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Abstract: Cis-4a,10b-dihvdrophenanthridine derivatives have been prepared in
high vield via nucleophilic addition of a functionalised metalated arene to
(benzene )tricarbonyimanganese(1+) hexafluorophosphate(1-) followed by
reactivation, and intramolecular nucleophile addition.
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The regio- and stereocontrolled conversion of aromatic compounds into difunctionalised
cyclohexadienes is a highly attractive process from a synthetic chemists viewpoint. Strategies to achieve this
via double addition to transition metal arene complexes have had notable success with chromium! (5.6-rruns
difunctionalisation), and manganese2 and iron3 (5,6-cis difunctionalisation). The manganese approach,
devised by Sweigart and Connelly2b involves initial nucleophile addition to a cationic arene complex |eg.
(benzene)tricarbonylmanganese(1+) hexafluorophosphate(1-) (1)] to give a neutral cyclohexadienyl complex

(2) (scheme 1). Subsequent reactivation by displacement of CO with NO* to give 3, is followed by a second
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nucleophile addition to give 4. Although a wide range of nucleophiles react successfully in the first step, the
range of nucleophiles known to react well in the second addition step has been limited mainly to hydride and
phosphines.5 We have aims to exploit this strategy by using an orrho functionalised metalated arene as the

first nucleophile, and the orthe functional group as the second (intramolecular) nucleophile4. In this
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communication, we dernonstrate how this approach can eliminate the problem of poor nucleophile tolerance in
the second addition step, and lead to some novel heterocyclic compounds which have high potential utility for
natural product synthesis.

Carbon-carbon bond formation via addition of Li or grignard reagents to (arene)tricarbonylmanganese
cations is by now a well established process. Although Li reagents are capable of giving CO attack in
preference to ring attack3, we have shown that in the case of metalloaryl reagents containing substituents
ortho to the site of metalation, both types of reagent give good yields of ring coupled product upon reaction
with 14. In a continuation of these studies, it was decided to investigate the reactivity of ortho
metallophenyloxazoline derivatives 5a and §b with 1 (scheme 2). Although the Li reagent gave a satisfactory

I 1)HPF/Et;0 O
2)NOPF¢/CHqCl5
Ry
3)NaHCOy/MeOH 2o

N+

\
(©C)3Mn ON(OC)>Mn >\_/
§a  (M=Li)

b (M=MgBr) 6 7
Scheme 2

yield (57%) of the expected 6-exo-substituted cyclohexadienyl product (6), the grignard reagent proved
superior, giving a yield of 89%. This is consistent with other grignard additions to 1, which have given
yields from 80 to 90% 6. Thus, although the Li reagent can be prepared from § (M=H)7, and does not need
the precursor bromo complex § (M=Br), the lower yield more than counteracts for this advantage. One
contributory reason for the lower yield obtained from 5a may be that ortho lithiophenyloxazoline compounds
can undergo self condensation at 0°C.7 In contrast, the grignard reagent 5b is stable in refluxing THFS,

Compound 6 was considered as a candidate for reaction with NOPFg, however, under normal
reaction conditions2b, no evidence for the expected cationic product (3) was obtained. The failure of this
reaction was readily attributable to the highly electrophilic NO* attacking the oxazoline nitrogen?. This
problem was bypassed by initially protonating the N atom by dropwise addition of aqueous HPFg to an
ethereal solution of 6. The salt was filtered off, and reacted with NOPFg as a suspension in CH2CI2 at R.T
over | hour (scheme 2). Subsequent neutralisation allowed isolation of the desired cationic product in 72%
yield. The product was observed to have structure 7, in which the positive charge is located on N. Thus, the
oxazoline N atom had undergone intramolecular nucleophilic addition to the cyclohexadienyl ring. The
alternative structure (3) containing an unbound oxazoline group was discounted on the basis of spectroscopic
data.!0 Furthermore, the H5-Hg coupling constant of 10 Hz, confirmed the cis stereochemistry.2b,2¢

In order to assess the reactivity of this novel iminium ion, the reaction of 7 with NaBH4 was carried
out. It was expected that single H- addition would occur at the iminium carbon to give compound 811
(scheme 3), although an alternative pathway involving dissociation of the oxazoline nitrogen to afford a
cyclohexadienyl structure (eg 3) and H- addition at the dienyl terminus (see scheme 1) was also considered



possible. However, spectroscopic analysis!© clearly indicated that the single product (9) arose from a second
addition of H- to 8 resulting in cleavage of the oxazoline ring (scheme 3). When the reaction was carried out
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using greater than 2 equivalents of NaBHg, the product was obtained cleanly in 97% yield, however, less
than two equivalents resulted mainly in a mixture of compound 9 and starting material (7) as observed by
TLC. This observation suggests that the cyclic hemiaminal moiety in 8 readily decomposes under reaction
conditions to afford a second iminium ion which competes with 7 for addition of hydride. The two
hydrogens on the newly created methylene centre, C7, which were observed in the IH NMR at 3.6 and 3.9
ppm exhibited a large geminal coupling constant of 16 Hz due to the adjacent aromatic n-system 12, The two
hydrogens H5 and H6 were again observed to have a large vicinal coupling constant of 10 Hz, reconfirming
the ciy stereochemistry.

Previously, nitrogen based nucleophiles have failed to afford the desired products upon reaction with
complexes of type 35b. This observation suggests that it is the intramolecular nature of our approach which
increases the probability of a successful addition. Thus, this method has provided a short and high yield
route to the novel heterocyclic structures 7 and 9 in three steps from simple aromatic starting materials.
Removal of the Mn(C0O)>:NO moiety from complexes of type 4 has been carried out successfully by Chung¢
using amine oxides. We are now planning to investigate similar reactions for 7 and 9, including alternative
methods which may allow reclamation of the Mn group. Further functionalisation of the heterocyclic ring
system is also a high priority. In this sense, the presence of the OH group on the side chain is an advantage
as this may be useful for further cyclisation. Ultimately, we hope to be able to exploit this methodology for
the synthesis of natural products.!3
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