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TDTAL SYNTHESIS OF Q-KlHYLPALLIDININE 
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Cornel I lJniversltyt Ithaca, NY 14853 

Abstract: Q-MethyIpaIIidinlnet a recently isolated morphlnan alkaloid. has been synthesized in 
16 steps from 1,4-cyclohexanedlone and 3-brcmoveratrole. The synthesis employs a new method for 
preparing the morphinan skeleton in which diazcmethane Is added to an aryIoctahydroquInoI1nium 
salt. 

We have been interested for scnne years in devising general synthetic pathways to the 

morphine alkalolds. In vlew of the large amount of work already done In this area’, we have 

sought in our own work to explore new chemistry and to create routes fundamentally different 

frcm those known. 

Our basic idea involved construction of the morphlnan nucleus by addition of dlazanethane 

to an iminium Ion such as 1. yielding an aziridinium ion* that could undergo intramolecular 

nucleophllic attack by the approprlately positioned arcmatlc ring. The product of such a 

cyclizatlon could be easily transformed Into morphine by known chemIstry3#4. Upon synthesis of 

2 by treatment of iml ni urn perch1 orate 1 with diazanethane, however, we found that the desired 

reaction did not occur. Although 2 could be prepared In good yield, we were unable to find 

conditions that would effect its cyclIzatlon5. Evans, in independent work on a related system, 

found similar results6. In model work for his morphine synthesis, however, Evans discovered’ 

the Interesting fact that a morphinan product was formed directly In 30% yield from reaction of 

dlazcmethane with the iminlum ton 3, which contains an &stitut& aranatlc ring. 

H 
H 

‘CHa 

Q c 
- H& 

I 
H2C , 

a? I / N: 

3 ;r 
CHs 4 H 

‘CHs 

4653 



4654 

Why does 3, which contains an unsubstltuted arctnatic ring, yield morphinan more readily 

than 1, which contains a more nucleophllic dimethoxy-substituted ring? After extensive 

experimentatlont we have concluded* that it is the C4 (morphine numbering) methoxyi group of 1 

that Is causing the problans. We believe that the oxygen lone-pair electrons of the C4 methoxyl 

group of 1 interfere with the desired cyclization by reacting with the intermediate diazonlum 

ion produced by addltlon of diazunethane. If this C4 methoxy substltuent were absent, morphinan 

formation shou I d ensue. We have now tested thls hypothesis in the context of a successful total 

synthesis of Q-methylpal lidlnine 6, a B/C-trans morphinan recently isolated’ by Vecchletti fran 

leaves of the South American plant Dcotea acutanaula (Mez). Since Q-methylpal lldinine is 

unsubstituted at C4, it should be accessible fran iminium Ion 5 by reaction with diazanethane if 

our hypothesis is correct. 
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lmlnium ion 5 was prepared according to the route shown in the Scheme”. Treatment of 

3-ethoxy-2-cyclohexenone with 3t4-dlmethoxyphenyIIithlumr followed by acid-catalyzed dehydratlon 

and ketal izatlon gave olef In 7. Hydroboratlon/oxldation of 7 gave an alcohol, which was further 

oxidlzed wlth pyridinlum chlorochrcmate to yield ketone 8. Alkylation of the thermodynamic 

enolate from 8 with methallyl chloride gave the keto olefln 9, which was oxldized to a diketone 

and cycl lzed to ylel d indenone 10. Nitrogen was then introduced into the ring by a Beckmann 

rearrangement” of N-methylnltrone 11 to give lactam 12, which was reduced wlth LiAIH4 to 

provide enamlne 13. 

It Is critlcal to the success of the synthesis that enamine 13 be protonated to yield 

cl s-fused lml ni urn ion 5, a stereochemlcal outcome we could predl ct with conf I dence based both on 

our own earlier work12 in the morphine series where we had proved the stereochemistry of an 

analogous lminium ion by X-ray studies, and on Evans’ work6*7. In fact, treatment of enamine 13 

wlth dilute HC104 gave a single crystalline iminium salt that, when treated wlth diazanethane, 

gave the anticipated morphlnan 14 (30%) along with aziridinium ion. 

Conversion of morphinan 14 IntoQ-methyIpaIIidinlne was accanpl lshed as indicated in the 

Scheme. Formylatlon of 14 occurred exclusively at the less hindered site to give a 

hydroxymethylene ketone that could be converted Into keto thioacetal 15 on treatment with 

113-propanedlthiol ditosylate. Oxidatlon and subsequent hydrolysis of the thioacetal group then 

gave dlketone 16, which was identical with an authentic sample prepared by hydrolysis of natural 

~methyIpalIldinine13. Although enol methylatlon of 16 under thermodynamic conditions 

(HCl/methanol) gave almost exclusively the undesired enol ether, reactlon under kinetic 

condi tlons (Q-TsOH/ methanol 1 gave largely (+I-*methylpal I idinlne along with only a mlnor 
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pyridinium chlorochranate, NaOAc (84%); (b) NaH, THF; then CH2=C(CH3)CH2CI (79%); 

(c) KMn04 (tr), Nal04, dloxane (100%); then KOHI EtCtl (80%); (d) CH3NHCti, NaOAc (100%); 

(e) p-TsCl, pyridlne, Hz0 (40%); (f) LfAIH4, THF (100%); (g) HC104, H20, EtOH (76%); 

(h) CH2N2, CH3CN (30%); (1) HCOOEts NaH, PhH (72%); then TsS(CH2)3STsr KOAc (70%); 

(j) MCWA, then HCI, Hz0 (70%); (k) p-TsOH, MeOH (55%). 
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amount of its isomer (4:l ratlo). Our synthetic materlaIr mp 198-202 'C (hydrochloride), was 

identical with an authentic sample" of the natural product by spectroscopic comparison (300 MHz 

'H NMR, 13C NMR, IR, MS). 

We conclude that our hypothesis concerning the need for an unsubstituted C4 posltion 

appears to be borne out. This limitation clearly precludes the use of the dlazcmethane-imlnium 

'on route in the synthesis of alkaloids havlng the morphine oxygenation pattern. 
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