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FIG. 1. WILLACENIN ACETATE. (3 P-hydroxy-20~, 22a, 25~-spirostan-12-one) 10.0 grams per liter in CSZ; 1.0-mm. cell. 

been found in nature. Attempts to  prepare it by 
hydrochloric acid isomerization of a minute quan- 
tity of willagenin were unsucessful. 

EXPERIMENTAL 

Melting points, optical rotation, ultraviolet and infrared 
spectra were determined in our usual manner.2o YuccaJilifera 
sawdust4 (5.7 kg.) was extracted with ethanol and the 
saponin converted to sapogenin as described previously .' 
The crude sapogenin, 27.5 g., was dissolved in benzene and 
chromatographed on 300 g. of Florisil. Elution with ben- 
zene and chloroform gave semicrystalline fractions which 
contained some carbonyl (infrared assay). The benzene and 
chloroform eluates were combined and the solvent evapo- 
rated. The residue, 20.0 g., was treated with Girard's reagent 
T using the experimental conditions described by Mueller 
et ~ 1 . 2 ~  The ether soluble fraction was crystallized from 
methanol, 15.0 g., m.p. 196-198'; the infrared spectrum 
showed that the compound was sarsasapogenin. 

Willagenin ( 3~-hydroxy-lOa,Wda,26~-spirostan-IW-one). The 
water-soluble fraction from the Girard T separation de- 
scribed above was acidified to pH 1.0 with hydrochloric 
acid, heated 1 hr. on the steam bath and the flocculent pre- 
cipitate collected, washed, and dried. Several crystallizations 
from methanol gave 0.5 g. of willagenin, flat rods, m.p. 

Wilhgenin acetate. Rillagenin was treated with acetic 
anhydride-pyridine in the usual manner. After removing the 
solvent in vacuo, the residue was recrystallized three times 
from methanol, rods, m.p. 183-185", [a]2,5 -1.0'; in- 
frared spectrum is shown in Fig. 1. 

Anal. Calcd. for C Z ~ H ~ ~ O ~ :  C, 73.69; H, 9.38. Found: 
C, 73.90; H, 9.44. 

(20) M. E .  Wall, S. Serota, and C. Roland Eddy, J .  Am. 
Chem. Sac., 77, 1234 (1955). 

(21) G. P. Mueller, R. E.  Stobaugh, and R. S. Winniford, 
J .  Am. Chem, Xoc., 75, 4888 (1953), 

166-168', [a]:  +5.1". 

Wolf-Kishner reduction of willagenin. JJ7illagenin ( 100 
mg.) was treated Kith hydrazine hydrate and alkali in a 
mixture of ethanol-ethylene glycol using the experimental 
conditions described by Huang-Minlon.12 After the usual 
ether work-up, the residue was crystallized from methanol to 
yield 70 mg., m.p. 195-198', infrared spectrum identical 
with that of sarsasapogenin. 
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Phytol was first isolated as a constituent of the 
chlorophyll molecule by R. Willstatter and Ferdi- 
nand Hocheder,' who reported an optical activity of 
[CY]: +0.79" for crude phytol. Subsequent t o  dis- 
tillation in vacuum, the optical activity could not 
be detected. 

F. G. Fisher2 and K. Losvenberg3 proved the 

(1) R. Willstatter and Ferdinand Hocheder, Ann., 354, 

(2) F. G. Fisher, Ann. 464, 69 (1928). 
(8) F, G. Fisher and M. Lowenberg; Ann, 475, 183 (1928)# 

205 (1907). 
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structure of phytol and reported a successful syn- 
thesis, but were unable to observe any optical ac- 
tivity in either crude or distilled phytol. 

T. Wagner-Jauregg4 observed a small rotation 
on crude phytol ( a  +0.08", [a]= $0.79"), and no 
optical activity on distilled fractions. He roncluded 
that, native phytol is either racemic or had a very 
small optical rotation. 

Samples of native phytol examined by P. Karrer 
et al. showed very small to zero rotations. The 
same workers synthesized an optically active 
levorotatory phytol (not an enantiomorph of 
native (+)-phytol, but a mixture of two diastereo- 
isomers), which had a small rotation, a -0.18", 

A persisting four degree difference in the melting 
points of the allophanates of d,l-a-tocopherol, 
whether prepared from native or semisynthetic 
phytol, had been found. It was suggested that this 
might be due to the different steric nature of native 
and semisynthetic p h y t o l ~ . ~  

Both the native and semisynthetic phytols gave 
on ozonolysis 2,6,lO,trimethvlpentadecanone-14 (1) 

[a]:" -0.200.5~6 

and on oxidation 4,8,12,trimethyltridecanoic acid 
(11). 

(CH,)zCH(CHz), r T  H(CH2)a H(CHz)a- T =O 

( CH~)ZCH( C H Z ) ~  8"" H( CH2)a(!XCHzCHzCOOH 

I ( U L 2  zk0.22') 

CH3 

I1 ( U I , ~  f0.24') 

The preparation of both products results in an in- 
crease in optical rotation. 

Both the very weakly active and the seemingly 
inactive samples of native phytol as well as the 
semisynthetic phytol, however, gave phytadienes 
(111) which had distinct optical rotations. 

CH3 CH3 CH3 
I 

( CH~)ZCH(CH~)~AH(  CHz)3CH(CHz)&H = C!CH=CHQ 

I11 Native phytol a = 0 to +0.17" 

Synthetic ( - )  phytol a = -0.18' 
( - )  Phytadiene a = -0.25' 

(+) Phytadiene a = +0.89' 

Consequently, phytol was termed a latently op- 
tically active substance. It was assumed that 
phytol preparations might be accompanied either 
by small amounts of levorotatory impurity, 
which would obscure the small dextrorotation of 
the phytol itself or by a negligible amount of dextro- 

(4) T. Wagner-Jauregg, 2. physiol. Chem. 222,21 (1933). 
(5) P. Karrer, A. Geiger, H. Rentschler, E. Zbinden, and 

(6) P. Karrer, H. Simon, and E. Zbinden, Helv. Chim. 

(7) P. Karrer and B. H. Ringier; Helv. Chim. Acta, 22, 

A. Kugler, Helv. Chim. Acta, 26,1741 (1943). 

Acta, 27, 313 (1944). 

610 (1939). 

rotatory substance to which the observed rotation 
should be ascribed. 

It is our intention to offer an explanation for the 
small or immeasurable optical rotation of phytol. 
This problem seems to be closely related t o  the 
problem of configuration and optical activity of 
vinyl polymer~.~,9 Phytol can be described as a 
low molecular polymer (tetramer) of three iso- 
pentane units and one modified isopentanc unit. 

CH3 CH, 
I I 

(6) 

CHI CHI 

(10) 

CH~CHCH&Hz---CH&HCHzCHz---- 

CHzCHCHzCH~-CHzCLCHCH,OTI I 

Work on simple systems and small molecules'" 
indicates that  any structural dissimilarity more 
than a few atoms away from the asymmetric cen- 
ter will result in little contribution to  the optical 
activity of the center. Therefore, contributions of 
chain length differences and end groups to the op- 
tical activity were expected8ag and appeared'l to be 
negligible. 

The Ce and Clo atoms in the phytol molecule are 
asymmetric centers. The point of structural dis- 
similarity relevant to the C6 center is removed, 
however, to the fifth carbon atom whereas the 
structural dissimilarity relevant to the Clo center 
is removed to the fourth carbon atom. Therefore 
only a small optical activity is observed. Any 
modification in the molecule which mould "move" 
the points of structural dissimilarity closer t o  the 
asymmetric center will be accompanied by an in- 
crease in optical activity. This is the case in 4,8,12- 
trimethyltridecanoic acid (11). The point of struc- 
tural dissimilarity relevant to  the Cl" asymmetric 
center is now "moved" to the third carbon atom 
and the angular rotation has increased from +0.17 
to +0.24" (an increase of 41%). 

In  the case of (+)-phytadiene the point of struc- 
tural dissimilarity revelant to the Clo asymmetric 
center is now "moved" to the third carbon atom. 
A shift of the absorption band to  longer wave 
lengths has also o ~ c u r r e d . ~  The angular rotation 
has increased from 0" and +0.17" to +0.89", the 
molar rotations show a fivefold increase. 

[~q!f]phytol = +0.58", [kflphytadiene = 4-3.0" 

The smaller increase in the angular rotation in 
the case of (+)-phytadiene as obtained from semi- 
synthetic (-)-phytol is due to the fact that the 
latter is a mixture of two diastereoisomers. 

(8) H. L. Frisch, C. Schuerch, and M. Szwarc, J .  Polymer 

(9) I". Beredjick and C. Schuerch, J .  Am. Chem. Soc., 

(10) R. E. Marltcr; J .  A m .  ChPm. Soc,  58, 976 (1936) 
(11) C. S hlarvel, R. I,. r rank,  and E. Prill, J .  A m .  Chem. 

Sei., 11, 559 (1953). 

78, 2646 (1956). 

Soc., 65,  1647 (1943). 
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A compound believed to  be p-biphenylyl p-D- 
glucopyranosiduronic acid has been isolated as a 
urinary metabolite of p-phenylphenol in rabbits' 
and of biphenyl in rats.2 In  order to  establish the 
structure, authentic p-biphenylyl 0-D-glucopyrano- 
siduronic acid was synthesized by chemical means 
and shown to  be the same as the metabolite ob- 
tained by workers a t  this laboratory from the 
urine of rats on a diet containing biphenyL3 This 
work was conducted in connection with chronic- 
toxicity studies on biphenyl. 

EXPERIMENTBL 

p-Biphenylyl P-D-glucopyranosiduronic acid. A modifica- 
tion of the method used by Marsh4 to oxidize a glucopyrano- 
side to a glucopyranosiduronic acid was employed. Platinum 
on charcoal was used as a catalyst instead of platinum black. 
A suspension of 1.85 g. of p-biphenylyl P-D-glucopyranoside6 
and 0.400 g. of platinum on charcoal in 300 ml. of water was 
heated with stirring to 65"C., while oxygen was bubbled 
through the mixture over a period of 4 hr. A solution of 
sodium bicarbonate was added when necessary to keep the 
reaction neutral to litmus. After 4 hr. reaction the mixture 
was filtered and the insoluble cake of unreacted crystalline 
glucoside and catalyst was resuspended in water, heated to 
65"C., and allowed to react as before. The isolation was re- 
peated and a fresh portion of platinum on charcoal catalyst 
(0.200 g.) was added for the third oxidation treatment. The 
filtrates were combined and concentrated under reduced 
pressure. The pH was adjusted to 3 with dilute hydrochloric 
acid. The precipitated material was filtered and a yield of 
0.330 g. (23% based on reacted starting material) of needle- 
like crystals was obtained from hot water. In  addition 0.54 
g. of starting material was recovered. The analyses of the 
product remained unchanged upon repeated crystallization. 

Two dimensional paper chromatography was conducted 

(1) K. S. Dodgson, G. A. Garton, A. L. Stubbs, and R. 

( 2 )  H. D. TT7est, J. R. Lawson, I. H. Miller, and G. R. 

(3) Unpublished results of Dr A. N. Booth of the Pharma- 

(4) C .  A. Marsh, Nature, 168, 602-603 (1951). 
(5) S.  I<. Richtmyer, J. Am. Chern. SOC. 56, 1633-37 

T. Williams, Biochem. J. ,  42, 357-68 (1948). 

Mathura, Arch. Biochem. and Biophys., 60, 14-20 (1956). 

cology Section of this laboratory. 

(1934). 

on the synthetic material and the metabolite from ra 
urine, These materials chromatographed alike and both 
showed the same degree and kind of fluorescence. Upon acid 
hydrolysis the synthetic glucuronide showed the presence of 
only p-phenylphenol and glucuronic acid by paper chroma- 
tography. The analyses of the synthetic material are as 
follows : 

Anal. Calcd. for C1gHI807: C, 62.4; H, 5.2. Found: C, 
62.0; H,  5.31 [a]? (c 1, 9570 ethanol) -80.2,6 melted with 
decomposition, 185-187°C. [e]? (c  1, ethanol) -85.2;? 
m.p., 185'.? The rotation given by Dodgson,' [CY]: -90.6, 
was measured from a 0.1N sodium hydroxide solution. 

Optical and crystallographic properties of synthetic p- 
hiphenylyl P-n-glucopyranoszdzironic aczd. Form and hahzt. 
Crystals grown by slowly cooling a hot aqueoiis solution are 
colorless in splintery clusters of nearly parallel needles or 
blades tapering to slender points. Longitudinal striations 
are common. Transverse cleavage is likely to occur when 
crystals are handled or when the cover glass is moved on 
crystals immersed in oil. Common views of the crystals all 
show parallel extinction with the slow ray crossyise, CY length- 
x-ise. The crystal system is probably orthorhombic. 

Refractive indices. (Sodium light, 27°C.) CY = 1.558, P = 
1.602, y = 1.73. 

Optic axial angle. (+) 2V = 64'40'calculated from CY, 0, 7. 
2E = 118" calculated from 01, 8, y. 

Dispersion. ( r  > v )  slight. 
Optic orientation. The axial plane is lengthwise, 01 is 

lengthwise. Centered Bz, interference figures are obtainable 
from some blades, although the angle 2E is too large to 
measure accurately (melatopes a t  edge of field). Some crys- 
tals appear t o  be twisted so that the transverse index 
changes from p to y along the length of the crystal. (3 and 
y were determined on crystals whose orientation was checked 
by means of interference figures. 

The optical and crystallographic properties of the metab- 
olite from rat urine were the same as those of the synthetic 
p-biphenylyl P-D-ghcopyranosiduronic acid. 

X-ray powder difraction. The d values for the major lines 
and their relative intensities are reported in Table I. 

TA4BLE I 
X-RAY POWDER DIFFRACTION  DATA^ 

d, A I I I i  d, A I / I i  d, A I / I i  

9.46 41.7 4.13 46.7 3 .18  16.7 
8 .65  25.0 4 .01  83.3 3 .08  20.8 
6.68 37.5 3.85 40.0 2.93 14.6 
6.12 16.7 3 .75  8 . 3  2.84 4 . 2  
4.84 100.0 3.67 15.0 2.76 7 . 3  
4.58 53 .3  3 .49  37.5 2.66 16.7 
4.40 16.7 3.37 29.2 2.42 12.5 
4 .21  83.3 3.28 10 .4  1.878 8 .3  

The camera radius was 7.181 cm. 1 for CuKa = 1.5418 
A. and a nickel filter vas  used. The relative intensities were 
visually determined with a calibrated intensity scale. 
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(6) Rotations were made with a Rudolph polarimeter with 
a 0.5-decimeter polarimeter tube. 


