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Abstract—A novel group of carbofuorinated sesquiterpenic iactones is described. All are generated by diffuoro-

carbene- addition to the double bonds of

Py

ide lactones. The various products formed in these

reactions are characterized mainly by 'H NMR spectroscopic data.

Interest in the chemistry of halocarbene has continued at
high level since dichlorocarbene was reported in 1954.
In the area of organic synthesis, carbenes have been
utilized very effectively for the construction of cyclo-
propane ring systems.’

Despite the wealth of experimental data accumulated
on the later topic during past decade, it is pertinent to
note that only a limited number of examples of carbene
additions to the double bond of unsaturated carbonyl
systems has been observed.

The first examples of the synthesis of a-diffuoro-
cyclopropyl ketones by addition of difiuorocarbene to
steroilal enones and dienones were reported several
years ago.” Conjugated carbonyl systems appear a priorf
to be relatively poor substrates for attack by the elec-
trophilic difluorocarbene species since the nucleophilic
character of the enone double bond is considerably
reduced by electron delocalization with the CO group.*
Nevertheless, Beard et al. have reported the reaction of
difluorocarbene species with the electron-deficient dou-
ble bond of some enone and dienone systems.’

Our general interest in fluorocarbene chemistry led us
to determine the fate of various unsaturated sesquiter-
penic lactones upon exposure to a large excess of

tContribution No. 486 from the Instituto de Quimica, U.N.A.M.
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“diffuorocarbene™ and to study the nature of the
products formed.

The fluorocarbene, generated by pyrolysis of the
sodium salt of chiorodifivoroacetic acid’ in aprotic
solvents such as diglyme, has already been utilized to
synthetize sesquiterpenic difluorocyclopropane lactones
as well as the corresponding bis- and tris-difluorocyclo-
propane adducts. When peruvinin® 1 was reacted with an
excess of difluorocarbene, compound 2 was isolated as
the main product in approximately 50% yield (Table 1).
The addition of diffuorocarbene was detected by the
absence in the NMR spectrum of the exocyclic methy-
lene signals. Instead, a muitiplet assigned to one proton
of the cyclopropane methylene appeared at 3 2.1 ppm.
Whereas the proton assigned to H-7 shifted from 3.4in 1
to 2.88 in 2, the proton base of acetate (H-4) shifted from
5.2 to 5.04 ppm, with most other signals remaining similar
to those in the starting material.* The product 2 exhibits
in the mass spectrum the molecular ion peak at m/e 356
and the successive loss of fragments CHs~C* (m/e 314)
and CH;-('I-OH {m]e 296). (!'L

0

From the thermal treatment of anhydroparthenin’ 3
with four equivalents of a 4M solution of sodium
chlorodifluoroacetate in anhydrous diglyme for periods
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Table 1.
UV Amax N
Product pyoer 3 nm HNMR CDCl, [a)
N 1.00 (s, 14-Me}, 1.08(d, J=8.5, 15-Me), 2.17
2 225 (s, OAc), 4.9 (d,d, d, J=4,7.5, 11, H-8), 5.04 - 18.3¢
€ (2453) (g H-4), 2.88 (m, H-7). ‘
. 1.44 (3, 14-Me), 2.0 (b, s, 15-Me), 2.5 {8-CH,
4 287 and 7-CH), 2.15% {m, H~8, H-13), 4.58 (d, J=86, - 183.5°
€{8415)  }-8), 6.04 (d, Jeb5.5, H~-3), 8.1 (d, H-2).
1.38 (t, J*1.5), 15-Me, 1.54 (s, 14-Me), 1.65
5 248 {m, H-8 y H-8), 2.14 (m, H-13), 2.38 (m, H-7), +29.6°
£{3411)  4,94(d,J*»7, H-8), 6.3 (d,H-3), 7.25(d, J=8.3
H-2).
1.50 (t, *X.r=2.5, 15-Me), 1.62 (8, 14-Me), 1. 25
270 (m, H-9), 1.72 {m, H-8), 3. 07 (m, H-7), 4.59
6 c(a43s) (076, H-8), 5.54 (m, Jps=2.5, Je.r=1.5 H-2), +86°
5.682{d,J=1.5,H-13), 6.18(d, d %.,*4.5 H-3),
6.27 (d, J=2 H-13"), 8.42 {d, dJ=72.5, 74, OCHF,).
219 1.48 (t, J=2 Hz 15-Me), 1.56 (8, 14-Me), 3.57
2 a7y (M. H-T), 4.53(d, J=6, H-6), 5.6(d, J=1.5 H-13),
¢ 8.26 {d, J*=2, H~13).
1.53 (t, J*2.5 15-Me), 1.65 (8, 14-Me), 2.16
8 270 (m, 18 H), 2.45 (m, H-7), 4.8 (d, J=5.5 H-6) 5.58 0.2¢
¢(4450) (m, *Juor=1.5, H-3), 6.2 (d,d J=2,5 ®J,.,=4.5), *+79-2
8.45 (d,d, Jr..=72, 73, OCHF,).
1.06 (s, 14-Me), 1.25 (d, J=6 15-Me), 1.8(d, d, d,
238 J, 2,3.8,12 H-9), 1.93 (s, QAc), 2.4 (m, H-13,
10 (3382) H-10,H-9'),3.06 (d,d, d, J=2, 3,10, H-1),2.8(b,d, - 91,6
¢ J=0.5, 7 (H-T), 4.93 (d, d,d, J=2,6,7, H-8), 5.08
{d, J=0.5, H-6), 8.05d,dJ=8,8 H-3), 7.7 {d, d,
J=2 H-2).
1.08 (s, 14-Me), 1.3 (d, J=6.5 15-Me), 1.91 (s,
u 211 OAc), 2.82 (m, H-3, H~10), 4.93 (d, d, d, J=1.8, . 81.8°
€(1188) §,8, H-8), 4.93(d, J*1.5 H-8), 5.87(q, J=1.2, :
H-2).
1.18 (s, 14-Me), 1.30 (d, J=7, 15-Ms), 1.94 (s,
265 OAc), 1.85-2.45 (m, H-8), 2.90 (m, H~10J =
12 (2580) 4, 8.5,J52,.75), 2.64 (m, H-7), 4.87(m, J=3, + 33,3

8.8, H-8), 5.18(d, J=5.5 H-8), 5.47 (m, {-#2.5

$J5-¢=1.5), 6.87¢, H-2, 8.28 t, *Jy.,* 73, OCHE)

of 15 min we have isolated the following five products, 4
(30%), %(1%) and traces of 7 and 8.

The yield of products S, 6 and 8 can be substantially
improved by slight modification in the methylenation
procedure, namely by adding the reagent, previously
dissolved in cold diglyme, to a refluxing diglyme solution
of the anhydroparthenin. Unfortunately, such treatment
results as well on the reduction of the relative yields of
the remaining products.

Product 4 shows the molecular ion peak at m/e 294
and its 'H NMR spectrum indicates the absence of
exocyclic methylene protons, thus suggesting that
monocarbofluorination occurs at this double bond.

Amongst the minor constituents we have further
characterized adducts § and €. Both compounds exhibit
the molecular ion peak at m/e 344 but differ in their other
physical and spectroscopic properties. In particular,
whereas in compound § the 15-Me group is seen as a
fluorine-coupled triplet (*Jy1e = 1.5 Hz) at 8 1.38 ppm, the
vinylic protons H-3 and H-2, appear centered at 6.3 (d,
J23=6.3Hz) and 7.25 ppm, respectively. For isomer 6,
however the signals for the exocyclic methylene group
remain at 5.62 (d, *J.,s=1.5Hz) with an additional

doublet of doublet at 6.42 ppm showing the characteristic
ooupling constants (zja.a=?2.s Hz and zju-p=74 HZ}
for the -OCHF,; grouping.*®

Moreover, in the latter case the two vinylic protons,
H-2 and H-3, appear centered at 8 6.19 (dd; J>; = 2.5 and
Jop=45Hz) and SS4ppm (td; Jos=25 and
%]y.¢= 1.5 Hz), respectively, with the 15-Methyl group
now showing at 1.50 ppm (t, “Ju.r = 2.5 Hz). The obser-
ved multiplicities are in good agreement for structure 6
since the coupling is very similar to that previously
reported by Popper & al'® Its UV spectrum (A
270 nm € 4435) supports as well the proposed structure 6.

We feel that the most probable route to compounds 6
and 8 is as shown in Scheme 1.

Inspection of the '"H NMR spectra of adducts 5 and ¢
reveals, in all cases, sharp singlets for the angular 14-Me
proton resonances thus suggesting the la, 10a stereo-
chemistry in $ and the 9a, 10a stereochemistry in 6,
since for either the 18, 108 or 98, 108 configurations we
would expect a splitting of the 14-Me signal by long
range coupling with fluorine.''* Similar stereochemical
considerations can be invoked for compounds 7 and 8
(Table 1).
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Scheme 1.

From fluorocarbomethylenation of heleaalin acetate'
9 three products were isolated, 10 (40%), 11(10%) and
12(1.5%). The 'H-NMR spectrum of derivative 10 clearty
shows the abeence of the exocyclic methylene signals,

Instesd, a multiplet at 3 2.35 may be assigned to one
proton of the cyciopropane methylene. Whereas the C-6
proton (d, J = 0.5 Hz) appeared shifted ~0.32 ppm (Table
1), H-7 shifted by —0.65 ppm (broed doublet, J»s = 6 and
Jor= 0.5 Hz). No other aoticeable differences exist in
the spectra of the compounds 9 and 18

Compound 11 corresponds to an isomer of compound
10, with their 'H-NMR spectra showing differences
mainly in the vinylic resonances. While product 18 shows
an ABX pattern centered at 8 7.7 (Jay =6, Ji2a=2Hz;
H-2) and 6.05 (J,., = 3 Hz; H-3), adduct 11 shows only
one vinytic proton at 5.87 ppm (q. J = 2 Hz), assigned to
H-2, coupled with the methylene in C-2 and showing
allylic coupling with H-10. Whereas the signais at § 282

belong to H-10 and the methylene protons on C-2, those
at 2.25 are assigned to one protom of the cyclopropane
methylene to H-9. The remaining of the spectrum

and
shows no other moticeable differences when compered
with 18,

Both products, 10 and 11, exiobit the molecular ion
peak at mie 354 and a similar fragmentstion pattern, but
there are important differences in the carboeyl region of
their IR spectrs. Whereas 16 shows bands at 1780, 1745
and 1710, 11 exhibits bands at 1780, 1745 and 1740 cm ™.

Product 12, isolated in very low yield, shows in the
mass spectrum the molecular jon peak at mie 404 with
the usual loss of acetic acid (mfe 344). In the UV exhibits
a maximum at 265 am (¢, 3580) and in the IR shows
carboay! bands at 1785 and 1745 cm™'.

In its '"H NMR spectrum the signals for both the
exocyclic methylene and ABX pattern characteristic of
lactooe 9 are missing. Instead a triplet signal appear at §
623 (Ju.e = 73 Hz) showing the large coupling coustant
typical of the -OCHF; grouping.® The formation of such
diffuoromethy! cthers has some precedent in the steroid
titerature. "

Moreover, the NMR shows two vinylic protoas signals
at 8 $.87 (H-2) and 5.47 ppn (H-3). While a former is a
triplet and appears coupled with H-3 and H-10 (J =
2.5 Hz), the latter, a quintet, shows the expected coupling
with the fluorine atoms of the ether (*Jpu = 1.5 Ha2).

Therefore. compound 12 has large structural similarities
with adducts 6 and 8 and probably arises accordingly to
the mechanism sthown in Scheme 2.

Examination of the chemical and spectral evidence
available at this stage allows for oaly a tentative predic-
tion on the stereochemistry of the difiuorocarbene ad-
dition products to the C,,~C,» double bond. The forma-
tion of the t1a, 13a adducts is clearty favored on steric
grounds’ since perpendicular approach of: CF; or retated
species to the plane of the Cy;.;3 doable bond from the
B8-lace is markedly restricted by the 148-Me group.
Experimental support for this hypothesis is peovided by
their known reduction reaction,'*'* which taking place
predomimantly from the a-side of the molecule produces
the 13a-configuration.

Long range finorine-hydrogen conpling
Vakues of "Jpa with >3 tend to be larger than the
corresponding ")y valoes thus exhibiting some useful
diagnostic features. Attention should be directed to the
significant proton-fluorine coupling over five o-bomds.
Jeflord et al™ describe larger values (8.4-10 Hz) for
3Jw» for molecules bearing the double sig-zag arrange-
ment of fluorine and hydrogen. However, when such an
is absent’” the ] values do not exceed
2.5-3.5 Hz. For many molecules long range F-H coupling
is observed only when the two nuclei are close through
space.' This latter consideration supports the *Jpy =
4.5 Hz obeerved for the products ¢ and 8, since Dreiding
models of these molecudes have indicated a close spatial
relationship between proton H-2 and one fluorine nucleus
of the cyclopropane on Ce-Cro-

EXPERIMENTAL

M.ps were determined with Kofler hot stage apparatus, and are
wncorrected. Microasalytical determimations were performed in
the Dr. Franz Pascher Lab.. Bona, Germany.

Rotatioos were taken betwees 16 and 22 with | dm Twbe at
the sodium D Kue in EtOH sola. IR spectra were obtained with &
Perkin-Ebmer model 521. UV absorptios spectra were sesswred
with a Perkin-Elmer 202 spectrophotometer and refer to solas in
9%% EtOH.

Unless otherwise stated the NMR spectrs were recorded at 60
and 100 MHz with Varian instruments using 5-10% w/v solns of
substance in CDCly, coutsiming TMS as interaal reference
(0.0 ppm). Coupling comstants, J, are expressed in Hz and are
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accurate to +0.5 Hz, d, doublet; t, triplet; q, quartet: d.d, doublet
of doublet: d.d.d, doublet of doublet of doublet; lll‘l.l'llllﬁl*t.

model RMU-6D spectrometer. Tlcwmpetf
GF-254 (Merck A. G., Germany). We wish
Rosas and H. Bojérquez. from Instituto de Quimica, U.
for the IR, UV and mass spectral determinations.
Romodvefotwpplyln.mwihnnmpledheleuﬁn.We
are indebted to Dr. I. Slucbezfmml’wﬂhddeodm
U.N.A.M.. for his advice in preparing the manuscript.
Gmmlpmcdumfortkddiﬂouofdﬂmmahacmm
sezquiterpenic lactones. The lactooes in dry diglyme and a soln
(4 M) of sodium chiorodifiuoroacetate in the same solvent were
heated at reflux for 15 min. The mixture was cooled and in some

on silica gel.
Peruvinin 1, anhydroparthenin’ 3 and the acetate of
heienalin' 9 wete prepared by literature metbods.

Diffuorometkylenation
1. 23 mg (0.72mmol) and Smi (4 equiv) of sodium difluoroch-
loroacetate in dry diglyme were heated at reftux for 15 min.

The reaction was cooled and tic monitoring indicated that a
further addition of S ml of salt was needed.

After work up 111 mg (50%) yield of 2 were obtained, m.p.
110-111° IR vu,, 3060. 1760, 1740, 1730, 1480, 1450, 1200 cm~".
Mass spectrum 356 (M*), 314, 296, 281, 218, 173, 149, 109, 107,
43, C;eHx0sF,; requires: mol wt: 356 (Found: C, 60.59; H, 6.17;
0. 2242, F, 1082, Cak. C, 60.67: H, 6.19; O, 22.47: F, 10.67%).

Difisorocarbene addition to ankydroperthenin (3). Sodium
chlorodifluoroacetate soln (4M)inmhyddidy
lm:n.«mol)onindidymc.mthe

it
Fir

recrystallized
cther; 4 shows m.p. = 193-194°, IR »n., 3020, 1770, 1690, 1540
1445, 1365 cm™'. Mass spectrum 294 (M*), 279, 251, 187, 185, 172,
159, 145, 117, 65, 5S. C 4H,c0+F, requires: mol wt: 294 (Found: C,
65.40: H, 5.45: 0. 16.15; F. 13.05. Calc.: C. 65.30; H, 5.44: O,
16.32; F, 12.92%).

Compound § shows m.p. 220-222° IR vp,, 3005, 2980, 2915,
1778, 1712, 1580, 1215. Mass spectrum 344 (M*) 329, 324, 301, 281,
175, 157, 145, 118, 65, 55. C\;H(OsF, requires mol wt: 344
(Found: C, 59.17; H. 4.85: O, 13.80: F, 22.19. Cak.: C, $9.30; H,
4.6S; 0, 1395; F, 2.10%).

Compound 6 gives m.p. 116-118°, IR »o,, 3025, 2980, 1765,
1620, 1575 cm™". Mass spectrum 344 (M*), 329, 315, 294, 265, 223,
197, 171, 147, 109, 77, 65. C7H (OsF, requires: mol wi: 344
(Found: C, 59.09; H, 4.21; O, 14.38: F, 22.32. Cak.: C. 59.30; H.
4.65: 0, 13.95: F, 22.10%).

Compound 7 shows v, 3020, 1750, 1220, 750cm™'. Mass
spectrum 344 (M*). C7H 4O;F, requires: mol wt: 344,

Compound 8 gives m.p. 104-105° from iPr-ether-hexane. IR
Vmex JO15, 1770, 1610, 1455, 1450, 1440, 750 cm™'. Mass spectrum
394 (M*), 379, 366, 359, 344. 313, 109, 77. 65. C\gH sOyF, requires
mol wt: 394 (Found: C, 54.90; H, 4.16; O, 12.03; F, 28.91. Calc.:
C. 54.82; H. 4.07; 0. 12.18: F. 28.93%).

2

Compound 16 shows m.p. 185187, IR v, 3010, 2960, 1780.

gives m.p. I6t-|63' IR veux 3100,

370 and 750cm™. Mass spectrum

, 284, 266, 224, 124, 109, 9l. 43, CyyHyOsF;

: 354 (Found: C.60.52,H 3.58; 0, 3.09; F,
: H 10.74%).
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