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Introduction

The development of synthetic methodology for enantiose-
lective bond formation is a topic of fundamental importance.
A particularly attractive strategy involves the use of catalytic
guantities of chiral transition-metal cataly3t<hiral phosphine-

based ligands have played an important role in the development
of transition-metal-catalyzed asymmetric synthesis. The use of

phosphite ligands derived from the chiral pool, e.g., carbohy-
drates® provide an attractive alternative to phosphine-based
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Figure 1. Chemical Abstractsiumbering of the 18-dibenzofl,g-
[1,3,2]dioxaphosphocin ring system.

ligands. Several recent publications report the successful
application of chiral phosphite ligands in asymmetric syntHegis.
Bis(phosphite) ligands employing eight-memberedH12
dibenzofl,g[1,3,2]dioxaphosphocin rings have appeared in the
patent literature, which are reported as ligands for Rh(l)-
catalyzed hydroformylation reactioAfuite recently van Leeu-
wen and co-workers suggested that the large natural bite angle
in ligands such ag increases the stereoselectivity of the Rh-

(I
o-P.
O OP(OPh),

()-catalyzed hydroformylation reactidtl® Gladfelteret al.

R = tert-butyl
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found that the geometric inclination of the ruthenium carbonyl
complex of2 is a result of steric rather than electronic effeéts.
The study of cyclic pentaoxyphosphoranes provides mecha-
nistic information concerning nucleophilic displacement reac-
tions at tetracoordinate phosphoféd3 Typically, in cyclic
pentaoxyphosphoranes with trigonal bipyramidal geometry, the
ring assumes an axiakquatorial placement. Extensive stud-

ies by Holmes and co-workers on pentaoxyphosphoranes

incorporating certain tetrtert-butyl-substituted 1RA-dibenzo-
[d,dl[1,3,2]-dioxaphosphocin rings pointed to diequatorial ring
placement in both the solid state and soluior?* These
studies have important ramifications for literature proposals

describing activated states of cyclic adenosine monophosphites

where trigonal bipyramidal geometries are invoked.
The conformational analysis of medium-sized organophos-

phorus ring systems has only recently become the focus of a

number of studie$® As part of our continuing interest in the
stereochemistry of the medium-sized metallocyél&é, we
report herein the synthesis and conformational analysis in both
the solid state and solution of several chiral derivatives of the
12H-dibenzofl,g][1,3,2]dioxaphosphocin ring system, as well
as a solutior’’P NMR spectral study of a Pt(Il) complex.

Results and Discussion

Synthesis. The phosphorochloriditd?® was prepared by the
reaction of the bisphen@® with phosphorus(lil) chloride using

(11) Moasser, B.; Gross, C.; Gladfelter, W.1..Organomet. Cheni994
471, 201.

(12) Holmes, R. RPentacoordinated Phosphorus: Reaction Mechansisms,
Vol. Il; ACS Monograph 176; American Chemical Society: Wash-
ington, DC, 1980.

(13) For related work with pentacoordinated siloxanes, see: Day, R. O.;
Prakasha, T. K.; Holmes, R. Rarganometallics1994 13, 1285.

(14) For reviews, see: (a) Luckenbach, BRynamic Stereochemistry of
Pentacoordinated Phosphorus and Related ElemeBtsThieme:
Stuttgart, Germany, 1973. (b) Holmes, R. Rentacoordinated
Phosphorus: Reaction Mechansisms, VoIACS Monograph 176;
American Chemical Society: Washington, DC, 1980.

(15) sSwamy, K. C. K.; Sreelatha, C.; Day, R. O.; Holmes, J.; Holmes, R.
R. Inorg. Chem.1991, 30, 3126.

(16) Prakasha, T. K.; Day, R. O.; Holmes, R.IRorg. Chem.1992 31,
725.

(17) Hans, J.; Day, R. O.; Howe, L.; Holmes, R. IRorg. Chem.1992
31, 1279.
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1913.
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3391.
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1992 31, 5494.

(21) Holmes, R. R.; Prakasha, T. K.; Day, R. l@org. Chem.1993 32,
4360.

(22) Prakasha, T. K.; Day, R. O.; Holmes, R.RAm. Chem. S0d993
115 2690.

(23) Prakasha, T. K.; Day, R. O.; Holmes, R.IRorg. Chem.1994 33,

93.

(24) For an early NMR spectral study suggesting diequatorial placement,
see: Abdou, W. M.; Denney, D. B.; Denney, D. Z.; Pastor, S. D.
Phosphorus Sulfur Relat. Elerh985 22, 99.

(25) Holmes, R. R.; Dieters, J. Anorg. Chem.1994 33, 3235.

(26) For arecent monograph, see: Quin, L. DConformational Analysis
of Medium-Sized HeterocycleSlass, R. S., Ed.; VCH: Weinheim,
Germany, 1988; pp 181216.

(27) Pastor, S. DTrends Heterocycl. Chem993 3, 1993.

(28) Holmes, R. R.; Prakasha, T. K.; Pastor, S. DPhosphorus-31 NMR
Spectral Properties in Compound Characterization and Structural
Analysis Quin, L. D., Verkade, J. G., Eds.; VCH: New York, 1994;
pp 27-39.

(29) (a) Odorisio, P. A.; Pastor, S. D.; Spivack, J. D.; Steinhuebel, L.;
Rodebaugh, R. KPhosphorus Sulfur Relat. Eleri983 15, 9. (b)

For the use of 1-methyl-2-pyrrolidinone in the synthesis of a related
seven-membered ring phoshorochloridite, see: Pastor, S. D.; Shum,
S. P.; Rodebaugh, R. K.; Debellis, A. D.; Clarke, F.Htely. Chim.

Acta 1993 76, 900.

Notes
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" P-Cli
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; CH,
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( 7. R= )\/ 3
CH,
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H3
CH,

(1S,2R,58)-6. R=

CH,

1-methyl-2-pyrrolidinone as a catalyst. In tA®{IH} NMR
spectrum of4, a singlet was observed &t160.1 (lit3° 6 160.0),
which is in the region expected for a trivalent phosphorochlo-
ridite 30,31

The chiral phosphit& was prepared by the reactioné4fith
(9-(+)-butanol B) using triethylamine as an acid acceptor (69%
recrystallized). In thé!P{1H} NMR spectrum of7, a singlet
is observed ab 131.9, which is in the region expected for a
trivalent P(lll) este®232 |n the proton-coupled’ NMR
spectrum of7, a doublet is observed with three-bone- iR J
coupling of 7.5 Hz. In théH NMR spectrum of7 in benzene-
ds, singlets are observed for the protons of four nonequivalent
tert-butyl substituents, which is consistent with the presence of
a stereocenter in the molecule. In chlorofodriwo of thetert-
butyl groups are observed to be accidentally isochronous in the
IH NMR spectrun?” The spectral data were fully in accord
the structurer, illustrated.

The menthol derivative @®2S5R)-8 was prepared in an
analogous manner by the reaction oR{3S5R)-6 with 4. In
the 31P{'H} NMR of (1R,2S5R)-8, a singlet resonance is
observed ath 134.6. The bridging methylene C(12) protons
are observed to be nonequivalent in theNMR spectrum and
appear as two doublets witRlycy = —12.6 Hz3® The
downfield signal is further split by five-bond coupling to
phosphorus®Jye = 2.2 Hz). The magnitude of the observed

(30) (a) Tebby, J. C. Ithosphorus-31 NMR Spectroscopy in Stereochem-
ical Analysis;Verkade, J. G., Quin, L. D., Eds; VCH: Weinheim,
Germany, 1987; pp-160. (b) Kleemann, S. G.; Fluck, E.; Tebby, J.
C. InHandbook of Phosphorus-31 Nuclear Magnetic Resonance; Data
Tebby, J. C., Ed.; CRC Press: Boca Raton, FL, 1991; pp6®

(31) The3P chemical shift for4 reported in ref 29 is incorrect.

(32) Platt, A. W. G.; Kleemann, S. G. IHandbook of Phosphorus-31
Nuclear Magnetic Resonance Datéebby, J. C., Ed.; CRC Press:
Boca Raton, FL, 1991; pp 651.

(33) The two-bond geminal coupling constant is presumed to be negative.
See: Jackman, L. M.; Sternhell, Spplications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemjstnd ed.; Pergamon:
Oxford, U.K., 1969; pp 276279.
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Figure 2. Boat—chair conformer withoutert-butyl substituents.

geminal coupling constant and the observation of five-bond
coupling of the downfield proton signal to phosphorus are
consistent with a boatchair conformation in solutionjde ante
(Figure 1)27:3437

In an analogous manner,32R 59-8 was prepared by the
reaction of (52R,59-6 with 4. The observed optical rotation
of (1S2R,59-8 is equal and opposite to that observed for the
enantiomeric menthol derivative RI2S5R)-8.

Solid-State and Solution Conformation. Studies on the
conformation of the 1B-dibenzofl,q[1,3,2]dioxaphosphocin

Inorganic Chemistry, Vol. 35, No. 7, 199@159

Figure 3. ORTEP view of (R2S5R)-8 showing the crystallographic

ring have appeared only within the past 10 years. Quite recently, numbering scheme (arbitrary).

several reviews have appeared on the suBfeét3” The

commonly accepted nomenclature to describe the conformationtion must be exercised in comparing solid-state and solution

of eight-membered rings is used herein; namely the-bolaair

(Cs symmetry), boatboat Cs symmetry), twist-boat@ sym-
metry), and twist C, symmetry), which are abbreviated BC,
BB, TB, and T, respectivel§#4° Arshinova has noted that
the boat conformerQ; symmetry; abbreviated B) should also
be considered as it is commonly found in the solid s#t&’
The B conformation represents a highly distorted TB geometry
about halfway between the symmeti@ T and BB geom-
etries®® The B conformation is characterized by ardmatic
O—P-0 torsion angle of 034

The originally observed dependence of the magnitude of
the couplings of the C(12) geminal protons in substituted
5,6,7,12-tetrahydrodibenzf|cyclooctenes upon ring con-
formatiorf144 was extended to probe the conformation of
12H-dibenzofl,d[1,3,2]dioxaphosphocins in solutich3” The
observation of a geminal coupling constant-cf2 to —13 Hz
with observabléJyp coupling of 2-4 Hz in 1H-dibenzofl,g-
[1,3,2]dioxaphosphocins is consistent with a BC conformation
with the exocyclic substituent on phosphorus assuming a
pseudoequatorial placemet. Both the magnitude of the
observed coupling constants and the observatidd-gfsuggest
that7 and8 assume a biased BC conformation in solution with
a pseudoequatorial substituent on phosphorus.

Very few X-ray crystal structures otdibenzofl,g|[1,3,2]-
dioxaphosphocins containing tricoordinate P(lll) are known. BC
conformations have been found in the solid state with a
pseudoequatorial substituent on phosphdrd&although cau-

(34) Arshinova, R. P.; Danilova, O. |.; Arbusov, B. Rhosphorus, Sulfur,
Silicon Relat. Elem1987, 34, 1.

(35) Arshinova, R. PRuss. Chem. Re (Engl. Transl.)1988 57, 1142.
(36) Arshinova, R. P.; Plyamovatyi, A. Ch.; Kadyrov, R. A.; Gnevashev,
S. G.; Arbusov, B. APhosphorus, Sulfur, Silicon Relat. Eleh®89

41, 449.

(37) Arshinova, R. PPhosphorus, Sulfur, Silicon Relat. Elefr®92 68,
155.

(38) Anet, F. A. L.; Yavari, I.J. Am. Chem. Sod.977, 99, 6986.

(39) Fraser, R. R.; Raza, M. A,; Renaud, R. N.; Layton, RC&n. J.
Chem.1975 53, 167.

(40) Moore, J. A;; Anet, F. A. L. i€Comprehense Heterocyclic Chemistry
Lwowski, W., Ed.; Pergamon: Oxford, U.K., 1984; Vol. 7, pp 653
707.

(41) Renaud, R. N.; Bovenkamp, J. W.; Fraser, R. R.; Roustan, J.-L. A.
Can. J. Chem1977, 55, 3456.

(42) Barfield, M.; Grant, D. MJ. Am. Chem. S0d.963 85, 1899.

(43) Pople, J. A.; Bothner-By, A. Al. Chem. Phys1965 42, 1339.

(44) Barfield, M.; Sternhell, SJ. Am. Chem. S0d.972 94, 1905.

(45) Litvinov, I. A.; Struchkov, Yu. T.; Arbusov, B. A.; Arshinova, R. P.;
Ovodova, O. V.Zh. Strukt. Khim. (Engl. Transl}984 25, 943.

(46) Pastor, S. D.; Shum, S. P.; Debellis, A. D.; Burke, L. P.; Rodebaugh,
R. K.; Clarke, F. H.; Rihs, Glnorg. Chem.1996 35, 949.

conformations. Lattice energy and the resultant crystal-packing
effects in the solid state can render the solid-state conformation
different from that in solution.

Upon growing suitable crystals of RI2S 5R)-8, we obtained
an X-ray crystal structure (Figure ). A BC conformation is
found for the 12-dibenzofl,g][1,3,2]dioxaphosphocin ring in
(1IR2S5R)-8. The C(1)-0O(1)—P—0(2) and C(13)0O(2)—-P—
O(1) torsion angles are 90.1 an®1.3, values expected for a
BC conformation (Figure 3). The exocyclic oxygen atom
bonded to phosphorus assumes a pseudoequatorial placement
on the ring. The pseudoequatorial placement of the ring
substituent on phosphorus provides an example of the difference
between conformational energies of substituents in six- and
eight-membered ring®. The sum of the &P—0 bond angles
about phosphorus is 292, Avhich is nearly midway between
pyramiddal (270 for “pure” p character) and tetrahedral (328.5
for sp® hybridization) geometries.

The phosphocin ring as defined by the plane passing through
atoms O(1), O(2), C(6), and C(8) is twisted°8@lative to the
plane of the cyclohexane ring as defined by atoms C(30), C(31),
C(33), and C(34). The torsion angle defined by C(3T}30)—
0O(2)—C(8) is—71.0° (Figure 4). This conformational prefer-
ence no doubt minimizes the interaction of the substituted
cyclohexane ring with the orthiert-butyl substituents bonded
to C(2) and C(12) of the 12-dibenzofl,d[1,3,2]dioxaphosphocin
ring. The cyclohexane ring is in a chair conformation with all
substituents situated equatorially.

Platinum(ll) Complexation. The complexation of
(1S2R,59-8 with Pt(Il) was studied by*P NMR spectroscop$?
In the 3'P{1H} NMR spectrum of the complex formed from 2
equiv of (IS2R,59-8 with 1 equiv of (1,5-cyclooctadiene)-
platinum(ll) chloride in CDC, two doublets are observedat
20.3 and 24.1 with correspondifgfPt satellites {Jpp; = 6497
and1Jppy= 6273 Hz, repectively), which were assigned to two
nonequivalent phosphorus atomds¢ = 43 Hz) (Figure 5). At
50 °C the signals are near coalescence. At IQ0On C,D,Cly,
a singlet with1%%Pt satellites is observed &t21.2, which was
assigned to two equivalent phosphorus atofdsp(= 6372

(47) The C(12) carbon atom in thi@hemical Abstracteumbering of the
12H-dibenzofl,g)[1,3,2]dioxaphosphocin ring system corresponds to
C(7) in the X-ray crystal structure of RI2S5R)-8.

(48) Gallagar, M. J. IlPhosphorus-31 Spectroscopy in Stereochemical
Analysis Verkade, J. G., Quin, L. D., Eds.; VCH: Weinheim,
Germany, 1987; pp 316322.

(49) Coalescence of th&P signals was near 5@ in CDCk.
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Figure 4. Plane of the 1R-dibenzofl,g|[1,3,2]dioxaphosphocin ring
relative to the plane of the exocyclic cyclohexane ring as defined in
the text.

Hz)%0 The 3P NMR spectral data are consistent with the
formation of the phosphite compleX No evidence ofJpp

Men = 1.

CH,

was seen in theé’P{!H} NMR spectrum of the complex,
supporting the monomer structugeillustrated rather than a
dimeric platinum specie¥.

The cis geometry of the phosphite ligandQiis supported
by the magnitude of the observed-P and P-19Pt coupling
constant$2-57 The magnitude of théJpp coupling is quite

large, although several other examples are known in the

(50) Minor peaking observed in the baseline corresponding to unidentified
complexes at 116C. Upon cooling, the original spectrum is observed.

(51) For a compilation ofJpprcoupling constants in dimeric Pt complexes,
see: Pregosin, P. S. Phosphorus-31 NMR Spectroscopy in Stere-
ochemical Analysis;Verkade, J. G., Quin, L. D., Eds.; VCH:
Weinheim, Germany, 1987; pp 46530 and references therein.

(52) (a) Ogilvie, F. B.; Keiter, R. L.; Wulfsberg, G.; Verkade, J.IGorg.
Chem.1969 8, 2346. (b) Ogilvie, F. B.; Clark, R. J.; Verkade, J. G.
Inorg. Chem.197Q 9, 1904. (c) Betrand, R. D.; Ogilvie, F. B;
Verkade, J. GJ. Am. Chem. S0d.97Q 92, 1908. (d) Ogilvie, F. B.;
Jenkins, J. M.; Verkade, J. @. Am. Chem. S0d.97Q 92, 1916. (e)
Verkade, J. GCoord. Chem. Re 1972/73 9, 1.

(53) Pidcock, AJ. Chem. Soc., Chem. CommadRs68 92.

(54) Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973
10, 335 and reference therein.

(55) Crespo, M.; Sales, J. Organomet. Chenl987, 322 405.

Notes

literature with coupling of this magnitud&:%1 The nonequiva-
lence of the phosphorus atoms in tHB{1H} NMR spectrum
of 9 at room temperature is unexpected. This is the case
because, in principle, the two phosphorus atoms are interchanged
in 9 by a proper axis of rotatior(}) and are therefore homotopic
and isochronoud! A reasonable explanation for the observed
variable-temperaturé’P{'H} NMR spectra is that at room
temperature rotation about the-Pt bonds is restricted because
of the steric hindrance within the molecule. At 130 rapid
single-bond rotation occurs and the P atoms are rendered
equivalent. Similar observations of hindered rotation in plati-
num—aryl complexes was reported by Browet alf2 A
dissociative process is ruled out because rapid reversible
dissociation of the phosphorus ligands would result in the loss
of P—195Pt coupling®®

The observation of restricted rotation about theR? bond
in the P(ll) complex9 supports the contention that thert-
butyl-substituted 18-dibenzofl,g[1,3,2]dioxaphosphocin ligand
provides a sterically congested environment about the metal.
Although the 1H-dibenzofl,d[1,3,2]dioxaphosphocin ring
adopts a BC conformation in the free ligand, further studies
are required to determine the effect of metal complexation upon
the conformation of the ring.

Experimental Section

All melting points were determined with a Fisher-Johns melting point
apparatus and are uncorrectetd NMR (499.84 and 300.08 MHz,
respectively) spectra were taken on a Varian Model Gemini-300 or
Unity-500 spectrometer. ARH chemical shifts are reported in ppm
relative to tetramethylsilane, where a positive sign is downfield from
the standard 3P NMR (80.98, 202.33, and 121.47 MHz, respectively)
spectra were obtained on a Varian Model XL-200, Gemini-300, or
Unity-500 spectrometer. AR'P chemical shifts are reported in ppm
relative to 85% phosphoric acid (external), where a positive sign is
downfield from the standard. Significattt NMR data are tabulated
in the following order: multiplicity (m, multiplet; s, singlet; d, doublet;

t, triplet; dd, doublet of doublets; dq, doublet of quartets; dt, doublet
of triplets; ds, doublet of septets), atom assignments, coupling constant
in hertz, and number of protons. Merck precoated (0.25 mm) silica
gel F-254 plates were used for TLC. Reagents were purchased from
commercial laboratory supply houses. Solvents were dried prior to
use when necessary with appropriate drying agents. Reactions were
carried out in flame-dried apparatus under a dry inert atmosphere of
either nitrogen or argon. Elemental analyses were performed by
Schwarzkopf Microanalytical Laboratory, Woodside, NY. MOLYROO
Version 1.0 from the Quantum Chemical Exchange Program (Program
No. QCMP094), Indiana University, Department of Chemistry, was
used for inputing atomic coordinates and subsegent data manipulation.

(29)-2-[(2,4,8,10-Tetrakis(1,1-dimethylethyl)-12{-dibenzo[d,gd-
[1,3,2]dioxaphosphocin-6-yl)-6-oxy]butane, 7.To a solution of 12.74
g (30 mmol) of3 and 0.3 mL (3 mmol) of 1-methyl-2-pyrrolidone in
50 mL of toluene was added dropwise over a 10 min duration a solution
of 8.24 g (60 mmol) of phosphorus(lll) chloride in 5 mL of toluene.
The reaction mixture was stirred at 9G for 1 h and then overnight
at ambient temperature. The volatiles were remowvedacug and
the residue was recrystallized from a mixture of 20 mL of toluene and
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193 397.

(60) Pastor, S. D.; Togni, Anorg. Chim. Actal989 159 3.

(61) For the dependence of-f>Pt coupling on solvent, concentration,
and temperature, see: Dixon, K. R.; Fakley, M.; PidcGek. J. Chem.
1976 54, 2733.

(62) Brown, J. M.; Peez-Torrente, J. J.; Alcock, N. WOrganometallics
1995 14, 1195.
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Figure 5. 3P{*H} NMR spectrum of the Pt(Il) comple®.

25 mL of acetonitrile to give 8.34 g (57%) dfas white solid, which
was used immediately for the next step without further purification:
31P{1H} NMR (CDCls) (121.47 MHz)6 160.1 (lit>° 6 160.0);'H NMR
(CDCl) (300.08 MHz)6 1.35 (s, 18 H), 1.46 (s, 18 H), 3.71 (d, C(12)H,
ZJHCH =12.8Hz, 1 H), 4.25 (d, C(12)|'FJHCH =128 HZ,5JHP =27
Hz, 1 H), 7.33 (d, 2 H), 7.35 (d, 2 H).

To a solution of 3.38 g (7 mmol) efin 30 mL of toluene maintained
at 3—-4 °C was added dropwise over a 10 min duration a solution of
0.52 g (7 mmol) of5 and 0.71 g (7 mmol) of triethylamine in 10 mL
of toluene. After warming to room temperature, the reaction mixture

-10 ppm

space groufP2;2:2;; cell parameters = 9.979 (5) A,b = 13.498 (6)

A, c=28.298 (15) AV = 3811 (5) B, Z = 4; dearca= 1.061 gcm3;

Fooo = 2368 electronsy(Mo Ka) = 0.997 cn1%; Enraf-Nonius CAD4

diffractometer; monochromated Mookradiation; temperature 100-

(2) K; scan typen—26; detector aperture (mn3¥F 4.0 x 4.0; Dmax =

50°; number of reflections measured 4069; number of observed

reflections ( > 30)) 3026; number of variables 61R = 0.044;R, =

0.059; convergenceA(o) 0.02; GOF= 2.27.
(1S2R,59)-5-Methyl-2-(1-methylethyl)-1-[(2,4,8,10-tetrakis(1,1-

dimethylethyl)-12H-dibenzo[d,g][1,3,2]dioxaphosphocin-6-yl)-6-oxy]-

was stirred for 10 days, and the resultant suspension of triethylamine cyclohexane, (52R,55)-8. By the procedure used to prepare

hydrochloride was removed by filtration. The volatiles were removed
in vacug and the residue was triturated with 25 mL of acetonitrile
followed by recrystallization from a mixture of 1.4 mL of toluene and
25 mL of acetonitrile to give 2.54 g (69%) of a white solid: mp 70
174 °C. 3P{*H} NMR (CDCl) (121.47 MHz)6 131.9;3P NMR
(CDCl) (121.47 MHz)d 131.9 (d2Jpoct= 7.2 Hz);*H NMR (CDCl)
(300.08 MHZz)6 0.94 (t,%Juccn = 7.5 Hz, 3 H), 1.32 (s, 18 H), 1.44 (s,
9 H), 1.45 (s, 9 H), 1.53 (FJncern = 6.5 Hz, 3 H), 1.88 (m, 2 H), 3.44
(d, C(12)H, 1 H), 4.42 (dd, C(12)H, 1 H), 5.16 (m, 1 H), 7.28 (m, 2
H), 7.32 (m, 2 H);'"H NMR (benzeneds) (300.08 MHz)d 0.93 (t,
8Jhcen = 7.5 Hz, 3 H), 1.243 (s, 9 H), 1.248 (s, 9 H), 1.46 $diccn
= 6.5 Hz, 3 H), 1.48 (s, 9 H), 1.50 (s, 9 H), 1.80 (m, 2 H), 3.34 (d,
C(12)H,2JycH = 12.6 Hz; 1 H), 4.48 (dd, C(12)HJuch = 12.6 Hz,
SJwe = 2.8 Hz, 1 H), 5.36 (m, 1 H), 7.34 (m, 2 H), 7.37 (m, 2 H).
Anal. Calcd for GsHs:0sP: C, 75.24; H, 9.75. Found: C, 75.43; H,
10.01.
(1R,2S,5R)-5-Methyl-2-(1-methylethyl)-1-[(2,4,8,10-tetrakis(1,1-
dimethylethyl)-12H-dibenzo[d,][1,3,2]dioxaphosphocin-6-yl)-6-oxy]-
cyclohexane, (R,2S,5R)-8. To a solution of 3.43 g (7 mmol) ofin
30 mL of toluene was added dropwise over a 20 min duration a solution
of 1.09 g (7 mmol) of (IR2S5R)-6 and 0.71 g (7 mmol) of
triethylamine in 20 mL of toluene. After the addition was complete,
the reaction mixture was heated toWDfor 1 h. The reaction mixture

(1R,2S,5R)-8, compound(1S2R,55)-8 was prepared from 2.94 g (6
mmol) of 4, 0.94 g (6 mmol) of{1S2R,55)-6, and 0.61 g (6 mmol) of
triethylamine in 40 mL of toluene (ambient temperature, 4 days). The
residue was triturated with acetonitrile followed by recrystallization
from a mixture of 4.5 mL of toluene and 30 mL of acetonitrile to give
2.02 g (55%) of a white solid: mp 17273°C; [a]?p = +42.7 c =
4.004, toluene]; NMR spectral data in benzekevere identical to those
obtained for(1R,2S,5R)-8; *P{*H} NMR (CDCl;) (121.47 MHz)o
134.5; '"H NMR (CDCl;) (300.08 MHz) 6 0.82-1.78 (complex
overlapping m, 7 H), 0.87 (Jucch = 7.0 Hz, 3 H), 0.94 (d3Jnccn

= 6.2 Hz, 3 H), 0.98 (d%Juccn = 7.0 Hz, 3 H), 1.31 (s, 18 H), 1.44
(s, 9 H), 1.45 (s, 9 H), 2.50 (ds, 1 H), 2.72 (m, 1 H), 3.47 (d, C(12)H,
1 H), 4.43 (dd, C(12)H2Jcy = 12.6 Hz,%Jwp = 2.8 Hz, 1 H), 4.58
(m, 1 H), 7.26 (m, 2 H), 7.31 (m, 2 H). Anal. Calcd fogdEs1O3P:

C, 76.93; H, 10.09. Found: C, 77.24; H, 10.40.

Dichlorobis{ (1S 2R,5S)-5-methyl-2-(1-methylethyl)-1-[(2,4,8,10-
tetrakis(1,1-dimethylethyl)-12H-dibenzo[d,d[1,3,2]dioxaphosphocin-
6-yl)-6-oxy]cyclohexangplatinum(ll), 9. A mixture of 0.610 g (1
mmol) of (1S2R,59-8 and 0.1.87 g (0.5 mmol) of (1,5-cyclooctadiene)-
platinum(ll) chloride in 20 mL of toluene was stirred overnight. The
volatiles were removedn vacug and the resultant complex was
analyzed spectroscopically without further purificatioRP{*H} NMR
(CDClg) (121.47 MHz) (24°C)* 9 20.3 (d,*Jppr= 6497 Hz,2Jpp= 43

was stirred for 5 days at ambient temperature, and the resultantHz), 24.1 (d,*Jpp:= 6273 Hz,2Jpp = 43 Hz),1%Pt satellites observed

suspension of triethylamine hydrochloride was removed by filtration.
The volatiles were removeith vacug and the residue was triturated
with acetonitrile, followed by recrystallization from a mixture of 4.2
mL of toluene and 25 mL of acetonitrile to give 2.44 g (57 %) of a
white crystalline solid: mp 172173°C. [0]? = —44.9 c = 4.004,
toluene];3'P{*H} NMR (benzeneds) (202.37 MHz)d 134.6;'H NMR
(benzeneds) (499.87 MHz) (60°C) 6 0.82 (m, 1 H), 0.91 (d, 3 H),
0.98 (overlapping d, 6 H), 1.00 (partially obscured m, 1 H), 1.275 (s,
9 H), 1.285 (s, 9 H), 1.35 (m, 1 H), 1.55 (s, 18 H), 1.58 (partially
obscured m, 4 H), 2.66 (ds, 1 H), 2.84 (m, 1 H), 3.49 (d, C(12)H, 1
H), 4.62 (dd, C(12)H2Jnch = 12.6 Hz,50up = 2.2 Hz, 1 H), 4.66 (m,
1H), 7.34 (d, 1 H), 7.35 (d, 1H), 7.38 (overlapping d, 2 H).

até —1.8,—6.4, 47.1, and 49.9*P{H} NMR (C;D,Cls) (121.47 MHz)
(110°C) 6 21.2 (Jppr= 6372 Hz),'%%Pt satellites observed at—5.0
and 47.4.
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Supporting Information Available: From the X-ray crystal-
lographic analysis of the phosphiteR2S 5R)-8, tables of bond angles,
bond lengths, torsion angles, thermal parameters, and positional
parameters (16 pages). This material is contained in many libraries
on microfiche, which immediately follows this article in the microfilm
version of the journal, can be ordered from the ACS, and can be

Crystals suitable for crystallographic analysis (colorless plates) were yownloaded from the Internet; see any current masthead page for

prepared by slow diffusion on acetonitrile into a solutior{1i®,2S,5R)-8
in toluene. Crystal data and experimental details:s@eHes1; fw =
608.89; crystal size (mm) 0.5 0.3 x 0.5; crystal system orthorhombic;

ordering information and Internet access instructions.
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