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ABSTRACT

1. CpoZtHCI, CHoCly Ph
2. Me,Zn, toluene, HX pp 7
-78°C 1o -20 °C :

HoCy= o™ °
3.-20°C,12h, Ph 0

X \l/
o
Ph)l\fof (P X = Q: 77%; dr>95:5

X = NP(O)Phy: 70%; dr = 7.8:1

Hydrozirconation of alkynes followed by in situ transmetalation to dimethylzinc and 1,2-addition to activated ketones and N-diphenylphos-
phinoylimines leads to tertiary allylic alcohols and amines in high overall yield. With 8-phenylmenthol as the chiral auxiliary, si-face attack
proceeds in good to excellent diastereoselectivities.

The addition of organometallic reagents deketo esters imines!? As a continuation of our work on ZfZn trans-
provides access to 1,2-dioxygenated building blocks for metalations of alkenylzirconocenes and in situ additions to
organic synthesis?® The resulting tertiaryo-hydroxy car-
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organic electrophile®} we have now extended this meth- || A

odology to the formation of functionalized tertiary allylic
alcohols via addition t@-keto esters (Scheme ¥).16

Scheme 1. Addition of Organozirconocenes to-Keto Esters
Mediated by Transmetalation to Dimethylzinc

i CpoZrHCI R1/\/ZGC2CI MeoZn
1 CH.Cly, 1t 2 toluene
-781t0 0 °C
JOJ\ 4
R2 COR® HO_ CO,R®
R1/\/ZnMe e
3 0°Ctort 5

(E)-Alkenylzirconocene® were readily obtained by hy-
drozirconation of alkyned with Cp,ZrHCI in CH.CI, at
room temperature and, upon addition of a dimethylzinc
solution in toluene, converted to the more nucleophilic
alkenylzinc specie8. After addition ofo-keto esterg at 0
°C to the reaction mixture, tertiary allylic alcohdiswere
formed in 75—96% vyield in 1—2 h upon warming to room
temperature (Table £):'8 In the absence of dimethylzinc,
only traces of addition products were observed.

Ester functionalities were tolerated both in the substrate
as well as in the alkyne component (entry 4). Silyl ethers
(entries 3 and 8) and Lewis basic benzyl ethers (entry 5),
internal alkynes (entry 2), and enynes (entry 6) all proceeded
successfully through the 1,2-addition and afforded the
expecteda-hydroxy esters in high overall yields.

Since our initial attempts to affect an asymmetric addition
to ketoestel6 in the presence of chiral ligant#€-*°did not
yield enantiomerically enriched products, we turned our
attention to the readily available menthol deriveeketo
esters26 and27. There is encouraging literature precedent

(13) Wipf, P.; Kendall, CChem. Eur. J2002,8, 1778.

(14) For representative examples for the addition of alkylzinc chloride,
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L.; Yu, H.-B. Chem. Re»2001,101, 757. (b) Basavaiah, D.; Krishna, P.
R. Tetrahedron1995,51, 12169. (c) Sugimura, H.; Watanabe,Synlett
1994, 175.

(15) For recent examples of asymmetric additions of alkylzinc reagents
to a-keto esters, see: (a) DiMauro, E. F.; Kozlowski, M.JCAm. Chem.
So0c.2002,124, 12668. (b) DiMauro, E. F.; Kozlowski, M. @rg. Lett.
2002,4, 3781.

(16) For reports on the alkenylalane addition to activated carbonyl
compounds and imines, see: (a) Ramachandran, P. V.; Reddy, M. V. R;;
Rudd, M. T.Tetrahedron Lett1999,40, 627. (b) Wipf, P.; Nunes, R. L.;
Ribe, S.Helv. Chim. Acta2002,85, 3478.

(17) General Protocol. To a suspension of GBrHCI (0.24 g, 0.91
mmol) in dry CHCl, (4.0 mL) was added (0.11 mL, 0.91 mmol). The
reaction mixture was stirred for 10 min at rt and evaporated in vacuo. A
solution of the residue in dry toluene (4.0 mL) was cooled—68 °C,
treated with MeZn (0.46 mL, 0.91 mmol), and warmed to°C. After
addition of6 (87 uL, 0.61 mmol), the reaction mixture was warmed to rt,
stirred for 2 h, quenched with saturated MH, diluted with EtOAc, and
filtered through Celite. The aqueous layer was extracted with EtOAc, and
the combined organic layers were washed with brine, dried (M3SDd
concentrated. The residue was purified by chromatography o (3801,
hexanes/EtOAc) to giv8 (0.14 g, 93%) as a colorless oil.

(18) Nonactivated ketones react only sluggishly under these reaction
conditions.

(19) Wipf, P.; Wang, X.Org. Lett.2002,4, 1197.
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Table 1. Preparation of Tertiary Allylic Alcohols and Amines
from Alkynes anda-Keto or a-Imino Esters

entry keto/imino alkyne product yield
ester [%]*
1 )?\ //CAHQ o, fO=Me 93
7
Ph” ~CO,Me 7 P > C4Hs
6
HO. COZMe
2 6 \/9\ i >j/\/ 76
10
5 6 Z ) Ho, ,COMe 83
11 OTBDPS P
Ph "
TBDPSO
4 s Z ) Ho, C0Me 82
13 CO2TIPS Ph></j
14
TIPSO,C
//\OBI‘I HO COsMe
3 6 ~ 15 PhMOB” %0
16
CeHi3
6 6 /ﬁ/ Ho_ S0Me 88
17 =
CeHia
o) CO,Et
HO
7 93
)L002Et )mkf\cmg
19
COLE
8 19 1 N 75
21
TBDPSO
Q Q
9 NPPh, 7 PhPHN_ COMe 92
Z
Ph™ "CO,Me Ph 35 CaHg
33
o)
10 33 11 PhPHN_COMe 93
Ph%
36  TBDPSO

aYields of isolated product based enketo/imino ester.

for the diastereoselective addition of organometallic reagents
to chiral o-keto ester® and amided! Treatment of ben-
zoylformic acid22 with a,a-dichloromethyl methyl ethét
afforded 70% of acid chlorid23, which could be converted

in the presence of DMAP in C}€l, to the menthyl este26

(20) (a) Whitesell, J. K.; Bhattacharya, A.; Henke, K.Chem. Soc.,
Chem. Commuri982 988. (b) Basavaiah, D.; Bharathi, T. Retrahedron
Lett. 1991,32, 3417. (c) Whitesell, J. KChem. Rev1992,92, 953.

(21) Kiegiel, K.; Jurczak, Jletrahedron Lett1999,40, 1009.

(22) Ottenheijm, H. C. J.; de Man, J. H. Mynthesid 975, 163.
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and the 8-phenylmentidjl ester 27 in excellent yields || NG

(Scheme 2).

Scheme 2. Use of Chiral Esters in the 1,2-Addition Process
and Assignment of Absolute Configuration by Conversion to the

Known Diol 31
o) Cl,CHOMe o]
Ph™ "COH 50°C; 70% Ph™ "COCI
22 23
OH
b
R
24,R=H o) ~
25, R=Ph Ph)K”/O - Figure 1. Stereoview of the lowest-energy Man-chelatedx-keto
DMAP, Pyridine, 0 _ ester complex that can be used to rationalizesiFHace selectivity
CH,Cl,, 0°C ggg:ﬂh,qgfﬂ}: of nucleophilic addition. The geometry was optimized at the
’ ' Hartree—Fock 6-31G* level using the Spartan program.
1. Cp,2ZrHCI, CHoCl P
2. Me,Zn, toluene, HQ, Ph :

78C 10 -20 °C A 0. i with the dipole-minimizing anti orientation of the carbonyl
7 HeC4 T \[:P groups. The conformational rigidity rationalizes the outstand-

3.260r27,20°C, 12h ing facial selectivity observed in the nucleophilic addition

to the 8-phenylmenthol ester, and this analysis is also in good
28, R=H; 47%; dr=33:1

) 26 R Ph 77%: dr>055 agreement with Whitesell’s-stacking model for nucleophilic
LiAIH,, Et,0, : : : " ) L2
78°Ctort. additions to esters with aryl auxiliariés.
HO, ph Hy, 5% Rh/ALO, HO, ph As a further extension of the scope of this methodology
Her O o T hcy O toward the preparation af,a-disubstitutedo-amino acid
30, R =Ph, 87% 3 derivatives and 1,2-amino alcohols, we added alkenyl orga-
ee >99:1 (HPLC) nometallics tao-N-diphenylphosphinoylimino esters (Scheme

3).26 While the analogousl-tosylimines have been utilized
previously?” this work represents the first report of nucleo-
Treatment of26 and 27 at —20 °C with 1.5 equiv of the philic additions toa-N-diphenylphosphinoylimino esters,
organometallic reagent derived fromafforded28 and 29, which benefit from mild acidic deprotection conditiol?s.
respectively. While the menthyl est26 provided28 only Condensation of phosphonamig2with keto ester$ and
in modest diastereoselectivity (3.3:1 by 500 MzNMR), 27 in the presence of Tigland TEA afforded imino-esters
a single diastereoisomer was observedtyNMR analysis 33 (40%) and34 (69%), respectively® Addition of 1.5 equiv
in the formation of29. To quantify the diastereoselectivity of alkenylorganometallic reagent derived from alkyidesd
of the addition process, the crude reaction mixture was 11 to imine 33 afforded allylic amides35 (92%) and36
subjected to LiAIH reduction to afford dioBOin 87% yield ~ (93%), respectively (Table 1). The analogous conversion of
along with 92% of recoverezb. Racemic dioBOwas readily the chiral imino esteB4 at —20 °C afforded allylic amide
separated by chiral HPLC (Chiralcel OD) and compared to 37 with modest diastereoselection (77%,=dr5:1 by 600
material obtained from reduction of the 8-phenylmenthyl MHz 'H NMR). We envisioned that the stereoselectivity
ester. Furthermore, hydrogenation of the allylic alcohol using could be improved by precomplexii®g with a Lewis acid.
H./Rh/Al,Os gave the knowff diol 31in 97% yield (Scheme  Indeed, after a quick survey of Lewis acids, precomplexation
2)% of 34 with 1 equiv of TiCI(O-+Pr); at —40°C and treatment
According to the sign of the optical rotation 8fl, the with 2 equiv of the alkenylorganometallics derived from
addition proceeded witlsi-face attack via am-stacked, alkynes7 and11 gave allylic amide87 (70%; dr= 7.8:1)
chelated comple®?! to give thea-hydroxyester29 in the and 38 (84%; dr= 7.4:1), respectively. Saponification of
(R)-configuration. On the basis of HF-6-31G* ab initio the major isomer of37 followed by methylation with
energy minimization, the chelated conformation shown in TMSCHN; led to methyl ester (}-35 (84%). Hydrogenation
Figure 1 is at least 1.7 kcal/mol lower in energy than any (PtO,, MeOH, quant), N-deprotection (HCI/MeOH), and
alternative conformer, including monocoordinated structures Chz-protection afforded~)-40 (73%). The configuration of
this a,,a-disubstitutedx-amino acid derivative was assigned

(23) Corey, E. J.; Ensley, H. B. Am. Chem. S0d.975,97, 6908. by comparison of the optical rotation of-J-40 with an
(24) Vanhessche, K. P. M.; Sharpless, K.B.Org. Chem1996,61,

7978.
(25) Optical rotation [og +2.15 (c1.07, EtOH) was measured f&i, (26) Tye, H.J. Chem. Soc., Perkin Trans.2D00, 275.

which indicated an ee of 89% compared to the literature vatéeeported (27) Kulesza, A.; Jurczak, Lhirality 2001,13, 634.

for this compound. (28) Jennings, W. B.; Lovely, C. Jetrahedron1991,47, 5561.
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Scheme 3. Formation ofa,a-Disubstitutedo-Amino Acids by
Nucleophilic Addition toa-Imino Esters

TiCly, TEA o
)OJ\ CH.Cl, NPPh,
Ph™ "CO.R PhoP(O)NH, Ph™ "CO,R
6,R=Me (32) 33, R = Me; 40%

27, R = 8-Ph-Menthyl 34, R = 8-Ph-Menthyl; 69%

—_

. Cp»ZrHCI, GHxCly 0 Ph
2. MepZn, toluene, PhoPHN, p, 7
-78 °C to -40 °C ’

/\/S(O -
R R
3. TICHO--Pr)3, 34, o)
-40°C,12h

7, R=C4Hg 37, R = C4Hg; 70%; dr = 7.8:1
11, R = (CH,),OTBDPS 38, R = (CH,),OTBDPS; 84%,;
dr=7.4:1

\

1. KOtBu, H,0 0
a7 THF, 70 °C PhoPHN - b Hy, PO,
s
2. TMSCHN,,  HgCj CO,Me MeOH
MeOH (+)-35;84%
thPHN,C Ph 1. HCI, MeOH CszN,” Ph
HyC4 COMe 2, Cbz-Cl, HqCs CO,Me
. NaHCOs, L an-
39; quant. EtOACH,0 (-)-40; 73%

96.5% ee (HPLC)
[a]p -32.4 (¢ 0.5,CHCly)

authentic sample of)-40 prepared independently using
Seebach’s methodolog$°

In conclusion, the experimentally convenient protocol of
in situ hydrozirconatiofrtransmetalation to zinc can be
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extended to the 1,2-addition of vinyl organometallics to
o-keto anda-imino esters. Functionalized tertiary allylic
alcohols and amines are formed in good to excellent yields.
The utility of this method has been further broadened by a
highly diastereoselective variant using 8-phenylmenthol as
a chiral auxiliary to afford chiral tertiary alcohols ango-
disubstituteda-amino acids. The chiral auxiliary can be
recovered and recycled in high yield. Further investigations
into catalytic asymmetric additions w-keto ando-imino
esters will be reported in due course.
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(30) Oxazolidinone41 was alkylated with hexyl triflate at-78 °C
followed by saponification with NaOMe/MeOH to give-}-40.
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o CeH1gOTY, THF c
-78 °C, 73% bzHN
th}o Jn
CbzN 2.NaOMeMeoH  HeCd COMe
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a1
ee >99% (HPLC)

lalp +36.1 (¢ 0.6, CHClg)
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