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A-et-A series of mono- and di-carbonyl derivatives of pentacyclic triterpenic alcohols have been 
investigated by ORD and CD methods. The effect on ORD and CD spectra of backbone type, position 
of double bond, position of carbooyl groups and position of additional acetoxyl groups was determined. 

THE RELATIONSHIP between the position of ketone groups in steroids and character 
of ORD and CD curves is well known.‘* ** 3* 4* ’ 

Pentacyclic triterpenes have been studied less by these methods. Djerassi et ~1.~ 
found that molecular amplitudes, [4111yX and [~]m, values, and the sign of the Cotton 
effect of optical rotation are changed significantly depending on the carbonyl group 
position (positions 3, 6, 15, 16, 19, 21 and 22 in the oleanane derivatives). It has been 
suggested6, that the method of ORD may find wide application in localization of OH 
groups (after oxidation to carbonyl groups) in the backbones of pentacyclic triter- 
penes. 

It has been shown’ in studies on pentacyclic triterpenic alcohols in calendula 
flowers, that the following compounds are present: 3&OH-Ursa-12en (Ha), 3fSOH- 
(18~~ 19pH)-Ursa-20(30)+n (IIIa), 3p-OH-(18a, 19flH)-Ursa-20-en (IVa), 38, 16pdi- 
OH-Ursa-l2en (IIb), 3p. 12p-dLOH-(18a, 19gHbursa-20-en (IVb), 3ISOHoleana- 
12en (Va), 30, 28di-OH-oleana-12-en (Vb), 3p-OH-lupa-20(30)en (VIIa) and 38, 
12fi-di-OH-lupa-20(30)+n (VIIb). 

In addition to unidentified compounds in the group of dials, triols and pentacyclic 
triterpenic tetraols were found. In the present work attempts are made to apply CD 
and ORD methods to carbonyl derivatives of pentacyclic triterpenic alcohols in order 
to learn whether, according to a suggestion of Djerassi, these methods may be useful 
in the determination of the positions of OH groups. 

Methods were applied, which allow us to obtain a series of diketone and corres- 
ponding monoketone derivatives of pentacyclic triterpenic mono- and dihydroxy- 
alcohols occurring in calendula. 

The following transformations were carried out : 
1. monohydroxy alcohols into the corresponding monoketones 
2. dihydroxy alcohols into the corresponding diketones and aldchydoketone 
3. dihydroxy alcohols into the corresponding monoketone derivatives with a carbonyl 

group in position 3 or positions 12, 16.28 of the triterpenic backbone, the second 
group being acetylated 

4. catalytic hydrogenation of 3-oxo-(18cr, 19f3H)-ursa-2O-en (IVc) to 3-oxo-ursane (I) 
as well as 3-0x0-lupa-(30)-en (VIIc) to 3-0x0-lupane (VI). 
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In order to obtain two different monoketone derivatives from a dihydroxy alcohol, 
acetylation was conducted under such conditions (experimental) as to obtain two 
monoacetoxyl-monohydroxyl derivatives with a yeild of 5-8% (for secondary OH 
groups), which were then oxidized to ketones. OH groups at position 12 of ursane and 
lupane backbones were acetylated with the same yield as those at position 3. The OH 
group at position 16 of the ursane backbone was acetylated with a yield l/3 lower 
than the OH group at position 3, this probably being a result of steric hindrance by 
the Me group at position 17. The primary OH group at position 28 of oleanane was 
acetylated with a yield 8 times higher than the OH at position 3 of this compound. 
Monoacetoxyl derivatives were separated by means of TLC and the free OH group 
oxidized with Cr03. It was not possible to find appropriate conditions for separation 
of monoketo-monohydroxyl and monoketo-monoacetoxy derivatives of pentacyclic 
triterpenic alcohols nor for their diketones. 

Further studies were made on the effect of the following structural modifications 
on the spectra of ORD and CD: 
I. type of backbone (localization of Me groups and presence of pentacyclic ring) 
2. position of the double bond in the backbone 
3. presence of an additional ketone group in the monoketone derivative at various 

positions of the backbone 
4. presence of an additional aldehyde group in the monoketone derivative 

It should be emphasized that the solvent used has a considerable effect on the 
molecular amplitude ([+],,. [~]miR) as well as AE,,. According to CrabbP the values 
of molecular amplitude for compound VI are different in hexane than in MeOH. 
Different amplitude values, [+I,,,., and [$lmin were obtained6 for Vc in dioxane and 
in MeOH. 

The curves obtained in the present work for VI and WC differ in their parameters 
from those described by Djerassi et a1.6 This probably results from use of dioxane by 
these authors, whereas all measurements of ORD and CD were made in this work in 
MeOH. The differences were also noted with respect to AE,, values for IIc, IIIb, Vc 
and VI in comparison with those obtained in dioxane’ (the values AE for Vc were 
also measured in MeOH). These differences were accompanied by small shifts in 
wavelength, at which maxima and minima of CD did occur. 

In Table 1 are presented ORD data and m.ps and in Table 2 and Fig. l-3 CD data 
of keto derivatives of pentacyclic triterpenes. The backbones of 3-monoketones: I, IIc, 
IIIb, IVc, Vc, and VIIc belong to three basic types of pentacyclic triterpenes- 
oleanane, ursane and lupane. The oleanane derivative (Vc) has the most symmetrical 
structure. A symmetrical structure of ursane derivatives (11~. IIIb, IVc) is disturbed by 
a Me group at position 19. The lupane derivatives (VI, VIIc) are least symmetrical, 
due to the presence of a pentacyclic ring at the terminal position of the molecule. 
All monoketone derivatives show positive CD (Fig 1) at the maximum of absorption 
of the chromophore. However, Ac,_ for Vc is the lowest, and for VIIc the highest. 
The ursane derivatives show the intermediate values of Aq_. These results indicate, 
that there is a correlation between the symmetry of the molecule and the CD values 
at the maximum. Analysis of ORD results revealed, that VI and VIIc possess the 
highest molecular amplitudes and that [9]min has negative values. 

The ketone derivative of the saturated hydrocarbon of the ursane backbone (I) 
shows positive optical rotation and a positive CD characteristic for the ketone group 

ID 
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TABaLe I. CD DATA AND MELTING POINTS OF KJ?TO DPRIVATlVeS OF PINTACYCLIC lTUTERPENlC ALCOHOLS 

3-0x0-ursan(I): 

3+x0-(18a_ 19~H~ursa-20(30)cn(Illb): 

3-OXO(ISU. 19plll-Ursa-20-en(IVc): 

3_oxo-olcana-l2tn(Vc): 

3-oxo-lupan(VI): 

3-oxo-lupa-20(30)-en(Vllc): 

3-oxo-28-acetoxy-olea-IZzn(Vd): 

2%aldehydo-3p-aatoxy-oleana-l2cn (Ve): 

3,lbdioxo-ma-lZm(llf): 

250 (OA 260 (+OQ8). 270 (+O.l8A 280 (+0.28), 290 

(+0.33). 300 (+0.28). 310 (+O.ISA 320 (0) Mp. l73- 
176"(rcp'z. 175-176') 

250 (+@09A 260 (+0.19). 270 (+0.38). 280 (+0.6lA 

290 (+0.75), 300 (+@53). 310 (+0.14), 316 (0). 323 

(-0.04), 330(O) Mp. 123-125" (rep", 125-126") 

250 (-0.02A 252 (0). 260 (+OW), 270 (+0.17), 280 
(+@3OA 292 (+0.37), 300(+0.30). 310(+&12). 320 
(+@02). 325 (0) M.p. 184-188' (rep", 182-187") 

250 (+0.05A 260 1+0.16). 270 (+0.351 280 (+061). 
292 (t0.74). 300 (+064A 310 (+0.23), 320 (0) Mp. 
169-173°(rep". 166-175") 

250 (+O-ol), 260 (+OG4A 270 (+O.l2A 280 (+0.21), 
289 (+0.25A 300 (+@17), 312 (OA 322 (-0.04). 330 

(-@02A 340 (0) M.p. 178-182" (rep", 178-180") 

250 (+O.llA 260 (+015). 270 (+0.33), 280 (+0.57). 

290 (+0.76A 300 (+0&A 310 (t O-26). 320 (+0.03). 
325 (0) M.p. 207-210' (rep". 210") 

250 (+0.05). 260 (+0.18), 270 (+0.39), 280 (+069), 

290 (+@86A 300 (+0.69). 310 (+0.25), 325 (0) M.p. 
l67-172"(rcp", 163-169") 

255 (+046A 265 (+OdOA 280 (t&53). 290 (+043), 

305 (OA 315 (-0.06). 320(0),330(+0-04A 340(+@06). 
350 (+0-03). 360 (0) M.p. 200-204 

250 (+0.3lA 257 (+0.2lA 270 (+040). 280 (+@65), 

290 (+075A 300 (+0.56). 310(+0.17). 318 (0). 325 
(-0.02). 335(O) M.p. 20&210" 

250 (+0.29). 260 (+0.56). 270 (+ 1.18). 280 (+ 1.88). 

289 (+2.14), 300 (+1.5lA 310 (+040). 316 (0). 320 

(-0.05). 330(0)M.p. 190-195" 

250 (01 265 (+O.lOA 280 (+047A 292 (+O-63). 300 

(+046A310(+008),315(0).325(-0.04),350(-0.02). 
36O(O)M.p.211-215" 

250 (0). 260 (-O.lSA 270 (-058). 280 (-1.13). 290 

(- l.87), 298 (-2.13),306 (- I-84)sh.,310(- 1.37). 320 

(-0.50). 330 (-0.05). 335 (0) M.p. 210-213" (rep.". 
206206.5") 

250 (-0.06). 260 (-0.24). 270 (-065). 280 (- 1.30), 

292 (-1.80). 300 (-1.54). 310 (-0.69). 320 (-013). 
33O(O)M.p.221-226" 

250 (OA 260 (-0.12). 270 (-0.32). 280 (-049). 292 
(-0.61). 300 (-0.54). 310 (-0.34). 320 (-0.15). 330 

(-0.05). 360 (-0'32) M.p. 238-240" 

250 (-045). 260 (-O.lOA 270(-0.29). 280 (-0.51). 

295 (-0.78A 310 (-0.611 320 (-0.45). 330 (-0.21). 
340(-008),350(-O-04). 360(-003)M.p.223-227" 
(rep.".227-229") 

250 (+O.llA 257 (0). 270 (-043). 280 (-l.l6), 290 
(-2.06). 298 (-2.52),307 (-2.32)sh..310( - 1.81). 320 
(-0.78). 335 (0) M.p. 21&213" (rep.", 159-160') 

250 (tO-09). 257 (0). 260 (-0.08). 270 (-0.49). 280 
(- 1.14). 293 (-1.70). 300 (-149). 310 (-0.68). 320 

(-0.08). 330 (0) M.p. 236242 (rep.". 249-250") 
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TABLE I. CD data and melting points of keto derivatives of pentacyclic tritcrpenic alcohols-cu~riwcd 

3,12dioxo-lupa-2q30)en (VIII): 

3_oxo-28-aldehydo-olcana-I 2en (VI): 

250 (O), 260 ( + O-03), 270 (+ @I2). 286 ( + 0.29). 300 
(+O~l5),308(0).318(-0.15),330(-0.08X360(-0.02) 
Mp. 160-163’ (rep.‘, 163”) 
250 (-045). 260 ( -0.04). 267 (0). 275 ( t O-05). 284 
(+@08),294(0),300(-0@).314(-028).330(-0.17). 
345 (0) h4.p. 181-184” 

at position 3. The derivatives of ursane (Ilc, Mb, IVc) dilfer only in localization of the 
double bond in the backbone. The presence of a double bond in the msa.ne backbone 
causes an increase in molecular amplitude, increase of [+I,,,,, and [+J,,,,.. of A&,,,., and 
a slight shift in wavelength, at which extremal optical rotations and CD occur, and for 

- 0.1 
t 

CD, X 

FIG I. CD curve of I(+). IIc(. . . . . . . .). Illb(~). IVc( -), vc(- + -). VI(- - - - -) 
and VIIc(-- - -). 

IIc a complex CD curve. The smaIIest effect on the parameters mentioned above is 
exerted by the presence of an exocyclic double bond at position 20(30) (IIIb). A more 
considerable increase in [4],& and [#]min values was observed for the derivative of 
ursane with a double bond at position 20-21 (IVc). The highest values of [+J,, and 

[~lrn,. occur when the double bond is at position 12-13 (11~). In CD curves the presence 
of an exocyclic double bond at position 20(30) causes a minimal increase in Ac_ in 
comparison with the Aa, value obtained for the ursane derivative without a double 
bond (I). Double bonds at positions 12-13 and 20-21 cause a very high increase in 
A&,_ (c,/: I) almost Identical for these two derivatives. The double bond at positions 
20-21 and 2q30) causea a batochromic shift of wavelength corresponding to a maxi- 
mum of the CD. A similar increase in molectdar amplitude, [+J, and [+I,,,,” values 
and As_ were observed for the monoketone derivative of lupene (VIIc) with respt 
to the lupane derivative (VI). 
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TABLE 2. ORD DATA OF KEXI tmtvAnves OF PENTACYCLIC ramm~ntc AL-Z$&BLF 

3-oxo-ursan (I): 

3-0x0-Ursa-12-en (11~): 

3-0x0-(18~. 19pH)-Ursa-20(30)-en (Illb): 

3-oxo-(l8a 19)3H)-Ursa-20-m (WC): 

3-oxo-olcana-I 2-m (Vc): 

3-oxo-lupan (VI): 

3-oxo-lupa-20(3Oben (Vllc): 

3-oxo-I6(3-acotoxy-ursa-12-m (Ild): 

3-oxo-l2(3-acotoxy-(l8a, 19(3H)-ma-20-m (IVd): 

3-oxo-28-acetoxy-oleana-l2en (Vd): 

3-oxo-l2~-acetoxy-lupa-2O(3O)cn (Vlld): 

l6-oxo-3~-acctoxy-ursa-l2~n (lie): 

12-oxo-3O-acetoxy-(l8a. 19OH)-Ursa-20-m (IVc) 

I2-oxo-3)3-acotoxy-lupa-20(30)-en (Vile). 

28-aldehydo-3@cotoxy-oleana-l24n (Ve): 

3,l&dioxo-Ursa-12-m (IIf): 

3,12dioxo-(18% 19OHhursa-20-m (IVf): 

3,12dioxo-lupa-20(30bcn (VIII): 

3-oxo-28.aldehydo-olcana-12-m (VI): 

:. 
I@1150 + 640”. l~l~,o -r-W’. [@12.,, + 128”. 

[01,05 + 1345”. [~I,,0 +w; L&o’ *390”. 
a = +1197”. 

. 

1@1,,0 +6540”. [+I>,,, t 4683’. [+j27, +3150", 

!@l,o. + 4845”. [@I,,‘, + 2784’. [@J,b,, + ‘2240”. 

a= +l695”. 

[@I *)o t 1430”. [c$],~,, +986”. (+]I,, +5lO”. 

[+I,03 + 1904”. [@I,,0 + 1085”. [+],b,, + 740”. 
o = +1394”. 

[@lx,,, +2320”. [+],s,, + 1360”. [@II,. + 620”. 

[@I,05 + 3220”. [c$],,~ + 1705”. [+],60 + 1010”. 
o = +2610”. 

[~!I,0 t 5227”. [I$]~~,, ~4120’. [@I176 + 2940”. 

I~l30. t4122”. (@I,,0 t 2393”. [+I,60 + (910”. 
a = t 1182”. 

[@I 150 - 803’. [+I,,,,, - 1306’. [+]~,o - 1558”. 

[@I 218 00. b+i,06 + 20070. [+],,o +803”. 

[@I,,” +520”. a = +3312”. 

[@I250 +2295”. [@]26o +867”. ]+],m 0”. 

141273 - 153”. [411278 0”. [+I,06 +4794”. 
141 330 + 2397”. [+],bo + 1620”. a = + 4947”. 

141 16o t 6580”. [4],s, + 3188”. [O],OI + 3765”. 

[@I,,0 t 1930”. [b],Lo + 1880”. a = + 577’. 

[+],~o + 1956”. [4&6 + II10”. [+l,lO + 3260”, 

[@I330 + 1883”. i@1360 + 1038”. a = t 2 150”. 
[a]>60 t 604”. [+lzu +434”. [@Lo. +758”. 

[@I,,0 + 420”. [01x,,, + 302”. a = + 324”. 

101 160 + 1174”. [+I,,. + 613”. [+],o, + 3284”. 

[@I ,,o t 1798”. [+l,bo + 1180”. a = t 2671”. 

f@lN.o t 6980”. [@l/,0 + 7390’. [+],,o +4420”. 

[@I,,,, 0”. Ml,,z-,,Q - 3236”. hl,,o - 1570”. 
[4~],~~ - 170”. a = - 10626”. 

[&I]~~,, + 5748”. [blz,, + 6496”. [@],Qo + 3140”. 

[@I 19, 0". [+I,,, -4782”. [@I,,0 - 1908”. 
I@1 J60 -652”. a = - 11278”. 

Lb1260 +5130°. [+I>,, + 5438”. [+I175 +4830”. 

[b],yu +2110". [@lz,, 0”. L+l,o, - 1810”. 
[@I,,5 O”, [@I,60 + 242”. a = - 7248”. 

[&I 160 ‘o$;;~ U&126, +4290”, [~IIPO +2705”. 
[@I311 . )2, -434”. Lb],.5 0”. [+I,60 
+ 145”. a = -4724”. 

[+I160 t 8260”. [&lx,, t 8360”. [+I190 + 5984’. 

L41,05 0”. [+I,,2 -27W’sh.. [+I,,, -2618”. 

L@l,*0 - 3 1 70°. (#Jl,,o - 1145”. [bl,,I 0”. 
[@],6o t 119”. a = - 11830”. 

LO1260 + 5324”. [+]1,2 + 5655”. [@]~Qo + 3320”, 

[bl,oo 0”. [@I,,. - 2728”. [@I,,0 - 968”. 

I@1 J60 - 132”. a = - 8382”. 

[@I 260 t 338”. [I@&, + (70”. [+],oo + 1550”. 

[@I ,,,, ~435”. [I$],~~ t 290”. a = + 1380”. 

[+I,~~ + 3530”. [a],,, + 2240’. 1+1w + 2568”. 

[@I ,,4 t 505”. [@I],~~ t 724”. a = t 328’. 
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Since it was impossible to investigate directly the effect ofa double bond at position 
12-13 of oleanane on the ORD and CD curves (we had at our disposal only one 
compound from this group with a double bond at position 12-13, which cannot be 
catalytically hydrogenated”), a comparison was made between compounds IIc and 
Vc. These compounds have double bonds at position 12-I 3 and differ only in position 
of a Me group (position 19 or 20). An additional ORD plain curve with high positive 
values of [+] in the range 2X%350 nm. was obtained by DjerassP for the oleana-I 2-en 
hydrocarbon. Superimposition of this strongly positive background originating 
from the 12-13 bond on the positive Cotton effect of optical rotation connected with 
the ketone group at position 3 may explain high values of [~]min obtained for IIc 
and Vc. Negative AE values at wavelengths over 313 nm. were obtained for these 
derivatives only. Bearing in mind that 1 differs from Ilc by a lack of a double bond 
in the molecule and does not show this effect, it can be concluded that the complex 
character of CD curves for IIc and Vc is caused by the presence of a double bond at 
position 12-13 which is the closest to the ketone group at position 3. 

A comparison of 3-monoketo derivatives of the pentacyclic triterpenic dials (with 
acetylated OH groups in other than the 3 positions: Ild. IVd. V. Vlld) with the 
corresponding 3-monoketones allow us to determine the e&t of the presence of an 
additional OAc group at various positions. In all derivatives studied there is a clear 
decrease in [+I,, and [$lmin values and in molecular amplitudes with a positive 
Cotton effect related to the ketone group at position 3. This decrease of [+] value in 
extremes and a decrease of the amplitude is particularly intense for the derivative 
with the OAc group at position 28, originating from acetylation of the primary OH 
group, and thus showing greater possibilities of rotation. This indicates an intra- 
molecular rotatory compensation. At the same time an exceptionally high AC,, value 
is observed for this derivative, indicating that the ketone and OAc groups have 
synergic action on the increased difference between the absorption coefficients for the 
levorotatory and dextrorotatory components of the polarized light plane. Hypso- 
chromic shifts of [+I,,,,, are observed for derivatives IId and Vd and batochromic 
shifts for IVd and Vlld. For the compounds with OAc groups at the same position 
(IVd, VIId) similar values of [$I,,,,, and As,, are observed. Negative values of AE 
occur for all analyzed derivatives at a certain range (above 300 nm). The CD curve 
(Fig. 2) for IId is difficult to interpret (distinct hypsochromic shift of extremes). The 
results obtained indicate that although the additional OAc group does not change the 
general character of ORD and CD curves for 3-monoketones of pentacyclic triter- 
penes (positive Cotton effect of optical rotation and positive CD) it causes, however, 
alterations of the molecular amplitudes, extreme values of [&I, AL and hypso- and 
batochromic shifts in extremes, as well as the complications of CD curves. 

All derivatives with ketone groups at position 12 or 16, an aldehyde group at 
position 28. and an OAc group at position 3 (IIe. IVe., Ve, VIIe) show a negative Cotton 
effect of optical rotation and negative CD by contrast to derivatives containing the 
ketone group at position 3. A comparison of ORD curves of compounds IVe and VIIe 
with a ketone group at position 12, but with different types of backbones and different 
double bond localizations, shows that these compounds differ considerably in 
molecular amplitudes and [+] values at extremes. The wavelength at which the 
extremes do occur are different for compounds IVe and Vile. and moreover com- 
pound VIIe shows again positive rotation over 340 nm. Great differences in AL,, 
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CD. x 

Fio2.Cl3c~csofKtd(- ), fVd(- - - - -), Vd(--+-) and VIId(. . . . . * . -1. 

Vahx.s were also observed for these derivatives. Mon similar are the parameters of 
ORLI and CD curves of compounds lle and IVe, which are the derivatives with the 
ketone group at different positions (12 or 16) but with the same type of backbone. 
This similarity mainly con~rns the molecular amplitude (practically identical) and 
[$I_, [+lmin and Aa_ values. A distinct shift of CD maxima and the extremal points 
in the Cotton effect of optical rotation were, however, observed for these compounds. 

The ORD curve obtained for the compound with an aldehyde group at position 28 
of the oleaoane backbone (Ve) is similar in its parameters to the Cotton effect of the 
optical rotation, reported by Djeras# for 38, 16@-di-OH-28-aldehydo-oleana-12-en. 
Compound Ve shows negative CD. 

FIG 3. CD cnrvc11 of itq------- ). IV@ - - -), Vfl-+-1 and VIIf(. * . . . . . -1. 
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ORD and CD curves for the following diketone derivatives of pentacyclic triter- 
penes--IN, IVf, VIIf and Vf, were investigated. A comparison of the curves with the 
corresponding mono-keto derivatives indicate that in compounds IIf and IVf a 
decisive effect of general character in the ORD and CD curves is exerted not by the 
ketone groups in position 3 but by these groups at positions 12 or 16, since the curves 
for diketones are very similar to ORD and CD curves obtained for corresponding 12 
or 16-oxo-3-acetoxy derivatives. The curves obtained for these diketones differ 
considerably from the curves which are the sum of [$] and Ae for the corresponding 
monoketones. There is one earlier example6 known in which ORD measurements 
were made for two monoketone derivatives of pentacyclic triterpenes (3-oxo-oleana- 
12en and 38-OH-16-oxo-oleana-12-en) as well as for diketone derivatives with 
ketone groups at positions 3 and 16 of the oleana-l2en backbone. The Cotton 
effects obtained for diketones were not the sum of the Cotton effects obtained for 
two monoketones, (although positions 3 and 16 are not very close), and is in agreement 
with our findings. 

A quite different relationship is observed for ketone derivatives of compound Vllb. 
For VIIf the character of the ORD and CD curves is determined by the ketone group 
at position 3. On the other hand, the results obtained for compounds IVe and IVfwith 
ketone groups at position 12 show the occurrence of such negative [$] and AE values, 
that the effect of the ketone group at position 3 (positive values of [+] and AC) is 
masked. This paradox can be explained by accepting an interaction” between the 
oxygen of the ketone group at position 12 and the hydrogens of the double bond 
20(30). Such interaction is facilitated by the fact that the D ring of lupene derivatives 
adopts a boat conformation, causing the ketone group to approach the isopropylidene 
double bond. The differences in ORD and CD curves for compounds IVe and VIIe 
can be explained in terms of formation of a similar hydrogen bond. 

Introduction into 3-monoketone Vc of the aldehyde group at position 28 (Vf) 
results in the occurrence of complex ORD and CD curves. It seems that this is con- 
nected with the possibility of rotation of the aldehyde group and interaction of this 
group with the double bond at position 12-13 as well as with a certain mutual shift of 
absorption for the ketone and aldehyde group. 

The data obtained indicate that the assumption as to the additive character of ORD 
and CD curves for pentacyclic triterpenic ketones with respect to corresponding 
monoketones. cannot be accepted. A minimal alteration in the structure of the mole- 
cule based on a change of double bond position, change of the localization of a single 
Me group, and presence of additional OAc group, cause considerable changes in ORD 
and CD curves. Alterations such as substitution of a six-membered for a five- 
membered ring, change of localization of ketone group or formation of a hydrogen 
bond with participation of a ketone group may completely change the character of the 
Cotton etTect. For this reason it seems, that the ORD and CD methods may serve as an 
auxiliary tool in localization of individual ketone groups in pentacyclic triterpenes 
with the same type of backbone and double bond position. Presence of a second 
carbonyl group (ketone or aldehyde) in the molecule causes changes in ORD and CD 
curves which are difficult to predict, because they depend not only on the distance 
behveen these groups (vicinal effect) but also on the structure of the backbone, 
position of the double bond, localization of MC groups and other elements of the 
structure which do not show absorption maxima at a given range of the spectrum. 
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EXPERIMENTAL 

Mps (uncorrected) were dctcrmmed by use of a heated mrcroscoprc plate. 

ORD and CD were measured in McOH in a JASCO UV/ORD/CD-5 spcctrophotomcta at concentra- 

tions from 24 to 5.0 mg/ml at 20” in cuvettes with I cm light-path. 

Acerylurion was carried with Ac,O in pyridine at - 5” for 30 min. The products were isolated by means of 

TLC with SiO> of Merck in a mixture of hcxanc:CHCI,:MeOH (20: IO: I) The chromatographic bands 

were localized by spraying the plates with water or with 50% H,SO, and heating. 

Oxidofion of the OH groups was by CrO, in pyridinc at room temp for 24 hr (oxidation of monohydroxyl 

derivatives) or 48 hr (oxidation of dihydroxyl alcohols to diketones). The products were isolated by means 

of TLC with Si02 in hcxane:CHCI,: MeOH (40: 20: I). The compounds separated were crystallized from 

70-967; EtOH. 

Reduction with H, was carried out in the presence of Pd/C in McOH. The products were isolated by 

means of TLC with SiOr impregnated with 10% AgNO, (with respect to the weight of the gel) in CHCI,. 

The chromatographic bands were localized under UV light or after spraying with 50 % HzSO, and heating. 

The isolated compounds were crystallized as described above. 

Ar~nowledyemenr-Our thanks arc due to Professor D. Shugar for cnablmg the determination of ORD 

and CD spectra in the lnstnute of Biochemistry and Biophysics, Polish Academy of Screnccs. 

REFERENCES 

’ C. DJcrassr, W. Closaon and A. E. Ltppman, J. Am. Chem. Sot. 78. 3163 (1956) 

’ M. Legrand, A. Lacam and R. Vicnoet, Bull. Sot. Chim. France 792 (1961) 

’ L. Velluz and M. Lcgrand. Angew. Chem. 73.603 (1961) 

’ A. E. Lippman, E. W. Foltz and C. Djerassi. J. Am. Chem. Sot. 77,4364 (1955) 

’ C. Djerassi and W. Closson. Ibid. 78,376l (1956) 

6 C. DJcrassi, J. Osiccki and W. Closson, IbId. 81.4587 (1959) 

’ Z. Kasprzyk and J. Pyrek, Phyrochem. 7, 1631 (1968) 

a P. Crabby. Applicarions de lo Dispersion Rororoire Oplque er du Dichroisme Circulaire Oprque en 

Chimie Organique. p. 98. Paris (1968) 

’ P. Witz. H. Herrmann. J. M. Lchn and G. Ounsson. Bull. Sot. Chim. France I IO8 (1963) 

” J. Simonscn and W. C. J. Ross, The firpenes, Vol. IV and V. Cambridge University Press (1957) 

’ ’ S. D. Jolad and C. Steelink. J. Org. Chem. 34, I367 (1969) 

‘r Elseuier’s Encyrloprdia 01’ Organic Chemistry, Ser. Ill.. Vol. I4 Supplement, Triferpenes, Elscvicr 

Publishing Company Amsterdam-Houston-London-New York (1952) 

” P. Boitcau, B. Pasich and A. Rakoto Ratsimamanga, Les Tfiterpenoides, Paris (1964) 


