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Syntheses of three regioisomers of aromatic-substituted phosphinyl-oxazolinyl-[2.2]paracyclophanes,
pseudogemina) pseudaosrtho, andortho, have been carried out or, in the latter two cases, newly developed.

It has, therefore, been demonstrated that all aromatic-substituted isomers relevant for use as chelating
ligands for asymmetric catalysis are accessible. TheBeigands, along with their diastereocisomers,

were shown to exhibit widely differing activity and enantioselectivity (up to 89% ee) in the Pd-catalyzed

asymmetric allylic alkylation reaction.

for asymmetric catalysts. Despite this, all studies to date have
. ) concentrated on the development and use of ligands based on
Planar chiral-substituted [2.2]paracyclophanes have often beery |y one of these patterns. The closest exception involves the
used as ligands in asymmetric catalysisPerhaps the most gy nthesis ofso-FHPC, the pseudogeminal analogue of 5-formyl-
famous example is PHANEPHOS, a planar chiral equivalent 4-hydroxy[2.2]paracyclophane (FHPE)L3 FHPC is an estab-

Introduction

of BINAP, which, among other applicatioRs! exhibited a
higher activity and enantioselectivity than BINAP in the Rh-

lished precursor to [2.2]paracyclophane Schiff bases, sitéhs,
and hydroxy-amine&17which have been used in asymmetric

catalyzed hydrogenation of the tetrahydropyrazine precursor to 5qgitions of diorganozincs to aldehydes and imi$e8,sul-

the HIV protease inhibitor Crixivan (86 vs 56% €e).

There are three aromatic disubstitution patterns available to
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foxidations?® and the trimethylsilylcyanation of benzaldehyde.
However, to the best of our knowledge, the conversioisof
FHPC into similar ligands and their use in asymmetric catalysis
has not yet been published. We, therefore, decided to address
this general absence by demonstrating that all three aromatic-
disubstituted [2.2]paracyclophane isomers can be synthesized
using established [2.2]paracyclophane chemistry and that they
are all effective as ligands in asymmetric catalysis. The
compounds chosen were the oxazolinyl-phosphinyl-[2.2]para-
cyclophanesP,N-ligand$223designed by Pelter et al. and Hou

et al2*25Hou showed that the use of the pseudogeminal isomers
gave up to 90% ee in the Pd-catalyzed allylic alkylation
reaction?® This paper will describe the syntheses of the pseudo-
gemina) pseudosrtho, andortho analogues of these compounds
(Figure 1) and compare their effectiveness as ligands in the same
allylic alkylation reaction.

Results and Discussion

By taking advantage of literature-described directing effects,
we were able to synthesize both diastereoisomers of each of
the three desired aryl-substituted regioisomers of phosphinyl-
oxazolinyl-[2.2]paracyclophant-3. iso-Propyl was chosen as
the substituent on the oxazoline ring on account of the inexpense
of the amino alcohol required (valinol) and its effectiveness as

pseudo-geminal
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a sterically demanding group that is not so bulky as to inhibit FIGURE 1. All isomers of the aromatic-substituted [2.2]paracyclo-

reactions.

Synthesis of Pseud@eminallsomers.Following previously
described syntheses band similar derivative&}2>27-2&acemic
carboxylic acid4 was converted to the acid chloride, reacted
with L-valinol and cyclized under Bryce’s conditidiito give
an inseparable mixture of diastereoisom&(Scheme 1). The
pseudogeminal substitution pattern was attained by exploiting
a directing effect, which occurs during iron-catalyzed bromi-
nation3 The resulting bromide8a and6b were separable by

(18) (a) Danilova, T. I.; Rozenberg, V. |.; Sergeeva, E. V.; Starikova, Z.
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15, 223. (c) Bime, S.; Dahmen, S.; Hener, S.; Lauterwasser, F.; Kreis,
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Néttinen, K.; Brase, S.Chem—Eur. J. 2005 11, 4509. (e) Dahmen, S.;
Brase, SChem. Commur2002 26. (f) Hdfener, S.; Lauterwasser, F.; Beg
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For the use of other [2.2]paracyclophane-derived ligands in asymmetric
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B. M.; Crawley, M. L.Chem. Re. 2003 103 2921. (c) Helmchen, Gl.
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column chromatography. However, this reaction rarely pro-
ceeded to completion, even if commercial FeBr FeBg was
used as catalyst, and bromi6a often had to be used in the
next step as an inseparable mixture vétiThe bromide$ were
converted to the target compounds by bromo-lithium
exchange using-BuLi followed by reaction with CIPPh
Interestingly, it was found that the diastereomeric phosphines
la and 1b could be far more easily separated from the

k29) Chesney, A.; Bryce, M. Rietrahedron: AsymmetrdQ96 7, 3247.
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SCHEME 2. Access to Pseudo+tho-Substituted tives, a novel workup procedure was developed, and the yields
[2.2]Paracyclophanes improved to 34 and 32%. This procedure is described later in
Br. the “Asymmetric Catalysis” section.
S=>] FeBr, S—>| tigyme,216°c_ S=>7B" The absolute configurations @a and 2b were determined
<> (40%) <> (T7%) <=2 by the synthesis a2b from enantiopure dibromideH)-(S5)-8.
Br (4 repetitions) Br This was obtained by resolution of the racemate by preparative
®)-7 ()-8 chiral HPLC (see Experimental Section).
SCHEME 3. Synthesis of Synt.hesis ofortho Isomers.orth(.}S.ubstitutgd phosphinyl-
Pseudeortho-phosphinyl-oxazolinyl-[2.2]paracyclophanes oxazolinyl-[2.2]paracyclophanes similar ®(Figure 1) have
Bui 1 soci been previously synthe5|z_ed in our group by a mepdlosphine
thenCO,  S=7B" " lhen L-valinol <_—DBr exchange ofortho-ox_azc_)lmyl-palladacyclt_a%a. Although  ef-
)8 ——— (S S ficient, the use of stoichiometric (1.1 equiv) palladium acetate
(63%) 2. PPhs, CCly =N i [ lternative procedure was sought. Attempted
COZH (80%) is expensive, so an alternative p ' g p
ON ortho-directed lithiations proved problematic due to the com-
(=)0 10a + 10b petitive 1,2-addition of the alkyllithium to the oxazoline and
(inseparable) the 1,4-addition to the [2.2]paracyclophane backb@ngdou,
however, showed thabrtho-lithiation of the diastereotopic
mixture of oxazolinyl[2.2]paracyclophanBsusingn-BuLi with
t-BuLi, <_>PPhy <> N\/e\ TMEDA in Et,0, was successful and that after quenching with
then Ph,PCI S o (=X PhSSPh or PhSeSePh, a mixture of the desired ortho products,
(34 + 32%) S\ pp(,:.f2 as well as those resulting from lithiation at the benzylic position,
o\)\( were obtained*3>An attempt by us to synthesize phosphines
2a 2b 3 by carrying out Hou's lithiation and then adding CIRRéd

to a mixture of products (including 17% starting material), none

oxazolinyl[2.2]paracyclophane byproducts (resulting from pro- Of which could be identified as the desired phosphiBes
tonation of the lithium intermediates) by column chromatog-  Hence, theortho-substitution pattern was obtained bstho-
raphy if a three-component solvent system (pentane/DCM/ lithiation of the carbamat&l (Scheme 4), a reaction which has
EtOAc [20:4:1]) was used instead of the more usual two- been shown to proceed readily and highly regioselectively when
component system (pentane/EtOAC). s-BuLi is used in the presence of TMEDR:3%:37 According to
The absolute configurations tfwere checked by preparation  the literature, lithiation ofL1 followed by reaction with DMF
of 6a, in the same manner, from enantiopure carboxylic acid and an acidic workup leads to thertho-hydroxy-aldehyde
(—)-(Re)-4.31 FHPC (see Introduction), in 64% vyield, as a result of the facile
Synthesis of Pseudo-Ortho IsomersThe pseudo-ortho  hydrolysis of the carbamate during workup. We desired the
subs_titution pattern was set up early on in the synthesis by carboxylic acid rather than the aldehyde, so gaseous\@®
starting from dibromide, prepared according to the procedure seq as the electrophile in place of DMF. Interestingly, the yield
by Reich and Craff*with the improvements of Pye and et®al. 55 higher and the carbamate was left intact. In view of our
and Braddock et &k (Scheme 2). Its synthesis involves gy ninetic plan, this was actually a useful result, as it acted as a
fjlbromlnatlon Of [2.2]pa_racy(_:lophane to give a mixture of protecting group during subsequent amidation of the carboxylic
isomers from which the highly insoluble pseupara dibromide acid to give separable diasterecisoméra The absolute
7 can be crystallized. Thermal isomerization bieaves the configurations ofL3 were determined by the synthesis @b
pure pseudmrtho-dibromide8 alone in solution after cooling. from enantiopure-{)-(Rs)-11, which itself was obtained in two
Dibromide 8 was converted to the monocarboxylic aéid . '
as previously described. This was then converted to the steps from enantlopure_bromo[2.2]pa_rac_:yc_|ophane. The Ia_tter
desereaope bomo ozl [ paceycepaisehene ¢TI SeSRed b erolnater e et

3) in the same manner as for the pseggorinalcompounds . . - .
d)escribed above. Oxazolin&@aandplOb were inseprfrable at carbamate from3was impossible under acidic conditions, and

this stage, but the corresponding phosphi2esynthesized by forcing basic conditi_ons (Na_OH, MeOH, re_flux, 20 h), although
lithiation and reaction with CIPRhhad differentR; values on ~ Successful, gavé5 in low yields along with the carbamate-
silica, so could be separated by chromatography. Using the Migrated byproductd4. The carbamated4 could only be
standard technique, vields of only 9 and 11%2afand 2b, hydrolyzed under yet harsher c_ond|t|ons (KQHPrOH, reflux,
respectively, were obtained and this was attributed to phosphine51 h). The overall calculated yields &#6aand15b, from 13a
oxidation during workup and lengthy chromatographic separa-
tion. This was despite degassing of the solvents prior to use by  (34) Hou, X.-L.; Wu, X.-W.; Dai, L.-X.; Cao, B.-X.; Sun, Jhem.
bubbling argon through them while under sonication. However, Commun200Q 1195.

: ; _ ; o,  (35)Hou, X. L.; You, S. L.; Tu, T.; Deng, W. P.; Wu, X. W.; Li, M.;
during later research with 4-methoxyphenylphosphine deriva Yuan, K. Zhang, T. Z.. Dai, L.-XTop. Catal.2005 35, 87.
(36) See also: Pelter, A.; Mootoo, B.; Maxwell, A.; Reid, Petrahedron

(31) Rozenberg, V.; Dubrovina, N.; Sergeeva, E.; Antonov, D.; B€lpkon Lett. 2001, 42, 8391.

Y. Tetrahedron: Asymmetr¥998 9, 653. (37) (a) Diisopropylcarbamate is equally ortho directing. See: Focken,
(32) (a) Reich, H. J.; Cram, D. J. Am. Chem. S0d969 91, 3527. (b) T.; Hopf, H.; Snieckus, V.; Dix, I.; Jones, P. Gur. J. Org. Chem2001,

Braddock, D. C.; MacGilp, I. D.; Perry, B. Gl. Org. Chem2002 67, 2221. For reviews on directed metalations, see: (b) Sniecku§he¢m.

8679. Rev. 1990 90, 879. (c) Anctil, E. J.-G.; Snieckus,.\J. Organomet. Chem.
(33) Bolm, C.; Focken, T.; Raabe, Getrahedron: Asymmetr2003 2002 653 150. (d) Hartung, C. G.; Snieckus, V. IModern Arene

14, 1733. Chemistry Astruc, D., Ed.; Wiley-VCH: New York, 2002; p 330.
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SCHEME 4. Synthesis ofortho—PhosphinyI-oxazoIinyI-[2.2]paracycIophanes Part 1
PPhg,
CCly )\_NETZ NaOH
(56%) MeOH A
t )\—NEtz 1-,a
()-11 <>| < S
>-BULi.TMEDA, e NN SS—oH
then CO, . NH —,MeOH X NH
(90%) S ﬂ oo o ﬂ
% O a
HO +51% of 15a) RO
<> R 13a KOH, [ 14a:R=CONEt,
JNEt, 1.80Cl, FPrOH, A
o
=2 8 2. L-valinol . ®1%) L. 15a:R=H
HO (38 + 26%)
(x)-12
NaOH
MeOH A
0 (54% of 14b OH S OR
EtzN + 25% of 15b)
o KOH, [1413 R = CONEt,
PrOH, A
13b e
(58%) 15b: R=H
SCHEME 5. Synthesis ofortho-Phosphinyl-oxazolinyl- TABLE 1. Palladium-Catalyzed Asymmetric Allylic Alkylation
[2.2]paracyclophanes, Part 2 OAc
31 N
; 020 opm Ph Ph [Pd(CaHs)CIL T 1
+ Ligand MeO OMe
Tf,0, LiOAc, BSA A
152 — id OTf _PhaPK_ Q PPhZ o o Toluene Ph Ph
(73%) (46% MeO OMe
18a 3a time yield ee
1H NMR: entry ligand substitution  (h) (%) (%) abs. config.
§=23.33 ppm 1 la pseudogem. 6 >98 5@ €]
TH NMR: 2 1b pseudogem 8 96 30 (S
5=299 bpm 3 2a pseudo-ortho 10 >98 82 [S)
’ 4 2b pseudo-ortho 10 =>98 28 R
‘/ 5 3a ortho 8 >98 23 S
Tf20 py pthK A 6 3b ortho 7 >98 47 [S)
S S 7 19a pseudo-ortho 5 >098 89 [S)
(73/° TfO (65/° PPh 8 19b  pseudo-ortho 20 >98 63 ®
2 9 228  pseudo-ortho 5 >08 89 R
18b 3b 31p NMR: 10 22k pseudo-ortho 20 >98 62 ©
3= 1.48 ppm

aHou et al. obtained 62% ee (ref 28)Pseudoenantiomer &f(see text).

and 13b, over these two steps are 69 and 56%, respectively.
Strangely, when these same conditions were applied to they,e compounds’ conformations. The chemical shift of thé C
starting carbamatek3 directly, a reduced overall yield df5g, proton in the oxazoline ring (identified by COSY, DEPT, and

but increased yield o15b, was obsgrved (hydrolysis df3a, HETCOR NMR experiments) is 3.33 ppm f8aand 2.99 ppm
34% of product, 8% of SM; hydrolysis df3b, 60% of product, ¢4 31y The increased shielding occurring3 is attributed to

0% of SM). An attempt was also made to carry out carbamate yg|qcalization of electron density from the P lone pair, through
hydrolysis after formation of the oxazolirkba, but this was the z-system, onto the N atom of the oxazoline ring. Cor-
unsuccessful and only the ring-opened prodi@a (actually respondingly3® NMR of 3b shows the P atom to be more

the precursor ol6g) could be isolated in 10% yield. deshielded (1.48 ppm) than that3# (0.20 ppm). In conclusion,

. On treatment W.ith .TZD’ the h.ydr_oxy-amidess underwent 3b must have the oxazoline, P lone pair and [2.2]paracyclophane
simultaneous cyclization and triflatiéfhof the phenol group to aromatic ring in conjugation, whereas does not

give oxazolinyl-triflatesl 8 (Scheme 5). Subsequent nucleophilic X Vs ic allviic alkvlati

aromatic substitution of the triflate with BPK gave the desired Asymmetric Catalysis. Asymmetric allylic alkylation was

ortho-phosphinyl-oxazoline8. Inspection of the NMR spectra ~ €h0Sen as a test reaction for the new ligands to make a good
comparison with the work with compoundsof Hou et al?®

of 3aand3b is very interesting and reveals information about ! ® . :

As hoped, a different positional isomer of the same ligand gave
a much higher ee; pseudotho-2a gave 82% ee, where the
original pseudageminalderivative gave 56% ee (Table 1).

(38) Ortner, B.; Hbner, H.; Gmeiner, Pletrahedron: Asymmet3001,
12, 3205.
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Possible conformation of
active catalyst with 1a

Possible conformation of
active catalyst with 2a
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SCHEME 6. Ligand Optimization: Synthesis of
Phenyl-oxazolines

<2 Br
PPh,
<—>
/Q)/N-"'Pd CO.H
(£)-9
FIGURE 2. Cartoons of speculative Pd complexes with pseudogeminal Seoel B L (42 + 48%)
and pseudrtho ligands. B pheryialyanl l
OMe
<_—>Br
<> N—/?\ H Ph .
u N— =
Z_>P <X o — NH
\©\ P\©\ Br O HO 0 _)'--Ph
=N OMe OMe 20a 200 MO
o\)j/ PPhs, CCly, PPhs, CCly,
MeO 50 °C 50°C
19a 19b (97%) (80%)
FIGURE 3. Ligand optimization: 4-methoxyphenylphosphines. Ph ”
N -
Rather than simply being an effect of the bite angle at the = /Q;
metal in the active catalyst, this result must arise from the chiral Br :N)“_Ph
environment being entirely different to that of the complex 21a —_
formed withla As shown in Figure 2, ida, half of the [2.2]-
paracyclophane backbone shields one side of the active site, "m-B”':u jpggl"c- ?HBUEE —Fj"gl"cu
wherea2a could form a pseudo-C2-symmetric-type complex. {5‘:’; IZSM 41%) en(?g‘;)
This argument is especially relevant when one considers that ’ Ar: R ’
the opposite diastereoisomers of the pseadbe ligands gave k OMe
opposite enantiomers of the product (entries 3 and 4), whereas <S| n Rl
the pseud@eminaland ortholigands gave the same enantiomer /Q_)
(entries 1, 2, 5, and 6). The latter selectivities must depend more <> 5 Sl
strongly on the stereochemistry of the oxazoline substituent than QOMe \©\
that of the [2.2]paracyclophane backbone, and the conformations > e
shown in Figure 2 are in accord with this. =N
Although these arguments account for the selectivity differ- MeO 0\) "Fh
22a 22b

ences stemming from the various ligand types, they cannot fully
explain the observed selectivity values, because the complet

of the substrate allyl fragment. However, no information is
available on that aspect at the present time.

Hou showed that the allylic alkylation could be optimized
by using derivatives of the pseud@minalcompounds with a
di(4-methoxyphenyl)phosphinyl group in place of the diphe-

" ) X . ) e6) possessing phenyl-substituted oxazoline units. (It should be
mechanistic scenario must also consider the exo/endo isomerism,

oted that the Ph-substituted produ2z&were pseudoenanti-
omers of thei-Pr-analogue® becausep-phenylglycinol was
used. Accordingly, the products from the allylic alkylation
reaction were the opposite enantiomers.) It was also found that
the diastereoisomers could be separated at the amide stage.
Cyclization to the oxazoline®l required harsher conditions than

nylphosphinyl group. We, therefore, synthesized such derivatives,o i_py analogues; an extra equivalent of each reagent was

19 of the pseudo-ortho compounds (Figure 3), using the same
technique as foR, but using (MeO@H,),PCl instead of Ph

PCI. These electron-rich phosphines were found to be more
susceptible to oxidation, and the oxides could not be reduced
by the usual method using HSgZHowever, the yields could

be improved from 9 and 6% (df9aand19b, respectively) to

32 and 31% by modifying the workup. Hence, in place of the
addition of degassed aq N@I and the extraction with degassed
DCM, 2 equiv of EtN were added (to quench HCI formed later)
along with EO, and the mixture was suspended directly onto
silica. After drying, this was placed atop a silica column, and
chromatography was carried out as quickly as possible to give
the separated diasterecisomers.

Use of compoundd9 as ligands in the allylic alkylation
reaction gave improved enantioselectivities of 89 and 63% ee,
respectively (Table 1, entries 7 and 8). Further attempted ligand
optimization involved the synthesis of compour®(Scheme

added, and the mixture was heated at6dor an additional 4

h. Heating was necessary as a result of the lower solubility of
the starting amide20. Once again, the absolute configurations
of 21 were assigned by the synthesis2ifa from enantiopure
(H)-(S)-9.

Three different procedures for the metalation2db were
tested, including using-BuLi, t-BuLi (both at—78 °C), and
s-Bu,Mg-LiCl at room temperature, a reagent recently described
by Knochel et al. as highly effective for the metalation of aryl
bromides®® The reaction of the organometallics, generated in
these ways, with the chlorophosphine gave 70, 33, and 0% of
the desired produ@2b, respectively. The reaction starting with
t-BuLi gave an unidentified byproduct that was difficult to
separate from the product and that, starting with Knochel's

(39) Krasovskiy, A.; Straub, B. F.; Knochel, Rngew. Chem., Int. Ed.
1996 45, 159.
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reagent, gave 29% starting material and 33% oxazolinyl[2.2]- (500 mL) was then added, and the solution was washed with aq
paracyclophane, resulting from quenching of the unreacted NaHCG; solution (3.5% wi/v, 2x 600 mL) and brine (600 mL).
paracyclophanylmetallic during workup. Hence, for the meta- The organic phase was dried over MgS@ltered, concentrated,
lation of the opposite diastereoisonsa, n-BuLi became the ~ @nd dried in vacuo to give the crude amide. PRt18.78 g, 71.59
reagent of choice, but strangely, in this case, the procedure wad?™°). MECN (859 mL), CGJ (6.9 mL, 71.6 mmol), and BN

completelv unsuccessful. Instead. lithiation-e8 °C gave a (10.1 mL, 71.6 mmol) were added, and the mixture stirred for 18
P y ) ’ 9 h. DCM (850 mL) was then added, and the solution was washed

mixture of products (including one withm'z = 487/489, with brine (2 x 850 mL), dried over MgS@ filtered, and
corresponding to the addition of a butyl group to the starting concentrated. Flash column chromatography, gradient elution
material). It was hypothesized that problems were arising as a[pentane/EtOAc (19:1),(9:1)] gave an inseparable mixture of the
result of either deprotonation of the oxazoline at the benzylic title compounds as a pale yellow solid (11.63 g, 89%
position or migration of the anion resulting from bromighium (petroleum ether/EtOAe 8:2) 0.52.

exchange. To avoid this, the reaction was carried out 2 A pure sample of £)-(S4Rq)-5a was prepared in the same
°C using a diethyl ether/liquid nitrogen bath. The desired product manner as that described above, but on a smaller scale, from
22awas now formed and isolated in 57% vyield. Its use as a ehantiopure £)-(4Rp)-carboxylic acid4.3* Colorless oil; p]*%
ligand in allylic alkylation, however, gave the same ee (89%) 170 € 0.88, CHCY); *H NMR (400 MHz) 6 7.04 (1H, d,J =

 Dr : . : . 1.7 Hz, H-5), 6.6+6.46 (6H, m, H-7, 8, 12, 13, 15, 16), 4.40 (1H,
as thei-Pr-oxazolinel9a Similarly, the diastereocisome&2b dd,J = 9.3, 7.7 Hz, OBIH), 420-4.08 (3H. m, OCH, NCH,

acted with almost the equivalent selectivity th."This |s H-2a), 3.19-2.97 (6H, m, H-1a, 1b, 9a, 9b, 10a, 10b), 2.85 (1H,
und_erstandable because t_he phe_nyl group is only “longer thanddd,J = 12.6, 10.2, 6.6 Hz, H-2b), 1.93 (1H, oct,= 6.7 Hz,
thei-Pr group and the steric bulk is in fact legsvalues CAG CH(CHs)y), 1.11 (3H, d,J = 6.7 Hz, GHs), 1.01 (3H, d,J = 6.7
of interconversion between equatorial and axial substituents onHz, CH,); 13C NMR (100 MHz)6 163.4, 140.7, 139.8, 139.4, 139.2,
a cyclohexane ring): Pk 2.9 andi-Pr = 2.15 kcal mot?).40 135.6, 134.6, 134.2, 132.8, 132.6, 132.2, 131.1, 128.4, 72.9, 69.3,
35.9, 35.3, 35.1, 34.9, 32.9, 19.2, 18.2; IR (neat, Hnmyax 1640
(C=N): MS (EI, m/2) 320 (14), 319 (M, 57), 276 (M — i-Pr, 9),
216 (15), 215 (CHCsHs(oxazoline)CH*, 100), 159 (11), 147 (11),
We have devised synthetic routes to all aromatic-substituted 104 (14); HRMS calcd for &H>sNO, 319.1936; found, 319.1936.
regioisomers of phosphinyl-oxazolinyl-[2.2]paracyclophanes that A pure sample of £)-(S4S)-5b was obtained as a byproduct
are relevant for use as chelating ligands in asymmetic catalysis.frogg) the synthesis dfb as glpale yellow solid; mp 93-895.0°C;
In the allylic alkylation reaction, use of the pseuadi@ho version [0]*° +26 (¢ 1.20, CHCY); H NMR (400 MHz) 0 7.04 (1H, d,

. o . ~ J=1.9Hgz, H-5), 6.58 (1H, dd] = 8.0, 1.9 Hz, H-7), 6.576.48
of a previously reported pseudgeminal iPr-substituted com (5H, m, H-8, 12, 13, 15, 16), 4.37.30 (2H, m, OIH, H-2a),

pounq gave higher enantio'selectivity.' However, the Ph- ;17 4’05 (2H, m, OCHH, NCH), 3.20-2.98 (6H, m, H-1a, 1b,
substituted pseudortho-phosphinyl-oxazolinyl-[2.2]paracyclo- g5 ‘gp, 10a, 10b), 2.87 (1H, ddd= 12.9, 10.2, 6.9 Hz, H-2b),
phane was less selective than the published psgadunal 1.95 (1H, octJ = 6.7 Hz, GH(CHa),), 1.17 (3H, d,J = 6.7 Hz,
analogue, which shows that the conformation of the active CHs), 1.05 (3H, dJ = 6.7 Hz, (H3); 13C NMR (100 MHz)d 162.9,
catalyst with the pseudortholigand forms a chiral environment ~ 140.9, 139.8, 139.3, 139.2, 135.7, 134.6, 134.1, 132.8, 132.6, 132.2,
that obeys different rules for selectivity. 131.2, 128.3, 73.0, 69.2, 35.8, 35.3, 34.9, 34.7, 33.4, 19.3, 18.7;
IR (KBr, cm™1) vmay 1637 (G=N); MS (El, m/z) 320 (14), 319
(M*, 56), 276 (M- — i-Pr, 8), 216 (16), 215 (CHsHz(oxazoline)-
CH,*, 100), 159 (10), 147 (10), 104 (13); HRMS calcd fopid,s
General. For instrumental details, see Supporting Information. NO, 319.1936; found, 319.1938.
Starting materials: £)-[2.2]Paracyclophane-4-carboxylic acit) ¢4 (—)-(S,4S,,13R)-4-Bromo-13-(4iso-propyloxazolin-2-yl)[2.2]-
(2)-4,12-dibromo[2.2]paracyclophane?) 2 (+)-4-bromo[2.2]- paracyclophane (6a}’ The diastereomeric mixture of oxazolines
paracyclophane-12-carboxylic ac) (and its enantiopure formaj, 5(0.13 g, 0.40 mmol) was dissolved in dry DCM (11 mL). Iron
(4)-O-(4-[2.2]paracyclophanyl) diethylcarbamatkl),1° and 1,3- powder (3 mg, 0.05 mmol) was added, followed by bromine (0.03
diphenyl-2-propenyl acetefewere prepared according to literature ML, 0.48 mmol), and the mixture was heated at reflux for 16 h
procedures. Acidt was resolved according to the procedure of [Note: On larger scales, a solution of bromine should be added
Rozenberg et & and dibromide7 was resolved by preparative ~ dropwise, according to the literature procedfieThe reaction

Conclusion

Experimental Section

chiral HPLC (OD column, 55 mm IDp-hexanetPrOH = 95:5, mixture was washed with saturated NaH{0lution (2x 10 mL)
flow rate = 30 mL mim?, 2 bar,tr——) = 17 min, tg—) = 23 and brine (10 mL). The organic phase was dried over MgSO
min); HPLC analysis (Chiralcel OD column;hexanetPrOH = filtered, and concentrated. Flash column chromatography with
95:5, flow rate= 1 mL min™%, tg-—) = 5.9 min, tg— = 7.5 gradient elution [petroleum ether/EtOAc (9:1), (8:2)] gave the title
min). compound as a white solid (0.07 g, 429%; (petroleum ether/
(—)-(S4Rp)- and (+)-(S,4Sp)-4-(4-iso-Propyloxazolin-2-y1)[2.2]- EtOAc = 8:2) 0.58; mp 131.6133.0°C; [a]*% —5 (¢ 1.00, CH-
paracyclophane (5a and 5b)Thionyl chloride (16.8 mL, 230.3  Cl2); *H NMR (500 MHz) 6 7.19 (1H, br s, H-12), 6.64 (1H, d,
mmol) was added to carboxylic aci(10.31 g, 40.91 mmol), and = 1.5 Hz, H-5), 6.62 (1H, dd] = 7.8, 2.0 Hz, H-16), 6.58 (1H, d,

the resulting mixture was heated at®Dfor 4 h. The excess thionyl ~ J = 7.8 Hz, H-15), 6.55 (1H, d] = 7.8 Hz, H-8), 6.53 (1H, dd]
chloride was removed by evaporation, and the final traces were = 7.8, 1.5 Hz, H-7), 4.56 (1H, ddd,= 13.7, 10.4, 4.1 Hz, H-1a),
removed by azeotropic distillation with toluene. The resulting crude 4-40 (1H, dd,J = 9.4, 8.2 Hz, OGiH), 4.11 (1H, dddJ = 9.4,
acid chloride was dissolved in DCM (67 mL) and cooled & 8.2, 6.6 Hz, N®), 4.04 (1H, t,J = 8.2 Hz, OCH), 3.56 (1H,
A solution of l-valinol (8.36 g, 81.00 mmol) and 4&t (11.4 mL, ddd,J=12.9, 10.4, 4.1 Hz, H-2a), 3.06 (2H, m, H-10a, 10b), 3.01
81.00 mmol) in DCM (10 mL) was added, and the reaction mixture (3H, m, H-9a, 9b, 1b), 2.93 (1H, ddd= 12.9, 10.4, 4.1 Hz, H-2b),
was allowed to warm to room temperature and stir for 24 h. DCM 1.89 (1H, octJ = 6.6 Hz, GH(CHs)y), 1.05 (3H, d,.J = 6.6 Hz,
CHs), 0.89 (3H, d,J = 6.6 Hz, (Hs): :3C NMR (75 MHz)$ 163.0,
: : — 141.1, 141.0, 139.2, 138.6, 136.6, 136.0 (C-15), 135.9 (C-5), 134.9
s o aneed Organic Chemisndrd ed: Wiley-Inter- (5 s, C-g, 16), 132.9 (C-12), 131.6 (C-7), 126.3, 73.TKM
(41) Leung, W.; Cosway, S.; Jones, R. H. V.; McCann, H.; Wills,JV. 68.7 (OCHy), 35.1 (C-2), 34.9 (C-10), 34.5 (C-9), 33.6 (C-1), 32.5
Chem. Soc., Perkin Trans.2001, 2588. (CH(CHj3),), 19.6 CH3), 18.1 CHa); IR (KBr, cm™) vmax 1637
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(C=N); MS (CI, methanem/z) 428 (M + C,Hs", 22), 426 (M+ oct,J = 6.8 Hz, (H(CHj3),), 1.19 (3H, d,J = 6.8 Hz, (H3), 1.02
C,Hs™, 21), 401 (24), 400 (M+ HT, 100), 399 (46), 398 (Mt+ (3H, d,J = 6.8 Hz, H3); °C NMR (75 MHz) 6 163.5 C=N),
H*, 98), 397 (24), 215 (CkCsHs(0xazoline)CH", 7). 143.7 (dJc-p = 17.2 Hz, C-4), 141.1, 139.2 (d¢c-p = 14.3 Hz),
(—)-(S4R;,13S,)-4-Bromo-13-(4iso-propyloxazolin-2-yl)[2.2]- 138.9, 138.0 (dJe—p = 10.7 Hz), 137.2 (dJc-p = 13.7 Hz), 136.1,
paracyclophane (6b)?” Further elution gave the title compound 135.1, 134.8, 134.5, 133.7, 133.6, 133.4 (2C, s), 133.2(th=
as a white solid (0.08 g, 49%lR: (petroleum ether/EtOAe 8:2) 4.2 Hz), 128.6, 128.52, 128.48, 128.38, 128.2, 128.1, 127.0, 73.1
0.47; mp 147.5149.0°C; [a]?% —104 € 1.00, CHCIy); *H NMR (NCH), 69.9 (GCHy), 35.7, 34.9, 34.8, 34.1 (dcp = 15.5 Hz,
(500 MHz)6 7.24 (1H, br s, H-12), 6.66 (1H, br s, H-5), 6.61 (1H, C-2), 32.9 CH(CHj),), 20.0 CH3), 19.1 CHg); 3P NMR (162
dd,J= 7.9, 1.8 Hz, H-16), 6.56 (1H, br s, H-7, 8), 6.55 (1HJd, MHz) 6 —5.46; IR (KBr, cnTl) vmax 1624 (G=N); MS (El, m/2)
= 7.9 Hz, H-15), 4.53 (1H, ddd] = 13.1, 10.0, 4.3 Hz, H-1a), 504 (38), 503 (M, 100), 502 (67), 488 (M — Me, 19) 460 (M
4.42 (1H, dd,J = 9.5, 8.4 Hz, OCIH), 4.13 (1H, tJ = 8.4 Hz, — i-Pr, 27), 434 (16), 289 (20), 288 (GBsH3(PPh)CH,", 58),
OCHH), 4.00 (1H, m, N®), 3.54 (1H, dddJ = 13.2, 10.0, 4.0 287 (33), 208 (31), 198 (27), 178 (18). Data agrees with that
Hz, H-2a), 3.09 (3H, m, H-10a, 10b, 1b), 3.02 (2H, m, H-9a, 9b), publishec®
2.93 (1H, dddJ = 13.2, 10.4, 4.3 Hz, H-2b), 1.96 (1H, o&~= (£)-O-[4-(5-Carboxy-[2.2]paracyclophanyl)]diethylcarbam-
6.9 Hz, (H(CHs3),), 1.16 (3H, dJ = 6.9 Hz, (H3), 0.97 (3H, dJ ate (12).s-BulLi [1.2 M solution in cyclohexane/hexane (92:8), 99.3
= 6.9 Hz, (Hy); °C NMR (75 MHz) 6 164.2 C=N), 141.2, 140.6, mL, 119.2 mmol] was added to a solution of carbanidt¥ (32.6
139.0, 138.6, 136.1, 136.0, 135.1, 134.7, 132.7 (C-12), 131.5, 126.9,g, 101.0 mmol) and TMEDA (18.2 mL, 121.2 mmol) in THF (1.5
126.6, 73.0 (ICH), 69.8 (CCH,), 35.4 (C-2), 34.8 (C-10), 34.5 L) at 0 °C. The resulting orange solution was stirred for 1.25 h.
(C-9), 33.2 (C-1), 33.1QH(CHgy),), 19.8 CH3), 18.9 CH3); IR CO; gas was then bubbled through the solution for 2 h. The reaction
(KBr, cm™1) vnax 1643 (G=N); MS (CI, methanen/z) 428 (M + mixture was allowed to warm to room temperature and stirred for
C,Hs', 20), 426 (M+ C,Hs', 21), 401 (21), 400 (M H*, 88), 18 h with slow bubbling of C@ The mixture was extracted twice
399 (45), 398 (M+ HT, 100), 397 (25), 215 (CksHs(oxazoline)- with water (1 L, 500 mL) and then aqg NaOH solution (6 M, 50
CHy™, 7); Anal. Calcd for G;H,4BrNO: C, 66.34; H, 6.07; N, 3.52. mL). The combined aq layers were washed with DCM (500 mL)
Found: C, 66.08; H, 5.94; N, 3.26. and EtO (2 x 500 mL). The aq layer was acidified to pH 1 with
(+)-(S,4s,,13R,)-4-Diphenylphosphinyl-13-(4iso-propylox- aq HCI (6 M) to give a white precipitate. The mixture was then
azolin-2-yl)[2.2]paracyclophane (1af®t-BuLi (15% wi/v solution extracted with DCM (3x 500 mL), and the combined organic
in n-pentane, 2.3 mL, 4.2 mmol) was added dropwise to a solution layers were dried over N&Q,, filtered, concentrated, and dried in
of bromide6a (0.80 g, 2.00 mmol) in THF (20 mL) at78 °C to vacuo to give the title compound as a white solid (33.4 g, 90%):
give an orange solution. After stirring for 1.5 h, CIRR6.75 mL, R: (DCM/EtOAC = 8:2) 0.07; mp 125.6127.0°C; *H NMR (300
4.20 mmol) was added dropwise. The resulting pale yellow solution MHz) 6 6.82 (1H, ddJ= 7.9, 1.7 Hz), 6.70 (1H, ddl = 7.9, 1.7
was allowed to warm to room temperature and stirred for 18 h. A Hz), 6.67 (1H, dJ = 8.2 Hz), 6.62 (1H, dd) = 7.9, 1.7 Hz), 6.53
degassed (by argon bubbling under sonication), saturated aq solutior(1H, dd,J = 7.9, 1.7 Hz), 6.50 (1H, dJ = 7.9 Hz), 3.59 (2H, m,
of NH,4CI (10 mL) was added and shaken vigorously. The aq layer CH>CHs), 3.50 (1H, m), 3.39 (2H, m, B,CHs), 3.25 (1H, ddd,
was separated and extracted with degassed DCM @ mL). = 12.6, 10.6, 4.9 Hz), 3.163.04 (4H, m), 2.88 (1H, ddd) =
The combined organic layers were dried ovep8lay, filtered, and 12.6,10.4,5.2 Hz), 2.79 (1H, m), 1.42 (3HJt= 6.9 Hz, CHCH,),
concentrated. Flash column chromatography (degassed pentanel.21 (3H, t,J = 7.2 Hz, CHCHa); *C NMR (75 MHz) 6 170.2,
DCM/EtOAC = 20:4:1) gave the title compound as a white solid 153.8, 148.1, 142.8, 139.4, 139.3, 137.8, 133.2, 132.9, 132.7, 132.2,
(0.63 g, 62%): R (petroleum ether/EtOAe 8:2) 0.64; mp 134.6 131.0, 129.2, 125.4, 42.3TH,CHg), 42.0 CH,CHy), 34.7, 34.3
137.0°C; [a]?% +4 (c 0.44, CHCH); 'H NMR (300 MHz) ¢ 7.33 (2C, s), 30.6, 14.2GHs3), 13.2 CH3); IR (KBr, cm1) vya 3433
(4H, m, P-C¢Hs), 7.24 (6H, m, P-CgHs), 7.06 (1H, br s, H-12), (O—H), 1723 (EfNC=0), 1678 (G=OOH); MS (El,m/z) 368 (17),
6.64 (2H, br s, H-15, 16), 6.50 (2H, m, H-7, 8), 5.84 (1H, dig,p 367 (Mf, 72), 251 (17), 250 (ParacyclophanylCH090), 104
= 7.9 Hz,J = 1.5 Hz, H-5), 4.61 (2H, m, OBH, H-1a), 4.20 (CHCeH4CH, ", 58), 100 (100); HRMS calcd for £H2sNOy,
(1H, td,J = 9.2, 7.0 Hz, N®), 4.10 (1H, ddJ = 9.2, 7.2 Hz, 367.1784; found, 367.1784.
OCHH), 3.49 (1H, m, H-2a), 3.07 (1H, m, H-10a), 2.85 (5H, m, Enantiopure {)-(4Rp,55)-12 was prepared from enantiopure

H-1b, 2b, 9a, 9b, 10b), 1.92 (1H, oct,= 7.0 Hz, GH(CHa),), carbamatel 1162 (see Results and Discussion). White solid: mp
1.13 (3H, dJ = 7.0 Hz, (H3), 0.92 (3H, dJ = 7.0 Hz, (H3); 13C 140.0-142.0°C; [0]?% +53 (c 0.70, CHC}).
NMR (75 MHz) 6 162.7 C=N), 144.0 (d,Jc—p = 17.3 Hz, C-4), (—)-(S,4Sp,5Rp)-0O-[4-(5-(1-Hydroxymethyl-2-methyl-propyl-

141.6, 138.83 (dJc-p = 14.3 Hz), 138.80, 138.6, 138.0 (d-p carbamoyl)-[2.2]paracyclophanyl)]diethylcarbamate (13a)Thio-
=10.7 Hz), 137.5 (dJc-p = 13.7 Hz), 136.1, 135.0, 134.8, 134.2, nyl chloride (2.0 mL, 27.8 mmol) was added ta)¢carboxylic acid
133.7, 133.6 (dJc—p = 2.4 Hz), 133.4 (2C, s), 133.3 (dc-p = 12(1.81 g, 4.94 mmol), and the resulting mixture was heated at 60
2.9 Hz), 133.2, 128.52, 128.49, 128.40, 128.3, 128.2, 128.1, 127.0,°C for 4 h. The excess thionyl chloride was removed by evaporation,
73.8 (NCH), 69.1 (OQCH2), 36.3, 34.9, 34.8, 33.6 (dec—p = 14.9 and the final traces were removed by azeotropic distillation with
Hz, C-2), 32.7 CH(CHjy),), 20.0 CHa), 18.5 (CHs); 3P NMR (121 toluene. The resulting crude acid chloride was dissolved in DCM
MHZz) 6 —4.12; IR (KBr, cnTl) vmax 1637 (CG=N); MS (EIl, m/2) (8 mL) and cooled to GC. A solution ofL-valinol (1.01 g, 9.78
504 (26), 503 (M, 100), 502 (58), 488 (M — Me, 18) 460 (M mmol) and E{N (1.37 mL, 9.78 mmol) in DCM (1 mL) was added,

— i-Pr, 18), 434 (19), 289 (11), 288 (GEsH3(PPh)CH,*, 38), and the reaction mixture was allowed to warm to room temperature
287 (18), 208 (16), 198 (19), 178 (11). Data agrees with that and stirred for 24 h. DCM (120 mL) was then added, and the
publisheck® solution was washed with aq NaH@®olution (3.5% wi/v, 2x
(—)-(S,4R;,13S;)-4-Diphenylphosphinyl-13-(4iso-propylox- 120 mL) and brine (120 mL). The organic phase was dried over
azolin-2-yl)[2.2]paracyclophane (1b}° Treatment of bromidéb, NaSO,, filtered, and concentrated. Flash column chromatography,

according to the procedure for the synthesislaf gave the title gradient elution (pentane/DCM/EtOAe 6:2:2— 5:2:3— 4:2:4)
compound as a white solid (0.46 g, 46%% (petroleum ether/ gave the title compound as a white solid (0.85 g, 38®)(DCM/
EtOAc = 8:2) 0.67; mp 159.8161.0 °C; [0]%% —80 (c 0.39, EtOAc = 8:2) 0.21; mp 61.563.0°C; [a]2% —23 (¢ 0.90, CHC});
CHCl3); H NMR (300 MHz) 6 7.35 (4H, m, P-CgHs), 7.23 (6H, IH NMR (300 MHz) ¢ 7.10 (1H, ddJ = 7.9, 1.7 Hz), 6.72 (1H,
m, P—CeHs), 7.15 (1H, br s, H-12), 6.62 (2H, br s), 6.51 (2H, m, dd,J = 7.9, 1.7 Hz), 6.58 (1H, dd] = 7.9, 1.7 Hz), 6.54 (1H, d,
H-7, 8), 5.83 (1H, ddJ_p = 8.2 Hz,J = 1.7 Hz, H-5), 4.55 (1H,  J= 7.9 Hz), 6.52 (1H, ddJ = 7.9, 1.7 Hz), 6.44 (1H, d) = 7.9
dd,J=9.9, 8.1 Hz, OEGiH), 4.51 (1H, m, H-1a), 4.31 (1H, §, = Hz), 5.78 (1H, br dJ = 8.9 Hz, NH), 3.81 (1H, dddd,] = 8.9,
8.1 Hz, OCHH), 4.10 (1H, m, N®&{), 3.43 (1H, m, H-2a), 3.06 7.2,5.4,3.5 Hz, N@), 3.59 (3H, m, Gi,0H, CH,CH3), 3.44 (1H,
(1H, m, H-10a), 2.87 (5H, m, H-1b, 2b, 9a, 9b, 10b), 2.19 (1H, m, CHHCH;), 3.28 (1H, m, GIHCH;), 3.23 (2H, m), 3.19-2.98
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(5H, m), 2.74 (1H, m), 1.81 (1H, octl = 6.7 Hz, GH(CHy)y),
1.43 (3H, t,J = 7.2 Hz, CHCH3), 1.20 (3H, t,J = 7.2 Hz,
CH,CHs), 0.95 (3H, dJ = 6.7 Hz, CH(GHs)CHs), 0.91 (3H, d,J
= 6.7 Hz, CH(CH)CHs); 13C NMR (75 MHz) 6 167.1, 154.7,

Whelligan and Bolm

(0.27 g, 4.8 mmol) were dissolvedi#PrOH (10 mL). The reaction
mixture was then heated at reflux for 51 h. Aqueous HCI (3 M, 7
mL, 21 mmol) was added, and the mixture was extracted wi® Et
(2 x 22 mL) and DCM (22 mL). The combined organic layers

146.0, 140.0, 139.2, 138.9, 136.1, 132.8, 132.5, 132.0 (2C, s), 131.6were washed with NaHC{(30 mL) to remove any [2.2]paracy-

129.6, 129.5, 63.3qH,0H), 57.3 (NCH), 42.12 CH,CHa), 42.08
(CH.CHs), 35.1, 34.5, 33.4, 30.4, 28.€KI(CHs),), 19.5 (CHCHy)-
CHjz), 18.8 (CH(CH)CH3), 14.0 (CHCHj3), 13.2 (CHCHs3); IR
(CHCI3, cm™1) vax 3411 (br, G-H and N—H), 1699 (EsNC=0),
1657 (C=OONH); MS (El,m/z) 453 (21), 452 (M, 78), 350 (9),
348 (Mt — CH,C¢H4CHy, 7), 335 (12), 248 (14), 231 (60), 104
(CHZ_C6H4—CH2+, 23), 100 (100), HRMS calcd fOI’ﬁ'igeNzO;;,
452.2675; found, 452.2675.
(+)-(S,4Rp,55p)-O-[4-(5-(1-Hydroxymethyl-2-methyl-propyl-
carbamoyl)-[2.2]paracyclophanyl)]diethylcarbamate (13b).Fur-
ther elution gave the title compound as a white solid (0.58 g,
26%): R (DCM/EtOAc = 8:2) 0.10; mp 136.5137.0°C; [0]%%
+20.7 € 1.09, CHC}); 'H NMR (300 MHz) 6 7.13 (1H, ddJ =
7.9,1.7 Hz), 6.67 (1H, ddl = 7.9, 2.0 Hz), 6.59 (1H, ddl = 7.7,
1.7 Hz), 6.53 (1H, dJ = 7.8 Hz), 6.52 (1H, ddJ = 7.7, 2.0 Hz),
6.43 (1H, d,J = 7.8 Hz), 6.08 (1H, br dJ = 7.9 Hz, NH), 3.71
(1H, m, NCH), 3.64 (1H, m, GIHCH), 3.52 (3H, m, CHHCHj,
CH,0OH), 3.37 (1H, m, GIHCHz), 3.33-3.17 (3H, m), 3.06:2.91
(4H, m), 2.86 (1H, m), 2.76 (1H, m), 1.83 (1H, odt= 6.8 Hz,
CH(CHg),), 1.40 (3H, t,J = 7.2 Hz, CHCHj3), 1.18 (3H, t,J =
7.2 Hz, CHCHjg), 0.89 (3H, d,J = 6.8 Hz, CH(CGH3)CHj3), 0.88
(3H, d,J = 6.8 Hz, CH(CH)CHy); 13C NMR (75 MHz) 6 167.6,

clophane carboxylic acid byproduct, and the aq layer was extracted
with DCM (22 mL). All organic layers were combined, dried over
NaSO,, filtered, and concentrated. Flash column chromatography
with gradient elution (pentane/EtOAe 9:1 — 8:2 — 7:3) first
gave unreacted starting materisda (0.04 g, 16%) and then the
titte compound as a white solid (0.10 g, 59%3: (petroleum ether/
EtOAc = 1:1) 0.50; mp 43.648.0 °C; [0]?*%, —148 (€ 1.30,
CHClg); 'H NMR (400 MHz) 6 11.52 (1H, s, ®), 7.05 (1H, dd,
J=8.0, 1.9 Hz), 6.59 (1H, dd] = 8.0, 1.9 Hz), 6.51 (1H, ddJ

= 8.0, 1.9 Hz), 6.48 (1H, d) = 7.7 Hz), 6.45 (1H, ddJ = 8.0,

1.9 Hz), 6.25 (1H, dJ = 7.7 Hz), 6.08 (1H, br dJ = 8.7 Hz,
NH), 3.95 (1H, tdd,J = 8.7, 6.8, 4.1 Hz, N@l), 3.68 (2H, m,
CH,0H), 3.53 (1H, m, H-9a), 3.48 (1H, d,= 7.0 Hz), 3.41 (1H,
ddd,J = 12.9, 10.2, 2.8 Hz), 3.17 (1H, ddd,= 12.9, 10.4, 5.2
Hz), 3.11 (1H, m), 3.02 (1H, ddd, = 12.9, 10.7, 2.8 Hz), 2.96
2.82 (2H, m), 2.55 (1H, ddd] = 13.2, 10.7, 5.2 Hz, H-2b), 2.05
(1H, oct,J = 6.8 Hz, H(CHa),), 1.10 (3H, d,J = 6.8 Hz, H3),

1.09 (3H, d,J = 6.8 Hz, (Hy); 3C NMR (75 MHz)6 171.0, 159.4,
140.1, 137.9,137.7,137.3, 133.0, 131.8, 131.4,129.2, 127.7, 127 .1,
117.9, 63.1CH,0OH), 56.8 (NCH), 36.1, 35.0, 33.8, 30.2, 29.€1d-
(CHg)2), 19.8 CH3), 19.2 CH3); IR (KBr, cm™1) vmax 3419 (br,
O—H and N—H), 1622 (G=OONH); MS (El,m/z) 354 (24), 353

154.5, 146.0, 140.6, 139.6, 138.8, 136.1, 132.7, 132.5, 132.3, 132.1(M*, 100), 322 (M — CH,OH, 13), 310 (M — i-Pr, 21), 268

132.0, 129.3, 128.8, 63.7 @H), 57.9 CH,OH), 42.0 (2C, s, X
CH,CHg), 35.1, 34.4, 33.4, 30.3, 28.8(CHs),), 19.1 (CHCHy)-
CHs), 19.0 (CH(CH)CHs3), 14.2 (CHCH3), 13.2 (CHCH2): IR
(KBr, cm™1) vmax 3493 (br, G-H), 3259 (N—H), 1719 (EfNC=
0), 1661 (G=OONH); MS (El,m/z) 453 (25), 452 (M, 90), 350
(10), 348 (M — CHCgH4CH,, 7), 335 (14), 248 (14), 231 (60),
104 (CHCgH4CH;™, 24), 100 (100); HRMS calcd for ZH3gN2O04,
452.2675; found, 452.2676.
(—)-(S,4Sp,5Rp)-O-[2-(5-(4-Hydroxy[2.2]-paracyclophanyl))-
3-methylbutyl] Diethylcarbamate (14a).Carbamateé 3a(0.85 g,

(34), 250 (33), 249 (M — CH,CgH4CH,, 52), 248 (12), 218 (62),
206 (22), 164 (15), 163 (15), 147 (21), 146 (17), 104 (C#H,-
CH,™, 74), 102 (22); HRMS calcd for £5H,7NOs, 353.1991; found,
353.1990..
(+)-(S,4Rp,55p)-0-[2-(5-(4-Hydroxy[2.2]-paracyclophanyl))-
3-methylbutyl] Diethylcarbamate (14b). Treatment of carbamate
13b(0.58 g, 1.29 mmol) according to the procedure for the synthesis
of 14a gave the title compound as a pale yellow solid (0.31 g,
54%): R (petroleum ether/EtOAe 1:1) 0.68; mp 111.6113.0
°C; []?% +74 (c 0.76, CHCH); *H NMR (400 MHz) 6 11.42 (1H,

1.89 mmol) was dissolved in a mixture of MeOH (53 mL) and aq s, CH), 7.04 (1H, ddJ= 7.9, 1.9 Hz), 6.57 (1H, ddl= 7.9, 1.9
NaOH (6 M, 19.8 mL, 118.9 mmol). The reaction mixture was Hz), 6.49 (1H, ddJ= 7.9, 1.9 Hz), 6.48 (1H, d] = 7.7 Hz), 6.44
then heated at reflux for 20 h. Aqueous HCI (3 M, 45 mL, 135 (1H, dd,J=7.9, 1.9 Hz), 6.26 (1H, dJ = 7.7 Hz), 6.02 (1H, br
mmol) was added, and the mixture was extracted with EtOAc (4 d,J = 9.1 Hz, NH), 4.40 (1H, ddJ = 11.5, 5.8 Hz, CHIO), 4.27
x 50 mL). The combined organic layers were dried oves3@, (1H, dd,J = 11.5, 3.3 Hz, GIHO), 4.19 (1H, m, N®), 3.47 (1H,
filtered, and concentrated. Flash column chromatography, gradientddd,J = 13.6, 9.3, 2.7 Hz, H-9a), 3.443.30 (5H, m, H-2a, 2«

elution (pentane/EtOAe 19:1— 9:1— 8:2— 7:3) gave the title
compound as a colorless oil (0.26 g, 31%3: (petroleum ether/
EtOAc = 1:1) 0.71; p]?% —117 € 0.95, CHC}); 'H NMR (300
MHz) 6 11.65 (1H, s, ®), 7.04 (1H, ddJ = 7.9, 1.7 Hz), 6.58
(1H, dd,J = 7.9, 1.7 Hz), 6.48 (1H, dd]) = 7.7, 1.7 Hz), 6.44
(1H, d,J = 7.7 Hz), 6.43 (1H, ddJ = 7.7, 1.7 Hz), 6.25 (1H, d,
J=17.7 Hz), 4.25 (2H, m, N&, CHHO), 4.06 (1H, dd,J = 15.6,
8.3 Hz, HHO), 3.57 (1H, m, H-9a), 3.39 (1H, ddd~= 12.7, 9.9,
2.7 Hz, H-2a), 3.262.80 (9H, m, H-10a, 10b, 9b, 1a, 1b,»2
CH,CHj), 2.53 (1H, dddJ = 12.7, 10.6, 5.2 Hz, H-2b), 1.99 (1H,
m, CH(CHz),), 1.12 (6H, dJ = 6.9 Hz, CH(®H3),), 0.93 (6H, m,
2 x CHyCHg); 13C NMR (75 MHz) 6 170.9, 159.5, 155.9, 140.1,

CH,CHg), 3.17 (1H, dddJ = 12.9, 10.2, 5.2 Hz, H-1a), 3.04 (2H,
m, H-1b, 10a), 2.88 (1H, ddd,= 13.6, 9.3, 6.7 Hz, H-9b), 2.78
(1H, ddd,J = 12.6, 9.3, 6.7 Hz, H-10b), 2.54 (1H, ddii= 13.2,
10.7, 5.2 Hz, H-2b), 1.88 (1H, ocl,= 6.8 Hz, GH(CHs),), 1.18
(6H, t,J = 7.1 Hz, 2x CH,CHs), 0.97 (3H, d,J = 6.8 Hz, CH-
(CH3)CH), 0.92 (3H, d,J = 6.8 Hz, CH(CH)CH3); 3C NMR
(100 MHz)6 170.0, 159.1, 155.4, 139.9, 137.7, 137.5, 137.2, 132.7,
131.6, 131.2, 128.9, 127.5, 126.9, 118.0, 65CH{OH), 54.0
(NCH), 41.9 CH,CHz), 41.3 CH,CH), 35.9, 35.0, 33.8, 30.2, 29.7
(CH(CHs)2), 19.2 (CHCH3)CHs), 18.8 (CH(CH)CH3), 14.2
(CH,CH3), 13.5 (CHCH3); IR (KBr, cm™1) vma 3308 (O—H and
N—H), 1682 (EsNC=0), 1622 (G=00NH); MS (El, m/z) 453

137.8, 137.5, 137.4, 133.0, 131.8, 131.3, 129.0, 127.7, 127.1, 117.9(29), 452 (M, 100), 348 (M — CH,CsH4CH,, 33), 347 (38), 335

64.6 (CH,OH), 54.3 (NCH), 42.0 CH,CHj), 41.4 CH,CHj), 36.1,
35.0, 33.8, 30.2 (2C, £H(CHjz),, C-2), 19.6 (CHCH3)CHg), 18.9
(CH(CH3)CHa), 13.9 (CHCHa), 13.1 (CHCHy); IR (CHCl;, cm™1)
Vmax 3309 (C—H and N—H), 1686 (EsNC=0), 1624 (G=OONH);
MS (El, m/z) 453 (30), 452 (M, 100), 348 (M — CH,CgH4CHy,
30), 347 (33), 335 (M — HOC(O)NE®, 15), 232 (14), 231 (71),
230 (15), 146 (10), 104 (CH-CgH,—CH,*, 27), 100 (16); HRMS
calcd for G/H3eN,O4, 452.2675; found, 452.2675.

(—)-(S,4Sp,5Rp)-4-Hydroxy-[2.2]paracyclophane-5-carboxyl-
ic Acid (1-Hydroxymethyl-2-methyl-propyl)-amide (15a). (i)
Further elution gave the title compound (0.34 g, 51%).

(ii) Alternatively, carbamaté4a(0.22 g, 0.48 mmol) and KOH
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(M* — HOC(O)NE®, 13), 232 (13), 231 (69), 230 (13), 146 (8),
104 (CHCsH,CH, 21), 100 (15); HRMS calcd for SH3eN204,
452.2675; found, 452.2674.

(+)-(S,4Rp,55p)-4-Hydroxy-[2.2]paracyclophane-5-carboxyl-
ic Acid (1-Hydroxymethyl-2-methyl-propyl)-amide (15b). (i)
Further elution gave the title compound (0.11 g, 25%).

(i) Alternatively, treatment of carbamaielb (0.29 g, 0.64 mmol)
according to procedure (i) for the synthesisldfa first gave the
starting material4b (0.04 g, 12%) and then the title compound as
a white solid (0.13 g, 58%)R; (petroleum ether/EtOAe 1:1)
0.50; mp 85.5-87.0 °C; [a]?% +58 (c 1.95, CHC}); *H NMR
(400 MHz) 6 11.46 (1H, s, ®), 7.05 (1H, ddJ = 7.7, 1.7 Hz),
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6.59 (1H, dd,J = 8.0, 1.7 Hz), 6.54 (1H, dd] = 7.7, 1.9 Hz),
6.49 (1H, dJ=7.7 Hz), 6.44 (1H, ddJ = 8.0, 1.9 Hz), 6.28 (1H,
d,J = 7.7 Hz), 6.14 (1H, br dJ = 8.5 Hz, NH), 3.97 (1H, m,
NCH), 3.88 (2H, m, G1,0H), 3.59 (1H, m, H-9a), 3.42 (1H, ddd,
J=13.0, 10.3, 2.8 Hz, H-2a), 3.17 (1H, dd#i= 12.6, 10.3, 5.0
Hz, H-1a), 3.13 (1H, m, H-10a), 3.01 (1H, ddii= 12.6, 10.7,
2.8 Hz, H-1b), 2.88 (2H, m, H-9b, 10b), 2.55 (1H, ddd+ 13.0,
10.7, 5.0 Hz, H-2b), 1.91 (1H, ocl,= 6.9 Hz, GH(CH3),), 0.98
(3H, d,J = 6.9 Hz, (Hy), 0.94 (3H, d,J = 6.9 Hz, (Hy); 13C
NMR (100 MHz)¢ 170.6, 159.2, 139.8, 137.9, 137.5, 137.4, 132.9,
131.6, 131.2, 129.0, 127.4, 127.2, 117.9, 6331{OH), 56.7
(NCH), 36.3, 35.0, 33.8, 30.1 (C-2), 29.CK(CHs),), 19.5 CHs3),
19.0 CH3); IR (CHCI;, cm™) vyax 3434 (br, O-H and N—H),
1619 (C=OONH); MS (El,nVz) 354 (22), 353 (M, 100), 322 (M
— CH,OH, 15), 310 (M — i-Pr, 25), 268 (38), 250 (28), 249 (M
— CH,CgH4CH,, 46), 248 (14), 218 (56), 206 (19), 164 (14), 163
(13), 147 (13), 146 (11), 104 (GBsH4CH, ™, 44), 102 (18); HRMS
calcd for G,H»7NOs, 353.1991; found, 353.1991.
(—)-(S,4Sp,5Rp)-0O-[4-(5-(4-so-Propyloxazolin-2-yl)-[2.2]para-
cyclophanyl)]diethylcarbamate (16a).Carbamatel3a (65 mg,
0.143 mmol) was dissolved in MeCN (3.0 mL) and RPgb mg,
0.250 mmol), EN (35 ul, 0.250 mmol), and CGl(24 ul, 0.250
mmol) were added. The resulting solution was stirred for 23 h. It
was then diluted with DCM (3 mL), washed with brine € 3
mL), and dried over Ng&O, The mixture was filtered and
concentrated. Flash column chromatography with gradient elution
(pentane/EtOAe 9:1— 8:2— 7:3) gave the title compound as a
colorless oil that became a white crystalline solid on standing (35
mg, 56%): Rs (petroleum ether/EtOAe 8:2) 0.12; mp 62.664.0
°C; [a]®% —50 (€ 0.79, CHC}); *H NMR (400 MHz) 6 6.98 (1H,
dd,J=7.7,1.9 Hz), 6.71 (1H, dd] = 7.7, 1.9 Hz), 6.60 (1H, dd,
J=8.0, 1.9 Hz), 6.58 (1H, d] = 8.0 Hz), 6.53 (1H, ddJ = 8.0,
1.9 Hz), 6.46 (1H, dJ = 8.0 Hz), 4.25 (1H, ddJ = 9.6, 8.0 Hz,
CHHO), 4.08 (1H, dddJ = 9.6, 8.0, 6.6 Hz, N@l), 3.98 (1H, t,
J= 8.0 Hz, HHO), 3.68 (1H, m, CHICHS3), 3.52 (1H, dddJ =
12.6, 10.6, 2.5 Hz, H-9a), 3.44 (2H, m2 CHHCHj), 3.30 (1H,
m, CHHCHa), 3.21 (1H, dddJ) = 12.4, 10.6, 4.7 Hz, H-10a), 3.10
(1H, m, H-2a), 3.04 (3H, m, H-1a, 1b, 10b), 2.87 (1H, ddds
12.6, 10.4, 4.7 Hz, H-9b), 2.75 (1H, m, H-2b), 1.82 (1H, dct;
6.6 Hz, GH(CHs3)), 1.41 (3H, t,J = 6.9 Hz, CHCHg), 1.18 (3H,
t, J= 7.1 Hz, CHCHj3), 1.09 (3H, d,J = 6.6 Hz, CH(QH3)CHj),
0.98 (3H, d,J = 6.6 Hz, CH(CH)CHj3); 13C NMR (100 MHz) 6
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(1H, ddd,J = 12.9, 9.9, 4.1 Hz), 3.072.96 (4H, m), 2.90 (1H,
ddd,J = 13.5, 10.2, 4.1 Hz, H-2b), 2.00 (1H, oct,= 6.6 Hz,
CH(CHa),), 1.13 (3H, d,J = 6.6 Hz, (H3), 1.04 (3H, d,J = 6.6
Hz, CHg); 3C NMR (100 MHz) 6 159.3 (G=N), 145.5, 143.5,
139.2,138.9, 137.2,134.3,132.7, 132.4, 132.3, 131.9, 130.2, 124.1,
118.5 (g Jc-r = 317.9,CF3), 73.5 (NCH), 69.6 CH;0), 34.8, 34.4,
34.1, 32.6 CH(CHs)y), 30.8 (C-2), 19.6 CH3), 18.5 CH3); °F
NMR (376 MHz) 6 —73.8 (3F, s); IR (neat, cm) vmax 1659 (C=
N); MS (El, m/2) 468 (13), 467 (M, 44), 424 (M — i-Pr, 2), 335
(29), 334 (M- — Tf, 100), 249 (8), 248 (11), 231 (14), 230
(CH,C¢H(O)(oxazoline)CH", 89), 104 (CHCsH4CH, ", 19); HRMS
calcd for G3H24SRNO,, 467.1378; found, 467.1379.
(—)-(S,4Rp,5Sp)-Trifluoromethansulfonic Acid [4-(5-(4-iso-
Propyloxazolin-2-yl)-[2.2]paracyclophanyl)] Ester (18b).Treat-
ment of diol15b (90 mg, 0.255 mmol), according to the procedure
for the synthesis ofl8a gave the title compound as a colorless
oil: R: (petroleum ether/EtOAe= 8:2) 0.42; b2, —69 (c 0.66,
CHClg); *H NMR (300 MHz) 6 6.80 (1H, dd,J = 7.9, 1.7 Hz),
6.75 (1H, dd,J = 7.9, 1.7 Hz), 6.63 (1H, dd] = 7.9, 1.7 Hz),
6.61 (2H, s, H-7, 8), 6.58 (1H, dd,= 7.9, 1.7 Hz), 4.50 (1H, dd,
J=19.9, 8.7 Hz, CHHO), 4.17 (1H, tJ = 8.7 Hz, (HHO), 4.05
(1H, m, NCH), 3.70 (1H, dddJ = 12.1, 9.6, 4.0 Hz, H-9a), 3.36
(1H, ddd,J = 13.4, 9.9, 3.7 Hz), 3.21 (1H, m), 3.32.84 (5H,
m), 1.92 (1H, octJ = 6.7 Hz, GH(CHg),), 1.17 (3H, d,J = 6.7
Hz, CHg), 1.05 (3H, d,J = 6.7 Hz, (H3); 13C NMR (75 MHz) 6
159.8 (CG=N), 145.7, 143.7, 139.2, 139.1, 137.1, 134.6, 132.7, 132.5,
132.3, 130.1, 124.4 (¢Jc-r = 319.5,CF3), 72.9 (NCH), 70.3
(CH20), 34.7, 34.3, 34.2, 33.ZH(CHzs),), 30.8, 19.4 CH3), 19.0
(CHy); 1%F NMR (376 MHz)6 —73.8 (3F, s); IR (neat, cm) vmax
1654 (C=N); MS (El, n/z) 468 (12), 467 (M, 39), 424 (M' —
i-Pr, 2), 335 (26), 334 (M — Tf, 100), 249 (7), 248 (10), 231
(13), 230 (CHCgH2(O)(oxazoline)CHt, 85), 104 (CHCsH,CH,*,
21); HRMS calcd for GsH24SRNO,, 467.1378; found, 467.1378.
(—)-(S,4Sp,5Rp)-4-Diphenylphosphinyl-5-(4iso-propyloxazo-
lin-2-yl)[2.2]paracyclophane (3a).Triflate 18a(1.05 g, 2.24 mmol)
was dissolved in THF (6.5 mL), and F#K (0.5 M w/v solution in
THF, 0.43 mL, 0.21 mmol) was added. The solution was stirred at
room temperature for 20 h. Degassed water (75 mL) and DCM
(45 mL) were added, and the mixture was shaken vigorously. The
ag layer was separated and extracted with DCM (45 mL). The
combined organic layers were dried over,8@,, filtered, and
concentrated. Flash column chromatography with gradient elution

160.4, 153.3, 148.2, 142.2, 139.4, 139.2, 136.2, 132.8, 132.5, 132.3(petroleum ether/DCM/EtOAe= 32:7:1— 31:7:2) gave the title

131.5, 131.1, 129.3, 123.1, 73.3@N), 69.3 CH;0), 42.2 CH,-
CHg), 42.0 CH2CHj), 34.8, 34.4, 34.1, 33.20H(CHj),), 30.7 (C-
2),19.2 (CHCH3)CHg), 18.8 (CH(CH)CHj3), 14.5 (CHCH3), 13.5
(CHzCH3); IR (CHCl3, cm™Y) vax 1716 (EENC=0), 1653 (G=
N); MS (El, m/2) 435 (28), 434 (M, 100), 391 (M — i-Pr, 3),
361 (8), 334 (M — CONE®, 28), 305 (6), 271 (8), 257 (6),243
(12), 230 (CHCgH,(O)(oxazoline)CH", 40), 100 (60); HRMS
calcd for G/H34N,03, 434.2569; found, 434.2569.
(—)-(S,4Sp,5Rp)-Trifluoromethansulfonic Acid [4-(5-(4-iso-
Propyloxazolin-2-yl)-[2.2]paracyclophanyl)] Ester (18a).A solu-
tion of diol 15a(0.19 g, 0.53 mmol) and pyridine (0.1 mL, 1.27
mmol) in DCM (1.5 mL) was added dropwise to a solution ofO’f
(0.19 mL, 1.11 mmol) in DCM (0.5 mL) at 0C. After stirring for

compound as a white crystalline solid (0.52 g, 46%)(petroleum
ether/DCM/EtOAc= 7:2:1) 0.55; mp 88.691.0°C; [a]?%p —12
(c 0.30, CHC}); *H NMR (300 MHz) 6 7.56 (2H, m), 7.34 (2H,
m), 7.15 (3H, m), 7.10 (3H, m), 6.87 (1H, br 3= 8.0 Hz), 6.77
(1H, br d,J = 8.0 Hz), 6.55 (2H, m), 6.40 (1H, dl = 7.8 Hz,
H-7), 6.35 (1H, ddJ = 7.8 Hz,J_p = 3.7 Hz, H-8), 3.52 (1H, t,
J = 8.1 Hz, CHHO), 3.33 (1H, m, N&), 3.16 (1H, ddJ = 9.9,
8.1 Hz, GHHO), 3.09-2.80 (5H, m), 2.68 (2H, m), 2.41 (1H, m,
H-2b), 1.65 (1H, oct) = 6.7 Hz, GH(CHs),), 0.94 (3H, dJ = 6.7
Hz, CH(CH3)CHs), 0.83 (3H, d,J = 6.7 Hz, CH(CH)CHj); 13C
NMR (75 MHz) ¢ 163.2 C=N), 145.5 (d,Jc_p = 8.9 Hz), 142.0
(d,Je—p=12.5Hz), 140.1 (dJc—p = 9.5 Hz), 139.5, 138.8, 138.7,
138.3, 138.0, 135.5, 134.6, 133.3, 133.2, 133.0, 132.9, 131.7,

1.5 h, the solution was warmed to room temperature and stirred 131.64, 131.57, 131.2, 128.5, 128.4, 128.3, 128.0 (2C, s), 127.9,

for an additional 2 h. Water (6 mL) was added, and the aq layer
was separated and extracted with DCMX® mL). The combined
organic layers were dried over p&0,, filtered, and concentrated.
Flash column chromatography with gradient elution (pentane/EtOAc
= 19:1— 9:1) gave the title compound as a colorless oil (0.18 g,
73%): R (petroleum ether/EtOAe 8:2) 0.52; p]2% —26 (¢ 1.35,
CHCl3); *H NMR (400 MHz) 6 6.90 (1H, dd,J = 7.7, 1.9 Hz),
6.82 (1H, dd,J = 7.7, 1.7 Hz), 6.63 (1H, dd) = 7.7, 1.7 Hz),
6.62 (1H, dJ = 8.0 Hz), 6.60 (1H, ddJ = 7.7, 1.9 Hz), 6.58 (1H,
d,J= 8.0 Hz), 4.42 (1H, ddJ = 9.1, 7.7 Hz, CHHO), 4.18 (1H,
td,J=9.1, 6.6 Hz, N®), 4.10 (1H, ddJ = 9.1, 7.7 Hz, GiHO),
3.43 (1H, m), 3.36 (1H, ddd] = 13.5, 9.9, 4.1 Hz, H-2a), 3.23

72.7 (NCH), 68.5 CH;0), 36.4 (d Jc-p = 6.5 Hz, C-2), 34.7, 34.6,
33.5, 32.2 CH(CHa)y), 19.7 CHs), 18.2 CHa); 3P NMR (121
MHz) 6 0.20; IR (CHC, cm2) vyax 1653 (G=N); MS (EI, m/2)
504 (37), 503 (M, 100), 502 (17), 488 (M — Me, 8) 461 (13),
460 (M™ — i-Pr, 39), 434 (17), 433 (36), 432 (45), 413 (9), 412
(31), 358 (15), 357 (24), 356 (27), 330 (22), 329 (49), 328 (58),
322 (14), 308 (20), 104 (Ci€sH,CH,', 8); HRMS calcd for
CssH34PNO, 503.2378; found, 503.2379.
(—)-(S,4Rp,550)-4-Diphenylphosphinyl-5-(4iso-propyloxazo-
lin-2-yl)[2.2]paracyclophane (3b).Treatment of triflatel8b (0.84
g, 1.81 mmol), according to the procedure for the synthesgapf
gave the title compound as a white crystalline solid (0.59 g, 65%):
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R: (petroleum ether/DCM/EtOAe 7:2:1) 0.32; mp 170.86172.0
°C; [a]?% —242 ( 1.04, CHC}); 'H NMR (400 MHz) ¢ 7.58 (2H,
m), 7.45 (2H, m), 7.237.18 (6H, m), 6.81 (1H, dd) = 8.0, 1.7
Hz), 6.63 (3H, m), 6.53 (1H, d] = 7.7 Hz, H-7), 6.42 (1H, dd]
= 7.7 Hz,dy_p = 3.8 Hz, H-8), 3.79 (1H, tJ = 8.6 Hz, CHHO),
3.68 (1H, dd,J = 9.9, 8.6 Hz, GIHO), 3.63 (1H, ddd,]) = 13.0,
12.4, 5.8 Hz, H-9a), 3.08 (1H, ddd,= 13.2, 9.6, 3.9 Hz), 2.99
(2H, m, NCH, CHHCHy), 2.93-2.84 (3H, m), 2.76 (1H, ddd} =
13.0, 9.6, 4.7 Hz), 2.49 (1H, ddd,= 13.7, 9.9, 4.4 Hz, H-2b),
1.65 (1H, m, G(CHg),), 1.01 (3H, d,J = 6.6 Hz, CH(CH3)CHs),
0.88 (3H, d,J = 6.9 Hz, CH(CH)CHy); 3C NMR (100 MHz) ¢
162.4 C=N), 145.4 (d,Jc-p = 9.9 Hz), 142.0 (dJcp = 11.4
Hz), 139.4, 138.90, 138.95, 138.0 (@,.» = 9.1 Hz), 137.0, 136.8,

Whelligan and Bolm

(6), 349 (13), 348 (ChLCeH3(P(GH4OMe),)CH, ", 50), 347 (13),
282 (8), 240 (8), 239 (9), 215 (10), 178 (9); HRMS calcd fegHGs
PNG;, 563.2589; found, 563.2588.
(—)-(5/4S,,12S;)-4-Di(4-methoxyphenyl)phosphinyl-13-(4iso-
propyloxazolin-2-yl)[2.2]paracyclophane (19b).Further elution
gave the title compound as a white crystalline solid (0.06 g, 31%):
Rs (petroleum ether/EO = 8:2) 0.08; mp 147.6149.0°C; [a]?%
—50 (c 0.87, CHC}); *H NMR (300 MHz)¢ 7.69 (1H,dJ=1.5
Hz, H-13), 7.40 (2H, ddJ = 8.7 Hz,Jy—p = 8.2 Hz, P-CgH4
OMe (ortho)), 7.24 (2H, br ddl= 8.7 Hz,J4—p = 7.2 Hz, P-CgHa-
OMe (ortho)), 6.85 (2H, br d) = 8.7 Hz, P-C¢H,OMe (meta)),
6.76 (2H, br dJ = 8.7 Hz, P-CsH,OMe (meta)), 6.63 (1H, dd]
= 7.7, 1.5 Hz, H-15), 6.59 (1H, d} = 7.7 Hz, H-16), 6.55 (1H,

135.3 (2C, s), 133.4,133.2, 133.1, 132.9, 132.2, 132.1, 131.4, 130.9dd, J = 7.8, 1.7 Hz, H-7), 6.45 (1H, dd} = 7.8 Hz,Jy_p = 5.7

128.4, 128.34, 128.26, 128.2, 127.9, 127.8, 72.€H) 69.3
(CH;0), 36.5 (d.Jc_p = 9.1 Hz, C-2), 35.0, 34.8, 34.2, 33.CH-
(CHs)2), 19.6 (CHCH3)CHa), 19.2 (CH(CH)CH3); 31P NMR (162
MHz) 6 1.48; IR (CHC}, cn L) vpmax 1651 (G=N); MS (EI, m/2)
504 (37), 503 (M, 100), 502 (19), 488 (M — Me, 10) 461 (10),

460 (M* — i-Pr, 28), 434 (25), 433 (57), 432 (63), 413 (19), 412
(64), 358 (13), 357 (24), 356 (36), 330 (39), 329 (75), 328 (93),

322 (27), 308 (22), 104 (CisH,CH,", 22); HRMS calcd for
Cs4H34PNO, 503.2378; found, 503.2378.

(+)-(S4Rp, 12R,)-4-Di(4-methoxyphenyl)phosphinyl-13-(4iso-
propyloxazolin-2-yl)[2.2]paracyclophane (19a)n-BuLi (15% w/v

solution inn-hexane, 0.23 mL, 0.53 mmol) was added dropwise to

a solution of the diastereomeric mixture of bromidés(0.14 g,
0.35 mmol) in THF (3.5 mL) at-78 °C to give an orange solution.

After stirring for 1.5 h, a solution of chlorodi(4-methoxyphenyl)-

phosphine (0.21 g, 0.74 mmol) in THF (0.5 mL) was added
dropwise to give a black solution that slowly became orange. After
10 min, the cooling bath was removed, and the reaction mixture

was stirred for an additional 3 h. Ordinary “wet” 38t (0.1 mL,
0.71 mmol) was added, followed by#x (3 mL), and the resulting

Hz, H-8), 5.89 (1H, ddJy_p = 8.4 Hz,J = 1.7 Hz, H-5), 4.32
4.18 (2H, m, OGiH, H-10a), 4.06-3.90 (2H, m, NE&, OCHH),
3.79 (3H, s, OEl3), 3.74 (3H, s, OEl3), 3.45 (1H, dddJ = 12.9,
9.7, 6.7 Hz, H-1a), 3.27 (1H, br dd,= 13.6, 9.7 Hz, H-2a), 3.05
(2H, m, H-1b, 9a), 2.8%2.62 (3H, m, H-9b, H-2b, 10b), 1.53 (1H,
oct,J = 6.7 Hz, GH(CHjs),), 1.00 (3H, d,J = 6.7 Hz, CH(CH)-
CHa), 0.88 (3H, dJ = 6.7 Hz, CH(GH3)CHsz); 13C NMR (75 MHz)
0 162.7 C=N), 160.4 (MeC), 159.9 (MeCT), 143.0 (dJc—p =
17.9 Hz), 140.8, 139.7, 139.5, 138.7 (4, = 10.7 Hz), 137.7,
137.3, 135.6, 134.9, 134.4, 134.3, 134.2, 134.1, 132.5, 131.6 (d,
Jo_p = 4.8 Hz), 130.5 (dJc_p = 7.1 Hz), 127.8 (dJcp = 7.7
Hz), 127.6, 113.9 (2C, s), 113.8, 113.7, 73.CfY, 69.1 (CCH,),
55.08 (OCH3), 55.05 (CCH3), 36.4 (C-10), 35.5 (dJc—p = 9.5
Hz, C-2), 34.0, 33.5CH(CHs)), 33.0, 19.4 (CH(CH)CHs), 18.9
(CH(CH3)CHa); 3P NMR (121 MHz)d —4.70; IR (CHC}, cm1)
Vmax 1638 (G=N); MS (El, m/2) 564 (35), 563 (M, 100), 562 (18),
548 (M — Me, 4) 478 (5), 349 (12), 348 (Gi8sHs(P(CHa-
OMe),)CH,*, 49), 347 (12), 282 (8), 240 (7), 239 (9), 215 (9);
HRMS calcd for GeHzsPNO;, 563.2589; found, 563.2590.
General Procedure for the Palladium-Catalyzed Allylic Alkyl-

mixture was added to silica gel (1.4 g) and DCM (3 mL). The ation of 1,3-Diphenyl-2-propenyl Acetate?® [Pd(3-CsHs)Cl]» (3.7
solvent was evaporated to leave the crude product mixture mg, 0.01 mmol) and the appropriate ligand (0.03 mmol) were
suspended on silica, which was added to the top of a column of dissolved in toluene (2.0 mL) and stirred for 1 h. A solution of
silica gel for flash chromatography with gradient elution (pentane/ 1,3-diphenyl-2-propenyl acetdtg(0.13 g, 0.50 mmol) in toluene
Et,O = 9:1 — 8:2 — 7:3. This gave the title product as a white (1.0 mL) was added, and the solution was stirred for 0.5 h.

solid (0.06 g, 32%):Rs (petroleum ether/EO = 8:2) 0.21; mp
79.0-81.0°C; [0]%%5 +19 (c 0.96, CHC}); 'H NMR (300 MHz)
0 7.61 (1H, br s, H-13), 7.32 (2H, br ddy—p = 8.7 Hz,J = 7.9
Hz, P-CsH,OMe (ortho)), 7.23 (2H, br dd}y—p = 8.7 Hz,J =
7.6 Hz, P-C¢H,OMe (ortho)), 6.85 (2H, br d] = 7.6 Hz, P-CgH,-
OMe (meta)), 6.77 (2H, br d] = 7.9 Hz, P-C¢H,OMe (meta)),
6.62 (1H, dd,J = 7.9, 1.7 Hz, H-15), 6.58 (1H, dl = 7.9 Hz,
H-16), 6.54 (1H, ddJ = 7.7, 1.8 Hz, H-7), 6.45 (1H, dd,= 7.7
Hz, J4-p = 5.4 Hz, H-8), 5.88 (1H, ddJy-p = 8.4 Hz,J = 1.8
Hz, H-5), 4.34 (1H, m, O€H), 4.18 (1H, br ddJ = 12.4, 9.3 Hz,
H-10a), 3.92 (2H, m, N8, OCHH), 3.80 (3H, s, OEl3), 3.74 (3H,
s, OHy), 3.43 (1H, dddJ = 12.9, 9.9, 6.7 Hz, H-1a), 3.26 (1H,

br dd,J = 13.6, 9.9 Hz, H-2a), 3.02 (2H, m, H-1b, 9a), 2.86 (1H,

ddd,J = 12.6, 9.3, 7.4 Hz, H-9b), 2.78.61 (2H, m, H-2b, 10b),
1.74 (1H, octd = 6.7 Hz, GH(CHg),), 1.00 (3H, d,J = 6.7 Hz,
CHj), 0.88 (3H, d,J = 6.7 Hz, GH3); 13C NMR (75 MHz) 6 161.9
(C=N), 160.4 (MeQL), 159.9 (MeCT), 142.9 (dJc_p = 17.9 H2),
141.1, 140.1, 139.5, 138.8 (@_p = 12.0 Hz), 137.3, 137.0, 135.3,
134.8,134.5,134.2, 134.1, 133.9, 132.6, 130.9¢dp = 4.7 Hz),
130.0 (d,Jc_p = 7.5 Hz), 127.9 (dJc_p = 8.3 Hz), 127.6, 113.9,
113.8 (2C, s), 113.7, 73.6 (OH), 68.8 (QCH,), 55.13 (GCHS3),
55.06 (QCH3), 36.1 (C-10), 35.3 (dJc_p = 9.5 Hz, C-2), 33.8,
33.0 (2C, s), 19.3GH5), 18.3 CHy); 31P NMR (121 MHz)d —4.64;
IR (CHCL, cm™Y) vmax 1642 (G=N); MS (El, m/z) 564 (33), 563
(M+, 100), 562 (11), 548 (M — Me, 4), 460 (M- — i-Pr, 9), 478
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Dimethylmalonate (0.17 mL, 1.50 mmol), théhO-bis(trimethyl-
silyl)acetamide (0.37 mL, 1.50 mmol), and LiOAc (1 mg, 0.015
mmol) were added. The reaction was monitored by TLC [starting
material,R; (petroleum ether/EtOAe 9:1) 0.51; productR 0.34]
until completion. DCM (15 mL) was then added, and the solution
was washed with aq saturated MH solution (2x 10 mL), dried
over MgSQ, filtered, and concentrated. Flash column chromatog-
raphy (petroleum ether/EtOAe 9:1) gave the product as a clear
oil that slowly crystallized. The ee was determined by HPLC
analysis [(Chiralcel AD column, heptaindé?rOH= 95:5), flow rate

= 0.5 mL minm?, tg = 30.6 min,ts = 43.3 min].
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