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TERPENES. X N .  THE STRUCTURE OF VALERENIC 
ACID1 

Sir: 
The spasmolytic effects of extracts of Vuleviuna 

oficinabzs L. have been attributed to a carboxylic 
acid, C15H2202, m.p. 140-142", [ a j 2 0 ~  -120' (Et- 
OH) of unknown structure which was named 
valerenic acid.2 We have been able to show that  
valerenic acid is a sesquiterpene containing a novel 
carbon skeleton. The spectral properties ( X ~ l ~ ( ~ H  
217 nip, E 13000; &::'3 1685, 1625 an.-') arc those 
of an a,P-unsaturated acid and the presence of a sec- 
m d  double bond was established by catalytic reduc- 
tion to a saturated tetrahydrocarboxylic acid and 
cpoxidation of methyl valerenate (11), b.p. 98-100" 
(0.05 mm.), n Z 3 ~  1.5121, [ O ( ] ~ O D  -124' (EtOH), 
XEt,"," 219 mp, E 13800, ~:::'3 1710, 1640 cm-l ,  to 
the epoxide 1 1 7 ,  b.p. 114-ll(io (0.05 mm.), n 2 ' D  
1.5002, a Z 4 D  -120' (EtOH), v Z x  1710, 1642 cm.-'. 
Ozonization of I yielded pyruvic acid (2,4-DNP, 
m.p. 218-220', pure and mixed with authentic 
sample) while ozonization of I Y  gave the aldehyde 
\', b.p. 75" (0.05 mm.), n 2 3 D  1.4850! [ a i Z o D  -1%' 
(EtOH), v,!& 1725) 3720 ciii. - I ,  semicarbazone, 
1n.p. 207-209'. The structure of the complete 
side chain in valerenic acid was ascertained in this 
way. Treatment of I with anhydrous hydrochloric 
acid in methanol led to methyl valerenate hydro- 
chloride, b.p. 115-116" (0.03 mm.), F L ~ ~ D  1.5052, 
[ a ] ' " D  -29" (EtOH), A::!" 224 mp, E 15500, vi,;;, 
1710-1715, lG50 cni.-', which on ozonization was 
converted to a chloroaldehyde, ClzH190C1, b.p. 64- 

vi& 2710, 1725 cm.-l. This, when treated with 
hydroxylamine acetate, furnished the unsaturated 
oxime, m.p. 147-148", v ~ ~ . ~ '  1660 cm.-l. IZeciuc- 
tion of the latter with lithium aluminum hydride 
then catalytic reduction and quaternization with 
methyl iodide gave the quaternary iodide (VI), in 
257-260'. Hofmann degradation afforded an olefn 
(VII), vz. 3080, 1642, 883 cm.-', which subse- 
yuently was transformed to the ketone (VLII), 
v::x 1'710 crn.-l, semicarbazone, 1n.p. 101-105', by 
osmylation arid glycol cleavagc with lead tetraatc- 
tate. 

The presence of tihe part structure A suggested e.v- 
pression I for wlerenic acid which could be the result 
o j a  new biogenctic rearrangement oj'a guianolide (13). 

65' (0.005 mm.), n Z 3 D  1.4930, [a]"D -21' (EtOH), 

i OOH $1 

'hz I 1  b so 2: 
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In  agreement with this view, we found that  the al- 
lylic alcohol (111), b.p. 112-114" (0.15 mm.), nZ5n 
1.5182, [a]"D -70' (CHClS), prepared by reduc- 
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tion of I1 with lithium aluminum hydride, on dehy- 
drogenation with selenium a t  300" during 3.5 hr. 
gave the indane IX,  b.p. 101-102" (1.1 mni.), 7 1 L 5 ~  
1.5118, [ a ] ' " D  o", i ~ ~ ~ L q n e  218 ( E  10100), 2%:3 ( E  

9400)) 256 ( E  ?SO), 2 G  ( E  3131, 272 ( E  235), 270; m p  
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111, R = CII2OH 

& I" 
R Li 

X. R = COOH 

( E  1%). v : : ~  1873, 1725 cm.-1, characteristic ci f  
1 ,",:l,.l-tetrasubstituted b e n ~ e n e s . ~  The yield of 
gas chromatographically pure I X  was 40%. 
Friedel-Crafts condensation of p-isob~ityltoluene~ 
with crotonyl chloride afforded lj4-dimethyl-7-iso- 
butyl-indan-3-01ie,~ b.p. 101-102" (0.63 mm.) 
,qlw;tml, 
305 mp ( E  31200), uzx 1710, 1585 cm.-', semicarba- 
zone, 1n.p. lG8-1G9"; 2,4-DNP, m.p. 143-144', 
which was reduced according to Clenimensen to 
1,4-dimethyl-7-isobutylindan (IX) . The ultravio- 
let, infrared and mass spectra6 of synthetic IX were 
identical with those of the hydrocarbon from valer- 
enic acid. 

We next determined the position of the nuclear 
double bond. Partial catalytic reduction of I gave 
dihydrovalerenic acid (X) which was reduced to XI 
with lithium aluminum hydride, converted to the 
tosylate XII, which in turn was hydrogenolyzed 
with lithium aluminum hydride to the gas chroma- 

24G ( e  10600), 253 ( e  lOSOO), 294 ( t  29-100), 

(3) C. \\'. Young, R. B. DuVall and K, Wright, Anal .  Chem., 23, 
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( 5 )  For analogies see C. A Thomas, "Anhydrous aluminum Chlo- 
ride in Organic Chemistry," Reinhold Publishing Corp., New York, 

(ti) The  mass spectra were kindly measured by Prof. K. Riemann 
s. Y., 1941, p. 212. 

and Dr. J .  Seibl, hl.1.T. 
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tographically homogeneous olefin XIII ,  b.p. 56- 303-- -- ~ 

60' (0.1 mm.), n2*D 1.4834, [ c u ] ~ O D  -75' (EtOH). 
Oxidation of XI11 with osmium tetroxide afforded 

120-125' (0.15 mm.), [ C U ] ~ ~ D  +7' (CHCl,), and diol 

-31' (CHC13) with lead tetraacetate, were both 
cleaved to the same diketone (XVI), b.p. 140-145' $ 5 0 ~ -  

(0.85 mm.), [ c r ] 1 9 ~  -80' (CHC13), vEfi4 1707, 1715, y. 
1360 cm.-' (cyclohexanone, methyl ketone). The 5 " O -  

- 0 l O N H C 1 0 , ~  iONHL13~-5GNHc1G4----  

6 c 0 -  

two diastereomeric diols. Diol XIV (80%), b.p. 700- r" 
~i 

I 1  
/ i  

I C r I H 2 0 r  

I \  

xv (a()%), b.p. 110-115' (0.15 mm.), [ c u ] ~ ~ D  6 0 0 -  i , C r ( N C S ) ( H 2 G l y  
i 

6 

' I  

formation of a cyclohexenone (XVII), b.p. 80-83' $,,,! C,(I\ICSi2(H20; 

DNP, m.p. 151-152', by acid catalyzed cyclization , '  i i  I '  

agreement with our proposal, the 56.4 mc./sec. '-'--%!~--'-'-------' 1'10 2:3 ~ !---+---- 31c 4cc 'rrrrrcIx :co 

(0.15 mm.), [ a ] 2 4 ~  -50' (CHCl,), 241, 289 Iron5 CIS  ! I  RESINp z mp, e 14100, 1440, vEEA4 1670, 1618 cm.-'; 2,4- 2 3 0 -  i ' b  8 ,  

I I *  
of XVI is only possible if the nuclear double bond , c 3 -  . +  - ' I 

of valerenic acid is located as shown in I .  In 

n.m.r. spectrum of I1 in CDCl, exhibited these V3LIJME.  m'  

peaks: doublet (3H) centered a t  T 9.22 (J 8 c./s.); Fig. 1. 
singlet (3H) a t  T 8.34; doublet (3H) a t  T 8.09 
(J -1 c./s.); singlet (3H) a t  T 6.28; doublet ten- the above reaction 1naY have an energy U P  to a 
tered a t  T 2.95 (J 9 c./s.) with additional fine split- nlaximum of 880 ev., depending on the number 
ting.7 The spectrum of methyl valerenolate pre- and energies of the Y rays emitted. Each vacant 
pared by hydrolysis and esterification of naturally coordination site left by rupture of a Cr-NCS 
occurring acetylvalerenolic acid2 had a strikingly bond is expected to be filled by Provided the 
similar spectrum: doublet (3H) centered a t  9.29 SOlEtiOn is Sufficiently dilute and there is a low 
(J 7 c./s.); singlet (3H) a t  7 8.36; doublet (3H) a t  concentration of free NCS-. Thus, measurement 
T 8.09 (J -1 c./s.); singlet (IH) a t  7 7.22; singlet of the amount of 27-day CrS1 in each species after 
( 3 ~ )  6.36; quadruplet centered a t  5.85; irradiation will give information about the prob- 
doublet (1H) centered a t  T 2.97 (J 9 c./s.) with fur- ability of bond rupture. 
ther splitting. This situation tentatively suggests An aqueous solution, 1.69 x mole fraction 
that valerenolic acid may be a hydroxyvalerenic in (NH4)3Cr(NCS)6, and containing no free NCS-1 
acid. %'e are indebted to the National Institutes Was irradiated for 1 min. at  a neutron flux of CU. 
of Health for a predoctoral fellowship to T.L.P. and neutrons Cm.-2 See.-'. The solution was 
to Dr. D. Phillips, E. 1. du pant de Nemours passed through, a Dowex-50 cation-exchange resin 
and Company, Inc., for the n.m.r. spectra. column, and then through a chromatographic 

alumina column. Cr(NCS)3(H20)3 was extracted 

COPY," Pergamon Press, Ltd. ,  London, 1959, p. 119; the cation-exchange column is shown in Fig. 1, and 
Can. J .  Chem.,  38, 549 (1960). the elution curve of total Cr from the alumina col- 
DEPARTMENT OF CHEMISTRY G. B ~ C H I  umn in Fig. 2. The results are summarized in Table 
MASSACHUSETTS INSTITUTE OF TECHSOLOGY I, which gives the distribution of Cr51 radioactivity 

and total Cr found in each species. CAMBRIDGE 39, MASS. 
RESEARCH LABORATORIES 

TABLE I SANDOZ LIMITED D. STAUFFACHER 
BASEL, SWITZERLASD DISTRIBUTION OF Cr5I RADIOACTIVITY AXD TOTAL Cr IN RECEIVED MAY 2, 1960 

DIFFERENT SPECIES 

(7) Cf. the  spectra of methyl angelate and methyl tiglate, L. hI. 
Jackman, "Applications of Nuclear Magnetic Resonance Spectros- into ether' The curve Of Cr6' activity from 

R. R. Fraser: 

T. L. 

Species Radioactivity, yo Total Cr, % 
Cr(NCS)a-3 <o. 1 31 

Cr( NCS)4- 3 . 9  4 . 0  

EFFECTS OF NUCLEAR RECOIL IN THE CHROMIUM 
Cr( NCS)6-2 0 . 1  57 (111)-THIOCYANATE SYSTEM OF COMPLEXES 

Sir: 
A dilute solution of the c r ( N c S ) ~ - ~  ion has been Cr( NCS)3 1 . 9  0 3  

irradiated with neutrons in order to study the cis-Cr( NCS), + 15.5 1 . 9  
chemical effects of the recoil following the Cr5O- trans-Cr( NCS), + 4 . 8  O B  
(n,y)CrS1 reaction. This system was chosen be- Cr( NCS) +e 33.G 3 7  
cause all of the complexes in the series, Cr(NCS),- Cr + 3  29.1 1 5  
(H20)6 - -n -n i3 ,  where n = 1, 2, . . ., 6, have been Others" 7 . 2  . .  
isolated, and a t  room temperature in neutral or Resin* 4 . 0  . .  
acidic solution the rates of interconversion of the 
different species are s1ow.l Ion exchange recently 
has been applied2n3 for the separation of the cations 
in the series, including the geometrical isomers of 

(1) N. Bjerrum, Z. anorg. Chef%., 118, 131 (1921); 119, 39, 54, 179 

(2) E. L. King and E. B. Dismukes. THIS JOURNAL, 74, 1674 

(3) J. T. Hougen, K .  Schug and E. L. King, i b i d . ,  79, 519 (1957). 

Total activity outside of main peaks. * Aictivity re- 
maining on cation-exchange resin. 

parent species, and very little retention in any 

of the large recoil energy available compared to 
chemical bond energies, it  is surprising that any (1921). 

(1952). NCS- groups could remain bound to the Cr. 
However, there may be mechanisms which would 

There is no retention of radioactivity in 

Cr(NCS)2(H20)4+. The Cr5' nucleus formed in species with than two NCS- groups. In view 


