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A tandem decomplexation-nitroso Diels-Alder (decomplexation—-NDA) procedure has been shown to
give the regiocontrol and stereocontrol needed for application in an organoiron-mediated synthesis of
the alkaloid hippeastrine, using a selection of nitrosoarenes with functionality present to facilitate
removal of the arene after the NDA step.

© 2010 Elsevier Ltd. All rights reserved.

The nitroso Diels-Alder (NDA) reaction’ has a long history? but
is only recently becoming widely applied>® as a general method
for stereocontrolled organic synthesis. The intrinsic control of rel-
ative stereochemistry of C-N and C-O bond formation is a unique
advantage of NDA reactions (Fig. 1) as exemplified, for example, in
a recent application* in an approach to the synthesis of stenine
(Fig. 1b),® which like our work towards hippeastine’~® (Fig. 1a) re-
quires regioselective C-N bond formation next to an alkyl substitu-
ent (R: see Fig. 2).'° For hippeastrine, we are developing an
intermolecular NDA with nitroso reagents that give good regiocon-
trol and show compatibility with a novel one-pot decomplexation-
NDA procedure® to allow tricarbonyliron complexes!! to be em-
ployed directly as starting materials for the NDA step.!?

In contrast to acylnitroso reagents,'> we have shown® that aryl-
NDA with 2-methylcyclohexa-1,3-diene gave the correct regiocon-
trol and with a model complex (2: R = Me, Ar = Ph) we successfully
demonstrated good regio- and stereochemistry in the novel
decomplexation-NDA procedure. This result has now been con-
firmed with a more advanced model complex [Fig. 2, box:
R = CH,CH,0ACc, Ar = CgH3(OCH,0)] which gave the required cyc-
loadduct 3 in 82% yield.

As an example with a removable aryl group, we chose 2-nitros-
opyridine reagents'? [dearylation is possible!® by N-tosylation,
quaternisation of the pyridine nitrogen and SyAr displacement
with methanolic NaOH(aq)] because the correct regiocontrol of
the cycloaddition with 2-methylcyclohexa-1,3-diene is known
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from an X-ray study'® of a single NDA product, which was obtained
in 99% yield. Encouraged by the good prospects for efficient, regio-
controlled, high-yielding NDA cycloadditions, we have examined
(Scheme 1) the compatibility of 2-nitrosopyridine 8 with our
one-pot decomplexation-NDA method, using our initial model sys-
tem (2: R=Me, Ar =Ph) to study the regiocontrol. The outcome
was unexpected, as two regioisomeric products 5 and 6 were ob-
tained in a 1:2 ratio in 60% yield. The major product proved (COSY
'H NMR spectroscopy) to be 6, the opposite regioisomer to that
reported from 6-methyl-2-nitrosopyridine and 2-methylcyclo-
hexa-1,3-diene'® or from 2-nitrosopyridine and 2-(n-butyl)-cyclo-
hexa-1,3-diene.!®

We turned instead to a revised approach using 4-nitroarenes
because the presence of the nitro group would also provide acti-
vation for removal of the arene by an SyAr process. The cycload-

o)

(a) O 1,4-N,0 pattern of stereocentres

Stenine

Hippeastrine (see ref. 9) (see ref. 4)
Figure 1. The 1,4-relationship between C-N and C-O bonds at key stereocentres in
the C,D-rings of (a) hippeastrine and B,D rings of (b) stenine [for work towards
stenine using an acylnitroso cycloaddition (acyl-NDA), see Shea and co-workers;
Ref. 4].
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Figure 2. (a) Proposed advanced intermediate 1 for an organoiron route to hippeastrine; (b) NDA cycloadduct 3 with the correct regiochemistry of 1,4-difunctionalisation in a

model system.
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Scheme 1. Regio- and stereocontrol of NDA and tandem decomplexation-NDA
reactions (see Table 1).

dition between 4-nitro-1-nitrosobenzene 9 and cyclohexa-1,3-
diene has been described previously in 7% yield,!” using an
in situ generation of the nitroso reagent from 4-nitroaniline by
oxidation'® with H,0, in the presence of a molybdenum catalyst,
so we opted instead to generate 4-nitro-1-nitrosobenzene!® by
the standard procedure®® converting 1,4-dinitrobenzene into the
nitroso reagent via the aryl hydroxylamine. NDA reaction (Meth-
od A) gave 5 (Ar, R=H; Ar = 4-(CsH4)NO;) in 92% yield (Table 1,
entry 1). We obtained an X-ray structure?! of this product
(Fig. 3a) which showed the arene pointing outwards from the
bicyclic system, equatorial with respect to the boat ring and cis
to the alkene group of 2-oxa-3-aza-bicyclo[2.2.2]oct-5-ene. In
the decomplexation—-NDA reaction (Method B) with tricarbonyl-
iron complex 2 (Ar, R=H), cycloadduct 5 (Ar, R=H; Ar =4-

Table 1
Nitroso Diels-Alder reactions of cyclohexa-1,3-dienes and their tricarbonyliron
complexes (see Scheme 1)

Entry Ar R Ar Method Yield (%)
1 H H 4-(CgH4)NO, A 922

2 H H 4-(CgH4)NO, B 582

3 H H 4-(CgHgq)-XP A 252

4 H H 4-(CgH,)-XP B 192

5 Ph Me 4-(CgH4)NO, B 282

6 Ph Me Ph B 68%¢

7 Ph Me 2-Py B 60¢

8 e (CH,),-OAc Ph B 82f

Method A: NDA reaction using the free diene in CH,Cl, (—78 °C to rt, 16 h); method
B: NDA reaction using the Fe(CO); complex in the presence of Me3NO in DMA (0 °C
to rt, 16 h).

¢ Regioisomer 5.

b X = OCH,-CgH4NO,.

¢ See Ref. 9.

4 2:1 mixture of regioisomers 6 and 5.

€ Ar = 3,4-(0CH,0)-CgHs.

f Structure 3.

Figure 3. ORTEP drawings of (a): 5

[Ar, R=H; Ar =4-
R =H; Ar’ = 4-(C¢H4)-OCH,-4-(CsH4)NO3].

(CsH4)NO3] and (b): 5 [Ar,

(CsH4)NO,) was obtained in 58% yield (entry 2). The cycloadduct
was quaternised (Scheme 2) to form 11 as a 3:2 mixture of diaste-
reoisomers, but attempted SyAr with sodium methoxide gave 4-
nitro-N-methylaniline®? in 80% yield (Scheme 2), presumably
formed by Hoffmann elimination, rearrangement and loss of phe-
nol in the N-O bond-cleavage step.

An alternative strategy for dearylation was explored using start-
ing material 103 [vn—o (Nujol) 1502 cm™~'] which was obtained by
alkylation of phenol with 4-nitrobenzyl bromide and then reaction
with nitrosonium tetrafluoroborate.?* NDA reaction with cyclo-
hexadiene (Table 1, entry 3) and its tricarbonyliron complex (entry
4), afforded in both cases the expected cycloadduct 5 (Ar, R=H;
Ar’ = 4-(CgH4)-0OCH,-4-(CgH4)NO,), though in low yields. The
structure of this product 5 was also confirmed by X-ray crystallog-
raphy (Fig. 3b), which showed the same general features as de-
scribed above in the structure of 5 (Ar, R = H; Ar’ = 4-(CcH4)NO,).
In both cases, the configuration at the nitrogen atom places the
arene nearer the CH=CH section of the hydrocarbon ring in prefer-
ence to the CH,-CH, side.?® The cycloaddition product was
reduced with zinc in acetic acid at room temperature to give the
known 1-hydroxy-4-aminocyclohexadiene derivative which ear-
lier this year was reported?® as one of a series of products obtained
by a different route from the simple nitrosobenzene-derived cyc-
loadduct by an unusual indium triflate catalysed nucleophilic addi-
tion on the arene in a process combined with N-O bond-cleavage
in the 2-oxa-3-aza-bicyclo[2.2.2]oct-5-ene.

Finally (Scheme 2), the reduction of 5 (Ar, R = H; Ar’ = 4-(CgH4)-
OCH,-4-(CgH4)NO,) was repeated under more vigorous conditions
(reflux in AcOH) to produce the deprotected phenol 12 in a single
step. Reduction of the quaternised product 11 from 4-nitro-
nitrosobenzene cycloaddition (RT in AcOH) was also examined,
giving 13 in 69% yield. Both 12 and 13 would be suitable for an
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Scheme 2. Studies of N-O bond-cleavage in the 2-oxa-3-aza-bicyclo[2.2.2]oct-5-ene products (box: proposed oxidation/hydrolysis strategy for dearylation).

investigation of an oxidation/hydrolysis method to remove the aryl
group [e.g., via an iminium ion: see Scheme 2 (box)]. The reaction
sequence using the quaternised product 11 is particularly attrac-
tive because of the more efficient reduction and the early introduc-
tion of the N-methyl group that is needed in the hippeastrine
target molecule (Fig. 1a).

In conclusion, we have established that functionalised aryl ni-
troso reagents are compatible with the one-pot decomplexation-
NDA process and show the correct regiocontrol with 2-alkyl
substituted cyclohexadienes, placing the new C-N bond adjacent
to the alkyl group. The approach via the 4-nitro-nitrosobenzene
cycloaddition reaction is the most suitable and will be developed
in future work with our more fully functionalised diene complex
2 [Fig. 2; R=CH,CH,0Ac, Ar=CgHs3(OCH,0)], by methylation,
reduction, conversion into the exocyclic iminium ion and hydroly-
sis to remove the arene. Other key features needed for an enantio-
selective synthesis of hippeastrine by this method (the formation
of the ABC ring system’ and access to key intermediates from
enantiomerically pure arene cis-diols obtained® using Pseudomo-
nas putida dioxygenation?’) have already been established. The
work described herein now places this strategy on a firm footing
by defining the most suitable approach for the novel decomplex-
ation-NDA step.

Crystallographic data (excluding structure factors) for the struc-
tures in this Letter have been deposited with the Cambridge Crys-
tallographic Data Centre as supplementary publication nos. CCDC
786977 [5: Ar, R=H; Ar’' = 4-(CcH4)NO;] and CCDC 786978 [5: Ar,
R =H; Ar =4-(CgH4)-OCH,-4-(C¢H4)NO,]. Copies of the data can
be obtained, free of charge, on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK, (fax: +44-(0)1223-336033 or e-mail:
deposit@ccdc.cam.ac.uk).
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