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TAXININE 

M.Kurono, Y.Nakadaira. S.Onuma, K.Sasaki and K.Nakanlshl 

Department of Chemistry, Tohoku University, Sendal, Japan 
(Received 30 Sdprrmber 1963) 

Several structural studies have already been reportedle5 

on taxlne and taxlnlne(desdlmethylamlnotaxlne) isolated from 

the leaves of the yew, Taxus baccata L. subsp. cuspldata Pllg. 

et Zucc. On the other hand, 0-clnnamoyltaxlcln-I,-II*and-III 

have been isolated from the European yew, Taxus baccata L.6and -- 

recently7, two alternatives structures, 1 and 2 have been 

forwarded by Lythgoe and co-workers; their evidence Is based on 

the perlodate cleavage of the molecule into two halves. 
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B : 40CH=CH-C6R5 

The evidence cited in this and the following communication 

on the Japanese taxinlne allows one to establish Its structure 

as 1. 

* As stated in reference 7, "taxlnlne" 1s probably O-clnnamoyl- 
taxicln-II trlacetate. 
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2154 Taxinine No.30 

2 R1= B2= AC, R= cinnamoyl 

4 %' R2= AC, R= dihydrocinnamoyl 

1 R1= H, R2= AC, R= clnnamoyl 

same as 2 R'= dlhydrocinnamate 

R' 
5 R'=H 

Taxinine, C35H4209, m.P. 264-5'. M.W. 606.7, found, 611+10 

(X-ray)*, 602 (ultracetrifuge sedimentation equilibrium)**, 

has the following spectroscOpic PrOpertieS: vl$ 1745 (acetates) 

1720, 1644 (clnnamate), 1674 (ketone), 911 (C=CH2); hEEiH 218 

223, 280 mp (log E 4.28, 4.22, 4.45); Sy$3*** 0.95, 1.18, 

1.79, 2.30 (all singlets, tertlary methyls), 2.06, 2.06. 2.08 

(acetates), 1.6-3.2 (overlapping peaks assigned to C7-, C8-, 

C14-methylenes and C13-methlne), 3.44 (dlf.d., J=7 cps, Cll-H) 

4.88 (1H dif.s., =CH2), 5.37 (2H dif.s., =CH2 and C9-H). 5.88 

(q., 5x7 and 2 cps, Cl2 -H), 5.90 and 6.06 (AR type q., J=lO cps 

C4- and C5-H). 6.3-7.8 (trans-clnnamate protons). Hydrogenation 

of taxiaine in acetone over Pd/C afforded besides the dihydro- 

and tetrahydro-derivatives, 4, m.p. 246-7' and 2, m.p. 279', 

* Kindly measured by Dr. T.Kanzawa, Takeda Chemical Industries 
l * Kindly measured by Dr. N.Iso, Department of Chemistry. 

Tokyo Kyolku University. 
*** Assignments are based on nuclear magnetic double resonance 

(NbR) data given in the succeeding communication. 
Abbreviations: dif., diffuse; s., singlet; d., doublet; 

q., quartet. 
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srm13 0.69 (d., J=7 cps, C8-Me), a small amount of dlhydro- 

cinnamlc acid and the hydrogenolysed product 6, m.p. 196-7". 

Formation of the last two compounds Indicated the presence of 

an allylic cinnamoyl group. Further, the hydrogenolysls product 

6 contains an unsaturated ketone, vz$'3 1680 and 1661 

(shoulder), but the htziH at 272 mp (log E 3.78) suggested that 

the group was present In an unusual environment. 

Methanolysls of taxinlne with sodium methoxlde8gave 

dldeacetyltaxlnlne 1, C31H3807, m.p. 216', which gave taxlnlne 

upon reacetylatlon, and an acetonlde, C34H4207, m.p. 192-3', 

when treated with Me2CO-HC104'. Methanolysls of tetrahydro- 

taxinlne 5 followed by perlodate oxidation afforded the dl- 
aldehyde 8, Giiz13 9.37 (8) and 10.25 (s), the ht:y at 210 

and 259 rnp corresponding to that of an enedlone. Reduction of 

tetrahydrotaxlnlne fi with Zn-AcOH under reflux led to 

deacetoxytetrahydrolsotaxinine 2, C33H4407'CH30H, m.P. 78'. 

htip 208 (log E 4.03). vzi!'3 1738 (esters). 1708 (ketone), 
&CDCl ppm 3 1.78 (d., J=9.4 CPS, C2-Me), 5.09, 5.66 (AB type q., 

5111.4 cps). The evidence cited In this paragraph suggests 

part structure lo. 

0 

R’ = dlhydrooinnamate 
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Selenium dioxide oxidation of taxinine 2 gave the non- 

enolizable a-diketone, oxotaxinlne 11, C35H40010'$C2H50H'$H20, 

m.p. 220'(dec.), At:y 218 and 284 mn (log E 4.30 and 4.37); 
CHCl 

vcml 3 1715 and 1698 (a-diketone); s~~~'3, a clear one-proton 

doublet at 2.88 (Jz3.0 cps) due to C13-Ii. Tetrahydrotaxinine 

2 similarly gave the corresponding oxo-derivative l2, 

C35A4401~$C2H50H*$i20, m.p. 279-280°. The reaction sequence 

outlined below finally yielded the dicarboxylic acid I.& m.p. 

243-4O, A;$ 209 mp (log E 4.26). Since in acid 15 the C4_-C5 

a-dlace0oxy group is retained (IYMR: AM type quartet at 5.03 and 

6.02, Js13 cps, in acetone), formation of the a,b-unsaturated 

acid involves /3-elimination of the third acetoxyl group; 

furthermore. a one-proton doublet at 6.77 ppm (511.3 cps, C12-H 

in acetone) indicates the presence of an additional adjacent 

proton, Q-H. Thus, u can be extended to 16. 

C?Ac OAc 

11 lis dinnamoyl; terminal C=CH2 
at Cl0 instead of H-C-Me. 

C 
1 

QAc OAc 
12 B= dihydroclnnamoyl 

Reagents: (a) H202 then kc20; 
(b) KOAc-Ac20; 
(c) H20(H+). 
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When taxlnlne 1 was reduced with LlBlH4 In boiling tetra- 

hydrofuran, an unusual 1,4-reductlonl’occurred to give taxIno15 

11, m.p. 254~5”, Y:;: 1685, g;;;ldlne 1.29 Id:, 5=6.6 CPB, 

C2-Me), the ozonolyele of which afforded formaldehyde and 

noroxotaxinol l.8, m.p. 216-7’. vE< 1707. Consideration of 

the fact that the taxinine NMR exhibits three methyl singlets 

In addition to the oleflnio methyl leads to expression 1p. 

OAc 0th 

oJ@gj 
=CH2 and -CCCCH=CH~C6H5 attached 

to adjacent positiona In ring C 

OAc 
Nuclear magnetic double resonance experiments 11 revealed that 

the Cll-Ii doublet Is long-range coupled to one of the terminal 

methylene protons (4.88 ppm In taxinine), and that the proton 

alpha to the cinnamate group is weakly coupled to an adjacent 

methylene group (C8-methylene). This establishes the structure 

of taxlnlne as 1, which Is corroborated by NIB’1 and mass 

spectroscopic results. The strained bicyclic UB system Is 

responsible for the red shlft121n the NV abeorptlon of the Cl- 

ketone In tarlnlne derivatives and the low vc_c 13 of taxlnol 

derivatives. 
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The mass spectra of taxlnol and 

characterized by a conspicuous peak 

No.30 

derivatives*, which were 

at m/e 137 arlslng from 

a ring A fragment provided further support for the derived 

structure. In tetraacetylnoroxotaxlnol, where the C=CH,_, Is 

replaced by C=O, the peaks shown below for tetraacetyltaxlnol 

are shlfted two mass units higher; thus the m/e 135 peak is 

also shlfted to 137 and overlaps the m/e 137 peak originating 

from ring 8. 

$J?&_;coQ$$$ m,e 4oo(3) 

I 

m/e 520(O) OAc 

(a)-H 

[!I 

c 

* _o&ol4 

OAc 

A +0z 
m/e 358(5) 

Xi9 H 
m/e 137(100) 

H 

m/e 135(60) 
m/e 107(70) 

Figures In ( ) denote $ Intensity relative to base peak. 

-- 

* The low volatility of taxlnlne derivatives made them un- 
suitable for mass spectroscopic measurements. 
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Finally, periodate oxidation of taxinol x gave rise to 

eecotaxinol, m.p. 109-1106, an equilibrium mixture in CDC13 

(12.5 $ solution) of 1s. (25 $) and 20 (75 $) as Indicated by 

the relative intensities of aldehydic protons at 6 9.33 ppm 

(singlet) and 9.75 ppm (doublet, 514.3 cps). Acetylation of 

secotaxlnol(~f~) resulted In the hemlacetal diacetate 1. 

m.p. 108-9". Giig13 3.89 (q., Jz2.5 and 7.5 cps, C12-H), 4.86 

and 5.10 (C=CH2), 5.61 (q., J-6 and 12 cps. Cg-H), 6.17 (d., 

J=6 cps, C4-Ii) and 9.24 (s., -CHO). The high mass region of 

the mass spectra of secotaxinol 3 (or u) and its diacetate 

21 was revealing in that rather strong peaks were observed at 

m/e 197 in the former, and at 239 and 197 (- m/e 239 minus 

-CH2CO) in the latter; these peaks confirm the C4-C5 seco 

structures assigned to these compounds. 

Professor S.Uyeo and co-workers, Kyoto University, have 

arrived at the same conclusion regarding the structure of 

taxlnine15. 

Acknowledaements We are grateful to Professor C. Djeraesl 
and Dr. R. Budzikiewlcz, Stanford University, for measurements 
of mass spectra. 
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