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The first enantioselective organocatalytic Diefsider (DA) Scheme 1. Design of a New Organocatalyst for the

reactions of dienes witli-unsubstituted acroleins and 2-enones Enantioselective DA Reaction with o-Substituted Acroleins
were reported by MacMillan et & Their catalysts were chiral 1 HNRZR? R R, pe
ammonium salts of HCI or HCIQwith secondaryamines derived OTOH -H,0 N~Hz HX N\ )
from L-phenylalanine. We report here a new organocatalyst for the NH, YT H1¢[NH2 . - Fﬂ'l:w’_ ‘T-H)(
enantioselective DA reaction with-substituted acroleins. This o s . Ha
organocatalyst was an ammonium salt gF£SO;H with chiral v, | H‘Q—RE Hﬁ'ﬁz
triamine 1k bearing gprimary amino group (Figure 1). To the best f £ Mx- ’[ :| X 0

. +HO

of our knowledge, this is the first example of the enantioselective ~=":2- - RN or |R!

DA reaction with a-acyloxyacrolein$, which were useful as @ Y»]HLH H)K“’Y

synthetic equivalents af-haloacroleing:® 4

According to our preliminary experimental results, it is difficult GHO cis-TS 2 trans-TS 2 OHG
to activate a-substituted acroleins witlsecondaryamines and Y .t JoX -t Y '—.
Bragnsted acids (HX) probably because of poor generation of the high ee low ee

corresponding iminium ion%.We attempted to activate them
through the corresponding aldimines by catalytic amounts of Table I. DA Reaction of Cyclopentadiene with Methacrolein®
primary amines and HX. Our strategy for the design of organo- CHO 1 (10 Mo1%), 2,4-(NO),CgHaSO5H (20 mol%)
catalystleHX is shown in Scheme 1. We expected that the chiral |:> \"/ : / CHO
ammonium salt of 1,2-diamirkereadily derived from.-amino acid H,0-14-dioxane, (1:1 V). 1t, 5 h G
and HX induces its asymmetry to DA adducts through five-

. . . . 1[RY R% RY ield (% end %)°
membered cyclicis- or transtransition state (TS2. If cisTS2is ey [ ] yield (4) xoen® ce (%)
more favorable tharransTS 2 by w—x attractive interaction % ig[[gﬂ' ';'nH|]_|] g Zg:iz ?3%
between R and HC=CY and steric hindrance betweern Xnd 3 1c[Bn, (CHy)z, (CHy):] 85 89:11 52
H,C=CY, the DA adduct might be obtained with high enantiomeric 4 1d[Bn, i-Pr,i-Pr] 67 87:13 0
excess. If steric hindrance occurs not only betweeraKd Y but 2 ’{lel[z'"ifr' gn, E] - fg ggillj 201

. e . - - < N
also between Rand HC=CY in TS 2, thea-face addition of diene t1f[Bn, Bt H] :
to the s-cisrotamer oftrans TS 2 would be preferable to lead to aThe DA reaction of cyclopentadiene (3.2 mmol) with methacrolein (0.8
the same enantiomeric product. mmol) in HO (0.25 mL)/1,4-dioxane (0.25 mL) was carried OUEnan-

! ) . £
First, several chiral ammonium salts prepared from diartine ~ 1OMeric excess of thexoadduct.® For N-Et-1, see text.
(10 mol %) and 2,4-(N§),CsH3zSOsH (20 mol %Y were examined RS, p Ro m R
for the DA reaction between cyclopentadiene and methacrolein in N; 2nd generation B : Vg
a 1:1 (v/v) mixed solvent of water and 1,4-dioxane at room ,[ H X H " P E
temperature under air (Table 1). The useldfR! = arylmethyl B H R2=~" “NRR® Bn H X
2 1a—esHX A 1g-rn-2HX

group) gave (R)-excadduct with relatively good enantioselectivity
(entry 2), whilel (R! = aliphatic group) gave quite low enantio-
selectivity (entry 5). Diaminel (R = Bn) derived fromL-
phenylalanine gave the best result. The absolute stereochemica
course vigla—c could be understood by— attractive interaction NH N N N NH N

between a phenyl group and treface of an isopropenyl group in ,[ ,[

cisTS 2. R? and R in 1 (R* = Bn) were also screened. When Bn” "NH, 1k:79%ee  Bn” "NH, 11 57%ee Br” "NH, 1m: 55%ee
either or both of them were primary alkyl groups, higher enanti- Figure 1. Enantiomeric excess of thexoDA adduct of cyclopentadiene
oselectivities were observed (entries 2 and 3 versus entries 1 andand methacrolein [catalystig—m (10 mol %) + 2,4-(NQ,)2CeH3zSO3H
4). When §)-1,2-di(N-ethylamino)-3-phenylpropan&i{Et-1f) was (25 mol %); the same conditions as in Table 1].

used instead ofa, racemicexcadduct was obtained in less than  enantiomeric excess of thexcadduct of cyclopentadiene and
40% yield (entry 6). Thus, the existence of a primary amino group methacrolein was increased from 52 to 69% by changihgfRb

19 [R%=(CHz);NMe, R3=H]:69% ee 1h [R%=(CH,)sNMe,, R3=H]: 62% ee
1i [R%=(CH,),NHMe, R3=H): 54% ee 1j [R2=(CH,),NMe,, RP=Me]: 53% ee

Bu, iPr,

in 1 was essential for the present asymmetric DA catalysis. from a Bn group to (Ck),NMe,. Chiral triaminelg (R? = (CH,)»-
Next, R and R of 1 (R! = Bn) were further screened to attain  NMe,, R® = H) was superior tdh (R?2 = (CH,)sNMe,, R® = H),

higher enantioselectivity. We expected that chiral triamibgsj 1i (R? = (CH,),NHMe, R® = H), andlj (R? = (CH,),NMe,, R® =

(Rt = Bn, R? = (CH,)nNR*R% might be more effective than  Me). Fortunately, a chird\’-(2-amino)ethyl-1,2-diamino-3-phenyl-

diamineslb and1c because of the instability afans-TS 2 due to propane library, which includedg, could be prepared from

the steric bulkiness of (CHLNR*R%HX (Figure 1). Actually, the dipeptides by solid- or liquid-phase synthéesiEhe oxime resin
10504 = J. AM. CHEM. SOC. 2005, 127, 10504—10505 10.1021/ja053368a CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

Table 2. DA Reaction of 2,3-Dimethylbutadiene with Table 3. DA Reaction of Dienes with
o-Acyloxyacrolein@ o-(p-Methoxybenzoyloxy)acrolein@
R6CO p-MeOCgH,CO 1Kke2. %,
#  RECOs _CHO 1k (10 mol%), HX (27.5 mol%) 7. oHO dienes  + o /i 75C6F5SOH (10 mol*) DA adducts
+ T CHO solvent, 0 °C
X solvent, rt
- - time yield ee (%)°
fime yield  ee entry diene solvent (h) (%) exo.endo [config]
entry RS HX solvent hy (%) (%)
1 CP THF 11 97 86:14 80
1 pMeOGHs CoFsSOiH EtNG, 8 >99 90 2 Cp THF 48 99 8713 83 Eg]
2 Ph GFsSO;H EINO, 16 97 87 3 BMCP  THF 24 72 8119  T74[3
3 Ph GFsSOsH no solvent 12 95 85 d .
4 BMCP®  THF 28 81 88:12 83[g
4 Ph 2,4-(NQ),CeHsSO;H EtNO, 12 85 85 5 CHe EINO, 18 84 7:93 91 [®
5 Ph 2,4-(NQ)2CsH3SOsH HO 20 81 82 6 DMB EtNO, 24 92 ' 92 ]
6 Ph 2,4-(NQ)2CsH3SOsH H,O—C4HgO® 20 67 80 .
7 Ph TSOH EING 15 60 78 e DMB EINO, 12 95 g
8 Me 2,4-(NQ),CeHsSOH EINO, 24 56 83 8 IPe EINO; 48 90 991  88[]

aUnless otherwise noted, the DA reaction of dienes (1.6 mmol) with

a Unless otherwise noted, the DA reaction of 2,3-dimethylbutadiene (3.2 a-acyloxyacrolein (0.8 mmol) in THE (0.25 mL) or EtNG0.125 mL)

mm(ﬂl) with o-acyloxyacrolein (0.8 mmol) in solvent (0.25 mL) was carried was carried out? Enantiomeric excess of major diastereonfe3ee text.
out. PH,0 (0.25 mL) and 1,4-dioxane (0.25 mL) were used. d 1ke2.75GFsSO:H (20 mol %) at—20 °C. ¢ DA reaction of DMB (3.2
developed by Kaiser and DeGrddwas used in the solid-phase ?uTﬂ)t\éVgh?ggg%?:ﬁfglgg\ éégaﬂﬁggﬁyg?g% ?rlr_l)t\gris g?;ijrcé
dlpeptlde synthesis. The resin allgws the preparation of dipeptides,q mol(fr ratio of 4-méthy| a;d 3-me£hy| ison:’ers is indicate%_ :
using the BOC strategy and their subsequent cleavage from the
support by nucleophilic displacement with pyrrolidine at the
carboxyl terminus. Representative examples are shown in Figure
1. The enantiomeric excess was further increased to 79% by the
use of 1k derived from Ht-Phet-Leu-N(CH,CH,),. The i-Bu
group of 1k probably helps to stabilize the conformation of R
o-Haloacrolein is known to be an outstanding dienophile in a  Acknowledgment. Financial support for this project has been
catalytic DA process because of its high reactivity and the provided by JSPS KAKENHI(15205021), the 21st Century COE
exceptional synthetic versatility of the resulting adddétslowever, Program of MEXT, the Mitsubishi Chemical Corporation Founda-
o-haloacrolein is an irritant and is unstable at ambient temperature.tion, and the Nagase Science and Technology Foundation. We thank
In contrasta-acyloxyacrolein is relatively stable, and its reactivity ~Dr. Hideaki Ishibashi for his helpful discussion.
can be controlled by switching the acyloxy groupmmonium
salt of 1k and HX was expected to be a catalyst for the
enantioselective DA reaction between 2,3-dimethylbutadiene and
a-acyloxyacrolein at room temperature (Table 2). The highest
enantiomeric excess (90%) and quantitative yield were attained in goferences
the DA reaction witha-(p-methoxybenzoyloxy)acrolein in the

In summary, we have realized the first enantioselective organo-
catalytic DA reactions witha-substituted acroleins, such as
a-acyloxyacroleing! Further studies are in progress to elucidate
the mechanism and the origin of the enantioselectivity.

Supporting Information Available: Experimental procedures, full
characterization of new compounds. This material is available free of
charge via the Internet at http://pubs.acs.org.

presence of 10 mol % dfk and 27.5 mol % of gFsSO;H in EtNO, @ @ Azfz)rgadlt,zg.déisB%gh’f‘. C. % MacMilan, D. W. Q. Am. Chem,
- oc. . orthrup, A. B.; MacMillan, D. W. C1. Am.
(entry 1); 25-30 mol % of HX per 10 mol % ofLk was suitable Chem. S0c2002 124, 2458.

i i i i i i (2) For achiral organocatalyst for DA, see: Huang, Y.; Unni, A. K.; Thadani,
for the enantioselective DA reaction. Interestingly, this reaction AN Rawal ¥, H.Natore 2003 424 146,

proceeded with high enantioselectivity regardless of the concentra- (3) Funk, R. L.; Yost, K. J., ll.J. Org. Chem1996 61, 2598.

tion of the reactants (entries 2 and 3). Furthermore, this reaction (4) (a) Corey, E. J.; Loh, T.-RB. Am. Chem. S04991, 113 8966. (b) Corey,
E. J.; Cywin, C. LJ. Org. Chem1992 57, 7372. (c) Corey, E. J.; Loh,

occ_ur_red even in water With.out a serious reduction in enantiose- T.-P.Tetrahedron Lett1993 34, 3979, (d) Corey, E. J.; Guzman-Perez,
lectivity (entry 5 versus entries 4 and 6). Q_.: Lghj TO.-P.Jéﬁm.l%g%n%sggsi%mléﬁ 361% (5%) gﬂﬁ{)sha",TJ. /LA.;
. . . ie, S.J. Org. Chem g . orey, E. J.; Shibata, T.; Lee,

To explore the generality an_d scope of the DA reaction with T.W. 3. Am. Chem. So@002 124 3808.
o-(p-methoxybenzoyloxy)acrolein catalyzed bie2.75GFsSO;H, (5) (a) Ishihara, K.; Qingzhi, G.; Yamamoto, H. Org. Chem.1993 58,
the DA reactions of representative dienes were examined at 0 or (609;1; h(i%'rzh'E?rakufigg%mam‘ﬁgﬁé r':‘glbcge"zm Sogﬁgé %6‘0 éggé-
—20 °C (Table 3). The DA reaction of cyclopentadiene (CP) and 118 3049. (d) Ishihara, K_; Kurihara, H.; Matsumoto, M.; Yamamoto, H.
5-(benzyloxymethyl)cyclopentadiene (BMCP) in THF gave the J. Am. Chem. So0d.99§ 120, 6920.

( yloxy yh y. p. ( . ) o 9 . (6) Relatively strong basicity and greater bulkiness of the secondary amines
(29-excadducts as major diastereomers with up to 83% ee (entries were unfavorable for generating an iminium ion witksubstituted
1-4). With respect to the enantioselectivity, THF was more suitable acrolein. Macl\/llti_”aQ also;ailﬁd_ t'\C/)l aclsl\_llate nBet\f)\?CgleAn Witchha Secsondary
than EtNQ as solvent for these two examples. The latter product 23“0“;01”;;?‘3320-_ unz, - 18 Machran, B, 4. L. Am. Lhem. Soc.

(entries 3 and 4) is an important intermediate for prostaglandin  (7) When 10 rlnol%ofdiaminé g\nd 2.4:1-(%19)2'(1:5H350|3H were used,similgr g
ida ; ; enantioselectivities were observed, but the catalytic activity was reduced.

synthesig2The DA reac_tlon qf cyclohexadler_we (CH) gave thB)}2 (8) For details, see the Supporting Information.

endoadduct as a major diastereomer with 91% ee (entry 5). (9) (a) DeGrado, W. F.; Kaiser, E. J. Org. Chem198Q 45, 1295;1982

Bicyclo[2.2.2]oct-5-en-2-one derived from this product (entry 5) 47, 3258. (b) Voyer, N.; Lavoie, A.; Pinette, M.; Bernier,Tetrahedron

. : . Lett. 1994 35, 355.
is useful as a common intermediate for the total syntheses of several (10) (a) Evans, D. A.; Golob, A. M.; Mandel, N. S.; Mandel, G.J5.Am.

biologically active compound®¥.These results can be understood gherTé-hSOC}ggg ig(ll golgo(- §bl% KOZ{EOVI\;Sk(iE HA' lzj-: ScmiSSéng,sRHﬂf-f
e o : : rg. em . (C) Demutn, M.; andraseknar, S.; Schairner,

through our predictive mechanistic modelitTS 2) shown in K. J. Am. Chem. S0d984 106 1092. (d) Smith, A. B., lll; Empfield, J.

Scheme 1. The DA reaction of not only cyclic but also acyclic R.; Rivero, R. A,; Vaccaro, H. A;; Duan, J. J.-W.; Sulikowski, M. B.

Am. Chem. Sod 992 114 9419.

dienes, such as 2’3'dimeth¥|bmadiene (DMB)_ gnd isop_rene (IP), (11) For our contribution to organocatalysts, see: (a) Ishihara, K.; Kosugi,
gave the DA adducts with high enantioselectivities (entrie8)6 Y.; Akakura, M.J. Am. Chem. So@004 126, 12212. (b) Ishihara, K.;

It is noted that 2.5 mol % of the catalyst was active enough for the Nakagawa, S.; Sakakura, 4. Am. Chem. S0@005 127, 4168.

DA reaction of DMB (entry 7). JAO053368A
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