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ABSTRACT
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78-95 % ee
69-98 % vyield

The synthesis of a novel enantiopure

C,-symmetric bisphosphine, DIPHONANE, was accomplished starting from 2,5-norbornadione, utilizing

(R,R)- and/or (' S,S)-(2,3-O-di[(phenylamino)carbonyl]tartaric acid for the resolution of an intermediate phosphineoxide. The application of this
ligand in the rhodium-catalyzed asymmetric conjugate addition of boronic acids to cyclic enones provides the 1,4-addition products in good
yields (69 —98%) and high ee’s (78 —95% ee). A byproduct arising from a consecutive 1,4-addition and 1,2-addition was also observed.

The 1,4-addition of aryl or alkenyl groups to electron-

phosphiné! and dienedy* Some other bisphosphine ligands,

deficient double bonds constitutes an interesting approachalthough efficient in the Rh(l)-catalyzed hydrogenation, fail

for C—C bond formatiort. Therefore, the asymmetric
rhodium-catalyzed 1,4-addition ¢ég3-unsaturated enones has
recently received a lot of attention applying various ligands
such as biaryl bisphosphinéphosphoramidite®°*BINOL-
based diphosphonitésamidomonophosphinég N-hetero-
cyclic carbene&: ferrocenyl-based bisphosphirés, P-chiral
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to induce high reactivity and/or selectivity in the rhodium-

catalyzed 1,4-addition ta,5-unsaturated enonég°Within
our interest for the design of new ligand architecttiasd
stimulated by the synthesis of DIANANEFigure 1), we

7
H A H H H
5 22 B 2

Ph,P ¢ PPh, H,N NH,

(28,5S)-DIPHONANE (2R,5R)-DIANANE

Figure 1.

wish to present our results concerning the synthesis and

application of a noveC,-symmetric bisphosphine, DIPHO-
NANE.

Our approach started with the known 2,5-norbornadione
(£)-18 (Scheme 1). Dienolization/alkylation of this interme-

Scheme 1. Synthesis and Resolution of DIPHONANE
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diate is usually addressed in two separate steidsbut

nevertheless the dienolization with KHMDS followed by

treatment with PhNTf gave a satisfactory yield of the
bistriflate @)-2. Pd(0)-catalyzed coupling &with HPPh

and subsequent oxidation resulted in the racemic vinylic
bisphosphineoxideif)-3.8° This intermediate was preferred
over its phosphino-borane complex because it allows resolu-
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tion by applying the hydrogen bonding capacity of the
phosphineoxide and Bprotected phosphines tend to act
as a catalyst poison for heterogeneous hydrogen#tion.
Hydrogenation with Pd on charcoal (10 w/w %) resulted
stereoselectively irndo-bisphosphine-oxide (+)-4.

The bis-endoconfiguration of (+)-4could be deduced
from the3Jpc coupling in the3!P NMR spectrum of P with
C; being 15.2 Hz (expecteendo= 12—16.8 Hz,exo~ 0
Hz).!! Nevertheless, resolutions applying commerdraRj-
(—)-di-O,0-benzoyltartaric acid (DBTAY, R-(—)-mandelic
acid9, or (1IR)-(—)-camphorsulfonic acid (CSA) (Figure
2) were unsuccessful. Fortunately, when (R,R)-(2,3-di-

HOOC  COOH )O\H \)&SOM
/ Phur,
RO  ©R Hoocd! H 0
7 R= COPh 9 10
8 R= CONHPh

Figure 2. Chiral acids tested for the resolution af)-4.

[(phenylamino)carbonyl]tartaric acRlor its enantiomer was
applied (both obtained in three steps from the corresponding
tartaric acid?, bis-phosphineoxideff)-4 was resolved with
high enantiomeric excess>08% ee), as determined by
HPLC analysis with a chiral stationary phase column
(Chiralpak AD-H). In this way, enantiomerically pure
(2S,5S)-4ould be obtained in 35% yield in two steps from
(£)-3. Reduction of the phosphineoxide (HSIi(Ot)
Ti(QOiPr),)*3 was followed by reprotection with BHo ensure
easy purification of the phosphine precursor, resulting in the
isolation of5. Again, the®Jsc coupling with G appeared to

be large (12.8 Hz), proving that no epimerization had
occurred. The absolute configuration ob, being
(+)-(1S,2S,4S,5S) was established by single-crystal X-ray
diffraction (Figure 3§ By refluxing the phosphine-borane

in EtOH, an efficient procedure recently applied in our group
for mild deprotection of phosphinédé$ DIPHONANE 6 was
obtained.

The efficiency of our new ligand was tested in the
rhodium-catalyzed 1,4-addition of arylboronic acids to
enones (Table 1.3 We first examined the addition of
phenylboronic acid 2ato cyclohexenoné&lA. In accordance
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der Eycken, J. Unpublished results.
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perature to 5CC (entries 5 and 6), affording the product
with an enantiomeric excess of 91%. Changing the base from
KOH to NEf (entry 7) or changing the solvent (entries B3)

did not lead to better results.

As a byproduct, resulting from the asymmetric 1,4-addition
and a consecutive 1,2-additionRBR)-1,3-diphenyl-cyclo-
hexanoll4Aa could be isolated® The Rh(l)-catalyzed 1,2-
arylation of ketones is usually limited to strained ketones as
acceptor or to intramolecular additions, whereas arylation
of aldehydes or aldimines has been described to a much
larger extent:'” The 1,2-addition showed a high level of
diastereoselectivity (95% de, entry 14), whereas the resulting
productl4Aashowed a comparable enantiomeric excess as
the initial 1,4-adducii3Aa (entries 5, 6, and 14). At higher
Figure 3. X-ray crystal structure of &,5S)-5. concentration (091 M.].A) 14Aawas formed in up to 32%,
applying only 2 equivi2a at 45°C.

Extending the Rh(I)/DIPHONANE-catalyzed addition to
with earlier findings'®> we observed that the generation of a variety of boronic acidé2a—f and a range of acceptors
the catalyst from [RhCI(&14)2]2 in the presence of KOH  11A—E (Table 2) revealed high selectivity in the addition
and (S,S)-DIPHONANE (entry 1) resulted in a more active of 4-CF-Ph (12b) and 1-naphthyl boronic acid (12d) to
catalyst than in the case 0fS§)-DIPHONANE with cyclohexenone (11A, 92% ee, entry 1, and 95% ee, entry 3,
Rh(acac)(GH.)2 (entries 2 and 3), whereas the 1,4-addition respectively). The hindereattolyl boronic acid {2e) gave
product was produced with comparable enantiomeric excess
(85% and 86% ee, respectively). The use of 3 mol % of
catalyst (enFry 4) ?nStead of 1 mol % (entry 1) resulted in an Table 2. Asymmetric 1,4-Addition of Arylboronic Acids
equal enantiomeric excess (85%). The [RhGHE,]/KOH/ 12a—fto o,f-Unsaturated EnonelA—E
DIPHONANE system allowed lowering the reaction tem- 0

0]
- é 0.5% [RNCICaty, 1.1% é\

(25,58)-DIPHONANE Ar

Table 1. Asymmetric 1,4-Addition of Phenylboronic Aciti2a 11 AD 1.5 eq KOH o o
toOCycIohexenonalAa o HO, Ph R or R, dioxane/H,0 10/1, 50 °C . N
Rh(l), (2S,5S)-DIPHONANE $ 7 1 2
“Ph “Ph 1ME
11A 12a (R)-13Aa (1R,3R)-14Aa + 13
AB(OH),
temp time 13Aa ee 14Aa [%] 12 a-f
entry (°C) solvent h) (% (%)r (ee[%)? 12a Ar=Ph
12b Ar= 4-CF4-Ph
1 100 dioxane/H20 10/1 2 66 85 5 12¢ Ar= 4-MeO-Ph
2 100 dioxane/H20 10/1 5 43 86 1 12d Al‘f 1-Naphthyl
3 80 dioxane/H,0101 21 50 87 1 N WA
4f 100 dioxane/H30 10/1 3 72 85 7
5 60 dioxane/H20 10/1 4 83 90 6 (88) entry 11 12  time (h) yield (%)* of 13 ee [%]® (config)
6 50 dioxane/H20 10/1 4 78 91 12 (89)
7 50 dioxane/H,010/1 16 65 87 <1 1 1A 12b 19 78 (13Ab) 92 (R)
8 50 DME/H,0 10/1 16 69 90 <1 2 11A 12¢ 4 73 (13Ac) 79 (R)
9 50 EtOH/H,O 10/1 16 76 91 4 3 11A 12d 4 95 (13Ad) 95 (R)
10 50 toluene/H:010/1 21 9 nd <1 4 11A 12e 20 69 (13Ae) 78 (R)
11 50 dioxane/H,O5/1 4 63 90 3 5 11A 12 20 nc (13A6)
12 50 othylencglycol/ 6 61 89 6 6 11B 12a 4 96 (13Ba) 83 (R)
1o 4 mwo  mm
13 50 2-ethoxyethanol 21 74 90 10 9 11D 12a 17 ne (13Da)

147 45 dioxane/H20 10/1 19 50 91 32 (89)

10 11E 12a 96 (13Ea) 31(S)

19
aStandard conditions [RhCIgE,)2]o/DIPHONANE/cyclohexenone o] 9]

0.5/1.1/100,~0.35 M 11A, 1.5 equiv KOH, 5 equiv PhB(OK)® Isolated 0.0 "Pent

as a mixture withl4Aa. ¢ Determined by HPLC analysis with a chiral @U W

stationary phase column (Chiralcel AD-H)Determined from'H NMR / o)

ratio with (R)-13Aa based onllA, enantiomeric excess determined by 11B 11C 11D 11E

HPLC analysis with a chiral stationary phase column (Chiralcel OD-H).

€1% Rh(acac)(gH4)2 was used as catalyst precursor without the addition alsolated yield. nc= no conversion® Determined by HPLC analysis

of basef1.5% [RhCI(GH4)2]» was used? 1.5 equiv NEt was applied as with a chiral stationary phase column (Chiralpak AD-H or Chiralcel OD-

a baseN0.91 M 11A, 2 equiv PhB(OH) ' ~95% de. H). ¢ 3% Rh(acac)(ChlCHy)z, 3.3% (X5,5S)-6, dioxaneA4®d 10/1, 100°C.
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a lower selectivity and yield (69% yield, 78% ee, entry 4),

No reactivity was observed in the addition &Ra to

whereas no reaction was observed for 2,6-dimethylphenyl coumarin11D (entry 9)39 Although the catalyst showed good

boronic acid (12f, entrys). A lower selectivity also was

reactivity in the addition of2ato the linear enon&1E (92%

observed with the electron-rich 4-MeO-Ph boronic acid (79% yield, entry 10), the enantioselectivity dropped remarkably

ee, 73% yield, entry 2).

The Rh(l)/DIPHONANE-catalyzed addition was also ap-
plied to cyclopentenon&1B and cycloheptenon&lC as
acceptors. The addition thl B resulted in the phenyl adduct
13Bawith good selectivity and excellent yield (entry 6, 83%
ee, 96% vyield). Addition tdl1C with both phenylboronic
acid (12a) and 1-naphthylboronic aciti2d) resulted in the

corresponding 1,4-adducts with high yield and good stereo-

selectivity (13Ca, entry 7, 98% vyield, 86% ee ah8Cd,
entry 8, 96% yield and 95% ee, respectively.)

(15) Hayashi, T.; Takahashi, M.; Takaya, Y.; Ogasawara,JMAm.
Chem. Soc2002,124, 5052—5058.

(16) For the assignment of the configuration, see Supporting Information.
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addition to ketones: (c) Takewasa, A.; Yamoguchi, K.; Ohmuna, T.;
Yamamoto, Y.; Miyaura, N.Synlett2002, 1733—1735. (d) Miura, T.;
Shimada, M.; Murakami, MSynlett2005, 667—669. (e) Shintani, R.;
Okamoto, K.; Otomaru, Y.; Ueyama, K.; Hayashi, J.Am. Chem. Soc.
2005,127, 54-55. (f) Matsuda, T.; Makino, M.; Murakami, MAngew.
Chem., Int. Ed2005 44, 4608-4611. Rh-catalyzed trimethylphenylstannane
addition to cyclohexanone: (g) Oi, S.; Moro, M.; Fukuhara, H.; Kawanishi,
T.; Inoue, Y.Tetrahedron2003,59, 4351—4361.
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(31% ee) Noteworthy is the fact that 1,2-addition was only
observed in minor amounts<B%) in the case 013Ad and
13Ab.

In conclusion, the Rh(l) complex derived from the new
bisdiphenylphosphine DIPHONANE catalyses the asym-
metric 1,4-addition of boronic acids to enones with ee’s up
to 95% ee. The intermediafshould allow elaboration of
a broader range of 2,5-norbornane bisphosphines, Ggth
and C;-symmetric.
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