secure.!’?

The photochemistry of 2 was also examined. Direct irradiation
of 2 in MeOH at 0 °C using a tungsten lamp (no filter) resulted
in the formation of the unusual rearranged peroxide 7 (95%).'4
Wolff rearrangement, which is a favorable process in most a-diazo
ketones,'’ is not operative in this case.

The initial formation of 2 was unexpected since diazo groups
are usually very susceptible to the attack of '0,.!4 Stable en-
doperoxides have been shown to be derived from nonaromatic,
polyaromatic, and vinyl aromatic systems,'S but we expected the
ketodiazodiene system to be sufficiently deactivated by the
electron-withdrawing substituents to be unreactive. Photoreaction
of 3,5-tert-butyl-o-benzoquinone 8 under similar conditions did
not give any oxidation products. The results suggest an important
role of the diazo group for the formation of 2. The fact that there
are considerable low-field shifts of the ring protons of 1 compared
to those of 8 in the 'H NMR!7 suggest a significant contribution

Nyt 0
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(10) After complete photooxygenation of 1 or 2 in CH,Cl,-MeOH (1:1)
at -78 °C, the solvent was carefully removed at 0 °C. The residue was
dissolved in CDCl; and transferred to an NMR tube. The spectrum was taken
at different temperatures. '"H NMR spectrum showed the formation of two
products Sa,b (ratio 5a/5b=6:4). No other products were observed. 'H NMR
of 8a: & (CDCl,, -50 °C) 1.06 (9 H, s), 1.09 (9 H, s), 3.36 (3 H, s), 4.84
(1 H, br),4.98 (1 H,d,J =2.0Hz), 607 ({ H,d, J = 2.0 Hz). 'HNMR
of §b: 61.01 (9 H,s),1.06 (9 H,s), 348 (3H,s),5.17 (1 H,d,J =2.0Hz),
6.10 (1 H, d, J = 2.0 Hz), 10.4 (1 H, br). The peaks at 4.8 and 10.4 ppm
shifted to higher field with increasing temperature. Compound 5b is less stable
and decomposed more rapidly than 5a upon warming to room temperature.

(11) Endoperoxides 2-4 did not oxidize Ph,S under the conditions.

(12) For oxygen-atom transfer reactions by a-alkoxy hydroperoxides; see:
(a) Rebek, J.; McCready, R.; Wolak, R. J. Chem. Soc., Chem. Commun.
1980, 705. (b) Rebek, J. Heterocycles 1981, 15, 517.

(13) Compound 6: mp 80 °C; 'H NMR § (CDCly), 1.30 (9 H, s), 1.36
(9 H,s), 6.30 (1 H,s), 10.30 (1 H, 5); *C NMR 4 (CDCly), 28.1 (q), 30.3
(q), 37.1 (s), 37.6 (s), 100.5 (d), 118.1 (s), 163.3 (s), 171.1 (s), 175.2 (5), 192.4
(d); IR (cm™) 2820, 2720, 1710, 1650, 1620; mass spectrum, m/e 236, UV
(MeOH) Apqx 318 mm (e 6300). The exact structure of 6 was established by
X-ray crystal analysis: Ryang, H.-S.; Dobrowolsky, D.; Foote, C. S, to be
published,

(14) Compound 7; mp 111 °C dec; 'H NMR (CDCl,), 1.08 (9 H, 5), 3.10
(1 H,dd,J =2.9,0.7 Hz), 3.50 (3 H, s), 5.06 (1 H, d, J = 2.9 Hz), 6.09 (1
H, d, J = 0.7 Hz); mass spectrum, m/e 224 (M — 44), 208; IR (Nujol) 1760,
1600 cm™*; positive peroxide test with KI/HCl. Ando et al. have isolated this
cyclic peroxide from photooxygenation of 1 in MeOH and determined the
structure by X-ray crystallography.!® The above analytical data for 7 are
identical with those reported by them.

(15) (a) Kirmse, W, “Carbene Chemistry”, 2nd ed.; Acadamic Press: New
York, 1971, (b) Meier, H.; Zeller, K.-P. Angew. Chem., Int. Ed. Engl. 1975,
14, 32,

(16) (a) Frimer, A. A. Chem. Rev. 1979, 79, 359. (b) Saito, I.; Matsuura,
T. In “Singlet Oxygen”; Wasserman, H. H., Murray, R. W., Eds; Academic
Press: New York, 1979; p 511.

(17) 'H NMR of 1: & (CDCly) 1.25 (9 H, s), 1.35 (9 H, s}, 7.49 (1 H,
d,J =2.0Hz), 7.56 (1 H,d,J = 2.0 Hz). 'H NMR of 8: 6 (CDCl;) 1.19
(9H,s),1.23(9H,s),6.20(1 H,d,J =23 Hz), 6.87 (1 H,d, J = 2.3 Hz).

of the resonance structure 1/, which would be expected to deac-
tivate the diazo group relative to the ring toward attack by !0,.
The importance of structure 1’ has also been suggested in the
thermal reactions of o-diazoquinones with ketenes and diazo
compounds.'® Futher investigation of the reaction as well as the
chemistry of these peroxides is now in progress.
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Macrocyclic ligands which are capable of incorporating two
metal ions! offer the possibility of studying unusual electronic and
chemical properties which depend upon proximity of two metal
centers. An advantage of macrocyclic systems for this type of
investigation is that variation of ring size or other geometric
constraints should allow the separation and disposition of the two
metal ions to be controlled in a systematic manner. In this paper
we describe a series of such ligands which have been obtained in
high yields from simple imine condensation reactions and have
been characterized by field desorption mass spectrometry and
X-ray structure determination.

We have reported? that under appropriate conditions the di-
aldehyde 1a can be condensed with a range of diamines 2 to give
tetraaza macrocycles 3 with a wide range of ring sizes. These
reactions proceed without addition of “metal-ion templates”,’
provided that reaction conditions and solvents are selected which
allow the free ligands to separate from solution before they can
undergo conversion to species which are less soluble or thermo-
dynamically more stable. It was noted,? for example, that on
prolonged heating in methanol, 3a is converted to a species of
higher relative molecular mass (#1,). We have now characterized
a number of the higher », materials obtained from condensations
under conditions defined in Scheme I and shown them to be an

(1) (a) Groh, S. E. Isr. J. Chem. 1976, 15, 227-307. (b) Fenton, D. E,;
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V.; Nelson, S. M.; Drew, M. G. B. J. Chem. Soc., Chem. Commun. 1980,
829-831. (f) Kahn, O.; Morgenstern-Badarau, I.; Audiere, J. P.; Lehn, J. M;
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