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Lanthanide~nduoed @lifts (LIS) with Eu (dpm)~ and aromatic mlvem induced shifts (ASIS) 
with C, He,CeH~N, and Ce 1:6 of PMR signals were examined lot a series of C-4-methylated steroids 
arid tetmcydtc ttiterpenoids ha~ing a hydroxyl, t~rbonyl or acetoxyl group at position C-3. The 
~ m t e  and/or direction of the LIS (or ASIS) of corresponding protons were extensively influ- 
etmed by the natm~ of file C-3-functional groups. The pore'hie geometries of Eu (dpm)~-substrate 
comp|exes were also discussed on the basis of the LIS data. The above two techniques in the PMR 

lmmvtded the oonfirmatory evidence fox the structural and stereochemical determin- 
ation o f  stemidt ~hd triterpenoid~ 

L [mmxhtetioa- 

~Oton ~ t i c  ~esonance (PMR) spectroscopy is conventionally used for the 
s ~ t u r a l  ands t e r e~hem~ analysis of natmally occurring compounds [ i J. In steroid 
n d i ~  fields,~however, the overlap of the proton resonances is often a serious 
~ : ; a n d ,  ~ t l y .  the infotmationwhich can be obtained from the PMR 

• spectra:~h~,~y- ~ c t e d .  
I n : ~ i o n w t t h  the :problem, trmckley et.al. [2] and Sanders and Williams [3] 

~thanato) europium Eu (dpm)3, a law 
se workers, many naturally occurring 
asa shift reagent [4-11 ]. The use of 

-". ~ t t e s ~ W t t t t i a e d t a s  C t ~  [12-14];CsUsN [15,16] and C6F6 [17,18]. in~tead 
.: :~ .a r~ . inen: '~Wll t (e . . :CDClQ,  has-alto previously been. ~own to be of value in 
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group is the m o s t  o 
such functional: gr 
ative for physk~l measurements induding PMR spectra;a variety of 4-monomethyl-5e~- 

II. Experimental 

Most of the compounds used in this study were synthesized in our laboratory. 
Preparations of C-4-methylated steroids (I-V, XI,-XV, XXI-XXIV) have been des- 
cribedpreviously [19]. A mixture of 9i~, 19-¢yd~Sa4anost~24.en-3/3-o! {Vill; m.p. 

' " : ~ • . . . .  : '  . . . . . . .  , N  ¸ :~i , ~ /  . . . .  ~ : ' ~ :  :" mixture of both the ~lcohoL~ o b ~ d  fromic~mera~ source ( ~ : ~ ~  
Ltd.). 9~,19~clo-Swlanos~an-3/3-ol [IX; m~p, 
m.p. 99" 101 °C,[a]D + 45 ~5] was obt~ned b] 
p l ~  " " "  : : .... . . . . . . .  . . . . . . . . . . . . .  
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FJ~. I, ~ gmk~tot~and.~he llu~ .~tettu ef.~tlwl gmul~ foreompounds examined. 

~bility reason of substrat,:s 
solvents. Eu (dpm)3 wa.5 
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(0.4 ml) solutions of weighedquantities of substrates (9~2-20.6 rag)in the ~ R  
sample tube, and spectra recorded after each addition~usu~y fi~e or s~xs~hadditions 
of the shift reagent weremade for each compound:, tn a l [ ~ s ,  tetraethyl(dane 
(TMS) wasemployed as intemalreference,st~ard:i~ c~cal: ~tswe~::!denoted 
o n 6  (ppm)unit relative:to internal ~ S ~  Erroz of the measurementswes esti!~ted to 
be less than +-0.02 ppm for the chemical ~ f t s .  

HI. Results and ~.ussion 

A. LIS effects 

Upon the addition ofa lan~anide shift reagent, Eu (dpm)s, to normat C~I~  solu- 
tions, almost all of methyl protons in c0mpounds examined suffered parama~etic 
shifts [4] due to comp!eX formation between EU 3. inthe :reagent and oxygen ione 
pairs in the substrates, The magnitude of the LIS was enhanced successively by increas- 
ing in the concentration of Ett (dpm)s added, and the first-order spectra were obtained 
without serious line broadening. The assi~ment ofeach methyl signal in nomlal CDCI3 
solvent specUa was performed/using criteda di~ussed inthe p~vious works [ t ,  24, 
25], and confirmed in th~ study, on the basis of the US ~ta ~iscussed bdow), The 
signal assignments in the presence of Eu (dpm)s were based on mte~~, care ~: 
inspections of each signal as increments of the reagent wereadd~,andthemeamm- 
ment of approximate spati~distan~:~tw~nptotom?~der c0nsid~ration anda C-3- 
functional group.. . .. - . . - :  .. ..-. _ .  

Plots of the Chemical ~iftsvs. the!mol~ ratio ofEu ( d ~ ) 3  :~d~:to~b~rates 
were found to belinear ~'thin the molar nt io up t o a b ~  tiFis, .2shou~Mple plo~ 
of methyl protonsin c o m p o ~ V ! l ,  ~ .  | ~ d  ~ [ ~ d ~ ! ~ e : U ~ ¢ o n ~ n t r a t ~ n  
of the substmtes.. As., can be seen:,~::i g: 2~:~estt~t:~i .. ~~~!yii ......... ,  ape ted 

" " " . . . . . .  : ~r  ~ U t : : i , ~ i g u o U s  ,(dmh ,o tde , b e f¢ mtiom . _ to zero concentration ofE~ ~ o ,  ................. 

more easilyfrom the 
[1, 24,25] . ! ~ : ~  

F 1  

8cDch,~where ~ 
point where the 

values for-the 
to.a value o f f  

normaUzed  EU 
and ess ti   y: ic 
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10 10 

h ( a ) ~  z O - O l ' ,  8 t (b) 
"" G ~ 6 ./30-CH~ 

*~ 19-CH, 

/ /  • ~ ~ . < . ,  I f /  :~-o,, 

-: , .-  ~ ~ . ~  ~ -  . ~ ~ , , . ~ . ~ .  r ~ - ~  - - - -  ~ : - -  _ _ _ , ~ . o , .  

o.z 0.4 o.5 ,].e ~.o 0.2 o.4 o.e o.e 1.o 
[EU(dl~),]/[S~trate] [Zu(dWa),]/($ubstrete] 

10 
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Acety t -CH,  

(c) / 

/ 
311CH' 

-, ; ' - ' '  - - 18-Ors 
. . . . . . .  -- -=~ 32-CH~ 

0.2 0.4 0,4 0,8 1.0 

[l,(az=).1~[s,~tr, to] 

Ftf~ -2, [~t tsof  the d l e m t ~  shifts vs, the molar ratio of Eu(dpm)~ to substrates of  methyl protons 
f ~  ~~e~.ol (VII, a). 5~lanost4-en*~ne (XVI[. b). and 5~.lanost-8-en-3~-ylacetate 
~ . , , ¢ ) .  (E¢~mztza.t~.nz of the ~bstratet are ~own in table l - 3). 

C.3.functional group. All the compounds are therefore believed to form adduct with 

~bstrates with Eu (dpm)~, i.e. the slopes of linear 
decreased in the order, alcohols > ketones > acetates 

the dissociation constant of these 
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adducts within the range of the substrate concentrations examined [3 ]. We also fou:~ld 
that the addition ofEu (dpm)3 has little cr no effect upon the proton resonances in C- 
3~methyl ether derivatives [29], which are often used in structural identification of 
sterol#by t h ~  excellent gas: chro~mtographic and mass spectrometric properties [30]. 

L ~:HS Of stemls and triterpene alcohols 
~ ~ ~  ~table  l ,  the addition ofEu (dpm)3 to CDCI~ solutions of sterols and 

t r i r e m e  ~cohols (I-X)produced the downfield shifts of all of ttle substrate methyl 
p r o t o n L : ~  magnitude.of the normalized ~Eu values decreased in the order, 31 - 
( t 00 )>  30~(90--95) ~, t9.~- (35-41) > 18- (5-10) -~ 32-  (7-10) ~> 21-  (2-3) > 
26,27-(0--1) methyls, .in accord with the prediction of the crude distance treatment 
[ t ]: the ~ f t  of a proton close to the co-ordinating site of Eu 3÷ is usually larger than 
aproton fur~er ~moted. 

With those compounds, the most interesting finding concerned the LIS behaviors of 
methyls geminally attached at C-4. Thus, the ax/al 3 l-methyl signal was moved more 
rapidly than the equatorial 30.counterpart, when increasing annuals ~f Eu (dpm)a 
were added, and the plots of the two methyls crossed each other (see fig. 2a). T~s 
crossover indicates that the relative position of the ax/al and equator/a/methyl signals 
in the spe~ra is influenced with the concentration of the shift reagent added: the 3 l- 
methyl occun a ta  higher field than the geminal 30-methyl in the low concentration of 
Eu (dpm)3, but the reverse occurs in the high concentration of the reagent. The observ- 
ation was justified by a careful comparison of the spectra of an isomeric pair of 4a- 
methyl-5~.cholestan-3/~-ol (I) and 4~methyl-5wcholestan-~l (II). Particular atten- 
tion ~ould therefore be paid in the assignments of the two siganls from the spectra 
alone without the :plotting data. The addition of Eu (dpm)3 also brought about the 
separation of the doublets ofC-I 7 side chain methyls, i.e. 2 l-methyl vJld 26,27-dimethyl, 
in C-24 saturated compounds (l-V, VII, IX), and revealed the presence of the 2 l- 
methyl doubletwhose signal was often invisible inthe normal PMR spectra. 

A ~ t d i n g  to Hinctdey's consideration [ 1 ], LIS is ascribed to be mainly of the 
pseudo.contact ~ t  [3I] which~ expressed as K (3cos 2 0i-i)/Ri3~ where K is a con- 
stant for a given complex, Rt is the distance between Ett3* and Hi proton and ~ is the 
corre~ondingintemuclear angle between Eu-lti axis :and Eu-O axis. As K is the same 
for ~fferent ~o tom wi~in ~ e  same molecule, the pseudo~ontact shift is essentially 

: ~ ftmctio~ o f ~ e  distanceR and the angular factor 0. If one assumesthat in Eu (dpm)3- 
~¢oh~ ~ m p l e x e s e ~ n e d  here, the Eu3* is located 3 A [32,33] from the ox~/gen 
with:~theEu~(3)~mgleof 130° [34, 35], the spatial distance of the Eu ~* from 31- 
m~ylgro t tp  wiU be doter thanthat from 30.methyl group, thereby the former will 
b e ~ d e d  ~ s t m n s t y  than the latter. 

~ - X X ,  table 2), the decreasing order of the 
30-  (100) ~> 31-. (65-88) ~> 19- (32-48) ~> 
. ~ 26,27- ( - ~ l - l )  methyh. This order in the 
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ketones is~tmflar to that found in the~ parent hydroxyl compounds mentioned above, 
but with: o ~  significant difference, Thus, contrary to the measurements with the pre- 
senceof aC-3~ydroxyl  gt~oup, the fact that the 30-methyl signal in the presence of a 
C,3~arbonyl group t s m u ~  more subject to the LIS with increasing addition of Eu- 
(dpm)3 than~the gemina131-c~:terpart was verified by comparing the spectrum of 
~t-Sa~holestan*3-one(Xl) with that of 40,methyl isomer (XII) (fig. 2b). 
As~ming that in Eu(dpm)rketone complexed state, the Eu.O distance is 3 A at an 
angle of 20 = to the eathonyl.bond axis towards protons at C-2 [ 10,36], then the 
above d e c o r  shift order of each methyl proton can reasonably be interpreted. 

It is of importance to note that the magnitude of the normalized AEu values for the 
31~Ttethyl proton inthe ketones is obviously dependent on the nature of skeletal 
st ructure::cycloartane(XVlll-XX), 4,4.dimethyl-Sa-cholestane (XII-XV) and A e- 
lanostene (XVI, XVII) skeletones are characterized by the values of 65-67, 73-79 
and 85-~88, respectively. The observed differences are probably associated with both 
the angular dependence and the fact that a carbonyl group is bifunctional, and serve as 
a useful tool for evaluating each skeleton of steroids and triterpenoids. 

3: L/S ofacetare deri~tives 
In our LIS study, C.3~.acetate derivatives (XXI-XXIX. table 3) provided many 

infonnations about the structures of steroids and triterpenoids. The decreasing order 
of the normalized ~ u  values in those co~npounds was as follows: acetyl-(100) > 30-  
(39-~-45) > 31-  (28-34) > 19-  (10-12)>  32-  ( -3  ~ -6)  > 21- (-1 "~ -3)  -~ 
26,27-- (--1 ~-~-'3) 2 18- (0-. 1) methyls. Acetyl methyl proton attached to the co- 
ordinatingsite of Eu 3. undergoes the greatest downfield shifts. A signal suffering a 
larger LISwithin the gentinal C-4-methyl groups is believed to be the 30-methyl proton 
(see fig. 2¢), in analogy with resultsobtalned by Shingu et at. [7] for some pentacyclic 
triterpene acetates related to t~-amyrin series. The assignment of the geminal C-4- 
methyls in the C.30;acetate derivatives is therefore the same as that made in the corres- 
p o n ~  keto derivatives mentioned above. Comparing the differences in the chemical 
shiftsbetween the 30. and 3 l-methyl groups, it can be seen that they become some- 

:~what laggerin :the acetates than in the ketones by increasing Eu(dpm)3 (see fig. 2b 
and ~¢)~it ~ ~ ~ noted that the induced shift value of 18-methyl proton is negligibly 

• i~ difflctflt to as~ss the pgesert~ or absence of the 32-methyl group in 
tra. However, the methyl 
neasuflng the Eu(dpm)3- 
se it shifted to the higher 

t consistent negative ~Eu values was 
and 26~27,di.methyl+ in accord with 
zsteryl acetate. The abnormal shift of 
particularly geometrical disposition of 

it the sign of the angular dependence 
equation is negative [4] ; 8 has a value 
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of 547"125.3 ° . 
- On.the basis o f the  above facts., it seemed resonable to presume that in Eu(dpm)3- 

acetate ctmtplexes, the Eu 3. is located approximately beneath the ring system of the 
substmte molecule with the Eu-,0 distance of 3 A, though the exact Eu--O=C angle is 
not apparent now, This presumption may be supported by the fact that C-3~.acetoxyl 
group in steroidal acetates exists predominantly in a cis-conformation with the ax/al C- 
3a, methine proton eclipsed by the C=0 group [38,39}. 

~6 

Tables 4 - 6  show theASlS (A values = ~amma~ solvent-6CDC13) observed for pro- 
tons in compounds examined; negative A value represents an upfield shift. The proton 
assignrnents in aromatic solvents, i.e. C6H6, C s Hs N, C6 F6, we ~e based almost e xctus- 
ively on the comparison of the spectra of those compounds which differ from one 
art other in the presence or absence of certain methyl groups and of an unsaturated 
bondin the skeletons. It  is apparent from the data shown in tables 4 - 6  that the ASIS 
are obviously detected on the solute protons, particularly on protons situated in the 
vicinity of a C.3-fUnctional group where co-,~rdination with solvent molecule occurs 
[16, t7 .40] ,  and that all compounds possessing the same C.3-functional group usually 
give similar Avalue:s for corresponding protons. Although the shift strength on proton 
t-~svnances due to aromatic solvents used is usually weaker than that due to "shift 
rea~nt discussed above, the ASIS are favourable in view of the simple proceduce and 
easy recovery of  samples. 

L ASIS ofstoeo!s and tffterpene alcohols 
In compounds with a C.3B-hydroxyl group (I-X, table 4) a significant difference 

was observed between the spectra measured in both CDCIa and CsHsN, Thus, the 30. 
and 31-methyl pro'tons occupying position vicing to the hydroxyl group were de- 
shielded considerably (~CsHsN, 0 2 0  to 0.34 ppm)in CsHsN relative to CDCI3. The 
magnitude of  the deshielding was almost independent of axial or equatorial confirgura- 
tion of the methyls, indicating that the two medw! groups have equal geometrical 
telaflonsh!pagainst the hydroxylgroup []~6]. Although other methyl protons presented 

. . . . . .  t ,~;IS, the magnitude of the induced shift values 
'lbe ASlS with CsHsN can therefore be used as 
firming the presence of the C.4.methyl groups in 

~fpene alcohols. 
gewAnally to the C.3.0-hydroxyl group ave 

also 6 f i r t t e r e ~ ; i ~ u ~  the direction or theshifts is influenced by the nature of arom- 
(ACsHs N, ca. 0.20 
) in C~H6 (AC6H6, 

Ca, ~ . l g  Plml] and CsFe ( ~ F i ,  ca. ~ , 1  oppm~. 

, table 5), the ASIS behaviors of protons much cliff- 
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ered from thwe found in flleir parent hydroxyl compounds. Inspection of table 5 
~evealedthat the direction and magnitude of the ASIS of protons lying in the vicinity 
of a C.3.~arbonyl group can be generally estimated by applying reference plane r~les 
f0nnedyl~oposed [13~., ! 5, 18a]. 

The 19, and 3 l-methyl protons were appreciably shielded in C6H~ ('~C6H6 values 
of~-O.lTto "O.29 ppm and -0 .06 to -O.15 ppm, respectively), while the 30-methyl 
proton was et1~her ~;carcely affected or deshielded slightly, as the formers lie behiad a 
plane passing'through the C.3-carbon atom at fight angle to the C=O bond and the 
latter ltesapproxinlately in the plane [ 13a- 13c]. Compounds XIV showed somewhat 
small ~kCeHe value (-~,09 ppm) of the 19,methyl and large AC6H6 value (0.I 8 ppm) 
of  the 30-methyl it~ comparison with the others, presumably due to the introduction 
of AS-bondin the ~tteroid skeleton. 

On the other h~tnd, C6 Fe caused downfield shifts of the 18., 19-, and 31.methyl 
protons as well as two doublets of 98, 19-cyclopropane methylene proton (in co,m- 
pounds XVII![-XX). The results are consistent with the previous generalization [I 7, 
18] : the dire~tion of C6F¢induced shifts is opposite to that of C6H6-induced shifts. 
Since in general the chemical shifts of the 19-, 30- and 3 l-methyl groups in triterpene 
ketonas are very siimilar, ~multaneous use of.C6H6-and C6F6-induced shifts are partic- 
ularly availa~tle fc,r differentiation between them. In addition, Ae4anostene type of 
compounds (XVI and XVII) had consistently large £q:sF~ value (0.12 ppm) of the 
32-methyl proton, compared with cycloartane type of compounds (XVIlI-XX, 0.02- 
0.03 ppm), A simiilar relationship was also found o~ the corresponding proton in the 
C6F6-induced shift spectra of C-3~acetate derivati~fes of those compounds (see table 
6). The obsetrvations may be a useful measure to distinguish the two types of triter- 

penes. 
As expected, the 19-methyl proton in compounds XI-XVII had negative ~C.stisN 

value$(-O.(F$ to --~0.10 ppm)as it lies behind a plane passing .through the C-2- ai~d C-4. 
carbon atoms adjacent tothe C.3-carbonyl group [15]. It is, however, noticed here 
that in compound~ XVIII-XX, the 9~, 19.cyclopropene methylene proton lying, behind 
the plane shows u~expected positive ~CsHsN v~ttues (0. l 0 to 0.29 ppm). 

3, A$1$ o f  mret~t~e den'mrive~ 
With J~me petrtta~clic triterpene acetates related to oleanene and lupane wries, 

W ~ a n d W f i l i l u n s  [13d] haw reported that an ax/al 3 l-methyl proton situar~ed in 
vicil~d position toa  C-3~acetoxyl group suffers an appreciable upfield shift on passing 
from C ~  mCttl~,  In tetrs~-ydt¢ tfitertmte acetates and closely related compounds 
examined h , ' ~ l e f ~ J { X l - ~  t ~ e  6), however, all of the methyl protons exhibit 

- . . . . . . . . . . .  ased, with the exceptions of C-3.acetyl. and 
Cells [13a]. The present assignment was 
of 4a.methyl.Swcholest-7-en-3#-ylacet ate 

LXIV). Another feature observed for the C- 
~thine proton was deshielded in both C6H6 
N, ca. 0.20 ppm), whereas it was shielded in 
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Appendix 

The systematic names and the corresponding trivial names of sterols and trit~;rpene 
alcohols ttsed in this study areas follows: 4wmethyl-Sa~cholestane.3#-ol, 4~.me thyl . 
¢holestanol; 4t~methyl-St~-cholestane-3p-ol, 4wmethylcho|estanoi; 4~-methy!t-5¢~- 
cholest-7-en,3jJ,ol, 4et.methyi-AT~cholestenol (lophenol); 4,4-dimethyl-Sa-cholestan-3/3- 
ol, 4,4Mimethylcholestanol; 4,4.dimethy|cholest.5,n-3O-ol, 4,4-dimethylcholesteroI; 
4,4Mimethyl.5¢x-cholest .7-ett.3a.ol, 4,4-dimethyI-A ~-cholestenol; 5a4anost -8,2 4-dien- 
3i~-ol, !anosterol; 5=-lanost-8-en-3a-ol, dihydrolanosterol; 913,19-cyclo-~a~4anost.24-en- 
3a-ol, cycloartenoi; 9i~,I 9-cyclo-5wlanostan.313.ol, cycloartanol; 24-methylene-9i3, 19- 
cyclo.5wlanostan-3a-ol, 24-methyle necycloar tanol. 
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