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ABSTRACT

NRR;
OCO,E
« 2Ft [(n3-aIIyI)Pd(S-§INAP(S))]SbFe R /\)\R,
R R Amine
[ 6 examples 87-98% ee ]

The enantioselective allylic amination of acyclic allylic carbonates catalyzed by a palladium/( S)-BINAP(S) system was investigated. Amination
of several substrates proceeded with high ee. Crotyl carbonates show an unusually high regioselectivity for the branched isomer. The use of
(S)-ToIBINAP(S) and ( S)-3,5-xylyl-BINAP(S) as ligands was found to increase the enantioselectivity of the aminations. A P,S binding mode of

the BINAP(S) ligand was found in an X-ray crystallographic study.

The transition-metal-catalyzed allylic substitution reaction Pd-catalyzed asymmetric synthesis of allylic efarslizing
has developed into a powerful and versatile synthetic methodthe readily prepared heterobidentate BINAP(S) ligdnd
in recent year$? In particular, the synthesis of secondary (Scheme 1). We were pleased to find that this system was
and tertiary allylic amines via this method has become an
invaluable tool for synthetic chemists, as these types of
amines are otherwise difficult to preparé#
We have recently reported the highly selective Pd- e
catalyzed kinetic resolution of allylic estétsas well as a [(n>-ally)PA(S-BINAP(S)ISPFs o~ A
NaCH(CO,Me),, 50% Conversion 1 Rz
(1) Trost, B. M.; VanVranken, D. LChem. Rev1996,96, 395—422. CH(CO,Me),
(2) Trost, B. M.; Crawley, M. L.Chem. Rev2003,103, 2921—2943. PN
(3) Hayashi, T.; Yamamoto, A.; Ito, Y.; Nishioka, E.; Miura, H.; Yanagi, LG Ri R
K. J. Am. Chem. S0d.989,111, 6301—6311. PP
(4) Evans, D. A.; Campos, K. R.; Tedrow, J. S.; Michael, F. E.; Gagne, Ri Rz o
M. R. J. Org. Chem1999,64, 2994—2995. 1
(5) Evans, P. A.; Robinson, J. E.; Nelson, JJDAmM. Chem. S0d999, Q" “tBu
121, 6761—6762. [(n*-ally)PA(SBINAPS)ISOF o o~ A g
(6) Evans, P. A.; Robinson, J. E.; Moffett, K. Krg. Lett. 2001, 3, NaO.C(-Bu),18-crown-6 ' 2
3269—3271.
(7) Kiener, C. A.; Shu, C. T.; Incarvito, C.; Hartwig, J. ..Am. Chem. OO

Scheme 1

S0c.2003,125, 14272—14273.
(8) Kodama, H.; Taiji, T.; Ohta, T.; Furukawa, $ynlett2001, 385—
387. PPh,
(9) Lipowsky, G.; Helmchen, GChem. Commur2004, 116—117. 1 OO
(10) Ohmura, T.; Hartwig, J. FI. Am. Chem. So2002,124, 15164—
15165.
(11) Shu, C. T.; Leitner, A.; Hartwig, J. Angew. Chem., Int. EQ004,
43, 4797-4800. .
Ch(elnzq? égg’z(?dl""lzzguﬁélz_"7';‘;%_ Y. M. Hou, X. Lo Dal, L. XJ.Am. 150 effective for the allylic amination of various classes of
(13) Vonmatt, P.; Loiseleur, O.; Koch, G.; Pfaltz, A.; Lefeber, C.; Feucht, allylic substrates with several different classes of amine with
T.; Helmchen, GTetrahedron: Asymmetry994,5, 573—584. ; i i
(14) Leitner, A.; Shu, C. T.; Hartwig, J. Proc. Natl. Acad. Sci. U.S.A. hlgh enantloselect|V|ty.
2004,101, 5830—5833.
(15) Faller, J. W.; Wilt, J. C.; Parr, Drg. Lett.2004,6, 1301—1304. (16) Faller, J. W.; Wilt, J. CTetrahedron Lett2004,45, 7613—7616.

"
(S)-BINAP(S) = PPh,

10.1021/0l047624k CCC: $30.25  © 2005 American Chemical Society
Published on Web 01/25/2005



In addition, we wish to report the unambiguous identifica- when using chiral racemic substrates in the Pd-catalyzed
tion of ax?-P,Shinding mode of BINAP(S) on Pd based on allylic substitution reaction.
an X-ray crystallographic study. Phthalimide derivativ8e (a precursor to primary amines)
Our investigation into the Pd#)-BINAP(S)-catalyzed was produced in high ee, but unfortunately the reaction with
allylic amination was initiated using the ethyl carbonate of sodium p-toluenesulfonamide did not proceed even after
1,3-diphenylallyl alcohoR. The results are summarized in prolonged reaction times.

Table 1. Primary amines benzylamine and allylamine (entries Having established that this system allowed reaction with
a range of amines, the reaction scope with respect to different

_ allylic substrates (Table 2) was examined. We were pleased
Table 1. Allylic Amination of 2 with Various Amine3 _
_ NR(R;
/\/s\

QCOEt 5% [(n°-allyl)Pd(S-BINAP(S))]SbFs

P X pp, 3 equiv amine S SN Table 2. Allylic Amination of Various Substrates with
EtOAc Benzylamine
2 3a-f OCO.E 5% [(n*-ally)Pd(S-BINAP(S))ISbFs NHBn NHBn
Amines: R/\/s\R 3 equiv benzylamine R/\)\R + R/\/J\R
a = benzylamine d = piperidine 1 2 EtOAc, 25 °C 1 2 2 1
b = allylamine e = potassium phthalimide 4a: Ry =R, =Me 4b
¢ = morpholine f = sodium p-toluenesulfonamide 5a: Ry =H, Ry =Me 5b 5c
8a:Rj=Me, Ry=H 6b [
a: =H, = Tc
conversion®  ee¢ abs T Rim R R P 7b
1 o, NHBn
entry amine T (°C) ¢(h) (%) (%)  config? /t/\ % AP BINAPLSISHFy = )M:/\
1 a —-25 24 99 95  (—)-R) Me OO0 3 equiv benzylamine = e Me” e
2 b -25 24 99 9 (- & Hiohe 287 o s
3 c —25 0.5 99 55 (—)-(R) QCOE NHBn
4 c —25 16 99 89 (—)-R) 5% n’*-alyhPd(S-BINAP(S)ISBRs ©
5 d -25 0.5 99 75 (—)-(R) Seqdy benzyamne
6° d -25 16 99 90 (-)-®) o ’ o
7 e rt 21 99 97 (—)-R)
8 f rt 48 0 N/A N/A % ee abs
) ) ~entry substrate T (°C) ¢(h) conversion® b/c®¢ (%) -config’
aFor general experimental procedure, see the Supporting Information.
b Determined by!H NMR spectroscopy of the quenched crude reaction 1 4a —-25 22 99 N/A  87¢ (—)(S)
mixture. ¢ Determined byH NMR chiral shift experiments using-)-MTPA 2 5a -95 22 99 93:7 447 (+)«(S)
as shift reagent Assigned by comparison of sign of optical rotation with 3 6a —95 99 99 6:94 457 (4)-(S)
published values® Performed at 5>dilution. 4 7a _95 18 99 0100 N/A N/A
5 8a —-25 22 99 91:9 N/A N/A
6 9a rt 22 99 N/A 13 (—)-(S)
1 and 2) reacted smoothly under our optimized conditions  afor general experimental procedure, see the Supporting Information.
to produce allylic amine8a and3b with excellent enanti- b Determined bH NMR spectroscopy of the quenched crude reaction

L. .. mixture. ¢ Note thatsb = 6¢cwhich are the branched productDetermined
oselectivity. Under the same conditions, the use of the py 14 NMR chiral shift experiments using-)-MTPA as shift reagent.

secondary amines morpholine and piperidine (entries 3 and® Determined by HPLC! Assigned by comparison of sign of optical rotation
5) led to diminished enantioselectivities. with published values.
Interestingly, upon dilution of the overall reaction con-

centration by a factor of 5 (entries 4 and 6), produitand to find that sterically less demanding substrd@ was

3d were obtained in comparable enantiomeric excesses as___. . . S .
S ) P aminated in 87% ee; this represents a significant improve-
their primary amine counterparts.

) - . ment over the previous best result (73%) for this substrate.
These results can be rationalized in terms of a memory Unsymmetrically substituted substratBa, 6a, and7a

_effect,3v17_*2°|.e., an |_nc_:<_)mplete scrambling Of_ stereochemmal allowed us to examine the regioselectivity of this catalytic

information of the initially formed Pde-allyl intermediate. gy tam along with its enantioselectivity. In accordance with

Presumably, nucleophilic attack on the Rallyl intermedi- o\ hrevious studies, regioisomeric substrs@and6awere

ate is a second-order process, whereas the Pd-w-allyl, eferentially substituted in the more-substituted position to

diastereomeric equilibration is a first-order process. There- jo|q hranched products with moderate ee. Even the doubly
fore, by diluting the reaction mixture, nucleophilic attack ¢ pstituted terminus of the 3-methylbut-2-en-1-yl estar
should be slowed with respect to Reallyl diastereomeric |\ o< aminated with 91% regioselectivitfhis observed

equilibration. This allows for the establishment of the regioselectiity is the reverse of that found for most Pd
Curtin—Hammett conditions necessary to produce high ee’ssystem§ which give predominantly linear substitution

products. This is in contrast to metals such ds9#1?'1Rh 522

o) Hloyd-lones, G. C.; Stephen, S. Chem. Eur. J1998,4, 2539 Mo, and Ru?* which favor the branched substitution
(18) Fairlamb, I. J. S.; Lloyd-Jones, G. C.; Stepan, V.; Kocovsky, P.
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(20) Faller, J. W.; Sarantopoulos, Rrganometallic2004,23, 2179— 121, 12214-12214.

2185. (23) Belda, O.; Moberg, CAcc. Chem. Re004,37, 159—167.

634 Org. Lett, Vol. 7, No. 4, 2005



products. The cinnamyl substrafa, however, was substi-
tuted exclusively in the less substituted position, giving rise
to achiral7b under the conditions examined. Z%

The cyclohexenylaminBb, however, was produced with {

low enantioselectivity for reactions carried out at ambient A o
temperature. Low enantioselectivity for cyclic substrates is \ \) e
frequently encountered, but high enantioselectivity can A}(
occasionally be observéd® @1 %

In an attempt to increase the ee of the branched product N ~ o
5b/6c, allylpalladium complexes0andl11derived from the ?\ K\\\Oéb
monosulfides of §)-TolBINAP® and (S)-3,5-xylyl-BINAP, ( > - 'S >
respectively, were prepared and tested in the amination of Q\O,Q @)
6awith benzylamine (Table 3). Usintp and11 as catalysts, A

3

I .. o ORTEP diagram ofS)BINAP(S)PAG (12): Pdi

Table 3. Ligand Effects on Amination o6a with Benzylamine Cl1 = 2.342(2); Pd1—-Cl2= 2.314(2); P2—S1—-Pd¥ 105.5(1).
5% [(n°-ally))Pd(Ligand)]SbFg

/\/\0002& 3 equiv benzylamine ~X"NHBn 6b
6a EtOAc, -25 °C respect to the inverse regioselectivities that we observe
e ] relative to most Pd-catalyzed allylic substitutions. The greater
- Li = -| C . . . . .
10 Lo S TolBINa®) trans influence of P versus S is also evident in the elongation
11: Ligand = (5)-3,5-xylyl-BINAP(S) of the bonds to atoms trans to P relative those trans to S.
entry catalyst b/c ee abs config
1 1 6:94 45 (H)-(S)

2 10 5:95 58 (+)-(S) -
3 11 5:95 65 (-9 o}\q
b

AN
(f Q ()
6¢c was produced with similar regioselectivity, but with ) j/\’f
e

c2
significantly enhanced enantioselectivity with respect to using & s o
the catalyst derived frorh. The methyl substituents appar- 2
ently enhance the chiral environment presented by the parent s1 Pt p?\\r‘j_(j
(S)-BINAP(S) ligand® (i) ! \(\j’
To elucidate further the factors controlling the regio- and P2 4{1)
enantioselectivity observed in these reactions, X-ray crystal- M/ 4(

lographic studies were performed on complet@sand 13 Qg \5—?(,"
(Figures 1 and 2). Interestingly, the P8—Pd angle in both \O—C( ,{U \)
complexes is~105° as compared to a recently reported b—d
famalo'gous structure tb3 using (S)—BINAE(O) as a Iiggnd Figure 2. ORTEP diagram of [-ally)Pd(S-BINAP(S)|BR
in which the P—O—Pd angle is 130°. This can be attributed (13): pd1—Ci= 2.205(6); Pd1—C3= 2.225(7): P2—S1—Pd%
to the preference for sulfur to use pyrerbitals relative to 104.6(1).
the greater hybridization observed with oxygen. The effect
of this large difference in bond angles is to orient the
naphthyl group attached to the phosphine sulfide underneath The crystal structures show that there is a-8doond in
the allylic portion of the complex to a much greater extent the isolated allyl complex; however, it is possible that under
than in the BINAP(O) complex. This modification of ligand  the catalytic reaction conditions the sulfur could be displaced
backbone orientation resulting from the use of a sulfur donor by ethyl carbonate and the BINAP(S) functions as a
rather than oxygen may have important consequences withhemilabile monodentate ligarté. This could account for
some of the memory effects observed.
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(26) Gladiali, S.; Medici, S.; Pirri, G.; Pulacchini, S.; Fabbri,@an. J. of the few cases where-90% regioselectivity for the
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ladium-catalyzed reactiorig?3°Modification of the parent Supporting Information Available: Synthetic procedures

bisphosphine monosulfideled to an increase in enantiose- and characterization data for compleX€s-13 preparation

lectivity for the amination of the crotyl substrate while of (S)-3,5-xylyl-BINAP(S), general procedure for allylic

retaining high regiocontrol. aminations, as well as X-ray data. This material is available
free of charge via the Internet at http://pubs.acs.org.
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