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Intramolecular DiebAlder Route To 6-Oxodecahydroisoquinoline-3-Cartwcylates: 
Intermediates For The Synthesis Of Conformationally Constrained 

Excitatory Amino Acid Antagonists 

Paul L. Omstein*, Anita Melikian, and Michael J. Martinelli, Lilly Research Laboratories, A Division of Eli 

Lilly and Company, Lilly Corporate Center, Indianapolis, Indiana, 46285 

Abstract: We report the preparation of a hydroisoquinoline intermediate potentially useful for the 
synthesis of some excitatory amino acid antagonists. The requisite stereochemistry is established b 
an intramolecular Diels-Alder reaction, and the absolute stereochemistry is uhmate derived from 
aspattic acid. Also reported is an effrcrent synthesis of methyl NCBZ aspartate R-al zr 

B 
hyde. 

In our search for potent, subclass selective excitatory amino acid (EAA) receptor antagonists, 

we have found significant activity within a series of 6-substituted decahydroisoquinoline-3- 

carboxylates. For example, the phosphonate- and tetrazole-substituted amino acids (-)-1 and (-)-2 

are antagonists of the Kmethyl-o-aspartate (NMDA) subclass of EAA receptors,1 while the tetrazole- 

substituted amino acid (-)-3 is an antagonist of the 2-amino-3-(3-hydroxy-bmethylisoxazol-C 

yl)propanoic acid (AMPA) subclass of EAA receptors. * Many of the possible decahydroisoquinoline 

stereoisomers were prepared as a part of our structure activity study, and optimal NMDA and AMPA 

antagonist activity was observed with the diastereomer (and enantiomer) represented by (-)-1 , (-)-2 

and (-)-3.*-s These conformationally constrained amino acids were all prepared from the same 

intermediate ketone (-)-4.4 A liability in our synthesis of this ketone was the moderate 

diastereoselection observed in the formation of 4 and the need for a classical resolution to generate its 

enantiomers. We therefore sought an alternative synthetic strategy to ketones such as (-)-4 that would 

allow us to prepare these compounds in a diastereo- and enantioselective fashion. In this 

communication we report the preparation of 6-oxodecahydroisoquinoline-3-carboxylates through an 

intramolecular Dils-Alder reaction. 

Our retrosynthetic analysis of ketones such as 4 is shown in equation 1. intramolecular Diels- 

Alder reaction between a silyloxy diene and an enamide should deliver an intermediate 

hydroisoquinolinedione, which can then be selectively reduced to afford the desired 

hydroisoquinolone.sls17 Internal activation in the intramolecular Diels-Alder reaction is preferred for 

obtaining a cis-fused ring juncture, and some functionalii (R) on the nitrogen is likely to be necessary in 
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order to obtain a sufficient population of intermediate where the enamide and diene are in a reactive 

conformation. We envisioned that the silyl enol ether could be obtained from the corresponding 

enone, which would be available from a Wittig or Homer-Emmons reaction of some protected B- 

aspartic acid aldehyde intermediate. And the enamlde would be derived from acryfoyl chloride. 

One critical feature of this synthesis was the need to obtain an enantiomerically pure B-aspartic 

acid aldehydes~s~l* intermediate (eq. l), preferabfy in large quantity. Such aldehydes are usually 

obtained by oxidation of a suitably protected L-homoserine with, e.g., pytidinium chlomchromatea 1,3- 

diiclohexycarbodiimide/dimethyl suffoxideg or chromium trioxide/pyridine complex.1* However, L- 

homosetine is expehsfve, or it must be prepared from L-methionine;s and when protected, it ‘s prone 

to lactonize. We were able to obviate these issues by developing a facile two-step, one-pot 

preparation of methyl kXVbObenZO~(CBZ)-a8partate O-aldehyde. 
Commercially available KCBZ-aspartate u-methyl ester ((-)-5) was converted to the acid 

chloride by treatment with thionyl chloride (Scheme 1). After removal of excess thionyl chloride in 

vacua, the acid chloride was reduced to the corresponding aldehyde by treatment wfth tri-n-butyftin 

hydride in THF, in the presence of 7 mol% tetrakis(triphenylphosphine)palladium (O).ll In the absence 

of palladium, the yield of the reduction was only 30%. While the aldehyde (-)-5l* could be isolated, 

we found it more convenient to convert it to the acetal (-)-7. ‘2 by treatment at reflux with methanol, 

trimethylorthoforrnate and a trace of p-toluenesulfonic acid. The overall yield for the conversion of 5 to 

7 was 77%. and this transformation could easily be carried out in the lab starting with 120 g of 5. The 

optical integrity of 7 prepared in this manner was confirmed by hydrolysis of the acetal to the aldehyde 

(CH3CN, 10% aq. HCI, room temperature) followed by Jones oxidation to afford the acid 5. The 

optical rotation of this material was identical to commercially available 5, so essentially no racemkation 

was observed. 

Hydrogenolysis of (-)-7 afforded an 84% yield of the surprisingly stable amino ester (-)-8.1* 

We chose to alkylate nitrogen with benzyl, which we felt would be easily removed either in conversion 

to 4 or to an acidic amino acid such as 1. Treatment of (-)-8 with benzyl bromide and trfethylamine in 

DMF gave a 71% yield of the desired monobenzylamine (-)-9, 12 which was acylated with acryloyl 

chloride and then hydrolyzed to afford 85% of the aldehyde (-),lO.t* Homer-Emmons reaction of (-)- 

10 with the sodium salt of l-dlethylphosphono-2-propanone afforded the E-enone (-)-1112 in 85% 

yield. The Wiiig condensation of 10 with trtphenylphosphoranylidineacetone was also highly E- 

selective, but it was difficult to separate the product from trlphenylphosphine oxide. The presence of 

an E-olefin in 11 was confirmed by observation in the lH NMR of a 16 Hz coupling constant for the 

enone protons. 
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We found it most convenient to perform the Diis-Alder reaction using conditions similar to that 

ofMartinandDiGrandi,sHlh~anenonesuchasllisconvertedinsihrtoasilylendethersuch_as12, 

and then this reacts under mild conditions to deliver the desired cyclii pmduct. To this end, a room 

temperature solution of the enone (-)-11 in diiloromethane-d2 was added to a preformed solution of 

triethylamine and triethylsilyl trifluoromethanesulfonate in dichloromethane-d2, and the reaction was 

monitored by removal of an aliquot and IH NMR analysis: it was complete in one hour. After work-up, 

the enol silyl ether was hydrolyzed to afford a mixture of keto-amides. GC analysis of the reaction after 

Diels-Alder and enol ether hydrolysis shows three products in a ratio of 71:1!3:14,13 from which the 

desired product (-)-1312 was isolated diastereomerically pure in 40% yield after recrystallization from 

ethyl acetate. To obtain an intermediate that might be suitable for conversion to an EAA antagonist, 

the ketone of (-)-13 was first protected as the dimethyl acetal, then the amide reduced (without 

purification) by treatment with boranalmethyl sulfide in THF. Following workup of the reduction with 

aqueous hydrochloric acid, we obtained the N-benzyl keto-ester (-)-1412 in 23% yield. 

Scheme 1 
H 

HOLC 
= Cc+ue 

T 
NHCBZ 0 NHCBZ 

Three steps 
Me0 NHCBZ 

(-)-5 (-)-6 (-)-7 

(-)-8 R=H 

(-)-9 R = CH.#h 
O (-)-11 

71% 

(-)-12 (-)-14 

a. SOC$, room temperature. b. n-BuaSnH, 7 mol% (PhaP)sPd. THF. room temperature. c. HC(OMe)3, p-TSA, 

WH. reflux. d. Hp, 5% PdG MeOH. room temperature, 40 psi. e. PhC&Br, EbN, DMF. room temperature. f. 

CH2=CHCOCI, EtsN, CH2Cl2. room temperature. g. CH&N, 10% aq. HCI, room temperature. h. 

Et203PCH&(O)CHs, NaH, THF, 0 *C. i. EbSiiTf, E1sN, CH2Cl2, room temperature. j. KF, MeOH, reflux. k. 

BH#3Me2, THF, reflux; HCI, H20. reflux. 

The relative stereochemistry and enantiomeric purity of the intramolecular Diels-Alder product 

was confirmed by comparison with racemic 14, prepru’ed as shown in Scheme 2 from racemic 4. The 
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methyl oatbamate of (f)-4 was removed with lodottimethylsilane and the amine alkylated with benzyl 

bromide. The ethyl ester was then hydrolyzed and re-estertfii with methandic HCI to afford (It)-1 4. 

The intramolecular Diels-Alder product (-)-14 was identical by GC and 1H NMR analysis to (f)-14. 

Chiral HPLC analysis of (-)-14 showed the enantiomerfc excess to be >99%.t4 

Scheme 2 

a, b, c. d 

t-4 H 

IfI- (f)-$4 

a. TMSI, CHC$, reflux. b. PhCHzBr, i_PrzNEt, DMF, 40 OC. c. 1N NaOH, EtOH, reflux. d. k&OH, HC1 (g), reflux. 

In summary, we have demonstrated that we can prepare 6-oxodecahydroisoquinoline-3- 

carboxylates through an intramolecular Diels-Alder reaction. A high degree of stereoselectivity is 

observed for the formation of a cis-ring juncture in this reaction, and the chirality introduced from S 

aspartic acid can be efficiently transferred in this press. Further aspects of this reaction, along with 

applications to the synthesis of excitatory amino acid antagonists will be discussed in a forthcoming full 

account of this research. 
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