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Abstract

The costunolide lactone, a sesquiterpene compound isolatedZirbirunia triiloba species, reacted with several dihalocarbene sources
produced by trihaloform-NaOH under successive phase transfer reactions yielding mono-, bis- and tris-dihalocyclopropane adducts. Th
structures, as well as the configurational assignments of the different derivatives, were establitiethty*C NMR spectroscopy and
assisted by X-ray crystallographic and molecular modelling studies.

The specific shielding of protons in the neighbourhood of different halogens on the cyclopropane moieties was correlated to the pseudoconta
interactions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In this area, for example, some interesting acetylenic com-
pounds were isolated from grandulifera showing the ox-
Because of their magnetic sensitivity, their quadrupole ocin structures with one or two bromine atofés/]. Fenical
moment and their associated line broaderjiigd] the four [8,9] reported on the isolation of bromo and chloro acetylenic
common halogen elements, excéf, are not often used  alcohols fromChondria oppositiclada algae, and on the iso-
in organic NMR studies. For this reason, structural stud- lation from seaweed of thluurentia species of an intriguing
ies involving natural products containing chlorine, bromine halogenated vinyl peroxide. Kazlausk§®0] investigations
and iodine, and their polyhalogenated derivatives are typi- of Antartic and AustraliarDelisea fimbriata led to the dis-
cally performed usingH and3C NMR spectroscopy. More  covery of iodine-containing substances that differ structurally
recently, the environmental occurrence of polyhalogenated from the well-known naturally occurring iodinated products,
compounds originated from the modification of natural prod- in particular the thyroxine-related compounds.
ucts by widespread halogenation has attracted attentionto this  Finally, several years ago Sims etfall] identified, in An-
newer and still evolving branch of natural product chemistry. tarticD. fimbriata, a series of gketones containing bromine,
Although their importance in synthetic organic chemistry chlorine and iodine atoms, whose structures were confirmed
is well known, the presence of halogen nuclei in the primary by spectroscopic studies.
structures of natural products is less common: their occur-  Natural occurring sesquiterpene lactones do not usually

rence is limited mainly to the marine natural produ&k contain halogens. Among the interesting and simple syn-
thetic methodologies developed to build such compounds
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[12] have described the preparation and spectroscopic prop-by two mechanism and experimentally observed shielding
erties of hetero-di-halosubstituted styrenes (pair of F and Cl; may be rationalized as being of either, or both, of two origins.
Br and I, etc.) and other olefins which display interesting One of these gives rise to contact interactions as shown in
NMR behaviour as far as the proton chemical shifts and their the equation
proton—proton coupling constants are concerned. 5 5

Despite experimental data accumulated in this field during 2B8/Bo = —angeBeS(S + 1)/3gnBNKT

the last decade, it should be noted that very few dihalocarbene . -
additions to the double bonds af@-unsaturated carbonyls whereas the other produces the dipolar or pseudocontact in

teractions given by equation
have been reported. g y €q

Our interest in difluoro carbene chemistry led to the AB/By= —[(3cos6 — 1)355(54_ 1)/3r3KT] F(g)
synthesis and spectral description of several unsaturated

sesquiterpene lactones after their exposure to a large excess df the equations presented, the paramagnetic-induced res-
difluoro carbene (the small and easy-to-prepare source of theonance shiftAB is expressed as a function of the applied
cyclopropane ring), and the investigation of the compounds magnetic fieldBo, the hyperfine interaction constaam is
formed[13-15] expressed in Teslge is the rotationally averaged electronic
Dichlorocarbenes have also been used as intermedi-valueg, Be is the Bohr magnetorg, andBy are the corre-
ates for they-lactone terpenes synthesis, in particular for sponding nuclear parameters, ahi the spin of unpaired
the sesquiterpene lactone synthg$®,17]. Dibromocyclo- electrons.
propane derivatives of the sesquiterpenes have also been used In the second equation several molecular geometry pa-
by our group for the synthesis of allene derivatives via the rameters appear. For instancés the separation between the
Hiyama red-ox Cf*-catalyzed reactiofil8] and more re-  resonating nuclei and the unpaired electrons (expressed in
cently applied to some unusual rearrangements of dichloro-radians)g is the angle between the vector definedrtand
cyclopropanes into dichloro methylvinylic derivatives and the principal axis of symmetry of the molecule, ang) is a
a,B-unsaturated aldehydes and aditig]. function of theg tensor component. Substantial decrease and
Furthermore, since there are very few works reports on increase in nuclear shielding may then result from either the
polyhalogenated derivatives of sesquiterpene lactones and ircontact or dipolar interactions, or from both.
particular on their detailed NMR characteristics, we decided ~ From these equations, we see that the paramagnetic influ-
to undertake this study and report on the synthesis of poly- ence on the nuclear shielding on protons in the NMR spec-
halogenated cyclopropane adducts attached to the costunotrum is of great importance when considering the heavy nu-
lide lactone skeleton as well as to discuss the NMR proper- clei presence in the molecule. Distance and other geometrical
ties of the protons attached to these structures and which areonsiderations between protons and halogens should then be
under the direct influence of the halogenated cyclopropaneaddressed, in order to explain the observed chemical shift for
moieties. protons in the vicinity of halogen atoms.
Detailed studies of the high field 2D NMR spectrarevealed ~ As it has been said, the influence of fluorine, chlorine,
a special behaviour of the protons attached to the sesquiterbromine and iodide on the chemical shifts of protons or car-
pene lactones with one, two or three different dihalocyclo- bons is not well understood or explained. In this study, we
propane rings. We linked this behaviour to their specific ge- used derivatives of sesquiterpenic costunolide lactone rigidi-
ometry and studied it with stereochemical data deduced fromfied by introduction of dihalocyclopropane rings, in order to
the X-rays and molecular modelling, particularly in the con- €explain the trend in the shielding of selected proton, induced
text of the pseudocontact interaction. by different halogens placed in strictly geometrically defined
The shielding constant of nucleiis usually represented as apositions. As can be noticed the exact interpretation of the
sum of two terms: a positive diamagnetic term and a negative, proton spectra and the unambiguous assignment of protons
paramagnetic term. is then the key starting point to this study. The geometrical
The diamagnetic term largely depends on the electronic features of the molecules should also be a credible; in this re-
density of the nearby nucleus and remains almost constantspectthe X-ray and molecular modelling data were constantly
in most chemical environments, even for heavy nuclei as the challenged by the observed chemical shift, as compared to the
halogens are. The intramolecular influerj28] of one nu-  estimated value.
cleus on the shielding of the other is called the heavy atom
effect. In this case, the nuclear shielding of a lighter nucleus
is translated into the change in its electronic energy level, on 2. Results and discussion
account of the spin-orbit coupling interactions derived from
the neighbouring heavy nuclei. Because of the crucial importance of the correct, unam-
On the other hand, the presence of a paramagnetic centrebiguous assignment of the proton NMR spectra of the com-
either on the molecule itself or in the neighbourhood of the pounds chosen in this study, we present in the Seé&itime
observed nuclei, can severely influence the observed nucleadetails of the data used to realize this objective. The tables
shielding. The induced shielding effect may then be produced of NMR data summarize the results used to correlate them to



606 D. Corona et al. / Spectrochimica Acta Part A 62 (2005) 604-613

Scheme 1.

the geometrical parameters deduced from X-rays or molecu- The complete'H and'3C assignments of the molecules

lar modelling experiments for this group of compounds. described herein were achieved by means of HéH
Several mono-, bis- and tris-dihalocyclopropane costuno- (COSY, NOESY)[21,22] and 1H/13C correlation methods
lide lactone adducts studied are presentefidheme 1 (HMQC, HMBC) [23-25]

The proton NMR spectra were analyzed on the basis of  For every adduct described, eithei-45x, 11a—13x or
changes in halogertarbon bond distances as well as on the 10a—14a derivatives were obtained. On the ground of the
contribution of pseudocontact effect induced by the distance configuration of the dihalocyclopropane adduct obtained, one
and geometrical parameters of these changes. would expect that H-®, H-7a or H-1a should undergo an
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additional deshielding through the spatial interactions with  The data such as-@r distance, B+C—Brbond angle, etc.
the halogen atoms present on the cyclopropane moiety sincevere extracted from the crystallographic studies of structures
the models may suggest a long range deshielding. 6, 7 and13 and those for the structur8s4, 8—12 were ob-
The stereochemistry of the dihalocyclopropane at tained from molecular modelling dat@gble 2.
C4—Ci5, C10—Ci4, C11—C13 in these compounds can be as-
certained by the available NMR data and proved through 3. Tentative semi-empirical relation between
the X-ray crystallographic studies as performed for the observed chemical shift of the alpha to a
compoundsé and 7, as well as for the hexafluorinated cyclopropane proton and the nature and geometry of
adduct13 described some years ag®3,14,26] Deriva- that cyclopropane
tive 13 was included in this study in order to afford the
complete series of parameters such as size, bond distances The cyclopropane proton data (chemical shifts, angular
and bond angles of derivatives containing several fluorine parameters) for these compounds were then examined search-
atoms. ing first for a geometrical relation between the proton chem-
The!H NMR spectrum of the adduc2s-12 displayed AB ical shift on the methinex to cyclopropane-ring and the
pattern corresponding to the methylene of the dihalocyclo- presence of the gem-dihalogens on the same cyclopropane

propane attached om&-Ci3, C4—Ci5 and Go—Ci4 which ring. Such a semi-empirical relation should correspond to

was unambiguously assigned through the COSY spectrum.the already specified requirement of the angular-dihedral (or

For example, the dihalocyclopropane attached at-Ci3 longer) angle and distance between halogen and the proton

in adduct5 displayed a8 =2.16 a doubletA=8.0Hz) as- effect on the proton chemical shift. The correction parameters

signed to thexo-proton to the carbonyl lactone group, while  should be electronegativity (taking account of the nature of

the higher field doublet &= 2.02 was assigned to tledo the halogen atom) and a constant which will serve to the sta-

proton. tistical treatment of the ensemble, and it will combine other
The usual AB patterns in all adducts having the dihalocy- geometrical parameters used either as a multiplicatory or ad-

clopropane moiety, either om&-Cy3, C4—Cis or Ci1o—Cig ditive corrective term.

double bond, showed the methylene geminal couplings be- _—C,

tween 7 and 8.0 Hz which enabled with help of the COSY Cy T

spectrum, to assign the cyclopropane protons ) Ci4 or < |

Cisin the adducts. Co X,

Throughthe COSY spectrum, itwas also possible to assign
the key protons H-1, H-5 or H-7, since they shown the most
relevant chemical shift changes which enabled to withess the X=ClLF.Br.1
pseudocontact contribution from the halogen atoms attached
to the molecule.

With the comp?!ete proton assignment obtained from the 5, search was oriented first toward the homodihedral
COSY spectrum’°C assignments were easily deduced from dependence of the chemical shift for the same proton on the
HMQC and HMBC spectra. H—Ca-Cb-Cc-X homodihedral angle different for each of

Table 1present_s théH (_:hemical shifts of the compqunds two halogensfixeis OF Buxmans)- In this case the equation
2-13. In this table is also included some of th¥C chemical found for 46 data was established as:

hifts of ds, 3-7 and10th i t f d
shifts of compoun an e assignments performe 30020 — 1

11y,,

X . =

frans

example = four bond angle © between Hand F; =0y, F .

using DEPT, HMQC and HMBC experiments. 81 ~ KA=———+—= f(ax, constant) (1)
A general trend was observed for the proton chemical shift r
ofthe cyclopropane moieties in all of the haloderivatives stud- x, = electronegativity (Pauling scale) (1)

ied. It was commonly observed that those protons on C-14 g coefficient of determination within this group was found
(compoundg, 4,6,9, 11 and12; Table J displayed ahighest 5 pe only k2 =48%. Following this track the search for
chemical shift as well as the lesser chemical shift difference petier correlation enabled us to consider the dependence

between both protons. _ o _ of the proton chemical shift on the dihedral angle between

The X-ray crystallographlc study of derlvatl\lé,.prew- H—Ca-Cb-Ce, 0uce. Two halogens electronegativity was
ously reported13] permitted us to extract several important  considered as the correction parameter to the equation.
parameters such as-€, —C—F bonds angles as well as spa-

tial distances betweenMHF4, H;—F3, Hs—F», Hs—F1, H1—Fg - == i

and H—Fs in particular (sedable 2. " “,\ C, —
Derivative 7 was used as model to investigate the crys- \ L / ,'

tallographic parameters involved in the diiodo cyclopropane C, ‘C - _,’

moiety attached on {z. In such a manner, {g—l2, Ci6—11 : ° i

bond distances»+C—l1 bond angle as well as#Hl; and -

H7—l, spatial distances were obtained. 2



Table 1
Position ~ Compound
1 SH (2) 3 4 5 6 7 SH (8) 3 (9) 10 Sn (11) 8n (12) Sn (13)
SH Sc SH 8¢ SH Sc SH Sc SH Sc SH Sc SH Sc
1 2.93 465 1.96 3.19 48 2.03 511 2.99 473 2.24 491 3.00 473 3.21 2.28 3.16 48 2.20 2.18 2.04
2 1.88 295 1.83 2.05 22 1.87 279 1.96 302 1.90 260 1.95 302 2.05 2.04 1.90 28 1.99 2.04 2.58
1.80 1.79 1.87 1.80 1.91 2.05 1.91 1.85 1.95 2.0 1.96 1.98 1.92
3 2.52 321 2.55 2.13 33 2.55 296 2.56 326 2.06 308 3.02 332 2.10 2.14 2.10 3T 2.11 2.04 5.15
2.48 2.36 2.08 2.37 2.54 2.15 2.99 2.10 2.08 2.07 2.09 2.04
4 1521 391 1484 1511 389 1512 399
5 2.86 515 2.92 2.52 540 3.02 506 2.99 521 2.67 519 3.0 520 2.53 2.64 2.52 55 2.53 2.59 2.20
6 3.94 847 3.98 4.35 8D 4.08 804 4.08 846 4.37 810 4.09 844 4.36 4.38 4.34 89 4.24 4.35 451
7 2.98 439 3.03 2.66 44 2.82 430 2.70 445 2.82 432 2.41 474 2.39 2.55 2.65 44 3.03 2.81 2.70
8 2.25 303 2.70 1.75 29 2.24 256 1.76 318 1.23 256 1.74 351 1.75 2.30 1.28 24 2.60 2.14 1.76
1.32 1.44 1.28 1.20 1.21 2.26 1.20 1.25 1.22 1.75 1.53 1.26 1.33
9 241 358 2.34 2.34 29 2.30 217 2.43 357 2.39 275 2.44 357 2.35 2.39 2.34 28 241 2.39 2.25
2.13 1.64 2.27 1.62 2.10 1.61 2.07 2.35 1.63 2.28 1.62 1.56 1.49
10 1497 1470 323 1487 321 1487 1468
11 1398 360 370 356 364 319 357
12 1695 1720 1719 1722 1719 1727 1719
13 6.04 119 6.27 2.15 3B 2.21 317 2.16 312 2.20 318 2.27 327 2.28 2.33 2.15 29 6.27 2.19 2.01
5.64 6.57 2.02 2.02 2.02 2.05 2.19 2.16 2.21 2.02 5.57 2.03 1.96
14 4.86 1119 1.60 5.07 118 1.56 373 4.90 1128 1.57 370 4.89 1128 5.08 1.57 5.05 118 1.41 1.36 1.16
4.74 1.50 4.89 1.49 4.82 1.55 4.82 4.90 1.54 4.90 1.39 1.38 1.16
15 5.08 108 5.31 2.36 3% 5.30 1125 5.28 1097 2.33 310 5.29 1097 2.37 2.32 1.47 28 2.22 2.14 2.06
4.99 5.08 1.66 5.10 5.09 1.67 5.08 1.62 1.69 2.17 1.43 1.48 1.59
16 398 274 274 384 612 663
17 367 272 274
18 36.0
Other OAc, 2.1

809
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Table 2
Compound Bond anglé) Bond distance) H---X distance &) Dihedral angle {)
62 Brs—C17—Brs: 110.7, Brs—C17: 1.935, Hz..-Brg: 2.922, H;—C1—C10—C1g: —32.9, G—C10—C18—Brg: —2.7,
Bri—C16—Br»: 108.7, Brz—Ci7: 1.896, Hz---Brz: 4.303, H;—C1—C19—C18—Brg: —35.6,
Brs—C18—Brg: 110.1 Bri—Ci6: 1.917, Hs- - -Bry: 2.735, H;—C1—C10—C18—Brs: —190.0, H—C7—C1,—Cs17:
Bro—Ci6: 1.916, Hs- - -Bro: 4.533, 36.9, G—C11—C17—Br4: 9.2, H—C7—C11—C17—Bry:
BI‘5—C181 1.942, H;- - -Brg: 2.798, 46.1, H—‘,—C5—C4—C16: 8.2, QG—C4—C5—BI’]_Z 9.7,
BI’G—Clgi 1.882 Hq-- -BI’5Z 4.644 H5—C5—C4—C16—BI’1: 1.0, C7—C11—C17—BI'3:
—143.8, H—C7—Cy1—C317—Br3: —105.0,
C1—C10—Ci1g—Brs: —157.8, G—C4—C16—Br2:
—148.0, H—C5—C4—C16—Bra: —156.0
7 1;—C16—l2: 109.1 h—Ci6: 2.162, Hz---11: 3.012, H7—C7—C11—Cy6: 50.2, H—C7—C11—Ci6—11: 55.6,
1o—Cy6: 2.125 H7---15: 4.506 C7—C11—Ci6—11: 5.4, HH—C7—C11—Cy16—12: —98.4,
C7—C11—Cig—l2: —148.6
1@ F4—Ci17—F3: 107.9, F3—Ci17:1.342, H7---F4: 2.580, Hs—C5—C4—C16: —15.3, G—C4—Cy6—F2: 8.6,
F1—Ci6—F2: 107.0, F4—Cq7: 1.344, Hy- - -F3: 3.840, Hs—Cs—C4—C16—F2: —6.7, H/—C7—C11—Cy7: 36.9,
F5—C18—Fg: 107.1 F>—C16: 1.360, Hs- - -F: 2.425, C7—C11—Cy17—F4: 8.2, H—C7—C11—Cy17—F4: 45.1,
Fl—Clgi 1.354, H5- . -F]_Z 4.075, Hl—cl—Clo—Clgi —34.7, Q—Cj_o—clg—Fsi —0.5,
F5—Cyg: 1.357, H;---Fs5: 2.488, H1—C1—C10—C18—Fs5: —34.2, G—C10—C15—Fs:
Fe—Cig: 1.344 Hy.--Fg: 4.135 —151.2, G—C4—Ci6—F1: —145.8,
H5—Cs—C4—C16—F1: —160.8,
H7—C7—C11—C17—F3104.8
Qb 11—Cy17—12: 111.5, 11—C17: 2.10, b—C17: H7---11: 2.996, H7;—C7—C11—C17: 35.6, G—C11—Cy17—11: 9.8,
Bri—C16—Br;: 2.10, Bi—Cs6: 1.909, Hz---12: 4.488, H7—C7—C11—C17—11: 45.4, HH—C31—C10—C1g—Br4:
112.3, Bg—C15—Bra: Bro—Ci6: 1.91, Hs- - -Brp: 2.735, —35.6, H—C1—C10—Cig: —32.3, G—C10—C1g—Br4:
112.2 Brz—Cig: 1.909, Hs- - -Bry: 4.564, —3.3, 5—C5—C4—C;16—Br2: 3.1, H—C5—C4—Ca5:
Brs—Cig: 1.909 Hj---Brs: 2.80, —8.7, G—C4—C16—Br2: 9.8, G—C11—Ci17—12:
Hi---Br3: 4.684 —144.8, H—C7—C11—C17—12: —109.2,
H5—Cs—C4—C16—Bry: —155.2, G—C4—Cy16—Br1:
—147.9
1 Bri—C17—Bry: 112.6, Bri—C17: 1.90, Hz---Bry: 2.885, H1—C;—Ci10—Cig: —33.8, Cp—C18—C10—C1: —1.8,
C|1—C16—C|2: 113.5, BI‘Z—C]]I 1.908. H7---Bra: 4,292, H7—C7—C]_1—C]_6: 37.6, BI]_—C]_G—C]_]_—C7Z 9.2,
C|3—C18—C|4Z 113.6 Cll_Cj_G: 1.757, H5- . -Cl]_i 4.391, H7—C15—C11—C7—Br1: 46, C5—C4—C15—C|21 9.9,
C|2—C161 1.758, Hs- - ~C|2: 2.635, H5—C5—Cl4—C16: —-9.2, Hf,—C5C4—C16—C|2: 0°,
Cl3—Cag: 1.757, Hs---Cl3: 2.70, H1—C3—C10—C18—Cl3: —35.6, G—C10—C18—Cla:
Cly—Cqg: 1.757 Hi---Cls: 4.475 —155.8, H—C3—C30—C15—Cl4: 190.0,
H1—C3—C10—C18—Cl3: —36.2, G—C4—C15—Cl1:
—147.7, H—Cs5—C4—Cy6—Cly: —157.4,
C;—C17—C17—Bry: —143.7, H—C7;—C11—C17—Bra:
—106.0
ld) Cl—Cla—Cli 113.9, Cll—Cj_sZ 1.757, H5- . -C|1: 2.648, H5—C5—C4—C16: —17.3, Q—C4—C15—C|1: 10.6,
Br—Ci7—Br: 112.0 Cly—Cq6: 1.757, Hs- - -Cly: 4.394, H5—Cs5—C4—C16—Cl1: —4.9, H—C7—C11—Cs7: 46.3,
Bri—Ci7: 1.909, H7---Brq: 2.990, C;—C11—Cy17—Brq: 7.2, H—C7—C11—C17—Br1: 53.5,
Bro—C17: 1.908 H7---Bro: 4.323 C5—C4—C16—C|2: —145.0, H‘,—C5—C4—C16—C|2:
—160.5, C~C11-C17—Br2: —145.6,
H;—C7—C11—C17—Br»: 99.3
3p Br—C,7—Br: 112, Br—C;7: 1.909, Hz---Bry: 3.043, H7—C7—C11—Cy7: 47.5, G—C1,—C17—Bry: 6.8,
Br—C.1s—Br: 111.4 Br—C;7: 1.908, H7---Bro: 4.343, H5—Cs—C4—C14: —15.6, G—C4—C16—Br3: 10.7,
Br—Ci6: 1.909, Hs- - -Brs: 2.765, Hs—Cs5—C4—C16—Br3: —5.0, Hs—Cs5—C4—C15—Bra:
Br—Cje: 1.909 Hs- - -Bry: 4.598 —161.2, H—C7—C311—C17—Br1: 54.3,
H7—C7—C11—C17—Bry: —98.5, G—C4—Cy16—Bra:
—145.6, G—C11—C17—Brz: —99.3
Sb 1—Cq17—1: 110.9, 1—Cq7: 2.10, FC: H7---11: 3.133, H7;—C7—C11—C17: 45.0, G—C11—Cy17—11: 7.4,
BI'—C]_G—BI’Z 112.6 2.10, BI“C]_GZ 1.908, Hz---12: 4.524, H7—C7—C11—C17—11: 52.4, Q,—C4—C16—BI’1: 10.6,
Br—Ci6: 1.910 Hs- - -Brp: 2.758, H5—Cs—C4—C16: —15.2, H—Cs5—C4—C16—Br1:
H5- --Bry: 4.592 —4.6, |'|5—C5—C4—C16—BI'21 —161.0,
C5—C4—C16—Bry: —145.8, H—C7—C11—Cq7—12:
—101.2, G—C11—Cy7—l2: —146.2
110 Cl—Cy6—CI: 113.8, Cl—Cy6: 1.757, Hs- - -Cl3: 2.664, Cl3—C16—C4—Cs: 7.8, 5—Cs—C4—Cs6: —18.9,
Cl—C;7—CI: 1135 Cl—Cy6: 1.757, Hs---Cly: 4.434, Hs—C5—C4—C16—Cl3: 11.1, H—C;—C10—C17: 47.2,
CI_C]j: 1.757, Hj-- ~C|1: 2.832, Cl—Clo—C]_?—Cll: 8.0, H;L—C]_—C]_O—C]j—Cll: 55.2,
Cl—Cy6: 1.757 Hs---Cly: 4.147 H1—C3—C10—C17—Cl»: —100.0, G—C10—C17—CI2:

—147.2, H—C5—C4,—C;15—Cl4 —166.6,
C5—C4—C16—Cly4: —147.7
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Table 2 Continued)

Compound Bond angle) Bond distancef() H-.-X distance (&) Dihedral angle ()
4b Br—Cy7—Br: 107.5, Br—Cj7: 1.909, H7---Bry: 2.906, H1—C1—Cy10—C17: —31.2, G—C10—Cy17—Br3z: —3.4,
BI'—CJ_G—BI'Z 1125 BI'—C17Z 1.913, H7- . -Bl’gi 4.315, Hl—Cl—Clo—C17—BI'3: —34.6, H7—C7—C11—C15:
Br—Cis: 1.908, Hj---Brs: 2.794, 38.6, G—C11—C16—Bry: 8.4, H—C7—C11—C16—Br1:
BF—CJ_GZ 1.909 H1- . -BI’4Z 4.644 47.2, (37—C11—C16—Br2: —144.6,

H7—C7—C311—C16—Bra: —136.0,
H1—C3—C10—C17Brs: —190.0, G—C10—C17—Br4:
—158.7

a Method: X-ray.
b Method: molecular modelling.

In this case we arrived to E(R) with the correlationusing  trans to the halogens) remains relatively constant and varies
23 proton chemical shifts. The measured data give a confi-from 140 to 150. In the calculations (Hyper Chem 6 Min
dence of 43%. The use of the electronegativity of the different the bond distances of EX used were for F, Cl, Br and I,
halogens enabled us to improve the coefficient of determina-respectively, 1.34, 1.75, 1.91 and 246

tion of 59%. The cyclopropane proton data for these compounds
(chemical shifts and angular parameters) were then treated
n co< 61 co< 6 ) : :
S Kb————— f(bx" constant) @) searching for other geometrical relation between the proton
,

chemical shift oru- to cyclopropane ring and the influence
As aresult of these two correlations it seems that the chemicalof the gem-dihalogen atoms.

shift of alpha to cyclopropane proton is sensitive to hath Such a semi-empirical relation should correspond to the
andtrans halogens. This dependence however, could be pre-already mentioned requirements of the angular (dihedral or
sented as the trigonometrical function of the’d@$c,, the other angle) and distance between halogen and the proton
angle between observed proton and the third carbon whicheffects on the proton chemical shift. The correctional pa-
is holder of two geminal halogens. The correlation with two rameter should again be an electronegativity, which takes
individual halogen angles is not as important in this mea- into account the nature of the halogen atom (the usual
surement as this first dihedral angle value is. It seems that theconstant will serve the statistical treatment of the ensem-
protons are shielding according to the combine effect of two ble).

halogens on this carbon, where both halogens act as a correc- Following these calculations, two more correlations were
tive term. The angle between these two halogens is related tanade on the ensemble of geometrical parameters, because
its sp’ character, two bond XCc—X angle vary from 108to of the availability of separately, two homodihedral angles
113, which is not much different, for the entire halogen se- H—Ca-Cb-Cc-Xfor every proton. The semi-empirical equa-
ries. The dependence on the distance between the proton antlon was made with the assumption that, of two halogens
the single halogen also seems to be already included in theplaced in an space around a proton in specific mannesishe
angular term and from one compound to the other does nothalogen has different influence than the:s one. Reduction
vary much. The partition of the-XCc—X angle in projection of this semi-empirical equation allowed to define the tégm

to the observed proton ion as “homodihedral” partial angle according to Eq(3) (Table 3 and which for a given set of
which in principle should affect the 3, seems also to be of 23 data, showed aR? = 16% forcis andR? = 54% fortrans
secondary importance because the measured difference bewithout any correctivex,, term.

tween the homodihedral angles BfCa-Cb—Cc—Xs and When the electronegativity, is applied, as a correc-
for the same protol/—Ca—Cb—Cc—Xyrans (proton cis and tive multiplicatory term according to Eq5) (Table 3 the

Table 3

Karplus-type equation betweéHi, of thea- to cyclopropane proton and dihalocyclopropane nature and geometry

Formula of equatich R2 (%)P
8H ~ f(An; cOZ Ox h,;;; C) 3) 16

8H ~ f(An; COZ Ox Hyuns: C) 4 54

81 ~ f(An;cOZ Ox 1. C; Xn) (5) 51

81 ~ f(An; COL 0x Hyune: CXn) (6) 63

8u ~ fIAL(COZ Ox Hpune s C1) + B1(COF Ox i C2)] ©) 49

81 ~ fLAL(COZ O Hyans s C1) + B1(COF Ox 1 C2) + DXn) (8) 63

81 ~ fIAL(COZ O Hyns s C1) + B1(COS Ox ;s C2)Xn] 9) 76 (64
81 ~ fIAL(COZ Ox Hyune s C1) + B1(COS Ox 1,5 C2)](Do) (10) 75 (62§

a A, B, C, D — constantsX,, — electronegativity, Pauling scalke—~ Shoolery shielding effects; — angle as defined betwe&rand H, (H.;s or Hyuns); X—F,
Cl, Bror | (cis or trans); f=function of. . .. For detailed Eq(9) for three halogensy = (2.33+ 2.81 co$ OX Hyans — 18.68 cod OX,Heis ) Xn-

b Coefficient of determination dkZ.

¢ For three halogens, except iodine
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agreement reached was 51% but according to(8g.each
only 16.5%.

611

for 13C spectra were obtained at 300 K and chemical shifts
are expressed relative to TMS (0.00 ppm) #6t. For 13C

Finally, the last semi-empirical equations were deduced NMR reference, the centre peak of the 1:1:1 multiplet of the
with the emphasis on both halogens influence on the mea-CDCl; was assigned the value of 77.0 ppm.

sured proton chemical shift. As a result the coefficient of

The experiments were performed using an inverse detec-

determination for all 23 data (23 pair of coordinates) were tion 5mm probe. The COSY, NOESY, HMQC and HMBC

at 49% without electronegativity term (E¢¢)) and up to
63% withX,, additive term (Eq(6)). The same term used as
multiplicatory correction lead to 64% of correlation (E8)).

spectra were recorded using the standard Varian Unity pro-
grams.
The'H and'3C resonances were identified through inter-

Last attempts were made assuming that the agreement ofctive interpretation of NOESY, COSY, HMQC and HMBC
data for three of four halogen F, Cl and Br, is much better spectraTable 1.

than when | is included into calculations. As a result of such

For analytical purpose, the mass spectra were recorded

a reduced set of data, of 20 instead 23 (or six values overon a JEOL JMS-5X 10217 instrument in EI/PI mode, 70eV,

46 entries less) for the best equation (E2)) the agreement

200°C, via direct probe. Only the molecular ion/¢) values

factor found was 76%. When additionally monitored by elec- are reported. IR spectra were recorded on a Nicolet Magna
tronegativity, used as an additive term the correlation was at55-X-FT instrument.

64% and when the electronegativity was used as a corrective

multiplicatory term, ther? within such a reduced set was at
74%.

In order to prepare some fluorinated adducts derived
from costunolide lactone, we performed two different unsuc-
cessful reactions: GHgPh/GHg/reflux (Seyferth reaction)

From these nine models, the best semi-empirical equation[27-29} or CICR,COONa /diglima/reflux. Both procedures

found was by far Eq(9) for the three halogens, which means

failed due to the fact that costunolide lactone underwent un-

that the dependence of the observed chemical shift of bothdesirable fast polymerization.

halogengis andtrans to the methine proton in alpha-position

Because we considered necessary to have available

to the dihalocyclopropane ring could be modulated via the high resolutiontH NMR data of tris-difluoro cyclopropane
homodihedral angle. When this “Karplus-type” equation was adduct to compare we have used as model the tris-
monitored by Shoolery shielding effect corrections, applied difluorocyclopropane derivative of Zaluzanin C aceta® (

as multiplicatory term, the best fit of data for four halogens (F,

Cl, Brand I) was found a&? = 62%. When the same equation

was recalculated on a reduced number of halogens (without

iodine) this fit was improved t&? = 75% (Eq.(10)).

4. Conclusions

The interpretation of these results is leading to the conclu-

sion that the induced proton chemical shift of the protopns H

Hs and H; is depending on the dihedral angle between halo-

previously describef6] which enabled us to get the proton
chemical shift sought.

The dihalocarbene, generated by phase transfer reaction
using HCX (X =ClI, Br, I)/NaOH/Triton B has already been
used to synthesize sesquiterpenic dihalocyclopropane lac-
tones as well as the corresponding mono-, bis- and tris-
dihalocyclopropane adducts (seeheme L Thus, when cos-
tunolide lactond was reacted with HCBfNaOH/Triton B,
the mono-dibromocyclopropane addu2tand5, were ob-
tained as well as the correspondent bis-dibromocyclopropane
3 and 4 and tris-dibromocyclopropané derivatives. The

gen atoms in the vicinity as well as on the proton—halogen dis- structures of these compounds were characterized mainly by

tance, according to the pseudocontact@ywhere the later
relationship shown a dependenceson, and on the cd¥
(homodihedral). As can be observedTiable 1 the protons
H1, Hs and H; shown a paramagnetic shielding following the
relationship 1> Br> Cl>F which is opposite to the expected
relationship coming from electronegativity (F > Cl>Br>1).
It is proposed a semi-empirical correlations in which the

1H and?3C NMR spectra (se@able J).

Compound? is a diiodine derivative obtained with the
phase transfer reaction of the costunolide lacténeith
CHCI3. When this diiodocyclopropane derivative was later
reacted with HCB#/NaOH/Triton B a new diiodo, dibromo
adducs as well as diiodotetrabromo add9owere obtained.

Chlorinated derivatives were obtained when the source of

use of the corrective terms as electronegativity and the Shool-the dihalocarbene was HCGLITherefore, when costunolide

ery shielding effect$30] only affords small improvements
to such approaches.
5. Experimental

IH and'®C NMR spectra were recorded on a Varian Unity
300 operating at 300.0 MHz fdiH and 75.0 MHz fort3C.

lactonel reacted with HCGINaOH)/Triton B one only tetra-
chlorinated adduct was obtained.

Likewise, adducts possessing in the molecule chlorine as
well as bromine were obtained by two steps dicarbohalo-
genation (e.g. from compourfdand compound1). When
dibromo derivatives reacted with CHGI/NaOH/Triton B a
new dibromodichloro addudtd was isolated. On the other
hand, when the tetrachloro addutt was reacted with

High resolution and 2D NMR spectra were recorded on a Var- HCBr3/NaOH/Triton B a dibromotetrachloro derivatiue

ian Unity 500 operating at 500.0 MHz féH and 125.0 MHz

was obtained.
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Compoun@, m.p. 187-189C; Cy5H18Br>02; MW 400.
MS miz 400 [M*], 402 [M* + 2], 404 M + 4], 321, 323, 256
(100).

acteristics: first, as an additive term to the equation or the
second one as multiplicatory term. Both approaches are used
in a series of such equations developed after seminal works

Compound, m.p. 140-142C; C;7H1802Br4; MW 570. of Karplus[31].
MS m/z 570 [M*], 572 [M* + 2], 574 M* + 4], 576 M* + 6],
578 [M* +8], 491, 493, 495, 497, 411, 413, 415, 388, 171,
256, 129,57 (100); IRmax (cm™1) 2952, 2871, 1776, 1143. Acknowledgements

Compoundt, m.p. 203-204C; C17H1802Br4; MW 570.
MS m/z 570 [M*], 572 [M* + 2], 574 M* + 4], 576 [M* + 6],

578 [M* +8], 495, 493, 491, 467, 413, 390, 386, 388 (100),

307, 227; IRvmax (cm™1) 2958, 2929, 1778, 1309, 1207,
1141, 1055.

Compounds, m.p. 110-112C; CygH1802Br2; MW 400,
MS El m/z 400, 402 M* + 2], 404 M* + 4]; IR vmax (cm™2)
3086, 3006, 2943, 1772, 1641, 1323, 1240, 1152.

Compounds, m.p. 241-243C; C1gH18BrgO2; MW 740.
MS m/z FAB MH™* 741, 743 [MH + 2], 745 [MH" + 4], 747
[MH* + 6], 749 [MH" + 8], 751 [MH" + 10], 753 [MH" + 12];
665, 664, 663, 661, 648; IRnax (cm 1) 2962, 2929, 2873,
1776, 1244, 1141.

Compound7, m.p. 158-159C; CigH1802l2; MW 496
MS FAB m/z MH* 497, 154 (100), 136; IRmax (cm™1)
3081, 2931, 2871, 1765, 1638, 1237, 1141, 1017.

Compound8, m.p. 68—70C; C17H1802Br2l2; mw 666.
MSm/z 666 [M+], 668 [M* +2],670 M + 4], 391, 359, 337,
307,263, 205; IRmax(cm™1) 2954, 2933, 1768, 1303, 1137,
1029.

Our special thanks go to MSC Maria Isabel Chavez (1. De

Quimica, UNAM) for the NMR determinations. D. Corona
and S.A.H.P. thank SNI-Conacyt for research fellowship.
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