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ABISATIN is a toxio compound obtained from the seeds of Japanese 

star anise* , IlliOium religiosum Sieb. et Euoc.( Illioium Aniaatum L.), -- 
In 1952, Lane and hia oo-wrkers (1) isolated aniaatin in a pure 

crystalline form ( m.p. 215-22Oe, 1.1,; -27*(0 2, dioxane) ) and 

gave a moleoular formula, C15H2008 together with the partial atruoture 

shown below. 0 0 
II II 

(CH3)2 (CllH9) (CH)5 (-C-C-C-) 

The moleoulsr formula by Lar group was oonfirmed in the present 

study: molecular weight, 328 ( mass spectrum ), C15H2008 **, m.p. 

227-228.. In this communiostion, we wish to report the atruoture of 

norsnisatin (I), an important oxidation product of anisatin. 

Anisatin, on oxidation with potassium permangauate in acetic acid 

at room temperature for 20 hr.gave two neutral oompounds, noranisatin 

(I) (C14H1807, m.p. 162-163.) and BOraniMvtillOBe (II) ( C14H1607, m.p. 

213-215.9 r',_t 1831, 1789, 1754 CUU'~ in CHC13). 
_) 

II was also obtained by ohromic aoid oxidation of I in aaetio aoid. 
The properties of I are as follows. 

* Japanese name, I* Shikimi s. 

** Satisfactory analyses were obtained for all new compounds. 
Melting points were not oorreoted. 
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Doranisatin (I) t two oarbonyl groups ( Qm,., 1832, 1778 cm-' 

an CEC13 ); no double bonds ( no end absorption ); information from 

the I.&B. speotnm~ a aeoondary methyl group ( CH3-CH( , 1.03 PPm, 
doublet, ,J = 6.5 ops ), a tertiary methyl group ( CE3-Cf , 1.50 pm 
singlet ), three bydroxyl groups (detected by H-D arohange on addition 

of D20 )g one mole of periodio aoid in aqueous methanol is consumed 

slowly, *horeaP that of lead fetraaoetate in aoetio acid rapidly; 

formation of aoetate (III) ( C16H2008, m.p. 186-188.) with acetic 

anhydride and pyridine at 20'; formation of oarbonate (IV) ( C15H1608, 

m.p. 236-238.9 g,, 9 1830, 1798 ( five-membered ring carbonate ), 

1770 cm-l KBr ) with phoagene in tetrahydrofurau-pyridine. 

From the properties above, a vie-glyool group is present in I. - 
Dead tetraaoetate oxidation of I afforded aeoonoranisatin ketoaldehyde 

(V) ( c14E1607' m*p* 191-192*, 3 max , 1845, 1768, 1717, 1700 cm-l, nr : . 
mhioh in turn was led to aeoonoranisatin ketoaoid (VI) ( C14H1608, m.p. 

152-154, pK& 3.8 in H20 ) on potassium permanganate oxidation 

in diluted sulfuric aoid-acetic acid. Formation of ketoacid (VI) 

from I via V, thus indicates that hydroxyl groupa of the via-glyool - 
are secondary and tertiary. The acetate (III) is reaietant to lead 

tetraacetate oxidation, indicating that the eecondaxy bydroxyl group 

of the tic-glpool is aoetylated. -_ 

In the I.Y.B. apeotra, a singnal at 4.60 ppm ( 1 H, quartet, J - 5.5, 

8.5 ape ) of I corresponds to a signal at 5.67 ppm ( 1 H, quartet, 

J = 7.0, 9.5 OpS ) of aoetate (III). This signal is assigned to 

a hydrogen on carbon bearing the aoetoxyl group in III, and the shape 

( quartet ) of this signal ahors the presenoe of tro hydrogen8 on 

oarbon adjaoent to the oarbon atom bearing the acetory group. 

prom the above findinga, the partial struoture of I is represented 

by (Ia). 

* Tetrauethylsilane wae used as the internal standard and 
deuterochloroform was the solvent unleea otherrise stated. 
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c -CH -&i-d- 
2 bri hi 1 
(Ia) (Ib) 

The ketoaoid (VI), prepared from I via ketoaldehyde (V) rae also 

obtained by periodic aoid oxidation of noranisatinone (II), showing 

that the seoondary bydroryl group of the vim-glyo01 in I is oxidieed - 
to become a ketone group in II. From the oarboayl band position 

( 1754 om-') of this ketone, the tio-glyool is attaohed to a five- - 
mombered ring and the partial atruoture of I is represented by (Ib). 

Bromination of noranisatinone (II) in acetic acid gave 

bromonoraniaatinone (VII) ( C14H150.,Br , m.p. 20?-211. , Lamar , 

-' 1833, 1778, 1770 om in CEC13). The shift of oarbonyl band of' 
-1 

the ketone to the higher frequenoy ( 1754 am in II, 1770 om -lin VII > 

suggests that bromination took plaoe at an a-oarbon of the ketone group, 

whioh -8 confirmed by regeneration of II on treatment of VII with 

sin0 and aoetio acid. All the hydrogen8 of VII were nil analyzed 

from the N.&R. speotrum ( Fig. 1 ), aa foll~rnr. 

7 opa 

The B.&B. speotrum of bromonoranieatinone (VII) at 60 MO in 
CD3COCD3 
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The presence of a aeoondary methyl group ( 3 H, 1.25 ppm, doublet, 
J = 7.0 ops ) and a tertiary methyl group ( 3 H, 1.60 ppm, singlet ) 

is indioated. Two signala at 2.90 ppm ( 1 H, singlet ) and 5.80 ppm 

( 1 H, broad. ), whloh dieappeared on addition of D20, are assigned to 

two hydroxyl group& A signal at 4.02 ppm ( 2 H, AD-type, quartet, 

J = 7.0 ops ) is due to bydrogens on oarbon bearing au oxygen atom. 

Two possible groupings, -CH2-O- and -O-CD-CH-O- are conceivable for 

this eignal,, but the former seema to be the aotual one*, beoauae 

this signal appears as a sharp singlet in the N.&B. speotra of I and 

III. Signala at 2.4-3.1 ppm ( 2 H, multiplet ) and at 4.65 ppm ( 1 H, 

quartet ) constitute a typical ABX pattern ( JAD = 13.0 ops, JAX = 0.8 

=~a, JDX - fj.3 ope ) and are due to a -CH2-CH-0- groupw. 

A signal at 4.75 ppm ( 1 B, doublet, J - 11.0 ops ), not observed in 

the N.U.B. speotrum of I, ia due to a hydrogen on oarbon with a bromine. 

Thus, fourteen among fifteen hydrogena of VII are assigned and 

oharaoterited. The shape ( doublet ) of the signal at 4.75 ppm 

shows that a hydrogen ie present on a oarbon next to the oarbon 

with a bromine. And thie hydrogen, last one to be analyzed, must 

be attached to the oerbon oarrying a aeoondary methyl group***. 

Partial etruoture of bronxketone [VII) is shown aa (VIIa) from 

its N.&B. speotral analyeirr. Consequently, I and its oxidation 

products (II), (IV) and (V) are represented by partial struOttm8 (IO), 

(IIa), (Ffn) and (Va) respeotivelJr. 

Noraniaatin (I) oan be represented by (Id) or (Ie) from 

the N.M.B. analyaie~ of bromohetone (VII) and the positiona Of tW 

oarbonyl bands of I, coupled with the faot that noranisatin oonaumes 

two moles of alkali. 

* 

*** 

This signal appear8 as a quartet dth the ooupllng constant of 13.5 
cps in. methyl noranisatinate aoetate (XIII), supporting a -CH2-O- 
group etrongly. 

A decoupling experiment on noranisatin (I) oonfirmed this view. 

None of fourteen among fifteen hydrogens already assigned, are 
entitled to oouple to a aeoondary methyl group. Theremtining 
hydrogen in question Is the sole and very one that oen oouple to 
a aeoondary methyl group. 



No.52 4789 

H , 
H / 
H (X3-C,- 

, 

- OH 
( Id)* 

, 

I / 
-cHpcH-o- , c"3-c\- -H (4drcxryl) -cE*-o- 

9 _;_ I :c-o (laoton.) 

-o- , :clo (laotone) (I.)* 

* The poaslbilitiee that a tertiary methyl group is attaohed at 
ona of the orrbons forming a five-membered ring must be considered 
but arta exoluded from the formation of dihydrocoumarine (VIII) and 
(IX) mentioned later. 
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On treatment with hydriodio acid under reflux for 20 hr., 

ketoaoid (VI) afforded a oolorleee liquid, whioh was identified a8 

4,7,8-trimetbyldihybroooumarin (VIII) ( C12H1402, b.p. 114-115' (2 mmH8) ] 

by spectral ( I.B., U.V., E.&B. end &see ) and v.p.o. comparison with 

the eynthetic compound.* 

cH3a$30 cH3qooH cH3@o 
cIi2:c 

COOH 

f';l"I':;;' 
0 

_ (X1 (XI) 

A 4hydroooumerin derivative (IX) ( C12EI1302C1, m.p. 83*, ~m~.,1770 

em in CHCl:, ) wee obtained by treatment of kstoacid (VI) with acetio 

aoid - hydrogen ohloride in a sealed tube at 140" for 3 hr. 

Catalytio bydlrogenation of IX with platinum in aoetio aoid gave VIII. 

Evidenos wae obtained that a ohloromethyl group in IX is attached to 

C8-poeition ae follower aodium cyanide and IX were refluxed in aqueous 

ethanol for :I hr. to produce a nitrile, which wa8 subsequently 

hydrolyeed with diluted hydroohlorio acid. The products oonsisted 

of X and XI, the former of &ioh showed a band at 1800 cm -' ( five- 

membered phenol laotone ). Dihydro~oumarins, (VIII) and (IX) were 

formed from ketoaoid (VI) with lose of two oarboxy oarbone. 

The carbon ekeleton of noranisatin (I) is, thus represented as (If). 

7 CH3 
6 I L 

s 

s 
CH *3a 

3 
3 CH..yP 

(If) 

* Ethyl aoetoaoetate was oondenaed with 2,3-dimethylsylenol in OO~O. 
Bulfurio acid to give 4,~,84rimet~looumerin, rrhioh upon oatalytio 
reduotiom dth platinum in aoetio acid afforded a desired product 
in a pure state. 



No.52 4791 

In noranisatin (I), two of the three hydrcxyls constitute a vic- - 

glyccl, while the Properties of the third hydrcxyl group remains unknown. 

Of the possible two formulations (Id) and (Ie) for noranisatin (I), 

this hydrcxyl is evidently tertiary in (Id), drereaa in (Ie) 

the hydrcryl group is one of the three possibilities, -CH2OE, -CH2-&-OH, 

-+H. From the following evidence, the hydroxyl is tertiery also 

in (Ie): the hydrcayl group in carbonate (IV) is not acetylated 

under forcing conditions and is resistant to vigorous oxidationa 

( chromic acid and permanganate ). The position of the tertiary 

hydrcryl group in the carbon skeleton (If) is deduced as follows: 

ketoacid (VI) containing the tertiary hydroq1 in question is quite 

stable to periodic acid in aqueous methanol snd lead tetraacetate in 

acetic acid, excluding the possibility that the bydroml is on C 
4 

or 

C7a position in (If). Since a -CH2-&- group present in I occupies 

C6-C7 in (If), the only available position for the tertiary hydrcxyl 

is C5' which carries a tertiary methyl.* 

From the above result, in conjunction with the skeleton (If), note 

enisatin (I) is represented as (Ig) or (Ih). 

The possibility (Ig) is excluded: in this case, two carbons of the 

anhydride 5oup are necessarily combined with C4 and C7a of skeleton 

(If), and this is sterioally impossible. Another evidence excluding 

(Ig) is formation of a monobasic acid, noranisatinic acid acetate (XII) 

( C16H2209, m.p. 192-194°, pK4, 3.6 in H20 ) from acetate (III) 

on treatment with potassium bicarbonate in aquecua methanol. 

evidence for this conclusion is a chemicel shift 
of a tertiary methyl group of noranisatin (I). 
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The mol~oul.~ formula of XII is increased by Ii20 in oompsrison with 

that of III, rhioh in inoompatible with the anhydrida struoture (I&.* 

Thor&or., noranisstin (I) is shown as a dilsotone struoture (Ih). 

Methylation of XII with diasomethane gave methyl~neranisatinate roetate 

(XIII) ( C1+&09, m.p. 190~191*, p_. 1732 om-'(brosd) in CEC13 ). 

'pho eator (XIII) laoks two laotone oarbonyl bands present in III, 

ahibits a nm b-looton. ( Y_, 1732 om-1 ) of 8 -CE2-O-CO- type 

( 4.60 ppm, AB-type, J - 13.5 opa ) and has a aeoondsry hydroxyl. 

Oxidation of the ester (XIII) with ahrondo acid - aootio acid or 

ohromio anhydride - p~ridinr gave a neutral oompound, ketolactono (XIV) 

( C17Em09' map* 235~2.40. (sublimation), ti _. 1785 (y-laotone), 

1751 (d-laotoae), 1737 (metbyl l eter snd aoetato), 1706 (ketone), 

no hydroxyl, in KBr ). l'ho transformation ( XIII -_* XIV ) with 

an oxid&ive fission of a GC bond is shorn below. 

ii&X - IQ]- $J 
(XIIlil) (XIVa) 

The laotono oygen is thus attaohed to C6-positiorin (Ih), snd 

noraniastin (I) is represatod as (Ii). 

(Ii) 

0 

* In addition to the hydrolysis of the fanhydride group, hydrolytio 
cleavage is neoessary, in order to sooount for the transform&ion. 

w1 ApsFt from the oxidation result (XIII 3 XIV) the possible two 
stnaotures dth a laotone oxygen at C WIhj 
one oontains two p-laotone rings, 

are clearly sxoludedg 
whixh is inoonsistent with the 

infrared evideaoe; the other is aterioally impossible. 
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Since lactone oarbonyl carbons in (Ii) are bonded to C4 end C 
7s' 

two atruotures are oonceivable, one of which oan not be oonstruoted 

on steric ground. The only possible struoture for noranisatin (I) 

is (Ij) which aooounts for all the properties and reaotiona. 

StereoohemietrJr of noranisatin (11 

Formation of carbonate (IV) indioates ois-relationship of the vio- - 

glyool. The properties of XII and XIII show presenoe of a s - -1aotone 

and a seoondary hydroxyl, indicating the 1,3_disIial relation of 

a-CE$- group of a 8-lactone and>CIO of a y-laotone in noranisatin (I). 

The structure of XII is represented as (XIIa). Formation of ketolaotone 

(XIV), the structure of whioh is shown in (XIVb) indicates that the 

vie-glyool and a y-laotone oarbonyl are trans. - 

OH 
(XIIa) (XI%%) 

The methyl eater (XIII) oonsumed one mole of lead tetraaoetate slowly, 

elationship ( ae indicated in XIIa) of the vie-glyool - 

in a sir-membered ring. l?rom the evidence mentioned above, noranisatin 

(I) is represented as (Ik). 
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