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CASCADING SINGLE-STEP STEREOSELECTIVE CONSTRUCTION
OF THE α-ALLOYOHIMBINE FRAMEWORK:
A NEW SYNTHESIS OF (–)-NITRARAINE†

Hideki Sakagami and Kunio Ogasawara*
Pharmaceutical Institute, Tohoku University, Aobayama, Sendai 980-8578, Japan

Abstract –– (–)-Nitraraine and its 10-methoxy -analogue having an α-
alloyohimbine framework have been constructed stereoselectively in a cascading
single step sequence from chiral mono-substituted N-2-(3-indolyl)ethyltetrahydro-
pyridine precursors under the Heck reaction conditions.  

It has been shown1 that the acid-catalyzed cyclization of the enamine (1) gave β-yohimbine (3)
stereoselectively via the iminium intermediate (2) in agreement with the principle of stereoelectronic
control2 (Scheme 1).  We are, therefore, interested in a stereocontrolled construction of the yohimbine
alkaloids3,4 via a formation of an enamine such as 1 by employing the intramolecular Heck reaction5 of an
appropriate chiral starting material.  We wish to report here the first example leading to a stereoselective
generation of the pentacyclic amines having an unexpected α-alloyohimbine framework from the chiral
mono-substituted tetrahydropyridine precursors through a cascading double cyclization pathway under the
Heck reaction conditions.  
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† Dedicated to Prof. Shô Itô on the occasion of his 77th birthday.
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Reagents and conditions: a) NBS, MeOH, 0 °C (90%).  b) DBU, toluene, reflux.  c) NaBH3CN,  
BF3·OEt2, THF, 0 °C (61%, 2 steps).  d) ethyl vinyl ether, Hg(OAc)2 (cat.), sealed tube (84%).  e)
Ph3P+CH2OMeCl–, NaCH2SOCMe, THF, 0 °C (74%).  f) 50% KOH, EtOH, reflux.  g) indole-3-acetic
acid, DCC, DMAP (cat.) (87% for 9a and 89% for 9b, 2 steps).  h) Amberlyst-15, acetone-H2O (9:1).  i)
Ph3P=C(Br)CO2Me, CH2Cl2, rt. (70% for 10a and 52% for 10b, 2 steps).  j) DIBAL, CH2Cl2, –78 °C.    
k) Ac2O, pyridine (58% for 11a and 73% for 11b, 2 steps).  l) Pd(OAc)2 (10 mol %), P(o-Tol)3 (40mol %),
i-Pr2NEt (3 equiv.), DMF, 90 °C (8% for 12a : 21% for 12b).  m) K2CO3, MeOH (89% for 13a:        
81% for 13b).

Since we have established6 an efficient synthesis of enantiopure N-carbobenzoxy-3-hydroxy-1,2,3,4-
tetrahydropyridine (4) in both enantiomeric forms from 3-hydroxypyridine, we used (–)-4 as a starting
material for the present investigation.  Thus, (–)-4, [α]D

29 –7.14° (c 0.91, CHCl3) (> 99% ee by HPLC
using a column with a chiral stationary phase: CHIRALCEL OD, elution with 2% i-PrOH-hexane), was
treated with N-bromosuccinimide (NBS) in methanol to give the bromo ether (5) as a mixture of the
diastereomers.  The mixture was treated with 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in toluene at
refluxing temperature and the product, after removal of the solvent, was reduced with sodium cyano
borohydride in THF at 0 °C in the presence of boron trifluoride to give 3-hydroxy-1,2,3,6-
tetrahydropyridine (6), [α]D

27 –68.7° (c 1.02, CHCl3) (> 99% ee by HPLC using a column with a chiral
stationary phase: CHIRALCEL OD, elution with 10% PriOH-hexane).  On Claisen rearrangement using an
excess ethyl vinyl ether in a sealed tube in the presence of mercury(II) acetate at 200 °C, 6 furnished the
γ,δ-unsaturated aldehyde (7), [α]D

29 +72.3° (c 1.09, CHCl3).   This was elongated by Wittig reaction7 to
give the enol ether (8) as an E/Z-mixture.  
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Removal of the carbamate functionality of 8 was carried out on reflux with 50% ethanolic potassium
hydroxide to give the secondary amine which was condensed with indole-3-acetic acid8 in the presence of
1,3-dicyclohexylcarbodiimide (DCC) and 4-(N,N-dimethylamino)pyridine (DMAP) to give the amide  
(9a).  On the same reaction  with  5-methoxyindole-3-acetic acid,8 8 gave the 5-methoxy-analogue (9b) in  
a comparable yield.  The amides (9a,b) were treated with Amberlyst-15 in aqueous acetone solution (10%
v/v) to give the aldehydes which on Wittig reaction9 afforded the corresponding (Z)-α-bromo-α,β-
unsaturated esters (10a,b) without difficulty.  Since neither the Heck reaction of 10a,b nor   
chemoselective reduction of the amide functionality of 10a,b proceeded well, 10a,b were transformed     
into the allyl acetates (11a,b) by reduction of the amide and the ester functionalities in the molecules with
diisobutylaluminum hydride (DIBAL) followed by acetylation.  



Upon treatment10,11 with palladium(II) acetate (10 mol %), tri(o-tolyl)phosphine (40 mol %) and Hünig
base (3 equiv.) in DMF at 90 °C, 11a, [α]D

29 +25.1° (c 0.78, CHCl3), furnished the pentacyclic acetate
(12a), diastereoselectively, in one step though only in 8% yield as the sole isolable product.12  Alkaline
methanolysis of 12a afforded (–)-nitraraine12 (13a), mp 112-114 °C, [α]D

20 –172.6° (c 0.11, CHCl3)  
[lit.,13: mp 114-116 °C, [α]D

23 –175.9° (c 0.75, CHCl3)], having an α-alloyohimbine framework but not     
an expected β-alloyohimbine framework.  On the same treatment, the methoxy-analogue (11b)  afforded the
pentacyclic acetate (12b), diastereoselectively,  in 21% yield as the sole isolable product12 which was
further transformed into 10-methoxynitraine (13b), [α]D

29 –165.6° (c 0.10, CHCl3).  It was presumed that
13b has an α-alloyohimbine stereochemistry on the basis of the spectroscopic comparison14 with (–)-
nitraraine (13a) (Scheme 2).  
Although the yields of (–)-nitraine (13a) and its 10-methoxy-analogue (13b) were far less than
satisfactory, the observed single step generation of these compounds from the bromides (11a,b) under the
Heck conditions was extremely of interest in two points.  Namely, the first is the formation of the
cyclization products without acid catalyst and the second is the stereospecific formation of the products
having an α-alloyohimbine stereochemisty, but not a β-yohimbine stereochemistry.  If the iminium
intermediate such as 16 was generated from the first Heck cyclization intermediate (14) via the enamine
complex (15), it should first give the pentacyclic amine (17) having a β-alloyohimbine stereochemistry,    
by following the principle of stereoelectronic control,2 which required a concurrent epimerization of the C3
stereogenic center to give the α-alloyohimbine products (12) under the conditions.  These seem very
improbable under weak basic conditions employed in the present Heck reaction.  We, therefore, propose
an alternative explanation neither involving the iminium intermediate (16) nor the β-alloyohimbine
intermediate (17).  Thus, the enamine π-complex (15)  first isomerizes to give the σ-complex (18),
stereoselectively, which undergoes the second Heck reaction to generate the pentacyclic σ-complex (19)
followed by the styrylamine (20), stereoselectively, which finally isomerized to afford the observed   
indolic products (12) having an α-alloyohimbine chromophore (Scheme 3).  
In short, we have demonstrated that the construction of the α-alloyohimbine framework in a cascading
single step sequence from a mono-substituted N-2-(3-indolyl)ethyltetrahydropyridine for the first time by
employing the intramolecular Heck reaction.  
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