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IR our report on atruoture of we 

deduced relatiVe configuration in formula 

The configuration the methyl remained undetermined 

the argument the oonfiguration the oxide wae 

not 

Perry,RacIeanandRanekee the traneformatlon 

annotinine with lithium into diphenyl deri.Va- 

11. They able to the funotionality II 

but not draw oonfigurational oonolueione. 

established configuration of the laotone ring' and the well- 

known geometric requirements of a oonoerted epoxlde opening 

leave no doubt about the exaot aouree of the reaotion. The 

initially formed phenyl ketone mnet epimeriee at the a 

oarbon and then react with a eeoond mokof phenyl lithium 
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188 The configuration of annotinine No.5 

to give R diphenylcarbinol whiah is transformed to II. !j&is 

reaotion proves that the epoxide is cis to the four- 

membered ring (ae in I)'. 

The reaotion of oxoannotinine ahlorohydrin (III) with 

phosphorus oxyahloride followed by methanol provides a aon- 

firmation of this assignment. In addition to 0~0anhydr0- 

aunotinine chlorohydrin' , formed by a simple 9-elimination, 

we have been able to isolate compound IV, m.p. 229' (Found: 

C, 49.941 H, 5.85; B, 3.2Oj P, 4.60{ Cl, S.OOi OCHe, 13.45. 

C,eHezO,WE!l requires C, 49.83~ H, 5.811 N, 3.231 P, 7.14; 

Cl, 8.17~ OCHs, 14.31$), IRr 1775 om-' (I-lactone), 1700 om-' 

(five-membered laatem). With the laatam ring in III in the 

more stab:Le quasi-chair form, the hydroxyl group situated 

ais to the four-membered ring is antiparallel to the 

migrating group and the ayclia rearrangement can therefore 

aompete with the normal elimination. 

We next turned our attention to the determination of 

the absolute configuration of annotinine. For this purpose 

we have determined the rotation dispersion curve 4 of the 

3Wers the epoxide ring trans to the four-membered ring, 

a concerted intramolecular attack by the aiphenyl 

aarbinol in either configuration would be sterically 

impossible. 

'For a summarizing reference, see Carl Djerassi, 

Optacal Rotatory Dispersion. HcGraw-Hill Company 

Inc., New York (1960). 
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190 The configuration of annotinine NO.5 

ketoeater V'. It ehowed a negative rotation maximum at 

sea rp (/&I= -3,450') and the applioation of the ootant 

rule4s5 to this result led to the absolute uonfiguration 

given in formula V for this oompound. We have eheoked this 

result bs applying Hudson's laotone rule ' to annotinine 

wdrate' (VI). The rotation or VI in methanol raa ~JD = 

-20.4'. .After additien of one mole of KOH and hydrolysie 

of the lawtone, the rotation changed to PiD" -21.6'. Thus, 

Ab]D p -6.3'. Both the lactone and the salt showed 

menotonouu rotation diepersion ourvw with QJ] negative 

in the entire region studied 

result is to be expeoted6 ii 

aa shorn in rormula VI. 

d third wrifioation 0r 

(AL4 400 mp = -40'). This 
the absolute oonfiguration is 

the absolute oonfiguration was 

aoaomplisheed by the applioation of the Prelog method' to 

the alaohal VII' t&H). The phenylglyoxylio ester of this 

aloohol (VII, R= -f-f-C&X8) gaVe by treatment with methyl- 

0 0 

magnesium iodide an 8x0888 0r negatively rotating atrolaotio 

aaid. This result is indiaative of the absolute aonfigura- 

tion pwtrayed in the formula VII. If it should appear that 

'We wish to thank Dr. Carl Djerafssi for a disauesion 

of the dispersion our~ea. 

$. Witkop, Experientia l2, 372 (1956). 

'V. Erelog, Eels. Chin. e, 36, 308 (1953), and 

iallowing papers. 



No.5 The configuration of annotinine 191 

the uee of three independent method8 for the deduotion of 

the absolute configuration 18 exoe86lve, we would point out 

that if we base the absolute oonfiguration exoluslvely on 

the Hudson rule, then the Prelog method w be regarded a8 

a new and convincing proof of the relative oonflguration of 

the hydroxyl in VII (R==H) and ooneequently of the oxide ring 

in annotinine . The applioation of the ootant rule to the 

ketoeater V may in turn be regarded a8 a oonfirmation of 

our previous deduation’ that the asymmetrio oentre adjaoent 

to the keto group in V hae a aonfiguration eplmeria to the 

oonfiguration of this aentre in annotinine. Thu8, we eee 

that the agreement of various method8 of abeolute oonfigura- 

tion determination ie interdependent with the oorreat 

assignment of relative conflguratione to the derivative6 

used. 

Beoently, the structure8 and 8tereoohemletry8 of 

lyoopodine have been deduoed and are represented in formula 

VIII. Sinoe lyoopodine oaoure in the same plant a8 

annotinine and the ekeleta of the two alkaloid8 differ only 

by one carbon-carbon bond, It ie very probable that both 

oompounds have the 8-e abeoldte oonfiguration. We have 

'W. A. Harrison and D. B. MaoIsan, Ohem. and Ind. 

p. 261 (1960). 

‘F.A.L. Anet, ‘Petrahedron Utter8 ZO, 13 (1960). 



192 The configuration of annotinine No.5 

determined the rotation dispersion curve of lyoopodine and 

found a rotation maximum at 307 mp ([fd= +2,300), The 

applioation of the ootant ru1e4" to this reed-t leads to 

the absolute aonfiguration of lycopodine shown in formula 

VIII, which is in agreement with the absolute oonfiguration 

I fox annotinine. 

All these results show that annotinine must be repre- 

sented by the absolute and relative stereostructure I in 

which the relative configuration of the methyl group is 

the only unknown feature. In order to determine this last 

detail we have decided to use the dehydrogenating rearrange- 

ment of the amino acid IX to the lactara oarboxylic acid 

XI'. !i!his rearrangement had been assumed' to prooeea by 

the oleavages (a) and (b) via an intermediate with the 

gross skeletal struature X. 

If the relative configuration of the methyl group is 

as piatured in formula IXa, then the absolute oonfiguration 

of XI formed by this mechanism must be as given in formula 

XI. Conversely, the relative configuration of the methyl 

group as in IXb must, by this meohanism, result in the 

mirror Lmage of XI. The absolute configuration of compound 

XI was easily determined by ozonolysis which gave DC+) 
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194 The configuration of annotinine 

methylsacoinio acid (XII)" (m.p. 112'1 IR 

authentio sample [s = +13.1o (ethanol)). 

No.5 

identioal with 

This result seemed to show that the absolute and 

relative stereostructure of the amino actid IX must be IXa. 

In a brilliant X-rw analysis, Prsybylska" oonfirmed 

our etruoture proposal'* for annotinine and at the 8ame 

time the relative stereoahemistry 

laotone ring. Consequently, 

abeolate oonfiguration assignment, the amino 

aoid IX should be portregea by the formula IXb. 

This disorepanoy oannot be recronailed and it means 

that one pieoe of information (or one assumption) is 

inoorreot. One can, of (tourse, argue that our ohemical 

data are all unexoeptlonal and that, oonsequentlp, the 

relatirb eonfiguration of the methyl (as in IXb) determined 

"0.b. J. A. Mills an& 1. Klyne in Progress in Stereo- 

o*mistry, Waite& by W. Klyne, Vol. I. Academia 

Press Ino., Wew Pork, pp. 177-204. 

"M. Brsybylska and L. Marion, Oanad. J. Chem. 35, 1078 

(1957)j M. Przybylska and F. B. Abned, Acts Crylat. 

llr 718 (1958). 

'*IL Wiesner, 2. Valenta, W.A. Ayer an8 0. Bankierioa, 

Chem. and InQ. 1019 (lQS6)j K. Wiesner, 1.1. dyer, 

L.R. Fowler and 1;. Valenta, Ohem. and Ind. S04 (1957). 
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196 The configuration of annotinine No.5 

by the X-ray study is incorrect. A careful analysis shows, 

however, that the meohanism IX--CXI may be the source of 

the disorepancy. If the conflguration of the amino acid 

is IXb (in agreement with X-ray) and the rearrangement 

proceeds by the breaks (a) and (0) via an intermediate nith 

the gross structure XIII, the correct enantiomer XI 

yielding D(+) methylsnccinic aoid XII on ozonolysis is 

obtained. This alternative gross mechanism is oonsequently 

aompatible with all known chemioal and arystallographio 

data. One of the possible detailed elaborations of this 

transformation is represented by the structures IXb+xTV+ 

XV+Xvx+XvI1+XVI11-+XI. 


