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trans -1,4-Diphosphacyclohexanes were successfully synthesized by the stereospecific intramolecular coupling reaction of the optically active
hisphosphine. This is a new route for the construction of the trans -1,4-diphosphacyclohexane skeleton. A cis isomer was also prepared along
with the trans isomer from a mixture of  rac- and meso-bisphosphines. The coordinated boranes were easily removed to afford the corresponding
1,4-diphosphacyclohexanes.

There has been a long-standing interest in the synthesisprocess, are currently receiving considerable attention in view
structure, reactivity, and coordination properties of heteroa- of their possible functions such as sorption, separation, guest
tom-containing ring systems. Among them, diphosphacy- alignment, and molecular storag@herefore, the develop-
cloalkanes play a considerably important role in organome- ment of new synthetic routes fais- andtrans-diphosphacy-
tallic chemistry cis-Diphosphacycloalkanes are useful bidentate cloalkanes is of considerable importance for organometallic
ligands for transition metals? while trans-diphosphacy- and coordination chemistry.

cloalkanes have potential application as building blocks for  Diphosphacycloalkanes reported to date are generally
the construction of metalorganic crystal architectures. In  obtained as a mixture of stereocisomers, and they are separated
particular, porous coordination polymers, which comprise by chromatograph$.The stereoselective synthesis ai§-
transition metals and organic ligands through a self-assemblydiphosphacycloalkane derivatives was attained by Alder and
co-workers, in which bicyclic PP bridged bisphosphines

(1) (a) Mercier, F.; Mathey, FTetrahedron Lett1985,26, 1717. (b) were ingeniously used for precursors (Schemeynthetic
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relatively undevelopefl;in particular, the stereoselective phosphine from oxidation. The crude product was purified
synthesis ofrans-diphosphacycloalkanes remains challeng- by column chromatography on Si@ obtaintrans-1,4-di-
ing. tert-butyl-1,4-diphosphacyclohexane-diboradrans-2aand
On the other hand, we have investigated the synthesis oftrans-1,4-diphenyl-1,4-diphosphacyclohexane-diboteaes-
optically active polymerg, dendrimers, and oligomer$ 2b stereospecifically in 73% and 56% isolated yields,
containing the P-chiral bisphosphine unit in their main chain, respectivel\:* On the other hand, by using 1.2 equivsefc-
in which (S,3-1,2-bis(boranatdért-butyl)methylphosphino)- ~ BuLi/(—)-sparteine in the lithiation step, optically active
ethane (S,S)-1&!*has been employed as the key monomer. oligomers, i.e., tetraphosphine and hexaphosphine possessing
During our studies on the incorporation of the (S,S)-1a four and six chiral phosphorus atoms, respectively, were also
skeleton into the polymer main chain, we discovered the formed through the intermolecular oxidative coupling
stereospecific intramolecular coupling reaction of (S,S)-1a reactiongc
to form thetrans-1,4-ditert-butyl-1,4-diphosphacyclohexane The structures ofrans-2were confirmed byH, 13C, and
skeleton efficiently. In this paper, we report the new synthetic 3P NMR, mass analysis, elemental analysis, and X-ray
route totrans-1,4-diphosphacyclohexane, as well as the cis crystallography. The NMR spectra ¢fans-2 exhibited a
stereoisomer by means of the stereospecific intramolecularchair conformation in solution. It is expected that bulkyt-
oxidative coupling reaction of the optically active bisphos- putyl and phenyl groups are equatorial. X-ray crystal-
phine compounds. lographic analysis revealed their structures in the solid state,
Optically active bisphosphineS(S)-1d? reported by  and Figure 1 shows the structure tedins-2b56 Bisphos-
Imamoto and co-workers, an8,S)-1b'2 reported by Evans
and co-workers, were prepared as precursors. The treatme_
of (S,S)-1with a slightly excess ofec-BuLi with )-
sparteine (2.2 equiv based d8,8)-1) generated the dilithi- )
ated intermediate, as shown in Scheme 2. Gu@s added

Scheme 2. Stereospecific Synthesis of
trans-1,4-Diphosphacyclohexane-diborarens-2a,b
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to the reaction mixture, and then it was treated with aqueous
NHs. Although this scheme does th involve .an asymmetric Figure 1. (A) ORTEP drawing oftrans-2b. Thermal ellipsoids
reaction, we employed (—)-sparteine to activate the alkyl- are grawn at the 50% probability level. (B) Top view of crystal
lithium reagent? Borane coordinated to phosphorus atom packing structure dfans-2b. The shortest intermolecular distance
enables the lithiation of the methyl group and also protects of phenyl rings is included.
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Norman, A. D.Inorg. Chem1984,23, 4131. (e) Brooks, P. J.; Gallagher,
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phenyl rings are found to be perpendicular to the diphos-

2. The separation of the isomers by column chromatography

phacyclohexane skeleton, as shown in the side and top viewon SiQ, was possible to afford the correspondiig-2aand

in Figure 1A. In the crystal packing structure wéns-2b

trans-2ain 18% and 20% yields ancis-2b andtrans-2bin

shown in Figure 1B, the shortest intermolecular distance of 16% and 17% vyields (Scheme 3).

phenyl rings is 5.001 A; therefore, there is no effectiver

The structures otis-2 were also confirmed byH, 1°C,

stacking between neighboring phenyl groups. On the otherand3'P NMR, mass analysis, and elemental analysis. The

hand, trans-3b (vide infra), which does not have boranes,

13C and®*!P NMR spectra otis-2aare shown in Figure 2 as

was synthesized by another method and characterized byrepresentative specttaCompounctis-2ahad two ethylene

X-ray crystallography? Interestingly, the ORTEP drawing
shows thattrans-3b adopts chair-conformation possessing
the axial phenyl groups and equatorial lone péirs.

In order to construct the corresponding cis stereoisomer,

optically inactive bisphosphinmeso-1, i.e., (S,R)-and/or
(R,S)-1, should be prepared as a precutsBisphosphine
meso-1was synthesized by the coupling reaction of dim-
ethylphosphine-borane without-{-sparteine, andac-bis-
phosphinerac-1 ((S,S)-1and (R,R)-1) was also obtained
simultaneously (Scheme 3). Although the isolation of the

Scheme 3. Synthesis of
cis-1,4-Diphosphacyclohexane-diboraris-2a,bandtrans-2a,b
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puremeso-lwas not achieved, the intramolecular coupling
reaction of a mixture ofac-1 and meso-lwas carried out
(Scheme 3). The reaction proceeded smoothly to yéede
1,4-diphosphacyclohexane-diboratis-2, as well agrans-

(9) (@) Morisaki, Y.; Ouchi, Y.; Fukui, T.; Naka, K.; Chujo, Y.
Tetrahedron Lett2005,46, 7011. (b) Morisaki, Y.; Ouchi, Y.; Naka, K.;
Chujo, Y. Tetrahedron Lett2007,48, 1451. (c) Morisaki, Y.; Ouchi, Y.;
Naka, K.; Chujo, Y.Chem. Asian J2007,2, 1166.

(10) Imamoto, T.; Watanabe, J.; Wada, Y.; Masuda, H.; Yamada, H.;
Tsuruta, H.; Matsukawa, S.; Yamaguchi, K.Am. Chem. S0d.998,120,
1635. It is commercially available from Tokyo Kasei Kogyo (TCI).

(11) For recent reviews, see: (a) Crépy, K. V. L.; Imamoto,T®p.
Curr. Chem.2003,229, 1. (b) Crépy, K. V. L.; Imamoto, TAdv. Synth.
Catal. 2003,345(1—2), 79.

(12) Muci, A. R.; Campos, K. R.; Evans, D. 8. Am. Chem. S04995,
117, 9075.

(13) The reaction without amine or with other amines sucR,a5N',N'-
tetramethylethylenediamine (TMEDA) as a ligand proceede smoothly to

carbons separated clearly at 12.88 and 12.91 ppm, which
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Figure 2. 13C NMR (150.9 MHz, CRCl,) and3/P NMR (242.9
MHz, CD,Cl,) spectra ofcis-2al8

were coupled with the phosphorus atoms wigs = 31.1
and 30.3 Hz, respectively. The methyl carbonsenf-butyl
groups appeared at 25.40 and 25.41 ppm. The two quaternary
carbons of theert-butyl groups seemed to be overlapped,
and they appeared at 28.9 ppne{F 30.5 Hz). In the’'P
NMR spectrum, two types of doublet peaks with = 51.3

Hz were observed at24.2 and+24.7 ppm. ThéH NMR
spectrum also exhibited two kinds tdrt-butyl groups, as
shown in Figure S8. These spectra suggestdisa?a adopts

a chair conformation with both equatorial and axat-butyl
groups in solution. Incidentally, it is reported tltid-2b acts

(15) The crystal data fotrans-2b are as follows. @H24B2P,; fw =
299.91, triclinic,P1 (No. 2),a = 6.761(3) A,b = 7.616(4) A,c = 9.075-
(6) A, b =109.96(3)°V = 420.3(4) B, Z = 1, Dcaica = 1.185 g cni3.
The refinement converged ® = 0.044,R, = 0.137, GOF= 1.092.

(16) ORTEP drawing oftrans-2a is shown in Figure S14 in the

obtain the corresponding 1,4-diphosphacyclohexane; however, the best resulBSupporting Information, although a desired single crystal could not be

was obtained when—)-sparteine was employed in the lithiation step.

(14) The oxidative intramolecular coupling reaction of enantiorRgR)(1
also provides the trans isomérans2) stereospecifically. Synthesis &,R)-
la was reported by Imamoto and Crépy: Imamoto, T.;pg9r&. V. L.
Tetrahedron Lett2002,43, 7735.
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obtained.

(17) The stereoselective or stereospecific synthesimedo-1lhas not
yet been achieved and challenged.

(18) Original spectra are shown in Figures S9 and S10 in the Supporting
Information.
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as a bidentate ligand for transition metals such as ni¢kel,
palladium2®¢ and platinund®< by adopting the boat confor-
mation.

clohexane skeleton by the stereospecific intramolecular
oxidative coupling reaction of the optically active bisphos-
phines §9-1. In addition, we demonstrated thais-1,4-

The removal of the coordinated boranes is demonstrateddiphosphacyclohexanes were readily obtained by the oxida-

in the following deboranation reaction (Scheme 4). The
boranes otrans-2awere removed by reaction with excess

Scheme 4. Removal of Boranes
1) CF5SO4H

2) aqueous KOH P
trans-2a Bu~ p% Bu
91%
trans-3a
DABCO P—
trans-2b Ph\p% Ph

94%
trans-3b

trifluoromethanesulfonic acid, and subsequently with potas-
sium hydroxide for alkylphosphine-boranes to obtaans-
3a in 91% vyield!® Boranes oftrans-2b could be easily
removed under relatively mild conditions by treatment with
1,4-diazabicyclo[2.2.2]octane (DABCO) to afford the cor-
respondingrans-3bin 94% yield.

In conclusion, we have developed the first and practical
method for the construction of theans-1,4-diphosphacy-

(29) (a) McKinstry, L.; Livinghouse, TTetrahedron Lett1994 35, 9319.
(b) McKinstry, L.; Livinghouse, TTetrahedron1994,50, 6145.
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tive coupling reaction of the mixture afac- and meso-
bisphosphines (rac-&andmeso-1). Further investigations to
employ various optically active bisphosphines as a precursor
and to reveal the coordination behaviors of thens- and
cis-1,4-diphosphacyclohexanes after deboranation are cur-
rently underway.
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