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Abstract: Metabolism of benzofuran and 2,3-dihydrobenzofuran by P.putida UV4 each yielded cis-dihydro-
diols; catalytic hydrogenation of the cis-dihydrodiols obtained from polycyclic arenes and azaarenes followed by
diMTPA ester formation (using both R- and S-MTPA) on the cis-tetrahydrodiols formed the basis of a TH-NMR

method for the determination of both enantiomeric excess and absolute configuration.

Metabolism of polycyclic aromatic hydrocarbons (e.g. naphthalenel.2, anthracene3-4, phenanthrene3.5,
benz(a)anthraceneS.7 and benzo(a)pyrene®) and aromatic heterocycles (e.g. quinoline8, isoquinoline8, quin-
oxaline8, quinazoline8, dibenzofuran? and dibenzothiophene1©) by bacteria (Pseudomonas putida or a Beijerinckia
species) has resulted in the formation of cis-dihydrodiol bioproducts. As part of a continuing biotransformation
programme using heterocyclic substrates and a mutant strain (UV4) of the bacterium P.putida , the cis-dihydro-
diol 1 has been isolated as a new major metabolite of benzofuran without any evidence for the formation of the
isomeric cis-dihydrodiol 2. The latter bioproduct was, however, isolated after addition of either 2,3-dihydro-
benzofuran or 3-hydroxy-2,3-dihydrobenzofuran to growing cultures of the same bacterium. Formation of cis-
dihydrodiol 2 from 2,3-dihydrobenzofuran is consistent with a sequence involving benzylic hydroxylation to
form intially, 3-hydroxy-2,3-dihydrobenzofuran (an arene hydrate of benzofuran), followed by cis-diol formation
at the 4,5-bond to yield a transient triol intermediate 3 which undergoes rapid dehydration (Scheme 1). A similar
rationalization has previously!! been applied to the formation of cis-dihydrodiol 4 when 1,2-dihydronaphthalene
was metabolized. The present observation is thus the second example of a monol ---> triol ---> diol metabolic
sequence to be reported from biotransformations using P.puiida.
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In contrast with the cis-dihydrodiol metabolites of PAHs!7, where absolute configurations and optical
purity values were generally obtainable by stereochemical correlation methods, very few stereochemical analyses
have been carried out on cis-dihydrodiol metabolites of heterocycles. The isolation of cis-dihydrodiol derivatives
of benzofuran (1 and 2) during the present study, allied to earlier work on the biotransformation of heterocycles
by P.putida,8 prompted the quest for a widely applicable and convenient method for the determination of enantio-
meric excess (e.e.) and absolute configuration. A general method based on YH-NMR spectral analysis has now
been applied to the cis-dihydrodiols of PAHs (4, 5, 6) and hetero-arenes (1, 2, 7, 8, 9) (Table 1).
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We have demonstrated the value of di-a-methoxy-(a-trifluoromethyl)phenylacetic acid (diMTPA) esters of
stable 4-phenyl-1,2,4-triazoline-3,5-dione cycloadducts in the stereochemical analysis (e.e. and absolute
configuration) of cis-dihydrodiol metabolites of substituted benzene substrates from P putida. 12 Attempts to
form the diMTPA esters of cis-dihydrodiols directly, in both the substituted benzene series!? and in the bicyclic

series (1,2,4-10) generally resulted in aromatization of the dihydrodiols. Catalytic hydrogenation of cis-
dihydrodiols (A) (Pd/C H>, MeOH or EtOAc, r.t) provided the more stable cis-tetrahydrodiols (B) (Scheme 2).
With the exception of the cis-tetrahydrodiol from compound 10 (which decomposed during attempted diMTPA
ester formation) the cis-tetrahydrodiols 1, 2, 4-9, (B) upon treatment with the appropriate enantiomer of MTPA-
chloride in pyridine (16h, r.t.) all yielded the corresponding diMTPA esters C in good yield (= 50%).
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Scheme 2 iliustrates the sterochemical relationship between a single enantiomer of cis-dihydrodiol (AR s or
$,R), the corresponding cis-tetrahydrodiol (Br s or Bs r) and the diMTPA diastercoisomer formed using (R)-

RS.RR,0f CsrR\R). The diastereoisomeric excess of the diMTPA esters (C), which provides an

indirect measure of the enantiomeric excess of the original cis- dihydrodiol metabolite (A), was readily determined
from the MeO singlets in the TH-NMR spectrum. Thus, the diMTPA esters derived from naphthalene (4C), benz
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(a)anthracene (5C,6C) and quinoline (7C,8C) (where both enantiomers were available by chemical synthesisl3)
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Table 1. 1H-NMR spectral data for the cis-tetrahydrodiol diMTPA esters (C); optical
rotation, enantiomeric excess, and absolute configuration of the cis-dihydrodiols (A)

cis-Tetrahydrodiol diMTPA Esters cis-Dihydrodiol
Compound 1H.NMR data? [a]lp® % eebd Absolute
8y Smg -0n Configuration
A A B

4Cc 6.33 0.79 4AR s +246 > 98 IR, 28
4cd 6.47  0.94 (CHCl3)
sCd 6.56  0.99 SAg RS -37¢ > 98¢ 8S, 9Re
5Cec 6.44 0.85 (THE)
6Cc 6.62 0.95 6AR S +361 > 98 11R, 108
6Cd 6.76  1.07 (THF)
7Ce 630 073 7AR S +220 > 98 5R, 6Sf
7Cd 6.43 0.83 (THF)
8Cc 6.56 0.90 8AR s +45 > 98 8R, 78f
8cd 6.57 0.94 (MeOH)
9Cc 6.56 0.82 9AR S +210 > 98 SR, 6Sf
9Cs8 6.568 (.88 (MeOH)
1Chi 6.37 0.86 1As'g -35 > 98 78,1 68f
1Chi 6.47h1  0.96)i (MeOH)
2Cc 6.03  0.58 2AR S +16K ca.85 4R, 58f
2C8 6.238 (.78¢ (MeOH)

8CDCl3 solvent; Pdetermined from the relative peak areas of OMe signals in each diastereoisomer (C);

R,S.R\R' isomer; 4S,R,R'R' isomer; €chemically synthesised sample of the opposite configuration to the
bacterial metabolite; fpreviously unreported absolute configuration; Zobtained using the R,S,S',S' isomer which
is equivalent to the §,R,R',R’ isomer in the TH-NMR spectrum; "S,$,R",R' isomer; idue to the Sequence Rule
priorities the configuration at C-7 is [S] and thus the trend observed is still consistent; Jobtained using the
5.5,8,S" isomer which is equivalent to the R,R,R",R" isomer; Kminimal value due to compound instability.

showed discrete MeO signals for both diastereoisomers in each case. This readily confirmed that the cis-dihydro-
diol metabolites 4, 5, 6, 7 and 8 were enantiomerically homogeneous (> 98% e.c.).

The cis-dihydrodiol metabolite 2 obtained from 2,3-dihydrobenzofuran was, by the latter method, found to
be ca. 85% e.e. The total absence of the MeO-signals corresponding to one of the two possible diastereoisomers
of 1C and 9C was consistent with e.e. values of > 98%. Whether or not the diastereoisomer 1Cr s 'R’ (Or
9CR,s k'R (obtained from R-MTPA) could be unequivocally distinguished from the 1CsRr R’ R' (or
9Cs r,r',R") diastereoisomer by TH-NMR spectroscopy was investigated. Use of (S)-MTPA allowed the
syathesis of 1Cr ss's' (or 9CR 5,55 diastereoisomers from the corresponding cis-dihydrodiol metabolites
which are spectrally indistinguishable from the 1Cs g r'r' (or 9Cs R R' R') diastereoisomers but readily
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distinguishable from the 1Cr s R R (or 9CR s r' R} diastereoisomers on the basis of MeO and other signals.
Since the diMTPA diastereoisomers (10C) could not be synthesised, the optical purity of metabolite 10A ([o]-
2.59)8 was determined (< 5% e.e.) by using the chiral lanthanide shift reagent method (Eu(hfc)s/ CD3CN) which
rendered the allylic proton non-equivalent.

The absolute configurations of the cis-dihydrodiol metabolites of naphthalene (4),2 benz(a)anthracene (5,
6)7, quinoline (7, 8)13, quinoxaline (9)13 and benzofuran (1)13 have been unequivocally assigned by stereo-
chemical correlation methods. For these cis-dihydrodiol metabolites, the R-configuration ar the benzylic centre
was associated with a smaller difference in & values for protons Hs and Hp (aH/i Sy ) as shown in Table 1. The
diMTPA esters of cis-tetrahydrodiols 4B, SB, 6B, 7B and 8B having an S benzylic configuration were found
10 have a larger difference in 8 values (6y i 5%). Where benzylic proton signals were distinguishable, it was
observed that the values (SHAQ were smaller for the benzylic R configuration. This consistent trend allowed the
cis-dihydrodiol 2 to be tentatively assigned the absolute configuration shown (Table 1).

From analysis of the 1H-NMR data (Table 1), it is evident that (a) the cis-dihydrodiols of polycyclic arenes
or heteroarenes (including the new metabolites 1, 2 and 8 reported here) are formed with e.e. values over the
range < 5 1o >98% despite previous reports?#:3.7 of exclusive formation of homochiral ¢is-dihydrodiols of
PAHs. (b) The benzylic R and non-benzylic S configuration previously reported for cis-dihydrodiols of PAHs is
generally preferred in diols derived from heteroarenes (1, 2, 7, 8, 9) although exceptions (e.g. 10) may occur.
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