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ABSTRACT: A collective synthesis of 8,14-dihydronorsalu-
taridine, 8,14-dihydrosalutaridine, norisosinomenine, and
isosinomenine is reported. The strategy provides direct access
to the correct oxidation level of the products. The combination
of an organocatalyst guanidine superbase, a tertiary amine
base, and a dehydrating agent was necessary for the successful
Henry−Michael−dehydration cascade to form the phenan-
threne motif. The required selective aliphatic nitro reduction
could only be achieved under heterogeneous transfer−hydrogenation conditions.

Historically, biogenetic o,p-phenolic oxidative coupling has
been an inefficient but reliable route to morphinandie-

none alkaloids.1 A related group of compounds, the 8,14-
dihydromorphinandienone alkaloids, constitute a lesser known
subset. Five members of this group with the general structure A
have been isolated, Figure 1.

The closest congeners of these molecules are the well-known
norsalutaridine, salutaridine, norsinoacutine, and sinoacutine in
which C8−C14 is a double bond, Figure 2.

The five known alkaloids belonging to subset A are 8,14-
dihydronorsalutaridine,2 8,14-dihydrosalutaridine,3 isosinome-
nine,4 milonine,5 and ocobotrine,6 Figure 3.
Salutaridine and sinoacutine have been synthesized via

biomimetic o,p-phenolic coupling from reticuline, which
produced the dienone motif in the C-ring.7 Herein, we wish

to report the first total synthesis of the alkaloids 8,14-
dihydronorsalutaridine, 8,14-dihydrosalutaridine, norisosinome-
nine, and isosinomenine at the correct “8,14-dihydro” oxidation
level. Key structures are shown in the retrosynthesis, Scheme 1,
along with the actual synthesis, Scheme 2.
Preparation of biaryl 4 via coupling of C12 and C13 began

from commercially available 4-bromoguaiacol 1 and bromoiso-
vanillin. Protection of phenol 1 using TBSCl and imidazole in
DCM at 0 °C gave 2 in 98% yield. Treatment of 2 with BuLi in
THF at −78 °C followed by quenching with (iPrO)3B provided
the boroxine 3 in 80% yield. Suzuki coupling of bromoisova-
nillin and trimer 3 gave biaryl 4 in 89% yield. This strategy
effectively replaced the biogenetic o,p-phenolic coupling with a
Suzuki reaction. Bromination of ethyl vinyl ether (EVE) in
DCM at 0 °C generated the dibromide alkylating agent in situ.
In the presence of DIEA, 4 was alkylated by the dibromide to
give acetal 5 in 98% yield. Treatment of 5 with CsF in DMF at
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Figure 1. General subset structure.

Figure 2. Morphinandienones.

Figure 3. 8,14-Dihydromorphinandienone subset.
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135 °C (intramolecular p-phenolic alkylation) gave diastereo-
meric dienone 6 in 84% yield (Figure 4, structures by X-ray).

Preparation of the nitroalkene diastereomers 7 posed a
significant challenge. The cascade consisted of three steps: a
Henry8 reaction between nitromethane C9 and the aldehyde
C10, an intramolecular Michael addition of C9 to C14, and a
dehydration reaction to form the double bond between C9 and
C10.

Initially, NH4OAc/AcOH in refluxing CH3NO2 provided less
than 10% yield. This was in sharp contrast to the 97% yield
reported by Magnus9 using the analogous substrate without the
C6 methoxy enol ether. Reagents that are usually effective, such
as γ-Al2O3,

10 ionic liquids,11 Amberlysts,12 and phase-transfer
catalysts;13 dehydrating agents such as Ac2O, trialkyl
orthoformates, phthalic anhydride, and DCCI; or the use of
Dean−Stark trap, sonication, and sealed tube failed to yield
satisfactory results. However, the organocatalyst 1,1,3,3-
tetramethylguanidine (TMG)14 gave a yield of 30%. The
stronger bases TBD, or Barton’s, did not confer any advantage.
Addition of TFAA for in situ conversion of the β-hydroxyl
group into the TFA ester increased the yield to 40%. Excess
TMG led to more side products, but DIEA as an auxiliary base
(ineffective alone) increased the yield to 70%. The cis
relationship between the C9−C14 and C12−C13 bonds
(thermodynamic result) was confirmed by X-ray analysis
(Figure 5, structure by X-ray).
Selective conjugate reduction of 7 to nitroalkane 8 (C9−C10

versus C5−C6) was accomplished with NaCNBH3 in THF and
pH 4 buffer in 70% yield. The stereochemical outcome is
attributed to the nitronate intermediate being in equilibrium

Scheme 1. Retrosynthesis

Scheme 2. Synthesis

Figure 4. Dienone (6a,b) X-rays.
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with the α-anion in which the lone pair occupies a pseudoaxial
geometry where it is protonated. Furthermore, any pseudoaxial
nitro group can epimerize to achieve the thermodynamic
orientation. This was a necessary requirement as both the nitro
group and the aldehyde must be on the same face of the
molecule for subsequent annulation step post nitro reduction to
form the D-ring (Figure 6, structure by X-ray).

Selective reduction of the nitro group in 8 presented another
major challenge. Conditions such as Zn,15 Zn/HCO2NH4,

16

Zn/H2NNH2.HCO2H,
17 In,18 In/NH4Cl,

19 Fe,20 Fe−FeCl3,
21

Mg/H2NNH2·HCO2H,
22 and SnCl2, as well as Adam’s and

Lindlar’s catalysts, either led to over-reduction or to no
reaction. Transfer hydrogenation using HCO2H or H2 over
10% Pd/C led to over-reduction. On the other hand, use of
HCO2NH4 with either 10% Pd/C23 or RaNi returned the
starting material. Remarkably, HCO2H with catalytic RaNi24

gave diastereomeric amine 9 in 88% yield (Figure 7, structure
by X-ray).
Conversion of amine 9 into racemic core 10 (D-ring) was

accomplished by an intramolecular reductive amination

between C16 and the nitrogen via in situ hydrolysis of the
acetal group using 0.5 N aqueous HCl at 100 °C followed by
formation of an iminium ion and its reduction with NaCNBH3
into a racemic mixture of amines 10 (8,14-dihydronorsalutar-
idine and norisosinomenine). No hydrolysis of the methyl enol
ether occurred under these conditions. A yield of 70% was
obtained for 10 which upon treatment with 37% H2CO(aq),
NaCNBH3, and AcOH in EtOH25 led to N-methylation to give
11 as a racemic mixture of isosinomenine and 8,14-
dihydrosalutaridine in 91% yield (Figure 8, structure by X-ray).

The strategy presented here is an efficient (17% from 1, 10
steps) racemic synthesis of the aforementioned 8,14-dihydro-
morphinandienone alkaloids. The synthesis furnishes the
correct oxidation level of the target compounds by avoiding
the biomimetic strategy of o,p-phenolic coupling. A unique
route to a Henry−Michael−dehydration cascade has been
developed where a variety of other conditions failed. The
resultant aliphatic nitro group could be reduced selectively only
under transfer hydrogenation conditions. The current strategy
is complementary to that from our group for the synthesis of
codeine9 in that it begins with the C6 oxygen already in place,
obviating the need for its later introduction over several steps.
A one-step conversion of 7 to 9, a one-pot conversion of 9 to
11, and an asymmetrical conversion of 5 to 6 are topics for
future consideration. Conversion of 8,14-dihydrosalutaridine
into salutaridine (i.e., oxidation of C8−C14 into a double bond
as exemplified by conversion of ocobotrine into sinoacutine via
α-bromination-dehydrobromination6a) would allow for its
subsequent transformation into thebaine26 and codeine,27

providing a practical synthesis of these iconic structures.
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