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ABSTRACT

A practical synthesis of potentially tridentate P,N,N-ligands containing two stereogenic elements incorporated into the axially chiral Quinazolinap
and centrally chiral 2-oxazoline subunits is reported. The application of these novel hybrid ligands in Pd(0)-catalyzed asymmetric allylic alkylation
revealed the matched and mismatched diastereomer, dominant stereogenic element, as well as the effect of the oxazoline R substituent on
the level of enantioselectivity (ee’s up to 81%).

From the modest beginnings in the late 196@wnsition- of Brown et al. on the axially chiral Quinap ligaddFigure
metal-mediated asymmetric catalysis has blossomed into anl),> we have recently reported on the synthesis of structurally
elegant and strategically powerful synthetic tddespite
that, its relentless progress still heavily relies on the well-
balanced synergy between the development of asymmetric

variants of valuable transformations and the design and

synthesis of novel ligand candidates. Such topologically | X\YR

unprecedented molecular architectures, capable of creating =N
a suitably tailored asymmetric environment around the central PPh,
metal atom, are pivotal to the success in any exploratory OO
studies of enantioselective processes.
Inspired by the current surge of interest in the development 1:X=CH;R=H 3(Ry0rSy)
of heterobidentate ligantisnd, in particular, by the work 2:X=N; R=H, alkyl, (hetero)aryl
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in a wide variety of important catalytic asymmetric trans-

formations’ including hydroboratiofi®2allylic alkylation,™
azomethine cycloadditioff ketone hydrogenatioff,dibora-
tion,’® and alkyne additior’

The present letter details our studies on the synthesis of

potentially tridentate P,N,N-ligand8® incorporating the

parent biaryl core of Quinazolinap as a well-defined scaffold

and 2-oxazoline, one of the most ubiquitous privil€ged
motifs in ligand desigi®* The two subunits o3 are linked

via a one-carbon bridge in such a fashion as to secure a fused
6,6-chelation mode for metal binding, thus ensuring resting-
state thermodynamic stability of the resulting complexes.
thanks to the combination of electronically
dissimilar soft (P) and hard (N) ligating sites, which enable
3to act as a hemilabile tridentate ligand, the propagation of

Moreover,

a requisite catalytic cycle should also be ensured.

As we planned to develop a synthetic protocol that would
provide an easy, modular access to a wide array of ligands
3, our synthetic plan (Scheme 1) called for a late-stage

Scheme 1. Retrosynthesis of Quinazox Ligan8s
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common intermediaté. This biaryl could be assembled from
the electrophilic partneb6 and metalated naphthalerte

Disconnecting further, quinazolire could be accessed by
cyclocondensation between anthranilamide (7) and &cid
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In the forward sense, the synthesis commenced with a
three-step conversion of the commercially available and
inexpensive alcohd into acyl chloridel0 via double allylic
rearrangement as outlined in Scheme 2. When treated with

Scheme 2. Synthesis of Acyl Chloridd.0
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concentrated HCI, alcoh8lgave a mixture of prenyl chloride
(11) and its isomerl2 in a ~7:1 ratio, respectively?13
Attempted fractional distillation proved counterproductive,
as 11 was found to thermally rearrange into the undesired
isomer 12 with the ratio of the two products dropping to
2.7:1, respectively. To circumvent this obstacle, the crude
mixture of the allylic chlorided1and12(11:12,~7:1) was
converted, via carbonation of the corresponding Grignard
derivativest* to a >30:1 mixture of acids8 and 13,
respectively’®> Apparently, the allylic rearrangement pathway
leading from chloridel2 to acid 13 does not operate to a
significant degree under the reaction conditions. Subsequent
treatment with thionyl chloride, followed by fractional
distillation (the only purification step in the entire sequence
from alcohol9) gave acyl chloridd.0in 41% overall yield
and high (>99%) isomeric purity.

With the acyl chloride10 in hand, preparation of the
requisite coupling partnerd was accomplished in expedient
fashion as depicted in Scheme 3. Thus, treatment of
anthranilamide (7) withlO in the presence of Bl gave

Scheme 3. Preparation of Aryl Chloridd4
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Scheme 4. Synthesis of BiaryR2
1) NMO, OsO4 (1.0 mol %)

Pd(PPhs); (1.5 mol %) Me,CO, H,0 N\%
B(OH) Na,CO; 2) HslOg O Sy” “CHO
OMe  pME, EtOH, H,0 CH,Cly, Hy0 N
14 +
97% 96% (over two steps) OMe
w 99
19
. 1) AlBrs, Nal N .
1) NH,OH-HCl CH,Cl, PhoPH N%
pyridine, EtOH 2) Tf,O, DMAP NiCly(dppe), DABCO O S CN
2) AC2O CH2C|2 DMF _N
95% (over two steps) 86% (over two steps) 88% l ] PPh,
22

amide 15 that, when exposed to NaOH in boiling EtGH,  nitrogen bond, oxime that was dehydrated by boiling in
furnished quinazolinol6. Subsequent reaction with PQCI  Ac,0'® to furnish nitrile 20 in 95% yield from 19. The

provided the desired aryl chlorid®4 in excellent overall southern region of bian20was elaborated by demethylation
yield (92%) from7. It is noteworthy that the entire sequence with AlBrg/Nal, followed by treatment with £O in the
requires only one chromatographic purification (i.e.1dj presence of DMAP to give triflat21 (86% yield over two

and can be conveniently carried out or 400 gram scale.  steps). This compound constitutes the late-stage, electroni-
Suzuki-Miyaura cross-coupling between arylboronic acid cally and sterically modifiable common intermediate (cor-
177 and aryl chloridel4 in the presence of Pd(PRh(1.5 responding tal) serving as a progenitor to an entire family
mol %) gave biaryl18 in excellent yield (Scheme 4). We  of ligands3. All in all, this key compound was prepared
observed that, at lower catalyst loadinggABethanolysis ~ from 9 in approximately 14 steps and 27% overall yield.
of 14 manifested itself as a significant side reaction (see Gratifyingly, nickel-catalyzed cross-coupling between triflate
Supporting Information). Subjecting the terminal alkdi® 21 and PhPH according to the method of Cai et'alled
to OsQ-mediated dihydroxylation furnished the correspond- smoothly to triarylphosphin€2 in good yield.
ing diol that was then transformed via oxidative cleavage As detailed in Scheme 5, the oxazoline subunit was
with HslOg to aldehydel9 in excellent overall yield (96%  installed by heating the racemic nitri®2 with an appropriate
from 18). Subsequent reaction with hydroxylamine gave the homochiral amino alcoha23 in PhCl in the presence of
corresponding, isomerically pure about the double carbon— Cd(OAc) (CAUTION: Carcinogenic)?*?t Oxazolines24
and25 were formed in moderate yield asl:1 mixtures of
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atropdiastereomers. To our delight, each pair of the isomers|i NG

proved separable by column chromatography,

structures of ligandss,S)-(—)-24and (,S)-(—)-25were
unequivocally established by single-crystal X-ray diffraction
analyses (Figure Z¥.

Figure 2. Single-crystal X-ray structures of ligands,&-(—)-24
(left) and (3,S)-(—)-25(right). Hydrogen atoms are omitted for
clarity.

Our initial studies on application of ligand@ and25 in
catalysis focused on the asymmetric allylic alkylation (AAA)
of the racemic acetat@7 with dimethyl malonateZ6). Due
to its synthetic utility, the detailed understanding of the

and the Table 1. Enantioselective Asymmetric Allylic Alkylation

(AAA) with Quinazox Ligands24 and 25
[(7°-C4Hs)PdCIl

(2.5 mol %)
MeO,C._COMe  igand (6.0 mol %)
26 BSA, base
CHZC]Zl i, 24 h MeOZC COzMe
OAc Ph/\/\*[ Ph
Ph/\)\ Ph 28
(+)-27
entry ligand base yield (%)~ ee (%)
1 (Ra,S)-(+)-24 LiOAc >95 81 (R)
2 (Ra,S)-(+)-24 KOAc >95 55 (R)
3 (Sa,S9)-(—)-24 LiOAc >95 58 (S)
4 (Sa,S9)-(—)-24 KOAc >95 15 (S)
5 (R4,S)-(+)-25 LiOAc >95 60 (R)
6 (Ra,S)-(+)-25 KOAc >95 7(08)
7 (Sa,S)-(—)-25 LiOAc 88 39 (S)
8 (Sa,S)-(—)-25 KOAc >95 55 (R)

alsolated yield of28.° Determined by CSP HPLC (see Supporting
Information). BSA: N,O-bis(trimethylsilyl)acetamide.

enantioselection (entries 1 and 3 vs entries 5 and 7). More-

catalytic cycle, and broad literature coverage, this processoVer, for the valinol-based ligan24, the match/mismatch
is widely regarded as the most reliable testing ground for Of the two stereogenic elements is well-pronounced with

new ligand candidatéd.The results (Table 1) clearly indicate
that the axial chirality of the Quinazolinap subunit, and not

the central chirality of the 2-oxazoline appendage, is the

(Ra,S)-(+)-24giving 28 of consistently higher enantiopurity
than its §,S)-(—)-24counterpart (e.g., entries 1 and?3).
In conclusion, we have developed a flexible synthesis of

dominant stereogenic element that governs the stereochemicapotentially tridentate quinazolireoxazoline-containing hy-

outcome of the reaction (e.g., entries 2 and“4}.is also

brid ligands that provide good levels of enantioselectivity

apparent that the sterically less-demanding R substituent onin the prototypical AAA reaction. Work is currently under-

the oxazoline ring'Pr vs'Bu) is beneficial for the level of
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= 0.125 mnT?; 24106 reflections collected with 1.69© < 26.00°, 6061
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= 0.71073 A;a = 10.9951(15)b = 16.296(2),c = 18.095(3) A,V =
3242.1(8) B, Z = 4; Dcarc = 1.245 Mg n73; F(000) = 1288; (Mo Ka)
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of which were independenR{; = 0.0264); 558 parameter®; = 0.0310,
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M.; Crawley, M. L.Chem. Re22003,103, 2921—2943. (c) Helmchen, G.;
Pfaltz, A. Acc. Chem. Res2000, 33, 336—345. (d) Johannsen, M.;
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way to fine-tune the structure of Quinaz8xy modifying

the electronic and steric environment in the vicinity of its
binding sites. The results of our studies in this arena will be
reported shortly.
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(24) An initial screening with%,9-(—)-25 (see Supporting Information)
revealed that CBCl, and LIOAc are the optimal solvent and base,
respectively, leading to an improved enantiopurity28f

(25) When a~1:1 mixture of (R,S)-(+)-24and ($,S)-(—)-24was used
as the ligand (CkLCl,, KOAC), the reaction furnishe@8 in 21% ee R).

This, combined with other results (Table 1, entries 2 and 4), indicates that
the rates of the AAA reaction for the two diastereomers are very similar.
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