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Abstract-The synthesis of 18a-a-boswellic acid IS reported and the hypsochromic shift 111 the u v. absorption 
spectrum assocmted with the 18!+18a transformation IS proposed as a dragnostlc techmque 111 conforma- 
tmnal analysis. 

PENTACYCLIC triterpenoid carboxyhc acids are components of many plant gums and may 
occur m a plurahty of isomeric forms even within the same species.l Thus for example, 
three geometrical isomers of boswelhc acid have been isolated,2*3 a fourth has been syn- 
thesixed,4 and steric variations of the orientation of the 3-hydroxyl group have been rung 
for both the a- and t%boswelhc acids.5*6 

On the other hand, no boswellic acid had been described which is isomeric by virtue of 
intracarbocyclic stenc conformations. The synthesis of the 18a-epimer of a-boswelhc acid 
(Ia) was therefore undertaken by first convertmg Ia, as the acetate methyl ester (Ib), to 
its 1 1-oxo-congener (Ic). Equihbrauon of Ic afforded the 18a-epimer (Id), hydrogenation 
of which removed the 11-0x0 function. Confirmation of the structure of the product as 
an 18a-a-boswelhc acid derivative was provided by dehydrogenation to the known a-bos- 
wellic acid heteroannular diene (II). 

Our Interest in such mtracarbocyclic triterpenoid stereoisomers was mitially prompted 
by their somewhat anomalous U.V. spectra. ’ Thus, a comparison of the locations of the 
absorption maxima of lla-oleanane derivatives with those of the correspondmg 18& 
analogs discloses that in each case the transitron from the czs- to the trun.+rmg D/E fusion 
(18@ 18a) results in a hypsochrormc shift of ca. 4 nm. Thrs shift may therefore be used 
to diagnose the conformation of rmg junctions If suitable vicmal functions are available. 
Although this approach has been once used m the elucidation of the structure of glabrrc 
acid8 it is worthy of greater emphasis as is exemplified by the U.V. spectral maxima collected 
in Table 1. 

It is also obvious from Table 1 that oxygenation m rings A (a-boswelhc acid) or E 
(glycyrrhetic acid) does not affect the locatron of the maxima if the solvents are the same.g 

1 Elsevzer’s Encyclopaed~a of Organic Chemutry (e&ted by R. RADT and D. SIBRN), Vol. 14, and Supplement. 
= G. G. ALLAN, Phytochem. 7,963 (1968). 
s F. TROST, Ann. Chum Appl 27,188 (1937). 
+ G G. ALLAN, Phytochem t&2083 (1969) 
5 0 J~aa, Fortschr. Gem. Org Naturstoffe 7,59 (1950). 
6 J L BETON, T G I and E. R H JONES, J Chem Sot 2904 (1956). 
7 G G ALLAN, Ph D These, Umverslty of Glasgow (1955). 
* J. M BEAT-ON and F S SPRINO, J. Chem Sot. 2417 (1956). 
g G A. To~s~nrov, M I. GORYAEV and I. P. SI-IUMOV, Zzv Akad. Nauk. Z&z. SSR, Ser. Khim. 17(2), 71 

(1967). 
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Moreover, such comparisons are also valid in studies of the conformation of geometic 
isomers. For example, If the absorption maxima of ursane derivatives are compared with 
those of them oleanane and Ha-oleanane analogs there IS a definite af5nity wth the former, 
rather than the latter, as illustrated by the data summarized in Table 2. This further sub- 
stantiates the cis-funon of rings D/E m the ursane family and demonstrates the potential 
utdlty of this diagnostic tool. 

TABLET Uv MAXIMA OF 18a AND 188 OLEANANE EPIMBRS 

188 18~ Ref. 

3B-Acetoxy-1Zbromo-ll-oxoolean-12ene 
3j?-Acetoxy-l2,19~o~oolean-9(1l)-ene 
3j-Acetoxyoleana-9(11),12&ene 
3fl-Acetom-ll-oxoolean-12-ene 
3gAcetoxy-12-oxoolean-9(1l)-ene 
3~-Acetoxy-19-oxoolean-9(ll)ene 
3/3-Aceto~-ll-oxoolean-l2en-3O-o1c acid 
2Bromo-3,ll-dloxoolean-l2-en-3O-o1c acid 
3,11-D1oxoolean-l2en-3O-o1c acid 
f/3-Hydroxy-1 l-oxoolean-12ene 
3fi-Hydroxy-1 l-oxoolean-12-en-30-01~ acid 
Methyl 3a-acetoxy-11-oxoolean-12te 
Methyl 3&acetoxy-11-oxoolean-12-en-28-oate 
Methyl 3j-acetoxy-1 l-oxoolean-12en-3O-oate 
Methyl 3j-hydroxy-ll-oxoolean-12-en-3O-oate 
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EXPERIMENTAL 

M ps were determmed usmg a standar~ N P.L thermometer Rotations were measured m CHCll 
solution 111 a 1 dm tube at approxunately 15”. U v absorption spectra were determmed 111 ethanol solution 

The phrase ‘m the usual way’ unphes, m general, ddution urlth water, exmon with ether, washmg 
consecutively \Nlth aq NaOH, water, aq HCl and aq NaHCO3, followed by ckymg of the ethereal extract 
over Na2SOd, filtration and evaporation to dryness under reduced Pressure Hydrogenations were camed 

lo 0 P ARYA and R. C Cooxso~, J. Chem. Sot. 972 (1957). 
Ii J M. BEATEN and F S SPRINO, J. Chem Sot 3126 (1955). 
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14 R. BUD-K, W. MANSON and F. S. SPRINO, J. Gem. Sot 3336 (1951) 
13 C. W. ~CARD and F S. SPRINO, J Chem Sot 1196 (1940). 
I6 F. LA-, Gazz Chum Zral 89,685 (1959) 
I7 L. RUZICKA, G. M-R and H S ~0, Helv. Chrm. Acta 22,758 (1939) 
18 C. Dmusm and C M FOLTZ, J Am Chem Sot 76,4085 (1954) 
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Tm2.u~ m OF 18cr AND 188 O~BANANB EPIMERS AND TAB CoRlllsPoNDrN~ URSANE 
DERWATIWS 

3j-Acetoxy-ll-oxours-1-e 
3&Acetoxy-ll-oxoolean-12+ne 
3~A~~~-ll-oxo-18a-olaan-12 

3~-Acetoxy-l2-oxou9(ll)-ene 
3fi-Acetoxy-12-oxooleaw9(1 l)-ene 
3jI-Acetoxy-12-oxo-l8a_olean_9(1l)-ene 

3fl-Acetoxyursa-9(11),12-diene 
3B_Acetoxyoleana-9(1 l),Xkliene 
3~-Acetoxy-l8cr-oleana-9(11),12-dsene 

Methyl 3j-acetoxy-1 l-oxours-l%en-28-oate 
Methyl 3/3-acetoxy-ll-oxoolean-12sn-28-oate 
Methyl 3~~~~-ll-oxo-l8a-olean-12en-28-oate 

5,8,14-Tnmethyl-ll-oxo-l8a-novoleana-9(lO),12drene 
5,8,14-Trunethyl-1 l-oxonovursa-9(10),1-e 

5,8,14-Trunethyl-1 l-oxo-18a-novoleana-9(lO),l2-d1en-28-o1c acid 
5,8,14-Trrmethyl-1 l-oxonovursa-9(10),12&en-28slc actd 
5,8,14-T1~methyl-ll-oxo-l8w1ovoleana-9(1O),1Zd1en-3O-o1c acid 

3/l-Acetoxy-12-bromooleana-9(1 l),Kkbene 
3~Aceto~-12-bromoursa-9(11),12~ene 

3/3-Benzoxy-l%bromoolean-12-ene 
3j3-Benzoxy-12-bromourl2-ene 

3&Benzoxy-12-bromo-1l-oxoolean-12ene 
3jLBenzoxy-12-bromo-11-0xours-12-cne 

2-Benzylidene-3,11-&oxoolcan-12-ene 
2-Bcnzyhdene3,lldloxours-12ene 

3,11-D1o%x&an-12-cne 
3,11-Dloxours12-ene 

3,12-Dloxoolean-9(11)ene 
3,12-D~oxours9(1l)-ene 

3/3-Hydroxyolean-12-e 
3fl-Hydroxyum-12-ene 

Olean-Z,l%&ene 
Ursa-2,12-&cne 

3-Oxoolean-12-ene 
3-Oxours-12-e 
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out, at room temp , in HOAc which had been refluxed over and distdled from CrO, Acetylattons were car- 
ried out usmg AczO m pyridine solution at 100” for 30 mm unless otherwrse specrtied. 

Methyl fa-Aceto~-ll-oxoolean-l2-en-2eoate (Zc) 
A solutron of methyl 3a-acetoxyolean-12-en-24-oate (3 2 9) m rekxing HOAc (150 ml) was treated v&h 

a soluuon of CrOJ (3 g) m water (3 ml) and HOAc (60 ml) added dropwise durmg 30 mm. RefluXing was 
contmued for 1 hr and bothng water (150 ml) was added to the reactron mrxtum which was then allowed to 
stand overnight and filtered Crystalhratton of the resrdue from methanol ytelded methyl 3a-acetoxy-ll- 
oxoolean-12-en-24oate as plates (14 g), m p 198-199”, [a]n +77” (c, 3 7) (Found: C, 75 1; H, 9 8 
C H 0 requned, C, 75 2; H, 9 6%) A,,,.. at 248 nm (6 = 12,000) 53 10 d 

Epimemattron of Methyl 3a-Acetoxy-11-oxoolean-12-en-24-oate (Zc) 

A solution of Ic (1.2 g) in 15 % ethanohc KOH (120 ml) was refluxed for 70 hr and diluted with water. 
Extra&on with ether gave an ethereal extract and an aqueous phase. Evaporatron of the ethereal extract gave 
a resrdue which was acetylated usmg pyrrdme-AczO The product obtamed m the usual way was crystalked 
from methanol to yreld methyl-3a-acetoxy-1 l-oxo-lSa-olean-l2en-24~te (Id) as pnsmauc needles (300 mg), 
m p. 24&%$2”, [a]n +52” (c, 1 5) (Found. C, 75 0; H, 9 6 CjjHloOs reqtured: C, 75 2; H, 9 6O& &,.. at 
244 nm (e = 11,700) which on admrxture wrth methyl 3cr-acetoxy-ll-oxoolean-l2en_2eoate, m.p. 198~199”, 
melted over the range 185-190”. The aqueous phase was acidified with HCl and extracted wrth ether Evapora- 
tion of the ethereal solutron gave a resrdue wluch crystalhred from CHC&-MeOH to yreld 3+hydroxy-1 l-oxo- 
18a-olean-12-en-24-o1c aad (Ie) as needles (60 mg), m.p 310-312”, [a]n +130” (c, 14). (Found: C, 764; 
H, 9 9 CsOB,O~ requned: C, 76 55; H, 9 85 %). Acetylauon gave a product whrch crystallized from meth- 
anol to yreld 3a-acetoxy-ll-oxo-18a-olean-12en-24-oic acrd (If) as fine needles, m p. 234235”, [aJD i-63” 
(c, 10) (Found. C, 75 2; H, 9 3 CJJ&sOs required~ C, 74 96; H, 9 4% ) 

Catalytrc Hyakogenolyszs of Methyl 3a-Acetoxy-1 l-oAo-18a-oIean-12 (Zd) 
A soluuon of Id (200 mg) m HOAc (100 ml) was added to a suspensron of freshly reduced Pt (from 200 mg 

of RtO,) m HOAc (50 ml) and the nnxture was shaken wrth Hz at room temp for 20 hr when absorpuon was 
complete. The catalyst was removed by tiltratton and the filtrate evaporated to dryness under reduced 
pressure to yreld a resrdue which crystalhzed from methanol to yreld methyl 3a-acetoxy-18a-olean-l2-en- 
24-oate (Ig) as plates (150 mg), m p 215-216”, [ale +41” (c, 0 7) (Found: C, 77 2; H, 10 3. CSeHSzO* 
requned* C, 77 3; H, 10 2%) which on admixture wtth methyl 3a-acetoxyolean-12-en-24-oate, m p 225~226”, 
melted over the range 188-193”. Hydrolysis of Ig usmg 5% methanohc KOH gave methyl 3a-hydroxy-18a- 
olean-12en-24oate (Ih) whrch crystalhzed from methanol as plates, mp 265-266” [a]o +82” (c, 1.4). 
(Found: C, 79 0; H, 10 5. CJIHSoOB requned, C, 79 1; H, 10 7%) Acetylatron gave methyl 3a-acetoxy-lOa- 
olean-12-en-24-oate, m p and nnxed m p 214-215” [a]n +40” (c, 0 8) 

Dehydrogenatzon of MethyI 3cr-Acetoxy-18a-olean-12-en-24-oate (Zg) 

A solutron of Ig (100 mg) m HOAc (10 ml) was refluxed wrth SeOz (100 mg) for 2 hr. The product, rso- 
lated m the usual manner, was dusolved 111 benzene (50 ml) and cbromatographed on alumma. Elutton wrth 
benzene (200 ml) gave a product which crystalhxed from methanol to yield methyl 3cr-acetoxyoleana-11,13 
(18~dren-24-oate (11) as tine needles (50 mg) m p. and nuxed m p 18&182”, [a]n -69” (c, 0 7). 


