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Conformational analysis oftl@acetoxycumambrine A and 8-O-isobutiryl-Qx-acetoxycumambrine

B 2 was carried out by low-temperature NMR studies. Results suggested that lattangg are
mixtures of two distinctive conformers, | and 1. Based on low-temperatbrédlMR spectra, in

four solvents, the thermodynamic parameters ef Il exchange process were assessed. Energy of
activation of I— Il reaction was obtained by dynamic NMR simulations for both compounds. Results
revealed that conformational exchange of lactohesd 2 occurs due to “chaie= twisted chair”
interconversion of a heptane ring. The same PM3 semiempirical method was applied for geometry
optimization of lactone& and2, as well as of 8-hydroxycumambrine 8, 9x-acetoxycumambrine

B 4, and cumambrine B.

KEY WORDS: Guaianolides; cumambrine; conformations; low-temperature NMR; dynamic NMR; PM3
semiempirical calculations.

INTRODUCTION Accordingly, elucidation of conformational properties of
these compounds could be interesting. During the last
Chemotaxonomic importance of the natural few decades, an appreciable number of sesquiterpene
sesquiterpene lactones, as well as their prominent andlactones has been isolated from the plant sources and
diverse physiological activity, are the major reasons for guaianolides represent one of the most abundant group.
continuous interest regarding these compounds. It wasHowever, conformational analysis of guaianolides re-
pointed out that their activity is most likely associated ceived relatively little attention [1] and, having in mind
with the «, B-methyleney-lactone part of a molecule. numerous conformational possibilities of a heptane ring,
Nevertheless, in addition to structural demands, it is papers about conformational exchange phenomena of
well known that geometry of the entire molecule is guaianolides are surprisingly rare [2].
important for the expression of biological activity. Recently, we have reported isolation and structure
- determination of conformationally flexible guaianolides
Faculty of Chemistry, University of Belgrade, 11000 Belgrade, Serbia 1 and 2 (Fig. 1) [2a, b]. Well-known cumambrine B

and Montenegro. . .
2|nstitute for Medicinal Plant Research “Dr. Josif R#;” 11000 5 was isolated on the same occasion [Zb]' Also, as a

Belgrade, Serbia and Montenegro. part of our previous investigations, the inseparable struc-
3Department of Biochemistry and Molecular Biology, Mayo Foundation, tural isomers3 and 4 (Fig. 1) were isolated as a mix-
,Rochester, Minnesota 55905, _ ture 3/4 = 15/85) and their structures were fully de-
Institut flir Chemie, Freie Universit Berlin, Berlin, Germany. termined by NMR spectra of the mixture [2c]. These

SInstitute for Chemistry, Technology and Metallurgy, Njegua 12, . .
11000 Belgrade. Serbia and Montenegro. NMR spectra unambiguously showed that lact@nis

5To whom correspondence should be addressed; e-mail: ninat@ ?n conformational equilibrium, contrary to its structural
chem.bg.ac.yu isomer3.
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250 K revealed a slow exchange regime; hence, those sig-

nals that are not affected by impurities, or overlapped with
R1 R2 . . . ce e
1 7 OAc other signals, could be reliably integrated. The equilibrium
2 ,; t g’ic constants,-;, = [I1}/[I] were obtained as the ratio of the
3j NG ¢ integrals of relevant, separatéd signals of conformers
. Ac OH . X .

4 H OAc I and Il. The signals selected for integration were: 13-H,
5: H H 6-H, and 7-H in CDQCI, and CQ3OD, 13-H and 15-H

in (CD3),CO, and 13-H and 13 in C;Dg. (2) The se-
ries of 1D*H NMR spectra for band-shape analysis were
recorded with Bruker AMX500, in CECl,, over a tem-
Fig. 1. Guaianolided-5. pera@ure range of 233 to 313 K. All acquisition and pro-
cessing parameters were exactly the same for compounds
1 and 2, except a number of scans (ns); calculated con-
Herein we present an investigation of the conforma- centrations were 2 mg cm (ns= 256) and 5 mg-cm®
tional equilibrium of lactone& and2 by low-temperature  (ns= 64), for compound4 and2, respectively. Previous
NMR experiments and evaluation of the conformations of 1H NMR experiments revealed that there was no concen-
all five guaianolided-5 (Fig. 1) by the PM3 semiempir-  tration dependence associated with chemical shifts, line
ical method. widths, or signals intensities. Dynamic NMR simulations
were achieved using in-housgeveloped programs based
on the quantum-mechanical matrix formalism of Binsch

EXPERIMENTAL [4]. The spectrum at 233 K was treated as having a zero
interconversion rate for both compoundsnd2, and for
Guaianolidesl-5 originate from plant specie&n- both interconverting species, | and Il.

themis carpaticaand their isolation and structure deter-

mination were reported elsewhere [2a—c]. Theoretical Calculations

The energy minimization of lactonds5 was per-
formed by semiempirical quantum mechanical PM3
method comprised in HyperChem 4.0 program package,

The NMR spectra were measured with Bruker ,n5ving Polak—Ribiere minimization algorithm. Starting
DRX300 (operating at 300.13 MHz fdH) and Bruker gy crures were created with HyperChem and initially

DRX500 (operating at 500.13 MHz fdH) spectrome-  inimized to RMS gradient less than 0.05 kéat!-
ters, in deuterated solvents. Coupling constadjsafe mol~L. The conformational search was performed apply-

given in Hz and chemical shift$) are reported relative g 5 direct search method and standard settings. Al rotat-
to TMS as internal standard. The 5-mm double resonancegpie cyclic bonds were included as variable torsions and

13, . . .
probehead$H/*C were used at both spectrometers and 4jigwed to change simultaneously. Acyl side chains were

were kept at room temperature by an external thermo- ¢, ded in the conformational search. The resulting struc-

stat, so only the sample tube was cooled down 10 the y;res were energy minimized to a RMS gradient as above.
required temperatures. The temperatures were adjusted

by Eurotherm Variable Temperature Unit using the exter-
nal devices, “thermocouple K” and “Pt-100-thermo,” for RESULTS AND DISCUSSIONS
Bruker DRX300 and Bruker DRX500, respectively. All

NMR STUDIES

temperatures were measured to an accurad;aﬁc_ Conformational Analysis of 9a—Acetoxycumambrine
The conformational exchange= Il of compounds A (1) and 8-O-Isobutiryl-9 a-acetoxycumambrine
1 and2 was investigated by two sets i NMR experi- B (2)

ments: (1) All LD*H NMR measurements for elucidating

thermodynamic parameters of the exchange process werel hermodynamic Parameters of the Exchange Process
performed with Bruker DRX300 spectrometer, in methy-

lene chlorided,, methanold,, acetoneds, and toluene- The NMR results show a high degree of analogy in
dg, at six temperatures in a range sf 180 to 240 K. conformational behavior of compoundsand 2. Broad
The temperature scale was calibrated with methanol by

standard procedure [3]. The line shapes of spectra below’AG Limbach, Institut tir Chemie, Freie Universit Berlin.
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Fig. 2. *H NMR spectra (CRCl,) of: (a) compoundl, T = 214 K,

/Il =1/1.2; (b) compoun@, T = 217 K, I/ll =1/2.
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resonances, thus indicating presence of two conformers,
I and Il (Fig. 2). Within each pair in PS-NOESY, thel
signals were connected by positive cross peaks, character-
istic for slow-exchanging conformers [2(a,b)]. Apart from
the consistent difference in chemical shifts of the corre-
sponding NMR signals, the conformers exhibited different
vicinal couplings of 8-Hto 7-Hand 9-Hi; g ~ 11, Jg g ~
25HzandJ; s =~ 9, Js9 ~ 5 Hz, for conformers | and I,
respectively.

We have recordedH NMR spectra of lactones
1 and 2 in four solvents, in temperature range sf
180 to 240 K and conformer distributions are estimated
on the integral values of the suitablel NMR signals
(Table ).

Variable-temperaturéH NMR measurements re-
vealed the increasing population of conformer Il at the
expense of |, with temperature increases (Table I). Appar-
ently, conformer distribution virtually depends on the di-
electric constant of the solvent. In polar solvents fOD,
(CD3),C0O], conformer | predominates over the entire tem-
perature range, fdrand2. In nonpolar solvents (CECl,,
C;Dg) conformer distribution is much more dependent on
temperature than in polar ones (Table I). From the ratios of
the integrals of the appropriatel NMR signals (given in
parenthesis), at six temperatures (calibrated by methanol),

in four solvents, equilibrium constanks-; = [II]/[1] for
the exchange reaction< Il were obtained (Tables II
and IlI).

The thermodynamic parametex$d° andA S of the
exchange process, obtained by linear regression analysis
from Eqg. (1), indicate that we are dealing with mixture
of the conformers of comparable stabilities (enthalpies),
while free-energy change of the Il reaction includes
considerable contribution of the free entropy difference
(Tables IV and V).

InK = -AG°/RT=-AH°/RT+ AS /R (1)

lines in their room-temperature NMR spectra are typi-
cal for the conformational exchange of a medium rate Presumably, the main term in, relatively large$® of the

on NMR time scale. For both lactones, coalescence point exchange process belongs to the entropy of mixing, favor-
ing conformation Il at higher temperatures, particularly in

was atT, = 278 K and below 253 K most ofH and

13C NMR signals split into pairs of sharp, well-resolved nonpolar solvents.

Table |. Conformer Populations (%) for Lactongsind2 According to'H NMR Spectra in Different Solvents at

the Ends of Temperature Range (Approximate Temperature Values)

CDCl> CDsOD (CDs)2CO C/Dg
Compound Conformer 180K 240K 180K 240K 180K 240K 180K 240K
1 | 56 47.6 87.8 80 80.7 75.2 80 55.9
Il 44 52.4 12.2 20 19.3 24.8 20 441
2 | 35 31.5 87.8 80.3 81.1 73.4 61.9 40.6
Il 65 68.5 12.2 19.7 18.9 26.6 38.1 59.4
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Table II. Equilibrium Constant-; for Lactonel: CD,Cl,, CDsOD, (CD3)2CO, and

C;Dg
K|-|| KI-II
Tealib (K) (13-H)  (6-H) (7-H) Tealib (K)  (13-H)  (6-H)  (7-H)
CD.Cl; CD30D
180.17 0.803 0.831 0.707 180.17 0.145 0.132 2
192.65 0.886 0.950 0.774 192.65 0.147 0.148 @&
203.57 0.987 1.040 0.899 204.93 0.173 0.175 0.189
217.02 1.070 1.111 0.980 218.35 0.192 0.208 0.215
228.91 1.136 1.155 1.009 228.91 0.22 0.242 0.234
243.19 1.114 1.181 1.031 240.61 0.252 0.250 0.240
Ki-ii Ki-nn
Tealib (K) (13-H)  (15-H)  Teaiib (K) (13-H) (13-H)
(CDs3)2CO CrDg
178.77 0.184 0.247 180.17 0.252 a
191.27 0.232 0.255 192.65 0.319 a
203.57 0.241 0.278 203.57 0.503 0.47
215.68 0.252 0.325 215.68 0.625 0.59
227.6 0.265 0.350 227.6 0.727 0.657
241.90 0.287 0.339 243.19 0.827 0.763

aThe signal is overlapped.

Table lll. Equilibrium Constant-; for Lactone2: CD,Cl,, CD30D, (CD3),CO, and GDg

K|-|| KI-II
Tealib (K) (13-H) (6-H) (7-H) Tealib (K) (13-H) (6-H) (7-H)
CD,Cl, CD30D
181.57 1.937 1.861 1.748 180.17 0.128 0.151 0.142
192.65 2.190 2.128 1.954 192.65 0.149 0.131 0.123
203.57 2.139 2.065 1.918 204.93 0.183 0.171 0.149
214.39 2.220 2.122 1.959 217.02 0.195 0.204 0.167
227.6 2.150 2.136 1.958 228.91 0.234 0.246 0.208
244.47 2.397 2.171 2.00 241.9 0.259 0.257 0.227
K|-|| KI-II

Tean () (13H)  (15H) Tan(K)  (13-H)  (13-H)

(CD3)2CO C7D8
180.17 0.208 0.237 180.17 0.616 a
191.27 0.240 0.256 192.65 0.803 a
203.57 0.285 0.308 204.93 1.002 1.027
217.02 0.341 0.336 215.68 1.128 1.161
228.91 0.375 0.352 228.91 1.34 1.374
241.90 0.355 0.394 241.90 1.426 1.505

aThe signal is overlapped.

Table IV. Thermodynamic Parameters a1l Process for Lactonesand2 Obtained from Linear Plot of Eq. (1)

CD,Cl, CD30D (CD3),CO C;Dg
Compd AH®2 ASP AH®° AS AH®° AS AH®° AS
1 0.524+0.07 2.41+0.35 0.9+ 0.05 0.97+£0.26 0.53t0.14 -0.07£0.69 1.61+0.13 6.33+0.61
2 0.20+0.06 2.40+0.28 0.91+0.10 0.93+:0.50 0.78+0.07 1.37£0.32 1.21+0.07 5.85+0.33

aAH° values are given in kcal-mot.
bAS® values in cal kcal mott,
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Table V. AG° Values Calculated by Eq. (1) from Data Presented in P TK Koy I
Table IV
o _ 1\b
AG° (kcal-mol—) 900 303 1400
Compound T (K)® CD,Cl, CD3OD (CD3);CO GC;Dg
183 0.08 0.72 0.54 0.45
1 243  -0.07 0.66 0.55 0.07 270 288 360
298 0.2 0.61 055 —-0.28
183  —0.24 0.74 0.53 0.14
2 243  -0.38 0.68 045 -0.21
120 =
298 -051  0.63 037 -053 Te=278K 18
2Values relate to the ends of the experimental temperature interval and
to room temperature. 49
bCalculated deviations are less than 5%. 268 L
Kinetic Parameters of the Conformational 15 I\ / M 253 15
Exchange - |l
The conformer interconversion of compouridand 0.01 * 233 . 001
2 was also investigated by the complete band-shape anal- T e e e
. . 418
ysis over a temperature interval of 233 to 313 K. The | o * Impurity “20pem

Il system was described as one-spin two-sites nonmutual @ ()

eXChange and 6-H trip|EtS were simulated. In performing Fig. 3. Experimental (CRCly, noisy line) and simulated (smooth line)
these simulations, we assumed that the NMR line widths 6-H triplets of the conformers | and II, at selected temperatures: (a)
(in the absence of exchange broadening) and the activa-compoundt; (b) compounc.

tion energies have negligible temperature dependence. A

temperature-independent line width corresponding to an

effective relaxation tim&, = 0.1 s was assumed for each The activation energieE, were calculated from the
type of proton. Our simulations did not account for dif- Arrhenius Eq. (2):
ferences in the relevant signal shapes between the con- k — Ae(Ea/RT) @)

formers due to several, weak spin-couplings. The chem-

ical shifts and the line widths are extrapolated from the and its linear form (Ik = In A — E5/RT) allowed for
slow-exchange region to the region of faster exchange.the linear simple least-squares analysis illustrated in
While the relative populations of | and Il conformers were Fig. 4.

held fixed at the calculated values, the interconversion rate The obtainedE, values are 12.78 0.35 and 15.11
constants of the - 1l process k) were allowed to + 0.64 kcal-mot?, for compoundd and2, respectively.
vary, until qualitative agreement between simulated and

experimental line shape was achieved for each tempera-

ture (Fig. 3). Geometry Optimization

The obtained rate constants clearly show that, with
rising a temperature, factors favoring conformer Il over | Resemblance between lactonksind 2 was con-
are more pronounced for lactoBeTable VI). firmed by the results of their geometry optimization. For

Table VI. Interconversion Rates oftll Processes for Lactondsand2 Gained by'"H NMR Dynamic Simulation at All Experimental Temperatures

k(sh)
Compound Reaction 233K 243K 253K 263K 268K 273K 278K 283K 288K 293K 303K 313K
1 -1l 001 4 15 47 49 73 120 200 270 500 900 1600
12 001 34 11 34 35 53 87 145 195 362 652 1159
2 -1l 001 2 15 55 77 120 185 300 360 570 1400 4100
12 001 08 6.44 24 33 51 79 129 154 244 600 1757

k-1 = k- [1)/[1]; [1] and [11] are the populations of conformers | and 1, respectively, estimated on the integral values of 6-H NMR signals.
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Fig. 4. Linear plot of the rate constants forlll process versus temperature according to Eq. (2): (a) compaéung= —0.997;

(b) compoun®, r = —0.992.

both,1 and2, semiempirical PM3 calculations predicted distorted chair in la (in both, | and la, QRind OH are

four distinctive conformations that we assigned: |, Ia, I,

and Il (Fig. 5).

pseudoequatorial, while QRand 10-CH are pseudoax-
ial). Heptane ring adopts twisted chair geometry in con-

The essential difference between resultant geome-former Il, i.e., bulky OR and 10-CH are pseudoequa-

tries is conformation of the heptane ring. Conformers | torial and OR is in a position where both orientations
and la are so similar that NMR spectra would hardly dis- (eq./ax.) are isoenergetic (C-8 atom of lactohescorre-
tinguish them: cycloheptane is a chair in | and slightly sponds to C-1 atom of unsubstituted heptane ring) [5]. In

Fig. 5. Low energy conformations of guaianolidé$R; = Ac, R, = OAc) and2 (R; = i-But, R, = OAc)
found by the PM3 semiempirical calculations.
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conformer lll, cycloheptane has distorted boat geometry rotamers of conformation Il (Fig. 6). Moreover, it should

(Fig. 5).
Analyzing low-temperature 1D'H and*3C) NMR

be emphasized that 10-OH is pseudoequatorial in con-
former I, and, thus, more available for intermolecular hy-

spectra and characteristic correlations in 2D NMR spectra drogen bonding with solvent molecules. Consequently,

(DQF COSY, PS NOESY, HSQC, HMBC) of compounds
1 [2a] and 2 [2b], one could conclude that 10-GHs
pseudoaxial in conformer 5§ = 21.7 ppm; nOe correla-
tions: 14-H/9-H, 14-H/8-H, and 14-H/6-H for bothand

2), and pseudoequatorial in conformerdt & 27.9 ppm
for 1, . = 27.6 ppm for2; nOe correlations: 9-H/6-H, 9-
H/2-HB, and 1-H/14-H for both]l and2). Consequently,
cycloheptane is in a chair conformation in conformer |
and in a twisted chair conformation in conformer II.
Characteristic differences between conformers | and Il
of lactonesl and 2 are vicinal coupling constant3; g
and Jgg in their 'H NMR spectra. In an attempt to

this interaction could be the essential one for, experimen-
tally observed, domination of the conformer | in polar
solvents [CROD and (C3),CO; Table I]. At higher tem-
peratures, this interaction weakens and the population of
energetically less stable conformer Il increases. A lack
of intermolecular hydrogen bonds allows more expres-
sive ring inversion in nonpolar solvents. Relatively large
AS values (Table IV), as well as the possibility of in-
tramolecular hydrogen bonding (Fig. 6) are the factors
acting in the same direction—favoring conformer Il in
nonpolar solvents (CEC1, and GDg) more than in polar
ones (particularly fo2 in CD,C1y), as the NMR experi-

form a relation between experimentally established and ments initially revealed (Table 1).

calculated geometries, we applied three versions of the

Karplus equation [6] to the corresponding dihedral angles.

Equation (3) (i.e., the reparametrized standard Karplus Results of the Geometry Optimization

equation [6b]) gave the best concordance with experi-
mental results (Table VII® relates to H-C(7)-C(8)-H
and to H-C(8)-C(9)-H foid; s and Jg o, respectively).

J = Acog ® + Bcosd + C (A =776
B=—10,C = 1.40) 3)

Comparing the geometries (Table VII) it is obvious
that experimentally deduced conformation | well agrees
with theoretically calculated conformation | (o#lla) and
that experimental conformation Il suits calculated confor-
mation Il for bothl and2. Data from Table VII confirmed
that conformer Il should be ignored.

The geometry optimization also revealed that, if
10-OH hydroxyl proton and carbonyl O-atom of an
OR-moiety (at C-8 or C-9) are suitably oriented, there are
possibilities for intramolecular hydrogen bonding only in

Table VII. Calculated and Experimentalyy (in Hz) for Conformers

of Compoundd and2
Jcalc ngp
Compound Conformer J7g Js.0 Jrs Jso

| 9.96 2.2

1 la 9.19 2.74 11.1 2.6
1l 9.19 3.83 9.1 5.1
1l 4.17 2.3
| 9.98 2.15

2 la 9.17 2.61 10.9 25
1l 9.45 4.3 8.8 5.0
1l 5.63 2.71

aCDyClp, T < 220 K.

of 9a-Hydroxycumambrine A (3),
9a-Acetoxy-cumambrine B (4), and
Cumambrine B (5) Regarding NMR Data

The inseparable, isomeric guaianolid@sand 4
(Fig. 1) were isolated as a mixture with ra8fl = 15/85
during previous investigations [2c]. In thel NMR spec-
trum of the mixture (r.t., CDCJ), compound3 appears
with sharp, well-resolved signals, while signals of lactone
4 are broadened (similar, but less than for compouhds
and?2). The'H NMR data were assigned by means of
DQF COSY, PS NOESY, HSQC, and HMBC spectra of
the mixture. The nOe correlations and the other NMR data
suggested that lactor8eadopts conformation | related to
lactonesl and 2 (vide suprd. Slightly broadened NMR
lines of lactoned, typical for a conformational exchange
of a medium rate (on NMR time scale), indicate that in
conformational mixture dominates conformer Il, already
defined for compoundsand?2 (vide supra.

Cumambrine B5 could be described as the least
structural factor contained in compouridg! (Fig. 1). Ac-
cording to the reported NMR data [7], lactoB@dopts a
rigid conformation with heptane ring in twisted chair ge-
ometry.

Very similar to lactone4 and2, optimization of ge-
ometries3-5 by PM3 semiempirical method resulted in
four conformations, |, la, I, and Il (Fig. 5) and again,
regarding calculated and measured relevant coupling con-
stants, conformer Ill could be disregarded (Tables VIII
and IX). Data from Table VIl confirm that lactorgamost
likely, prefers conformation | (or+ la), while conforma-
tion of lactone4 closely relates to calculated geometry I
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(b)

Fig. 6. PM3 calculated rotamers of conformation Il with intramolecular hydrogen bonds: (a) comfipund
(b) compound.

deduced also from the geminal couplings and paramag-
netic shift of exomethylene protons [1f, 7a], so it should
be the most probable conformation of cumambring B

(Fig.5,R = Ac,R;, =0OHand R = H, R, = OAc for 3
and4, respectively).

In the case of cumambrine® comparison of calcu-
lated geometries with experimental results is of little help,
since experimental coupling constants pretty well agree
with those calculated for all three significant conformers concCLUSIONS
(Table IX).

However, calculated geometry Il (Fig. 5, R R, = The results of the conformational analysis obtained
H), with cycloheptane in twisted chair conformation, was py |ow-temperature NMR experiments, also supported
by PM3 semiempirical calculations, indicate that con-
formational exchange of compounilsand2 occurs be-

Table VIII. RelevanfJyy (in Hz) for Lactones3 and4 - ) =
tween two distinctive conformers, | and Il, comprising

‘Jcaalc ‘ngp
Compound Conformer J;g Js.0 Js  Jso
| 991 1.95 Table IX. Relevanfyy (in Hz) for Lactone5
la 931 25 -
3 109 28 Jalc
1l 9.3 4.4
Conformer J J J
i 45 26 >0 o 78
| 10.1 2.4 | 9.72 8.39 10.18
la 9.92 3.1 la 9.91 7.7 9.73
4 86 45 Il 10.25 7.99 9.33
1l 9.29 423 1 10 8.52 5.7
Il 55 25 N 9.4 10 10
@By Eq. (3). By Eq. (3).
bCDCls, r.t. bRef. [7d].
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“chair = twisted chair” interconversion of the heptane the Mayo Foundation and DAAD for grants and Dr. Eline
ring. As*H NMR spectra show, the conformational equi- Basilio-Janke (FU Berlin) for technical assistance in some
librium virtually depends on the solvent’s polarity and, to NMR experiments.
a lesser degree, on temperature. The thermodynamic pa-
rameters of the exc.ha.nge' reactiog:l Il and the res'ullts REFERENCES
of the geometry optimization suggest that the position of
conformaﬂonal equnlb_rlum is z_:lttnbutable to two sets_ of | (a) McPhail, A. T.: Sim, G. ATetrahedron1973, 29, 1751: (b)
factors: relative energies and intermolecular interactions  sgsa, V. E.: Oberti, J. C.: Gil, R. R.: Ruveda, E. A.: Goedken, V. L.:
favoring conformation | at low temperatures and entropy gult:iergez,Ah. B.; ?e;z,mPlhytoghegﬂistr)‘lgig,Zj,IlfAZS; g)Fa;;;O’

H H H H . k., Sancnhez, J. F.; Molina, J.; barron, A.; de ar salas -
factorand intramolecular interactions favoring conformgr tochemistry1990. 29, 3575: (d) Spring O.: Zipper, R.. Vogler. B.:
Il at higher temperatures. The rate constants and Arrhenius  callegari Lopes, J. L.; Vichnewski, W.; Aparecida Dias, D.; Cunha,
activation energies for the conversior+ |l of lactones XV- JR- gh)gfchBem’i\itryfi999ly5% 7%: (e Sghg[; K. Sarqia-;i(;\gzresy

H ; : . J.; Siedle, B.; Merfort, I.; Da Costa, F. Bhytochemistr s

1 and_2 Were_ deduced from dynamic NMR Slmli”atlons' 60, 733; for stereochemistry of some specific fragments, see also: (f)
Relatively highE, values (13 and 15 kcal mot*, for Samek, Z.; Holub, M.; Vok&K.; DroZzdZ, B.; Jommi, G.; Gariboldi,
1 and 2, respectively) if compared with interconversion P.; Corbella, ACollect. Czech. Chem. Commui272,37,2611; (g)

barriers of unsubstituted cycloheptane [5] are, probably, gﬁgﬁ '\égifnn;edké%ﬁc'ﬁﬁ S-; Masojidkova, Mcollect. Gzech.
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