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Lanthanide-induced shifts (LIS) with Eu (dpm), and aromatic solvent induced shifts (ASIS)
-with C H,, C,HN, and C, F, of PMR signals were examined for a series of C-4-methylated steroids
~ and tetracyclic triterpenoids having a hydroxyl, carbonyl or acetoxyl group at position C-3. The
magnitude and/or dizection of the LIS (or ASIS) of corresponding protons were extensively influ-

" enced by the nature of the C-3-functional groups. The possible geometries of Eu (dpm),-substrate
complexes were also discussed on the basis of the LIS data. The above two techniques in the PMR
. SpECLIOSCOpY provided the confirmatory evidence for the sttnctnml and stereochemical determin-

ation of steroids M tritepenoids.

Pmton mgmnc :emnnnce (PMR) spectroscnpy is conventionally used for the

‘} stmcmrﬂi md stereochemical analysis of naturally occurring compounds [1].In steroid
S id ﬁaldt however, the overlap of the proton resonances is often a serious

- problem, and, uently, the mt'ormatmn whxch can be obtained from the PMR
spactra:smrdy mmste& ~
ln eomection with the pm&lm, Hincldey ot ai {21 and Sanders and Williams 3]
: he application of tri{dipivalomethanato) europium Eu (dpm),, a lan-
: frice the discovery of these workers, many naturally occurring
e id anfiedfby using Eu (dpm); as a shift reagent [4—11]. The use of
such as CsHe [12~14], CsHgN {15,16] and C4F, [17,18] , instead
ent (0.g -CDC!,); has also previously been shown to be of value in
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increasing chemxcai shxft dxfferences of specxﬁc protcms in compounds w;th a polar

functsonal group The effectweness of the above two mthods ;ei;iantha!adeqnducad

‘atmn of complex cnmpounds
- We wish to report here a furthér ,
'the structural and. stereoehem:cal detennmatxon of btoiogmau’y
distributed wxdely in naturally ﬁccumng saumes Thus, the aim of t
uate the LIS and ASIS behaviors of protons.in C-4-methylated sterols a
triterpene alcohols as well as in their keto and acetate derivatives, since the hydraxyl g
group is the most frequently found substituem in the fields and since derivatization to
such functional groups is a common procedure in charactenzatxm and is also inform-
ative for physxcal measurements mcluding PMR spectra a vanety of 4-monomiethyl-5o-
cholestane, 4 4-dunethyl-5acholestane Aldanostene, and cycloartam (95, 19~cyclo
lanostane) types of compounds were exammed here (ﬁg l) : L

II Expenmentai

- Most of the campounds use& in thss study were synthesized in mn' labo:tatury
Preparations of C-4-methylated steroids (I-V, XI-XV, XXI-—XX]V) have been des-
- cribed previously [19]. A mixture of 98; 19-cyclo-Sa-danost-24-en-3f-of [VIIl; m.p.
, 112-113"0 [a}D +55 (e, 2% in c&ct;),hz {20] m.p. 112114, [alp +49.2] and
.p. ,l"i?wmﬂ"c [a};) + 45 lit.

' [22} In a smnlar manner Sa~lanost-8 24-d1en-33@l [VI mig-‘, 139 _40“C {a}n + 61 ]f :
and Sa-lanost-8-en-38-ol [VIL; m.p. 140-141°C, {alp + 62} were separated froma
mixture of both the alcubols obtained fmm commermal soum {Nakmi Chgm;cnls

piatmum oxxde S i
Carboxylatxcm or acetylauon uf alcoh

the products were checked tny appmpnate ,

in thé ﬁéld swééb mode; at am
tions were 0.06:t0 0.12 M
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" 4-Monomerhyl steroids [1]
“4a-Methyl-Sa-cholestan-
© 4p-Methyl-Sa-cholestan~
" 4a-Methyl-Sa-cholest-7-en-

~ 4,4-Dimethyl steroids (2]
- 4,4-Dimethyl-Sa-cholestan-
- #4-Dimethylcholest-5en-

o #A-ﬁm%ethyI*SMdesb?-en- s

A‘ Lmamne m’wpene: f,?;

o swmm,z»tm D

38-01 3eone 3a-ylacetate
RSEH a0y (eI

1 XI
I o Xn
Cm X1l XX
v X1V XXl
v XV XXIV
Vi "xv: XXV

i )flt (‘;H.;, C,H,N ami C,F.& {for seiuhﬂxty reason of substrates
mt;; emmn)swere used as induced shift solvents. Eu (dpm); was
' [mmis lmiusmes Ltd&, ami used as such: ex actly
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(0.4 ml) solutmns of wenghed quantmes of substrates (9 2—»20&6 mg) in the PMR

sample tube, and spectra recorded after each addition; usually five or six such. additions

of the shift reagent were. ‘made for each compound. In all cases, tetramethylsﬂane i

(TMS) was employed as internal reference standard, and chemxcal shifts were denoted
‘on & (ppm) unit relative to internal TMS. Error of’ the measurements was esm:nated to
 be less than £ 0.02 ppm for the chenmcal shxfts

HiI. Results and Dlscussxon "

A. LIS effects

Upon the addmon ofa lanthamde smft reagent Eu (dpm);, to normal leg solu-
tions, almost all of methyl protons in compounds examined suffered paramagneuc
shifts [4] due to complex formation between Eu®* in the reagent and oxygen lone
pairs in the substrates. The magmtude of the LIS was enhanced successxveiy by increas-
ing in the concentration of Eu (dpm); added, and the first-order spectra were obtained
without serious line broadenmg The assignment of each methyl signal in normal CDCl,
solvent spectra was performed using criteria discussed in the previous works {1,24,

25}, and confirmed in this study, on the. basis of the LIS data (dxscussed below). The
signal assignments in the presence of Eu (dpm); were hased on mtegmtixm, careful
inspections of each signal as increments of the reagent were added, and the measure-
ment of approxxmm spaﬁai distame between motuns under consxdemﬁon aﬂd a C-3-
functional group.

Plots of the chemical shlfts vs. the molar ratio of Eu (dym)g added to s:ubsttates
were found to be linear within the molar ratioup 1 to abcmt 1.— 13, Zshtaws sampie plats :
of methyl protons in campﬂnnds VII, XVH and XXVI un : ;
of the substrates. As can be seen in ﬁg 2;the straight e
to zero concentration of Eu (dpm); to provide valuable informs
chemical shifts In fact 5(:1)(:! valnes of campoundx exami

[1, 24, 25] . This method is therefore useful for confirming
chemlcal sh;fts in tha notmal PMR spectra of ‘stemids an

each methyl pfoton we the
8¢pei,ys Where 83“(‘”““)3 s the ¢
point where the mo’iar ratio of
pendence of the AEu values:
values for the fastest moving sign
to a value of 1
with chemicala L
normalized AEu vaiucs were 8
~and essentlally idemical éo
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Fe2 ots-of the chemical shifts vs. the molas ratio of En(dpm), to substrates of methyl protons
 fog Sedanost-8-en-3g-0l (VIL, 3), Se-lanost-8-en-3-one (XVil, b), and Sadanost-8-en-33-ylacetate

- (XXW,c) :(Chmﬁiﬁanuf the substrates are shown in table 1-3).

Ca.fmcnmai gmup Aﬂ the cmnpouxxds are therefore believed to form adduct with

. i “'"“g;gbgjgyofmhmgtes with Eu (dpm);, i.e. the slopes of linear

rres n&ingpmtms, decreased in the order, alcohols > ketones > acetates
'!’his;sihe expected order based on the dissociation constant of these
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- adducts within the range of the substrate concentrations examined [3] . We also found
- that the addition of Eu (dpm), has little cr no effect upon the proton resonances in C-
- 3p-methyl ether derivatives {29], which are often used in structural identification of
- _sterols by their excellent gas chromatographic and mass spectrometric properties [30].

1. LIS of sterols and triterpene alcohols ~ ‘

. As shown in table 1, the addition of Eu (dpm), to CDCl, solutions of sterols and
 triterpene alcohols (I-X) produced the downfield shifts of all of the substrate methyl
- protons. The magnitude.of the normalized AEu values decreased in the order, 31—
{100} > 30— (90-95) > 19— (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

- {1]: the shift of a proton close fo the co-ordinating site of Eu* is usually larger than

“a proton further remoted.
~ With those compounds, the most interesting finding concerned the LIS behaviors of
methyls geminally attached at C4. Thus, the axial 31-methyl signal was moved more
‘rapidly than the equatorial 30-counterpart, when increasing amcuauts of Eu (dpm);
were added, and the plots of the two methyls crossed each other (see fig. 2a). This
crossover indicates that the relative position of the axial and equatorial methyl signals
in the spectra is influenced with the concentration of the shift reagent added: the 31-
methyl occurs at-a higher field than the geminal 30-methyl in the low concentration of
. Eu{dpm);, 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-Sa-cholestan-38-0l (I) and 4f-methyl-5a-cholestan-38-ol (If). Particular atten-
tion should therefore be paid in the assignments of the two siganls from the spectra
alone without the plotting data. The addition of Eu (dpm); also brought about the
separation of the doublets of C-17 side chain methyls, i.e. 21-methyl 2nd 26,27-dimethyl,
‘in C-24 saturated compounds (I-V, VI, IX), and revealed the presence of the 21-
“methyl doublet whose signal was often invisible in the normal PMR spectra.

According to Hinckley’s consideration [1], LIS is ascribed to be mainly of the

pseudo-contact shift [31] which is expressed as K (3 cos® 6;-1)/R;*, where K is a con-
stant for a given complex, Ry is the distance between Eu** and Hj proton and 6; is the
corresponding internuclear angle between Eu-H; axis and Eu-O axis. AsK is the same
~for different protons within the same molecule, the pseudo-contact shift is essentially

. afunction of the distance R and the angular factor 8. If one assumesthat in Eu(dpm)s-

alcohol complexes examined here, the Eu®* is located 3 A [32,33] from the ox/gen

 withthe Eu-0-C(3) angle of 130°[34, 35], the spatial distance of the Eu®* from 31'-
* methy! group will be closer than that from 30-methyl group, thereby the former will
_ be deshielded more strongly than the latter. |

the case of C-3-keto derivatives (XI-XX, table 2), the decreasing order of the

26d AEu values was as follows: 30— (100) > 31 (65-88) > 19— (32-48) >

18- (4-8) =32~ (4-8)> 21~ (1-4) 3 2627~ (~1~1) methyls. This order in the
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‘ketones is similar to that found in their parent hydroxyl compounds mentioned above,
~ but-with one significant difference. Thus, contrary to the measurements with the pre-
" sence of a C-3f-hydroxyl group, the fact that the 30-methy] signal in the presence of a
- C-3«<arbonyl group is much more subject to the LIS with increasing addition of Eu-
{(dpm)s  than the geminal 31-counterpart was verified by comparing the spectrum of
4a-methyl-Sa-cholestan-3-one (XI) with that of 46-methyl isomer (XII) (fig. 2b).
Assuming that in Eu (dpm)yketone complexed state, the Eu-0 distance is 3 A at an
-angle of 2‘{)?"_19;!-_{16 carbonyl-bond axis towards protons at C-2 [10,36], then the
~ above decreasing shift order of each methyl proton can reasonably be interpreted.
It is of importance fo note that the magnitude of the normalized AEu values for the
31:methyl proton in the ketones is obviously dependent on the nature of skeletal
~ structure: cycloartane (XVIII-XX), 4.4-dimethyl-Sa-cholestane (X1I-XV) and AS.
~ lanostene (XVI, XVII) skeletones are characterized by the values of 6567, 7379
-and 8588, 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. LIS of acetate derivatives :
- In our LIS study, C-3f-acetate derivatives (XXI-XXIX, table 3) provided many

- informations about the structures of steraids and triterpenoids. The decreasing order

of the normalized AEu values in those compounds 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 methy] proton attached to the co-
ordinating site of Eu** undergoes the greatest downfield shifts. A signal suffering a
‘larger LIS within the geminal C-4-methyl groups s believed to be the 30-methyl proton
(see fig. 2¢), in analogy with results obtained by Shingu et al. [7] for some pentacyclic
. triterpene acetates related to f-amyrin series. The assignment of the geminal C-4-
methylsin the C-38-scetate derivatives is therefore the same as that made in the corres-
- ponding keto derivatives mentioned above. Comparing the differences in the chemical
shifts between the 30- and 31-methyl groups, it can be seen that they become some-
. what larger in the acetates than in the ketones by increasing Eu(dpm); (see fig. 2b
_and ¢). It igalso-noted that the induced shift value of 18-methyl proton is negligibly

\t be difficult to assess the presence or absence of the 32-methyl group in

weyclic tr terpenoids using only the notmal PMR spectra. However, the methyl

could easily and unequivocally be characterized by measuring the Eu(dpm), -

* induced shift spectra of the C-3f-acetate derivatives, because it shifted to the higher
field and showed negative AEu values. Minior but consistent negative AEu values was

" also detected for the dcublets of the 21-methyl and 26,27-di-methyl, in accord with

. jous findings of Kishi et al. {37} in cholesteryl acetate. The abnormal shift of

' protor ‘fesonances to upficld is attributable to a particulady geometrical disposition of

 those methyl grovps against Eu®*, and mean that the sign of the angular dependence

pseudo-contact shift equation is negative {4]; 0 has a value
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of 54.7-1253°%. , :
. O the basis of the above facts, it seemed resonable to presume that in Eu(dpm)s -
“-acetate complexes, the Eu®* is located approximately beneath the ring system of the
_ substzate molecule with the Eu--0 distance of 3 A, though the exact Eu—0=C angle is
not appa:ém now. This presumption inay be supported by the fact that C-3f-acetoxyl
group in steroidal acetates exists predominantly in a cis-conformation with the axial C-
 3a-methine »pmmn%cclipsed by the C=0 group [38,39].

B ASISEffects

 Tables 4--6 show the ASIS (A values = byomatic sovent —SCDC1,) Observed for pro-

* tons in compounds examined; negative A value represents an upfield shift. The proton
assignments in aromatic solvents, i.e. CoHg, CsHgN, C¢F¢. were based almaost exclus-

_ively on the comparison of the spectra of those compounds which differ from one
another in the presence or absence of certain methyl groups and of an unsaturated

. bond in the skeletons. It is apparent from the data shown in tables 46 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-ordination with sclvent molecule occurs

- [16, 17, 401, and that all compounds possessing the same C-3-functional group usually

© give similar A values for corresponding protons. Although the shift strength on proton
r>scnances due to aromatic solvents used is usually weaker than that due to shift
reagient discussed above, the ASIS are favourable in view of the simple procedure and

easy recovery of samples. <

- 1. ASIS of sterois and triterpene alcohols ,
' In compounds with a C-38-hydroxyl group (I-X, table 4) a significant difference
" was observed between the spectra measured in both CDCl; and CsHsN. Thus, the 30-
“and 31-methy! protans occupying position vicinal to the hydroxyl group were de-
shielded considerably (Ac N, 0.20 to 0.34 ppm)in CsHsN relative to CDCl;. The
" magnitude of the deshielding was almost independent of axial or equatorial confirgura-
" tion of the methyls, indicating that the two methyl groups have equal geometrical
- telationship against the hydroxyl group {16]. Although other methyl protons presented
in table 1 also exhibited the consistent ASIS, the magaitude of the induced shift values
" for these protons was relatively small. The ASIS with CHsN can therefore be used as
"2 simple and sensitive method for confitming the presence of the C-4-methyl groups in
. naturally occurring 4-methyl sterols and triterpene alcohals.
. 1S of a proton situated geminally to the C-3-f-hydroxyl group are
* ‘also of interest, because the direction of the shifts is influenced by the nature of arom-
* atic solvent used: the C:-3a:methine proton suffers downfield shifts (Ac HN- ca. 0.20
o) in CsHs N, but it shifted to the opposite direction (to upfield) in CeHe (Ach

s, ~0.18 ppm) and CF (AcFy, 8. ~0.10 ppm).

C " «--XX, tahi‘e“ S), the AS’!S behaviors of protons much diff-
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~ered from those found in their parent hydroxyl compounds. Inspection of table 5
revealed that the direction and magnitude of the ASIS of protons lying in the vicinity
- of a C-3-<carbonyl group can be generally estimated by applying reference plane rules
~ formerly proposed [13c, 15, 18a}. ,
" The 19-and 31-methyl protons were appreciably shielded in CgHs (Ac H, values
- of =0.17 to ~0.29 ppm and ~0.06 to —0.15 ppm, respectively), while the 30-methyl
 proton was either scarcely affected or deshielded slightly, as the formers lie behind a
. plane passing through the C-3-carbon atom at right angle to the C=0 bond and the
latter lies approximately in the plane [13a—13c]. Compounds XIV showed somewhat
- small Ac g, value (~0.09 ppm) of the 19-methy! and large Ac, n, value (0.18 ppm)
of the 30-methyl in comparison with the others, presumably due to the introduction
- of A*bond in the steroid skeleton.

On the other hand, Cq F caused downfield shifts of the 18-, 19-, and 31-methyl
protons as well as two doublets of 98, 19cyclopropane methylene proton (in com-
‘pounds XVIII-XX). The results are consistent with the previous generalization {17,
18] : the direction of C¢F¢induced shifts is opposite to that of C4Hginduced shifts.
Since in general the chemical shifts of the 19-, 30- and 31-methyl groups in triterpene
ketones are very similar, simultaneous use of C¢He-and CFginduced shifts are partic-
ularly available for differentiation between them. In addition, At.lanostene type of
‘compounds (XVI and XVI) had consistently large AcF,, value (0.12 ppm) of the

~ 32-methyl proton, compared with cycloartane type of compounds (XVII-XX, 0.02—
0.03 ppm). A similar relationship was also found on the corresponding proton in the
CsFcinduced shift spectra of C-3f-acetate derivatives of those compounds (see 1able
6). The observations may be a useful measure to distinguish the two types of triter-
penes. S :

4 As expected, the 19-methy! proton in compounds XI-XVII had negative BegHaN

" values (—0:04 to -~0.10 ppm) as it lies behind a plane passing through the C-2-and C4-

~ carbon atoms adjacent to the C-3-carbonyl group [15]. It is, however, noticed here
that in compounds XVIII-XX, the 98, 19-cyclopropane methylene proton lying behind
the plane shows unexpected positive Acgh;N values (0.10 t0 0.29 ppm).

. 3. ASIS of acetate derivatives A
" With some pentacyclic triterpene acetates related to oleanene and lupane series,
Willson and Williams {13d] have reported that an axial 31-methyl proton situated in

" vicinal position to 3 C-3g-acetoxyl group suffers an appreciable upfield shift on passing
 from CDCl; to C4Hs. In tetracyclic triterpene acetates and closely related compounds
" examined here (XXI-XXIX, table 6), however, all of the methyl protons exhibit

_ downfield shifts in each 'amfmii?mlvcnt used, with the exceptions of C-3-acetyl- and

ot which are siielded in CoH [13a]. The present assignment was
' comparison of the spectrum of 4a-methyl-Secholest-7-en-3f-ylacetate
that of 4 4-dimethy! analog (XXIV), Another featus® observed for the C-
ostate derivatives was that the C-3amethine proton was deshielded in both CeHe
and CsHsN [16] (Ac,h,.> AcsH,No €2.0.20 ppm), whereas it was shielded in
Vg 60, —0.10 ppm). |
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Appendix

~ The systematic names and the corresponding trivial names of sterols and triterpene
‘aleohols used in this study are as follows: 4a-methyl-Sa-cholestane-38-ol, 4a-methyl-
- cholestanol; 48-methyl-Sa-cholestane-38-0l, 4a-methylcholestanol; 4a-methy!.-Sa-
cholest-7-en-38-0l ,‘-.4a—metkyi’-A%halestenol (lophenol); 4 4-dimethyl-5a-cholestan-34-
ol, 4,4-dimethylcholestanol; 4 ,4-dimethylcholest-5-en-38-0l, 4,4-dimethylcholesteral;
. 4,4adimethyj;f5ﬁ¢§iolést~7’~en~36s91,‘ 4 4-dimethyl-A” cholestenol; Sa-lanost-8,24-dien-
3p-ol, lanosterol; Sa-lanost-8-en-38-0l, dihydrolanosterol; 98,19-cyclo-Sa-lanost-24-en-
38-ol, cycloartenol; 98,19-cyclo-Sa-lanostan-38-0l, cycloartanol; 24-methylene-98, 19-
cyclo-Sa-lanostan-38-ol, 24-methylenecycloartanol.
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