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Abstract: Starting from an optically pure alcohol, (R)-(3), which was prepared by 
cnzymatic hydrolysis of the racemic acetate (2) or enantioselective reduction of the 
ketone derivative (4), the chiral total synthesis of mitragynine (1), a major 
corynanthe-type indole alkaloid having an analgesic effect in Mitragyna speciosa, 
was accomplished. 

The leaves of Mizragyna speciosa Korlh. have been known as an opiunl substitute in traditional use by 

Thai and Malay natives. A nmnbcr of phalmacological studies of this plant have been carried out, but the 

principle as well as lhe mechanism of the biological activities of this folk medicine have not been completely 

elucidated up to now. 1 In the course of onr xludy of Mimlgyna specinsa, 2 a major alkaloid, mitragynine ( | ) ,  

was found to exhibit a relative strong analgesi:~ with different action mechanism from morphine, lb We 

embarked on the asymmetric total synthesis of this indc, lc alkaloid having a 9-metho×ylated corynanthe 

skelelon. 

A vein of Zicglcr WinterfeklbLounasmaa's stralcgy ~ for file preparation of corynanthe-type alkaloids was 

applied to the synthesis of mitragynine. From the rclrosynthetic analysis, two synthons, i.e., the 4- 

methoxyindole deriwmve (5) and chiral p,vridinc derivative (3), were required. Furthermore, to construct the 

mitragyninc having the natural absolute configuralion, tile alcohol 1,3) having tile R configuration w a s  

required based on the mechanistic consideration of the Claiscn rearrangement 3d, 4 of tile allylic alcohol 

derivatives (7 and 8, vide infra). 

We initiated the total synthesis from the p;eparation of Ihe optically pure alcohol (R)-(3). The racemic 

acetate (2), which was prepared from lhe commercially available 6-chloronicotilfiC acid, was subjected to the 

enzymatic hydrolysis using 1Apase SAM 115 under phosphate buffer (pH 7.0) conditions to produce the 

secondary alcohol (+)-(3) {32% chemical yiekl, It, In > +47.0 (c 1.44, CHCI3), 100% e e }  a n d  the ace ta t e  (-)- 

(2) {38% chemical yield, Ic~.ll) 2s -103.4 (c 1.19, ('11CI3) 100% ee}. 6 From the reduclion of the ketone 

derivative 1,4) using a chiral oxazaborolidme catalyst 7 (0.7 equiv of BH 3, 0.2 equiv of (S)-5,5-diphenyl-2- 

methyl-3,4 propano l ,k2 oxazaborolidme, Tt IF, 30 °C), an optically active alcohol (+)-(3) {[~]D 25 +43.4 (c 

1.58, C1tC13), 93% ce} was oblained in 80% yiekl, which was then esterified with (R)-O-methylmandelic 

acid in order to prepare the optically pure alcohol (3). The resulting diasteromeric inixmre was separated by 

column chromatography and then the diasternmeres were respectively hydrolyzed to give the 
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cnant iomcrical lv  pure alcohols  (+) 3 ',rod ( ) 3. The absolute conf igurat ion of  tile a lcohol  (3) having a 

positive optical rotation was determined to lye 1¢ b,, chemical correlation with tile known ( R ) - ( + ) - 3 - p y r i d y l - 1 -  

e t h a n o l .  ~ The optically pure alcohol ( )-3. x\hich was obtaincd by the hydrolysis  o f  (-)-2 and the chiral 

reduction t(mlC, could lye converted to its cnitntiotner (+)+3 using the sequential Mitsunobu reaction/alkaline 

hydrolysis. 
N_] Ct... .~N ok_ .N_ 

I,ipase SAM It 
,. + 

H "~ '~DI4 ACO" H 

I l k , t ; > 3  <10(i~:; (,e) (S)-(- ) -2 (100%ee) 
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S c h e m e  1 

The other counterpart.  J.qttclhoxytt +vpt{Mh+,, i bE om ],lc I 5 ), was prcparcd starting from 4-hydroxyindole  via 

a f ive-step operation ( i  ()-nmlhvliltion. ii. tmtcli{m with oxal5,1 chloride, iii. e thanolysis ,  iv. reduction with 

LiAII[4, and v. br/mtin'afion wilh l)lh-3). "lhc lhkts obtained broth:de (5) and the opt ical ly pure pyridine 

derivative (R)-(3) was condensed in heated benzene in fl~c presence o f  a catalytic amount of  sodium iodide. 

The pyridiniutn sah 16) was then reduced with >(>diem burohvdridc to yield two dias tereomers  (7 and 8) 9 in 

33% and 27q yich.l, respectively,  rl'h c slcleo,:h,.'+ll]',t~', al (:~1(I could bc assumed by compar ison of  tile 

chrotn:ttogr:uflfic behavi()rs ,aith those (fl analo~t+~r, C~)lll])(Itlllti% in the litcralure 3c and became clear from the 

CD ;.tnd 13C-NMR spectral data ol the l',]o(|mls <11 and 12) obt:iincd by the ]lCXt reaction. Alttlough two 

isomers (7 and 8) have bccn forlncd in the tcthl~, t:(+i1 ..;:up. we antic+pated thai the new chiral center  at Cl5 ,  

which would bc gcncratcd in titc next Chllsc;/ Te~ttlillt~ClltCllt Via tile chair-like transition states (9 and 10), 

could be conlrolled by, the absolute slcrcocIleHlislr\ :it (" I') rand, futthcrnlore, the configuration at C3 could be 

settled in the desired form during the subsequetH ]u ,cuons .  Then, in order  to install an acetic acid residue 

onto the (7'15 position, each allvlic :flcohol !7 and NI ~.as sut~jected Io a Claisen rearrangement.  By heating 

with trimethyl or thoacclatc  in the p icscnce  ~1 a ~ I t d ) t i c  amouilt of  benzoic acid in o-xylene ,  7 and 8 

produced the acetate:, ( I 1 j and (12), 11 rcspculP, cf5 " :~,, the sole [+aotltlCl. The absolute configurations at C3 in 

i I and 12 ,,',ere clcarly de termined h> litC ( ' I )  ",pccti:t 12 tur thermorc ,  tim s tereochemistry  at C15 and C19 

could be elucidated by' the III- and I ~C N~',II#, amd',~,cs. II Compound  (! !) has tile appropriate absolute 

configuration at the ('-I and Ct5  posit ions l{~t ftulht:r tr:mslormation to mitragynine,  while the other isomer 

(12) has the opposite c<mfigur:ttiotl at C3, which COLt]d I',u inverted to I I by an oxidat ion-reduction sequence, 

'+ia a 3,-1 dchyd to immot l ium still. In Ibis m.lml~.t, v,c ct+tllcl c~mvcrgently prepare  the oI+,tically pure 

coI+yn:mthe-typc cc, ml)OUnd ( 1 I 

Next, :tccordi~:g to the cot~\entiomll +lwthod <I I).\ .  I[( '{)2McL a f+~iinvl group ,+vats introduced onto C16 

{t/ I I. Shlcc tile :~,ttL'llli'~t¢.'{i () l/~clh;l:tti()u {>t ',lie :u',Lhing cn(fl s\",tcm using a COllllDOn reagent,  Ct[2N2, 

afforded the 3,4-mcflL', Llt~.'d Ct+IDI+('~L]I]{[ :[g +1 HI:II{Yl Fl~MtlCt, the ['ormvI group it] 13 was first converted to the 

dhneth \ ]  ~lcutit] {[+R L \~ h ich was thc~ treated u, hh K( )q;u to give the desired methyl emil ether (14) in good 

\ ield.  Fimtli,+. bx s+ctcoseK:ctive ICdtlClioII ( q  Iiw t!l+,thlq' bolX] ill 14 over PrO2 under a 112 ittmosphere, the 

t:trget compound+ mitrligyninc t l i  {[(~+11) e+ 125 .2' t, ( / . 25 .  CIICla ). natural product; [~]D 24 -I25.8 (C 0.30, 

CIICI3)} hax'it~g the lXIttti:ll :ib'q)hltc C(+ll++i£ll];ttt,q" ~, I- <bt:li l lcd. 
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In conclusion, we succeeded in the first total synthesis of t-)-mitragynine in the optically pure form using 

an enantiomerically and stereochemically convergent route. 

OMe 
ca t .  NaI, Phil, A ~ NaBH4 
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S c h e m e  3 (-)-  Mitragynine  (1) 
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