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AL&a&-The absolute configuration of cnidilide (I) and (-)-3-butylphthalide (II) has been de- 
termined by two independent methods. 

IN THE previous paper,’ we proposed the relative configurations of cnidilide (I) and 
neocnidilide (III). Although the absolute configuration of I may be ascertained by 
determining the absolute configuration of one of the three asymmetric carbons, in 
order to obtain further evidence on the relative configuration, the absolute con- 
figurations of two asymmetric centers, C-3 and C-7a, were determined independently. 

Catalytic hydrogenation of I affords quantitatively /I-dihydrosedanolide (IV).* 
Since the configuration probably does not change during hydrogenation, compound 
IV instead of I is discussed. 

Compound IV was hydrolysed to the corresponding hydroxy acid (V) by alkaline 
treatment and V was oxidized to the oily keto acid (VI) with chromium trioxide- 
pyridine complex. Compound VI was epimerized to the isomeric keto acid (VII) by 
heating in an alkaline solution, Since VII was also oily, it was converted to the 
2+dinitrophenylhydrazone (VIII), m.p. 16%168”, [a]u -56”. 

On the other hand (+)-trans-hexahydrophthalic acid (IX) was treated with acetyl 
chloride to give the anhydride (X),s which reacted with butyl-cadmium to yield an 
oily keto acid (XI) and the latter was converted to the crystalline 2+dinitrophenyl- 
hydrazone (XII); m.p. 165”, (a],, +69”. Since VIII and XII show the same &-value 
as the racemic form in four systems of thin layer chromatography, which discrim- 
inates between the cis- and the trans-racemates, they are considered to be enantiomeric. 
The pathway of these conversions is shown below. It is concluded from the results 
that the absolute configuration of IV at C-7a is the reverse of (+)-trans-hexahydro- 
phthalic acid (IX). 

The absolute configuration of IX has been established,4p5 and we came to the 
same conclusion independently by the route used by one of the investigators but in 

the enantiomeric series of compounds as shown below. The route had been estab- 
lished in racemates by Owen ef al. Q Hiickel et al. converted (+)-cyclohexane-rrans- 1, 
2-diacetic acid (XIX) into (-)-trans-hydrindanone-(2) (XX),? the absolute configur- 
ation of which is known to be R from the study of optical rotatory dispersion by 

l U. Nagai and H. Mitsuhashi, Terruhedron in print. 
* H. Mitsuhashi and T. Muramatsu, Tetrahedron 20, 1971 (1964). 
a A. Werner and H. E. Conrad, I?er. Dtsch. Chem. Ges. 32,3046 (1899). 
4 D. E. Applequist and N. D. Werner, J. Org. Chem. 28,48 (1963). 
s H. M. Walborsky, L. Barash and T. C. Davis, Tetrahedron 19, 2333 (1963). 
4 G. A. Haggis and L. N. Owen, J. Chem. Sex. 389 (1953). 

Md. Erfan Alli and L. N. Owen, J. Gem. Sot. 2111 (1958). 
‘I W. Hiickel, M. Sachs, L. Yantschulewitsch and F. Nerdel, Lieb@ Ann. 518, 183 (1935). 
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Bourn and Klyne .8 By tracing back the above routes of correlation, the absolute 
configuration of IV at C-7a has been established as R. If the relative stereochemistry 
of IV is correctly assigned, it may be described as 3(S), 3a(S), 7a(R)-3-butyIhexa- 
hydrophthalide. 

In order to confirm this concIusion, the absolute configuration at C-3 was 
determined by another method. Since Barton and de VriesO obtained IV by catalytic 

Ixlx XZK 

a P. M. Bourn and W. Klyne, J. Chem. Sot. 2045 (1960). 
m D. H. R. Barton and J. X. de Vries, J. Chem. Sot. 1916 (1963). 
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hydrogenation of (-)3-butylphthalide (II), the absolute configuration of which is 
identical with that of IV at C-3, compound II is discussed. 

Methyl o-nitrophenyl carbinol (XXII) was prepared by Meerwein-Pondorf-Verley 
reduction of o-nitroacetophenone (XXQ1* and resolved by recrystallization of the 
brucine-salt of its hydrogenphthalate (XXIII). The optically active methyl o-nitro- 
phenyl carbinyl hydrogenphthalates, (XXIV and XXV) were reduced with sodium 
sulphide to yield o-aminophenyl methyl carbinols, XXVII and XXVIII, respectively. 
(+)-o=Aminophenyl methyl carbinol (XXVII) obtained from (-)-hydrogenphthalate 
(XXIV), was diazotized and reduced with hypophosphorous acid to afford (+)-methyl 
phenyl carbinol (XXIX). The optical rotatory power of XXlX had to be measured 
in solution because of the poor yield. But, since no reliable data measured in solution 
could be found in the literature, authentic (-)-methyl phenyl carbinol (XXX) was 
prepared by the method of Downer and Kenyon” and its rotatory power measured 
both without dilution and in solution with the same solvent used for XXIX. No 
change in sign was observed. The 3,S-dinitrobenzoates of XXIX and XXX were 
prepared and comparison of their rotatory powers confirmed the above result. 
(-))-o=Aminophenyl methyl carbinol (XXVIII) was diazotized, treated with cuprous 
cyanide by the procedure of Sandmeyer cyanation, and afforded (-)-3-methyl- 
phthalide (XxX11). By tracing the correlation routes shown below, it is concluded 
that XXX11 has the S configuration on the basis of the known absolute configuration 
of methyl phenyl carbinol.12 

lo Prepared by the method on &g&c Synfhesis 30, p. 70. 
I1 E. Downer and J. Kenyon, J. Chem. Sot. 1156 (1939). 
In P. A. Levene and S. A. Harris, J. Biof. Chem. 113,55 (1936). 

P. A. Lmene and P. G. Stevens, J. Biof. Chem. 87,375; 89,471 (1930). 
K. Freudenberg, J. Todd and R. Seidler, f&f@ Rnn. 501,199 (1933). 
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rotatory dis~rsions were m~sured for II, XXVIII, XXX and XXXIL (Fig. 1). 
Both II and XXXII show negative plain curves, and are considered to have the same 
absolute configuration. Therefore, II, IV and T are also considered to have the S 
configuration at C-3 as expected, and their relative configurations are likewise sup- 
ported. It is interesting to note the opposite sign of rotatory dispersion curves of 
XXVIII and XXX despite their identical absolute ~on~gurations. 

The direct formation of XXX11 by Sandmeyer cyanation can be considered as 
follows, o_Cyanophenyl methyl carbinoi (xXx1) would be first formed, and the 
cyan0 group under the influence of the acidic medium would then react with the 
n~ighbouring ~-hydroxyl group to form an intramol~uiar imin~ether which would 
then be hydrolysed to XxX11. 

Usually, imino-ether formation is carried out in absolute alcohol and the product 
decomposed with water to form an ester. In this case, the presence of an hydroxyl 
group in the sterically favoured position excludes the influence of water in the formation 
of a cyclic imino-ether, which then reacts spontaneously with water to form a lactone. 
In the preliminary experiments with racemates, a-cyanophenyl methyl carbinol was 
detected by a band at 2200 cm-l in addition to a band at 1770 cm-’ due to y-lactone 
in the II2 s~trum of the crude products with a mild r~ction procedure of Sandmeyer 
cyanation. 

From a biogenetic point 
configuration at C-3, though 

of view, III is considered to have the same 
no chemical evidence has been obtained. 

absolute 
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FIG. 2. IR spectrum of (--)3methylphthalide in chloroform. 

TABLE 1. YIELDS AND PROPERTIES OF 8 FRACIIONS IN RESOLUIION OF XXIII 

Fraction 
no. 1 2 3 4 5 6 7 8 

wt (g) 1.3 4.8 5.4 2.7 o-9 2.7 I -9 2.8 

Brucine M.p. 110*- 1 lo”- 
155” 

1 lo”- 
110” 

168”- 
salt (dec) 115” 115” 115O 185” 1940 

190”- 
194” 

MD - 30.4” - 3.58” -88-O” - 10.8” -114” go.7” +120° + 129” 

Wt-A+ (g) 0.4 1.9 2-O 1 a0 0.3 1.0 0.6 1.1 

Free W&B* (@ 0.15 1.25 1.2 0.7 0.1 0.5 a-15 0.7 

acid 
M.p. J 35”- 135”- 127”- 134”- J3J”- J31”- 131”- 135”- 

137” 139” 133” 135” 135’ 137” 137” 137” 

MD -7.78” OxtO” -227” O-00” -288” +78.7” +236” + 320” 

* Wt-A and -B indicates the weight before and after recrystallization, respectively. 
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EXPERIMENTAL 

M.ps are uncorrected. Rotatory dispersions were measured in MeOH with the recording spectra- 
pol~i~~r, UR~~UV-5 Model of JASCO Ltd. Na,SO, was used as drying agent, unless otherwise 
stated. 

Compound IV (70 mg) was dissolved in a small amount of EtOH and heated with 20% KOHaq 
(O-3 ml) for 4 hr on a boiling water-bath. 

The reaction mixture was diluted with water, acidified under cooling, and extracted with cold 
ether. The ethereal solution was dried (C&13 in a refrigerator for 1 hr, and evaporated under red. 
press. The residue was recrystallized from rn~yl~e c~orid~h~ane and a&ded crystals, m.p. 
86-900 (30 mg). Crystalline plates, m.p. 93-94” were obtained by ~t~li~tion, [rxQ = -25-f” 
(c = 1555, CHCl& 

~j~~~~~~~~ ~f~r~~~~~ ,fZ,~~~;t”p~~yi~y~~~~ (VIII). Chromic acid-pyridine complex 
was prepared from C&Q (SO mg) and pyridine {0*5 ml). Com~und V (15 mg) in pyridine (a15 ml) 
was added to the complex. More pyridine (0.4 ml) was added to the mixture until homogeneous, 
and the solution left overnight at room temp. The reaction mixture was diluted with water, acidified 
and extracted with ether. The ethereal solution was washed with water, dried and evaporated. 

The residue (9 mg) was dissolved in 5 % KOHaq. The solution (skunk to Creeol Red) was heated 
on a boiling whir-bath for 1 hr. When cool, the ~lution was made acidic to Bromph~ol Blue and 
extracted with ether. The ethereal solution was washed with water, dried and evaporated. Tbe 
residue was dissolved in EtOH, reacted with a solution of 2,~initrophenylhyd~ne in alc~oli~ 
HsPOc by beating for 5 min on a boiling water-bath and left at room temp for several hr. The pm- 
cipitate formed was recrystallized from EtOH as needles, m.p. 150-167”. R~~~~lli~ti~ from 
EtOH yielded plates (2.3 mg); m.p. 165-167” (sint, at 161”), [rJil 7 -556” (c = 055, EtOIi), 

Reaction of ( -)-trans-kxahy&ophtholic anhydridtr (X) with btrtylcadmium 

Formation of the 2,4_dMtrophenylhydrazone (XII). An ethereal solution of BuMgBr was prepared 
from metallic Mg (0*28 s) and butyl bromide (2-l g), and converted into butyi~dmium by refluxing 
with CdCl, (O-78 g) for 40 min until a ne~ti~ Gilman’s test for canard reagent was observed. 
The solvent was replaced with benzene. Finely powdered ( -~-t~~h~ahydropht~lic anhydride 
(06 g) was added to the cold benzene solution of butylcadmium with vigorous stirring. The Zion 
mixture was refIuxed for 3 hr, cooled and stirred with 10 % H&C&. The aqueous layer was separated 
and extracted with ether. 

The ethereal solution was ~rnbi~ with the beuzene layer, dried and evaporated, yielding 
0~79 g of an oily residue. A small portion of the residue was converted to the 2,4dinitrophenyl- 
hydraxone (XII) by the same ptooedure as above, Recrystallization of XII from EtOH gave plates 
or needles; m.p. l&168”, [~]a = +69*3” (c = 0.92, EtOH). (Found: C, 5532; H, 6*23. 
CraH8~O~N, requires: C, S5@9; H, 6*1??$ 

On admixture with VIII the m-p. was depressed to 135-140’. VIII, XII and their regal 
showed the same R,-value in 4 systems of T.L.C. (M&H: t?.& = 1: 3 and n-Bu0H saturated with 
water on alumi~ G, Merck ; MeOH : CsHs - 3 : 97 and MeoH T CHCl* = f : 99 on Toshin-Layer G). 

Au ethereal solution of di~o~thane was added to the cold solution of ~-~r~-he~yd~ph- 
thalic acid (700 mg) in ether until the yeltowish colout due to diazomethane remained, and kept in a 
refrigerator overnight. Acetic acid was added dropwise to decompose excess diazomethane. Evapora- 
tion of the solvent afforded an oil (Xl!/; 600 mg), 

( +)-trans-i,2-3~~hyd~oxy~~~yrcycrohexane (XV) 

Compound XIV (tioo mg) was dissolved in absolute ether and added to the ethemi solution of 
LAH (600 mg) under stirring. After 1 hr stirring, the reaction mixture was treated with wet ether 
to d~rnpo~ excess of the gaunt, then with dil. I&SO4 and filtered. 








