
phy*)cbnnittry, 1%8, Vol. 7, PP. 963 to 973. wn Press. Printed in E&and 

THE STEREOCHEMISTRY OF THE BOSWELLIC ACIDS 
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Ah&act--The configuration of the substitucnts at C(3), c(4), C(5), c(8), C(iO), CV3) and C(17) in a- and 
j%oswellic acids have been shown to be identical by an ursane-oleanane interconversion, Synthetic and 
dehydration studies of the C(3) cpimeric alcohols have con5rmed the axial contiguration of the hydroxyl 
group in the boswellic acids and indicated that coplanarity of participating groups need not be an &t&l 
re@ement for ring contraction. Cyclization reactions of CX3) and c(24) dihydroxy derivatives of the bos- 
wellic acids have shown that ring A &n readily change from a.chair to a boat form to permit cyclic acetalixa- 
tion of tram diaxial hydroxy groups. 

Fmmsu, a fragrant and costiy gum, is obtained from ~os~eiiiu curteri and other 
species of East Indian trees and was much used for sacrificial and religious purposes by the 
ancient Egyptians and Jews.r 

Ursane and oleanane triterpenoids are among the main constituents of this material, 
and a- and &boswellic acids were first isolated in admixture by Tschirch and Halbey* at 
the close of the nineteenth century. These acids, which occur as their acetates, were sub- 
sequently separated by Winterstein and Stein3 and initially formulated4+j as 3cx-hydroxyolean- 
12-en-%-ok acid (XI@ and 3~-hydroxyum-l2-en-24-oic acid (la) respectively, in which the 
hydroxyi groups have opposite and different cotigurations. 

This paper details direct chemical evidence disclosing the stereoidentity of the hydroxy1 
and carboxyl functions and the connations at c(5), C(8), C(lO), C(13) and C(17) and 
firmly subs~~~g earlier suggested formations’ for a-boswehic and ~-boswel~c acids 
first derived from molecular rotation co~iderations.8?9 

A key step in the establishment of the structure1o and stereochemi&+* of a-amyrin 
(Ic) and the first example of the direct conversion of an ursane triterpenoid to an oleanane 
triterpenoid was the isomerization of ursa-9(11),12-dien-3)5-yl acetate (111~) to oleana- 
11,13(18)-dien-3/3-yl acetate (IVa).13 

1 HoIy Bible, New Testament, Matthew 2,11. 
2 A. Tscmac~ and 0. IIALBN, Arch. Pharm. 234,487 (1898). 
3 A. Wm and G. Sm, 2. Physiol. Chem. 208.9 (1932). 
4 L. Ruzrc~ll and W. Wraz, He/r. Chim. Actu 22.948 (1939); 23,132 (1940); 24,248 
s 0. Jmow. Fortschr. Gem. 0~. Nuturstofi 7.59 (19501. 

(1941). 

6 B. Btscrro~, 0. JEOW and L. Ruztm, Z?eZlo.~Chim. A& 32,191l (1949). 
7 G. G. ALAN, Chimia 17,382 (1963). 
* W. KLYNB and W. M. Sroxna,J. Ckm. Sec. 1979 (1954). 
9 J. L. BEION, T. G. ih.a.r~ and E, R. H. Jo=, J. Chem. Sue. 2904 (19%). 

lo G. G. AU-AN, Ckm. & Znd. 529 (1958). 
*t G. G. ALAN and F. S. SP~G,~. Chem. Sot. 2125 (1955). 
12 G. G. ALLAN, M. B. E. FAW, F. S. Spmm and R. tBmmo~, f. Chum. Sot. 456 (19%). 
13 G. G. ALLAN, J. M. BEA?Y)N, J. I. Smw, F. S. SPRINO, R STEVENSON, J. L. SIZWART~ W. S. STRACHAN, 

Glum. (G Znd, 281(1955). 
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This noteworthy reaction has implicitly a much broader scope in stereochemical investi- 
gations in the triterpenoid field and its application could be considered in this case since 
&boswellic acid (Ib) can be readily converted to the homoannular diene (JIIb) by methylation, 
acetylation and oxidation with N-bromosuccimide.r4 Refluxing of this ursune derivative 
with hydrochloric acid in acetic acid for 24 hr gave the heteroannular diene acetate (I%) 
in admixture with the related alcohol (WC) in 85 per cent yield identical with the oleanune 
heteroannular conjugated diene acetate obtained from a-boswellic acid (IIb) by methylation, 
acetylation and dehydrogenation with selenium dioxide. The configurations of the functional 
groups in ring A of both the boswellic acids are therefore clearly identical. 

Since the configurations of the hydroxyl and carboxyl groups in a-boswellic acid have 
been established4J5 as a and p respectively, the orientations of the same groups in /3-boswellic 
acid are now clearly fixed in agreement with the suggestions initially prompted by molecular- 
rotation evidence.* 

The configuration of the C(3) hydroxyl group finds further endorsement in dehydration 
experiments. Thus, the high yield of the ursane-oleanane interconversion of (III) to (IV) 
suggested that facile ring contraction was not a significant side reaction. 

1’ L. RUZICKA, 0. JSXXR and W. INOOLD, Helu. Chim. Acta 27,1859 (1944). 
15 G. G. ALIAN, Chem. & Zmi. 1497 (1965). 



Tho stcreachean&y of the boswellic acids %5 

This, of course, is entirely consistent with the presence of the 3a-axial configuration which 
normally leads to the formation of an ethenoid linkage without ring contraction. Dehydrative 
ring A contraction of a triterpenoid alcohol on the other hand is generally considered diag- 
nostic of the presence of a 3&equatorial hydroxyl group and satisfying stereochemical 
representations have been developed for both these cases.1616 

Thus, treatment of methyl 3a-hydroxyurs-12-en-24-oate (If) with phosphorus penta- 
chloride afforded the expected methyl ursa-2,12dien-24-oate (V),r9120 the constitution of 
which was confirmed by its hydrogenation to the known methyl urs-12-en-24-oate mzl 
and by its preparation by the pyrolysis of methyl 3a-benzoxyurs-12en-24-oate (k). 

1” 
H.. 9@ .- h 

OOMe 

V 1x0 R-H 
b R=COOMe 

These reactions can be recognixed mechanistically as conventional tram diaxal ionic 
elimination and cis thermal elimination respectively22 and are in accord with the stereo- 
chemistry represented in (I.. 

In contrast, treatment of the 3@4mer (Ig)9 did not afford the expected ring~mracted 
product. Instead, the product was methyl 3&chlorours-12-en-24-oate (III) identified by 
reductive conversion to (Id). 

Thus neither 3a- nor 3/3ursane alcohols are subject to ring contraction with phosphorus 
pentachloride when a carbomethoxy group is located at C(24). The mechanism for ring-A 
contraction is usually depicted24*2s in its initial stages as in (VI), (VII) and (WI). 

HO 

IV 

-+GJ + 

k 
VII 

:I- q 
VIII 

I- 
16 D. H. R. BARlQN, Qpcrienth 6,316 (1950). 
“D.H.R.BAR~N~W.J.R -E&l. alem. sot. 1048 (1951). 
I* D. H. R. BARTON, J. Chcm. Sot. 1027 (1953). 
19 Ehvier’s Encycio~dia of Organic Chemistry, editor R. RADT, auditor D. &XRN, Vol. 14 and Supplc- 

mcnt. 
z” J. C. E. SIMPSON and N. E. WILLIAMS, J. Chem. Sot. 686,1712 (1938). 
21 P. Bnwrw, G. A. R. KON and W. C. J. Ross, 1. Chum. Sot. 35. (1942). 
22 D. B. CRMa, in St&e #&ts In Oqanfe Chemistry (edited by M. S. N EWMAN), p. 304. John Wiley, New 

York (1956). 
23 A. ~~ISR, 0. JEOER and L. RUZICKA, Heio. Cum. Actu 33,672 (1950). 
“G.G.ALLAN.P.S.SPRMO,R- and W. S. STRACHAN,~. Clrsm. &se. 3371(1955). 
u D. H. R. BARON and P. DEMAYO. .K C&m. Sot. 3111(1953). 
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The failure of the 3/3-alcohol (Ig) to follow this path is attributed to the inability of the 
carbonium ion (VII) or its chlorophosphorus precursor to compete successfully with the 
positive com~nent of the dipole of the carbonyl moiety in the ~bome~oxy group to 
capture the electrons of the 45 bond and cons~mate the ring contraction. Chloride ion 
approach or its equivalent then intervenes to permit stabilization by the formation of the 
3-chloro compound. 

The intervention and retention of an anion as a means of stabilizing a carbonium ion is 
somewhat unusual in ring contractions in the triterpenoid field but is not without precedent ; 
the formation of novic acid from quinovic acid providing an interesting intramolecular 
example of this phenomenon.25 

Unexpected results were also observed when methyl 3a-hydroxyurs-12-en-24oate was 
dehydrated with phosphoric oxide. The product obtained has three maxima in its U.V. 
absorption spectrum, Amax 234 (E= 14,7OO), 241 (E= 1600) and 24f$ run (r=lO,%O) and is 
laevorotatory, {a]o - 108” and in these respects and its origins is an exact analogue of both 
I-a-amyradienez4 (1%) A,, 236 ff= 13,300), 241 (E= 14,500) and 250 mu (c=8,500), 
[a]n-l lo”, and its &amyrin relative I-/3-amyradiener* Am, 234 (a== 15,000), 241 (E= 16,000) 
and 249 nm (6 = 10,700), [aJD - 83”. It is therefore to be regarded as methyl S,ga,9@imethyl- 
lOa-novursa-1514dien-24oate (IX@ and its formation is noteworthy as the first example 
where dehydration of a 3a-alcohol has led to ring contraction in spite of the non-copl~ity 
of the involved centers. 

The failure of phosphoric oxide to dehydrate the 3a-alcohol towards the Zposition with 
its favorable coplanarity to afford the non-ring contracted diene (trum diaxial elimination) 
must reflect the powerful electron-withdrawing properties of the intermediate phosphorus 
oxyacid subs&rent which supersede these requirements and provoke the collapse of the 
45 bond and the ensuing ring contraction. Phosphoric oxide dehydration of the epimeric 
3fi-alcohol also afforded the same he~ro~~~ laevorotatory diene (IXb). 

These ring contraction experiments therefore suggest, firstly, that the configuration of 
the 3-alcohol may be irrelevant to ring contraction with phosphoric oxide and second, that 
the carbonium ion precursor produced at C(3) by phosphoric oxide is significantly more 
electrophilic than that attained at the same position with phosphorus pentachloride since 
the former can overcome the competitive positivity of the carbonyl dipole of the carho- 
methoxy group to achieve ring contraction and the latter cannot. 

These formulations of the boswellic acids (I) and (II) can be still further substantiated by 
reduction of methyl 3-oxours-12-en-24-oate (X) with sodium borohydride. With this 
reductant an equatorial @) hydroxyl group is invariably generated from a ketone group in a 
six-membered carbocyclic ring, and in this case the hydroxyester (Ig) obtained is not identical 
with the hydroxyester (If) prepared by me~ylation of fi-boswellic acid.9 

Chemical evidence has also been presented to confirm the @configuration of the 4- 
carboxyl group in #Moswellic acid. Thus reduction of /3-boswellic acid and its 3-epimer with 
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lithium aluminum hydride affords two distinct dials formulated as (XI) and (XII). The 
oleanane analogs of XI and XII were also similarly prepared and characterized. 

XI XII XIII IV 

Treatment of each of the two ursane diols with acetone containing 1 per cent of sulfuric 
acid afforded a cyclic isopropylidene derivative9 only in the case of (XI). This behavior was 
rationalized by the suggestion that of the four diols of this type, (XI), (XII), (XIII) and (XIV), 
all would be expected to form condensation products except (XI), where the two transaxial 
groups (hydroxy and hydroxyme~yl) are not suitably disposed.g 

Implicit in this generalization 26-28 that ~rans substituents in a carbocyclic ring are too 
stereochemically remote for interaction is the seldom stated corollary that the chair conforma- 
tion must be retained. If the chair form is even only somewhat distorted then isopropylidene 
groupings bridging trans substituents can be introduced.2g In our experience, diols (XI) and 
@II) each afforded cyclic acetals on treatment with acetaldehyde. 

xv XVI 

Examination of Dreiding stereomodels of rings A and B shows that in the case of the 
315 4/3 (equatorial, axial) diol a cyclic acetal in a chair form can be readily fused to ring A 
also in the chair form (XV). Although this fusion cannot be achieved in the case of the diaxial 
31x 4/3 arrangement in (XI) with retention of the chair form it can be accomplished if ring A 
is in the boat form with the prow at 3 (and the stem at 6). The 3 and 4 substituents then 
become effectively equatorial and the dioxolane ring can readily be attached. This hetero- 
cyclic ring will of course have the chair conformation (XVI) and the orientation of the methyl 
group attached to the carbon between the oxygen atoms can probably be regarded as equator- 
ial since in this configuration 1,finteractions are minimized. 

This ~~sfo~tion of the more stable chair form to the less stable boat, while rare, is 
not unique and other cases have been noted where either the terminal ring A or E of pentacyclic 
triterpenoids have undergone well-authenticated similar conformational changes resulting 
from bromination31 or lactonixation32-34 reactions. 

26 J. BorsEKw and H. G. Dwx, Rec. lkav. Chlm. 40,529 (1921). 
27 H. G. Drsx, Rec. Trau. Cti. 41,318 (1922). 
28 N. L. WBNDLW and H. L. Suk, C&r. &.Jnd. 167 (1955). 
z9 S. J. ANOYAL and C. G. MdbNALD. J. Chcm. Sot. 686 I1 9521. 
30 S. J. ~QYN. and R. M. HOSKINSON,~& Chem. Sue. 2985‘(196& 
31 D. H. R BARTON, D, A. LEWIS and J. F. McGw J. Cltem. Sot. 2907 (1957). 
32 H. R. h-, A. R. H. COLE, K. J. L. THIEeERo and D. E. Wine, Chem. & Ind. 926 (1956). 
33 C. DIERASPI and J. S. Mrus.J. Am. Chem. Sot. 80.1236 (1958). 
34 B. Tuiwq E. TURXH, I. T. HARRISON, 0. B. C. T. DE D. B. DA SILVA, H. J. MOIVI-EIRO, B. G-T, W. B. 

MORS and C. D-I,J, Org. Chem. 2!J,2393 (1964). 



968 G.GRA?iAMALLAN 

The formation of boat derivatives35 under such relatively mild conditions need not be 
regarded as excessively surprising since the energy difference between the two cyclohexane 
conformations has been estimate@ as being about twice the internal rotation potential 
barrier in ethane (24 kcaljmole) and the skew boat form has an enthalpy 1.6 kcaljmole less 
than that of the true boat3’ 

The failure of acetone to participate iu an analogous boat-form genesis may be ascribed 
to electronic and steric factors. Thus, electronically the lower positivity of the carbonyl 
carbon atom in ketones compared to that in aldehydes does not facilitate initial attack by the 
alcohol. Any limited hemiacetal formation which does occur can be assumed to involve the 
primary aliphatic alcohol group at c(24) rather than tlte secondary alicyclic hydroxyl at 
C(3) because ethanol can be acetalixed more readily than cy~lohex~ol.42 

Models of this tit intermediate (XVII) and the subsequent derived carbon&m ion 
(XVIII) show that severe steric interactious could occur between the pair of methyl groups, 
originating from the acetone, and C(3) of ring A during its change from the chair to the boat 
geometry. The absence of the second methyl group and higher eleetrophilicity of the alde- 
hydic carbonyl carbon in acetaldehyde apparently results in an intermediate (XlX) sufft- 
eiently stable to endure and sterically structured to permit the conformational rearrangement 
of ring A before tinally cyclixing. 

It is noteworthy that cyclic ~opropy~~ne bridges can be constructed between truns 
diaxial hydroxyls in the dihydropyran ring of a tlavanol (X?Q38*3g In this situation an 
examination of molecular models shows that the steric inhibition of the change to the 
required quasi-boat form (XXI) is completely relieved by the coplauarity distortion 
occasioned by the fused aromatic ring. 

3s E. L. Ein& N. L. tit?& S. J. ANGYAL and G. A. MORRISON, Co~r~t~n ha&&, pa 469. Inter- 
science, New York (1966). 

34 C. W. BECKKIT, K. S. PRZIR and R. Spmg~, J. Am. Chem. Sue. @,2488 (1947). 
37 J. B. &INDRIcKsoN.~. Am. Chem. Sot. 83,4537 (l%l). 
3* B. R. BROWN, Nahmz 191.234 (1961). 
39 D. G. Roux, Chem. & Zmf. 278 (1962). 
40 F. T~osr, Ann. Chim. Appl. 27,188 (1937). 
41 E. m, H. WYUIR, A. H&TAND, D. Atuoo~r. 0. JBOER and L. Ruznxh, He&. C&m. Acta 38.1517 

42 !~?&~F.RTs and M. C. CASEIUO, Bank Prittciph of Organic Chemby, p. 447. W. A. Benjamin, New 
York (1965). 
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EXPERIMENTAL 

M.p.s were determined using a standardized N.P.L. thermometer. Rotations were measured in CHCls 
solution in 1 dm tube at approximately 15”. U.V. absorption spectra were determined in ethanol solution with 
a Unicam SP.500 spectrophotometer. For chromatography, alumina (Rrockman Grade II) was used, in the 
ratio 30: lof substance chromatographed, and light petroleum refers to that fraction of b.p. 40-60”. 

The phrase “in the usual way” implies, in general, dilution with water, extra&m with ether, washing 
consecutively with aqueous NaOH, water, aqueous HCl and aqueous NaHCGs, followed by drying of the 
ethereal extract over NasSG,, illtration and evaporation to dryness under reduced pressure. Hydrogenations 
were carried out, at room temperature, in glacial acetic acid which had been refluxed over and distilled from 
CrGr. Acetylations were carried out using acetic anhydride in pyridine solution at 100” for 30 min unless 
otherwise specified. 

MetZiyZ 3o-Aceroxyursu-9(11),12-&n-24-oore (IIIb) 

A solution of methyl 3~+acetoxyurs-12cn-24-oate (5 g) in CCq (100 ml) was re5uxed with N-bromosuc- 
cinimide (3 g) for 3 hr. The product, isolated in the usual way, crystallixed from methanol to yield the homo- 
annular diene acetate as prisms (3 g), m.p. 173-17f, [a]n + 335” (c, l-8). &,,,x 282 nm (r=9750). Ruxicka, 
JegerandIngoldt4givem.p. 175”cor., [a]n +338”r\,,,indioxan,281 nm(c=ll,220). 

Methyl 3a-A~toxyolr~-ll,13(18~ien-24-oate (IVb) 

To a mfluxing solution of methyl 3a-acetoxyolean-12+cQ4-oate (500 mg) in acetic acid (40 ml) was added 
dropwise, a solution of SeG? (500 mg) in water (1 ml) and acetic acid (10 ml), during 20 min. After relluxing 
for a further 1.5 hr the reaction mixture was filtered and evaporated to dryness. ‘Ihe residue obtained was 
dissolved in benxene (50 ml) and filtered through a short column of alumina. The column was washed with 
benzene (500 ml) and the combined eluates were evaporated to dryness. The residue was dissolved in hot 
methanol (25 ml) and filtered through diatomaceous earth. Concentration of the filtrate caused crystalliza- 
tion yielding the h+ztemannuZur dicne acetate (IVb) as 6ne needles (300 mg), m.p. 180-182” [a]n -70” (c, l-5). 
(Found: C, 77.4; H, 9.7. Cs,Hr004 required: C, 77.6; H, 9.9 per cent). Amu at 242 mn (r=28,700). 250 
(32,600) and 260 run (21,290). 

Methyl 3a-Hya?oxyoleana-l1,l3(18)-dien-24salc (WC) 

A solution of methyl 3a-acetoxyoleana-11,13(18)dien-24-oate (700 mg) in methanolic KOH (5 per cent, 
350 ml) was refhrxed for 1 hr. Isolation of the product in the usual way yielded, after threecrystallirations from 
CHCl+nethanol, methyl 3a-hy&oxyoZeunc-l1,13(18)-&n-24-octe as prisms (800 mg), m.p. 248-250°, 
[a],, -27” (c, 26). (Found: C, 79.43; H, 10-3. Crr)4sOr required: C, 79.43; H, lQ32 per cent.) A,,,, at 
242 (~=22,400), 249 (25,200) and 258 MI (16,ooO). Acetylation of this 3a-alcohol using pyridine-acetic 
anhydride yielded (IVb) from methanol as needles, m.p. and mixed m.p. W-182”, [a], -70” (c, 1-l). 

Acid Zsomerirution of Methyl 3a-Acetoxyursu-9(11),12-dicn-24-ucte (IIIb) 

A solution of methyl 3a-acetoxytusa9(11),12dien-24-oate (2 g) in acetic acid (250 ml) was treated with 
cont. HCl(25 ml) and heated on the steam-bath for 2 hr when cont. HCl(25 ml) was again added. The mixture 
was heated on the steam-bath for 22 hr and evaporated to dryness under reduced pressure. ‘Ihe residue was 
dissolved in ether, washed with NaOH solution and water, and the ethereal solution dried. Acidillcation of 
the NaOH washings gave no precipitate. Evaporation of the ethereal solution gavearaidue(l*8 g) which was 
dissolved in petrol-benzene (1: 1, 100 ml) and chromatographed on alumina (50 g). Elution with petrol 
(300 ml) gave a gum (10 mg) which was not further examined. Elution with petrol-benzene (19: 1,100 ml, 
9:1,200 ml, 7:3,100 ml, 3:2,100 ml, 1: 1,lOOml) gave only traces of material. Furtherelution with petrol- 
knxene (2: 3, 100 ml) gave a gum (30 mg) which could not be crystalked. Continued elution with petrol- 
bcnzcne(2:3.200ml,7:13,100ml,3:7,300ml,1:4,200ml,1:9,100ml)and~e(1000ml)gavcagum 
(1.35 g) which crystallixed from methanol to yield methyl 3a-acetoxyoleana-11,13(18)dien-24-oate (IVb) 
as fine needles, m.p. and mixed m.p. MO-182”, [a]D -70” (c, 2.1). &,,.= at 242 (c=28,ooO) 250 (31,400) and 
260 nm (20,600). Stripping of the column with aceton~methanol(1: 1,500 ml) gave a fraction (300 mg) which 
after three recrystallixations from methanol-CHCl~ yielded methyl 3a-hydroxyoleana-11,13(18)dien-24- 
oate (IVc) as prisms (90 mg), m.p. and mixed m.p. 24%250”, [a]D -27” (c, O-9). Amu at 242 (c=25,8tXl), 
250 (29,400) and 260 run (19,200). 

Methyl Ursa-2,12-dien-2 (V) 

(a) A solution of methyl 3a-hydroxyurs-12-en-24-oate (500 mg) in petrol (30 ml) was treated with PCls 
(500 me), shaken for 1 hr and refl~ed for 2 min. The product (525 mg) was isolated in the usual way using 
benrent. dissolved in petrol (100 ml) and chromatographed on alumina (30 g). Elutfon with petrol (1600 ml) 
gave a fraction which crystalked fkom methanol to yield methyl ursu-2: 12-&en-24-oure as plates (250 mg), 
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m.p. 156-t57°, [a],, + 171’ (c, 2.0). (Found: C, 82-2; H, 1@9. CstH4sOz required C, 82.2; H, 10.7 per cent) 
A,,,.. at 205 nm (~=3500) (~210 2220; csis 930; ~220 248). Elution with more polar solvents gave no crystallii- 
able fractions. Attempted hydrolysis using 5 percent methanolic KOH for 1 hr gave a quantitative recovery of 
starting material, m.p. and mixed m.p. 155-157°, [aIn + 171” (c, 2-l). 

(6) Methyl 3a-benroxyurs-12_tn-24-oate (so0 mg) was heated at 300”, in an atmosphere of Ns, for 3 hr. 
The product was isohtted through ether in the usual way and the gum obtained was dissolved in petrol (1OOml) 
and filtered through a column of alumina (10 g). The column was washed with petrol (750 ml) and evaporation 
of this eluate gave a gum (100 mg) which crystallized from methanol to yield V as plates (80 mg), m.p. and 
mixed m.p. with above, 1S5-156°, [a]n + 170” (c, 05). Further elution using petrol-benzene (1: 1,750 ml) 
gave a gum (250 mg) which ctystallired from CHCls-methanol to yield methyl 3a-benzoxyurs-12-en-24oate 
as prismatic rods (220 mg), m.p. and mixed m.p. 155-l 56”, [a]n + 48’ (c, 1.8). 

Methyl Urs-12-en-24oate (Id) 
(a) A solution of methyl Ursa-2,12-dien-26oate (170 mg, m.p. 1%f57”, [a]u -t-171’) in acetic acid 

(100 ml) was added to a suspension of freshly reduced Pt (from 100 mg PtOz} in acetic acid (50 ml) and the mix- 
ture shaken with H2 at room temperature for 8 hr when absorption was complete. The catalyst was removed 
by filtration and the filtrate evaporated to dryness under reduced pressure to yield a residue which crystallized 
from CHCls-methanol to yield methyl urs-12-en-24-oate as needles (150 mg), m.p. 176-177”. [a]n -t 132” 
(c, I.3). (Found: C, 81.8; H, 11-O. C31Hs~02required:C, 81.9; H, 11-l percent.) X,,xat204nm fr=4620) 
(crIO 2650; ~2~s 975). 

(b) A mixture of methyl 3-oxours-12-e%24-oate (ZCX, mg, m.p. 159-MO’, [c&, + 1 1 1 “), acetic acid (50 ml), 
amalgamated Zn (6 g) and cont. HCl(2 ml) was refiuxed for 3 hr with the addition of cont. HCI (2 ml) after 
1 and 2 hr. The product, isolated through ether in the usual way, was d&solved in petrol (100 ml) and filtered 
through a column of a alumina (10 g). The column was washed with petrol (500 ml) and petrol-benzene 
(1: 1,500 ml). Evaporation of theeluates gave a gum which crystallii from CHCls-methanol to yield needles 
(110 mg), m.p. 166-168”. After four recrystallizations, Id was obtained as long fine needles, m.p. 175-1779 
[&, + 130” (c, 16). Methyl urn-12-en-24-oate, m.p. 166-1673 [alo f 131”, had previously been prepared** 
by the same method using a 30-min reduction period. A specimen on admixture with the material described 
above showed no m.p. depression. 

Methyl 3~-Chiorurs-12-en-24-eate (Ih) 
A suspension of methy 3/3-hydroxyurs-12-en-24-oate (652 mg) in petrol (2Oml) was treated with PC& (400 

mg), shaken for 1 hr and reflexed for 5 min. The prcduct, isolated in the usual way, crystallized from CHC&- 
methanol to yield methyl 3&chZo~ows-l2-en-24-oate as prisms (460 mg), m.p. 225-227’, [a]n + I 10” (c, 2.3) 
which gave a positive Beiitein test. (Found: C, 75.7; H, 9.9; Cl, 8.2. Cs$I.+aOsCl required: C, 75.7; H, 
l&l; Cl, 7.8 per cent.) h,,, at 203 nm (1=4950). 

Dechlorination o/Methyl 3&ChIorours-12-en-24-oate (Ih) 
A solution of the cNor~m~und (100 mg) in ethanol (10 ml) was refhrxed with Raney Ni (500 mg) for 

3 hr. The Ni was removed by filtration and the filtrate evaporated to dryness to give a residue which crystal- 
lized from CHCl~-methanol to yield methyl urs-12-en-24-oate (Id) as plates (60 mg), m.p. and mixed m.p. 
17~172”, [alo + 134” (c, l-4). 

Methyl 5: 8~:9~-~i~th~Z-IOa-~vursu-l2,l~n-~ate @Xb) 
(a) A solution of methyl 3a-hydroxyum-12-en-2e (500 mg) in benzene (10 ml) was treated with 

PtOs (1 g) and shaken for 24 hr. The reaction mixture was diluted with warm water and extracted with ben- 
zene. Isolation of the product, in the usual way, gave a gum which csyst.a1&ed from methanol to yield methyl 
5:8a:9&trimet!ty~-10a-novur~a-12,14-die&4-eate (IX& as needles (100 mg), m.p. 191-192”. [a],-, - 110” 
(c, 25). (Found: C, 82.1; H, 10.6. C31H4sOs required: C, 822; H, 10.7 per cent.) h,, at 234 (~=14,700), 
241 (16,000) and 248 nm (10,500). 

(b) A solution of methyl 3#3-hydroxyurs-12-eu-24-oate (400 mg) in benzene (10 ml) was treated with 
PsOs (1 g) and shaken for 20 hr. The reaction mixture was diluted with warm water and extracted with ben- 
zene to give a residue which was dissolved in petrol-benzene (7: 3,50 ml) and filtered through a cohmm of 
alumina (10 g). The column was washed with the same solvent mixture (300 ml) and the combined eluates 
evaporated to dryness. Crystalhzation of the residue from methanof gave the l-diene (IX& as needles (40 mg), 
m.p. and mixed m.p. with above, 19&191’, [alo - 118” (c, 0.7). X,,, at 234 (c= 14,400), 241 (15,500) and 
248 nm (10,100). 

Lithium Afumlnum X_Y&&&? Reduction of Methyl 3a-Ffyakoxyurs-12-m-24date (If) 
A solution of methd 3a-hydroxyurs-12-en-24-oate (1.7 g) in ether (30 ml) was refluxed with Lii 

(2 g) for 8 hr. The product was isolated in the usual way and crystallized from methanol to yield 3&!4- 
~~y~~~-l2~e (XI) as blades (1.4 g), m.p. 184-18S”, [a]n +69” (c, 5.7). (Found: C, 81.1; H, 11.4. 
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C3~so02 required: C, 81.4; H, 11.4 per cent.) Beton, Haball and Jones9 report mp. 18~185” and [& 
+ 73” though unable to obtain satisfactory analytical iigurea for this dial which was CharactertEed by comers- 
ion to its d&&ate, m.p. 161~163”, [a]n + 34’. Aoetylation of the diol (Xl) usin8 pyrid’ me+acetic anhydride 
on the steam-bath for 30 mm gave 3cQ4-diacetoxyurs-l2-ene which crystallized from methanol as platea, 
m.p. 165-167”, [u]n +40* (c, 2.3). (Found: C, 77.9; H, 10-O. Cs+Hs~O~required: C, 775; H, fQ3 per cent.) 
Attempted reduction of the dioi (XI) to epi-aamyrin usinsptoluene sulfonyl chloride in pyridine followed by 
LiAlH44i yielded no crystallitable products. 

Lithium Alumimun Hydri& Reduction of3a_Hydroxyrus--12_en-~i~ Acid (ib) 

A solution of 3a-h~oxyu~-l2~n-~ic acid (1 g) in ether (250 ml) was refiuxed with LiAlH., (1 g) for 
3 hr. The product, isolated in the usual way, was dissolved in pyridine and heated with acetic anhydride on 
the steam-bath for 30 min. Isolation of the acetylated product yielded 3&24diacetoxyurs-12-ene which 
crystallized from methanol as plates (350 mg), m.p. and mixed m.p. with the diol diacetate above, 165-167’, 
[a],, +4O” (c, 3.2). 

Methyl 3-Oxours-12-en-24-oatc (X) 

A solution of methyl 3a-hydroxyurs-12-en-24-oate (2 g) in pyridine (20 ml) was treated with chromic 
trioxide (2 g) in pyridine (2Oml) and allowed to stand at room temperature for 40hr. The product was isolated 
by extraction with benzene-ether (1: 1) in the usual way and crystallized from methanol to yield the keto- 
methyl ester (X) as prismatic needles (1.7 g), m.p. 159-160*, f& + 111” (c, 2.7). (Found: C, 79.4; H, l&O. 
C3tH4sOJ required: C, 79.4; H, 10.3 per cent.) &,,= at 206 nm (#=3180) (rzro 1830, tsi5 183). Simpson and 
Williamsro give m.p. 159-160” and Trost40 gives m.p. 155-157”; neither paper quotes optical rotation values. 

Methyf 38-Hydroxryws-12~n-zedate (Ia) 

(a) A~lutionof~thyl3~xou~-l2~n-~te(lg,m.p. 1%160”, [& ~lll”)ina~tic~id(l~~)w~ 
added to a freshly reduced suspension of Pt (from 4Qo mg PtOr) in acetic acid (20 ml) and the mixture shakeu 
with Hz for 4 hr. The reaction was diluted with CHClr and filtered. Evaporation of the filtrate gave a residue 
which crystallized from methanol to yield IO as large plates (300 mg), m.p. 175-177”, [aIt, + 130” (c, 2.8). 
(Found: C, 78.9; H, 10.8. C$iHsoOr required: C. 79.0; H, 166 per cent). Acetylation using pyridine-acetic 
anhydride on the steam-bath gave methyl 3/i-acetoxyurs-12-e+24-oate which crystallized from CHC&- 
methanol as prismatic needles, m.p. 201~203”, [a]n +90” (c, 1.8). (Found: C, 77.2; H, 101. Cr~Hss04 
required: C, 77.3; H, lQ2 per cent.) Kydrolysis using 5 per cent methanolic KOH for 1 hr gave methyl 3,8- 
hydroxyu~-l2~n-2~~te, m.p. and mixed m.p. 174176”, (a]n i-130” (c, 1.9). Mixtures of methyl 3a- 
hydrox~~-l2~a-2~oate, m.p. 199-201”, and methyl 3~-hydrox~~-lZ~n-~te, m.p. 175-1773 and 
methyl 3a-acetoxyurs-12-en-2rloate, m.p. 198199”, and methyl 3j?-acetoxyurs-l2-en-24-oate, m.p. 2Oi- 
203”, showed m.p. depressions, melting over the range 165-170” in both cases. 

(b) Aso1utionofmethy13sxours-12sn-2~te(500mg,m.p.159-160”,[a],+111”)inethano1(50ml)was 
treated with NaBH4 (70 mg), allowed to stand for 1 hr and diluted with water. Isolation of the product using 
ether in the usual way 8ave a product which was dissolved in benzene (100 ml) aud filtered through a cohmm 
of alumina (10 g). The column was washed with benzene (500 ml) and the combined ehrates on evaporation 
gave only a trace of oily material. The column was stripped using ether-acetone-methanol (I : 1: 1,300 ml) 
and evaporation of the eluate gave a crystalhne residue (370 mg). Recrystallization from methanol yielded Ia 
as plates, m.p. and mixed m.p. 175-177’, [a],, + 128” (c, 1.9). Beton, Hal&l and Jones9 crystallired this 
compound from aqueous methanol and obtained m.p. 15%157”, [aln + 123”. This m.p. discrepancy could be 
due to hydrate formation or a typographical error. Acetylation using pyridiue-acetic anhydride gave methyl 
3/3acetoxyurs-12-en-2oate, m.p. and mixed m.p. 200-201°, [a]n -490“ (c, 1.1). Beton, Halsall and Jones9 
observed m.p. 182-185” [aIn + 104”. 

(a) A solution of methyl 3@-hydroxyurs-12-en-2eoate (MO m8) in ether (200 ml) was treated with LiAlH4 
(5OOmg), allowed tostandatroom temperaturefor hr,refluxedfor3 hrandf3nallyailowed tostandat room 
temperature for a further 24 hr. The product, isolated in the usual way, crystalhzed from methanol to yield 
3&24-dihydroxyurs-12-ene (WI) as prisms (200 mg), m.p. 23%232”, fe]n +ltW (c, 23). (Found: C, 81.2; 
H, 11.3. C&IsaOr required: C!, 81.4; H, 11.4 per cent.) Beton, Halsall and Jonesa recorded m,p. 223-G%* 
[a]n +84” for this dial. 

(b) A solution of methyi 3-oxours-12-en-24-oate (190 mg) in ether (100 ml) was treated with LiAlH~ 
(500 mg) and allowed to stand overnight. The product was isolated in the usual way and crystallized from 
methanol to yield 3&Wdihydroxyurs-12-cne as prisms (90 mg), m.p. and mixed m.p. 228230”. [c&+ 103’ 
(c, 1.3). Acetylation of the diol using pyridinbacetic anhydride on the steambath for 30 min gave a product 
which crystallized from methanol to yield 3&!4diaa%oxyurs-12ene as needles, m.p. W-188”. [& -i-80” 
(c, 1.0). (Found: C, 773; H, 103. Cs4Hs404 required: C, 77-S; H, 1@3 per cent.) Hydrolysis of tlte diol 
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A aofution of 3a~~y~o~-l~e (500 mg. m.p. 184-18Y, [a]n +69*) in ether (30 ml) was 
treated with acetaldebyde (5 ml) and oonc. HZ!% @32 ml) added. The solution was allowed to stand at room 
temperature for 20 hr; &ted kitb Na&O, diluted with water, and the product is&ted using ether. The 
product obtained cryS.allixed Erom methanol to yield 3a,24-ethy&brediuxyws-l2-ene as longx~~~Qcs (200 mg), 
m.p. #W-195”, faln + 114’@, 3.4). (Found: C, 82+0; H, 11.2. C32H~~O~ required: C, 82.0; H, 11.2 per cent.) 
Hydrolysis of this acetalflO0 mg) could beetfected by retluxing with cont. HCI (O-2 ml) in ethanol (10 ml) for 
1 hr. The product, isolated in the usual way, cryxtallized from methanol to yield XI as plates (50 mg), m.p. and 
mixed m.p. 184-185”, [a]o f 68’ (c, 0+8). 

A solution of 3,Q4-dihydroxyurs-l2_ene (150 mg,m.p. 230-232”, (a]u f 102’) in ether (10 ml) was treated 
with acetaldehyde (2 ml) and cont. H$04 (0.1 ml) added. The solution was allowed to stand at room tempera- 
ture for 20 hr, treated with Na2CO3, diluted with water and extracted with ether, Evaporation of the ethereal 
extract gave a residue which was dissolved in benzene (20 ml) and filtered through a column of alumioa (10 g). 
The column was washed with benxene (500 ml) and the eluate evaporated to dryness. Cryxtallixation of the 
residue from methanol yielded 3~~thyf~~~oxy~s-l~e~ 8s prisms (90 mg),m.p. 166-1673 [aIn + 67” 
(d, 2.0). (Found: C, 82.2; H, 1 X.3. C&Hs202 required: C, 82.0; H, 11.2 per cent.) 

Partial Hjdroiysis of 3a,~Diacetoxyurs-l2-enc 

A solution of 3&U-diacetoxyurs-12-ene (3.4 g, m-p. W-167”, fa]n +W) in ethanol (200 ml) and dioxan 
(75 ml) was treated with a solution of KOH (400 mg) in water (6 ml) and refluxed for 1 hr. The mixture was 
allowed to stand at room temperature overnight, diluted with water and extracted with Cl-R&. Evaporation 
of the Cl-Q solution (dried over sodium sulfate) gave a gum (3 g) which was dissolved in petrol-benzene 
(1: 1,100 ml) and chromatographed on alumina (150 g). Elution with petrol (750 ml), petrol-benxenc (9: 1, 
200 ml; 7:3, 200ml; l:l, 200 ml; 1:4, 200 ml), benxene (1500 ml) and benxeue-ether (9:1,250 ml; l:l, 
250 ml) gave only traces of uncrMallimble material. Elution with ether (2000 ml) gave a fraction which 
crystal&d frommethanol to yieid 3a-acetoxpWhydroxyurs?vdroxyurs-12.ene (?) as $&mat& &dlcs (700 mg), m.p. 
190-192”. lain +82” (c. 1.2). (Found: C. 79.03: H. 106. CWHWO~ muired: C. 79%: 108 net cent.1 Strip. ,_ _I __ “_ I 

pingofthecolumn wi&aceio&methan& (1: l;~rnl)~vea~~~lid(2.~ g) wh~on-~tylat~o~~~ 
pyridin~tic anhydride on the steam-bath gave the diol diacetate starting material which crystallized from 
methanol as plates (2.37 g), m.p. and mixed m.p. 164-16S*, [a]c +38” (c, 2-S). 

Lithium Aiuminwn Hy&ide Redwtion of Methyl 3a-Hydroxyoiean-12-en-24-w 

A solution of methyl 3a-hydroxyolean-12-en-24-oate (MO mg) in ether (200 ml) was treated with LiAlHr 
(I g), allowed to stand overnight, and relluxed for 2 hr. The product was isolated in the usual way andcrystal- 
lked from methanol to yield 3~~~~~~e~-l2~~e as prismatic needles (350 mg), m.p. 248-250”. 
[afn + 88O (c, 15). (Found: C, 81-S; H, 11.2. C&~oO2 required: C, 81.4; H, 11.4 per cent.) A solution of 
the diol in pyridine was acetylated in the usual way to yield 3&dketoxyo~e~-l2-ene which crystalbxed 
from methanol as plates, m.p. 225-226’. [a]u 438” (c l-7). (Found: C. 77-3; H, 103. &Hr,O4 required: 
C, 77-S; H. 1@3 per cent.) Hydrolysis of the diacetate using LiAllL in ether r&forded 3a,24dihydroxyolean- 
12-ene, m.p. and mixed m.p. 248-250”. [a]c +88” (c. 2.3). 

Lithium AIuminum Hydria? Reduction of Methyl 3BHydroxyolcan-12-cn-24~te 
A solution of methyl 3~-hydroxyolean-12-en-24-oate (500 mg) in ether (!+OOml) was refiuxed with Lid 

(1 a) for 2 hr and allowed to stand overnight at room temperature. The oroduct, isolated in the usual way, . _. 
crystalfized from CHCl+nethanol as needles (4OOmg), m& 246248q [a&, C9O’(c, 1.1). Meyer, Jeger and 
Ruxicka~ Quote m.o. 248-2W. I& +87’. A so&men on admixture with the did. m.o. 248-250”. tafn _ __ 
+88”, obtakl by the LiAlH~ &&on of methi 3a-hydroxyolean-l2-en-24-oate shbwe-d no m.p. depres- 
sion. Acetylation of the product in the usual way yielded 3~,24diacetoxyolean-1-e which crystalked 
from CHClJ-methanol as needles, m.p. 187-189”, [a]u +76’ (c, 16). Chromatography and recrystallixation 
failed to bring the physical constant8 into closer conformity with those of Meyer, Jeger and Rtich,33 who 
reported m.p. 194_19f, [a]n +74”. 

Methyl 3/3-Aatoxyofcmr-l2-en-24-oatc 
Acetylation of methyl 3/l-hydroxyolean-12-en-24-oate using pyridinmtic auhydride on the steam-bath 

gave the acetate as needles from CHCl~methanol, m.p. 215-217’, [a],, +102’ (c. 1.0). (Found: C, 77.4; 
H, 9.8. C&l&4 required: C, 77.3; H, 102 per cent.) Hydrolysis using 5 per cent methanolic KOH for 1 hr 
afforded the parent alcohol, m.p. and mixed m.p. 191-193”. [aIn+ 124” (e, 1.6). 
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Methyl 3a-Benzoxyws-12-eM4-aate (LT) 

A solution of 3a-hydroxyms-12~&4-o& (600 mg) in ptidine (10 ml) was heated with benzoyl chloride 
(5 ml) on the steam-bath for 2 hr, diluted with water and allowed to stand overnight. Isolation of the product 
in the usual way afforded Ic as prismatic rods (515 mg), m.p. 155-156”. [aID +48” (c, 1-l) after crystallization 
from CHC!l+nethanol. (Found: C, 79.5; H, 9.4. C3sHs404 required: C, 79.4; H, 9.5 per ceot.) 


