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New Cycloaddition Chemistry of 1-Chloro-5,6-cis-
isopropylidenedioxycyclohexa-1,3-diene Derived from the Oxidation of
Halogenobenzenes by Pseudomonas putida 39D

Tomas Hudlicky * and Bryan P. McKibben

Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, VA 24067, USA

Several new modes of cycloadditions of 1-chloro-5,6-cis-isopropylidenedioxycyclohexa-1,3-diene 1
have been investigated. Under thermal conditions, benzoquinone, naphthoquinone and benzyne
react with 1 to give [4 + 2] cycloadducts resulting from addition to the less hindered face and in
an endo fashion. Under photolysis conditions, benzoquinone undergoes a hetero [4 + 2] cyclization
with the diene. Generation of nitrile oxide in the presence of the diene leads to a stereoselective

[3 + 2] cycloaddition.

In 1970, Gibson er al.! reported the microbial oxidation of
benzene (and derivatives) to cyclohexadiene-cis-diols by the
mutant strain Pseudomonas putida 39D. These chiral synthons
have been used in the enantioselective synthesis of many natural
products.? Cycloadditions of the cyclohexadiene-cis-diols or

their acetonides 1 with a variety of dienophiles, for example,
dimethyl acetylenedicarboxylate,® N-ethylmaleimide,* N-
phenylmaleimide,® ketene ®7 and acyl nitroso compounds have
been investigated. The latter reaction has been used extensively
in the synthesis of aminocyclitols.®-1° Similarly, [2 + 176711
and [2 + 2]° cycloadditions to the more electron rich C-4
and C-5 olefin were reported. Results were consistent with
predictions based on molecular orbital calculations (AMI,
MOPAC).!>'3 In this paper we report on some new
applications of the cycloaddition protocol with potential in the
synthesis of anthraquinone type antibiotics and novel hetero-
cyclic compounds.

Results and Discussion
Generation of benzyne in the presence of 1 gave the expected
cycloadduct 4 (66%).'* 1-Chloro-5,6-cis-isopropylidenedioxy-
cyclohexa-1,3-diene 1 underwent a thermal Diels-Alder re-
action with benzoquinone and naphthoquinone to yield
cycloadducts 2 (53%) and 3 (40%). The nuclear Overhauser
effects (NOE) of 2 and 3 indicated that both quinones react from
the less hindered face and in an endo manner. In the NOE
studies of 2, irradiation of 1-H shows enhancement of 3-H, 4-H
and 5-H, which is only possible in the endo structure. Cyclo-
adduct 3 showed a similar NOE enhancement. Ozonolysis of 3
would yield a tricyclic framework similar to and possibly
convertible into the anthraquinone type antibiotics altersolanol
A, B and dactylariol.*>-1¢

Photolysis of benzoquinone and 1 in benzene produced the
hetero Diels-Alder adduct 5 (16%) as a single regioisomer.
Benzoquinone has been shown to undergo hetero {4 + 2]
cycloadditions in the presence of a diene under photolytic
conditions.'” Regioselectivity was proven by heteronuclear
multibond correlation (HMBC). This 2D-NMR technique
showed that the spirocyclic carbon of the quinone is no greater
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than 3 carbons away from the carbon bearing 6-H. This feature
is evident in 5 but not in the other possible regioisomer.

The reaction of 1-chloro-5,6-cis-isopropylidenedioxycyclo-
hexa-1,3-diene with nitrile oxide (derived from nitroethane) 812
yielded stereoselectively the bicyclic compound 6 (73%). The
regioselectivity of nitrile oxide addition was proven by NMR
decoupling experiments. It should be noted that a series of
simple steps (hydrogenation; Nef reaction; elimination) should
yield diols 7, attainable in only one enantiomeric configuration
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from microbial oxidation of acetophenone by P. putida 39D.2°
Attempts at intermolecular [4 + 4] cycloadditions of 1 under
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thermal, photochemical *! and nickel catalysed 2272* conditions
failed because of aromatization of the cyclohexadiene-cis-
diol 1.

As far as we are aware, these results represent the first
examples of cycloadditions of quinones or nitrile oxides to
homochiral cyclohexadiene-cis-diols such as 1. These com-
pounds remain homochiral because of the presence of the
halogen atom and will find use in the construction of anthra-
quinone type antibiotics and other natural products. We
will report on these and other endeavours in due course.

Experimental

A Cycloaddition Procedure.—Diels—Alder adduct 4 of 1-
chloro-5,6-cis-isopropylidenedioxycyclohexa-1,3-diene 1 with
benzyne. To a two-necked flask fitted with an addition funnel
and a reflux condenser was added a solution of 1 (562 mg,
3.01 mmol) dissolved in dimethoxyethane (DME, 5.5 cm?).
Isopentyl nitrite (960 mg, 8.2 mmol) was added and the reaction
mixture was brought to reflux. A solution of anthranilic acid
(1.425 g, 10.4 mmol) dissolved in DME (5.5 cm?) was added
dropwise over a period of 20 min to the refluxing solution. After
the addition was complete the solution was refluxed for another
40 min. The reaction was cooled to room temperature, diluted
with Et,0 (25 cm?®) and washed with a 5% aq. NaOH. The
aqueous layer was extracted with Et,O (3 x 25 cm?®). The
combined organic layers were dried over MgSO, and
concentrated at reduced pressure. Chromatography (silica,
hexane-EtOAc, 25:1) yielded Diels—Alder adduct 4 as a pale
yellow oil (521 mg, 66%), R; 0.18 (hexane-EtOAc, 25:1);
[«]3°/107! deg cm? g! + 59.7 (c 0.83, CHCI;); v(neat)/cm™!
2995, 2940, 1620, 1470, 1270 and 1100; 6,(CDCl,; J/Hz) 1.28 (s,
3H), 1.44(s,3H),4.13 (m, 1| H), 4.22(dd, 1 H,J 7.0, 1.2), 4.36
(ddd, 1 H,J 7.1, 3.6, 1.1), 6.43 (m, 2 H), 7.22 (m, 3 H) and 7.64
(m, 1 H); 6.(CDCl;) 25.3, 25.7, 44.6, 71.7, 79.7, 84.5, 113.0,
123.0, 124.3, 126.6, 127.1, 132.0, 136.2, 137.6 and 139.6; m/z
(CI, 70 eV) (rel. intensity) 263 (M + 1) (25), 247 (20), 233 (15)
and 205 (100) [Found: C, 68.5; H, 5.8%; M + H, 263.0843
(error 1.7 ppm). Calc. for C,sH,;sClO,: C, 68.57; H, 5.75%;
M + H, 263.0839].
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