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ABSTRACT

The 1,3-dipolar cycloaddition reaction has long been recognized as a powerful methodology in organic synthesis. More recently, this reaction
has become a popular manifold for the construction of chemical diversity. Herein, we report the development of a chiral template for the
facially selective cycloaddition of isomunchnones, a common class of 1,3-dipoles. The modular format of the asymmetric unit allowed a
systematic optimization of selectivity. In addition, the chiral auxiliary was removed through an unusually facile ester aminolysis.

Since its introduction, the 1,3-dipolar cycloaddition has a suitable dipolarophile undergoes a 1,3-dipolar cycloaddi-
become an important reaction for the synthesis of hetero-tion, yielding bicyclic productl (Scheme 1§.To use this

cyclic molecules.We utilize this approach for the construc-
tion of bicyclic diversity scaffoldl, which can serve as a

small-molecule probg for the chemical i.nvestigation of Scheme 1. Construction of the Diversity ScaffoldL)
cellular target€.To this end, we have previously reported
the endo diastereoselective 1,3-dipolar cycloaddition of i
. .. . . . R NH + o o o
isomiinchnones with vinyl ethetsHerein we report the ! , 1) condensation A
desigr_1 and pptimization _o_f a chiral_auxiliary fo_r their o o 2) diazotransfer R Ez , ORs
enantioselective cycloaddition. The diastereomeric excess )J\/[L )
(de) obtained with the optimized auxiliary exceeds 95%. In Ho ORa
addition, the auxiliary is efficiently removed under mild \Rh(H)
aminolysis, furthering the synthetic utility of this approach. or

Diazoimides such a2 undergo chemoselective rhodium- Re& Rs. st/ﬂorz4 s+ OR,
(1) perfluorobutyramidate [Rigpfom)] catalyzed cyclization RBO% ~° Re R~
to isomiinchnone intermediatswhich upon treatment with 0074 "N-r, R/’;‘

1 3
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mirror-image related molecules is one of the best methods

for assessing affinity-independent specificity. Scheme 2. Facial Selectivity at the Dipole Ester
Both the regio- and diastereoselective applications of this o
method are accomplished by exploiting prinfeand second- OWJ;fMG Me /\ox 7<
ary’ orbital effects, furnishing exclusively bicyclic constructs X Il N\g Rh,(pfbm), ¢ Jo ‘(NO\
of syn/enddaopology? Therefore, manipulation of absolute Me  Me
stereochemistry remains a challenge for the synthesis of these Rxn X, Yield/de
molecules in astereoselectivenanner. " 32% de
The catalytic enantioselective cycloaddition of some 1,3- 45 % 96% yield
dipoles, such as nitrones, has been repdtiue application
of a chiral rhodium(ll) catalyst for the asymmetric induction %, 14% de
of a carbonyl ylide cycloaddition has also been reported with 6 — 17 ;ﬁ 93% yield
moderate selectivity (ca. 50% €¥€This low enantioselec-
tivity, in conjunction with the evidence of metal-free Q 5
dipoles!?indicates the transient nature of metal coordination § — o bv 93;@?:] f
with the isominchnone dipole. While several diastereo-

selective cycloadditions with chiral isominchnones have been

reportedt! the stereogenic center was an integral part of the o 0% de
molecule, not allowing use as a removable auxiliary. 10 — 11 >< I 5 8s%oyie|d

To fulfill the criteria for the stereospecific construction o N

of scaffold1, we required a removable enantioselective 1,3-

dipolar cycloaddition auxiliary. By incorporating a chiral N %, 84% de
substituent at the ester position of the dipole (O&cheme 2—=1B @H 96% yield
1), we hoped to create an inductive effect that would be
proximal to the dipole to induce facial selectivity, yet
sensitive enough for subsequent removal. A variety of gystematic optimization. In addition, amino acids afford a

potential auxiliaries were evaluated by coupling the corre- yjyerse array of functionality and are available in enantio-
sponding chiral malonic acid ester with methylacetanifde. meric pairs.

Diazotransfer subsequently furnished the 1,3-dipole precur- o-Diazoimide 10 was svnthesized with a phenvialanine-
sors4, 6, and8, derivatized with {)-menthol, (—)-borneol, : - Y ; pheny
. based chiral auxiliary. Interestingly, upon exposure tg-Rh
and R)-(-)-pantalactone respectively (Scheme 2). Treatment fom. in th oBrt-butyl vinvl eth henvl
of a-diazoimides4, 6, and8 with a catalytic amount of Rk (P r_n)4 In the presence dert-butyl vinyl ether,L-phenyl-
' alanine derivativelO led to a 50:50 mixture of bicyclic

]Egrf’nrgi‘i‘o:]”otfht‘;ep(r:ifree”sceonoéﬁ]”'2”3'();&%52;2%'(‘;;irtlo adducts (2R,5S)-1and (2S,5R)-11. It was postulated that
boncing cy ! the lack of selectivity was due to the flexibility of the

good to excellent yield. While each chiral dipole underwent . .
- - . o methylene spacer between the dipole and the chiral center.
efficient cycloaddition, the terpene-based chiral auxiliary e : : )
o-Diazoimide 12 contains a more sterically demanding

failed to exert the required facial bias and provided only . o -
a modest level of selectivity?. Despite low diastereoselec- p-branched isopropyl group, thereby limiting flexibility
' P adjacent to the dipole. Treatment @fdiazoimide12 with

tivity, these preliminary re_sults Were encouraging eno_ugh Rhy(pfbm), in the presence dért-butyl vinyl ether provided
to warrant further exploration of this approach. An amino . . .

. . " . . cycloadductl3in a 84% de in excellent yield. The absolute
acid based chiral auxiliary would allow the introduction of . R ; .
stereoelectronic bidgwhile providing a modular design for sfcereochem|stry of the Major 1Somer was determined via

' single-crystal X-ray analysis, which identified théR@5Re)
@ The import omraty T droa desian Tas b i face of the dipole as the preferred approach of dipolarophile.
e importance of chirality in drug design has been recently . -
reviewed: Beroza, P.; Suto, M. Drug Discovery Today000,5, 364. Fortunately, bOt_h th_syn'regloFoerI an@ndo'd_laStereo' .
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L-alanine, L-leucine, L-phenylalanine, and.-tert-leucine, The computational analysis predicts a hydrogen-bonded
respectively's Ethyl vinyl ether-derived cycloadduct$, 17, seven-membered ring conformation (Figure 1). The aromatic
19, 20, and 22 were obtained in good yield from the
correspondingt-diazoimides through Rfpfom),-catalyzed
cyclization—cycloaddition, with the favored (2Re-5Re) ap-
proach in each case (Scheme 3).

Scheme 3. Facial Selectivity at the Amino Acid Site

N Me
P Oﬁi
o) O e} ha(pfbm)4 ‘Me

Rxn X, Yield/de
(0]
18% de
14 — 15 H 90% yield

(@]
N 74% de
16 — 17 H 94% yield

N 76% de
18 —1 ©AH 96% yield

o]
82% de
12 . ©AH 96% yield
o] ) . .
82% d Figure 1. Computational models for the 1,3-dipole.
N o d¢
21—22 ©/\H 95% yield

group is allowed free rotation, as noted in the existence of
two low-energy structures, with the aromatic moiety either

Although the level of diastereoinduction varied widely, it engaged in ar-stacking interaction with the dipole or
could be correlated with the level of substitutiorAlanine projected away. In one conformation the (2Si-5Si)-face is
derivativel4 gave the lowest diastereofacial selection, while plocked, while the second conformation leaves the dipole
both theL-isoleucinel6 andL-phenylalanin€el8 auxiliaries free, allowing cycloaddition from the less favore®{&Si)-
provided a significantly higher level of induction, presumably face.
due to the bulkier isobutyl and benzyl substituents. However,  The importance of hydrogen bond-mediated organization
the diastereofacial bias appeared to reach saturation withwas confirmed by screening substra28sand25, which lack
isopropyl derivative20, since no additional effect was the amide N-H (Scheme 4); in both cases the stereoselection
observed withtert-butyl derivative22. was greatly compromised. The contribution sefstacking

A crystal structure of cycloadduct3'” confirmed the  toward selectivity is questionable, as shown by the similar,
absolute stereochemistry of the cycloaddition. A molecular jf somewhat diminished, diastereoselectivity note@r(cf.
mechanics (MM2 force field} based Monte Carld con- 12). Attempts to further probe the contributionsobtacking
formational search, using the Macromd@eloftware pack-  and to favor the blocked conformation (Figure 1, bottom)
age, was used to establish the preferred structural arrangep-diazoimide29, 31, and33were constructed. As expected,
ment in the dipole. The auxiliary df2was conformationally  the absolute configuration of the benzylic center produced
sampled (i.e., the geometry-optimized dipole was fixed), with |ittle influence on either the sense or extent of the facial
charges localized at N (*+7) and exocyclic O (*~"). selectivity. When treated with Rfpfbm), in the presence
of ethyl vinyl ether,a-diazoimide35 provided the single
cycloadduct36, with a de greater than 95%. This improved

(16) (a) Ishihara, K.; Ohara, S.; Yamamoto,HOrg. Chem1996,61,
4196. (b) Konradi, A. W.; Kemp, S. J.; Pedersen, SJ.FAm. Chem. Soc.

1994,116, 1316. diastereoselectivity is presumably due to the degenerate
(17) See Supporting Information. i i
(18) Allinger, N. L.J. Am. Chem. S0d.977,99, 8127. nature qf the possible cgnformatlpns.
(19) Chang, G.: Guida, W. C.; Still, W. G. Am. Chem. Sod.989, Substituents on the dipolarophile were found to have a
ll%ég%&h g F- Richards. N. G. 3. Guida. W. C.- Lisk 5 minimal effect on the overall facial selectivity. As shown in
ohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R; . .
Lipton, M.; Caufield, C.; Chang, G.; Hendrickson, T.; Still, W.XZComput. S_Cheme 5, good yields and selectivities Wer_e. OpserVEd for
Chem.1990,11, 440. bicyclic construct37—40, regardless of substitituion of the
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Scheme 4. Facial Selectivity at the Auxiliary Amine Scheme 5. Effect of Dipolarophile on Facial Selectivity

R R e I e

Me
Rxn R Yield/de Rxn R Yieldde
Zn 12%de 3537 ’a>< >95% de
23 - 24 @AO 8% yield 95% yield
>95% de
3338 U 92% yield
25— 2 N 18% de 15— >95% de
8% yield 88% yield
NN >95% de
OAN% 78% d ¥ W @2 86% yiel
27 — H o de N
28 88%yield Cbz
S 0% de
0, i . . . . . .
29— 3 ©AH P3% yield construction of chemically diverse libraries is currently under
investigation.
N 92% de
3132 N 93% yield
Scheme 6. Removal of the Chiral Auxiliary
N2 94%de
33~ 34 N 91% yield .
O j:(%gp Nt R o
N-. o0 N-.
Me Me
>95% de Me
35— 36 O H}L 92% yield Yield
36 — 41 95% yield

37— 42 89% yield

vinyl ether dipolarophile. Notably, both a sterically demand-
ing tert-butyl vinyl ether and a hydrogen-bond donor
(guanidine) provided cycloadduc®3 and40, respectively,

in excellent yield and high diastereofacial selectivity. 30 . 44

95% yield
Removal of the chiral auxiliary can be achieved under

38 — 43 N 92% yield

surprisingly mild conditions by treatment with primary H )
amines. Cleavage of cycloaddu86—40 with methylamine 0 —-45 \N( “Chz  88%yidd
furnished amidest1—45, in excellent yield (Scheme 6). “Cbz

Dimethylamine failed to cleave the auxiliary, even under
elevated temperature.
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auxiliary design. The use of this methodology for the 0OL017263Y
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