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The development of an enantioselective catalytic Claisen m

rearrangemehtemains an important yet elusive goal in chemical C,J\ _ ChirallA o oF @)
synthesi€. With this objective in mind, we recently reported the O OBn ’fzrg’igt OJ den 3
acyl-Claisen rearrangement, a Lewis acid-catalyzed variant of the

Bellus reactiofthat utilizes acid chlorides and allylic amines in chiral Lewis acid
the stereoselective synthesisogf-disubstitutedy,d-unsaturated

mol % time % %

carbonyls (eq 13.In this communication, we demonstrate that entry _complex R X A M) yield ee

1 1 - - 200 24 87 56

o v 2 2a Ph H 200 24 88 83

P 3 2b Ph Cl 200 24 65 86

/\L C')H Lewszda Ny 4 2c  pMeOPh ClI 50 24 81 42

\) TiPNEL OQ z 5 2c p-MeOPh Cl 100 24 63 81

6 2c p-MeOPh CI 200 24 80 91
FPraNE \ [ 331 7 - - - 24 42
(\ OK;N a Enantiomeric excess was determined by chiral GLC.

Lewis acid -/
o\) /I ‘=o=0 Ty LAOk?ZiY %, —20 °C, 24 h) was most successful in providing the Claisen

adduct §-3 in 87% yield and 56% ee (Table 1). Subsequent

Lewis acid architecture can play an important role in the design opzitl(rjngtlon ?jf Ilgam? archlttjecture Iort adS;”?St;f m:gbnesmm
of an enantioselective variant of this new [3,3]-sigmatropic bond |fo Iae eli';/e comﬁE) e3[<es er?fonj rate 3 61880/53)6 I(; oxd
reorganization. Specifically, the Lewis acidic compleReterived ra;newor awas efiective in affording9)-3 in 0 yield an
from Mg, and bis(oxazolinyl)aryl (Arbox) ligands provide a 83% ee (entry 2). Slgnlflcar}tly, a number of 1,2-bis(oxazolinyl)-
highly effective asymmetric environment for a broad range of aryl complexes have previously been reportetywever, we
acyl-Claisen rearrangements that employ chelating substrates. Telieve this study represents the first enantioselective transforma-
our knowledge, these studies collectively represent the first tion that successfully employs this class of ligand framework.
example of an enantioselective acyl-Claisen reaction. From an investigation of ligand substituent effects on reaction
Our initial efforts toward an enantioselective Claisen process efﬁqiz_ncy, wtehdeterlnEnel((jbthat corcl;pleﬁs that pt))oitsesstchloriﬂe
were focused on the addition-rearrangement of benzyloxyacetyl MO!€!I€S On the aryl backbone and methoxy substituents on the
chloride with N-allylmorpholine in the presence of a variety of phen)gl oxazoline provide higher levels of enantiocontrol (entry
chiral Lewis acids (eq 2). Given the demonstrated utility of o 91% e€e). These substituent effects appear cumulative as
chelation as an organizational control element in asymmetric incorporation of only the chlorine moieties renders a less selective
catalysis; it was assumed that two-point coordination between pr%c?s_s h(.Cf etn_trles 3 t_?nd 61)2 It 2'5 |frpp8rtlant to nOtf. that
the chiral complex and aa-heteroatom-substituted allyl vinyl- substoichiometric quantities o (.R)' ¢ arford lower enantio-
ammonium would engender a stereoselective process. A prelimi-s‘elem'v'tIes (e_ntry .4)' We ten_tatlvely conclude th‘?t diminished
nary survey of “privileged ligandmetal salt combinatiofis stereocontrol in this case arises from a competing nonmetal-

Ph. mediated rearrangement pathway. Indeed, control experiments
revealed that the [MgRR)-Ph-pybox)](i} complex1 (200 mol reveal that Claisen addustis formed with moderate efficiency

* Corresponding author. Current address: Division of Chemistry and in the absence of Lewis acid (entry ¥The superior levels of

gflezrng)lcal Engineering, California Institute of Technology, Pasadena, CA enantioselectivity exhibited by compl@c (200 mol %) to afford

(1) (a) Claisen, BChem. Ber1912, 45, 3157. For recent reviews on the ~ (S)-3 in 91% ee and 80% yield (entry 6) prompted us to select
Claisen rearrangement, see: (b) Wipf, PClomprehensie Organic Synthesis this Lewis acid for further exploration.
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1991 113 4026. (b) Kazmaier, U.; Krebs, AAngew. Chem., Int. Ed. Engl.
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Table 2. The Effect of Acid Chloride Structure on the
Enantioselective Acyl-Claisen Rearrangement

o
200 mol% 2¢ O P
NT Y
CIJ\ TIPoNEL o(\) in @3)
-20°C

entry OR time (h) % yield % ée
1 OAc 20 44 37
2 OTBS 20 67 38
3 OPNKCI-4 20 59 71
4 OPh 20 48 78
5 OMe 24 28 80
6 OBn 24 80 91

a Enantiomeric excess was determined by chiral GLC or HPLC.

Table 3. Enantioselective Acyl-Claisen Rearrangement with
Representative Allyl Morpholines

o B
300 mol% 2¢_ )J\(s)/f\/
/\L C')H e, [N “)
OBn -20°C @) OBn
entry amine® product* % yield symant® % ee®
o
1 2 /m T NN 80 91°
OBn
o
Me
2 RQN/W RN 78 - o
(-)Bn Me
0
Ph
3 /Wf RENJ\:/\’/ 79 - 9%
OBn Ph
O CH0Bz
Rt J\/E\/ :
4 /wl\ RN NS 86 928 86
CH,0Bz oBn
O PhNOp-
RN J]\/\/ .
5 /\l RN SN NS 82 9l 97
PhNO-4 Sen
O COEt
Rl J]\/E\/
6 /\m RNT NN 84 973 9
COEt Ean
o ¢
RoN :
7 /\m RN NNF 95 982 9l
cl OBn
o
RN JJ\/l\/ :
8 /E RN & 74 3:97 91

Cl

Om
[or]
5

aNR; = N-morpholine.” Ratios determined by chiral GLC or HPLC.
Absolute stereochemistry determined by chemical correlation or by
analogy.® Reaction performed with 200 mol %c.

(entries 1 and 2) exhibit only modest levels of stereocontrol
(=38% ee), while optimal levels of asymmetric induction were
obtained with ketene surrogates that contain Lewis asitkoxy
substituents (entry 5, R Me, 80% ee; entry 6, R= Bn, 91%
ee).

Communications to the Editor

Experiments that probe the scope of the allyl morpholine
reaction component are summarized in Table 3. Significant
structural variation in the C(3)-allyl substituent is possible to
afford a diverse range af,-disubstitutedy,0-unsaturated car-
bonyls with excellent levels of diastereo- and enantioselectivity
(entries 4-8, 74-95% yield, 92:8 to 99:kyn:antj 86—97% eef
Incorporation of alkyl and aryl substituents at the C(2)-olefin
position is also readily tolerated without significant loss in enantio-
selectivity (entry 2, 78% yield, 91% ee; entry 3, 79% yield, 90%
ee). In accord with established Claisen methodofsggmple-
mentary diastereomers can be accessed in enantioenriched form
by the appropriate selection of double bond geometry on the allyl
component. Thus, whileégj-(3-chloro-2-butenyl)morpholine yields
predominantly the syn Claisen product (entry 7, 95% yield, 98:2
syn:anti, 91% ee), theZ} isomer affords the corresponding anti
product with similar levels of stereocontrol (entry 8, 74% vyield,
3:97 syn:anti, 91% ee). Importantly, formation of thes-
unsaturated amide resulting frofhelimination of the chloride
substituent is not observed in either case, illustrating the mild
reaction conditions employed in this asymmetric Claisen process.

Finally, a demonstration of the utility of this new reaction to
provide enantioselective access to elusive acyclic structural motifs
is presented in the addition-rearrangement of 3,3-disubstituted allyl
morpholine4 (eq 5). The central issue in this reaction is that of

e]
Me Q Me, CO,E
/\)\ cl oen )J\)\\/
NN N co (5)

300 mol% 2¢
ProNEt, 20 °C
4 5, 94:6 syn:anti, 97% ee
75% yield

Lewis acid controlled asymmetric construction of quaternary
carbon centers on an acyclic framework. As outlined in eq 5,
complex R R)-2c effectively translates the methyl-carboethoxy
substitution pattern on allylamingéwith high levels of enantio-
control and stereospecificity to furnish the quaternary carbon
bearing Claisen adductS¢5 in 97% ee and 94:6 syn:anti
selectivity*°

In conclusion, we have developed the first enantioselective acyl-
Claisen rearrangement. Studies toward a catalytic variant of this
reaction are underway and will be reported in due course.
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(9) In a representative procedure, the allylic morpholine (0.10 mmol, 0.025
M in CH,Cl,) andi-PrNEt (0.15 mmol) were added sequentially to a catalyst
solution (0.2 mmol) in CELCl, at 23°C. The resulting solution was cooled to
—20 °C before benzyloxyacetyl chloride (0.12 mmol, 1.0 M in £t) was
added over 12 h. After an additional 12 h, the resulting solution was treated
with 1 N NaOH and extracted into EtOAc. The organics were dried (MySO
and concentrated, and the ligand was precipitated with EtOH. The supernatant
was filtered, concentrated, and then purified by flash chromatography.

(10) Although one of the most common structural motifs found in organic
architecture, quaternary carbon stereogenicity remains a formidable challenge
to asymmetric synthesis. For an excellent review of enantioselective quaternary
carbon construction, see: Corey, E. J.; Guzman-Perexngew. Chem., Int.

Ed. Engl.1998 37, 388.



