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The ligand 2,5-his(oxazinyl)-3,4-diethylpyrrole (4) was obtained in three reaction steps from the known pyrrole
derivative 3,4-diethylpyrrole-2,5-dicarboxylic acid (1) which was first coupled with 2 molar equiv of (S)-1-benzoxy-
3-butylamine to give the corresponding diamide 2 using dicyclohexylcarbodiimide and 1-hydroxybenzitriazole as
coupling reagents. Subsequent hydrogenolysis of the benzyl ether functions yielded the dialcohol 3 which was
cyclized in high yield after methylsulfonation and treatment with an excess of NaOH giving the target compound
2,5-bis[2-{ (S)-5-methyloxazinyl} ]-3,4-diethylpyrrole (4). Lithiation of 4 by reaction with 1 molar equivalent of nBulLi
at —78°C and addition of [PdCI(COD)] to the lithium pyrrolide cleanly gave the palladium complex 5 which was
fully characterized. Complex 5 is unstable in solution and dimerizes to give a mixture of two diastereomeric helical
dinuclear complexes, 6a and 6b, which cocrystallized in a 1:1 ratio to give X-ray quality single crystals. Both
isomers possess virtual molecular 2-fold symmetry (though no crystallographic rotational symmetry), the molecular
C,-axis being orthogonal to the Pd--+Pd vector.

Introduction studied to daté3~1” One of the main reasons for the paucity

Oxazolines and their derivatives have been studied in aof the latter is the lack of natural sources for the chiral
wide range of applications in asymmetric catalysis and 3-aminoalkan-1-ols which are the precursor materials in the

belong to the basic “tool kit” of ligand design in this fietd2 synthesis of these heterocycles. This is in contrast to the
In contrast, the coordination chemistry of the analogous chiral @bundance of the enantiomerically pure 2-aminoalkan-1-ols
six-member heterocycles, theH4l,3-oxazines, is barely ~derived from amino acids, ephedrins, and so forth.

Whereas the oxazoline ring systems are almost planar and
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chimie.u-strasbg.fr. Fax:-33-390-241531. possess the r|g|d|_ty deswe(_j for the con_strucuon_of a we_II-
(1) Evans, D. A.; Woerpel, K. A.; Hinman, M. M.; Faul, M. M. Am. defined chiral environment in asymmetric catalysis, the six-
Chem. Socl991, 113 726. membered ring systems of the oxazine analogues are much
(2) Corey, E. J.; Imai, N.; Zhang, H.-Ya. Am. Chem. Sod.99], 113 : ’
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3) g/l4ullze3[,2D.; Umbricht, G.; Weber, B.; Pfaltz, Aelv. Chim. Actal991, tions. This problem may be circumvented by ring fusion, a
(4) Loewenthal, R. E.; Abiko, A.; Masamune, Bettrahedron Lett199Q strategy pursued by Evarid* and Kindigt>*¢ in their
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(5) Nishiyama, H.; Sakagushi, H.; Nakamura, T.; Horihata, M.; Kondo, P p13 14p Y 15.16 . . y
M.: Itoh, K. Organometallics1989 8, 846. tems 11314 and 111>1® and a more flexible monocyclic
(6) ll\léSghiyfygbg-: Kondo, M.; Nakamura, T.; Hoh, Rrganometallics derivative studied by Zehnder et alll()*” proved to give
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The First C,-Chiral Bisoxazine Ligand

Scheme 1. Three Step Synthesis of the Ligand Precursor 3,4-Diethylpyrrole-2,68hi&{methyl-4H-1,3-oxazine] 4)
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Chart 1 The arrangement of the three N-donor functions in these
ligands proved to be unsuitable for the complexation of a
o} o single metal center, yielding instead helical dimeric com-
PhP N Ph,P N plexes. To overcome this problem of additional stereochem-
| @ n i ical complexity, we have modified the arrangement of the
0 (I donor atoms both by integration of bridging methylene
groups linking the heterocycle¥J?° and by increasing the
size of the outer chiral heterocycles. In this paper, we report
| © the first example of &,-chiral bisoxazine ligand\{l) and
PhoP N its complexation to palladium(ll).
() Ph Results and Discussion
Chart 2 The ligand 2,5-bis(oxazinyl)-3,4-diethylpyrrold)(was
) obtained in three reaction steps from the known pyrrole
o I\ o N derivative 3,4-diethylpyrrole-2,5-dicarboxylic acid) (as is
€] shown in Scheme 1.

(V) (S)}1-benzoxy-3-butylamine to give the diamidey a well-
established coupling protocol using dicyclohexylcarbodiimide
and 1-hydroxybenzotriazole in DMF at@ 21?2 Subsequent
hydrogenolysis of the benzyl ether functions yielded dial-
o U\ o cohol 3 which was cyclized in high yield after methylsul-
I N |J fonation and treatment with an excess of NaB#t. After
workup, the target compound 2,5-big[2S)5-methyloxazi-
= nyl}]-3,4-diethylpyrrole 4) was obtained as a pale yellow
oil. Its formulation was confirmed by elemental analysis and
As Kiindig pointed out®'¢ a potential advantage of the the observation of its molecular ion peaknaliz = 317 amu
replacement of the oxazoline rings by the larger oxazines isin the ElI mass spectrum while the molecular structure
the somewhat different orientation of the substituent group depicted in Scheme 1 is consistent with the signal patterns
at the chiral center adjacent to the N-donor atoms. Moreover, in the 'H and**C NMR spectra. The:(N—H) andv(C=N)
when integrated into a polydentate ligand, the ligating atom bands at 3444 and 1641 ctare the most characteristic
points further inward toward a metal center than is the casefeatures in the infrared spectrum.
with the analogous oxazoline derivatives. This was an Lithiation of bis(oxazinyl)pyrrole 4) by reaction with 1
important consideration in our development of n@wchiral molar equivalent ofBuLi at —78 °C and addition of [PdG}
tridentate monoanionic ligands such as the bis(oxazolinyl)- (COD)] to the lithium pyrrolide cleanly gave palladium
pyrro|es (V, Chart 2) we recenﬂy deve|op@dgwhich may CompleXS which was isolated after Chromatographic Workup
be viewed as charged analogues to the well-established

TN \_7
‘\}N © N _y‘ Q o\\\{‘ N\//;O) Diacid 1 was first coupled with 2 molar equivalents of
v)

(v

(20) Mazet, C.; Gade, L. HChem—Eur. J, in press.

“ P H —9
neutral “pybox” ligands. (21) Konig, W.; Geiger, RChem. Ber197Q 103 788.
(22) Klausner, Y. S.; Bodansky, Msynthesis1972 453.
(18) Mazet, C.; Gade, L. HOrganometallics2001, 20, 4144. (23) Klausner, Y. S.; Bodansky, Msynthesis972 453.
(19) Mazet, C.; Gade, L. HChem—Eur. J. 2002 8, 4308. (24) Gilbertson, S. R.; Chang, C. W. J. Org. Chem1998 63, 8424.
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Figure 1. Positive ion FAB mass spectrum 6&/b showing the molecular iont(H) peak at 917 amu for the dinuclear complex, the correspor{diimger

— Cl} ion (881.4) as well as the mononuclddigand + Pdt* at 421 amu.

Scheme 2. Synthesis of BisoxazinePalladium Comple)6 and Its
Dimerization to Give the Mixture of Helical Diastereoméa/b

1) nBuLi,
oA N__o_ -78°C, Ety0, 30 min. o I\ o
N |J > [N |J
N N 2) [PACI,(COD)], N\Pé/"‘
= Etzo, rt, 12h. | =
4
cl

(P)-6a + (M)-6b

(Scheme 2). The signal patterns in th¢ and 13C NMR
spectra are consistent with the overall 2-fold symmetry of
the C,-chiral monomeric complex, the individual resonances
being shifted with respect to those of ligand precursdn
particular, the'3C NMR signal of the quaternanZ=N

peak at 917 amu for the dinuclear complex is associated with
the isotopomer distribution of thgdimer — CI} ion. The
mononucleaf ligand + Pd}* ion is observed at 421 amu.

In contrast to the helical dinuclear Pdomplexes bearing
chiral bis(oxazolinyl)pyrrole ligand¥,the separation of the
diastereomersba and 6b by chromatography was not
possible. To establish the molecular structures of these
complexes by X-ray diffraction, their direct crystallization
from the product mixture was attempted. Both isomers
cocrystallized in a 1:1 ratio to give X-ray quality single
crystals. The triclinic crystals (space groBp) contain one
molecule each ofa and6b in the unit cell which represent
the P and theM helical isomers, respectively. Their molecular
structures are depicted in Figure 2 along with the principal
bond lengths and angles which are not affected by the
unresolved disorder in the six-membered dihydrooxazine
rings of the ligands.

In the two diastereomeric dimers found in the unit cell,
one of the oxazinyl units and the anionic pyrrolide occupy
two coordination sites in an approximately square planar
ligand arrangement at the Pd centers and thus generate an
essentially planar unit. The second oxazinyl ring, however,
is twisted out of this plane and binds to the second metal

nucleus adjacent to the N-donor atoms in the oxazine ringscenter, and it is this twist in the two bridging ligands which

is shifted fromd 150.1 in4 to ¢ 161.1 in 578 The
tricoordination of the ligand is supported by the observation
of a singlev(C=N) band at 1630 cmt in the infrared
spectrum of5.

Complex5 is unstable in solution and dimerizes over a
period of several hours to give a mixture of two diastereo-
meric helical dinuclear complexea and6b, analogous to
those which were directly and exclusively isolated for the
palladium(ll) compounds containing the analogous bis-
(oxazolinyl)pyrrole ligands which we previously studi€d?®
The dimerization may be directly inferred from the positive

is the key structural element in the helical overall arrange-
ment of the compounds. The oxazinyl rings are nonplanar;
however, it proved not possible to resolve the disorder
between the conformers, as is reflected in the large vibra-
tional ellipsoids. The following structural dicussion is not
affected by this deficiency.

Both isomers possess virtual molecular 2-fold symmetry
(though no crystallographic rotational symmetry), the mo-
lecularC,-axis being orthogonal to the PePd vector which
implies that the idealized helical arrangement is associated
with only one torsion angle between the pyrolide ring and

ion FAB mass spectrum of the material (Figure 1) obtained the oxazolinyl unit bound to the second metal ceftet’

after the complete conversion bfto 6a/b, while the CHN
analytical data remain unaltered. The molecular it}
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For the complexe$a and 6b, the average twist angles are
33.5° and 31.8, respectively. This decrease of the torsional



The First C,-Chiral Bisoxazine Ligand

Figure 2. Top: Molecular structures of the two diastereomeric herical palladium complexes cocrystallizing in the same unit cell. Bottom: Comparison of
the space filling models of the two helicates. In both cases, diethyl substituents of the pyrrole ring have been omitted for clarity. Selectegihsoff) len

and interbond angles (deg) follo®a: Pd(1)-CI(1) 2.28(5), Pd(1}N(1) 2.03(1), Pd(1}N(2) 2.07(1), Pd(1)}N(4) 2.09(1), Pd(2)CI(2) 2.30(7), Pd(2y

N(3) 2.07(1), Pd(2¥N(5) 1.97(1), Pd(2XN(6) 2.05(1); CI(1}-Pd(1)}-N(1) 92.4(4), CI(1}Pd(1}-N(2) 171.1(4), N(2}-Pd(1)-N(4) 97.2(4), CI(2)-
Pd(2)-N(6) 96.0(3), CI(2y-Pd(2)-N(5) 174.5(4), N(5)-Pd(2)-N(3) 96.6(5), N(2)-C(7)—C(9)—N(3) 33.0, N(4)-C(19)-C(24)—N(5) 33.9.6b: Pd(3)-

CI(3) 2.29(4), Pd(3)yN(9) 2.02(5), Pd(3)yN(8) 2.07(3), Pd(3)N(10) 2.03(7), Pd(4)Cl(4) 2.31(2), Pd(4)yN(12) 2.01(6), Pd(4yN(11) 2.00(1), Pd(4y

N(7) 2.00(5); CI(3)-Pd(3)-N(9) 92.5(3), CI(3)-Pd(3)-N(8) 173.3(7), N(8)-Pd(3)~N(10) 97.5(4), CI(4}-Pd(4)-N(7) 87.2(0), CI(4}-Pd(4)-N(11) 169.9(8),
N(7)—Pd(4)-N(11) 98.1(3), N(7>-C(37)-C(42)-N(8) 29.4, N(10}-C(55)-C(60)—N(11) 33.8.

angle upon going fronda to 6b is associated with a slight effect that a reorientation of the N-donor functions in
increase in the PetPd distance from 3.415 to 3.551 A. comparison to those of the oxazoline analogues would have.
The principal structural differences between molecular However, the stabilization of the desir€g-chiral monomer

structures of complexe&a and6b are most readily visualized  is as yet insufficient to prevent the slow dimerization of such
by comparison of their molecular shapes represented by thea complex in solution. We have been able to structurally
space filling models depicted below the ORTEP plots in characterize the two diastereomeric helicates obtained in this
Figure 2. The most apparent consequence of the two differentaggregation process while being unsuccessful in separating
senses in which the ligands “wrap around” the two Pd centersthem to date. We are currently varying the periphery of this
in the helical isomers is the orientation of the methyl ligand system. The replacement of the methyl groups at the
substituents in the oxazine rings Vis#is the groove of the  chiral centers of the oxazine ring by bulkier aryl or alkyl
helix. In the M)-isomer,6b, the methyl groups pointinside  sybstituents might suppress the dimer formation and make
the groove toward the other helical strand, whereas®fte ( the complexes bearing this type of chiral ligand more adapted
isomer, 6a, displays the opposite orientation. In both to an application in asymmetric catalytic transformations.
structures, there is apparently no significant “interstrand” These ligands would constitute charged alternatives to the

repulsion between the ligand peripheries [e.g., closestchiral “pybox” derivative&® and thus give access to different
contacts between the alkyl fragmentd.0 A]. There is, thus,  ¢oordination geometries in the catalyst precursors.

apparently no energetic preference for one of the diastere-
omers based on factors related to steric repulsion. Experimental Section

Conclusions Solvents were dried according to the standard procedures and
. . . . . . saturated with nitrogen. Solids were separated from suspensions
i The ISO|?.tI0n of'a monomerlc.pal!adlum cqmplex In thls by centrifugation, thus avoiding filtration procedures, using a
first investigation into the coordination chemistry of a bis- etich Rotina 48 centrifuge equipped with a specifically designed
(4H-1,3-oxazinyl)pyrrole ligand has confirmed the expected schienk tube rotor (Hettich Zentrifugen, Tuttlingen, Germaady).
The 'H and 3C NMR spectra were recorded on Bruker AC 300

(25) Piguet, C.; Bernardinelli, G.; Hopfgartner, Ghem. Re. 1997, 97, (*H 300 MHz; 3C{1H} 75 MHz), Bruker AM 400 {H 400 MHz;
2005. ’ ' ’

(26) Albrecht, M.Chem. Re. 2001, 101, 3457.

(27) zarges, W.; Hall, J.; Lehn, J. M.; Bolm, Glev. Chim. Acta 1991, (28) Hellmann, K. W.; Gade, L. HVerfahrenstechnik (Berlin}997, 31,
74, 1843. 70.
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13C{1H} 100 MHz), and Bruker ARX 500 500 MHz; 13C{H} 3,4-Diethylpyrrole-2,5-bis[(S)-4-methyl-4H-1,3-0xazine] (4).
125 MHz) spectrometers. Infrared spectra were recorded on aTo an ice cold solution o8 (2.0 g, 5.66 mmol) and B (25.0
Perkin-Elmer 1600 FT-IR spectrometer and UV spectra on a Varian mmol) in 20 mL of dichloromethane was slowly added 3.5 mL of
Cary 05E UV~ vis NIC spectrometer. El mass spectra were recorded MsCl (14.2 mmol). The mixture was allowed to warm to room
on a Shimadzu QP5050-GC/MS system. The elemental analysistemperature and reacted for 1 h. After washing with water (5 mL),

were carried out by the Service Commun de Microanalyze de
I'Université Louis Pasteur of Strasbourg. 2,5-Dicarboxyl-3,4-
diethylpyrrole ()2°-3% and [PdC)(1,5-COD)P* were prepared
according to the previously described procedu(8$1-Benzoxy-
3-butylamine was provided by BASF AG (Ludwigshafen, Ger-

the organic phase was dried with #$£,, and the volatiles were
removed in vacuo to give a yellow oil which was used in the next
step without purification. The bis-mesylated compound was treated
with NaOH (0.228 g, 5.7 mmol) in 25 mL of a MeOH#8 mixture
(5:1). The reaction mixture was stirred at room temperature for 3

many). All other chemicals used as starting materials were obtainedgays, then washed with water, and dried oves3@. The solvents

commercially and used as received without further purification.

Preparation of the Compounds. 3,4-Diethylpyrrole-2,5-bis-
[(S)-1-benzoxy-3-butyl]carboxamide (2).To a solution of 3,4-
diethylpyrrole-2,5-dicarboxylic acid (0.5 g, 2.37 mmol) in 75 mL
of DMF were added 1.075 g of DCC (5.21 mmol) and 0.704 g of
HOBt (5.21 mmol) at 0°C. After 30 min, 0.919 g of $-1-
benzyloxy-3-butylamine (5.21 mmol) was added portionwise. The
resulting mixture was then stirred for 48 h under a nitrogen
atmosphere at room temperature. The reaction mixture was filtered
and washed with DMF and the solvent removed under vacuum.
The mixture is retaken in EtOAc and washed several times with a
satured NaHC@aqueous solution, and the combined aqueous layer
was extracted with EtOAc. The combined organic layers were
washed successively with brine and water and then dried over
anhydrous Ng50,. After chromatographic work-up (SiQhex-
anes-EtOAc 2:1), the product was isolated as a pale off-white solid
(0.911 g, 1.71 mmol, 72% yield)H NMR (300 MHz, CDC}, 295
K): 10.5 (broad s, 1H, Nk}x); 7.28 (m, 10H, Ph); 6.70 (d, 2H,
NHC=0, 3] = 7.9 Hz); 4.46 (s, 4H, €,Ph); 4.35 (m, 2H, NE&l);

3.56 (m, 4H,&,0); 2.53 (q, 4H, CH pyr); 1.88 (m, 2H, GiH,-
CH,0); 1.76 (m, 2H, CHi,CH,0); 1.21 (d, 6H, CH, 3J = 6.6
Hz); 1.11 (s, 6H, Chyn).

{*H}*3C NMR (75 MHz, CDC}, 295 K): 160.9 (Gjapyr); 137.9
(NHC=0); 128.3 (Gy); 127.9 (Gy); 127.7 (Gy); 127.6 (Gy); 123.5
(Cosspyr); 73.3 (OCH); 67.2 (CH); 43.5 (CH); 35.7 (CH); 20.1
(CHa); 17.5 (CH pyn); 15.9 (Chpyr). IR (KBr disk): 3414 (w),
2931 (m), 1707 (w), 1634 (m), 1552 (m), 1459 (m), 1420 (m),
1098 (m), 896 (m). Anal. Calcd fordgH43N30,4 (533.70): C, 72.01;

H, 8.12; N, 7.87. Found: C, 71.97; H, 8.04 N, 7.99.
3,4-Diethylpyrrole-2,5-bis[{ (S)-1-hydroxyl-3-butyl}-
carboxamide] (3). Compound2 (3 g) was dissolved in 25 mL of
THF, and activated palladium on charcoal (4.1 equiv) was added.
The mixture was stirred under an hydrogen atmosphere (1 bar) for
2 h, then filtered, and washed several times with THF. After removal
of the solvent, the product di@ was isolated as a pale yellow oil
(1.927 g, 97% yield)'H NMR (300 MHz, CDC}, 295 K): 10.8
(broad s, 1H, NH,q); 6.49 (d, 2H, NHG=0O, 3] = 8.4 Hz); 4.34
(m, 2H, CH); 3.99 (s broad, 2H, OH); 3.62 (m, 4HH¢D); 2.67
(9, 4H, CHppyr); 1.85 (m, 2H, G1H,CH,0); 1.24 (d, 6H, CH, 3J
= 6.7 Hz); 1.15 (s, 6H, Chyr). {*H}*C NMR (75 MHz, CDC4,
295 K): 161.9 (Gupyr); 128.5 (NHC=0); 122.3 (Gspym); 58.7
(CHy); 42.4 (CH); 39.9 (CH); 21.0 (CH); 17.8 (Chpyr); 15.8
(CHapyr). IR (KBr disk): 3426 (w), 1720 (m), 1612 (m), 1516 (m),
1422 (m), 1096 (s), 973 (s), 895 (s). Anal. Calcd fagt3iN30,
(353.46): C, 61.17; H, 8.84; N, 11.89. Found: C, 61.01; H, 8.97;
N, 11.55.

(29) Knorr, L.Ber. Dtsch. Chem. Ge4884 17, 1635.

(30) Knorr, L.Annalen1886 236, 290.

(31) Eisner, U.; Lichtarowicz, A.; Linstead, R. £.Chem. Soc 957, 733.

(32) Paine, J. B., lll; Woodward, R. B.; Dolphin, D. Org. Chem1968
33, 2169.

(33) Whitelock, H. W.; Hanauer, RI. Org. Chem1968 33, 2169.

(34) Drew, D.; Doyle, J. RInorg. Synth.1972 13, 47
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were removed to givé as a pale yellow oil in 88% yield (1.581
9).

1H NMR (300 MHz; CDC}): 10.1 (br s, 1H, NByq); 4.25 (m,
4H, OCHyoxg; 3.56 (M, 2H, CHoyy); 2.66 (g, 4H, CHyyr); 1.95
(m, 2H, CHH o); 1.61 (M, 2H, CHHoxg); 1.20 (d, 6H, CH, 3J =
6.8 Hz); 1.07 (t, 6H, Chlyy. {H}**C NMR (75 MHz, CDC},
295 K): 150.1 (G=Noxa); 127.9 (Gyspym); 121.8 (Gyapyn); 63.4
(CHy); 47.6 (CH); 30.4 (CH); 24.1 (CHy); 18.7 (Chbpyr); 17.0
(CHgpyn). IR (CHClp): 3444 (m); 2966 (s), 1641 (s), 1523 (w),
1452 (w), 1314 (m), 1258 (s), 909 (w), 805 (w) chnAnal. Calcd
for C1gH27N30, (317.43): C, 68.11; H, 8.57; N, 13.24. Found: C,
67.92; H, 8.44 N, 13.20.

[(Bisoxazine)PdCI] (5).A solution of4 (0.1 g; 0.32 mmol) in
20 mL of EO was cooled under a nitrogen atmosphere-#8
°C. A 1.6 M solution of"BuLi in hexanes (0.20 mL) was added
and the mixture stirred at this temperature for half an hour and
warmed to room temperature. A suspension of [BACH-COD)]
(0.100 g, 0.35 mmol) in 15 mL of diethyl ether was then added via
a cannula. After the addition was completed, the reaction mixture
was stirred for 8 h. The reaction mixture was filtered over a pad of
Celite and the solvent removed in vacuo. The orange residue was
subjected to a rapid flash column chromatography (silica gel;
hexanes EtOAc 1:6).'H NMR (300 MHz; CDC}): 4.35 (m, 4H,
OCHyox9; 3.58 (m, 2H, CHyy); 2.33 (q, 4H, CHygyr); 2.20 (m, 2H,
CHHoxa); 1.17 (m, 2H, CHHoxa); 1.38 (d, 6H, CH, 3J = 6.7 Hz);
1.05 (t, 6H, CHoxg. {*H}C NMR (75 MHz, CDC}, 295 K):
161.1 (C=Noxa); 128.3 (Gsspyr); 106.3 (Grapyr); 62.8 (CHy); 48.7
(CH); 29.7 (CH); 27.5 (CH); 17.4 (CHypyr); 16.6 (CHypyn). IR
(KBr): 2924 (s), 1630 (s), 1585 (s), 1556 (s), 1456 (s), 1260 (s),
1098 (s), 1018 (s), 870 (m), 799 (s), 392 (m), 338 (w). Anal. Calcd
for C1gH26CIN3O,Pd (458.29): C, 47.17; H, 5.72; N, 9.17. Found:
C, 46.86; H, 5.59; N, 9.09.

Selected Spectroscopic Data for the Mixture of Diastereomers
6a/b.'H NMR (300 MHz; CDCE): 4.6-4.2 (m, OCHqy; 3.5~
3.7 (m, CHya); second-order spectra between 0.87 and 2.70 ppm
(CHzpyr, CHaoxa CHs, CHaoxg. {*H}3C NMR (50 MHz, CDC},
295 K): 164.5, 163.9, 163.4, and 162.1=N); 130.8, 130.1,
129.1, and 128.3 (£zpyn); 101.3 and three other peaks not detected
(Csiapyr); 65.0, 62.9, 62.8, and 62.2 (G 51.9, 49.0, 48.7, and
46.9 (CH); 33.9, 29.0, 27.5, and 27.1 (§H25.7, 25.3 (2 peaks),
and 25.0 (CH); 22.7, 21.9, 21.5, and 20.4 (Gf); 18.8, 18.3,
17.4, and 16.6 (Chlyn). IR (CHxClp): 2967 (m), 2926 (m), 1614
(s), 1608 (s), 1600 (s), 1525 (m), 1470(m), 1400 (s), 1281 (s), 1177
(s), 341 (w). Elemental analysis identical to that5of

X-ray Crystallographic Study of 6a/b. Suitable crystals of
cocrystallized compoun@ia/b were obtained by layering concen-
trated solutions of the compounds in dichloromethane with hexanes
and allowing slow diffusion at room temperature. The crystal data
were collected on a Nonius Kappa CCD diffractometer-a00
°C and transferred to a DEC Alpha workstation; for all subsequent
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Table 1. X-ray Experimental Data of Compour&a/b

6a/b

formula Q6H52C|2N604Pd2/

C36H52CloNsOsP b
molecular weight 916.56
cryst syst triclinic
space group P1
a(A) 9.8399(3)
b (A) 13.7785(7)
c(A) 15.9563(5)
o (deg) 78.859(5)
B (deg) 72.529(5)
y (deg) 72.664(5)
V (A3) 1957.0(1)
z 1
pealcd(9 cnm ) 1.56
F000 936
w (mm1) 1.101
T (K) 294
wavelength (A) 0.71073
radiation Mo Ko
no. data measured 11386
no. data withl > 3 o(l) 7215
no. variables 886
R 0.042
wR; 0.056
GOF 1.133

calculations, the Nonius OpenMoleN package was §3éthe
structure was solved using direct methods with absorption correc-

(35) OpenMoleN, Interactie Structure SolutianNonius: Delft,1997.

tions being part of the scaling procedure of the data reductions.
After refinement of the heavy atoms, difference Fourier maps
revealed the maxima of residual electron density close to the
positions expected for the hydrogen atoms; they were introduced
as fixed contributors in the structure factor calculations with fixed
coordinates (EH: 0.95 A) and isotropic temperature factors (B(H)

= 1.3B,q(C) A? but not refined. Full least-squares refinements
on F2. A final difference map revealed no significant maxima of
electron density. The scattering factor coefficients and the anoma-
lous dispersion coefficients were taken from ref 36. Crystal data
and experimental details for the crystals @d/b are given in
Table 1.
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