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The (y*-allyl)palladium complex (31-3,3-diphenylprop-2-enyl){ (4S)-[2-(diphenylphosphino)-

phenyl]-4,5-dihydro-4-(2-propyl)oxazole} palladium(l1) chloride (3) was synthesized and fully
characterized by X-ray crystallography and spectroscopic data. Formation of an aquo complex

was observed upon addition of water.

Introduction

The palladium-catalyzed allylic substitution reaction
has currently been studied intensively, particularly with
respect to applications in enantioselective synthesis.!
In our group preparative as well as mechanistic aspects
of reactions under catalysis with Pd complexes of
phosphinooxazoline (PHOX) ligands (1 and related
compounds) are being studied.?
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One important issue in this field is the study of
intermediary (y%-allyl)Pd complexes with respect to
isomer distributions, rates of interconversion of isomers,
and relative rates of reaction of allylic isomers with
nucleophiles.® Of crucial importance for the outcome of
an allylic substitution is achieving a rate of equilibration
of allylic isomers that is higher than the rate of
nucleophilic attack. Furthermore, interconversion of
allylic isomers is a source of a variety of poorly under-
stood but important aspects of allylic substitutions such
as memory effects,* effects of halide salts on enantio-
selectivity,® and stereocontrol of reactions with hard
nucleophiles which proceed via (*-allyl)Pd complexes.®

T Current address: Max-Planck Institut fur Biophysikalische
Chemie, Abteilung NMR basierte Strukturbiologie, Am Fassberg 11,
D-37077 Gottingen, Germany.

(1) Recent reviews: (a) Trost, B. M.; Lee, C. In Catalytic Asymmetric
Synthesis, 2nd ed.; Ojima, 1., Ed.; Wiley-VCH: New York, 2000; pp
593-649. (b) Pfaltz, A.; Lautens, M. In Comprehensive Asymmetric
Catalysis; Jacobsen, E. N., Pfaltz, A., Yamamoto, H., Eds.; Springer:
Heidelberg, 1999; pp 833—886. (c) Trost, B. M.; Van Vranken, D. L.
Chem. Rev. 1996, 96, 395—422.

(2) Helmchen, G.; Pfaltz, A. Acc. Chem. Res. 2000, 33, 336—345.

(3) (@) Kollmar, M.; Goldfuss, B.; Reggelin, M.; Rominger, F.;
Helmchen, G. Chem. Eur. J. 2001, 7, 4913—4927. (b) Kollmar, M.;
Steinhagen, H.; Janssen, J. P.; Goldfuss, B.; Malinovskaya, S. A.;
Vazquez, J.; Rominger, F.; Helmchen, G. Chem. Eur. J. 2002, 8, 3103—
3114.

(4) Lloyd-Jones, G. Synlett 2001, 161—183.

(5) Fagnou, K.; Lautens, M. Angew. Chem., Int. Ed. 2002, 41, 26—
47,

10.1021/0m020323z CCC: $22.00

Scheme 1
;N 2
Ph
‘1
_l®
0 Ag® O
g/N\Pd,Pth - AgCl S/N\Pd,Pth
iPr ¢’ X Ph 'Pf/\.x
Ph ’
3 Ph 4

Among the interconversion modes’ of isomeric (7%-
allyl)Pd complexes, rearrangement via (p*-allyl)Pd com-
plexes, a 3—n'—?3 rearrangement, is certainly the most
important. We have previously added to the under-
standing of this process by determining the rate and
mode of interconversion of (3-allyl)(PHOX)Pd com-
plexes by NMR.8 We have now succeeded in preparing
the stable (yt-allyl)PdCI complex 3 with a PHOX ligand
(Scheme 1), and here we present an analysis of its
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structural and dynamical properties. To the best of our
knowledge, this is the first example of a fully character-
ized crystalline (pt-allyl)Pd complex with an additional
bidentate ligand. The corresponding (73-allyl)(PHOX)-
Pd complex 4(ClOy4) has already been described.3?

Thus far, well-characterized crystalline (y*-allyl)Pd
complexes have been only reported for complexes with
hemilabile tridentate ligands. Thus, Osborn et al.® have
characterized (yt-allyl)(terpy)Pd (terpy = 2,2':6',2"'-
terpyridine) complexes and related complexes of PNP
ligands, which in solution are in equilibrium with the
corresponding (n3-allyl)Pd complexes because of coordi-
nation of the terpyridine ligand in either a tri- or a
bidentate fashion. Braunstein, Dedieu, et al.1° succeeded
in demonstrating »*-allyl coordination induced by chlo-
ride for Pd complexes of a hemilabile bis(oxazoline)-
phenylphosphinite (NOPON) ligand. Braunstein, Dedi-
eu, et al. as well as Solin and Szabo6'! also carried out
DFT calculations on model complexes and the transition
state of the 3—»1—#8 interconversion.

Results and Discussion

Synthesis. Complex 3 was obtained by mixing the
phosphinooxazoline 112 with [(1,1-diphenylallyl)PdCI],*3
(2) in CHxCI; (Scheme 1). Crystals suitable for X-ray
diffraction were obtained by vapor-phase diffusion of
diethyl ether into the solution of the complex in CH»-
Cl, at a temperature of 4 °C.

X-ray Crystal Structure of [(-Ph,CCHCH;)(1)-
PdCI] (3). ORTEP plots of the crystal structure (R =
3.3%) of complex 3 are presented in Figure 1. Crystal
and data collection parameters are listed in Table 1 and
selected bond lengths and bond angles in Table 2.

The palladium ion possesses almost planar coordina-
tion, as demonstrated by the sum of all bond angles of
360.1(1)° and the torsion angle N—P—C1,—ClI of 2.1(1)°.
The configuration at Pd is as expected on the basis of
trans influences of the ligands; i.e., the allyl ligand is
in a trans position relative to nitrogen. This coordination
geometry is also found in Braunstein’s complex [(1*-
allyl)(NOPON)PdCI].2° Furthermore, in studies of the
n3—nt—n® rearrangement of [(n3-allyl)(PHOX)Pd] com-
plexes preferred opening of the Pd—C bond trans to
phosphorus was found.8

The Pd—N bond length of 2.133(4) A is slightly larger
than that of the z-allyl complex 4(ClQ4).3° Braunstein
and co-workers found a distinctly larger Pd—N bond
length of 2.183 A in their 5-allyl complex.1® Similarly,
Szabos'!! calculations gave the result that bonds trans
to the allylic carbon are longer in pt-allyl than in 53-
allyl complexes. This phenomenon is a direct conse-
quence of the carbanionic character of the n-allyl
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Figure 1. ORTEP drawings of the crystal structure of 5-
allyl complex 3: (top) view from the front; (bottom) side
view. All atoms are shown with 50% probability thermal
ellipsoids. Hydrogen atoms are omitted for clarity.

group.'* The Pd—P bond length of 2.224(1) A is smaller
than that of the (3-allyl)(PHOX)Pd complex 4(Cl0O,),3"
obviously due to the fact that a chloro ligand exerts a
smaller trans influence than an #S-allyl ligand. The
Pd—P bond is even shorter in Braunstein's n-allyl
complex.10

The magnitude of the ligand bite angle N—Pd—P of
86.4(1)° is close to that found for a range of (3
phenylallyl)Pd complexes of PHOX ligands (88 + 1°)30.15
but smaller than that in Braunstein’s n*-allyl complex.1°

The conformation of the allyl group, described by the
torsion angles Pd—C1,—C2,—C3, = 76.6° and P—Pd—
C1,—C2,=52.5° is characterized by the location of the
allylic moiety perpendicular to the coordination plane
with a parallel arrangement of the sz-orbitals of the
olefin and the Pd—C bond. Similar solid-state conforma-
tions were found for the other (;*-allyl)Pd complexes®10
and by quantum-chemical studies for a model complex.11

(14) Appleton, T. G.; Clark, H. C.; Manzer, L. E. Coord. Chem. Rev.
1973, 10, 335.
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Burckhardt, U.; Gramlich, V.; Pregosin, P.; Salzmann, R. 3. Am. Chem.
Soc. 1996, 118, 1031. (b) Burckhardt, U.; Gramlich, V.; Hofmann, P;
Nesper, R.; Pregosin, P. S.; Salzmann, R.; Togni, A. Organometallics
1996, 15, 3496—3503.
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Table 1. Crystallographic Data for Complex 3

formula C39H37CINOPPd
mol wt 708.52
temp (K) 293(2)
radiation 0.710 73 A
cryst syst monoclinic
space group P2,

z 2

a(h) 9.6534(1)

b (A) 9.7338(2)
c(A) 17.9244(1)
o (deg) 90

p (deg) 91.4820(10)
7 (deg) 90

V (A3) 1683.69(4)
Pcalcd (g Cm73) 1.398

u (mm~1) 0.709
Tmax/Tmln 097/086
cryst form polyhedron
cryst size (mms3) 0.26 x 0.09 x 0.04
20max (deg) 51.18

no. of rflns 12 584

no. of indep rflns 5595

no. of obsd rflns (I > 20(l)) 4630

no. of restraints/params 1/402
goodness of fit on F? 1.08

final R 0.033

final Rw 0.062

max/min in diff map (e A-3) +0.43/—0.43

Table 2. Selected Bond Lengths (A) and Angles
(deg) of Complex 3

Bond Lengths (A)

Pd—Cl1, 2.088(5) Pd—ClI 2.373(1)
Pd—N 2.133(4) Cla—C2, 1.454(7)
Pd—P 2.224(1) C2,—C34 1.370(7)

Bond and Torsion Angles (deg)

Cl.—Pd-N  178.6(2) Pd—C1,~C2, 115.1(3)
Cl,—Pd—P 94.8(2) Cl1.—C2,—C3, 129.1(5)
N—Pd—P 86.4(1) P—Pd—C1,—C2, 52.5
Cl.—Pd—Cl 88.6(2) Pd—C1,—C2,—C3a 76.6
N-Pd—ClI 90.3(1) N-P—C1,—Cl 2.1
P—Pd—Cl 176.09(7)

The bond lengths C1,—C2, and C2,—C3, within the
allyl ligand are in the range typical for other 5!-allyl
complexes.®~11 There is clearly a differentiation between
single (C1,—C2, = 1.454(7) A) and double bonds (C2,—
C3,=1.370(7) A) in complex 3, while in complex 4(ClO,)
the #3-allyl bond lengths, C1,—C2, = 1.412(5) A and
C2,—C3,=1.397(5) A, are almost equal. This difference
is not as pronounced as in other n!-allyl complexes
because in 3 conjugation to the phenyl groups causes
lengthening of the bond C2,—C3,.9210.11 The bond angle
Pd—C1,—C2, of 115.1(3)° indicates hybridization be-
tween sp® and sp?. This rather high value is probably
due to steric interaction of the bulky phenyl groups,
while other nt-allyl complexes, displaying Pd—C1,—C2,
bond angles close to the ideal tetrahedral angle, contain
only hydrogen or methyl groups as substituents at the
allyl moiety.®11

The conformation of the phosphinooxazoline ligand of
3 (Table 3) is similar to that found for (53-allyl)(PHOX)-
Pd complexes.® Characteristically, the ring Pd—N—C2—
C6—C7—P adopts an envelope conformation with an
angle of 33.4(2)° between the “best-fit” plane through
atoms N—C2—C6—C7—P and the coordination plane
[N,Pd,P]. The P-phenyl groups are diastereotopic, and
accordingly, they can be distinguished by the descriptors
Re and Si. The values for angle N—P—C1g. = 97.2(2)°
and angle N—P—C1s; = 155.2(2)° show that the Re
phenyl group occupies an axial position, while the Si
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Table 3. Selected Structural Parameters (Angles

(deg), Distances (A)) of Complex 3 Describing the

Conformation of the PHOX Ligand Relative to the
Moiety [N,Pd,P]32

22 33.4(2) dev from planarity®  0.071
@° 66.3(1) yd 57.0(3)
N—P—C1lge 97.2(2) N—P—Cl1sg;i 155.2(2)

N—-P—Clre—C2re 82.2(4) N-P—Clg—C2s; 3.8(7)

a2 Angle between the “best-fit” plane through the ligand atoms
N, C2, C6, C7, and P and the plane [N,Pd,P]. ® Average of distances
of the atoms N, C2, C6, C7, and P to the “best -fit” plane through
them. ¢ Torsion angle Pd—N—P—C1ge. 9 Torsion angle Pd—N—P—
Clsi.

phenyl group occupies an equatorial position. The
arrangement of the phenyl groups®® with respect to the
allylic moiety is characterized by the torsion angle
N—P—C1gr.—C2re = 82.2(4)°, corresponding to an edge-
on arrangement of the Re phenyl group, and torsion
angle N—P—Cl1s—C2g; = 3.8(7)°, indicating an almost
ideal face-on arrangement for the Si phenyl group.

NMR Studies on Complex 3. Remarkably, solutions
of complex 3 contained only one species, which was not
identical with the #3-allyl complex 4(Cl), which could
have resulted by dissociation of the chloride ion. As the
corresponding perchlorate 4(ClO4) was already charac-
terized,? signals of 4(Cl) would have been easily de-
tected. The structure of complex 3 in CDCIl; was
characterized by analysis with 2D-NMR methods. With
the help of 'H,'H-DQF-COSY, !H,8C-gs-HSQC, and
1H,13C-gs-HMBC correlation experiments all nuclei
could be assigned. The n-allyl character of complex 3
in solution was confirmed by the following results.

(a) For the allyl system the chemical shifts found were
as follows: H1, 2.39 and 3.47 ppm; H2,, 6.98 ppm.
Indication of »!-allyl character was apparent from the
chemical shifts of 25.80 ppm for C1, and 137.02 ppm
for C2,. A H,'H-NOESY spectrum (rmix = 600 ms)
showed strong NOE signals between H2, and both of
the H1, protons. The 53-allyl system displays only a
NOE between H2, and Hgynl,.%"

(b) The following 1J coupling constants between the
allylic carbon atoms and the allylic protons were
found: 1JC1a,Hla/-\ = 144.9 Hz and lJCla,HlaB = 152.0 Hz
for the methylene protons, Jcz, 12, = 165.3 Hz for the
olefinic proton. Whereas the latter value is typical for
a C(sp?)—H group,” the other values are relatively large

(16) For an excellent discussion of this feature of diarylphosphino
groups see: Seebach, D.; Devaquet, E.; Ernst, A.; Hayakawa, M.;
Kuhnle, F. N. M.; Schweizer, W. B.; Weber, B. Helv. Chim. Acta 1995,
78, 1636.

(17) Hesse, M.; Meier, H.; Zeeh, B. Spectroscopic Methods in Organic
Chemistry; Thieme: New York, 1997.
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for a C(sp®)—H; group. This is apparently due to the
palladium(l1) ion acting as an acceptor substituent. An
agostic interaction of the methylene protons can be
excluded on the basis of the observed chemical shifts
and the high J coupling constants.

(c) The diastereotopic protons at C1, were assigned
by analyzing a NOESY spectrum which showed a strong
NOE signal between the proton with the chemical shift
2.39 ppm and the ortho and the meta protons of the Si
phenyl group. The proton with the chemical shift 3.47
ppm showed only a NOE signal of medium intensity to
the ortho protons of the Si phenyl group. These observa-
tions are only compatible with the following assign-
ment: Hsils, 2.39 ppm, Hgels, 3.47 ppm. The NOE data
also showed that the solution structure of complex 3 is
similar to the crystal structure with planar tetracoor-
dination of the palladium ion and cis location of the allyl
ligand relative to phosphorus.

Complex 3 is one of the rare examples of an (yt-allyl)-
Pd complex with an additional bidentate ligand which
in solution is stable at room temperature and does not
show fluxional behavior.’® This is remarkable on com-
parison. Allyl complexes with the terpy ligand® only
display #73-coordination in solution. Braunstein’s (allyl)-
(NOPON)Pd complex is a mixture of - and n3-allyl
isomers in CD,Cl, at room temperature, while the 7!
form is exclusively observed in toluene-dg solution at
259 K.10 zL-Allyl complexes with the PNP ligand®® were
exclusively found in the 7-bonding mode with fast
exchange between the terminal allylic carbon atoms.

Reaction of the (p3-Allyl)palladium Complex
4(Cl0O4) with Water. We wondered whether an aquo
complex with n!-allyl coordination would be obtained by
reaction of the #3-allyl complex 4(Cl0,)% with water
(Scheme 1). Indeed, upon addition of >1 equiv of water
to a solution of 4(ClO,4) in CDCI; peaks of an nt-allyl
complex appeared. After 15 min the amount of the new
complex in solution was 5.7%, which increased over the
next few days to finally 21.8% after 2 weeks. With the
help of 2D NMR spectra all resonances of this new
complex were assigned.

The proposal of the structure 5(ClO,4) for the aquo
complex is based on the following facts. (a) The chemical
shift of C1, and C2, were found to be 29.84 and 128.88
ppm, respectively, values in the range typical for an »*-
allyl complex. (b) The allyl system must also be coor-
dinated cis to phosphorus, because NOE signals to the
Si phenyl group were found but none to a proton of the
oxazoline ring and its side chain.

Reaction of *-Allyl complex 3 with Water. When
water was added to a solution of complex 3 in CDCl3, a
second complex was also formed. This new complex
simply was the 5!-allyl complex 5(Cl), formed by sub-
stitution of the chloride ion in complex 3 by a water
molecule. The ratio of complex 3 to the aquo complex
5(Cl) was 16.2:1. No exchange peaks in NOESY spectra
(tmix = 600 ms, 1 s) were found, and the ratio 3:5(Cl)
did not change after a few minutes; i.e., the reaction
was faster than the reaction of 4(ClO,4) with water.

(18) For earlier examples see: (a) Dahan, F. J. Chem. Soc., Chem.
Commun. 1974, 505. (b) Numata, S.; Okawara, R.; Kurosawa, H. Inorg.
Chem. 1977, 16, 1737. (c) Buch, H. M.; Binger, P.; Benn, R.; Kruger,
C.; Rufinska, A. Angew. Chem., Int. Ed. Engl. 1983, 22, 774.
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Experimental Section

Pd complexes were prepared under dry argon using stan-
dard Schlenk techniques. The NMR spectra were recorded at
room temperature on a Bruker DRX 500 instrument operating
at 500.13 MHz for *H and 125.76 MHz for *3C. Chemical shifts
for CDCl; solutions are given in ppm relative to residual CHCI3
(*H, 6 7.26; 3C, 6 77.0) and the 3P NMR shifts relative to
external 85% H3;PO, (6 0.00). NOESY spectra were recorded
using a mixing time of 600 ms. Melting points were determined
in open glass capillaries and are not corrected.

Crystallographic data were collected (Table 1) using a three-
circle diffractometer (Bruker Smart CCD) with a CCD detector.
Intensities were corrected for Lorentz and polarization effects.
An empirical absorption correction was applied by using the
SADABS program®® based on the Laue symmetry of the
reciprocal space. The structures were solved by direct methods
and refined against F? with a full-matrix least-squares algo-
rithm with the SHELXTL-PLUS (5.03) software package.?®

(3*-3,3-Diphenylprop-2-enyl){ (4S)-[2-(diphenylphos-
phino)phenyl]-4,5-dihydro-4-(2-propyl)oxazole} palladium-
(11) Chloride (3). Ligand 1 (51.2 mg, 0.137 mmol) was added
to a solution of (1,1-diphenylallyl)palladium chloride dimer 213
(43.0 mg, 0.064 mmol) in CH.CI, (5 mL). The solution was
stirred for 1 h in the dark and was then filtered through Celite,
which was washed with CH,Cl,. The filtrate was concentrated
in vacuo to give a yellow oil. Single crystals suitable for X-ray
measurement were grown by dissolving the oil in CH,CI, and
allowing ether to slowly diffuse into the solution at +4 °C.
Yield of 3: 62.0 mg (68%).2* Mp: 225—226 °C. [a]p?* = +438.1°
(c = 0.90, CHCI3). *H NMR: 6 0.45 (d, 331535 = 6.9 Hz, 3H,
H3s), 0.82 (d, 3J1s2s = 7.1 Hz, 3H, H2g), 2.30 (dqqg, 3J41s = 3.9
HZ, 3\]15,25 =5 69, 3\]15.35 =6.9 HZ, 1H, Hls), 2.39 (ddd, 3J:Lasi,laRe
= 6.5, 2‘]1a5i12a = 123, 3J1a5i,p = 12.3 HZ, 1H, HSila), 3.47 (q,
3JlaSi,1aRe =59, ZJlaRe,Za = 5.9, 3\JlaRe,P =59 Hz, 1H, HRela),
4.22 (dd, 3\]4,5Re = 5.5, ZJ5Rev53i = 8.8 HZ, lH, HRQS), 4.38 (dd,
3J4,55i =~ 91, SJSRe,SSi =~09.1 HZ, lH, H5i5), 5.33 (ddd, 3\]4'13
=4.2,3J45re = 5.3, 3J4ssi = 9.8 Hz, 1H, H4), 6.74 (dd, 3Jgo =
9.0, 3Jg_p =9.0 HZ, lH, H8), 6.82 (dd, 3~J25i,3Si = 75, 3J25i,p =
11.7 Hz, 2H, Hsi2), 6.93 (m, 2H, 10,-H), 6.98 (m, 1H, H2,), 6.99
(m, 1H, H11,), 7.03 (m, 2H, H9,), 7.17 (m, 1H, H74), 7.21 (m,
2H, H6y), 7.24 (m, 2H, H3ge), 7.27 (M, 2H, H3g;), 7.30 (M, 4H,
H2ge, H5,), 7.36 (m, 1H, H9), 7.37 (m, 1H, H4s), 7.39 (m, 1H,
H4ge), 7.50 (dd, 2Jg10 = 7.6, 3J1011 = 7.6 Hz, 1H, H10), 8.01
(ddd, 4\]8,11 = 1.0, 4Juvp = 4.0, 3310,11 =7.8 HZ, 1H, Hll) ppm.
3C NMR: 6 15.46 (C3s), 18.19 (C2), 25.80 (C1y), 31.09 (C1y),
68.82 (C5), 70.11 (C4), 125.51 (C7a), 126.06 (C11,), 127.22 (C5.,),
127.50 (C10,), 127.76 (C6,), 128.21 (Cls;j), 128.51 (C3g.), 128.61
(CSsi), 129.06 (Clge), 129.22 (C6), 130.13 (C4si), 130.64 (C9.),
130.80 (-7), 130.86 (C10), 131.04 (C4ge), 131.59 (C11), 131.82
(C9), 133.05 (C2si), 133.90 (C8), 134.34 (C2re¢), 135.38 (C3.),
137.02 (C2,), 141.04 (C8,), 145.08 (C4a), 161.42 (C2) ppm. 3P
NMR: ¢ 29.32 ppm. HMS (FAB+): calcd for PdCzgH3/NOP*
m/e 672.1647, found 672.1668 (A = +2.1 amu). Anal. Calcd
for PdCsH3;NOPCI (708.58): C, 66.11; H, 5.26; N, 1.98.
Found: C, 65.01; H, 5.38; N, 2.03.

NMR Data of (y'-3,3-Diphenylpropenyl({(4S)-[2-(di-
phenylphosphino)phenyl]-4,5-dihydro-4-(2-propyl)-
oxazole}aquopalladium(ll) Perchlorate (5CIO,). H
NMR: 6 0.01 (d, 3J1s3s = 7.2 Hz, 1H, H3;), 0.80 (d, 2J152s = 6.9
Hz, 3H, H2y), 2.25 (M, 2H, Hgela, Hsila), 2.67 (dqq, 3J41s = 2.9
HZ, 3\]15,25 = 69, 3\]15'35 =6.9 HZ, 1H, Hls), 4.38 (dd, 3~]4,5Re =
5.2, 2J5re,55i =89 HZ, 1H, HReS), 4.49 (dd, 3J4,5$i = 93, 3J5Re,5$i
=10.1 HZ, 1H, H5i5), 5.59 (ddd, 3J4,1s = 3-1, 3J4,5Re = 5.0, 334,5Si

(19) Sheldrick, G. M. Unpublished work, 1996. Based on a method
described in: Blessing, R. H. Acta Crystallogr., Sect. A 1995, 51, 33.

(20) Sheldrick, G. M. SHELXTL-PLUS; Bruker Analytical X-ray
Division, Madison, WI, 1995.

(21) The quality of the X-ray crystal data was excellent. Neverthe-
less, the crystals contained some residual solvent that could neither
be modeled during the structure refinement nor removed by drying;
as a consequence, the C value of the elemental analysis is slightly
inaccurate.
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=10.1 Hz, 1H, H4), 6.05 (M, 1H, H2,), 6.97 (ddd, *Js.10 = 0.9,
3350 = 7.2, 3Jgp = 10.7 Hz, 1H, H8), 7.59 (m, 1H, H9), 7.74
(ddd, 4\]3,10 = 1.2, 3\]9,10 = 7.8, 3\]10,11 =7.8 HZ, lH, H].O), 8.14
(ddd, 4J8,ll = 10, 4J11,p = 38, 3\]10'11 =79 HZ, 1H, Hll) ppm.
13C NMR: 6 12.61 (C3y), 18.33 (C25), 29.84 (C1.), 30.30 (CL),
68.75 (C5), 71.08 (C4), 128.88 (C2,), 161.38 (C2) ppm. 3P
NMR: ¢ 25.95 ppm.
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