Modosleadoas Taddiome ¥al 07 we DALY DALA nnAN_ANRA/an/nE15_2A61402 _on/o
LBLTAearon LEeTLeTS YOl. &iy PP €401 — 404 QUEUS4055/ 80/ 00 53=28000 U/
©Pergamon Press Ltd. 1980, Printed in Great Britain

W _Xr I QYTTOmMTIRAS A QT AMITALT

X=Y-ZH SYSTEMS A3 POTENT

CHEMISTRY OF CYCLOADDITION REACTIONS OF IMINES OF «a-AMINO-ACID ESTERS.

AT nTRAT T > ATy MTO

o METT QmMETI G AT T O ey
AL 1 5 )-IJ.LI'U,L;ILD. TRk STEREULCIOEMIOSTH ANU Hugglu-

A

e

by Ronald Grigg* and James Kemp
(Chemistry Department, Queen's University, Belfast BT9 5AG,

Worthern ireland)
Summary. The stereochemistry and regiochemistry of cycloadditions of «-amine
acid ester imines is dependent both on imine structure and on the reaétivity of
the dipolarophile., Phenylglycine imines undergo competing dipole stereo-
mutation and cycloaddition with some dipolarophiles.
We have suggested that X=Y-ZH systems are potential sources of 1,3-dipoles

via tautomerism1 and have described many examples of cycloadditions of X=Y-ZH

avatams involving haoth inter- and intra_mnolscnlar reactions 2-4 Wa indicated

systems involving both inter- and intra-molecular reactions, We indicated
P L . . L. 2

that cycloadditions to imines of aq-amino acid esters were stereospecific™ but

recent publications briefly reporting on the stereochemistry of the cyclo-
addition of (1; R1=Ph, R2=H)5 and on an intramolecular case6 prompts us to
report our results that show the stereochemistry and regiochemistry of these
processes are dependent on imine struciture and dipolarophile reactivity.

In cycloadditions of (1) with dipolarophiles one must consider the stereo-
chemistry of the process with respect to both the 1,3-dipolar species and the

dipolarophile, Thus we showed that only one 1,%-dipole stereoisomer (2) is
involved in cycloadditions with N-phenylmaleimide, a reactive dipolarophile.2
This suggested that (2) was the kinetically generated 1,3-dipole and this is

confirmed by the results reported below and by our observations on intra-

molecular Cycloadditionsh. However, with less reactive dipolarophiles such as

A
1
[

o
0na v

1,3-dipole sometimes occurs. Thus imines (1; R™= 2-furyl, P-MeOCgH, ,p-NO,CcH, ,
Ph; R2= Ph) give pyrrolidines (4a and 5a; ca. 3:1) with dimethyl maleate and
(4b and 5b; ca. 3:1) with dimethyl fumarate in essentially quantitative yield

(110°, toluene, 48h). The stereochemical assignments are based (i) on 9 nmr
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spectra’ and (ii) on chemically relating maleate adducts to maleic anhydride
adducts.2 The adducts are configurationally stable under the reaction conditions
as shown (i) by the appropriate blank experiments and (ii) an nmr study of the

¢ (1; r'= B®= Pn

o

dimethyl maleate which showed that the two

products (%a; R = Ph) and (5a; rl= Ph) are formed concurrently and that one is

not the precursor of the other. Imines (1; R"

Ph, R%= Me or CH2Ph) give a
mixture of (ba and 6b; ca. 3:1) with maleate and a mixture of (7a and 7b) with
fumarate. The cycloadditions are therefore always stereospecific with respect

to the dipolarophiles and are also stereospecific wit
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(1; R%= alkyl) and involve the dipole stereoisomer (2). However, with imines
(1; R2= Ph) stereomutation (2= 3) occurs as dipolarophile reactivity is
decreased, due to phenyl substitution lowering the barrier to stereomutation.
Our observations on intramolecular cycloadditions? where stereomutation (2= 73)
occurred to give an approximately 50:50 mixture in some cases, indicates that
maleate and fumarate are sufficiently reactive to prevent complete dipole

equilibration., Other workers failed to detect the second stereoisomer in the
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ramolecular processes, Thus the ent 3) is

dependent on both imine structure and dipolarophile reactivity.

Me !
R&N—CH{ - RVS cQMe _ R_H_ R

(4) a. X=H, Y=COMe (5) a. X=CQMe, Y=H
b X=COMe, Y=H b. X=H,Y=COMe.
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X Y
(6) a X=CoMe, Y=H (7) a. X= CQMe. Y=H
b X=H, Y=COjVIe b. X=H, Y=COé\4e

A similar dichotomy is observed in the regiochemistry of cycloadditions of

imines (1) to unsymmetrical dipolarophiles. Thus the cycloaddition (xylene,

1 2

135°, 48h) of imines (1; R = Ph; R“= Me, Et and Ph) to ethyl phenylpropiolate

appears to be regiospecific. The adduct (8) comprises at least 80% of the crude
product but minor amounts of other isomers cannot be ruled out at present. The
imines (1; R°= H or Me) also undergo regiospecific cycloaddition to acrylates,

Thus (1; rlz Ph, rZ- Me) and methyl acrylate gives a 95:5 mixture of (9a; rZ

2 2

= Me)

and (9b; R = Me) with 1 equiv.

of benzyltrimethylammonium methoxide (BTAM) in benzene gives (9b; R2= Me); thus

= Me) in quantitative yield. Treatment of (9a; R

establishing the identical configuration of the two isomers at C(2)., The
relative configuration of the C(2) and C(5) substituents is assigned by analogy

2

with the cycloadducts from (1; R“= Me) and maleate and fumarate, The imine

1 2

(1; R'= Ph, R°= H) and methyl acrylate undergo regiospecific cycloaddition with

concomitant dipole stereomutation to give a 1:0.5 : 2:0.75 mixture of four
pyrrolidines (9a,b; R2= H) and (10a, b; RZ= H).® In contrast to (1; R%= H or
alkyl) the imines (1; Rl= p-H-, Me-, MeO7 NO,-CgH, ; R°= Ph) undergo regio-
selective cycloaddition, accompanied by dipole stereomutation, to acrylates to
give high yields of mixtures of three pyrrolidines (1lla,b) and (12) in a ratio

of ca. 2:1:1.7 In a blank experiment, the major product (lla; Ar=Ph) was found
to be configurationally stable when heated in boiling toluene for 48h. The same
mixture of pyrreolidines, in a slightly different ratio is formedwhén the imine
and acrylate are stirred in pyridine at room temperature for 1-5dy. Assignment
of configuration to the pyrrolidines (1la,b) is based on epimerisation to (1llec,d)

with 1 equiv. of BTAM and on an X-ray crystal structure of (11; Ar=Ph, R2= Y=C0o,

Me, RJ= p-MeOC.H,, X=H).10
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9 a X=C%Me.Y= H (10) a. X =COMe,Y=H
b.X =H,Y=COMe b- X =H, Y=COMe

LOMe
~Ph

X
Y
Ma. REPh R%(:coéwe, Y=H

b REXCOMe,R3-Ph, Y=H  (12)a X=COMe
c. R2=Ph, R3=v=COMe, X=H b X=CO£L
d. R2=Y=C02Me, R3:Ph, X =H

Cycloadditions of imines (1) with acrylonitrile broadly parallel the
acrylate results although acrylonitrile cycloadditions are less stereoselective
e.g. (1; R'= p-MeOCH,; R®= Me) gives (11; Ar=p-MeOCH,, R°=Me, R7=CO,Me, X=CN,

Y=H) and (11; Ar=p-MeOC.H,, R2= Me , R7= co Me, X = H, Y = CN) in 1.2:1 ratio.

2
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