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Dipolar cycloadditions are a powerful class of synthetic
reactions for the construction of diversely functionalized five-
membered heterocyclésln particular, cycloadditions involving
nitrile oxides, azomethine ylides, carbonyl ylides, nitrones, and
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captopril and enalopril), immunomodulation, coagulation, and
protein-ligand interactions (SH3domains)—8the amino acid
analogs reported herein should find important applications as
proline surrogates.

nitronates as dipoles have been well studied and applied toward

several elegant complex-molecule synthésésthe use of

diazoalkanes, however, has not been extensively examined.

Synthetic applications of these dipoles have typically been
limited to the preparation of the derived cyclopropanes or
pyrazoles obtained by nitrogen extrusion or aromatization of
the initial [3 + 2] adduct, respectivel§. However, the pyra-
zoline cycloadducts which result from the reaction of diazoal-
kanes with chiral,3-unsaturated carboxylic acid derivatives

can serve as useful optically active, functionalized intermediates

that in turn are amenable to further synthetic elaboration
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The lack of synthetic methodology involving the use of

(Scheme 1). Herein, we describe the novel diastereoselectiveyis,nalkanes in asymmetric dipolar cycloadditions may be a

cycloaddition of MgSICHN,, an item of commerce, and
camphor sultam-derived dipolarophilésto furnish A2-pyra-
zolinesz2 following acidic work-up (eq 1). Additionally, using

this method, we delineate the asymmetric synthesis of a novel

class ofo-amino acids: azaprolines. Given the prominence of
prolines in biologically important peptide sequences relevant
to metallopeptidase activity (e.g., ACE inhibitors such as
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consequence of the fact that diazoalkanes (1) have not been
readily available, (2) are not typically amenable to prolonged
storage, and (3) may be thermally unstableThe recent
availability of Me;SiCHN; as an easily handled, stable item of
commerce permits the examination of its use for asymmetric
synthesis. At the outset of our investigations, however, we were
aware of a potential problem (eq 2): prior studies on the
cycloadditions of diazoalkanes with/5-unsaturated esters had
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indicated that theAl-pyrazolines3 initially formed in such
cycloadditions readily isomerized to the corresponding conju-
gated pyrazolinet.5&P The result of such an isomerization in
the system of interest would be the loss of the desirednino
stereocenter.

In our initial investigations, we observed thifN-dialkyl
acrylamides were unreactive toward }86CHN,.10 In contrast,
N-tosyl acrylamides proved sufficiently reactive, providing
guantitative yields of cycloadducts (28, 4—6 h). Our interest
in studying diastereoselective diazoalkane cycloaddition reac-
tions led us to examine the reaction of dipolarophiles derived
from the camphor sultam auxiliaAt! The dipolarophile
substrate$—8 were readily synthesized from the commercially
available R)-camphor sultam chiral auxiliary and the corre-
sponding acid chlorides. When solutions of substrate8 in
hexane/toluene were treated at ‘X3 with a solution of Me-
SICHN; (2 M in hexane, 3 equiv), 3-trimethylsilyl-substituted-
Al-pyrazolines could be isolated in quantitative yields following
evaporation of the volatiles; exposure of these adducts to acid
(CRCOH/CH,Cl,) furnishedA2-pyrazolines9—12 (Table 1).
Analysis of the unpurified reaction mixtures by HPLC revealed

(9) Prudent Practices for Handling Hazardous Chemicals in Laborato-
ries; National Academy Press: Washington, D.C., 1981; p 65.
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(b) Oppolzer, W.Pure Appl. Chem199Q 62, 1241.
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Table 1. Asymmetric Synthesis oA%-Pyrazoline$ R
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g Xe 72% 90:10° Mg(OMe), i:)écc "
5
Me @ carbamatesl 7—-20 isolated in 56-70% vyield two step3314
Me” XX ch 67% 90:10° Protection proved to be highly chemoselective, providing only
\ _\H the carbamatet7—20 for all of the pyrazolidines examinéd.
N 10 Cleavage of the chiral auxiliary was readily carried out upon
2 Me it treatment ofl7—20 with Mg(OCHg), in methanol (6-23 °C)
ﬁ)‘\xc i Nx, 65% o946 and afforded21—24 (51—-67%)1416 Both the A2-pyrazolines
\-NH 1 and pyrazolidines participate in peptide coupling reactions. For
example, treatment o® (entry 1, Table 1) with Mg(OMe)
/\/U\ BOC 78% o190 furnished the corresponding?-pyrazoline-5-carboxylic acid
Me0,C”7 X (\'/U\ X, ’ methyl este25, which was coupled witiN-Boc-(L)-Phe (DCC,
N\-NH 12 DMAP, THF) giving dipeptide26 in 82% vyield (eq 4).

aConducted at 23C in 1:1 hexaneftoluene;-B equiv of MeSICHN,. Condensation of pyrazolidin&3 with N-Boc-(L)-Phe (DCC,

Upon completion, volatiles were removed and the residue treated with COMe
CRCO;H/CH,Cl,. b Xc = (1R)-(+)-2,10-camphorsultani.Diastereo- <\|/ N-BocPhe <\|/
selectivity was assayed by HPLC, see Supporting Information. All NN g o \~NPheNBoo @)
diastereomeric products were fully characterizEtihe absolute con- 25 2%

figuration was established by X-ray crystallographZonfiguration

assigned by analogy.

CO,Me

DMAP, THF) furnished dipeptid@7, which was subsequently

Chart 1 converted ta28 upon treatment with Mg(OMe)(eq 5)17
o HaG o COX, cox
X / X <\|/ N-BocPh <\r
Cﬁ\ (:'ﬁ‘\ N e ©)
,N ,N 13 N-BocPhe
Y Y 27 X=X,
13 Y =H, X=X, 14 Y=H X=X, Mg(OMelo 28 X = OMe
17 Y =Boc, X=X, 18 Y =Cbz, X=X,
21 Y-Boc, X=OCH; 22 Y-CbzX OCH, ) N ) ] ] ]
o The dipolar cycloaddition reaction of M8iCHN, with chiral

RO. C
H¢ “ acrylates provides access to optically acthfepyrazolines. This
N asymmetric process has several salient features: (1) the starting
N/

—~NH . L .
N materials (camphor sultam auxiliary and }eCHN,) are
15 LH X_X 16 YoH, X=X, R-Et commercially available; (2) the products are furnished in good
19 Y =Cbz, X=X, 20 Y = Boc, X = X,, R = Et yields with useful levels of regioselectivity and diastereoselec-

23 Y = Chz, X = OCH - - = . .
> 3 24 Y=Boo, X = OCHy, R~ Me tivity; and (3) these heterocyclic products are amenable to

synthetic transformations including reduction, chemoselective

that9—12 had been formed in 9894% diastereoselectivity as  peptide coupling reactions, and auxiliary removal. The meth-
single regioisomers. In all cases the diastereomeric productsodology described not only documents the asymmetric dipolar
were readily separated by chromatography on silica gel. The cycloadditions of MgSiCHN, but also, importantly, provides
configuration of the diastereomers was confirmed by single access to analogs of proline, an amino acid for which there are
crystal X-ray crystallographic analysis ®f11, consistent with few readily synthesized congeners. Recent studies have dem-
the typical facial selectivity observed for such camphor sultam- onstrated dramatic conformational changes in peptides incor-
derived system¥ Surprisingly, the conjugated pyrazolines such porating proline analogs, with a concomitant alteration of
as4 (eq 2) were not observed as products of the reaction. biological response. Azaprolines may prove to be important

The optically activeA2-pyrazolines isolated provide novel surrogates due to the variability of ring substitution afforded
substituted proline analogs, which have not previously been by both the choice of the acryloyl moiety used in the dipolar
prepared. In order to demonstrate the utility of the methodology cycloaddition as well as the capacity to diversely functionalize
described herein as a means of providing access to syntheticallythe C-N° of the pyrazolidine.
useful azaproline analogs, we have studied reactions that result ) )
in C=N reduction, auxiliary removal, chemoselective protection, _Acknowledgment. F.M.G. is grateful for an FPI Program fellowship
and peptide bond formation. from the Ministerio de Educacioy Ciencia, Spain. This research has

. . . been supported by the Sloan Foundation, Packard Foundation, NSF,
2
Reduction of theA®-pyrazolines was readily effected upon iy ‘and generous gifts from Lilly, Merck, Pfizer, PharmaelapJohn,

treatment with NaCNBHElin acetic acid to give the pyrazolidines  gng zeneca.
13—16(eq 3, and Chart 1) which were most effectively handled
following protection as the corresponding-Cbz or N-Boc Supporting Information Available: Experimental procedures and

spectral data for all compounds (8 pages). See any current masthead
(12) To the best of our knowledge, the absolute configuration of dipolar page for ordering and Internet access instructions.

cycloadducts derived from the-methacryloyl sultam?7 has not been

unambiguously established previously. We have obtained an X-ray crystal JA971708P

structure that indicates the cycloadduct formed from the same diastereoface

as acryloyl sultam$, 6, and8. (15) 1H NMR data for17—20 are consistent with peptide bond formation
(13) The unprotected pyrazolidines proved to be unstable, necessitatingat C,—N?.

their derivatization atN-Boc andN-Cbz protected derivatives. (16) Esters22—24 were observed as the only diastereomers of the
(14) To determine if steroisomerization had occurred in the formation reaction as determined B§1 and13C NMR spectroscopy.

of 17and21, both21 andent21 were coupled tdN-Boc-(L)-Phe.*H NMR (17) Experiments similar to those in ref 14 usiegt13 and ent25

analysis of the unpurified reaction products established that racemization established the absence of stereocisomerization in carbamate formation,

does not occur upon auxiliary removal, as dipeptide diasteromer mixtures auxiliary removal, and peptide coupling reactions. See Supporting Informa-

were not observed. See Supporting Information. tion.




