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Himalensine A: Synthetic Strategy 

Ø Daphniphyllum himalense alkaloid: only grows in the southern Himalaya Mountains.

Ø Potential biological activity (cytotoxic, antioxidant, vasorelaxant).

Ø Complex structural architecture (features a trinorcalyciphylline A-type backbone).

Planta Med. 2013, 79, 1589; Org. Lett. 2016, 18, 1202; Org. Lett. 2017, 19, 4648;
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Key transformations

radical cyclisation
diastereoselective hydrogenation
O2-mediated C-H oxidation
chemoselective lactam reduction
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Synthesis of IMDAF precursor 6
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Lennon, M.; McLean, A.; McWatt, I.; Proctor, G. R. J. Chem. Soc., Perkin Trans. 1 1974, 1828; Frew, A. J.; Proctor, G. R. J. Chem. 
Soc., Perkin Trans. 1 1980, 1245; Frew, A. J.; Proctor, G. R.; Silverton, J. V. J. Chem. Soc., Perkin Trans. 1 1980, 1251.
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DABCO-catalysed intramolecular amidofuran Diels−Alder (IMDAF) reaction

Ø Enantio- and diastereoselective IMDAF reaction 

S10 
 

 

 

Figure S5. IMDAF-cycloaddition exo- and endo-transition structures and adducts. M06-2X/def2-

TZVP(SMD=toluene)//M06-2X/def2-SVP quasi-harmonic Gibbs energies in kcal/mol, with NCI isosurface 

shown on adducts. Isosdensity value = 0.05, while colours reflect 100 times the value of rhoplot, ranging from 

-3 (blue) to +3 (red), indicative of attractive and repulsive interactions, respectively. Forming bond distances 

shown in Å. 

2.3 BIMP-catalysis of the IMDAF reaction 

Analogously to the isomerization promoted by DABCO, we computed the proton abstraction and 

reprotonation steps with BIMP catalyst 11a (Fig. S6). The same model substrate (methyl carbamate) was used 

as in earlier studies with DABCO. There are now two diastereomers of each TS, depending on which 

enantiotopic α-proton is removed and on which enantioface of the dienolate undergoes protonation. Pro-S 

deprotonation and R-protonation steps are related by the catalyst interacting with the same face of the substrate; 

the same is true for pro-R and S-pathways. The second step (reprotonation) has a higher barrier than the first, 

which makes sense on account of the relatively high pKa of the BIMP catalyst. This second step is predicted 

to be stereodetermining: the intermediate ion-pairs (C and C’) interconvert either by the reverse reaction, or 

by intermolecular separation into the catalyst and achiral enol G. Reprotonation is predicted to occur 

selectively on one enolate enantioface which forms the (S)-enantiomer of E. This result is consistent with the 

stereochemistry experimentally observed for the major enantiomer of the Diels-Alder adduct. 

Activation barriers for the IMDAF step were calculated with and without catalyst 11a (Fig. S7). We found 

that the Gibbs energy of the IMDAF reaction is higher by 6.5 kcal/mol when complexed to catalyst 11a than 

the reaction in its absence. Additionally, the computed enantioselectivity of the BIMP-complexed IMDAF 

reaction is opposite to experiment. Based on the overall Gibbs energy profile in Fig. S6 the BIMP catalyst is 
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Synthesis of Himalensine A
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Synthesis of Himalensine A: end-game manipulations
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Summary

Ø The first enantioselective synthesis of (−)-himalensine A in 22 steps.

Ø The ACD tricyclic core constructed via a catalytic, enantioselective prototropic

shift/IMDAF reaction.

Ø The B ring accessed via reductive radical cyclization.

Ø End-game manipulations include: a molecular oxygen mediated γ-CH oxidation, a Stetter

cyclization and a highly chemoselective lactam reduction.
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Mechanism

Formation of the Proposed Catalyst Resting State
Proposed Mechanism for Iridium-Catalyzed Reduction of Secondary 
Amides to N-Silylamines

1980 1245 

Ring-expansion of Carbocyclic p-Ketoesters with Acetylenic Esters 
By Andrew J. Frew and George R .  Proctor, Department of Pure and Applied Chemistry, University of Strath- 

Clyde, Glasgow G l  1XL 

Sodium salts of 2-methoxycarbonyl-cyclopentanone, -cyclohexanone, -cycloheptanone, -cyclo-octanone and 
-cyclododecanone react with dimethyl acetylenedicarboxylate to yield, after neutralisation, 1 - hydroxy-2,3,4-tris- 
methoxycarbonyl-cyclohepta-, -cyclo-octa-, -cyclonona-, -cyclodeca-, and -cyclotetra-deca-I ,3-diene, respec- 
tively. In a similar fashion 2-methoxycarbonylindan-I -one gave 9- hydroxy-6,7,8-trismethoxycarbonyl-5H- 
benzocycloheptene while methyl 1,2,3,4-tetrahydro-l-oxonaphthalene-2-carboxylate and 6,7,8,9-tetrahydro-6- 
methoxycarbonylbenzocyclohepten-5-one gave respectively the corresponding eight- and nine-membered ring 
compounds. Methyl propiolate was shown to participate in analogous reactions with 2-methoxycarbonylcyclo- 
pentanone, methyl 1,2,3,4-tetrahydro-I -oxonaphthalene-2-carboxylate, and methyl 1,2,3,4-tstrahydro-6- 
methoxy-I -0xonaphtha1ene-2-carboxylate. In the latter case a low yield of 9,l O-dihydro-2-methoxy-6,7,8- 
trismethoxycarbonyl-6H-benzocyclo-octen-5-one was accompanied by the isomeric Michael adduct. Some 
reactions of the ring-expanded products are described. 

IN 1974 we reported that the anion (1;  R = H) reacted 
with dimethyl acetylenedicarboxylate yielding a 1 : 1 
adduct which still contained the enolisable p-ketoester 
chromophore. It was supposed that reaction had pro- 
ceeded via (2; R = H) to give the 1-benzazonine (3; 

Tos 1 
Tos 

( 1  1 ( 2 )  

R = H). Subsequently, reaction of (1; R = C1) was 
studied and shown by X-ray methods to yield (3; R = 
Cl) which existed entirely in the enolic form (4; R = Cl). 
We report here on the application of this novel ring- 
expansion procedure to a selection of carbocyclic 
P-ketoesters. 

RESULTS AND DISCUSSION 

Firstly, commercially available 2-me t hox ycarbon y 1- 
cyclopentanone (5; n = 3) was converted into the anion 
using sodium hydride in toluene and was then allowed to 
react with dimethyl acetylenedicarboxylate (DMAD) . 
The product (50%) was crystalline and formulae (6; n = 
3), ( 7 ) ,  (8), and (9) were considered for it. Lack of vinyl 
absorption in the lH n.m.r. spectrum rules structures 
(8) and (9) out of consideration, while the ubiquitous 
enolic absorption at around S 12 and ability to form a 
copper complex, eliminates structure (7) and confirms 
(6; n = 3) as the structure of our product as expected 
from the previous data on compound (4; R = Cl). 13C 

N.m.r. spectroscopy (see Experimental section) lent 
further support; in particular an enolic carbonyl at 6 
181.9 along with one signal a t  S 98.5 (C-2 of ring) favours 
structure (6, n = 3) and excludes structure (7) .  

Secondly, higher homologues (5; n = 4, 5, 6, and 10) 
were subjected to similar treatment and in each case 
enolic compounds (6; n = 4,5 ,6 ,  and 10) were obtained in 
about 50% yield. Their structures were determined as 
for the case above (6; n = 3). The products show the 
chemical properties expected for p-keto-esters; thus acid 
hydrolysis of the product (6; n = 4 )  gave the keto- 
anhydride (10) in good yield while products (6; n = 3-6) 
reacted with phenylhydrazine to provide the pyrazolones 
(1 1 ; n = 3-6) in acceptable yields. 

Thirdly, some benzocycloalkanones were examined. 
The 5-, 6-, and 7-membered-ring P-ketoester (12; n = 
1-3, R = H) anions furnished crystalline adducts in 
60% yield. For reasons similar to those given above, 
these were formulated as the products of ring-expansion 
(13; n = 1-3, R = H). In the 1-tetralone series the 
product (13; n = 2, R = H) yielded the anhydrides 

C02Me 
\ 

C02Me 

w ; O 2 b l e  CO, Me 

(14 ; R1 = H, R2 = H or C0,Me) on hydrolysis depend- 
ing upon the conditions employed. The structure of 
(14 ; R1 = H , RZ = C0,Me) was confirmed when it was 
obtained from (14; R1 = R2 = H) by reaction with 
dimethyl carbonate. 
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