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dimethyl ketal identical with that reported.18 The a-hydroxy 
ketal gave a colorless 3,5-dinitrobenzoate, mp 97-98' (lit.13 

Also when a small crystal of p-toluenesulfonic acid was added 
to 1.5 g (9.4 mmol) of the hydroxy ketal, and the mixture was 
allowed to remain at room temperature for 24 hr, a crystalline 
material weighing 1.1 g (4.1 mmol, 877,) was isolated and iden- 
tified as dodecahydro-4a,9a-dimethoxydibenxo-p-dioxin, mp 
167-168' (lit.'* mp 165'). 

Reaction of 2-Chlorocyclohexanone (19) with 2.0 M Sodium 
Methoxide in Methanol.-A 100-ml solution of 2.0 M sodium 
methoxide in methanol was added to 5.0 g (37.5 mmol) of 19, 
and the cloudy mixture was stirred for 45 min. The mixture 
was cooled, and 15 g (>0.2 mol) of glacial acetic acid in 50 ml of 
methanol was added. Methanol (100 ml) was removed by 
distillation through a Vigreux column. The moist solid that 
remained was mixed with 200 ml of pentane, and the inorganic 
precipitate was removed by filtration. The filter cake was 
washed several times with pentane, and the filtrate was con- 
centrated by the distillations of pentane through a Vigreux 

97-98'). 

(13) C. L .  Stevens and J.  Taouma, J. Amer. Chem. Soc., 76,715 (1954). 
(14) M .  Bergman and M .  Gierth, Jwstus LaebtQs Ann. Chem., 448, 4 8  

(1926): R. Criegee and W. Schnorrenberg, h a d . ,  660, 144 (1948). 
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column and methanol (40 ml) through a microware column 
packed with glass helices. The residue was applied to a slurry- 
packed (10% ether in hexane) silica gel (250 g) column and eluted 
as in the above experiment. Fractions (250 ml) 12-16 contained 
2.83 g (17.7 mmol; 47%) of 2-hydroxycyclohexanone dimethyl 
ketal identical with that described above. There was no 2- 
methoxycyclohexanone detected. 

RegistryN0.-6 (X = Cl), 19054-51-4; 6 (X = Br), 
19209-96-2; ?a, 17245-79-3; ?b, 17245-50-6; 8, 37107- 
95-2; 8a, 37107-96-3; 9, 37107-97-4; 10, 37107-98-5; 
10 oxime, 37111-95-5; 11 ,  37107-99-6; 12, 37105-00-2; 
13, 37108-01-3; 17, 37108-02-4; 19, 822-87-7; 2-me- 
thoxy-4-methyl-cis-4-phenylcyclohexanone, 37108-03-5 ; 
2-hydroxy-4-methyl-4-phenylcyclohexanone dimethyl 
ketal, 3711 1-97-0; 2-hydroxy-4-methyl-4-phenylcyclo- 
hexanone dimer, 37164-32-2. 
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Ivalbatin, a new xanthanolide, has been isolated from Iua dealbata Gray and its gross structure established as 
The stereochemistry of ivalbin and ivalbatin is discussed and formulas 23 (stereochemistry a t  C-2 still 2. 

uncertain) and 26 (stereochemistry at C-6 questionable) are derived. 

I n  an earlier communication2 we derived a gross 
structure for ivalbin ( l ) !  a crystalline xanthanolide 
from Iva dealbata Gray. In  the present paper we re- 
port isolation and structure determination of a second 
new xanthanolide (2) from Iva clealbata, which we have 
named ivalbatin, and discuss the stereochemistry of 
ivalbin and ivalbatin. For t'he former, formula 23 
is deduced, although the stereochemistry a t  C-2 rc- 
mains uncertain, for t'he latter formula 26, with the 
st'ereochemistry a t  C-6 still in doubt. 

As ivalbatiii was obt'ained as an unstable oil and 
polymerized rapidly, it was purified by immediate 
conversion into the crystalline acetate 3, C1,H2205. 
The yield of 3, based on t'hc crude chloroform extract, 
was 16.8%, twice the amount of ivalbin; hence, ival- 
batin is the major sesquiterpene lactone of this species. 

Ivalbatin had [ c r ] " ~  -84", uv end absorption a t  
210 nm (E 13,400) and ir bands a t  3450 (OH), 175.5 
(y-lactone), 1705 (ketone), and 1655 cm-I (C=C). A 
comparison of the nmr spectra of 2 and 3 revealed only 
one significant change, signals a t  3.65 (>CHOH) and 
3.40 ppm (>CHOH) being replaced by signals a t  4.80 
(>CHOAc) and 2.11 ppm (>CHOCOCH,), respectively. 
Hence formula Cp,HzoOJ conta,ining a secondary alcohol 
group could bc assigned to ivalbatin. Other funct'ional 
groups of 3 were the following: conjugated lactone 
as evidenced by ir bands a t  1755 and 1655 cm-I, uv 
end absorption a t  209 nni (E 13,800), and an nmr signal 

(1) (a) Paper XIV:  Constituents of Iua Species. For paper XIII ,  see 
G. D. Anderson, E. S. McEwen, and W. Hero, Tetrahedron Lett., 4423 
(1972). (b) Osaka University. (c) Florida State University. Work sup- 
ported in part by a grant from the U. S. Public Health Service (CA-13121). 

( 2 )  W. Hem, H. Chikamatsu, N. Vismanathan, and V. Sudarsansm, 
J. OW. Chem., 84, 682 (1967). 

Figure 1.-Nmr spectrum and spin decoupling of acetylivalbatin 
(3). 

characteristic of hydrogen under lactone at  5.47 ppm 
(Figure 1) ;  methyl lretonc (iodoform teqt. ir band a t  
1720 cm-I, nmr signal a t  2.17 ppm); secondary mrthyl 
(thrw-proton doublet at 1.05 ppm) ; trisubstituted 
double bond (one-proton broadrncd singlet at 5.25 
ppm) ; and an exocyclic methylene group conjugated 
with the lactone group (two one-proton doubleti a t  
3.54 and 8.27 ppm). 

The prcsence of the exocyclir mcthylenr group was 
confirmed by ozonolysis of 3 which yieldcd formaldc- 
hyde. Treatmrnt of 3 with sodium borohydride gavc 
an alcohol 4 which polymerized on standing and was 
converted into a diacetate 5 (C19H2,0e) (see Schcme I). 
The latter was not identical with diacetyldihydro- 
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ivalbin (6). Oxidation of 4 with Jones reagent gave 
dihyd oacetylivalbatin (7).  That reduction of the 
exocyclic methylene group had taken place in 5 and 
7 ma# indicated in the ir spectra by a shift of the y- 
lactone band to higher wavenumber, in the uv spectra 
by a decrease in the end absorption, and in the nmr 
spectra by the disappearance of the two vinyl doublets 
and the appearance of a second methyl doublet. Fur- 
ther confirmation for the presence of partial structure 
A in ivalbatin wa,s the formation of a noncrystalline 

WH 0 

A 

adduct 8, characterized as the cryrtalline acetate 9 
(nmr spectrum in Figure 3),3 on treatment of 3 with 
sodium methoxidc-methanol under mild conditions. 

Dehydration of 8 with methanesulfonyl chloride- 
pyridine or treatment of 8 tosylate with lutidine gave 
a noncrystalline conjugated diene 10, CleH220+, Xmax 

239 nm ( E  l l ,5L~O), whose nmr spectrum (Figure 4)3 
no longer exhibited the signal of a secondary methyl 
group, but had a new vinyl methyl doublet a t  1.75 
ppm obviously coupled to a new vinyl quartet a t  5.86 
ppm. Thii  was confirmed by spin decoupling (Figure 
4); the presence of partial structure i deduced in 
this nianncr was confirmed by ozonolysis of 10 which 
liberated acetaldehyde. Since the conversion of 8 
into 10 had also resulted in the transformation of the 
broadened vinyl proton singlet of 8 a t  5.1: ppm to a 
distinct doublet a t  lower field (5.46 ppm), the existence 
of partial structure ii, where the methyl-substituted 

(3) I i m r  spectra and spin-decoupling data  on compounds 9 (Figure 3) 
and 10 (Figure 4) will appear followng these pages in the microfilm edition 
of this volume of the journal Single copies may be obtained from the 
Business Operations Ofice, Books and Journals Division, American Chemical 
Sooiety, 1155 Sixteenth Street. N W , Washington, D. C. 20036, by re- 
ferring to  code number JOC-73-585 Remit check or money order for 83 00 
for photocopy or 82 00 for microfiche. 

i ii 

double bond is exocyclic (calcd X,,, 239 nm4), in 10 
was assured. 

Although the dehydration reaction leading to 10 
could be interpreted in terms of partial structure B, 
spin-decoupling experiments on 3 (Figure 1) estab- 
lished the presence of C rather than B in 3 and there- 

B C 

fore in 8. Thus, irradiation a t  2.53 ppm (H-10) col- 
lapsed the methyl doublet a t  1.08 ppm to a singlet 
and the doublet of triplets a t  4.80 ppm (hydrogen 
under acetate, H-9) to a broad singlet, while irradia- 
tion a t  the frequency corresponding to H-9 did not 
affect the methyl doublet. Hence dehydration of 8 
was accompanied by rearrangement of the carbon 
skeleton. 

Double resonance experimrnts on 3 (Figure 1) al- 
lowed expansion of A to partial structure D.  Irradia- 
tion at the frequencies of the exocyclic methylene 
group (H-13a and H-13b) caused simplification of the 
multiplet a t  3.27 ppm (H-7). Conversely, irradia- 
tion a t  the frequency of H-7 collapsed not only the 
doublets at 5.54 and 6.27 ppm (H-13a and H-13b), 
but affected also the signals of the lactone proton (H76) 
and a methylene group (H-8a and H-sb), the double 
doublet a t  5.47 ppm (H-6) collapsing to a doublet, 
and the multiplet a t  1.8-2 ppm (H-8a and H-8b) to a 
singlet. 

E 
D 

The chemical shift of the lactone proton in com- 
pounds of the ivalbatin series (5.50-5.32 ppm in 2,  
3 , 4 ,  5 ,  7, 8, and 9) which appears at  considerably lower 
field than the lactone proton (H-8) in the ivalbin series 
(4.3-4.2 ppm) indicated that this proton was allylic 
and that the lactone ring was closed to C-6 rather than 
C-8 as in ivalbin. This conclusion v a s  verified as 
follows. (1) In  the nrnr spectrum of the product ob- 
tained by catalytic hydrogenation of 9, the signal of 
H-6 is more complex and shifted to  higher field (4.54 
ppm). ( 2 )  Irradiation (Figure 1) a t  2.35 ppm (H-2) 
collapsed the broad singlet of €1-5 (5 .25 ppm) to  a 
doublets5 The J value (2.5 Hz) of this doublet was 

(4) L. F Fieser and M .  Fieser, "Steroids," Reinhold, New York, N. Y., 
1959, p 17. 

( 5 )  Allylic coupling between H-2 and H-5 mas also demonstrated in the 
ivalbin 8eries.l 
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identical with one of the coupling constants of the 
lactone proton (H-6). 

Partial structure D deduced in this manner was 
confirmed by spin-decoupling experiments carried out 
on 9 (Figure 3). 

The presence of partial structure E in 3 was estab- 
lished by irradiation a t  the frequency of H-Sa and 
H-Sb (Figurc 1). This caused simplification of the 
multiplet of H-7 and collapsed the doublet of triplets 
a t  4.80 (H-9) to a doublet ( J  = 10 Hz);  conversely, 
irradiation of the frequency of H-9 simplified the multi- 
plet of H-S. Irradiation a t  the frequency of H-7 had 
no effect on H-9. Similar results were obtained by 
spin-decoupling experiments on 9 (Figure 3).  

Combination of partial structures C, D, and E, which 
together account for 12 of the 15 carbon atoms of jval- 
batin, with the methyl ketone function known to be 
present leads uniquely to  formula 2 for ivalbatin, a 
ring-hydroxylated xanthanolide. 

I n  the following we discuss the stereochemistry of 
iva.bin and ivalbatin. As regards the former, it  has 
been correlated6 through anhydrodehydroivalbin (1 1) 
with xanthanol (12) and isoxanthanol (13) which in 
turn were correlated with xanthinin (14) as sho1r.n in 
Scheme 11. Hence ivalbin has the same stereochemis- 
try a t  C-7, C-8, and C-10 as xanthinin. 

The absolute stereochemistry of xanthinin a t  C-10 
has been establishedG by degradation to (-)-(A’)- 
methylsuccinic acid. It has also been deduced6 that  
xanthinin possesses a trans-fused y-lactone ring be- 
cause it differs from its stereoisomer xanthumin 15. 
The latter also has a @-oriented C-10 methyl group 
and possesses a cis-fused y-lactone ring.’ Xanthumin 
has been correlateds with gafrinin for which a cis y- 
lactone ring fusion has been deducedg independently 

(6 )  T. E. Winters, T. A. Geissman, and D. Safir, J .  Org. Chem., 34, 153 
(1969). 

(7) H. Minato and I. Horibe, J .  Chem Soc., 7009 (1965). 
(8) L. A. P.  Anderson, W. T. de Kock, W. Nel, and K. G.  R. Paohler, 

(9) W. T. de Kock and K.  G. R.  Paohler, zbzd.,  24, 1701 (1968). 
Tetrahedron,  24, 1687 (1968). 
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by nmr analysis. If it be assumed that the absolute 
configuration of xanthinin and xanthumin a t  C-7 is the 
same as that  of all other sesquiterpene lactones of 
established absolute configuration, i . e . ,  p, the absolute 
configuration of ivalbin a t  C-7, C-S, and C-10 is estab- 
lished as H-7 a ,  H-8 p, H-10 a. 

The absolute configuration of ivalbin at C-2 and 
C-4 was investigated by means of Horcau’s methodlo 
which has been found to be applicable to sesquiterpene 
lactones.11 C-2 alcohols 17 and 21 and C-4 alcohols 
16 and 20 were prepared from ivalbin (1) and dihydro- 
ivalbin (19), respectively (Scheme 111). Acetylation 
of 17 and 21 gave ivalbin diacetate and dihydroivalbin 
diacetate, respectively, thus demonstrating that thc 
configuration of 17 and 21 a t  C-2 was the same as 
that  of ivalbin. Reaction of 16, 17, 20, and 21 with 
excess (+)-a-phenylbutyric anhydride gave (- )-a- 
phenylbutyric acid in 21.0, 16.2, 15.0, and 10% optical 
yield, respectively. Hence the configuration a t  C-2 
and C-4 should be S(2-OH a, 4-OH p) .  

Unfortunately, the nmr spectra of 17 and 21 showed 
that these substances were contaminated with C-4 
alcohols 18 and 22, respectively, as the result of partial 
migration of the acetyl group from C-4 to C-2 during 
the sodium borohydride reduction.12 As a consequence 
the absolute configuration of ivalbin is as shown in 23 
except for the situation a t  C-2 which requires further 
verification and is being investigated. 

The absolute configuration of ivalbatin a t  C-9 was 
also deduced by application of Horeau’s method. 
Reaction of ivalbatin and 8 with (s)-a-phenylbutyric 
anhydride gave (+)-a-phenylbutyric acid in 2.8 and 
11 .O% optical yield, respectively. The optical yield 

(10) A. Horeau, Tetrahedron Let t . ,  506 (1961); 865 (1962). 
(11) W. Herr and H. B K a g m ,  J .  Org. Chem., S2, 216 (1907). 
(12) A similar equilibrium was found to exist between 12 and 13.6 
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Figure 2.-CD curves of acetylivalbatin (3), ivalbin (23), 
parthemollin (24), and ivambrin (25). 

from 8 was sufficiently high to permit the conclusion 
that  the configuration of ivalbatin at  C-9 is R or OH a. 

On biogenetic grounds i t  is plausible to assume that 
the C-10 methyl group of ivalbatin is 0 like that of 
ivalbin and all other xanthanolides and pscudoguaianol- 
ides isolated from related species. On this basis, H-9 
and H-10 would bc trans, The largc valuc of JH-S,H-10 
(10 He) obtained from the spin-dccoupling experiments 
on 3 and 9 is in accordnncc with this conclusion. 

Just as in thc case of parthemollin (24),13 knowledge 
of the coupling constants involving H-5, H-6, and 
H-7 was not sufficient to decide unambiguously be- 
tween cis and trans fusion of the lactone ring. The 
strong positive Cotton effects exhibited by ivalbin 
(23) (Figure 2) and its acetate (A,,, 257 nm, 6 $2960 
and A,,, 255 nm, 0 +3090, respectively) are in agree- 
ment with the generali~ation'~ that, regardless of 
structural type, cis-fused a-methylene-y-lactones closed 
to C-8 exhibit negative Cotton effects and that in 
trans-fused lactones closed to  C-8 the Cot,ton effect is 
positive, whereas the reverse situation prevails in 
lactones closed to C-6.15 On this basis, acctylivalbatin 
(3) which displays a strongly negative Cotton effect 
at 235 nm, and therefore invalbatin itself, would be 
trans-fused lactoncs and invalbatiti would be 26. 

Howevcr, applicability of thc rule to  ivalbatin is 
suspcxt due to our ambiguous results13 with parthemol- 
lin (24) which exhibited a negative Cotton effect in- 
dicative of a trans-fused lactone ring, although ap- 
plication of the Hudson-Klyne rule suggested cis 
fusion.16 

The CD curves of acetylivalbatin (3), parthemollin 
(24), and ivambrin (25)'* are compared in Figure 2. 

(13) W. Herz, 9. V. Bhat,  and A .  L. Hall, J .  Ore. Chem.,  36, 1110 (1970). 
(14) W. Stocklin, T. 0. Waddell, and T. G. Geissman, Tetrahedron, 86, 

2397 (1970). 
(15) The C D  curves of xanthinin (14) and xanthumin (16) are com- 

posites of four contributions: double bond, of lactone, n , a *  of con- 
jugated lactones (maximum near 280 nm) ,  and ketone. Comparison of 
the C11 curve of 8 (Figure 2 of present paper) with the curvea of 14 and IS 
(Figure 3 of ref 14) suggests tha t  the ketone chromophore of xanthinin and 
xanthumin is positive. The ketone Cotton effect of ivalbatin, whatever its 
sign, would be expected to be conaidersbly weaker because of the absence of 
a substituent on C-2. 

(16) Such difficulties seem to arise most commonly when the lactone ring 
is closed to an  allylic position,l7 a situation which can easily affect the 
chirality of the  unsaturated lactone chromophore. 

(17) W. Hera and S. V. Bhat,  J .  Oru. Chem., 31 ,  906 (1972). 
(18) 11. Yoshioka, A.  Higo. T .  J. Mabry, W. Herr, and G. D. Anderson, 

PhytochemistrU, 10, 401 (1971). 

23 24 

0 0 
25  2 6  

The similarity is striking, each displaying a hump 
near 242 nm. Subtraction of the curve of 25 from 
the curve of 24 gives a good minimum at 287 nm (0 
-1730) which can be ascribed to the Cott'on effect 
of the ketone group present in 24, but not in 25. This 
suggests that  the curve of 24 is a composite of R rel- 
atively ucak negativc Cotton effect near 290 nm 
(ketone) superimposod on a stronger negat'ive Cotton 
effect near 250 nm (n,a* transition of conjugatcd 
lactono) which in turn is superimposed on strongly 
negative Cotton effects due to the a,r* transitions. 
The very similar curve of 3, slightly modified by the 
presence of R much weaker ketone Cotton c.ffect8 as 
expccted,lj indicates that the fusion of tlic lactoiic: 
ring in ivalbatin and parthemollin is the same, al- 
though the configuration a t  C-0 remains in doubt. 

Experimental Section l9 

Isolation of Ivalbatin.-Iua dealbata Gray was collected by 
I h .  Norlan C. Henderson on Aug 14 and 15, 1987, along Texas 
Ranch Road 2317 just south of the intersection with US 62-180 
in Cornudas, Hudspet.h County, Tex. In  the usual mannera 160 
Ib of powdered plant (above-ground part) was exlracted wit,h 
chloroform to give 1500 g of crude gum. 

In  a typical run, 157 g of crude gum was extracted with 500 
ml of hot chloroform-benzene (2:l). The soluble part was 
chromatographed over 1300 g of silicic acid (Mallinckrodt 100 
mesh), 800-ml fractions being collected in the following order: 
1-6 (chloroform-benzene, 2: l), 7-18 (Chloroform), 19--21 
(chloroform-methanol, 40: I), 22-29 (chloroform-methanol, 
100:3.0). Fractions were monitored by tlc. Fractions 11-20 
contained ivalbatin; fractions 21-28 contained semicrystalline 
material which yielded 13.63 g of crude ivalbin after filtration. 
The mother liquor (7 g) was combined with fractions 11--20 and 
taken up in ethyl acetate. The material soluble in ethyl acetate 
(39 g)  was dissolved in 400 ml of benzene, rechromatographed 
over 220 g of neutral alumina (Woelm activity 111), and eluted 
with benzene, 500-ml fractions being collected. Fractions 2 
and 3 eluted 42 g of green gum (crude ivalbatin). Fraction 
4-7 eluted 2 g of pale yellow gum which showed only one spot 
by tlc and was pure ivalbatin ( 2 ) :  [cx]*~u -84.04" (c  2.!%6, 
chloroform); TLZOD 1.5263; uv spectrum (ethanol) 210 nm (end 
absorption) (e 13,400); ir bands (liquid) at, 3460 (OH), 17a5 
(-,-lactone), 1705 (C=O), and 1656 (C=C); nmr signals of 
1.19 (€ICCHa, d ,  J = 7 , 6 ) ,  2.16 (COCH,,, s ) ,  3.40 ( O I I ,  dis- 
appeared on addition of lhO) ,  3.65 (HCOH, broad d ,  J = I O ) ,  
5.20 (C=CH, s),  5.50 (HCO, dd, J = 10 and 2 . 5 ) ,  3.63 and 6.24 
(exocyclic methylene, d,  J = 2.5); bp 150" (0.001 mm) (dccj. 
A s  ivalbatin easily polymerized on standing without solvent, a 

(19) Melting points are uncorrected, K m r  spectrn were dpLermined on 
a JNM-4H-100 spectrometer in CDCls with TMS as internal standard.  
Coupling constants are expressed as hertz, s = singlet, d = doublet, t = 

triplet, q = quartet ,  sx = sextet, dd = double doublet, d t  = dobblet of 
triplet, and m = multiplet. TIC was carried out with silica gel G as ad- 
sorbent. 
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satisfactory elemental analysis could not be obtained. It was 
stored in a refrigerator as a solution in benzene. 

Acetylivalbatin (3).-A 44-g sample of ivalbatin (fractions 
2-7 of the second chromatography on alumina described above) 
was acetylated with 80 ml of .4c~o and 140 ml of pyridine to  give 
36 g of crude acetate after washing with cold ether. Recrystal- 
lization from ethanol afforded 26.4 g of pure acetate 3 (16.8% 
from the extract of plant): mp 127-128'; [ a ]20D -136' ( c  
1.99, chloroform); uv  spectrum 209 nm (end absorption) (e  
13,800) (ethanol); ir bands (chloroform) a t  1755 (7-lactone), 
1730, 1240, and 1015 (acetate), 1720 (C=O), and 1655 (C=C); 
nmr signals a t  1.08 (HCCHI, d, J = 7.5), 2.11 (OCOCH,, s), 
2.17 (COCH,, s), 4.80 (HCOAc, d t ,  J = 10 and 2.5), 5.25 
(C=CH, s), 5.47 (HCO, dd, J = 10 and 2.5), 5.54 and 6.27 
C-CH2, each d ,  J = 2.5); C D  (methanol) X 320 (e  0), 300 
(e  -268), 255 (e -3561), 242 (e -2934), 202 ( 0  -49,060), and 
198mp ( e  -47,100). 

Anal. Calcd for C17H~20j: C,  66.65; H,  7.24. Found: 
C, 66.59; H,  7.10. 

The 2,4-dinitrophenylhydrazone was recrystallized from 
ethanol, mp 140-141". 

Anal. Calcd for CZ3H2608N4: C, 56.78; H, 5.39; N,  11.52, 
Found: C,56.63; H,5.40; T, 11.66. 

Ozonolysis of 3.-.4 solution of 500 mg of 3 in 26 ml of chloro- 
form was ozonized a t  0" for 40 min. After evaporation of t'he 
solvent in vacuo, the ozonide was decomposed with water. The 
reaction mixture was steam-distilled into a chilled saturated 
aqueous solution of dimedone to  afford the dimedone derivative 
of formaldehyde (110 mg, 23y0), nip 188-189" (from methanol 
and water), undepressed on a,dmixture with authentic material. 

Anal. Calcd for C1&404: C, 69.83; H, 8.27. Found: 
C,  69.71; H, 8.28. 

Reduction of 3 with Sodium Borohydride.-To a solution of 
2.00 g of 3 in 20 ml of methanol was added with stirring 125 mg 
of NaBHa during 20 min a t  room temperature. Stirring was 
continued for 1.5 hr, the reaction mixture was acidified with 5 
ml of 2 N HzS04, diluted with 100 ml of water, and extracted with 
chloroform. The washed and dried extract was evaporated. 
The residual oil 4 (2.0 g)  easily polymerized. It had ir bands 
(oil) a t  3400 (OH), 1760 (r-lactone), 1730, 1230, and 1020 
(acetate and 1650 (C=C); nmr signals a t  1.10 (I-ICCHI, d ,  

(COH, s), 3.80 (HCOH, SX, J = 6), 4.80 (HCOSc, dt ,  J = 
10 and 2.5), 3.32 (HCO, m), and 5.40 (C=CH, broad 9).  

Acetate 5.--ilcetylation of 4 with AczO and pyridine im- 
mediately after evaporation of solvent gave crystalline acetate 
5 :  mp 129-131" (from ethanol and water); [CX]~ 'D -54.1" ( c  
1.5, chloroform); uv spectrum (ethanol) 207 nm (end absorp- 
tion) (e 6800);. ir bands (KBr) a t  1760 (r-lactone), 1725, 1230, 
and 1020 (acetate), and 1650 (C=C); nmr signals a t  1.06 (HC- 

4.75 (HCOAc, d t ,  J = 10 and 2.A), 4.90 (HCOAc, sx, J = 7), 
and 5.38 (C=CH, and HCO, d ,  J = 2.5; 2 protons). 

Anal. Calcd for ClgHt800: C, 64.75; I€, 8.01. Found: 
C,  64.58; H,  7.92. 

Dihydroivalbatin Acetate (7).-To a solution of 1.86 g of 
alcohol 4 (obtained from 1.95 g of 3)  in 20 ml of acetone was 
added dropwise during 1 hr 2.1 ml of 8 X Jones reagent under 
cooling with an ice bath. After filtration, the filtrate was con- 
centrated in vacuo, water was added, and the mixture was 
extracted with ether. The washed and dried extract was evap- 
orated; the residue (1.56 g )  crystallized on standing: mp 88- 
88.5" (from petroleum ether-ether); [ a I z 2 ~  - 108.5" ( c  1.24, 
chloroform); LW spectrum 207 nm (end absorption) (e 4400); 
ir bands (chloroform) a t  1760 (ylactone), 1730, 1240, and 1015 
(acetate), and 1650 (C=C); nmr signals a t  1.10 (HCCH,, m) ,  

4.82 (HCOAc, m),  5.31 (C=CH, s) ,  and 5.35 (HCO, overlap 
with vinyl proton). 

Anal. Calcd for C17HnrOa: C, 66.21, €1, 7.85. Found: 
C, 66.21; €1, 7.89. 

The 2,4-dinitrophenylhydrazone was recrystallized from 
ethanol-ethyl acetate. 

Anal. Calcd for CzrH2808N4: C,  56.55; H, 5.78; X, 11.47. 
Found: C,56.25; H,5.84;  N, 11.54. 

Methanol Adduct 8.-To a solution of 500 mg of 3 in 25 ml of 
absolute methanol was added a solution of sodium methoxide- 
MeOH (prepared from 0.07 g of sodium and 5 ml of methanol). 
After 4 days in a refrigerator Dry Ice was added carefully, and 
the solvent was evaporated at room temperature in vacuo. The 

J = 7.5), 1.20 (HCCH3, d, J = 7.5), 2.10 (COCOCH3, s), 3.37 

CH3, d, J = 7.5), 2.03 (COCOCHa, s), 2.07 (COCOCHa, s), 

1.23 (HCCH,, d, J = 7.5), 2.09 (COCOCHZ, s), 2.18 (COCHa, s), 
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residue was dissolved in water, acidified with 2 S HzSO,, and 
extracted with chloroform. Evaporation of the washed and 
dried extract yielded a viscous oil (0.5 g): n Z 4 ~  1.5107; [aIz4n 
-62.82' (c  0.5, chloroform); ir bands (chloroform) a t  3450 (OH), 
1750 (?-lactone), 1705 (C=O), and 1645 (C=C); nmr signals 
a t  1.13 (HCCH,, d ,  J = 7.5), 2.11 (CCOCH3, s), 2.28 (OH), 
3.29 (OCHa, s), 3.55 (HCOH, m) ,  3.59 (CH20, m) ,  5.15 (C=CH, 
s),  and 5.34 (HCO, dd, J = 10 and 2.5). 

The p-bromobenzoate was recrystallized from ethanol, mp 
97' (from ethanol), [ L Y ] ~ O D  -29.67' (c  0.728, chloroform). 

Anal. Calcd for C23Hz70dBr: C, 57.63; H,  5.67; Br, 16.67. 
Found: 

The acetate 9 was recrystallized from ethanol-water: mp 
90-91"; [a1250 -149.9' ( c  0.926, chloroform); ir bands (KBr) 
a t  1760 (7-lactone), 1720, 1240, and 1025 (acetate), 1710 (C=O), 
and 1650 (C=C); nmr signals a t  1.07 (HCCH,, d ,  J = 7.5), 

(CHzOCH,, octet, J = 5), 4.76 (HCOAc, dt, J = 10 and 3), 
5.25 (C=CH, broad s), and 5.40 (HCO, dd, J = 8.5 and 3). 

Anal. Calcd for ClaHz6O6: C, 63.88; H,  7.74. Found: 
C, 63.93; H,  7.70. 

The 2,4-dinitrophenylhydrazone was recrystallized from 
ethanol, mp 122-123". 

Anal. Calcd for C Z ~ H Z O O ~ N ~ :  C,  55.59; H,  5.83; 3, 10.81. 
Found: C,  55.67; H, 5.88; N, 10.80. 

Catalytic Reduction of Acetate 9.-A solution of 750 mg of 9 
in 50 ml of ethanol was reduced at  atmosphere pressure with 210 
mg of 10% Pd/C. Hydrogen uptake ceased after absorption of 
about 1 molar equiv of hydrogen. The gummy product was 
chromatographed over silicic acid to  remove the less polar 
fraction (which showed no absorption in t'he lactone region of 
the ir spectrum) and afforded 110 mg of a mixture of diastereo- 
meric (at, C-1) dihydro derivatives of 9. Vpc showed two par- 
tially resolved peaks a t  2.5 and 2.7 min in the ratio of 1:2 (10% 
SE-30, 1 m, 250"). The ir spectrum (chloroform) exhibited 
bands a t  1760 (?-lactone), 1720, 124;?, and 1015 (acetate), and 
1715 (C=O). The nmr spectrum exhibited absorption for three 
protons a t  0.85 (HCCH3, d, J = 7.5) and 0.95 (HCCH3, d, 
J = 7.5) in the ratio 2: 1, 2.08 (COCOCH3, s), 2.12 (COCH,, s) ,  
3.34 (OCHZ, s), 3.61 (CHzO, m) ,  4.54 (HCO, m )  and 4.84 
(HCOAc, m). Although the material was homogeneous on, tlc, 
a satisfactory elemental analysis could not be obtained. 

Dehydration of 8. 1. With Methanesulfonyl Chloride and 
Pyridine.-A solution of 570 mg of 8 in 5 ml of pyridine and 1 ml 
of MsCl was heated a t  70" for 2 hr. Sfter addition of ice-water 
the reaction was extracted with chloroform. Evaporation of 
washed and dried extract afforded a red oil (420 mg) which was 
dissolved in benzene and purified by passing it through a column 
of 5 g of neutral alumina (activity 111). Bulb-to-bulb distillation 
yielded 230 mg of diene 10, bp 140-170' (0.01 mm). 

Via the Tosy1ate.-To a solution of 980 mg of 8 (purified 
by chromatography over silicic acid) in 6 ml of pyridine was 
added 1 g of p-TsC1. After 2 days a t  room temperature and 
addition of ice-water, the mixture was extracted with chloroform. 
Evaporation of the washed and dried extract afforded 1.19 g of 
crude tosylate as a viscous oil which was dissolved in 20 ml of 
2,6-lutidine and refluxed a t  150" for 15 hr. The lutidine was 
evaporated in vacuo, water added to the residue, and the mixture 
extracted with chloroform. Evaporation of the washed and 
dried extract in vacuo afforded 530 mg of red oil which was 
dissolved in benzene and purified by chromatography over 10 g 
of alumina. Bulb-to-bulb distillation afforded 300 mg of diene 
10: bp 140-155' (0.01 mm); n20D 1.5192 (The matmerial was 
homogeneous by vpc and tlc criteria. The mass spectrum 
showed a molecular ion peak a t  m / e  278; however, the carbon 
content of the elemental analysis was slightly outside theoretical 
limits); [a]18D -3.57" ( c  1.68, chloroform); irbands (oil) a t  1760 
(-/-lactone, 1710 (C=O), 1635, and 1615 (C=C); uv spectrum 
(ethanol) 239 nm (e  11,550); nmr signals a t  1.75 (>C==CHCHa, 

J = 5 ) ,  j .03 (HCO, dd, J = 7.5 and 2.3), 5.46 (C=CH, d, 
J = 2.5),and5.86 (>C=CHCH3,q , J  = 7.5). 

Anal. Calcd for C16H2204: C, 69.04, H,  7.97. Found: 
C,  68.45; H, 7.91. 

Ozonolysis of 10.-A solution of 850 mg of 10 in 20 ml of 
chloroform was ozonized at  0" for 1 hr. The solvent was evap- 
orated in vacuo at room temperature. The residue was mixed 
with 50 ml of water and steam-distilled directly into a chilled 
50% aqueous ethanolic solution of 1 g of dimedone. After 
standing, there precipitated 275 mg of the dimedone derivative 

C, 57.72; H, 5.87; Br, 16.79. 

2.08 (COCOCHa, s), 2.14 (CCOCHI, s), 3.36 (OCH3, s), 3.61 

2 .  

d, J 7. -5) ,  2.15 (COCH3, s), 3.36 (OCH,, s), 3.65 (CHzO, d ,  
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of acetaldehyde. Chromatography of a solution of the pre- 
cipitate in benzene over 3 g of silica gel yielded 120 mg of adduct, 
mp 139-140" (from ethanol and water), which was identical 
with an authentic sample by mixture melting point, ir, and nmr 
spectrum. 

Anal. Calcd for C18H2eO4: C, 70.56; H ,  8.55. Found: 
C, 70.50; H ,  8.52. 

Dehydroivalbin (16).-Oxidation of 2.08 g of ivalbin with 
MnOp and purification of the product by chromatography over 
silicic acid2 gave 0.8 g of 16 as an oil, nZ2L) I .5244, [aIza~ -44.2' 
(c 1.11, chloroform). 

Anal. Calcd for CljHpoOh: C, 68.16; H, 7.63. Found: 
C, 67.93; H, 7.73. 

4-Acetylivalbin (17) and 2-Acetylivalbin (18).-A solution of 
240 mg of dehydroivalbin acetate2 in 5 ml of methanol was re- 
duced with 20 mg of NaBH4 a t  0' for 20 min. The reaction 
mixture was acidified with 1 N H2S04, diluted with water, and 
extracted with chloroform. The washed and dried extract was 
evaporated. When the residual oil was purified by chromatog- 
raphy over silicic acid, 160 xng of homogeneous material as 
determined by tlc was obtained as an oil: n Z 7 ~  1.5045; [ a ] 1 8 ~  
-33.85' ( c  0.774, chloroform). The nmr spectrum displayed 
absorptions totaling one proton a t  3.84 (HCaOII, m) ,  and 4.13 
HCzOH, t ,  J = 7.5) in the ratio 1:2, totaling one proton a t  
4.93 (HCaOAc, sx, J = 7.5) and 5.33 (HCzOAc, t ,  J = 7.5) in 
the ratio 2: 1, and totaling one proton a t  5.7-6.0 (C=CH, m) .  
On the basis of these data, the reduction product was a mixture 
of 4-acetylivalbin (17) and 2-acetylivalbin (18) in the ratio 2: 1. 

Anal. Calcd for C17H240Q: C, 66.21; H ,  7.85. Found: 
C, 65.91; H ,  7.67. 

Acetylation of the mixture of 17 and 18 wilh AclO and pyridine 
afforded ivalbin diacetate, mp 106-107' (from ethanol and 
water), [ C Y ] ~ ~ L )  -47.1" (cO.9, chloroform). 

Anal. Calcd for ClgH2eOe: C,  65.12; H,  7.48. Found: 
C, 64.93; H,  7.51. 

Dehydrodihydroivalbin (20).-Oxidation of 2.4 g of dihydro- 
ivalbin with manganese dioxide and chromatography over silicic 
acid, as described previously,2 gave 569 mg of 20 as an oil, n Z 4 D  
1.5207, [ a I z a ~  -26.56' ( c  0.24, chloroform). The material was 
homogeneous by tlc criteria, but the carbon content was slightly 
low. 

Anal. Calcd for ClsHzzO4: C, G7.64; H ,  8.33. Found: 
C, 67.13; €1,8.33. 

4-Acetyldihydroivalbin (21) and 2-Acetyldihydroivalbin (22) .- 
A kolution of 3.5 mg of dihydrodehydroivalbin acetate2 in 
methanol was treated with 38 mg of NaBH4 at 0'. The product 
was worked up in the same manner as in the reduction of dehydro- 
ivalbin ncetate. Purification by chromatography over silicic 
acid gave 280 mg of a homogeneous material, as determined by 
tlc, as an oil, n*4n 1.4967, [or]% -15.7" ( c  0.668, chloroform). 

The carbon content was slightly below theoretical limits. The 
nmr spectrum displayed absorptions totaling one proton a t  3.82 
(HCaOH, m)  and 4.12 (HCZOH, t ,  J = 7.5) in the ratio 1:2, 
totaling one proton a t  4.97 (HCaOAc, sx, J = 7.5) and 5.32 
(HCaOAc, t ,  J = 7.5) in the ratio 2:1, and totaling one proton 
a t  4.72 and 4.92 (C=CH, each q,  J = 5)  in the ratio 2: 1. On 
the basis of these data, the product was a mixture of 21 and 22 
in the ratio i!: 1. 

Anal. Calcd for Cli&05: C, 65.78; H,  8.44. Found: 
C, 65.29; H ,  8.43. 

Acetylation of the mixture of 21 and 22 with AcpO and pyridine 
ctfforded dihydroivalbin diacetate, mp 88-89' (from ethanol 
and water), [aIzSn -33.8' (cO.368, chloroform). 

Anal. Calcd for CleHzsOs: C,  64.75; H ,  8.01. Found: 
C, 64.79; H,  8.06. 

Asymmetric Esterifications by the Horeau Method.-The 
purity of the a-phenylbutyric acid isolated from the esterification 
was checked by nmr spectroscopy. In all instances the esteri- 
fication yield was estimated by nmr spectroscopy of the neutral 
extract and appeared to be practically quantitative. 

A typical run for dehydroivalbin (16) follows. 16 (107.95 
mg, 4.1 X mol) was esterified with 365.4 mg (1.18 X 
lo-* mol) of (f )-or-phenylbutyric anhydride in 4 ml of pyridine. 
The resultant mixture was worked up by the standard pro- 
cedure.20 The recovered a-phenylbutyric acid (yield 220.5 mg) 
showed [or]20u -4.26' ( c  4.41, benzene). A fully stereospecific 
esterification should give [a] 2 0 ~  -20.25". Therefore the optical 
yield was 21.04%. 

The same procedure was applied to the other compounds. 
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