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Abstract. Imines, RCH=N-ZH, possessing a range of ZH groups

(Z=CHCOPh, CHCOSR, CHCONHR, CHP(0)(OEt);, 2-CH-pyridyl,

2-CH-thiazolyl, and 9-fluorenyl) undergo thermal 1,2-proto-

tropy generating azomethine ylides stereospecifically. The

intermediate azomethine ylides undergo cycloaddition react-

ions with dipolarophiles either via an endo-transition state

or via both endo- and exo-transition states to give poly-

functional pyrrolidines in good yield. 1In certain instances

involving imines in which the amide activating group is

present, the imine catalyses cis ; trans isomerisation of

the dipolarophile. X-Ray crystal structures of two of the

cycloadducts are reported.

Our recognition of a new type of prototropy, l,Z-prototropyS,
in X=Y-ZH systems, led to a facile entry into a range of novel, and
+ -

synthetically useful, 1,3-dipoles, X=Y(H)-Z. 1In the case of imines
(X=2=C, Y=N) we showed that the ease of dipole formation is influenced by
the basicity of the central Y atom (nitrogen) and the pK, of the ZH(CH)
proton4. Imines of ®k-amino acid esters and ok-amino acids, in which
ester4’S and carboxylic acid moieties activate the ZH proton, are
particularly valuable precursors of azomethine ylides. French workers
subsequently introduced the cyano group as a ZH activating group7 and
this was taken up and its usefulness extended by Tsuge.8 In a number
of important respects the acid/base chemistry of imines parallels that of
carbonyl compoundsg and this analogy is useful in suggesting suitable
reagents/activating groups for generating either the 1,2-prototropy

product (azomethine ylide) or the related 4 -azaallyl anion. Thus both
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Bronsted and Lewis acids catalyse the formation of azomethine ylides from
imines9 and a combination of metal salt (silver, lithium or zinc) and
triethylamine in a polar solvent (MeCN, DMSO, N-methylacetamide) permits
rapid (0.1-3.5h) cycloaddition of imines of -amino acid esters to
dipolarophiles at room temperature.10 Analogous, but much slower
cycloadditions, were subsequently reported to be effected by lithium
bromide in THF.11

We now report full details of a range of other activating groups
for the ZH proton in imines (1) which permit facile generation of the
corresponding azomethine ylide (2).

N — O~
,;,z~\\b,,,»2ﬂ1 FQ/’“\\I:;/’Z
(1) (2)

Table 1. Activating groups for the ZH proton in imines (1).2
g l
~

CH-XN

N
CH’Q_J Y

cHCOPh (25)° CHP(0) (0Et) (35)P

I o
H

a. Figures in brackets are approximate pKa values for the analogous
methyl substituent; b. Ref.12; c¢. Estimated values; d. Our

CHCO,R (30.5)° (-)

CHCO,H (~31)°

CHCN (31)°

CHCOSR (v 28.5)¢9

CHCONR, (34.5)b»d

examples are lactams and a thiolactone.
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It can be seen from Table 1 that the currently successful activating
groups have pKa's ranging from ca.25 to 35 for the corresponding MeX
compounds where X = activating group. The presence of the aryl imine
functionality will, of course, lower all these values, but the presence
of the imine nitrogen atom and its potential for hydrogen bonding (see
below) will exert a greater stabilising effect (lower pKa) on some
azomethine ylides, e.g. Z=CHC02R compared with Z=CHCN (intramolecular
hydrogen bonding not possible), and Z=CHCOPh compared to Z=9-fluorenyl.
The various activating groups are now considered in turn.

a. Benzoyl. Attempts to isolate the imines of (3) with aryl aldehydes
were unsuccessful due to the high 1lability of the methylene protons in
(4). However, generation of (4) in situ from (3) and benzaldehyde in the
presence of (NPM)(acetonitrile, 80°C,8h) gave the desired product as a
1.8:1 mixture of epimeric cycloadducts (5) and (6) in good yield.

0
NHy /8\/ Ar
Ph/U\/ T

(3) (%)

Ph (CHz) NHZ
Os N0

X -<0

Hiu wH (7) a. X=S, n=1
H"" N mCOPh b. X=NH, n=2
Ph H H c. X=NH, n=3

(6)

The stereochemistry of (5) and (6) was established by n.0.e.
experiments (see experimental section).
b. Thiolactone and Lactams. Condensation of the thiolactone (7a) with

benzaldehyde at room temperature yielded a mixture of imine (8a) and the
spiro-imidazolidine (9). On keeping the mixture at room temperature
complete conversion to (9) occurred. Formation of imidazolidines by
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regio-specific dimerisation of imines has been previously observed by us
in the reactions of diethyl aminomalonate with aromatic aldehydes.13
Formation of (9) could involve either an anionic 49r+ Zﬂcycloaddition14
or a 1,3-dipolar cycloaddition via 1,2-prototropic generation3 of the
dipole (10a) from (8a). The dimerisation reaction is both regio- and
stereo-specific. The stereochemistry of (9) is based on the absence of
an n.0.e. effect between the 2-H and 4-H imidazolidine ring protons and
previous observations of kinetic control of dipole stereochemistry.s'6
The propensity for suitably substituted imidazolidines to undergo
thermal cycloreversion to a 1,3-dipole and an imine is well
established.ls’15 However, in the case of (9) the imine arising from
such a cycloreversion is expected to generate a further 1,3-dipole by
1,2-prototropy.13 Thus, as expected, heating imidazolidine (9) with
two equivalents of NPM in xylene at 130°C for 6h. afforded (84%) a ca.
6:1 mixture of (11a) and (12a). The stereochemistry of (1la) and (12a)
is assigned on the basis of n.0.e. studies (see experimental section).
In an analogous manner heating (9) with two equivalents of acenaphthylene
(toluene-ds, 135°C, 5d) gave (75%) a 2:1 mixture of endo(13)- and
exo(13)-cycloadducts, together with a small amount (ca.10%) of the
oxidation product (14) arising from (13). Heating endo(13)
(xylene-d10,140°C,8d) gave a 1.84:1 mixture of endo(13) and (14)
confirming oxidation of (13), presumably involving trace amounts of
oxygen in the system, occurs under the cycloaddition reaction
conditions. Assignment of stereochemistry to (13) and (14) is based on
the stereochemistry of (1la) and (12a). One of the aromatic proton
signals in endo(13)(§5.92) and exo(13)(&5.86) occurs at unusually high
field. This signal is absent in (14). The azomethine ylide (10a) reacts
predominantly via an endo-transition state whilst the related imines of &
-amino esters react stereospecifically via an endo-transition state.6
However, these latter imines do not undergo intermolecular reactions with
unactivated dipolarophiles, whereas (10a) does react, albeit slowly, with
acenaphthylene. Imines of &k-amino acid esters do react in intramolecular
cycloadditions with unactivated dipolarophiles.16
The lactam imines (8b) and (8c) undergo cycloaddition with a range
of dipolarophiles. Thus both react with NPM in xylene at 130°C over
3h. to give ca. 1.4:1 mixtures of endo (11b,c)- and exo(12b,c)-adducts in
75-78% yield. These cycloadducts arise from dipoles (10b) and (10c) via
endo- and exo-transition states. Thus (8a-c) generate the corresponding
1,3-dipoles (10a-c) stereospecifically and the dipole configuration is

analogous to that obtained from imines of of-amino acids and their
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(CHz)ﬁ‘[

‘v

N~ N
] 5
0 SN Hownp
(8) a. X=8, n=1 0 (10) a. X=S, n=1
b. X=NH,n=2 (9) b. X=NH,n=2
c. X=NH,n=3 c. X=NH,n=3
Ph
Oy N 0
/H'“ an
(CHz)n “, nwiH
0
(11)
a&. X=S, n=1
b. X=NH, n=2
c. X=NH, n=3
esters.s’6 In the latter cases the dipoies are formed under kinetic

control and hydrogen-bonding of the type depicted in (10) is believed to

be responsible for this kinetic preference.

—

The hydrogen bonding may involve a bridging water molecule.
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Imines (8b) and (8c) react with dimethyl fumarate {toluene, 110°C)
to give (15a) and (15b) respectively in good yield together, in the
latter case, with a trace amount of a second isomer. Imines (8b) and
products, (15a) and (15b), with dimethyl maleate on heating in toluene
(110°C) and in both these cases a trace amount of a second isomer was
detected. Careful Iy n.m.r. monitoring of the reaction of (8b) and
dimethyl maleate demonstrated that isomerisation of dimethyl maleate to
dimethyl fumarate preceded the cycloaddition, i.e. signals for the

R
s
N
H
(16) a. R=COLMe, R'=H
(15) a. n=2 b. R=H, R'=COgMe
b. n=3
(CHz)n\
NH

H, L
MeOpC=5—\" ™0

H
NH O~_N
A ; UH )
~‘_,/4 2n
N0 pr” N
{(17) a. n=2 (19) n1 gr o
b. n=3

olefinic proton of dimethyl fumarate were observed at86.78. Base
catalysed isomerisation of maleate to fumarate is well known.s’17
However, this base catalysed stereomutation is not normally observed to a
significant extent5 in the presence of imines of &X-amino acid esters
suggesting the lactams (8b) and (8c) are significantly more basic than
imines of X-aminoc acid esters. The substantially greater reactivity of
fumarate esters compared to maleate esters, in 1,3-dipolar cycloaddition

reactionslg, accounts for the lack of maleate cycloadducts and
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indicates that the maleate to fumarate isomerisation is fast compared to
the rate of cycloaddition.

The stereochemistry of (15a) and (15b) accords with that found for
the major isomer from the cycloaddition of imines of &{-amino acid esters
to fumarate esters.> Assignment of the stereochemistry of (15a) and
(15b) is based on their !
absence of shielding of the methyl group of the methyl ester that occurs

H n.m.r. spectra, a key feature being the

when there is a cis, vicinal, phenyl substituent. Spectral comparisons
with the fumarate ester cycloadducts of imines of o{-amino acid esterss
confirm the assignments.

Imine (8b) reacts with the isatin derivative (16a) (xylene, 130°C,
1.5d) to give (84%) a ca. 1.2:1 mixture of pyrrolidines (17a) and (18)
whilst imine (8c) reacts with (16a) under analogous conditions to give a
single cycloadduct (17b)(79%). Both (17) and (18a) proved stable when
recycled under the reaction conditions. The unusual stereochemistry of
(17a) and (17b) was partly indicated by n.0.e. studies (see experimental
section) which indicated the cis-relationship of the two pyrrolidine ring
protons. However, it required an X-ray structure determination (below)
to uncover the unexpected involvement of both a stereomutated
dipolarophile (16b) and dipole (19) in the cycloaddition leading to
(17). The formation of (17) thus requires either (i) a non-concerted
cycloaddition or (ii) a base catalysed preequilibration of (16a) with its
stereoisomer (16b) together with equilibration of the kinetic dipoles
(10b) and (10c) with (19). When (16a) was heated in pyridine-d5 at
105-110°C monitoring the 4 n.m.r., the slow isomerisation of (16a)
to (16b) was clearly visible with an observed ratio of (16a):(16b) of
10.8:1 after 44h, 3:1 after 91h, and 1.7:1 after 117h. This slow
isomerisation rate suggests that if the cycloaddition is concerted then
(16b) undergoes cycloaddition to (19) at a somewhat faster rate than
(10b) and (10c) react with (16a), i.e. a related situation to that
observed previously for the cycloaddition of dimethyl maleate and
dimethyl fumarate to (8b) and (8c) (above). Dipole stereomutation of the
type (10b,c) 2 (19) is unusual even with less reactive dipolaro-
philesé’16 and normally requires aryl substituents (i.e. extended
conjugation) at both termini of the azomethine ylide. It may be that the
slow rate of reaction, coupled with extended conjugation arising from the
greater resonance interaction in an amide bond compared to an ester,
results in dipole stereomutation. Our preference is for this latter
explanation rather than a non-concerted cycloaddition.
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Crystal Data for (17a): C23H23N304. M = 405.4, triclinic, space

group PI, a = 10.440(8), b = 11.987(10), ¢ = 8.726(7)R, ok= 83.42(6),8=
109.17(6), ¥ = 98.95(6)°. U = 1016.58°, z = 2, D = 1.32g cn”>,

F(000) = 428, A(MO-K,0= 0.7107A. Rectangular prisms, dimensions 0.5 x
0.3 x 0.3mm. pM(Mo-Ked= 0.54 cm™L.
STADI-2 two-circle diffractometer using the background-@-scan-background
technique, scan width 2.0°, scan speed 0.6 deg min-l, 30 < 259,

1052 unique data were corrected for Lorentz and polarisation effects;
the structure was determined using the direct phasing routines of MULTAN
19, with allowance for anisotropic vibrations

Data were recorded on a Stoe

and refined, using SHELX
for all non-hydrogen atoms. All hydrogens were located in a difference
Fourier synthesis but were included in the refinement at positions
calculated from the geometry of the molecule. In the final cycles the
1023 data with 1> 26 (1) yielded a final conventional R of 0.067, R =
0.071. The weighting scheme used was w = 2.85/hr2(F) + 0.0008F2]. wA
projection of the molecule is shown in Figure 1.

Figure 1

2-Pyridyl and 2-Thiazolyl. A series of imines of 2-aminomethylpyridine
(20a-f) and the benzaldehyde imine of 2-aminomethyl-4-methylthiazole (21)
have been prepared and their cycloaddition reactions with NPM studied.
These imines could not be purified. They decompose on attempted
distillation and tend to dimerise to imidazolidines, in an analogous
manner to the thiolactone imine (8a), on keeping at room temperature.
Thus the imine from pyridine-3-carbaldehyde and 2-aminomethylpyridine on

* All crystallographic results have been deposited with the Director,
Cambridge Crystallographic Data Centre, Lensfield Road, Cambridge,
U.K.
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keeping at room temperature for 2 dy. afforded the imidazolidine
(22)(60%) as a 1.3:1 mixture of trans~ and cis-isomers. The crude imines
(20a-f) and (21) react with NPM (toluene, 110°C) to give mixtures of
endo- and exo-cycloadducts (23) and (24)(Table 2) derived solely from the
syn-dipoles (25) and (26)?: analogous to those found for imines of
A-amino acid esters.s’6 Appropriate blank experiments on separated
pairs of isomers (23) and (24) show they are not inter-converted under
the reaction conditions.

Stereochemistry of the cycloadducts (23) and (24) was established by
n.0.e. difference spectroscopy and by an X-ray crystal structure of

Table 2. Endo-exo cycloadduct ratios from the cycloaddition of imines
(20a-f) and (21) with NPM.?
R rR! Reaction Yield(%)b Ratio
(23):(24)¢

Time(h)
a. p-MezNC6H4 2-pyridyl 5 70 0.9:1
b. p-Me0C6H4 2-pyridyl 7 72 1.2:1
c Ph 2-pyridyl 7 82 1.1:1
d. p-FSCC6H4 2-pyridyl 8 66 1.9:1
e. p-NCC6H4 2-pyridyl 8 80 2:1
f p-OZNC6H4 2-pyridyl 12 60 2.5:1
g Ph 2-(4-methyl 7 60 1:1
thiazoyl

a. Reactions carried out in boiling toluene; b. Isolated yield; c. Ratio
determined by integration of the 250MH:z 1y n.m.r. spectra of the
crude products.

(23b)(below). A typical set of n.0.e. values is provided by (23g) and
(24g). Thus for (23g) irradiation of Hp causes enhancement of the
signals for H, (8.8%) and HC(7.4%), whilst irradiation of H; causes
enhancement of HB(Q.Z%) and HD(7%) Similarly for (24g) irradiation of
HB results in enhancement of Hc(ll%) and HA(2.7%), whilst
irradiation of H. effects enhancement of HB(14%) and HD(I.Q%).

i S

ee footnote on page 4.
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p~RCgH,CH=NCH, 1]
N~
(20) a. R=NMe,,
b. R=MeO
c. R=H
d. R=CF‘3
e. R=CN
f. R=N02
Ph Ph
05N~y 0 05N 0
Hcm ‘”HB HE :B
HD,,, ,.|1HA HDIH N 1;1 A
pRCH, H R p-RCeH, H
(23) (24)

a. R=NMe,, R'=2-pyridyl

b. R=Me0, R'=2-pyridyl

c. R=H, R'=2-pyridyl

d. R—CFB, R1 =2-pyridyl

e. R=CN, Rl=2-pyridyl

£. R=NO, Rl =2-pyridyl

g. R=Ph, rl=o- (4-methyl)thiazolyl

N-—ije
PhCH:NCHZJ\'S

(21)
Py’
Py-™N H
Hu, s
Py N Py

(22) Py=2-pyridyl,
Py1=3—pyridy1

Crystal Data for (23b): C24 21N303 M = 399.4, monoc11n1c, space

group P2./a, a = 17.853(15), b = 8. 326(7), c
98.93(7)%. u=2053.3%°, z=4, D = 1.29¢ cn”

A (Mo - A

0.4 x 0.3mm, s(Mo-K )=0.5cm™ L.

13. 983(10)A F"

840,

Kg) = 0.7107A. Colourless rectangular blocks, dimensions 0.5 x
Data were recorded on a Stoe STADI-2

two-circle diffractometer using the background-@-scan-background technique
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scan width 2.0°, scan speed 1.0 deg. min~l, 2.8 0 £ 25°. The

structure was solved using the direct phasing routines of MULTAN and
refined by SHELX19 with allowance for anisotropic vibrations for all
non-hydrogen atoms. The hydrogens were located in a difference Fourier
synthesis but were included in the refinement at calculated positions. In
the final cycles the 748 data with ID 36 (I) gave a final R of 0.044, Rw

= 0.046. The weighting scheme used was w = 1.65/[g>(F) + .00047 F%].

A projection of the molecule is shown in Figure 2.

The endo-exo ratios in Table 2 indicate little preference for one
transition state over the other, unless an electron withdrawing
substituent is present in the R group of (20), i.e. (20d-f). Preference
for an endo-transition state is usually ascribed to attractive secondary
orbital interactions whilst steric effects, dipole-dipole interactions,
and Van der Waals - London interactions can partially or fully reverse
attractive secondary orbital interactions20 and lead to an
exo-transition state. Models of the endo- and exo-transition states
(Figure 3) show that secondary orbital interactions, if present, would
involve C(2) and C(5) of the maleimide (27) and C(6) and C(10) of the
dipole (28). Huckel M.0. calculations?ls?2 give values for the LUMO
coefficients at C(2) and C(5) of (27) of -0.287 and +0.287 respectively.
The HOMO coefficients for the central portion of the dipole (28) are given
in Table 3. These two sets of coefficients indicate weak attractive
secondary orbital interactions for (28, R=CN or NOZ) and weak repulsive
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interactions for (28, R=H, OMe or NMez) in accord with the endo-exo
ratios in Table 2.

| 6
5
07N, H N

ENDO

Figure 3

One intramolecular example of activation of the ZH proton by the
2-pyridyl group has been studied. Thus heating (29) in boiling xylene fo
2h afforded a 1.2:1 mixture of (30) and (31) in 60% combined yield. The
stereochemistry of (30) and (31) are assigned on the basis of their 1y
n.m.r. spectra and by comparisons with the spectra of analogous adducts

16 The expected

from the corresponding imines of k-amino acid esters.
shielding of the ester methyl signal in (30)( 3.23) compared to (31)(
3.73) was observed. Recently we have shown that cycloadditions of imines
of X -amino acid esters can be carried out rapidly at room temperature in
a polar solvent in the presence of silver, or lithium, salts and
triethylamine.10 Imine (29) reacts rapidly and stereo-

specifically under these conditions [AgOAc (1mol), NEt, (1.5mo0l), DMSO,
25°C, 10min.] to give (30) in 70% isolated yield (quantitative yield by

ly n.m.r.).
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Table 3. HOMO coefficients for the 1,3-dipole (28).

R c(s) c(7) N(8) c(9) c(10)
NO, -0.014 -0.478 -0.030 0.517 0.076
CN -0.030 -0.527 0.001 0.525 0.027
H 0.041 0.549 ~0.025 -0.515 0.010
OMe 0.055 0.562 -0.055 -0.484 0.056
NMe, 0.063 0.563 -0.073 -0.459 0.082

o\/\\/Cone

!
NCH,Py

(29) Py = 2-pyridyl

d. Phosphonate. Only one example of this type of activating group has
been studied. The imine (32) reacts with N-methylmaleimide (NMM) 1n

Me Me
0 0NN 0 Nww0
Ar/QN/\P(OEt)z HIH mH H H
H"' mH Hu ‘nH
(32) Ar=0-MeOCgH, Ar H ﬁ(OEﬂz Ad g ﬁ(OEﬂZ
0 0
. (33) Ar=0-MeOCGH, (34) Ar=0-MeOCgH,
A" \E:{\,E(OEHZ
targs 0

\ 35) Ar=0-Me0C 61{‘1

boiling xylene over 17h. to give (80%) a 1:1.5 mixture of endo(33)- and
exo(34)-isomers. Once again both adducts arise from the syn-dipole (35)
and again hydrogen bonding is thought to be responsible for the
kinetically controlled stereospecific formation of (35) as discussed
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above for other ZH activating groups. The slight preference for the
exo-adduct (34) demonstrates that the phosphonate group is not a strong
endo-directing substituent.

e. Fluorenyl. A series of arylidene imines of 9-aminofluorene (36a-e)
were prepared and reacted with NPM (toluene, 110°C). Cycloaddition of
(36a-c,e) occurred stereospecifically to give a single cycloadduct, the
endo-isomer (38) in each case (Table 4).

QI Sed

R
(36) a. R=NMe, (37)
b. R=0Me
c¢. R=H
d. R=Br
e. R:CF3

Table 4. Cycloaddition of (36a-c,e) with NPM in toluene at 110°C.

Imine Reaction Time (h) Product Yield (%)2
35a 12 38a 54
35b 20 38b 64
35c 18 38c 60
35e 24 38e 68

a. Isolated Yield

The cycloadditions of the fluorenyl imines with NPM were complicated
by a competing prototropic equilibration (36) (37). The equilibrium
constants for this process were determined by 1H n.m.r. spectroscopy in
toluene at 105°C and were found, as might be expected, to be dependent
on the substituent on the aromatic ring. The following order was
obtained (Keq in brackets): Me,N(0.10) < Me0(0.33) € H(1.61)K
Br(2.51) < CF3(3.6S). Thus electronegative substituents favour (37).
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The base catalysed isomerisation of fluorenyl imines has been studied by

23

More 0O'Ferrall. In our case the imine functions as the basic

catalyst.

We have previously reported the acid (6% acetic acid in acetic
anhydride) catalysed cycloaddition of (36b) to NPM at room temperature to
give (38b)(76’s).9 This result, together with the observed room
temperature cycloaddition reactions of metal complexes (Cu,Zn,Cd) of
imines of &-amino acid524, and of (29)—» (30) using silver
acetate/triethylamine (above) indicates that imines possessing any of the
ZH activating groups in Table 1 should undergo Bronsted or Lewis acid
catalysed cycloaddition reactions at room temperature.

Experimental. General experimental details are as previously noted.?
Petroleum ether refers to the fraction with b.p. 40-600C.

Imines

3-Benzylideneamino-piperidin-2-one (8b). Ornithine methyl ester
hydrochloride (8.68g, 4mmol) was added to methanolic sodium methoxide
{from sodium (4g) and dry methanol (500ml1)]. The mixture was stirred for
10 min., benzaldehyde (5g, 4.7mmol) added and stirring continued for a
further 16h at room temperature. The methanol was then removed under
reduced pressure and the residue dissolved in chloroform (200ml). The
chloroform solution was washed with water, dried (Na3S04), and the
chloroform evaporated to leave the crude imine (6.3g, 78%), which
crystallised from benzene as colourless needles (4.1g), m.p. 142-1440C
(1it.25143-1450C).

3-(N-Benzylideneamino)caprolactam (8c). A solution of 3-amino
caprolactam (12g, 9.4mmol) and benzaldehyde (10.6g, 10mmol) in chloroform
(300m1) containing anhydrous sodium sulphate (40g) was stirred at room
temperature for 16h. The mixture was then filtered to remove the
inorganic salts and the filtrate evaporated to leave the crude imine
(12g, 58%) as a viscous oil which solidified on trituration with ether.
Crystallisation from benzene afforded (8c) as colourless needles, m.p.
125-126°C (Found: C, 72.10; H, 7.50; N, 12.85. C13Hj;gN20 requires

C, 72.20; H, 7.45; N, 12.95%); & 8.3 (s,1H,CH=N), 8.0-7.3 (m,SH,ArH), 4.2
{(br_t,1H,CH-N)}, and 1.9-1.2 [m,8H,(CH2)4]; v max. 3200, 1670 and 1580

cm™+,

Imines (20a-f) and (21). These were prepared from the appropriate amine
and aldehyde according to method B.4 They could not be purified and

were used directly for cycloaddition reactions. Their 1H n.m.r. data

are summarised below (Table 5).

Table 5. lH N.m.r. data (3,CDC13) for imines (20a-f) and (21)

Imine CH=N NCH3 ArH Other
20a 8.25 4.9 8.5-6.5 2.90 (NMe>)
20b 8.25 4,8 8.5-6.7 3.6 (0Me§
20c 8.3 4.9 7.8-7.0

20d 8.5 5.0 8.6-7.3

20e 8.5 5.0 8.6-7.3

20f 8.6 5.0 8.8-7.0

21 8.3 5.0 7.8-6.8 2.4 (Me)
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f-[g3-Carbomethoxy-2-propenyl)oxy]-benzylidene-2-aminomethy1pyridine
29).

2-T(3-Carbomethoxy-2-propenyl)oxyl-benzaldehyde (3.1g, lmmol), and
2-aminomethylpyridine (1.08g, 1mmol) were dissolved in anhydrous
methylene chloride (80ml) and anhydrous sodium sulphate (10g) added. The
mixture was stirred for 4h, filtered to remove the sodium sulphate, and
the filtrate concentrated to give the crude imine (29) as a thick Xellow
oil (1.5g, 50%), which decomposed on attempted distillation. The 1lH
n.m.r. spectrum of the oil showed it to be essentially pure and it was
therefore used immediately in cycloaddition reactions.‘$8.9 (s,1H,CH=N),
8.6-6.8 (m,9H,ArH + CH=CHCO;Me}, 6.2 (d,1H,CH=CHCOzMe), 5.0

(s,2H,CH2N), 4.7 (dd,7H,CH20) and 3.7 (s,3H,Me)5 ¥V pax. (film) 1735

and 1630 cm~1.

Diethyl N-(o-Methoxybenzylidene)aminomethylphosphonate (32). Prepared
trom o-methoxybenzaldehyde and diethyl aminomethylphosphonate in an
analogous manner to that described aove but with a reaction time of 16h.
The product (77%) was a pale yellow oil, b.p. 160°C/1lmmHg (Found:

C, 50.55; H, 6.95; N, 4.90, Cy3H29gNO4P.1.5H20 requires C, 50.10;

H, 6.75; N, 4.50%);& 8.66 (d,1H,CH=N), 7.88-6.8 (m,4H,ArH), 4.13
(m,4H,CHoMe), 3.7 (s,2H,CH2P), and 1.25 (t,6H,CHgMe)'9max (film)
3000,1640,1600,1500 and 1260 cm~1; m/z(%) 285 (M¥,5), 204(21),

203(23), 165(18), 164(12) and 152(100).
N-(p-Dimethylaminobenzylidene)-9-aminofluorene (36a). Prepared from
9-aminofluorene hydrochloride and p-dimethylaminobenzaldehyde according
to method B.4 The product (76%) crystallised from methanol as pale
yellow prisms, m.p. 168-170°9C (Found: C, 84.95; H, 6.45; N, 8.90.
C22H20N2 requires C, 84,60; H, 6.45; N, 8.95%); §8.66 (s,1H,CH=N),
7.76~6.68 (m,12H,ArH), 5.33 (s,1H,ArCH), and 3,01 (s,6H,NMe); Vpax

1620, 1520, 1365, 1225,800,770,740 and 730 cm-1; m/z(%) 312 (M*,93],
311(34), 297(3), 166(21), 165(100), 164(9), 156(12), 134(18) and 122(35).
N-(p-Methoxybenzylidene)-9-aminofluorene (36b). Prepared in an analogous
manner to that described above from 9-aminofluorene hydrochloride and
p-methoxybenzaldehyde. The product (91%) crystallised from methanol as
colourless needles, m.p. 134-1350C (Found: C, 84.40; H, 5.75; N, 4.65.
C21H17NO requires C, 84.25; H, 5.70; N, 4.70%); §8.71 (s,1H,CH=N),
7.78-7.90 (m,12H,ArH), 5.37 (s,1H,ArCH) and 3.82 (s,3H,0Me); V¥ pax.1625,
160? gnd 1510 cm-1; m/z(%) 299 (M*+,56), 191(4), 166(17), 165(100§ and
164(6).

N-Benzylidene-9-aminofluorene (36c). Prepared from 9-aminofluorene
hydrochloride and benzaldehyde iIn an analogous manner to that described
above. The product (82%) crystallised from benzene as colourless prisms,
m.p. 139°C (Eouna: C, 89.05; H, 5.50; N, 5.05. CygHi5N requires

C, 89.20; H, 5.60; N, 5.20%);88.80 (s,1H,CH=N), 7.85-7.25 (m,13H,ArH),
and 5.43 (s,1H,ArCH); ¥ pax.1625 and 1570 cm~l; m/z(%) 269 (M*,48),
268(13), 181(11), 180(693, 166(19), 1165(100), 164(8) and 152(18).
N-(p-Bromobenzylidene)-9-aminofluorene (36d). 9-Aminofluorene
hydrochloride and p-bromobenzene were reacted in an analogous manner to
that described above. The product (85%) crystallised from methanol as
colourless prisms, m.p. 172-174°C (Found: C, 68.45; H, 4.05; N, 4.15.
C20H14BrN requires C, 68.90; H, 4.00; N, 4,00%);8§8.74 (s,1H,CH=N),
7.79-7.30 (m,lZH,ArHS, and 5.43 (s,1H,ATCH); Ypax. 1630 cm=1; m/z(%)
349,347 (M*,18 and 19), 166(16) and 165(100).
N-(p-Trifluoromethylbenzylidene)-9-aminofluorene (36e). Prepared from
9-aminofluorene hydrochloride and p-trifluoromethylbenzaldehyde in an
analogous manner to that described above. The product (80%) crystallised
from methanol as colourless needles, m.p. 171°C (Found: C, 74.75;

H, 4.20; N, 4.10. Cp1Hj4F3N requires C, 74.80; H, 4.15; N, 4.15%);

8.82 (s,1H,CH=N), 7.95-7.28 (m,12H,ArH), and 5.48 (s,1H,ArCH);
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Ymax.1635 cm~l; m/z(%) 337 (M*,46), 336(14), 166(19), 165(100) and
164?9).

Imidazolidines
2,4-Dipheny1-3-(3’-tetrahydro-Z-oxo-thienyl)-S,5-spiro-(3',3'-tetrahydro
thiophen-2-one) (9). Homocysteine thiolactone (1.2g), (freshly liberated
fTrom the corresponding hydrochloride) and benzaldehyde (1.06g) were
dissolved in chloroform (20ml) and anhydrous sodium sulphate (5g) added.
The mixture was stirred at room temperature overnight, filtered to remove
the sodium sulphate, and the chloroform evaporated to leave pale yellow
0il which comprised a ca.3:2 mixture of imine (8a) and imidazolidine

(9). The mixture was kept for 2d. at room temperature and then
triturated with benzene-petroleum ether to afford a colourless solid.
Crystallisation from benzene afforded the product (9) (1.6g,76%) as
colourless needles, m.p. 159-160°C (Found: C, 64.75; H, 5.15; N, 6.65.
C;7H72N207S; requires C, 64.40; H, 5.40; N, 6.85%);d7.68-7.26
{m,10H,ArH), 5.46 and 4.59 (2xs, 2x1H, 2-H and 4-H), 3.63 (dd,1H,CHCOS),
and 3.05-1.63 (m,8H,CH2); Vyax.3270 and 1670 cm~1; m/z(%) 382

(M-CHy4,1), 206(15) and 177(100).
2,4-Di€3-pyridy1)-3-(Z-pyridylmethyl)-S-(2—pyridy1)imidazolidine (22).
Freshly prepared N-(3-pyridylidene)-Z-aminomethylpyridine was kept tor
2d. at room temperature to afford the dimer (60%) as a semisolid whose
p.m.T. spectrum showed it to comprise a 1.3:1 mixture of trans- and
cis-isomers of (22). [Found (mixed isomers): C, 72.70; H, 5.50; N, 21.30.
C24H29Ng requires C, 73.00; H, 5.60; N, 21.30%].

Trans (22). Obtained as a colourless gum admixed with a little of the
Cis-isomer.& (CDC13 + 1 drop D70) 8.82-6.75 (m,16H,ArH), 5.25

(s,1H,2-H), 4.37 (d, 1H, J 7.9Hz, 5-H), 4.09 (d,1H,4-H) and 3.89

(dd, 2H,NCH3).

Cis (22). _Colourless prisms from methanol-petroleum ether, m.p.
T40-1420C.§(CDC13 + 1 drop Dp0) 9.02-6.75 (m,16H,ArH), 4.97

(s,1H,2-H), 4.90 (d, 1H, J 9.1Hz, S5-H), 4.52 (d,1H,4-H) and 3.88

(dd, 2H,NCH7).

Cycloadducts
2-Benzoyl-4,7-diphenyl-6,8-dioxo-3,7-diazabicyclo[3.3.0)octane-2-
carboxylate (5) and (6). A mixture of benzaldehyde (530mg),
aminomethylacetophenone hydrochloride (800mg), N-phenylmaleimide (860mg)
and sodium acetate (410mg) in acetonitrile (30ml) was boiled under reflux
for 8h. The solvent was then removed, the residue dissolved in
chloroform, washed with water, the chloroform layer dried (Na;S04),

and evaporated to leave crude cycloadduct (1.38g,70%). The IH n.m.r.
spectrum of the crude product showed it to comprise a 1.8:1 mixture of
(5) and (6). The crude product mixture was separated by preparative
t.l.c. (silica) eluting with 95:5 v/v chloroform-methanol. [Found (mixed
isomers): C, 75.15; H, 6.00; N, 7.15. Cy5HjgN203 requires

C, 75.20; H, 6.10; N, 7.65%].

(5). Colourless prisms from chloroform-ether, m.p. 202-2039C. &
8.06-7.0 (m,15H,ArH), 4.95 (d,1H,J 6.8Hz, 2-H), 4,68 (d,1H, J 8.6Hz,
4-H), 3.88 (t,1H,1-H), 3.63 (t,1H,5-H), and 2.19 (br s,1H,NH); 1H
NOEDSY(%): irradiation of the signal for 2-H caused enhancement of the
signals of 1-H(7) and 4-H(2.3); m/z(%) 396 (M*,4) 395(1), 292(35),
291(100), 144(68), 105(41), 91(12) and 77(31).

(6). Colourless prisms from chloroform-ether, m.p. 168-170°C. )
8.18-7.09 (m,15H,ArH), 5.34 (d, J 0.8Hz, 2-H), 4.81 (d,1H, J 8.95Hz,4-H),
3.8 (dd, 1H, J 1.2 and 8.1Hz,1-H), and 3.46 (dd,1H, J 8.5 and 5.9Hz,5-H);
1y NOEDSY($%): irradiation of the signal for 4-H caused enhancement of
5-H(10); irradiation of 2-H caused enhancement of the signal for 1-H(1);
m/z(%) 396 (M*,6), 291(100), 144(39), 105(49) and 77(29).
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2,2-Spiro-(3',3'-tetrahydro-2-oxo-thienyl)-4,7-diphenyl-6,8-dioxo-3,7-diaza
bicyclo]3.3.0Joctane (T11a) and (12a). A solution of imidazolidine
(§71705mg5 and N-phenylmaleimide (1.73g) in dry xylene (10ml) was heated
in a sealed tube at 1300C for 6h. during which time a colourless
crystalline solid separated out. The mixture was cooled and filtered to
afford the product (11a}(280mg) as colourless needles,m.p. 248-2500C.

The mother liquor, on keeping at room temperature for ca.l week,
deposited colourless needles of (12a)(50mg), m.p. 162-165°C(decomp.) to
give a combined yield of 84%. Examination of a sample of the total crude
material by p.m.r. spectroscopy indicated a 6.1:1 ratio of (11la) to
(12a). [Found (mixed isomers): C, 66.60; H, 4.85; N, 7.40.

C21H18N203S requires C, 66.65; H, 4.80; N, 7.40%).

(lla}. é‘?pyridine-ds) 7.75-7.21 (m,10H,ArH), 5.05 (d,1H,J 8.1Hz, 4-H),
4.16 (t,1H,5-H), 3.99 (d,1H,J 7.7Hz, 1-H), 3.59 and 3.35 (2xm

2x1H,CH2S), and 2.94 and 2.36 (2xm, 2x1H,CH3); 1H NOEDSY(%):

irradiation of 4-H causes enhancement of 5-H (19.6); irradiation of 5-H
results in enhancement of 4-H (14.8) and 1-H(9.7); Ypax.3310,1710 and
1685 cm~1; m/z(%) 350 (M-28,68), 317(100) and 173(14?.

(12a) & (pyridine-dg + 1 drop D20) 7.86-7.35 (m,10H, ArH), 5.25

(d, 14, J 5.0Hz,4-H§, 4,33 (d,1H,J 8.9Hz,1-H), 4.22 (dd,1H,5-H), 3.97 and
3.5 (2xm, 2x1H, CH2S), and 2.8 (m,2H,CH;); 1H NOEDSY (3%):

irradiation of 4-H does not enhance 5-H; irradiation of 5-H results in
enhancement of 1-H (11.4)but no enhancement of 4-H; ¥ pax.3335 and 1695
em-1l; m/z(8) 350 (M-28,74), and 317(100).

2,2-Spiro (3,3-piperidin-2-one)-4,7-diphenyl-6,8-dioxo-diazabicyclo[3.3.0]
octane (11b) and (12b). A solution of equimolar amounts (10mmol) of
imine (8b) and NPM in dry xylene was heated at 1300C for 3h. during
which time a solid separated out from the reaction mixture. The solid
was removed by filtration to give one, almost pure, isomer. The second
isomer was obtained from the filtrate, giving a combined yield of 75%.
Examination of a sample of the total crude product by p.m.r. spectroscopy
indicated a 1.37:1 ratio of (12b) and (13b).

(11b). Colourless needles from methanol, m.p. 288°C(decomp.) (Found:

C, 70.10; H, 5.70; N, 11.25. C22Hz1N303 requires C, 70.40;

H, 5.65; N, 11.20%);J(pyridine-d5} 8.2 (br s,1H,NH), 7.67-7.23
(m,10H,ArH), 5.00 (d,1H,J 7.0Hz, 4-H), 4.22 (t,1H,5-H), 3.74 (d,1H,

J 7.78z, 1-H), 3.4 (m,2H,CH2N) and 1.99 (m,4H,2xCHz); Y pax. 3320,
3240,1705 and 1665 cm'l; m/z(%) 375 (M*,100), 202(41) and 173(20).

(12b). Colourless rods from xylene, m.p. 233-2369C(decomp) (Found:

C, 71.40; H, 5.85; N, 11.05. Cp2H21N303.0.25 xylene requires

C, 71.70; H, 5.90; N, 10.45%); &8 (pyridine-ds + 1 drop D0) 7.88-7.29
(m,10H,ArH), 4.07 (d, 2H, J 7.2Hz, 4-H and 1-H), 4.05 (t,1H,5-H), 3.35
(m,2H,CHyN), and 2.34-1.2 (m,6H,3xCH2);Y pax,3320,3305,1695 and

1675; m/z(%) 375 (M+,76), 317(100), 202(153 and 173(10).
2,2-Spiro(3,3-hexahydro-2-oxo-azepinyl)-4,7-diphenyl-6,8-dioxo-3,7-
diazabicyclo[3.3.0Joctane (11c) and {12c). Prepared in an analogous
manner to that described above from imine (8c) and NPM. The product
(78%) comprised a 1.38:1 mixture of (11c) and (12c) which were separated
by fractional crystallisation.

(11c). Colourless needles from methanol, m.p. 303-304°C(decomp.)

(Found: C, 71.15; H, 6.00; N, 10.95. C23Hz3N303 requires

C, 70.95; H, 5.95; N, 10.80%);8(CDC13 + 1 drop TFA-d) 7.49-7.67
(m,10H,ArH), 5.97 (d,1H, J 9.8Hz, 4-H), 4.42 (dd,1H,5-H), 4.30 (d,1H,

J 8.85Hz, 1-H), 3.5 (m,2H,CH,N), and 2.5-1.5 (m,6H,3xCHy) .

(12c). Pale yellow prisms from ether, m.p. 198-200°C(decomp.) (Found:

C, 67.80; H, 6.60; N, 10.30. Cp3Hp3N303.H20 requires C, 67.80;

H, 6.20; N, 10.30%);87.87-7.06 ?m,lOH,Aer, 6.42 (br s, 1H,4-H), 4.68
(d,1H, J 9.9Hz, 1-H), 3.63 (dd,1H, J 6.1 and 9.9Hz, 5-H),3.25
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{m,2H,CHN) and 2.7-31.5 (m,6H,3xCH2); Y pax.3260,1705 and 1660 cm-.
Cycloaddition of imidazolidine (9) and acenaphthylene. A solution of
imidazolidine (9)(204mg, Smmol) and acenaphthylene (152mg, 10mmol) in dry
xylene (10ml) was heated at 1359C in a sealed tube for 5d. The

reaction mixture was then cooled and set aside for 1.5d. during which
time the endo-isomer of (13)(180mg,50%) crystallised out. The mother
liquor was evaporated to dryness and the crude residue purified by
preparative t.l.c. to afford the exo-isomer of (13)(90mg,25%). A third
isomer was detected in trace amounts and subsequently identified as
(14)(below).

endo-(13). Colourless rods from xylene, m.p. 228-230°C (Found:

C, 77.15; H, 5.45; N, 3.85. Cy3H19NOS requires C, 77.30; H, 5.35;

N, 3.90%);47.70-6.99 (m,lOH,ArH}, 5.9 (d,1H, J 7.1Hz,ArH), 4.82 (d,1H,
J 7.35Hz, NCH), 4.55 (t, 1H, ArCH), 4.26 (d,1H, J 6.6Hz, ArCH), 3.67 and
3.47 (2xm, 2x1H, CH2S8), and_ 2.9 and 2.36 (2xm, 2x1H, CH3); ¥
max(ss%o,mso, and 1590 cm-1; m/z(%) 329 (M-28,76), 205%100) and
152(17).

exo-(13). Pale yellow prisms from ether, m.p. 120-123°C(decomp.)
{(Found: C, 75.65; H, 6.45; N, 3.60. C23H1gNOS.Et20 requires

C, 75.15; H, 6.75; N, 3.25%);&8 7.67-7.05 %m,lOH,ArH), 5.86 (d,1H,

J 7Hz,ArH), 5.02 (d,1H, J 7.55Hz, NCH), 4.48 (t,1H,ArCH), 4.36 (d,1H,
J 7.2Hz, ArCH), 3.36 (m,2H,CH2S), and 2.73 and 1.88 (2xm, 2x1H,
CH2)5 Y max.3320 and 1685 cm~1,

2ae,, 8bk-Dihydro-2-phenyl-spirolacenaphtho(1l,2-c)-8cH-pyrrole-8c, 3"’
-tetrahydrothiophene]-2"-one (14). A solution of endo-(13)(80mg) in dry
xylene (3ml) was heated at 140°C in a sealed tube for 8d. to afford a
1.84:1 mixture of endo-(13) and (14). Preparative t.1l.c. (silica)
eluting with 1:1 ether-petroleum ether afforded the product (22mg), which
crystallised from ether as pale yellow prisms, m.p. 198-200°C(decomp.)
(Found: C, 75.35; H, 5.25; N, 3.65. Cz3H17N0S.0.5 Hy0 requires

C, 75.75; H, 5.00; N, 3.85%); &5 8.03-6,96 (m,11H,ArH§, 5.67 and 4.46
(2xd, 2x1H, J 7.9Hz, 2a -H and 8b -H), and 3.71-1.9 (m,4H,2xCHz); vy
max.1685 cm-1,

Dimethyl 2,2-spiro(3,3-piperidin-2-one)-c-5-phenylpyrrolidine-c-3,t-4-
dicarboxylate (15a). A solution of 3-benzylideneaminopiperidin-Z-one
(50mg, 0.25mmol) and dimethyl maleate or fumarate (40mg, 0.28mmol) in
toluene-dg (0.5m1) was heated at 110°C in a sealed n.m.r. tube for
7.75h(maleate) or 1.25h(fumarate), monitoring the reaction by 1lH n.m.r.
spectroscopy. The mixture was then removed from the n.m.r. tube, the
solvent evaporated, and the residue crystallised from methanol to afford
the product (65-70mg, 80-82%), m.p. 159-161°C (Found: C, 62.25;

H, 6.30; N, 8.10. CyjgHy2N705 requires C, 62.50; H, 6.30;

N, 8.10%);& 7.46-7.27 %m,SH,ArH), 5.87 (br s,1H,NH), 4.28 (d,1H,

J 10.1Hz,5-H), 3.87 (t,1H,4-H), 3.69 and 3.60 (2xs, 2x3H,0Me), 3.42
(d,1H, J 10Hz,3-H1 and 3.39-1.93 (m,6H,3xCH3); Ypax. 3375, 2100, 1740,
1725 and 1650 cm™1; m/z(%) 346 (M*,2.5) and 177(100).

Dimethyl 2,2-spiro(3,3-hexahydro-2-oxo-azepinyl)-c-5-phenylpyrrolidine-
c-3,t-4-dicarboxylate (15b). Prepared from 3-(N-benzylideneamino)
caprolactam and dimethyl maleate or fumarate in an analogous manner to
that described above. The product (67-72%) crystallised from methanol as
colourless needles, m.p. 174-1769C (Found: C, 63.10; H, 6.75; N, 7.65.
C19H724N205 requires C, 63.30; H, 6.70;N, 7.75%); 8 7.41-7.26

(m,5H,ArH§, 5.66 (br s,1H,NH), 4.42 (d,1H,J 8.8Hz,5-H), 3.70 and 3.67
(2xs, 2x3H,0Me), 3.52 (t,1H,4-H), 3.36 (d,1H,J 9.2Hz,3-H), 3.0 and 2.3
(2xm, 2x1H,CHzN), and 1.59-1.27 (m,4H,2xCH3); V¥ pax. 3340,3300,1725,

1710 and 16453 m/z(%) 360 (M*,100), 301(9), and 144(9).

1741
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Cycloaddition of 3-benzylideneaminopiperidin-2-one (8b) to the isatin
derivative (16a). A solution of 3-benzylideneaminopiperidin-Z-one
(Z.02g, 10mmol) and methyl 3-isatylidene acetic acid (2.03g, 10mmol) in
dry xylene (50ml) was boiled under reflux under an argon atmosphere for
1.5d. Removal of the solvent and trituration with ether afforded a
colourless solid (3.4g, 84%) which proved to be a 1.16:1 mixture of
pyrrolidines (17a) and (18). Fractional crystallisation from methanol
afforded the pure stereoisomers.
(17a) Colourless needles from methanol, m.p. 274-2769C(decomp.)(Found:
C, 67.85; H, 5.55; N, 10.20. C23Hy3N304 requires C, 68.15;
H, 5.70; N, 10.35%);6XCDC15 + 1 drop TFA-d) 7.5-6.91 (m,9H,ArH), 5.58
(s,1H,5-H), 4.93 (s,1H,3-H), 3.72 (s,3H,0Me), 3.6 (br t,2H,CHsN), and
3.3-1.9 (m,4H,2xCH25; IH NOEDSY(%): irradiation of the signal for
5-H caused enhancement of the signal for 3-H(12); irradiation of the
signal for 3-H caused enhancement of the signal for 5-H (7.6).
Ymax1730,1680, and 1640 cm -1 m/z(%) 405 (M ¥1) 203(68), 202(85),
06¢100) and 98(26).
(18) Colourless rods from methanol, m.p. 252-254°C(decomp.) (Found:
C, 68.25; H, 5.50; , 10.4%); 8§ (CDC1l3 + 1 drop TFA-d) 8.03-6.77
(m,9H,ArH), 5.40 (s,1H,5-H), 4.17 (s,1H,3-H), 3.24 (s,3H,0Me), 3.6
(br t,2H,CA,N), and 2.75-1.8 (m,4H,2xCHz); 1H NOEDSY(3):
jrradiation of the signal for 5-H caused enhancement of 3-H(5);
irradiation of 3-H caused enhancement of 5-H(5);Ypax.3335,1730,1710 and
1660 cm~1; m/z(%) 405 (M*,1), 203(57), 202(41), 99?100) and 98(29).
Cycloaddition of 3-(N-benzylideneamino)caprolactam (8c) to the isatin
derivative (16a). Prepared from 3-(N-benzylideneamino)caprolactam and
methyl 3-isatylidene acetic acid in a manner analogous to that described
above, but with a reaction time of 2d. The product (17b)(79%)
crystallised from methanol as colourless neeEIes, m.p. 273-2759C(decomp)
(Found: C, 86.75; H, 6.05; N, 10.00. Cy4H5N304 requires C, 86.70;
H, 6.00; N, 10.00%); &§ (CDC13 + 1 drop TFA-d) 8.92-6.83 (m,9H,ArH), 5.45
(s,1H,5-H), 4.92 (s,1H,3-H), 3.72 (s,3H,0Me), 3.5 (m,2H,CHzN), 2.9 and
2.4 (2xm, 2x1H, CHp), and 2.0-1.8 (m,4H, 2xCHz); Ypax.1725,1680 and
1640 cm-1; m/z{(%) 419 (M*,4) and 216(100).
General procedure for the cycloaddition of aryl imines of
Z-aminomethylpyridine (Z20a-f) and 2-aminomethyl-4-methylthiazole (21) to
NPM. A solution of the imine (10mmol) and NPM (10mmol)} in dry toluene
T80ml1) was boiled under reflux for 2-10h. The solvent was then removed
under reduced pressure and the residue purified by preparative t.l.c.
(silica) eluting with 95:5 v/v chloroform-methanol. Reaction times,
isomer ratios, and yields are given in Table 2.
4-(4'-N,N-Dimethylaminophenyl)-7-pheny1-2(2'-pyridyl)-6,8-dioxo-3,7~
diazabicyclols.3.0]Joctane (23a) and (24a).
Endo isomer (23a). Colourless plates from chloroform-petroleum ether,
m.p. 127-1299C [Found (mixed isomers): C, 72.90; H, 5.70; N, 12.95.
Cy5Hp4N402 requires C, 72.80; H, 5.85; N, 13.60%];4 8.63-6.73
(m,13H,ArH), 4.79 (d,1H,J 7.7Hz, 2-H), 4.71 (d,1H, J 8.1Hz, 4-H), 3.80
(t,1H,1-H), 3.60 (t,1H,5-H), 2.56 (s,6H,NMe) and 1.38 (br s,1H,NH);
m/z(%) 412 (M*,7), 240(23), 239(100), 238(11), 223(34), 134(34) and
120(9).
Exo isomer (24a). Cream prisms from ether-petroleum ether, m.p.

- . 3 + 1 drop D20) 7.7-6.75 (m,13H,ArH), 4.56 (d,1H,
J 6.6Hz, 2-H), 4.48 (d,1H,4-H), 3.7 (dd,1H,1-H), 3.6 (dd,1H,5-H), and
2.96 (s,6H,NMe); m/z(%) 412 (M*,32), 239(100), 238(23), 223(35) and
139(53).
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4-(4'-Methoxyphenyl)-7-phenyl1-2-(2'-pyridyl)-6,8-dioxo-3,7-diazabicyclo
[3.3.0Joctane(23b) and (24b).

Endo isomer (23b). Colourless needles from methanol, m.p. 200-202°C
TFound (mixed isomers): C, 72.30; H, 5.25; N, 10.45. C24H21N303
requires C, 72.15; H, 5.30; N, 10.50%); §8.65-6.92 (m,13H,ArH), 4.81
(d,1H, J 8/8Hz,2-H) 4.75 (d,1H, J 8.1Hz,4-H), 3.82 (s,3H,0Me), 3.81
(t,1H,1-H), 3.64 (t,1H,5-H) and 2.4 (br s, 1H,NH) ; Ypax . 3300,1700,1605,
1500 and 1380 cm~1; m/z(%) 399 (M*,0.5), 264(9), 227818, 226(100),
225(11) and 211(9).

Exo isomer (24b). Colourless prisms from ether-petroleum ether, m.p.
58-600C.58.63-6.92 (m,13H,ArH), 4.57 (d,1H, J 7Hz,2-H), 4.52 (d,1H,

J 7.7Hz,4-H), 3.82 (s,3H,0Me), 3.82 (dd,1H, J 7Hz and 9.9Hz,1-H), 3.64
(dd,1H, J 7.7 and_9.9Hz,5-H), and 1.69 (br s, 1H,NH); Ypax, 3300,1710,
15%0 and 1370 cm~! m/z(%) 399 (M*,6), 264(100), 226(100), 93(24) and
41(60).
4,7-Diphenyl-2-(2'-pyridyl1)-6,8-dioxo-3,7-diazabicyclo[3.3.0]octane (23c)
and (24c).

Endo isomer (23c). Colourless needles from methanol, m.p. 195-1969°C.
TFound (mixed isomers): C, 74.00; H, 5.35; N, 11.25. C3H19N303
requires C, 74.20; H, 5.20; N, 11.4%]; §8.64-7.08 (m,14H,ArH§, 4.87
(d,1H, J 7.7Hz,2-H), 4.80 (d4,1H, J 8.1Hz,4-H), 3.87 (t,1H,1-H), 3.69
(t,1H,5-H) and 2.05 (br s,1H,NH); ¥ gax. 3220,1700,1590,1500 and 1380
em-1; m/z(%) 369 (M*,1), 196(100), 180(42), 119(21), 93(22), 59(18)

and 31(30).

Exo isomer (24c). Colourless rods from methanol, m.p. 155-156°C. &
8.62-7.24 (m,14B,ArH), 4.60 (d,2H,2-H and 4-H), 3.84 (dd,1H, J 7Hz and
9.9Hz,1-H), 3.69 (dd,1H, J 7.3Hz and 9.9Hz,5-H}, and 1.80 (br s,1H,NH);V
max.3300,1705,1590 and 1380 cm~1; m/z(%) 369 (M*,3), 196(100),

180{30) and 119(20).
4-(4'-Trifluoromethyl)-7-phenyl-2-(2'-pyridyl1)-6,8-dioxo-3,7-diazabicyclo[3
.3.0Joctane (23d) and (24d).

Endo isomer (23d). Colourless needles from chloroform-petroleum ether,
m.p. 210-2119C [Found (mixed isomers): C, 65.60; H, 3.90; N, 9.40.
C,4H1gF3N30, requires C, 65.90; H, 4.10; N, 9.63);&8.65-7.06
(m,13H,ArH), 4.85 (m,2H,2-H and 4-H), 3.81 (t,1H,1-H), 3.74 (t,1H,5-H)
and 1.66 (br s,1H,NH); m/z(%) 437 (M*,1), 265(17), 264(100), 248(34),
119(29), 85(22) and 83(34).

Exo isomer (24d). Colourless plates from ether-petroleum ether, m.p.
65-680C. &8 8.60-7.26 (m,13H,ArH), 4.63 (m,2H,2-H and 4-H), 3.86 {(dd,1H,
J 7 and 9.6Hz, 1-H), 3.66 (dd,1H, J 7.3 and 9.6Hz, 5-H), and 1.63 (br s,
IHENH%; m/z(%) 437 (M*,10), 436(6), 264(100), 188(37), 119(37) and
93(49).
4-(4'-Cyanophenyl)-7-phenyl-2-(2'-pyridyl)-6,8-dioxo-3,7-diazabicyclo
T3.3.0Joctane(23e) and {(24e).

Endo isomer {23e). Colourless plates from chloroform-petroleum ether,
m.p. 215-2170C [Found (mixed isomers): C, 73.05; H, 4.60; N, 14.25,
Cp4H1gN402 requires C, 73.10; H, 4.60; N, 14.20%1; £8.65-7.05
(m,13H,ArH), 4.84 (m,2H,2-H and 4-H), 3.85 (t,1H,1-H), 3.74 {t,lH,S-H)
and 2.8 (br s, 1H,NH);~ pay.3320,2220,1700,1590 and 1370 cm~!; m/z(%)
394 (M*,1), 222(16), 221?100), 205(44), 119(35), 93(12) and 92(23).

Exo isomer (24e). Colourless prisms from ether-petroleum ether, m.p.
87-890C. 8 8.62-7.26 (m,lSH,Ang, 4,64 (m,2H,2-H and 4-H), 3.83 (dd,1H,
J 7 and 9.6Hz,1-H), 3.63 (dd,1H, J 7.3 and 9.6Hz,5-H), and 1.61 (br s,
1H,NH); Y pax, 3300,2220,1710,1600 and 1380 cm~1; m/z(%) 394 (M*,5),
222(16), 221t100), 205(22) and 119(20).
4-(4'-Nitrophenyl)-7-phenyl-2-(2'-pyridy1)-6,8-dioxo-3,7-diazabicyclo
T3.3.0Joctane (23f) and (24f).

Endo isomer (24f). Pale yellow prisms from methanol, m.p. 222-2250C
[Found (mixed isomers): C, 66.80; H, 4.45; N, 13.45. Cz3H1gNy04
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requires C, 66,60; H, 4.40; N, 13.50%);58.66-7.7 (m,13H,ArH), 4.89
(d,2H,2-H and 5-H), 3.87 (t,1H,1-H), 3.77 (t,1H,5-H) and 2.85 (br s,
1H,NH);VYpax, 3320, 1700, 1580,1510 and 1370 em-15 m7z(3) 414
(M*,1), 242(15), z41(100), 225(25), 197(19), 119(31) and 83{14).
Exo isomer (24f). Pale yellow plates from ether-petroleum ether, m.p.
- .88.62-7.28 (m,13H,ArH), 4.67 (m,2H,2-H and 4-H), 3.90 (dd,1H,
J 6.9 and 9.9Hz,1-H), 3,65 (dd,1H, J 7.4_and 9.9Hz,5-H) and 2.17 (br s,
1H,NH) ; ¥ pax,3320,1710,1590 and 1370 cm~1; m/z(%) 414 (M*,S),
214(100), 225(25), 119(38), 93(36) and 78(19).
7-Phenyl-4-{2'-(4'-methylthiazolyl)]-2-(2'-pyridyl)}-6,8-dioxo-3,7-
diazabicyclol3.3.0Joctane (23g) and (24g).
Endo isomer (23g). Colourless plates from methanol, m.p. 215-2170C
[Found (mixed isomers): C, 67.50; H, 4.80; N, 10.60. Cy71H;gN403
requires C, 67.85; H, 4.90; N, 10.80%);8 7.54-7.09 (m,10H,ArH), 6.88
(s,1H,thiazole-H), 5.08 (d,1H, J 8Hz,2-H), 4.79 (d,1H, J 8.2Hz,4-H), 3.82
(t,1H,1-H), 3.64 (t,1H,5-H), 2.49 (s,3H,Me) and 1.74 (br s,1H,NH); 9
max.3320,1700,1590,1500 and 1380 cm-1; m/z(%) 389 (M*,6), 216(100),
200(15), 183(17), 117(18) and 100(13).
Exo isomer (24g)}. Colourless prisms from chloroform-petroleum ether,
m.p. 195-1969C. 7.64-7.32 (m,10H,ArH), 6.89 (s,1H,thiazole-H), 4.91
(d,1H, J 6.2Hz,2-H), 4.60 (d,1H, J 7.2Hz,4-H), 3.84 (dd,1H, J 6.2 and
9.4Hz,1-H), 3.59 (dd,1H, J.7.2 and 9.4Hz,5-H), 2.46 (s,3H,Me) and 1.67
(br s, 1H,NH); pax.3300,1710,1500 and 1390 cm~1; m/z(%) 389
(M*,2), 217(15), 216(100), 173(14), and 59(14).

2,3,3a,9b-tetrahydro-4H-
¢ 5o~ 0 cﬁr;meﬁo[4,3—b]pyrrole

28,38, 3a%,9bg-and 24, 3d,3ag, 9bpa-Tetrahydro-3 -carbomethoxy-2-(2'-pyridyl)-
;QH-chromenoi4,3-bIpyrrole ISOE and (31). a. A solution of 2-|[3-carbo-
methoxy-2-propenyl)oxy]-benzylidene-2-aminomethylpyridine (1.4g) in
xylene (80ml) was boiled under reflux for 2h. The solvent was removed
under reduced pressure to leave a thick o0il which comprised a 1.2:1
mixture of (308 and (31) which was separated by preparative t.l.c.
(30) Colourless plates (490mg,33%) from methanol, m.p. 115-116°C
(Found: C, 69.65; H, 5.85; N, 9.05. C3gH;gN203 requires C, 69.55;
H, 5.80; N, 8.95%);&8.5-6.85 (m,9H,ArH), 5.02 (d,1H, J 10.2Hz,2p-H),
4.60 (dd,1H, J 4.3 and 10Hz, 48-H), 4,18 (dd,1H, J 10 and 11.7Hz, 4et-H),
3.93 (d,1H, J 11.2Hz, 9b#-H), 3.18 de,lH, J 10.3 and 11.8Hz, 38-H), 3.23
(s,3H,0Me) and 2.70 {m,1H, 3ao-H); H NOEDSY(%$): irradiation of 2p-H
resulted in enhancement of Sg-H(IS) and 9bg-H(3.5); irradiation of 9ba-H
caused enhancement of 28-H(4); irradiation of 3ack-H resulted in
enhancement of 3-H(5) and 9bg-H(3); m/z(%) 310 (M*,100), 309(60),
211(88), 131(48), 92(65) and 91(43).
(31). Obtained as a thick pale yellow oil (27%). 88.49-6.91 (m,9H,ArH),
4759 (d,1H J 7.7Hz,2B-H), 4.34 (d,1H, J 6.6Hz,9bg-H), 4.23 (dd,1H, J 5.1
and 11Hz, 48-H), 3.85 (t,1H, J 11.1Hz,4-H), 3.73 (s,3H,0Me), 2.89
(m,1H,3apg-H), and 2.74 (dd,1H, J 4.3 and 7.7Hz, 3e-H).

. A mixture of 2-[(3-carbomethoxy-2-propenyl)oxy]-benzylidene-2-amino
methylpyridine (750mg), silver acetate (600mg) and triethylamine (260mg)
in DMSO (Sml) was stirred at room temperature for 10 min. The reaction
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mixture was then poured into saturated aqueous ammonium chloride solution
and extracted with ether. Evaporation of the dried ether extract and
crystallisation of the residue from methanol afforded the product (30)
(520mg, 70%), m.p. 115-116°C, identical to that described above.

General procedure for the cycloaddition of aryl imines of 9-aminofluorene
{3%a-e) and NPM. A solution of the imine (0.2Zmmol) and NPM (0.2Zmmol) in
toluene-dg (0.5ml) was heated at 110°C in a sealed n.m.r. tube,
preflushed with argon, for the time noted in Table 4. The adduct usually
crystallised on cooling the hot reaction mixture. Yields are given in
Table 4.
2,2-Spiro{9',9'-fluorenyl)-4-(4'-dimethylaminophenyl)-7-phenyl-6,8-dioxo-
3. 7-diazabicyclol3.3.0]octane (38a). 1Yellow prisms from toluene, m.p.
Z741-2430C (Found: C, 77.15; H, 5.60; N, 8.45, C32Hp7N30;

requires C, 79.15; H, 5.60; N, 8.65%); &87.76-6.72 %m,l?H,ArH) 5.48
(d,1H, J 8.6Hz,4-H), 3.99 (t,1H,5-H), 3.60 (d,1H, J 8.1Hz,1-H3, 2.95
(s,6H,NMe) and 2.18 (br s,1H,NH); Vpax,3340,1775,1715,1710 and 1610

en®ls m/z(%) 485 (M*,2), 312(32), 31119), 165(63, 92{67), 91(100)

and 65(10).
2,2-Spiro(9',9'-fluorenyl)-4-(4'-methoxyphenyl)-7-phenyl-6,8-dioxo-3,7-
diazabicyclol3.3..0]octane (38b). Colourless prisms from toluene, m.p.
2000C (Found: C, 78.40; H, 5.25; N, 5.70. C33Hp4N203 requires

C, 78.80; H, 5.10; N, 5.95%);&8 7.76-6.90 (m,17H,ArH§, 5.51 (d,1H,

J 8.6Hz,4-H), 4.02 (t,1H,5-H), 3.81 (s,3H,0Me), and 3.63 (d,1H, J 8.1Hz,
1-H); Ypax, 3460,1780,1720 and 1655 cm‘i; m/z(%s 472 (M*,38),

471(21), 455(14), 307(20), 299(14), 205(18), 176(38), 165(10) and 134(8).
4,7-Diphenyl-2,2-(Spiro-9',9'-fluorenyl)-6,8-dioxo-3,7-diazabicyclo{3.3.0]
octane (38cJ). Colourless prisms from toluene, m.p. 2809C (Found:

C, 81.20; H, 5.05; N, 6.20. C3gH22N20; requires C, 81.45;

H, 5.00; N, 6.35%);&87.78-6.98 (m,18H,ArH), 5.43 (d,1H, J 5.9Hz,4-H),
4.10 (d,1H, J 10.3Hz,1-H), 3.81 (dd,1H,5-H), and 2.30 (br s, 1H,NH); v
max, 3460,1770,1710,1680 and 1600 cm~l; m/z(%) 442 (M*,10),

269{100), 165(18), 100(21), 98(22) and 77(5).
2,2-Spiro(9',9'-fluorenyl)-4-(4'-trifluoromethylphenyl)-7-phenyl-6,8-
dioxo-3,7-dilazabicyclol3.5.0]octane (38¢). Colourless prisms trom
methanol-ether, m.p. 212-2149C (Found: C, 73.05; H, 4.05; N, 5.50.
C31H271F3N207 requires C, 72.95; H, 4.10; N, 5.50%);d7.94-6.99
(m,17H,ArH), 5.49 (br t,1H,4-H), 4.12 (d,1H, J 10.1Hz,1-H), 3.77 (dd,1H,
J 6.2 and 10.1Hz,5-H) and 2.41 (br s,1H,NH); Ypax,3320,1770,1710 and

1610 cm~1; m/z(%) 510 (M*,12), 337(100) and 165(15).

We thank S.E.R.C., and Queen's University for support.

References

1. Part 20. M. Aly, § R. Grigg, Tetrahedron, in press.
2. Preliminary communication: R. Grigg, H.Q.N. Gunaratne,
V. Sridharan, § S. Thianpatanagul, Tetrahedron Letters, 1983,
24, 4363,
3. R. Grigg, J. Kemp, § N. Thomspon, Tetrahedron Letters, 1978,
2827 R. Grigg, Chem.Soc.Rev., 1987, 16, 89.
4. R. Grigg, H.Q.N. Gunaratne § J. Kemp, J.Chem.Soc.,Perkin Trans. 1,
1984, 41.
5. R. Grigg, J. Kemp § W. Warnock, J.Chem.Soc.,Perkin Trans.1l, 1987,
2275.
6. K. Amornraksa, R. Grigg, H.Q.N. Gunaratne, J. Kemp § V. Sridharan,
J.Chem.Soc.,Perkin Trans.l, 1987, 2285.
7. M. Joucla § J. Hamelin, Tetrahedron Letters, 1978, 2885.

8. 0. Tsuge, K. Ueno, S. Kanemesa § Y. Yovozu, Bull.Chem.Soc.Jpn., 1986,
59, 1809,




1746 R. GRIGG et al.

9. R, Grigg, H.Q.N. Gunaratne § V. Sridharan, Tetrahedron, 1987, 43,
5887.
10. D.A. Barr, R. Grigg, H.Q.N. Gunaratne, J. Kemp, P. McMeekin §
V. Sridharan, Tetrahedron, 1988, 44, 557,
11. 0. Tsuge, S. Kanemasa § M. Yoshioka, J.Org.Chem., 1988, 53, 1384.
T@Tgézi?‘

12. F.G. Bordwell, Pure Appl.Chem., 1977, 49 F.G. Bordwell §
H.E. Fried, J.O?ETCHE%?T_T§§TTL46, 4327,

13. K. Amornraksa § R. Grigg, Tetrahedron Letters, 1980, 21, 2197.
14. T. Kauffmann, Top.Curr.Chem., 1980, 92, 109; R. Grigg &
T. Mongkolaussavaratna J.Chem.Soc.,Perkin Trans.1l, 1988, 541,
15. S. Sinbandhit & J. Hamelin, J.Chem.Soc.,Chem.Commun., 1977, 768;
G. Le Fevre § J. Hamelin, Tetrahedron lLetters, 1979, 1757;
R. Huisgen, H. Gotthardt § H.O. Baeyer, ibid, 1964, 481.
16. P, Armstrong, R. Grigg, M.W. Jordan & J.F. Malone, Tetrahedron, 1985,
4

1, 3547,

17. G.R. Clemo § S.B. Graham, J.Chem.Soc., 1930, 213; Z.V. Todres,
Tetrahedron, 1987, 43, 3839,

18. R. Huisgen, Angew Chem.,Int.Ed.Engl., 1963, 2, 633; R. Huisgen,
H.-J. Sturm § H. Wagenhofer, Z.Naturforsch, 1962, 17b, 202,

19. G. Germain, P. Main § M.M. Woolfson, MULTAN, Acta Cryst., 1970, B26,
274; G.M. Sheldrick, SHELX76, Program for Crysta tructure
Determination, University of Cambridge, U.K., 1976.

20. M. Burdisso, A. Gamba § R. Gandolfi, Tetrahedron, 1988, 44, 3748;
M.A. Fox, R. Cordona § N.J. Kiwiet, J.Org.Chem., 1987, 52, 1469;
P. Caramella, N.G. Rondan, M.N. Paddon-Row & K.N. Houk,
J.Am.Chem.Soc., 1981, 103, 1438; S.D. Kahn § W.J. Hehre,
ibid, 1987, 109, 663; R. Gleiter § L.A. Paquette, Acc.Chem.Res.,
1983, 16, 328.

21. B. Novak § N.B, Furling, Texas Rpts.Biol.Med., 1969, 27, 1041,

22, We thank Dr M. Tute, Pfizer Central Research, Sandwich, Kent,
for these calculations.

23. N.M. Vernon § R.A. More O0'Ferrall, Bull.Chim.Soc.Belg., 1982,

91, 403.

24, TR. Grigg, V. Sridharan § S. Thianpatanagul, J.Chem.Soc.,Perkin
Trans.1l, 1986, 1669.

25. M.M. Abdel-Monem, N.E., Newton, B.C. Ho § C.E. Weeks, J.Med.Chenm.,
1975, 18, 600.




