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Abstract

The first total synthesis of (+)-11-hydroxyerythratidine is
described. The strategy is featured by a highly stereoselective construction
of the C(5) spiro center via the Lewis acid promoted cyclization
of ortho-quinone acetal, derived from
di-ortho-substituted biphenyl 9 with a chiral center at the side chain.
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asymmetric synthesis - biphenyls - erythrinan
alkaloids - natural product - spirocenter chirality
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Scheme 8
            



[bookmark: RU13308ST-10]10  The reaction with the corresponding
mono-Boc derivative was not fruitful.
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Scheme 9
            



[bookmark: RU13308ST-16]16  
            
Experimental Procedure
            

To
a suspension of 4 Å MS (3.05 g) and Cu(OTf)2 (1.06
g, 2.09 mmol) in toluene (13 mL) was added dropwise ortho-quinone
acetal 10 (4.36 g, 5.78 mmol) in toluene
(25 mL) at -20 ˚C, and the mixture was allowed
to warm to 25 ˚C. After stirring for 13 h, the reaction
was quenched by adding sat. aq NaHCO3. The mixture was
filtered through a Celite pad and the products were extracted with
EtOAc (3×). The combined organic extracts were washed with
brine, dried over Na2SO4, and concentrated
in vacuo. The residue was purified by flash column chromatography
(hexane-EtOAc, 3:2) to afford spirocycle 13a (3.75
g, 90%) and 13b (261 mg, 6%).
[bookmark: RU13308ST-17]17  Crystallographic data (excluding structure
factors) for the structures in this paper have been deposited with
the Cambridge Crystallographic Data Centre as supplementary publication
numbers CCDC 712628 (for compound 14) and 712629
(for compound 20). Copies of the data can
be obtained, free of charge, on application to CCDC, 12 Union Road,
Cambridge CB2 1 EZ, UK [fax:+44 (1223)336033 or e-mail:
deposit@ccdc.cam.ac.uk]; http://www.ccdc.cam.ac.uk/products/csd/deposit/.
[bookmark: RU13308ST-19]19  Attempted cyclizations of the derivatives
possessing hydroxy or protected hydroxy at C(11) resulted in affording tetracyle 21 (Figure 
   [³]
 )
with C(10)-C(11) double bond in various yields.
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Figure 3
            



[bookmark: RU13308ST-21]21  α-Orientation of the C(2)hydrogen
in 16-18 was
deduced as follows:(1) The assumed ketone intermediate, though not detected,
was supposed to be prone to enolization at the C(2) carbonyl to
be hydrogenated [cf. epimerization
of ketone 19 at C(3)];(2) in compounds 16-18,
the NOE was not observed between the hydrogens at C(2) and C(14)
while observed in compound 3 with 2β-hydrogen
(see ref. 26).
[bookmark: RU13308ST-22]22  Acetylation of 20 [Ac2O,
DMAP, pyridine] gave the stereoisomer of ketone 19, which obviously shows that the conversion
of 19 into 20 was
the two-step process including the deacetylation and the epimerization
at C(3). Because 
α-orientation of the C(3) methoxy
in 20 was confirmed by 
X-ray
crystal structure analysis, it leads to β-orientation of the
C(3) methoxy in compound 19 as well as 16-18.
[bookmark: RU13308ST-24]24  The 11β-configuration of 18 was confirmed by employing its C(11)
epimer 22 (Scheme 
   [¹0]
 ), obtained as the minor isomer
by the reduction with NaBH4 (MeOH, r.t.), in which the
NOE was observed between the hydrogens at C(8) and C(11).
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Scheme 10
            



[bookmark: RU13308ST-25]25  The preference of the hydride attack
from the β-face could be ascribed to the steric hindrance
to the α-attack by the axial hydrogen at C(4).
[bookmark: RU13308ST-26]26  
            
(+)-11-Hydroxyerythratidine
(3)
            

Mp 188.5-190.3 ˚C (hexane-CHCl3); [α]D
            ²4 +203
(c 1.1, CHCl3). ¹H
NMR (400 MHz, CDCl3): δ = 1.82 (dd,
1 H, J
            1 = 12.5
Hz, J
            2 = 11.6
Hz), 1.93 (dd, 1 H, J
            1 = 11.6
Hz, J
            2 = 4.1
Hz), 2.00-2.25 (br, 2 H), 2.20-2.30 (m, 1 H),
2.40-2.60 (m, 1 H), 3.02 (ddd, 1 H, J
            1 = J
            2 = 9.3
Hz, J
            3 = 6.8
Hz), 3.14 (ddd, 1 H, J
            1 = J
            2 = 9.3
Hz, J
            3 = 3.0
Hz), 3.29 (dd, 1 H, J
            1 = 15.4
Hz, J
            2 = 1.2
Hz), 3.35 (s, 3 H), 3.62 (ddd, 1 H, J
            1 = 12.5
Hz, J
            2 = J
            3 = 4.1
Hz), 3.73 (dd, 1 H, J
            1 = 15.4
Hz, J
            2 = 5.7
Hz), 3.83 (s, 3 H), 3.91 (s, 3 H), 4.44-4.54 (br, 1 H), 4.56-4.66
(br, 1 H), 5.86-5.94 (br, 1 H), 6.50 (s, 1 H), 7.06 (s,
1 H). ¹³C NMR (100 MHz, CDCl3): δ = 27.5,
35.5, 48.8, 50.5, 55.9, 56.1, 56.5, 62.9, 63.3, 64.7, 76.2, 109.8,
111.8, 120.8, 128.2, 128.3, 145.6, 148.0, 148.7. IR (ATR): 3393, 2926,
2866, 2852, 1509, 1462, 1255, 1101, 1057, 981, 873, 778, 750 cm-¹.
Anal. Calcd for C19H25NO5: C, 65.69;
H, 7.25; N, 4.03. Found: C, 65.48; H, 7.55; N, 3.83. HPLC [CHIRALCEL® OD-H
(Daicel), Ø 0.46 × 25 cm (2×), hexane-2-PrOH
(4:1), 1.0 mL/min, 30 ˚C, 254 nm] t
            R = 12.6 min for 3 (15.4 min for ent-3). NOE was observed between the hydrogens
at C(2) and C(14) (Figure 
   [4]
 ).


[image: ][bookmark: FU13308ST-5]


              
Figure 4
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