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Anal. Calcd for C1,HzsNOs (313.38): C, 72.82; H, 7.40; 
N,4.47. Found: C, 73.04; H, 7.60; N, 4.44. 

(- )-6,7-Dimethoxy-Z-methyl-4(S)-(4-methoxyphenyl)-l,Z,3,4- 
tetrahydroisoquinoline (lob) .-Reductive N-methylation of 850 
mg of loa as described in the previous experiment afforded 636 
mg (71%) of lob, mp 83-85', after crystallization from ether- 
petroleum ether. Recrystallization from the same solvent mix- 
ture gave 400 mg of analytically pure lob, mp 87-88', after dry- 
ing under reduced pressure a t  40' for 4 days: [IY]~~,'D -21.65' 
(c 0.965, MeOH); ORD ( c  0.3134, MeOH), [a1294 -3960" (tr), 
[ a ] z s s  o', [a1270 +6760' (pk), [alae4 +2170° (tr), [ale44 $5750" 
(pk), [ ~ I z s ~  O', [a1282 -15,900' (ti-), [a1222 0', [ala17 f4470' (pk), 
and [a1216 +2870'; CD [e1304 0, [ 8 ] z s s  -24,090, [e1278 0, [elm 
+5610, [e1267 +1980, [el243 +14,850, [el234 0, [e lm -68,640, 
[e]214 -5280, [ ~ I Z O S  -102,960, [elzaoO, and [ell,? +58,080. 

Anal. Calcd for CIQHZ~NOS: C, 72.82; H, 7.40; N, 4.47. 
Found: 

(+ )-2-~4-Bromobenzoyl)-6,7-dimethoxy-4(S)-(4-methoxyphe- 
nyl)-1,2,3,4-tetrahydroisoquinoliie (1 l).-To a stirred solu- 
tion of 299 mg (1 mmol) of 10a in 20 ml of benzene was added a 
solution of 300 mg (2.2 mmol) of potassium carbonate in 5 ml of 
water followed by the portionwise addition of 500 mg (2.3 mmol) 
of 4-bromobenzoyl chloride. After the addition was complete, 
stirring was continued for 2 hr. The benzene layer was separated 
and washed successively with 6 N sodium hydroxide, three por- 
tions of 2 N hydrochloric acid, and water. After drying (Nas- 
804) and evaporation, the crystalline residue was washed with 
ether to give 323 mg (67%) of 11, mp 158-160'. A sample was 
recrystallized from ether to afford analytically pure 11 as long 
needles: mp 159-161"; [ a ] 2 4 ~  +120.3' (c 1.28, CHCls); ir 

C, 72.77; H, 7.51; N, 4.49. 

(CHCls) 1630 (amide C 4 ) ,  1615 (sh), 1590, 1510, and 1460 
(phenyl), and 1260 om-' (OCHs); uv max (CHaOH) 226 mp (e 
35,500), 278 (6270), 283-284 (SOSO), and 291-292 (3800)(sh); 
nmr (CDCls) ti 3.72,3.82, and 3.90 (s, 3 H each, OCHs) 4.67 and 
5.10 (cp, 2 H each, CHZNCHZ), and 6.3-7.2 (cp, 10, aromatic 
H); ORD (~0.482, methanol) [ a ] s o ~  +1310' (pk), [a1291 +1240' 
(tr), [a1214 +26,000' (pk), [a1243 O', [ ~ I Z Z S  -21,300' (tr), [~IZIS 
-13,000' (sh), and [ a 1 2 0 3  0'; CD [el800 0, [e]zss -13,200, 
[8]a?l 0, [elms $125,400, [elzzs 0, [@]20s -75,900, and [Qlzoo 
0; mass spectrum (70 eV) m/e (re1 intensity) 483 (30), 481 (30), 
403 (5), 373 (5), 282 (20), 270 (45), 239 (loo), 183 (30), and 121 
(30). 

Anal. Calcd for C26H~BrN04 (mol wt, 482.40): C, 62.25; 
H,502; N, 2.90. Found: C, 62.25; H,4.75; N, 3.20. 

Registry N0.--3 qHC1, 23349-28-2; 4-HC1, 23349- 

23349-32-8; 7,23330-74-7; Qa, 23330-75-8; Qb, 23330- 
76-9; loa, 23330-77-0; lob, 23367-60-4; 11, 23330- 

29-3; 5, 23349-30-6; 5 HCI. 23349-31-7 ; 6 * HC1, 

78-1; 12,23367-61-5; 12*HC1,23330-44-1. 
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Investigation of the constituents of Eurycoma longifolia Jack, obtained from several regions of Viet Nam, has 
resulted in the isolation of two steroids, namely p-sitosterol and campesterol, 2,6-dimethoxybenzoquinone, and a 
bitter principle called eurycomalactone (la). Eurycomalactone is closely related to the other bitter principles 
previously encountered in the family Simaroubaceae. Eurycomalactone is the first compound of this series 
with a keto group a t  C-6 and a r-lactone group between positions 14 and 7. The configuration is discussed. 
Dihydroeurycomalactone (Za) is also isolated from the bark of Eurycoma longifolia originated from Dinh-Quan. 

Numerous plants of the Simaroubaceae are known in 
herbal medicine for their therapeutic activities, and 
several of them have been shown to be effective anti- 
amebic agents.2 Various studies on the bitter principles 
occurring in several genera of the family Simaroubaceae 
have shown that they belong to a group of structurally 
related compounds with close chemical and botanical 
relationships to each other.3 

This work describes the investigation of the chemical 
constituents of Eurycoma longifolia Jack, a bush which 
is common in Viet Nam, especially around Bien-Hoa, 
Trang-Rom, and Dinh-Quan. Its local name is "CAY 
b& binh" (tree which cures hundred of diseases), and 
its bark is used in the Vietnamese pharmacopaeia. 

Chromatography of the bark afforded, besides @- 
sitosterol and campesterol, characterized as their 
acetates (see Experimental Section), eurycomalactone 
(la) and 2,6-dimethoxybenzoquinone, which is a com- 
mon chemical constituent of the Simaroubaceae familyq4 

(1) Taken in part from the D.Sc. Thesis of N.-N.-S. For a preliminary 
communication, see Le-Van-Thoi, Nguyen-Ngoc-Suong, and P. Crahb4, 
Chem. Commun., 821 (1969). 
(2) T. A. Geissman, Ann. Rev. Pharmacol., 4, 305 (1964). 
(3) For a review of the literature on simaroubaceous plants, sea J. 

Polonsky, Planta Msd. SUP&, 107 (1966). 

Eurycomalactone ( la)6 was also isolated from extracts 
of the leaves of Eurycoma longifolia (albeit in a much 
lower yield, ca. 10%) and analyzed for C19H2406. This 
was confirmed by its mass spectrum. Its infrared (ir) 
spectrum showed bands for hydroxyls, a saturated and 
an a,@-unsaturated ketone, and a y-lactone grouping. 
The ultraviolet (uv) spectrum confirms the presence 
of a conjugated keto chromophore, which seemed to be 
homoconjugated with a saturated carbonyl. The nu- 
clear magnetic resonance (nmr) spectrum showed res- 
onances for four methyl groups, one secondary methyl, 
one vinylic methyl, and two tertiary methyls (see Ex- 
perimental section). A signal integrating for one 
vinylic proton appeared a t  6.1 ppm, and a 
resonance for one proton situated on a carbon-bearing 
oxygen atom is observed at  4.8 ppm. Finally, euryco- 
malactone (la) gives a mono- and a bis-2,bdinitro- 

(4) See, among others, (a) J. Polonsky and E. Lederer, Bull. SOC. Chim 
Fr., 1157 (1959); (b) W. Karrer, Helu. Chim. Acta, 18, 1424 (1930); (c) 
D .  J. Coagrove, D .  G. H. Daniels, E. N. Greer, J. B. Hutchinson, T. Moran, 
and J. K. Whitehead, Nature, 169, 966 (1952); (d) D. J. Cosgrove, D. G. 
Daniels, K. 3. Whitehead, and J. D .  S. Goulden, J .  Chem. SOC., 4821 (1952). 

(6) Preliminary communication8 on the isolation of this substance have 
already appeared: (a,) Le-Van-Thoi and Nguyen-Ngoc-Suong, Ann. Fae. 
Sci. Saioon, 89 (1962) ; (b) Le-Van-Thoi and Nguyen-Ngoa-Suong, Inter- 
national Symposium on the Chemistry of Natural Products, Kyoto, April 
1964, Abatraots of Papers, p 51. 
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phenylhydranone, thus confirming the presence of two 
keto groupings in the molecule. 

Catalytic hydrogenation of 1 a affords dihydroeury- 
comalactone @a). Compound 2a was also isolated 
from the bark of Eurycoma longifolia originated from 
Dinh-Quan. The dihydro derivative 2a shows a weak 
uv band at  280 mp and one strong saturated carbonyl 
band in the ir. A new signal (appearing as a doublet 
centered at  0.95 ppm) confirms the secondary nature of 
the methyl situated a t  C-4. 

OR 

O$J$F=o \ 

of$&=o OAc 

R+JJ$-o 

0 
la, 5aH, R = H 
b, 5aH, R = Ac 
c, 5@H,R=H 

OR 

3a, R = H  
b, R=Ac  

R 
]I1 

5a, R = O  
OH 

b, R -  <H 

O+.J$=o 

H O  
2a, R-H 
b, R=Ac  

0 +$$=o 

OAc 
4 

6a, R = HOH 
b, R = HOAc 
c, R = O  

OH 
I 

10 OH 
7a, R = H  

b,R-Ac 
8 

The saturated ketone in la  is located a t  position 6, 
since i t  is easily enolized in alkaline medium to give a 
conjugated enolate, typified by its uv absorption. The 
location of a ketone at  C-6 is further confirmed by treat- 
ment of l a  with acetic anhydride in pyridine at  room 
temperature. An enol acetate (3a) resulted. I ts  ir 
still shows OH absorption (see Experimental Section) 
but, besides the y-lactone band, there appeared a strong 
absorption corresponding to an enol acetate, also 
confirmed by uv (see Experimental Section). 

When eurycomalactone (la) is treated with acetic 
anhydride in pyridine solution a t  reflux temperature, 
the triacetate 3b is obtained. However, reaction of l a  
with acetyl chloride gives exclusively the diacetate lb.  

Similarly, treatment of dihydroeurycomalactone (za) 
with acetyl chloride furnished the diacetoxy derivative 
2b. 

These results seem to indicate that the basicity of 
pyridine enolizes the 6-keto grouping, which is then 
more readily esterified than the hydroxyls a t  C-1 and 
C-12. Indeed, further acetylation of 3a with acetic 
anhydride in pyridine for 9 hr on the steam bath affords 
the triacetate 3b. 

The presence of two secondary hydroxyl groups in 
eurycomalactone (la) is also shown by chromic acid 
oxidations of dihydroeurycomalactone (2a) which 
provided the tetraketolactone 5a. The ir spectrum of 
2a is devoided of hydroxyl absorption. 

Clemmensen reduction7 of 2a gives the monohydroxy 
derivative 6a, which forms a monoacetate (6b). Oxi- 
dation of 6a affords the ketolactone 6c, which forms a 
2,4-dinitrophenylhydrazone. 

The presence of an a-keto1 grouping in l a  and 2a 
is easily detected by ir spectroscopy.8 Furthermore, 
the tetrol 5b, obtained by reduction of 2a with sodium 
borohydride, is readily oxidized with periodic acid, 
hence showing the presence of an a-glycol function in 
5b. Conversely, reaction of la or 2a with periodic acid 
is very slow. 

When dihydroeurycomalactone (za) is treated with 
zinc and acetic acid, the hydroxyl a t  C-1 is eliminated to 
afford the monohydroxy diketolactone 7a, which is 
readily acetylated with acetyl chloride to give 7b. Fi- 
nally, Clemmensen reduction’ of 7a also provides the 
monohydroxy derivative 6a. 

The y-lactone grouping of eurycomalactone (la), 
easily identified by ir and nmr (vide supra), is quite 
stable, even under alkaline  condition^.^ However, the 
y-lactone ring can be reduced with lithium aluminum 
hydride, as shown below. 

The conjugated a-keto1 shown to be present in eury- 
comalactone (la) (vide supra) is common in simarou- 
bolides, such as glaucarubinone,’O chaparrinone,’O 
ailanthone,” samaderine B,12 and related 
By similar reasoning the vinylic methyl group in l a  
is located at  position C-4, thus explaining the uv of la ,  
which is in reasonable agreement with the calculated 
value.14 

Since the a-keto1 2a can be converted into the tetra- 
ketone 5a, the hydroxyl a t  C-1, as well as all other 
hydroxyls present in the molecule, must be secondary. 
As indicated previously, on the basis of the easy forma- 
tion of enol acetates (3a,b), as well as the facile isomer- 

(6) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, 

(7) See E. L. Martin, Org. Reactions, 1, 155 (1942). 
(8) L. Toris and P. von R. Sohleyer, J .  Amev. Chem. SOC., 90, 4599 (1968). 
(9) This observation has some precedent; cf. (a) Le-Van-Thoi and J. 

Ourgaud, Bull. SOC. Chim. FT. ,  761 (1955); (b) A. J. Biroh, D. J. Collins, 
S. Muhammad, and J. P. Turnbull, J .  Chem. SOC., 2762 (1963); ( 0 )  J. Romo. 
L. Rodrlguez-Kahn, P. Joseph-Nathan, M. Martinez, and P. Crabbe;, 

(10) T. A. Geissman and K.  R. Chandorkar, J .  Org. Chem., 26,  1217 
(1961). 

(11) J. Polonsky and J. L. Fourrey, Tetrahedron Lett., N o .  52, 3983 
(1964). 
(12) (a) J. Polonsky, J. Zylber, and R. 0. B. Wijesekera, Bull. SOC. Chim. 

Fr., 1715 (1962); (b) J. Zylber, J. Polonsky, and C. Mitra, ibid., 1322 (1963). 
(13) (a) J. Polonsky and N .  Bourguignon-Zylber, ibid.. 2793 (1965); 

(b) A. Gaudemer, J. L. Fourrey, and J. Polonsky, ibid., 1676 (1967); ( 0 )  
A. Gaudemer, ibid., 406 (1967). 
(14) (E) R. B. Woodward, J .  Amer. Chem. SOC., 64, 76 (1942); (b) L. F. 

Fieser and M. Fieser, “Steroids,” Reinhold Publishing Co., New York, N. Y., 
1959, p 19. 

J .  Chem. Xoo., 39 (1946). 

Bull. SOC.  C h h .  FT., 1276 (1964). 
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ization of the asymmetric center at  C-5 (vide infra) ,  
the second ketone is located a t  position 6. 

The hydroxylactone 6a was obtained by two different 
routes, i.e., either by Clemmensen reduction of dihydro- 
eurycomalactone (2a) or from 7a (vide supra). This 
indicates that the second OH group is somewhat hin- 
dered. Therefore, it is located at  C-12 (vide infra) .  

Sodium borohydride reduction of euryconialactone 
(la) affords a tetrol (8), which is noncrystalline, prob- 
ably owing to a mixture of isomers a t  C-2, C-5, and C-6. 
Acid treatment of this tetrol gives the rearranged aro- 
matic compound eurycomol (sa). Similar results are 
shown by other simaroub01ides.l~ 

9a,R1 =R2= H 
b, R1= Ac; R:! =H 
C, R1 = R ~ = A c  

dH CH,OH 

R 
l la,  R = OH 

b , R = H  

OH 

-0 0 

13 

OR 
I 

loa, R = H 
b, R = A c  

OH 

&H CH,OH 

12 

h 

OAc 
14 

The structure of eurycomol (sa) is supported by its 
uv and ir spectra (see Experimental Section). While 
acetylation of 9a under vigorous conditions affords the 
corresponding diacetate 9b, the monoacetate 9c can be 
obtained under rather mild reaction conditions. The 
amr spectra of 9b and 9c clearly indicate two aromatic 
methyls, besides the aromatic protons. 

(15) (a) E. A.  Ham, H. M .  Schafer, R. G. Denkewalter, and N. Go 
Brink, J .  Amer. Chem. Soo., '76, 6066 (1954); (b) J. Polonsky and A. Gau- 
demer, Bull. Soo. Chim. Fr., 1432 (1961); (c) J. Polonsky, C. Fouquey, and 
A. Gaudemer, ibid., 1255 (1962); 169 (1963); (d) T. A. Geissman and K. R. 
Chandorkar, J .  Org. Chem., 86, 1217 (1961); (e) T. A. Geissman and G. A. 
Ellestad, Tetrahedron Lett., No. 23, 1083 (1962); (f)  T. A. Davidson, T. R. 
Hollanda, and P. de Mayo, ibid., No. 23, 1089 (1962); (g) T. A. Davidson, 
T. R. Hollanda, P .  de Mayo, and M. Nisbet, Can. J. Chem., 48, 2996 (1965). 

Since eurycomol (sa) is unreactive toward periodic 
acid, in contrast to the high reactivity of tetrol 8, one 
can conclude that at  least one of the hydroxyls elimi- 
nated during conversion of 8 into 9a belongs to the 
a-glycol group of ring A. Moreover, the methyl mi- 
gration from C-10 to C-l supports the hypothesis that 
one hydroxyl is located at  position 1 in eurycomalactone 
(la>. 

Treatment of eurycomol (sa) with platinum in acetic 
acid solution provides deoxyeurycomol (loa), which 
formed an acetate (lob). The elimination of one hy- 
droxyl during the reaction indicates that this alcohol 
group must be benzylic, thus further confirming the 
presence of a ketone at  C-6 in la.  Indeed, lithium 
aluminum hydride reduction of 10a affords the triol 
l l b ,  which does not react with periodic acid. The 
same applies to the triol 12 obtained by LiAlH4 reduc- 
tion of hydroxylactone 6a. 

Lithium aluminum reduction of eurycomol (sa) 
furnishes the tetrol l l a .  The tetrol l l a  reacts rapidly 
with periodic acid, thus showing the presence of an 
a-glycol group at  C-6 and C-7. This also defines the 
position of the y-lactone group in eurycomalactone 
(la) and its derivatives. 

The above experiments established the structure of 
rings A and I3 of eurycomalactone (la).  By analogy 
with other simaroubolides such as quassin,16 simarol- 
ide,1ejJ7 kalineanone,'3& amarolide,'* etc., the second 
tertiary methyl is situated at position 8. For similar 
reasons, supported by experimental evidence (vide 
supra) ,  the y-lactone function is located between 
positions 7 and 14. 

A feature which is common to most simaroubaceous 
bitter principles is a methyl (or an equivalent oxidized 
entity) situated a t  C-13. Therefore, the secondary 
methyl in eurycomalactone (la) is located at C-13. 

Acetylation and reduction experiments performed on 
eurycomalactone (la) and its derivatives indicate that 
the last secondary alcohol grouping is less reactive than 
the other hydroxyls present in the molecule. This 
may be attributed to  steric hindrance, allowing the third 
alcohol group to be located a t  position C-12 (vide 
infra) .  

Eurycomalactone (la) is easily isomerized by dilute 
acid to its 5p isomer, isoeurycomalactone (IC). When 
IC is treated with acetic anhydride in pyridine for 
several hours at  go", compound 3b is formed, clearly 
demonstrating that C-6 is the only asymmetric center 
involved in these transformations. 

Catalytic reduction of isoeurycomalactone (IC) gives 
dihydroisoeurycomalactone (13), which is isomeric with 
2a. Enolization of the carbonyl at  C-6 in dihydroiso- 

(16) (a) E. P. Clark, J .  Amer. Chem. Soc. ,  69, 927, 2511 (1937); (b) E. 
London, A. Robertson, and H. Worthington, J .  Chem. Soc., 3431 (1950); 
( 0 )  R. J. 8. Beer, D .  B. G .  Jaquiss, A. Robertson, and W. E. Savige, ibid., 
3672 (1954); (d) K. R.  Hanson, D. B. G .  Jaquiss, J. A. Lamberton, A. 
Robertson, and W. E. Savige, zhid., 4238 (1954); (e) R.  J. S. Beer, K. R.  
Hanson, and A. Robertson, ibid., 3280 (1956); ( f )  R .  J.  S. Beer, B. G .  
Dutton, D .  B. G. Jaquiss, A. Robertson, and W. E. Savige, ibid., 4850 (1956); 
(9) 2;. Valenta, S. Papadopoulos, and C. Podesva, Tetrahedron, 16, 100 
(1961); (h) Z. Valenta, A. H. Gray, D. E. Orr, S. Papadopoulos, and C. 
PodBsva, ibid., 18, 1433 (1962); (i) R.  M. Carman and D. A.  Ward, Tetra- 
hedron Lett., No. 10. 317 (1961); (j) W. A. C. Brown and G. A. Sim, Proc. 
Chem. Soc., 293 (1964). 

(17) J. Polonsky, ibid., 292 (1964); (b) J. Polonsky, Bull. SOC. Chim. 
Fr., 1546 (1959); (a) 8. C. Nyburg, G .  L. Walford, and P. Yates, Chem. 
Commun., No. 10, 203 (1965). 

(18) C. G. Casinovi, V. Ballavita, G. Grandolini, and P. Ceccherelli, 
Tetrahedron Lett., No. 27, 2273 (1963). 
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eurycomalactone (13) also occurs, affording an enol 
acetate (4) when treated with acetic anhydride in pyri- 
dine solution at  room temperature. Clemmensen 
reduction of 13 affords 6a, thus indicating the 5/3 con- 
figuration in Cia and its derivatives 6b and 6c. 

The circular dichroism (CD) curve of eurycomalac- 
tone (la) exhibits a negative maximum1g at ca. 400 
mp and a positive maximum19 at  ea. 370 mp. This 
resembles the Cotton effect curve of chaparrinone20 
in this spectral region, and a marked negative Cotton 
effect at  ea. 300 mp, indicative of the homoconjugation 
existing between the unsaturated and the saturated 
keto chromophores. In  isoeurycomalactone (IC) the 
negative Cotton effect at  ca. 400 mp is substantially 
decreased. 

Dihydroeurycomalactone (2a) shows a "double 
humped" CD curve, with a negative maximum at 304 
mp and a positive maximum at 275 mp (see Experi- 
mental Section). This Cotton effect strongly supports 
the 5a configuration in 2a, since the 5p isomer would 
be expected to exhibit a very intense negative Cotton 
effeotlg in the 300-mp region (summation of 2 ketone and 
6 ketone in a 5p compound). 

Oxidation of the acetoxy alcohol 9b affords the ace- 
toxy ketone 14, which exhibits a negative Cotton effect 
in the 300-mp region. 

It has been shown earlier in the chaparrin seriesz0 
that treatment of chaparrol (Ea)  with pyridine affords 
neochaparrol (15b) and that the inversion of configura- 
tion at  C-9 is accompanied by a change in sign of the 
Cotton effect. Compound 15b shows a very intense 
positive rotatory dispersion (RD) curve (a = +250).'O 
In the 9p compound 15b the nonbonded interactions 
between the 1-methyl group and the 11 ketone are 
substantially reduced, when compared with those in 
the 9a isomer 15a, thus explaining the ease of isomerisa- 
tion.zl 

When the alcetoxy ketone 14 was refluxed in pyridine, 
the starting material was recovered unchanged. This 
excludes the location of the keto group at  C-11 in 
14; hence the secondary alcohol has to be situated at  
C-12 in eurycomalactone (la) and its derivatives. 

Further work will be performed in order to establish 
firmly the complete stereochemistry of eurycomalac- 
tone, when conditions will allow us to collect more 
starting material. 

Experimental Sectionzz 
Extraction of the Bark of Eurycoma 2ongifoZia.-Dried bark 

(8 kg) was extracted with petroleum ether for a period of 7 days. 
After concentration in ZJUCUO, 12 g of oily material were obtained. 

(19) P. CrabbB, "Applications de la dispersion rotatoire optique et du 
dichroisme oiroulaire optique en chimie organique," Gauthier-Villars, Paris, 
1968. 

(20) T. R. Hollands, P. de Mayo, M. Kisbet, and P. CrabbB, Can. J .  

(21) See also P. Crabb6 and A. Bowers, J .  Ow. Chem., 32, 2921 (1967). 
(22) Melting points were taken with a Maquenne block. 

Chem., 48, 3008 (1965). 

Optical rota- 
tions were determined in chloroform solution with a Hilger M 412 polarim- 
eter. Infrared spectra were determined with a Perkin-Elmer Model 137 
spectrometer. Ultraviolet spectra were measured with a Beokman DK-2 
spectrophotometer. The optical rotatory dispersion (RD) curves were 
obtained with a Jasco UV/5 spectropolarimeter. The circular dichroism 
curves were measured with a Jouan Dichrograph in the Laboratory of 
Professor G. Ourisson (University of Strasbourg). Unless otherwise stated, 
the nuclear magnetic resonance spectra were taken in deuteriochloroform 
solution (ca. 10% w/v) with a tetramethylsilane internal reference using a 
Varian A-60 spectrometer. 

Petroleum ether (100 ml) was added, and the insoluble material 
was dissolved in benzene-hexane (1 : 1) and chromatographed 
over neutral alumina. 

Elution with petroleum ether afforded 2.3 g of an oil which 
crystallized with methanol. Further recrystallizations from 
methanol gave 800 mg of p-sitosterol: mp 140'; [@ID -36"; 
YE.",' 3670 and 1650 cm-1. 

Anal. Calcd for CzsHboO: C, 83.98; H, 12.15. Found: C, 
83.88; H, 12.10. 

Acetylation of 100 mg of 0-sitosterol with 2 ml of acetic 
anhydride in pyridine gave the corresponding acetate, which was 
recrystallized from methanol: mp 129'; [a]D -40'; vmax 1724 
and 1242 cm-I. 

Anal. Calcd for C31H5~02: C, 81.51; H, 11.47. Found: C, 
81.41; H, 11.40. 

Further elution of the column gave 920 mg of a white substance 
which was purified further bv crvstallization from acetone to 
furnish pure campesterol: "p G7'; [ a ] ~  -35'; v:ti 3571 
and 1652 cm-'. 

Anal. Calcd for C28H480: C, 83.93; H, 12.07. Found: C, 
83.87; 0, 12.12. 

Acetylation as above provided the corresponding acetate, 
which was recrystallized from ethanol: mp 139'; [ a ] ~  -38'; 
~2,": 1730 and 1259 cm-1. 

Anal. Calcd for CaoHsoOs: C, 81.38; H, 11.38. Found: C, 
81.28; H, 11.28. 
2,6-Dimethoxybenzoquinone.-After extraction with petro- 

leum ether, the bark was dried in the open air and then ex- 
tracted with boiling water for 48 hr. This extraction was repeated 
until the water extracts did not show any bitterness. The 
water extracts were treated with lead acetate (3QY0 water solu- 
tion). The solution was filtered and the filtrate was treated with 
carbon. The bitter principles were adsorbed. The carbon was 
filtered and dried I The aqueous extracts were chromatographed 
on 400 g of magnesium silicate and Celite. Elution with chloro- 
form afforded 2.04 g of an oily product which crystallized from 
methanol. Recrystallizations furnished a pure sample of 2,6- 
dimethoxybenzoquinone: mp 250-252' (in sealed tube); YE: 
1701, 1645, 1623, and 1592 cm-'; XzH 287 mp (log E 4.29) and 
380 (2.78). 

Eurycomalactone (la).-The carbon recovered from the 
previous extraction was dried in the open air for 3 days, and then 
for several hours a t  50-60'. I t  was then extracted with chloro- 
form. The chloroform extracts were concentrated under reduced 
pressure to afford 20 g of a bitter product. Chromatography on 
400 g of magnesium silicate-Celite (2: 1) gave 3 g of material by 
elution with benzene. Recrystallizations from methanol furnished 
2 g of pure eurycomalactone (la): mp 268-270'; [aln $100" 
(CHCh), f76" (MeOH), -4' (pyridine); CD (c 0.002, dioxane) 
I ~ I ~ S E - ~ ~ ~  -1710'; [e13~6-87T +7QO", [ 8 l a 6 6  +815', [e12sl-807 
-17,760"; Y,":: 3571, 3609, 1770, 1709, 1679, and 1621 cm-1; 
v:::" 3571, 3497, 1773, 1712, 1667, and 1629 cm-l. v ~ ~ ~ '  3571, 
3509, 1764, 1712, 1667, and 1618 cm-l; A:::" 241 rnp (log E 3.85) 
and 290 (2.24); nmr 1.16 (d, J = 7 cps, 13-CHs), 1.25, 
1.55 (8-CH,, 10-CHa), 1.94 (4-CH3), 6.1 (vinylic H), 3.10-3.20 
and 4.30-4.40 (OH), and 4.80 ppm (HCO); mass spectrum 
m/e 348 (M+). 

Compound la can exist a t  least partially in the enol form. 
The CD is solvent and concentration dependent; its uv absorp- 
tion in alkaline medium is a t  Xmaa 288 mp (log e 3.65), reminiscent 
of the uv of 3a and 3b (v ide  infra). 

Anal. Calcd for CI~H,,O~: C, 66.50; H, 6.94. Found: C, 
65.43: H. 6.88. 

The mono-2,4-dinitrophenylhydrazone derivative was obtained 
as yellow crystals, mp 125', XzH 358 mp (log e 4.62). 

Anal. Calcd for C2&09N4: N, 10.60. Found: N, 10.15. 
The bis-2,4-dinitrophenylh draeone derivative was obtained 

as red crystals, mp 150", XZ:'368 ml.c (log e 4.51). 
Anal. Calcd for C ~ ~ H ~ Z O I ~ N ~ :  N, 15.80. Found: N, 15.42. 
Isoeurycornalactone (IC) .-Treatment of 100 mg of eurycoma- 

lactone (la) with 40 ml of a 1 A7 solution of H2SO4 a t  reflux 
temperature for 3 hr is followed by the usual extraction procedure. 
Chromatography over magnesium silicate-Celite (2 : 1) afforded 
10 mg of recovered starting material. Elution with CHCls gave 
50 mg of isoeurycomalactone (IC): mp 255-258' (from ethanol- 
water); [@ID fO'; CD ( c  0.009, dioxane) [0]$~4-r04 -726'; 
YE:: 3509, 3378, 1754, 1724, 1683, and 1629 cm-'; 232 
mp (log e 3.92), 290 (3.20), and 334 (3.03); nmr (DMSO-&) 
1.03 (d, J = 6 cps, I3-CHa), 1.20, 1.36 (8-CHa, IO-CHs), and 
1 a48 (4-CH3). 
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And.  Calcd for CleHarOa: C, 65.50; H, 6.94. Found: C, 
64.99; H, 6.92. 

Compound IC was also obtained by treatment of l a  with 
hydrogen chloride or with concentrated formic acid. 

Dihydroeurycomalactone (2a).-A solution of 100 mg of la 1ri 
20 ml of methanol was stirred in a hydrogen atmosphere in i,he 
presence of 100 mg of 10% Pd-C. After 1 equiv of hydrogen 
was taken up, the reaction mixture was filtered to give 98 mg OS 
dihydroeurycomalactone (2a). Crystallization from melhanol 
provided an analytical sample: mp 247-248'; [ a ] ~  $23"; 
CD (c 0.001, dioxane) [8]~~-alg -2.600°, [ 8 ] a o r  -2.780", and 
[B]z7s-z78 f2.450°, v::: 3571, 3448, 1783, and 1706 cm'l; XzH 280 mp (log 6 1.83); nmr 0.95 ppm (d, J = 7 cps, 4-CHa). 

Anal. Calcd for ClgHzaOe: 6, 65.12; H, 7.47. Found: C, 
65.00; H, 7.52. 

The 2,4-dinitrophenylhydrazone derivative was obtained, mp 
251', XZ:" 355 mp (log e 4.54). 

Anal. Calcd for CalH8rO~eNs: N, 15.70. Found: N, 14.93. 
Enol Acetate 3a.-A solution containing 200 mg of la and 5 

ml of acetic anhydride in 3 ml of pyridine was left a t  room tem- 
perature for 15 hr. After work-up, followed by chromatography, 
170 mg of 3a was obtained: mp 272-273" (from benzene); 
[ a ] ~  -98"; IJ~;: 3546, 1779, 1754, 1672, and 1681 cm-'; 
285 mp (log E 4.66); mass spectrum m/e 388 (AI+). 

Anal. Calcd for C ~ I H ~ ~ O ~ . ~ / ~ H Z O :  C, 63.01; H,  6.80. 
Found: C, 62.78; H, 6.50. 

The same substance (3a) was obtained by treatment of la with 
acetic anhydride in presence of sodium acetate. 

Triacetate 3b.-When a pyridine solution of l a  was heated for 
9 hr a t  90" in the presence of acetic anhydride (same proportions 
as above), a small amount of 3.3 was isolated, but the major 
compound was the triacetate 3b. Recrystallization from metha- 
nol furnished an analytical sample: mp 248'; [ n ] ~  -95"; 
uz?: 1792, 1742, 1672, 1613, and 1285 em-'; X2zH 285 mfi (log 
€ 4.37). 

Anal. Calcd for C2aHsoO9: C, 63.28; H, 6.37. Found: C, 
63.68; H, 6.27. 

Eurycomalactone Diacetate (Ib).-A mixture of 200 mg of 
eurycomalactone la in 10 ml of acetyl chloride was heated under 
reflux for 3 hr. The residue (170 mg) obtained a t  the end of the 
reaction was chromatographed to afford the diacetate lb: mp 
267" (from ethanol); [ a ] ~  $32"; v::: 1786, 1739, 1721, 1678, 
and 1629 cm-l; 238 mM (log e 3.51) and 285 (2.53). 

Anal. Calcd for C23H2808: C, 63.80; H, 6.52. Found: C, 
63.63; H ,  6.64. 

Enol Acetate of Dihydroeurycomalactone (4).-Acetylation of 
2a with acetic anhydride in pyridine solution, followed by the 
usual work-up, gave a 90% yield ofKznol acetate 4: mp 290" 
dec (from benzene); [a]D -30"; vmal 3597, 3333, 1779, 1742, 
1712, and 1628 cm-1; A?:" 285 mM (log e 2.55). 

And. Calcd for C21H280T: C, 64.27; H, 7.19. Found: C, 
64.38; H,  7.12. 

Dihydroeurycomalactone Diacetate (2b).-A mixture of 200 mg 
of 2a and 10 ml of acetyl chloride was heated on the steam bath 
for 10 hr. The reaction mixture was evaporated to dryness and 
the residue (195 mg) was chromatographed over 4 g of magnesium 
silicate-Celite (2: 1). Elution with petroleum ether furnished the 
diacetate 2b: mp ca. 275-280" dec (from ethanol); [ai0 -36'; 
u::: 1786, 1739, 1718, and 1277 cm-l; 285 mM (log e 2.52). 

Anal. Calcd for CzsHaoOs: C, 63.58; H,  6.95. Found: C, 
63.40; H, 7.01. 

Tetraketolactone Sa.-Chromic acid oxidation6 of 100 mg of 
2a a t  room temperature was followed by usual work-up to provide 
75 mg of tetraketone 5a: mp 275' (from ethanol); [ a ] D  -57'; 
Y::: 1779, 1724, and 1718 cm-l; Amax 292 rnM (log e 2.03). 

Anal. Calcd for C19H2206: C, 65.88; H,  6.40. Found: C, 
65.70; H ,  6.30. 

Preparation of the Monohydroxylactone 6a and Its Acetate 
6b.-A solution containing 100 mg of 6a, 500 mg of zinc amalgam, 
1 ml of hydrochloric acid, 3 ml of water, and 10 ml of toluene was 
heated under reflux for 80 hr. The reaction mixture was cooled 
to  room temperature, the organic layer separated, and the 
aqueous layer extracted with chloroform. The organic extracts 
were washed with sodium bicarbonate and water, dried over 
anhydrous sodium sulfate, filtered, and evaporated to dryness. 
This gave 90 mg of a product which was purified by chromatog- 
raphy. Elution with petroleum ether-benzene (1 : 1) furnished 
the hydroxylactone 6a: mp 220' (from petroleum ether- 
benzene); [ a ] ~  $40'; u:?: 3448 and 1745 cm-'; mam spectrum 
m/e 306 (Mfj. 

Anal. Calcd for C19H30O3: C, 74.46; H,  9.86. Found: C, 
74.31; H, 9.70. 

Acetylation of 6a by the usual techniques gave the correspond- 
ing acetate 6b: mp 135' (from ethanol); [ L Y ] D  $30"; v::: 1779, 
1739, and 1228 om-'. 

Anal. Calcd for CzlH3204: C, 72.38; H,  9.26. Found: C, . .  

72.41; H, 9.19. 
Ketolactone 6c.-To a solution of 100 mg of 6a in 5 ml of 90% 

acetic acid, a solution of 100 mg of chrom& anhydride in 3 ml 
90% acetic acid was added dropwise. The reaction was allowed 
to stand a t  room temperature for 2 hr. Water was added, and 
the organic compound was extracted with chloroform. The 
organic layer was washed, dried, filtered, and evaporated to  dry- 
ness, furnishing 90 mg of ketolactone 6c: mp 198-200" (from 
ethanol); [ a ] ~  -75"; Y",: 1786 and 1721 cm-'; 300 mp 
(log e 1.76). 

Anal. Calcd for C19H28O3: C, 74.96; H, 9.30. Found: C, 
74.59; H, 9.43. 

The 2,4-dinitrophenylhydrazone derivative was obtained as 
yellow-orange crystals, mp 135", XzH 358 mp (log e 3.85). 

Anal. Calcd for CzsH3zO~N4: N, 11.56. Found: N, 11.04. 
Tetrahydroxylactone 5b .-Sodium borohydride (200 mg) was 

added in smaIl portions to 100 mg of Za in 10 ml of methanol. 
Stirring was continued for 3 hr. Water was added, and the solu- 
tion was neutralized with dilute sulfuric acid. Extraction with 
chloroform afforded 60 mg of noncrystalline tetrol 5b, which 
showed no keto band in the ir. 

Treatment of 100 mg of 5b in dioxane solution with 10 ml of 
0.25 M periodic acid showed that the cleavage of a-glycol is 
complete after 4 hr. 

Hydroxydiketolactone 7a and Its Acetate 7b.-To a solution 
of 100 mg of 2a in 10 ml of glacial acetic acid, 300 mg of zinc 
powder and 2 ml of concentrated hydrochloric acid were added. 
The reaction mixture was gently refluxed for 6 hr, 1 ml of con- 
centrated hydrogen chloride being added after 3 hr. The solution 
was cooled, extracted with chloroform, washed, dried, filtered, 
and concentrated in vacuo. The hydroxydiketolactone 7a (90 
m ) was recrystallized from ethanol: mp 262"; [CY]D $11"; 
r& 3424, 1779, and 1706 cm-'; X z  282 mp (log e 1.84). 

Anal. Calcd for C19Ha606: C, 68.24; H, 7.83. Found: C, 
68.50; H, 7.97. 

Acetylation of ?a with acetyl chloride under the conditions 
described previously provided the corresponding acetate 7b: 
mp 135-140' (from ethanol); [ a ] ~  -11"; ~2:: 1779, 1745, 1715, 
and 1231 cm-1; X z  280 mp (log E 2.61). 

Anal. Calcd for CzlHzgOe: C, 67.00; H,  7.49. Found: C, 
67.32; H, 7.60. 

Clemmensen Reduction of 7a.-A solution of 100 mg of 7a, 10 
ml of toluene, 1 ml of concentrated hydrochloric acid, 3 ml 
of water, and 500 mg of zinc amalgam was heated under reflux 
for 80 hr. After the usual work-up, there was obtained 90 mg of 
hydroxylactone 6a: mp 220"; [ a ] ~  +40"; identical in all aspects 
with the compound obtained above. 

Eurycomol (9a).-600 mg of sodium borohydride was slowly 
added, with stirring, to a solution of 300 mg of la in 40 ml of 
methanol containing 600 mg of boric acid. Stirring was con- 
tinued for 2 hr after addition was finished. Water was added, 
and the solution was neutralized with dilute sulfuric acid. Ex- 
traction with chloroform furnished 150 mg of noncrystalline 8: 
[ a ] ~  -25"; vz:: 3462, 3360, 1752, 1650, and 1625 cm-l. 

This material was used as such for the rearrangement reaction, 
which was performed as follows. 8 (200 mg) was treated with 
40 ml of 10% sulfuric acid a t  reflux temperature for 3 hr. The 
reaction mixture was cooled, water was added, and the compound 
was extracted with chloroform. The organic layer was washed, 
dried, filtered, and evaporated, thus affording 150 mg of a yellow 
compound which was chromatographed over 3 g of magnesium 
silicate-Celite (2: 1). 

Elution with 200 ml of benzene gave eurycomol (sa), which 
was recrystallized from ethyl alcohol: mp 265'; [a ]D  $14"; 
RD ( c  0.001, dioxane) [@]E~o +244", [*]SSO +367", [CPIZQB +215', 
[@I291 f O ' , J 9 ~ 8 2  -380", [ @ ] z ~ s  -123", [CP1240 -5460", and [*]ZS~ 
-3240'; urnax 3571, 3424, 1754, 1655, and 1628 cm-l; A::" 
224 mp (log E 4.08), 270 (2.68), 279 (2.57), and 308 (1 -55). 

Anal. Calcd for CloHerO,: C, 72.12; H, 7.64. Found: C, 
72.00; H ,  7.50. 

Eurycomol Monoacetate (9b) and Diacetate (%).-A solution 
containing 200 mg of 9a, 3 ml of pyridine, and 4 ml of acetic 
anhydride was heated on the steam bath for 10 hr. The re- 
action mixture was then evaporated to dryness in vacuo. The 
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residue (190 mg) was chromatographed over 4 g of magnesium 
silicate-Celite (2: 1). 

Elution with petroleum ether-benzene (1: 1) afforded the di- 
acetate 9'c: mp 235-240" (from ethyl alcohol); [a]D f20"; 
~2.": 1764, 1724,, and 1234 cm'l; 223 mp (log e 3.48), 270 
(2.72), 274 (2.68), and 279 (2.71). 

Anal. Calcd for CnnH,~On: C. 68.98: H. 7.04. Found: C, . .  . .  
68.68; H, 7.00, 

Further elution with benaene furnished the monoacetate 9b: 
nip 255-260" (from ethyl alcohol); [a]n 4-40'; ~2:: 3472, 1754, 
1724, 1650, 1625, and 1234 cm-'; A::" 223 mp (log 6 3.44), 
270, (2.27), 274, (2.22), and 279 (2.24); nmr 0.95 (g-CHs), 1.35 

and 6.98 ppm (2 aromatic H).  
Anal. Calcd for Cz1Hz605: C, 70.36; H, 7.31. Found: C, 

70.10; H, 7.14. 
Reduction of .Eurycomol (sa) with Lithium Aluminum Hydride. 

-To a solution of 1 g of LiAIHl in 40 ml of anhydrous tetra- 
hydrofuran, cooled a t  Oo,  100 mg of 9a in tetrahydrofuran was 
slowly added. 'The reaction mixture was stirred for 3 hr. Ethyl 
acetate was then slowly added. After filtration and extraction 
with chloroform, an amorphous material was obtained: v::: 
3570, 1656, and 1626 cm-1; A:: 248 my (log E 2.74), 254 (2.77), 
260 (2.79), 269 (2.82), and 279 (2.76). 

When compound l l a  was treated with periodic acid under 
the conditions described above for the tetrahydroxylactone 5b, 
the cleavage of the 01 glycol was achieved in less than 5 hr. 

Deoxyeurycomol (loa) and Its Acetate (lob).-A solution of 80 
mg of eurycomol (sa) in 20 ml of acetic acid was treated in a 
hydrogen atmosphere with 80 mg of prereduced platinum oxide. 
After taking UFI 1 mol of hydrogen, the catalyst was filtered, 
water was added, and the product was extracted with chloroform. 
The organic layer was washed, dried, filtered, and concentrated 
under reduced pressure to give deoxyeurycomol (loa): mp 215' 
(chloroform); [ a ] ~  4-25'; ~2:: 3424, 1754, 1658, and 1628 
cm-'; 224 mp (log E 4.10), 261 (2.38), 270, (2.42), and 279 
(2.36). 

Anal. Calcd for Cl~HzaOa: C, 75.96; H, 8.05. Found: C, 
76.01; H, 8.15. 

Acetylation of 10a under usual conditions furnished the corre- 
sponding acetate lob: mp 110'. [ a ] ~  4-27"; Y::: 1779, 1742, 
1634, 1618, and 1231 ern-'; 224 mp (log 6 4.05), 270 
(2.09), and 279 (2.04). 

Anal. Calcd for C Z H Z ~ O ~ :  C, 73.65; H, 7.65. Found: C. 

(d, J = 6 CPS, 13-CHa), 2.05 (6-OAc), 2.31 (1-CHa), 2.67 (4-CHa), 

73.38; H, 7.50. 
Preparation of Triol llb.-A solution of 100 me of 10a in 20 

ml of anhydrous tetrahydrofuran was reduced withvl g of LiAlH, 
in 20 ml of the same solvent. At the end of the reaction, the excess 
of reagent was decomposed by careful addition of ethyl acetate. 
Addition of water and then 20% sulfuric acid was followed by 
extraction with chloroform. After washing and drying, evapora- 
tion of the solvents afforded 85 mg of triol l l b :  mp 190' (from 
chloroform); v::: 3333 and 1484 cm-1. 

Anal. Calcd for C1sHsaO8: C, 73.50; H,  11.03. Found: C, 
73.14; H,  11.09. 

Preparation of Triacetate 3b.-A solution containing 200 mg of 
isoeurycomalactone (IC), 4 ml of acetic anhydride, and 3 ml of 
pyridine was heated on the steam bath for 8 hr. The reaction 
mixture was then evaporated to dryness in vacuo. The amor- 

phous residue was chromatographed to afford 120 mg of triacetate 

1672, 1613, 1285, and 1227 om-'; A::,"."," 285 rnp (log c 4.35). 
Anal. Calcd for C Z ~ H ~ ~ O ~ :  C, 6328; H, 6.37. Found: C, 

63.55; H, 6.24. 
Dihydroisoeurycomalactone (13).-Catalytic reduction of IC 

(90 mg) with 180 mg of palladium on carbon (10%) in 10 ml of 
methanol in a hydrogen atmosphere furnished the saturated 
compound 13: mp 230' (from methanol); [a]D 4-20'; v E ~ ) :  
3521, 3448, 1757, and 1712 om-'; 

Anal. Calcd for CIQH~BO~: C, 65.12; H, 7.47. Found: C, 
65.10; H,  7.51. 

Hydroxylactone 6a.-When dihydroisoeurycomalactone (IC) 
was reduced under the Clemmensen reaction conditions de- 
scribed above, the hydroxylactone 6a was isolated. Recrystal- 
lization from petroleum ether afforded the analytical sample: 
mp 220'; [ a ] ~  f40'; Y~~~ 3496, 1754, and 1458 crn-'. This 
compound was shown to be identical with the substance obtained 
from 2a. The melting points and [ W I D  values were identical, and 
the ir curves were superimposable. 

Preparation of the Acetoxy Ketone 14.-Oxidation of the 
acetoxy alcohol 9b with chromic acid in the usual manner16 
afforded the acetoxy ketone 14: mp 225' (from ethanol); CD 
(c 0.0014, dioxane) [ ~ I Z S S - ~ O I  -3800'; [8I2sr-zsa -3930". 

When 14 was dissolved in pyridine and the solution was heated 
to reflux, no change was observed. The starting material was 
recovered. 

3b: mp 245' (from ethyl alcohol); [alD -95"; YE:: 1792, 1742, 

278 mp (log E 2.22). 

Registry No.-la, 23062-24-0; la bis-2,4-dinitro- 
phenylhydrazone, 23102-76-3; lb, 23062-25-1 ; IC, 
23062-26-2; 2a, 23042-48-0; 2a 2,4-dinitrophenyl- 
hydrazone, 23042-49-1 ; 2b, 23102-77-4; 3a, 23042-50-4; 
3b, 23042-51-5; 4, 23042-52-6; 5a, 23042-53-7; 6a, 

dinitrophenylhydrazone, 23042-57-1 ; 7a, 23042-58-2; 
7b, 23042-59-3; 8, 23042-60-6; 9a, 23102-78-5; 9b, 
23042-61-7; Qc, 23042-62-8; loa, 23042-63-9; lob, 
23102-79-6; lla, 23042-64-0; llb, 23042-65-1; 13, 
23042-48-0; 14, 23042-67-3; p-sitosterol, 83-46-5; 
P-sitosterol acetate, 915-05-9; campesterol, 474-62-4; 
campesterol acetate, 3037-45-4; 2,6-dimethoxybenzo- 
quinone, 530-55-2. 

23042-54-8; 6b, 23042-55-9; 6c, 23042-56-0; 6~ 2,4- 
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