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Abstract: Kinetic studies of the deprotonation of arylidene 
irines of alanine and phenylglycine esters by tertiary amines 
and pyridine and cycloaddition ef the resultant Clf-azaallyl 
anions to N-phenylmaleimide show the expected dependance on 
the psubstituent in the.eryl ring, e.g. p-No,>H>OMe)NUe2. 

A combination of metal salt (silver, lithium, or zinc) and 
triethylamine in THF, dipolar aprotic solvents (MeCN, DXSO, 
DMF) or I-•ethylacetamide effects regio- and stereo-specific 
or highly stereo-selective inter- and intra- molecular 
cycloaddition of imines of phenylglycine. alanine and glycine 
esters to a range of dipolarophiles probably via metallo-1.3- 
dipole formation at room temperature. Silver acetate is a 
more efficient and selective catalyst than lithium bromide 
and reactions in acetonitrile. DMSO or N-methylacetamide, 
are especially rapid (O.l-3.5h). 

The analogy betveen acid and base catalysed reactions of carbonyl compounds, 

and of irines. vas discussed in the preceding paper. 
1 

Cycloadditions involving 

Bronsted and Levis acid catalysed stereospecific formation of azoaethine ylides 

from imines vere reported and substantial rate enhancements observed for 

cycloadditions in vhich azomethine ylide formation vas rate determining. The 

present paper is concerned vith the generation of 2-azaallyl anions from imines of 

a-amino esters by reaction vith tertiary amines. and their subsequent trapping in 

cycloaddition reactions, together with the influence of various metal salts on the 

cycloaddition step. 

Ingold’ first studied 2-azaallyl anions but it was Kauffmann vho pioneered 

their use in anionic cycloadditions. He shoved that simple aryl substituted 

2-azaallyl anions vere readily available from the corresponding imines by 

deprotonation with lithium diisopropylamide (LDA), and that the 2-azaallyl anions 

undergo 4x + 2x anionic cycloaddition to unsaturated compounds containing CC, CN, 

NN and CS double bonds as vell as CC and CN triple bonds. 3 
Addition of KauffmannIts 

aryl azaallyl anions to the CO double bond alvays leads to open chain adducts. 3 

Polloving our demonstration of the general, fotbal, 1,2-prototropic process in 

X-Y-ZH systems (imines, oximes. hydrazones) 4’5 generating 1.3-dipoles. X=+Y(H)--Z, 

ve extended our studies to anionic cycloadditions of imines of a-amino acid 

esters”’ and briefly reported on the use of pyridine, sodium methoxide or 

potassium tert-butoxide as bases. Recently we have shovn that (1) undergoes a 

triethylamine catalysed stereospecific cycloaddition to N-methylmaleimide at room 
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temperature giving (2) in >70\ yield.6 Others"10 SUbSegUently extenfted 

KaUffmdnn'6 Condition8 (LDA. THP, -80 to +20°C) to imines of a-a&no bstere (3) 

and provided an elegant SyI&heSiS of the 3/4 fused ring SyStem'(5) by Using (4) a6 

the dipolarophile. We had earlier Suggested KaUffmann'6 anionic.cycloaddition6 

might be examples of retallo-1,3-dipole6 (6, M=Li+)," and have subeequently 

provided example6 of a range of such 6pecie6.1'12'13 We nov report Studies on 

amine catalysed formation of Z-azaallyl anion6 froa (3) and the influence of added 

silver. lithium and Zinc salts. and solvent on their reactivity. 

Cvcloadditions of 2-azaallyl anion6 

We find that inines (3a) undergo regioapecific deuteriation of HA giving (7) 

vhen heated in 1:l v/v [2H4)methanol-[2Hg)toluene (Table 1). Deuteriation 

TABLE 1 

Deuterium incorporation rate6 for imines (3a) giving (7) in 1:l v/v C21i4) 

methanol-[2HR]toluene.a 

1IUine k x 105(6ec-1)b 
B=OMe 3.47 
R=E 3.60 
B=CN 7.00 
R=N02 11.40 

a. Exchange rate determined for 0.2 74 solutions in sealed n.m.r. tube6 

heated in a thermostated oil bath at 110 + 0.5'C. 

b. Pseudo first order rate constant. 

at HR vas not detected. The rate of deuteriation (Table 1) follows the order of 

expected acidity of HA and during the exchange reaction6 some transesterification 

occurred producing (7. C02CD3) (p.m.r.). The rate order (Table 1) i6 precisely the 

reverse of the cycloaddition rate of (3a) to N-phenylmaleimide (NPI4) under thermal 

activation in toluene. 14 In this latter case the dipole (Sa) is involved. The 

deuteriation rate only increases ca. three fold (Table 1) in going from (3a. R&Me) 

to (3a. R=NO,) indicating either the effect of R on the pK, of HA is not 

substantial under these condition6 or that a general acid-general base CatalySed 

process is operating. The cegiospecificity of the exchange process mirrors that 

observed in the base catalysed alkylation and Michael addition reaction6 of imines 

of d-amino acid esters first observed by Stork 15 and SUbSegUently extended by 

0ther6.7'16 

A Study of the influence of amine6 on the rate of cycloaddition of (3a) and 

(3b) to NPR was undertaken and the results are collected in Table 2. The reactions 

were clean and stereospecific and single products (9a) or (9b) were forned in each 

case. The stereochemistry of the cycle-adducts is identical to that observed for 

processee inVOlVing the prototropica~lly generated azonethine ylide6 (Sa) and 

(Sb)14.17 and implicate6 cycloaddition of species with some configuration 

determining interaction 6UCh a6 (lo).* 

The rate of cycloaddition of (3a) (Table 2) 6hOW6 the expected order for a 

process involving deprotonation with an overall eighteen fold increase in rate in 

going from R=NMe2 to R=N02. A similar trend i6 observed for (3b) vith an overall 

thirty fold increase in rate in going fromR-OMe to R-CR. The data in Table 2 

compare vith a value of k x 105sec -' for (3a. R=H) of 9.614 

5.57.18 both in toluene at 105'C. 

and for (3b. R=H) of 

for reaction vhich involve a formal 

1.2-prOtOtropiC shift generating the azomethine ylide6 (Sa) and (Sb). The effect 

of the R-substituent in (3a) and (3b) on the rate of cycloaddition in the presence 

of amine6 is precisely the reverse of that observed for processes involving 

1.2-prototropy generating (Sa) and (Sb)." An interesting observation in Table 2 

is that the cycloaddition of (3b. R-H) to NPI is faster in toluene containing 1 mol 

of pyridine (k - 8.02 x 10-56ec-1 ) than in neat pyridine (k11.79 x 10-5eec-'). 
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2 TABLE 

Amine catalysed cycloaddition of imines (3) to N-phenylmalekmide at 95’C.a 

Imine Solventb RaseC k I 105(sec -1 ) 

3a, R=NMe2~ pyridine 5.55 

3a, R=oHe pyridine 9.24 

3a, R=H pyridine 28.4 

3a, R=N02 pyridine lOl.Od 

3b, R=OMe pyridine 1.59 
3b, R=Ii pyridlne 1.79 
3b, R=CF3 pyridine 12.90 

3b, R=CN pyridine 48.1 

3b, R=H toluene n-Ru N 2.80’ 

3b, R=H toluene Et3N3 4.68 

3b, R=H toluene pyridlne 8.02 
3b, R=H t oluene DARCO* 30.30e 

All reactions were performed on 0.2 U solutions of iminee (3) and NPU. The 

solutions vefe flushed with argon and sealed in an n.m.r. tube. Kinetics were 

measured in the probe of a Bruker WH90 spectrometer, spectral width 1000 Hz, 

4 K data points, temperature accurate to +0.5OC. 

All solvents were fully deuteriated. 

1 Mol. of base added. 

Approximate value due to the reaction being very fast at 95’C. 

It vas difficult to reproduce these rates presumably due to polymerisation of 

the dipolarophile. The result6 are the average of four successful reactions. 

In addition there were four failures. 

Diazabicyclooctane. 

This presumably reflects the enhanced azaallyl anion-protonated base intermolecular 

hydrogen bonding (10) in toluene compared to pyridine. In a preparative 

experiment, heating (3a. R=H) with NPM in pyridine (llO°C, 15h) gave a quantitative 

yield of (9a. R-H). 

Attempts to develop the amine catalysed cycloadditions of (3) into a general 

room temperature procedure as achieved for the acid catalysed cycloadditions ’ gave 

variable results. Thus (3a. R-II) and (3b. R=H) react with NPH in methanol at room 

temperature, over 24 and 40h respectively, in the presence of lmol of DARCO to give 

(9a. R=H) (56t) and (9b. R-H) (46t). together with other products including (11). 

An analogous reaction of (3a. R-H) in tetrahydrofuran (THP) using triethylamine 

(lmol) as base gave (65t). a 9:l mixture of (9a. R=H) and its exo-isomer. The 

imine (3a. R-H) and fumaronitrile react [XeOH, 25’C. DABCO (lmol)] to give (12) 

(as%), together with a complex mixture of other products. Cycloadduct (12) does 

not arise from the expected kinetic azaallyl anion (10) but from the stereomutated 

species (13) showing that in protic solvents hydrogen bonding of BH+ to the solvent 

reduces its configuration holding ability via (10). This result, together with the 

previously mentioned faster rate of cycloaddition of (3b, l&Ii) to NPM in toluene 

containing lmol of pyridine compared to neat pyridine, indicates that hydrogen 

bonded azaallyl species such as (10) are the reactive 4)l”conponents in these 

cycloadditione. The structure of (12) wa6 assigned by n.0.e. studies (see 

experimental section) and by comparison with the products from the reaction of (3a. 

R-H) vith fumaronitrile (toluene. llO°C. 48h) in the absence.of base. This latter 

reaction give6 a 3:14:1:1 mixture of (12). (14). (15a) and (15b). The tendency of 

the corresponding 1,3-dipole (8a) to undergo varying degrees of stereomutation in 

reactions with dipolarophiles less active than meleimides has been previously 

noted. 6’1g020 The imine (3b. R=H) failed to give any identifiable cycloadduct when 

reacted (MeOH. 25’C. 48h) vith fumaronitrile and DABCO (lmol), and (16) failed to 
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undergo intramolecular cycloaddition” under the same conditions. Imine (16)does 

however react with NPM under identical conditions to give (17) (95%) showing the 

azaallyl anion is being generated, A number of other dipolarophiles (ethyl 

diazodicarboxylate, dimethyl acetylenedicarboxylata. dimethyl fuwarate), bases 

WRt3. LDA. n-BuLi) and solvents (HeCN, THP) were studied but, in general, yields 

were poor apparently due to base induced polymerisation of the dipolarophiles. 

Hetal salt-triethylamine catalvsed cvcloadditions 

we had previously found that weak Lewis acids such as zinc, silver, lithium 

and magnesium acetates, lithium bromide, and silver tosylate, catalyse regio- and 

stereo-specific cycloadditione of arylidene imines of a-amino acid esters to a 

range of dipolarophiles at 60-110°C.1 It was suggested that these Lewis acid 

catalysed processes are due to both traces of Bronsted acids produced by the well 

known ionieation of aquo-cations (lE)+ (19).‘l and to the formation of 

metallo-1.3-dipoles (20) (Scheme l).l 

Wetallodipole formation (Scheme 1) involves coordination of the metal ion to 

the nitrogen atom and carboxylate group of the imine followed by deprotonation with 

the metal counter-ion, adventitious water. or uncomplexed imine acting as the 

base. The scheme suggests that addition of tertiary amines should promote 

retallodipole formation and offered the possibility that the metallodipole would 

not induce polymerisation of dipolarophiles. Accordingly this approach was studied 

with three types of imine (3a-c. R-H) (Table 3). 

A range of metal ealte in conjuction with triethylanine were found to effect 

cycloaddition of (3a-c. R=H) to NPW, methyl acrylate and fumarate esters at room 

temperature (Table 3). The reactions occurred comparatively alowly in THP 

(20-48 h) but rapidly (0.2-2.S h) in acetonitrile (Table 3). Yields of 

cycloadducts are good to excellent and the cycloadditions occur readily with 

catalytic amounts of the more effective catalysts such as silver acetate and 

lithium bromide. The cycloadditions involve the stereospecific formation of either 

metallodipolee (20) (Scheme 1) or some related species and show little, if any. 

sign of dipole stereomutation. The reactive -intermediates undergo regio- and 

stereo-specific cycloaddition to NPM, methyl acrylate and fumarate esters when the 

most favourable catalysts are used (Table 3). The low temperature of the reactions 

is believed to be the maJor contributing factor to the regio- and 

stereo-specificity rather than any specific coordination of dipolarophile to the 

aetallodipole or related species. 

The thermal reaction of (3a. R-H) with diphenyl fumerate (toluene, 1lO’C. 

48 h) gives a 9:2:2:1 mixture of (22a). (23a). (24) and (25),lg involving an 11:3 

ratio of dipoles (6, R=Ph) and (29, R=Ph) (Scheme 2). The tendency of the kinetic 

dipole (8. R-Ph) to stereomutate in cycloadditiona involving dipolarophiles less 

active than maleimidee has been noted and discussed by us previously. 19.20 The use 

of low temperatures in the metal salt-triethylamine method retards or suppresses 

the stereomutation (Table 3). The reaction (MeCN. 0.5 h, 2S’C) of imine (3b. R=H) 

with methyl acrylate in the presence of silver acetate (1.5) and triethylamine 

(1.0) to give (21b. 60%) (Table 3) compares with the same reaction (MeCN, 80°C. 

12-15 h) in the presence of 1 mol. of silver acetate, lithium bromide or lithium 

acetate but with no triethylamine which gives (21b) in essentially quantitative 

yield. ’ In contrast. the same reaction (MeCN, 0.5 h, 2S’C) in the presence of 

lithium bromide (1.5 mol) and triethylamine (1.0 ml) givee an approximately 1:l 

mixture of (21b) and Michael adduct (26) (Table 3). Michael adduct (26) wa6 

prepared from imine (3b. R-H) and methyl acrylate. using RTAM as the base, as 

previously described’, and recycled through the reaction. Cyclisation to (Zlb) did 

not occur, showing that (26) is not a precursor of (21b). The reaction of (3b. R-H) 
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with dimethyl fumarate in the presence Of Zinc bromide-triethylamine gives a 2.7:l 

mixture (90%) of (23b) and (22b) (Table 3) whilst the thermal reaction 

(toluene,llO°C, 48 h) gives a 1:2.4 mixture of (23b) and (22b)." Moreover. the 

same reaction using silver acetate-triethylamine or lithium bromide-triothylamine 

(Table 3) gives (23b) as the sole product i.e. the stereoche8ical preference is 

reversed in the metallodipole case. The formation of (22b) in the zinc bromide 

reaction suggested'that the Levis acid might be effecting equilibration of (23b) 

and (22b) via a 1,3-cycloreversion. We have previously noted a similar effect of 

zinc salts on cycloadditidns involving nitrones. 22 When (23b) was recycled through 

the reaction conditions [ZnBr2(1.5 aol), WRt3(1.1 mol). THY. 25'C. 72 hl 

epimerisation occurred giving 14:12:4.5 mixture of (23b) and two new isomers 

neither of which was (22b). i.e. no 1,3-cycloreversion was occurring under these 

conditions. 

The azomethine ylides (SC) derived from glycine inines are particularly 

sensitive to stereomutation (8. &II) (29, R&) (Scheme 2) in cycloedditions with 

dipolarophiles less active than saleirides,6 and the cycloadducts themselves are 

prone to epimerisation.6 The mild conditions of the metal salt-triethylamine 

catalysed cycloadditions are thu6 particularly valuable in cycloadditions involving 

glycine imines. The results of cycloadditions involving the glycine imine (27) 

(Table 3) show excellent yields of single isomers formally derived from dipole 

(20. R = 2-naphthyl. R1=H) (Scheme 1). Thus methyl acrylate and (27) give a single 

cycloadduct (21~) with silver acetate (1.5 mol or 0.15 mol)-triethylamine rapidly 

and cleanly at 25'C (Table 3). whilst the thermal process (toluene, 11O'C) gives a 

mixture of four stereoisoaeric cycloadducts 6 arising from both the kinetic dipole 

(8, R=H) and the stereomutated dipole (29. R-H) (Scheme 2). Lithiur bromide is a 

less useful catalyst in the case of glycine imines because of its hygroscopic 

nature. It reacts with adventitious water and prorotes Bronsted acid catalysed 

processes (cycloadditions and epimerisations) via (18) + (19). Thus when (27) and 

methyl acrylate are reacted (MeCN. 25'C. 0.5 h) in the presence of lithium broride 

(1.5 mol) and triethylamine (1.0 rol) a 1:1 8ixture of cycloadduct (21~) and its 

Michael adduct (28) is obtained (Table 3). Moreover silver acetate is a much more 

efficient catalyst than lithium bromide since substantial amounts of silver acetate 

remain undissolved in THY and acetonitrile whilst lithium bromide is completely 

soluble in these two solvents. 

Mechanism 

The dl' silver cation is a soft, polarisable, class P_ cation and interacts 

strongly with acetonitrile. 
23 

This interaction is believed to be a case of 

synergistic electron donation and back bonding to the u* orbital6 of 

acetonitrile. In contrast, the lithium cation is a hard class a_ cation with strong 

electrostatic interactions with polar solvents but lacking the specific silver 

ion-acetonitrile interaction. Both series of metal salts are however effective 

catalysts in acetonitrile suggesting the solvent effect derives mainly from its 

polarity and non-protic nature. We therefore briefly surveyed other solvents for 

the cycloaddition of (27) (1 mol) and methyl acrylate (2 mol) to give (21~). in the 

Presence of silver acetate (1.5mol) and triethylamine (lmol) at room temperature. 

The experiments were performed in n.n.r. tubes using fully deuteriated solvents. 

The approximate times for complete reaction were 10 min. (DMSO). 30 min. 

(acetonitrile) and 35 rin. (DMP). A larger scale reaction in N-methylacetamide was 

followed by removing aliquots and va6 complete in less than 10 min. Cycloadduct 

(21~) was the sole product and all the reactions were clean. When the reaction 

(2H,lDMS0 was repeated using lithium bromide (1.5~01) in place of silver acetate no 

reaction was apparent after 30 rin. whilst after 2Oh the reaction had proceeded to 

ca.lO\ giving a ca.l:l mixture of two products, (21~) and an isomer, 
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(21) a. Ar=R=Ph (22) a. Ar=Rd=Ph (23) a. &R=Rl=Ph 

b. Ar=Ph,R=He b. Ar=Ph,R=R'=Me b. Ar=Ph, R=R'=He 
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R-H R=H, R1=Me R=H, R1=Me 
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TABLE 3 

Cyclonddition of imines (3a-b) and (27) and dipolarophilee at room temperature in 
the presence of netal salts and triethylaaine. 

Metal Salt NRt.3 

Imine (la011 (EOl) Dfpolarophilea Solvent Time (h) Product (\)b 

3a. R-H LiI(l.5) 1.2 NPM THP 20 Pa, RPH(60) 

3a. R=W ZnBr,(l.r;) 30 9a, R=E(75)c 

3a. R=H 

3a. R-H 
3a. RIWH 

3a. R=H 
3a. R-H 

3a. RQN 
3a. R-W 
3a. R-R 
3b. R=H 
3b. R=H 
3b. R=H 
3b. R=A 

3b. Rmii 

3b. R-H 

3b. R=H 

3b. R-H 

3b. R-R 

3b. R-H 
27 
27 
27 

LiOAc.2H20 

(1.5) 
AgOAc(l.5) 
LiBr(l.5) 

NPM 

NPM 30 9a, R=H(90)’ 

AgOAc(l.5) 
LiBr(l.5) 

9a. ff=H(71) 
9a. R&(100) 
d 

LilX(l.5) 
AgOAc(l.5) 
LiBr(l.5) 
AgOAc(O.1) 
AgOAc(O.1) 
LiBr(O.1) 
AgOTs(l.5) 

AgOAc(1.5) 

LiBr(l.5) 

ZnBr2(1.5) 

AgOAc(l.5) 

AgOAc(1.5) 

LiBr(l.5) 
LiBr(O.1) 
AgOAc(O.1) 

1.2 

1.2 

1.0 
1.0 

1.0 
1.0 

1.2 
1.0 
1.0 
0.1 
0.1 
0.1 
1.0 

1.0 

1.0 

1.1 

1.0 

1.0 

1.5 
0.1 
0.i 

NPU 
NPM 

MA 
MA 

PP 
PP 
FP 
RPM 
NPW 
NPEI 
MA 

MA 

MA 

PR 

21a(lOO) 

22a(85)e 
22a.25.23a 
22a(20) 
9b. R&(52) 
9b. R=H(59) 
9b. R-H(55) 
21b(81) 

2lb(80)' 

21b.26 (9Ujh 

22b.23b(901i 

LiOAc.2820(1.5) 

AgOAc(l.5) 1.0 
AgOAc(l.5) 1.0 
AgOAc(O.15) 0.1 

LiBr(l.5) 1.0 
AgOAc(l.5) 1.0 

AgOAc(O.15) 0.1 

LiBr(1.5) 1.0 

FE 

PE 

FE 
NPM 
NPM 

1.0 KA 

MA 
MA 
MA 

HA 
FE 

PR 

FE 

MeCN 0.5 
MeCN 0.2 

MeCN 0.5 
UeCN 0.5 

THF 48 
Mea4 0.5 
MeCN 0.5 
TW 48 
MeCN 3.5 
MeCN 3.5 
THP 48 

MeCN 0.5 

MeCN 0.5 

THP 72 

THF 36 

HeCN 0.67 

MeCN 0.67 
TRP 24 
9leCN 3.5 
THF 40 

TRP 16 
WeCN 0.5 
MeCN 2.5 

UeCN 0.5 
THY 16 

MeCN 2.5 

MeCN 0.5 

23b(90f 

23b.22b(ES$ 

23b.22b(89jk 
9c(62) 

2::IE;L 

27 
27 
27 

27 
27 

27 

27 

21c(87) 
21C(lOO) 
21C(87) 

21c.26(?1~p 
23c(89) 

23c.22~(82)~ 

23~.22~(71)* 

a. 

b. 
C. 
a. 

e. 

f. 
g- 
h. 
i. 
f. 
k. 
1. 
%a. 
n. 
0. 

NPU = N-phenylmaleimide. HA = methyl acrylate. PP - diphenyl fumarate. FE = 
diaethvl fumarate. 
Isolated yields. 
A trace axiount ((5%) of the corresponding exo-adduct was also detected. 
Iaine recovered unchanged. 
Trace amounts ((5%) of three other isomers detected. 
4:3:1 mixture 
Plus 20% starti‘ng material. 
1.2:l ratio of (Zlb) to (26a). 
X:2.7 ratio of (22b) to (23b). 
7:l ratio of (23b) to (22b). 
6:l ratio of (23b) to (22b). 
comprises a 4.5:l mixture of (21~) and an unident 
1:1 ratio of (21C) to (26b). 
5:1 ratio of (23~) to (22~). 
7.5~1 ratio of (23~) to (22~). 

ified product 

b. B=Ph, R%O,$fe 
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believed to be either the C(4) or C(Z) epimec of (21~). Moreover, substantial 

amounts of silver acetate remained undissolved in all sqlvents whilst lithium 

bromide dissolved completely in LWSO. Thus silver acetate is both a more erficient 

and a more selective catalyst than lithium bromide and LWSO or N-methylacetamide 

are the solvents of choice. However. it should be noted that a reported magnesium 

salt catalysed reduction of imines in acetonitrile vas subsequently shown to 

involve iminiun ions generated-by trace anounts of Water in dry acetonitrile by 

(18)--*(19) (w=Mg2+).24 In our case whilst similar Bronsted acid equilibria are 

undoubtedly occurring, the reactive intermediates in the metal salt-triethylarine 

catalysed reactions exhibit enhanced reactivity compared to the species generated 

by Rronsted acids', i.e. the species generated by the metal salt-triethylamine 

system undergo fast cycloaddition to acrylate and fumarate esters at room 

temperature. In the presence of metal salts and absence of triethylamine the 

reactions occur much more slowly even on heating to 80°C.1 Similarly the same 

reactions using lot v/v acetic acid-acetonitrile or acetic acid 

(1_5nol)-triethylamine (l.Omol) in acetonitrile are much slower than the reactions 

using the metal salt-triethylamfne combination as catalyst. Mechanistic 

speculation must thus invoke a role for both the metal salt and the base, and 

account for stereospecific dipole formation. The metallodipole (20) (Scheme 1) 

would fulfil these requirements but so would species such as (31)+(32) where X 

is the metal counter-ion or a hydroxide ion arising from dissociation of 

coordinated water. i.e. (18319). Our preference is for the metallo-1.3-dipole 

(20) (Scheme 1) but further speculation on what are clearly potentially complex 

equilibria is not varranted with our current results. Hovever the poverful 

synthetic utility of the metal salt-triethylamine methodology is unquestionable. 

In previous papers in this series we have discussed the stereomutation of the 

kinetic dipole (8) (Scheme 2)4'17*20 as a function of the R group in (8) and the 

dipolarophile (rate of cycloaddition), and provided circumstantial evidence that 

the stereomutation involves rotation about the C(l)-N bond to give (29) rather than 

rotation about the C(3)-N bond to give (30) (Scheme 2). The kinetic dipole 

(8. R I alkyl) is essentially inert to stereomutation at temperatures up to 140°C 

whilst the kinetic dipole (8, R=Ph) undergoes stereomutation at temperatures 3 80°C 

when the dipolarphile is less active than maleiaides i.e. maleate and fumarate 

ester6.l' acfylate esters and acrylonitrile.6 The tendency'of (8, R=Ph) to 

equilibrate with (29, R-Ph) was rationalised as arising from a combination of 

steric interactions betveen R and HA in (8) (Scheme 2) and partial charge 

delocalisation over the tvo aryl rings at the termini of the dipole which reduces 

the bond order in the central C-N-C moiety and hence lovers the barrier to 

rotation-stereomutation. Similar arguments can be applied to metallodipoles (20) 

or to (32). Hovever, the above rationale does not account for the observed 

sensitivity of (8. R=H) to stereomutation,' since(S. R-H) lacks both the steric and 

electronic effects thought to be important in stereomutation of (8, R=Ph). A 

possible explanation is that alkyl substitution (9. R I alkyl) results in steric 

interaction betveen HA and R (Scheme 2) vhich in turn results in a reduction of the 

angle 8 (Scheme 2) and enhances the hydrogen bonding by reducing the carbonyl 

oxygen to NH distance r (Scheme 2). Thus in (S,R=H) the angle 8 and r are at a 

maximum and hydrogen bonding is at its weakest. 

Intramolecular Cvcloadditions 

The metal salt-triethylamine approach vas also successful in effecting 

intramolecular cyclisatiotrs rapidly at room temperature. Thus (33a) cyclised 

(MeCN, 25'C. 2 h) to (34a) in quantitative yield (pmr) (isolated yield SO\) vhilst 

(33b) gave (34b) (86t) under the same conditions. Attempts to cyclise (33~) and 

(33d) under the same conditions were unsuccessful. 
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EXPERIMWTAL 

General experimental details were a6 previously noted. 
14 

Analytical grade 
silver, lithium and zinc salts were used without purification. Liquid bases were 
distilled from potassium hydroxide and stored over molecular sieveP. THP was dried 
with, and diet'illed from, lithium aluminium hydride. Acetonitrile was distilled 
from phosphorous pentoxide and s;ir:; over molecular sieves (IA). Imines were 

prepared as previously described ’ except as noted below. Petroleum ether 

refers to the fractiod with b.p.40-60'C. 
Imines 
Methyl 2-naohthvlidenealycinate (27)_. Prepared by method B as described 

previous1y.l' The product (79%) crystallised as colourless plates from 

ether-petroleum ether. m.p. 89-90°C (Found: C, 73.80: H. 6.15: N, 6.35. C14H13N02 
requires C, 74.00: H. 5.75: N, 6.15%); 68.38 (6. 1H. CH=N), 8.2-7.4 (m. 7H. ArH), 

4.4 (6, 2H. CH2). and 3.8 (8, 3H. OMe): m/z (%) 227 CM+. 47). 168(100). 167(21). 

154(28), 141(87) and 139(15). 
Methyl N-12-(3-carbomethoxvprop-2-envl~oxvlbenzvlidenealaninate (33a). A mixture 
of alanine methyl ester hydrochloride (1.4g. l.Ommol), anhydrous magnesium sulphate 
(2g) and triethylamine (l.lg, l.lmmol) in dry methylene chloride (50ml) was stirred 
for 10 min. and-then a solution of 2-(3-carbomethoxyprop-2-enyl)oxybenxaldehyde 

(2g. 0.9mm01)20 in dry methylene chloride (10ml) was added. The resulting mixture 
was stirred at room temperature for lbh. and then filtered. The filtrate was 
washed with water (2xSOml), dried (MgS04), and evaporated to leave a thick yellow 

oil (2.6g. 82%) which could not be distilled and which was used without further 
purification for the next stage.8 8.8 (8. 1H. CH-N). 8.0-6.9 (a, 5H. ArIf and 
CH_CHCO), 6.2 (ID, lH, -CHCO), 4.8 (m. 2H. 0CH2). 4.2 (q, 1H. C&le). 3.7 (6. 3H. 

0Me). and 1.5 (d. 3H. Me); m/z(\) 305 (W+, 8). 246(100), 2113(18), 216(31), 171(19) 
and 132(34). 
Base Catalvsed and Thermal Reactions 
Methyl 2. c-4. 7-triohenyl-6.S-dioxo-3.7-diazabicvclot3.3.Oloctane-r-2-carboxylate 
19a. R=H). (a) Methyl N-benzylidenephenylglycinate (50 mg, 0.2 mmol) and NPM (35 

mg. 0.2 PI mol) were dissolved in dry ["H5]pyridine (1 ml) and heated at llO°C for 

1.5 h in a sealed n.m.r. tube. Removal of the solvent afforded the product (84 mg, 

loo\) indentical to that described previously." 67.7-7.1 (1, 15H. ArH), 4.42 (d. 
1H. J 9.1 Hz, 4-H). 4.23 (d. 1H. J 7.3 Hz, 1-H). 3.78 (8, 3H. We), 3.50 (dd, 1H. 
5-H). and 3.25 (br 8. 1H. NH). 
(b) Methyl N-benzylidenephenylglycinate (2.53 g, 1.0 mmol). NPM (1.73 g, 1.0 m 
mol) and DABCO (1.12 g. 1.0 mmol) were dissolved in dry methanol (100 ml) and the 
solution stirred at room temperature for 16 h during which time the product 

precipitated. The product (2.4 g, 56%). m.p. 246-24a'c (lit.17 m.p. 23S-24O'C) was 
identical to that described above. 

Methyl 2-methyl-c-4. 7-diohenvl-6.8-dioxo-3.7-diazabicyclol3.3.Oloctane-r-2- 
carboxvlate (9b. R-H). Methy? N-bensylidenealaninate (1.5 g, 7.8 mmol), NPM (1.35 
g. 7.8 m mol) and DABCO (000 mg, 7.8 mmol) were dissolved in dry methanol (100 ml) 
and stirred for 16 h at room temperature during which time the product (1.2 g, 468) 

crystallised'out as colourlese rode. m.p. 221-223'C (lit. l7 220-222OC). 

Methyl 2.5-diphenvl-3.4-dicvanouvrrolidine-2-carboxvlate (121-(15)_. (a) A solution 
of methyl N-benzylidenephenylglycinate (1.9 g, 7.5 mmol), fumaronitrile (590 ng, 
7.5 mmol) and DABCO (840 mg. 7.5 mmol) in dry methanol (75 ml) was stirred at room 
temperature for 16 h during which time the product (12) (560 lag, 22%) crystallised 

out as colourless rods, n.p. 186-187°C. This product was identical to the second 
most abundant isomer from the thermal reaction (below). 
(b) (with W.J. Warnock). A solution of methyl N-benzylidenephenylglycinate (2m 
mol) and fumaronitrile (2 mm011 in toluene (10 ml) was boiled under reflux for 48 
h. Evaporation of the solvent left a pale yellow gum (100%) whose p.m.r. spectrum 
showed it to comprise a 14:3:1:1 mixture of (14). (12). (15a) and (tentatively) 
(15b). Crystallisation from ether-petroleum ether afforded a pure sample of 112) 
whilst crystallisation from ether-petroleum ether-benzene afforded a sample 
containing the bulk of (14). (12) and (15b). Evaporation of the mother liquor in 
this latter case afforded a 5:l mixture of (14) and (15a) as a colourless gum. 
This mixture was used for n.0.e. experiments to aesign stereochemistry to both (14) 
and (15a). (Found (mixed isomers): C, 72.50: H. 5.30; N. 12.65. 

C20W17N3 '2 

requires C, 72.50; H, 5.15: N. 12.7%): m/z (a) (mixed isomers) 331(M*, 
0.5),273(20), 272(100), 193(14) and 104(U). 
(u) 17.38-7.70 (m, 10H. ArH), 4.42 (br. d. 1H. J 9.0 HZ. 5-H). 3.88 (d, 1H. J 8.7 
Hz, 3-H), 3.84 (8. 3H. OMe) and 3.39 (t. 1H. 4-H). 

(&&) Colourleee prisms from ether-petroleum ether, m.p. 184-l86'C. 67.40-7.74 (m. 
1OH. ArH). 4.78 (dd. 1H. J 8.8 and 4.6 Hz. 5-H). 3.93 (t. 1H;J 8.6 Ht. 4-H). 3.85 
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(8. 3H. 0He). 3.46 (d, 1H. J 8.6 Hz. 3-H) and 3.13 (d. 1H. J 4.5 Hz. NH). 
(m) 7.38-7.70 (II. 1OH. ArE), 5.02 (br, d, 1H. J 6.0 Hz, 5-H), 4.59 (d. 1H. J 4.0 
HZ. 3-H). 3.88 (e. 3H. CO2Me) and 3.60 (dd, 1H. 4-H). 

(&@) The preeence of this isomer wae inferred from the presence of the following 
p.m.r. signals 4.51 td. 1H. 5-H), 4.32 (d. lH, 3-H) and 3.20 (dd. 1H. 4-H). 

1 H COEDS Stereochemical Aesianinents 

Compound Proton Irradiated n.0.e. enhancement (9) 

H-3 H-4 H-5 ArH 

14 H-3a 
H-4 1 1 5 
H-5 2 2 8 

12 H-3 4 13 
H-4 2 10 
H-5 10 9 

15a H-3 3 9 
H-4 2 5 
H-5 7 11 

a. Signal not sufficiently resolved to irradiate. 

Methyl 2.7-diDhenYl-c-4-ll-~2-allYloxYnaphthYl)l-6,S-dioxo-3,7-diazobicYclo~3.3.O~- 
octane-r-2-cacboxvlate (17). A solution of methyl N-[1-(2-allyloxynaphthylidene)] 
phenylglycinate (36 mg. 0.1 mmol). NPM (17 mg. 0.1 mmol) and DABCO (11 mg. 0.1 m 

mol) in [2H4]methanol (1 ml) was kept at room temperature and monitored by p.m.r. 

spectroscopy. Initially a substantial amount of the hemiacetal (11) was present 
but this gradually disappeared with a corresponding increase in product signals. 
After 10 h the reaction wae complete. Evaporation of the solvent left a colourless 
solid comprising (17) and DABCO. 67.89-7.21 (m, 16H. ArH), 6.02 (m, 1H. C&CH2). 

5.83 (d. 1H. NH). 5.21 (m. 3X. CH=m2 and 4-H). 4.65 (m, 2H. 0CH2). 4.31 (d, 1H. J 

7.7 Hz. 1-H). 3.81 (8, 3H. GMe). 3.61 (dd, 1H. H-5) and 2.78 (DABCO signal). This 

product was identical with that described previouely.’ 
Metal Salt-Triethylamine Catalvsed Reactions 
General Procedure. Imine (1 mol) and dipolarophile (1.1 mol for fumarate esters 
and NPM, 2.0 ~61 for methyl acrylate) were dissolved in dry THF or acetonitrile and 
the appropriate metal salt added (for molar ratio eee Table 3). followed by 
triethylamine (for molar ratio see Table 3). The mixture wae stirred at room 
temperature for the time noted in Table 3 and then quenched with aqueous ammonium 
chloride. The mixture was extracted with ether, the ether extract washed once with 
brine, dried (WgS04) and evaporated. The crude product was examined by p.m.r. (250 

MHz) and, where appropriate, isomers ratios determined by integration. 
DimethYl 2. c-5-diDhenYl-r-2, c-4-mrrolidine dicarboxvlate (21a). Obtained as 

colourleee needles. m.p. 100-102°C, from ether-petroleum ether (Found: C. 70.90: H. 
6.45; N. 4.3. CZOHZlN04 requires C, 70.80; H, 6.25: N. 4.15%); 67.81-7.22 (m, 

10H. ArH), 4.52 (d, 1H. J 7.4 Hz, 5-H). 3.72 (8, 3H. OMe), 3.19 (8, 3H. OMe), 3.19 

(m, 2H. 3-H. 4-H), and 2.58 (dd, 1H. J 6.7 Hz. 12Hz. 3-H). m/z (\) 339 (H*, 0.1) 
and 280(100). 
Diohenvl 2. c-5-diphenvlpvrrolidine-r-2, c-methoxvcarbonvl-3.t-4-dicarboxvlate 
(22a) (a) The p.m.r. spectrum of the crude reaction mixture from the reaction with 
lithium bromide and triethylamine in THF showed it to comprise a 25:l:l:l mixture 

of (22a). (23a). (24) and (25) reepectively.1g Trituration of the crude solid with 
ether-hexane afforded (22a) (85%) which crystallized from ether ae colourless rode. 

m.p. 119-121°C (1it.l’ 122-123’C). 7.9-6.8 (m. 20H. ArH), 4.6 (d, 1H. J 9.2Hz. 
5-H), 4.42 (d, 1H. J 8.5Hz. 3-H). 3.85 (t, 1H. 4-H) and 3.72 (8. 3H. We). 
(b) The reaction was repeated in acetonitrile using silver acetate and 
triethylaaine (Table 3): Hork-up afforded a yellow gum whoee p.m.r. spectrum 
showed it to comprise a 4:3:1 mixture of (22a). (25) and (23a) respectively. 
Trituration with ether-hexane afforded the mixed isomers (95%) as a colourless 
solid. 
Methyl 2-methYl-c-4.7-diphenYl-6.S-dioxo-3.7-diazabicYclo(3.3.Oloctane-r-2- 
carboxvlate (9b. R-H). Obtained in 59 (AgOAc) and 55(LiBr)* yield as colourless 

prisms from dichloromethane-ether. m.p. 220-222’C (lit.17 m.p. 220-222’C). 
Dimethyl 2~methYl-c-5-phenYl-r-2.c-4-pYrrolidine dicarboxvlate (2lb)_. Obtained as 

a colourlees oil (1it.l m.p. 26-28’C) whoee spectral data were identical to that 

reported previously. 1 

DimethYl N-benzvlihenealutamate (26); Benzyltrimethylammonium methoxide (BTAM) 
(450mg of a 40t w/w solution in methanol, O.lmmol) were added to a stirred solution 
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acrylate (86Omg. _. _ _ 
1.0~01) in benzene (2581) at room temperature. Tne rlxture wes stirrea at rooa 
temperature for 24h. and then water (200nl) added. The aqueous layer W&S Separated 
and extracted with ether (2 x lD0~1) and the corbfned organic layers dried (NgDO,) 

and the Solvent rerwed to leave a pale yellow Oil. Distillation of the oil 
afforded the product (2.559, 92t) as a colourless viscoue oil, b.p. 

155-157°c11.5mmng (Found: C. 65.15; H. 7.15: N. 5.65. C15HlgN04 requires C, 

64.95: H. 6.90: N. 5.0591:s 8.3 (8, 1fI. CH=N). 7.8-7.4 (1. 5fi, ArH), 3.75 and 3.7 

(2 x 8. 2 x 3X, Orte). 2.45 (1. IH, CH2CH2) and 1.5 (8. 3H, Me): m/z(\) 277 (W+. 

0.5). 262(2). 246(6) and 218(100). 
Trimethyl 2-rethYl-c-5-abenY~rrolidine-r-2.t-3.c-l-tricarborvlate (23b) and 
trimethyl 2-sethYl-c-5-~enYlDYrrolidioe-r-Z.c-3.t-l-tticarbo~late (22b). 
(m) The product crystallized fron ether-petroleum ether as colourless prisms. 

m-p. 101-103°C (Found: C. 60.60: H. 6.55; N. 4.20. C17H21N06 requires C, 60.90: H, 

6.30: N, 4.2O't):b 7.3 (a. SH. ArH). 4.82 (d, 1H. J 9.3Hz. 4-H). 4.0 (d. 1H. J 
9.3Hz. 1-H). 3.86 (6 + overlapping t, 4H, DMe and 5-H). 3.72 and 3.17 (2 x 6, 2 x 

39X. OWef. 2.8 (br 6. lH, NH) and 1.4 (8. 3H. Me): m/z(%) 335 (M+. 4). 276(87). 
216(100), 191(54), 184(38). 177(71). 158(22). 157(18) and 131(70). 

(22) Obtained as colourlese prism6 from ether-petroleum ether, a-p. 79-81*C 

(lit." 78-8l'C). The product was identical to that described previouSly.lg 
Methyl c-4(2-nanhthyll-7-uhenYl-6.8-dioxo-3.7-diazabicYdLoi3.3.0~octane-r-2- 

carbowlate (9c). Obtained as colourless rods fro8 methanol, m.p. 210-212°C 
(Found: C. 72.20; H. 5.35; N, 6.95. C24H20N204 requires C. 72.00; H. 5.05: N. 

7.oot): s (CDC13 + 1 drop D20) 7.9-7.11 (n, 12H. ArH), 4.75 (d, 1H. J 8.6Hz. 4-W, 

4.18 (d, 1H. J 6.45Hz. Z-A), 3.92 (8, 3H. One), 3.76 (dd, 1H. J 7.8 and 6.5Wr. 1-H) 

and 3.66 ft. LH. J 8.5 and 7.8Rz. 5-H): m/z(\) 400 (K+, 11). 266(llf, 227(76). 
196(13). 194(14). 168(100) and 141(86) 
Direthyl c-5(2-nauhtbyl)-r-2,c-4-DYrrolidine dicarboxYlate (21~1. Obtained by 
preparative t.1.c. as a thick colourless oil (Found: C. 68.40: H. 6.30: N. 4.60. 
C18HlgN04 requires C, 69.00: , 6.10: N, 4.509); 6 7.8-7.39 (8, 7H. Arff). 4.68 (d, 

lfi, J 7.65Hz. 5-H). 4.06 (t. 1H. J 8.2Hz. 2-H). 3.84 (6. 3H. OMe), 3.38 (dd, 1H. 
4-H). 3.12 (6. 3H. One), 2.52 (br 8. lH, NH) and 2.47 (t. 2H, 2 x H-3): m/z(%) 

313 @I+, 57). 255(11). 254(63). 227(81). 196(31), 194(33) and 167(100). 

N.m.r. exneriments Methyl 2-naphthylideneglycinate (18114. 8.0 x 10-5mol). and 

silver acetate (2Omg. 1.2 x X0-'mol) or lithium bromide (lO.Smg. 1.2 x 10-4rol) 

were weighed into a dry n.m.*. tube. Methyl acrylate (13.7mg. 1.6 x 10-4mol) 
dissolved in the appropriate deuteriated solvent (0.5nl) was then added followed by 

a solution of triethylamine (Eng, 8.0 x 10-5mol) in the same deuteriated solvent 
(0.5nl). The p.8.r. Spectrum of the mixture was then determined at intervals. 
Substantial amounts of the silver acetate remained undissolved whilst the lithium 
brouide dissolved completely. Using silver acetate the approxioate time for 
complete reaction was 10 min.(DEISO), 30 min. (acetonitrile) and 35 min.(W). A 
larger scale reaction in N-methylacetanlde as solvent was analysed by removal of 
aliquots at 5 min. intervals and this reaction was complete in less than 10 nfn. 
Wing lithium bromide in DM$O no reaction was observed after 0.5h. 
Enimerieation Studies A mixture of dinethyl c-5(2-naphthyl)-r-2, c-4-pyrrolidine 

dicarboxylate (21~) (25mg. 8.0 11 10-5mol), silver acetate (20ng. 1.2 x lo-'nol). 

and triethylaaine (Emg. 8.0 x 10-5sol) in the appropriate deuteriated Solvent 

(acetonitrile. toluene) was maintained at Zoo8 temperature (CD3CN. 10h) or llO°C 

(C7D8.10h). No change was observed in CD3CN spectrum whilst the Spectrum in C7D8 

showed slow formation of second isomer after 7h at 11O'C. 
DimethYl 2-~2-naDhthYl~-8-oxo-arabicYclo[3.3.03octaqe-3.5-dicatborvlate (28). The 
product was separated by preparative t.1.c. eluting with I:1 v/v ether-petroleum 
ether and it cryatallised from ether-petroleum ether a8 colourless needles. 

m.p. 45-47'C: m/n U+ 367.1419. C2LH21N05 requires 367.1418; 8 7.87 (8. 1H. ArN). 

7.82-7.38 (II. 6H. ArEI), 5.50 (d. 1H. J 8.65Hz. 2-H). 3.86 (8. 31. One), 3.74 (m. 
1W. 3-H), 3.0 (8. 3H, OkSet. 3.1-2.93 (a. 2H. 7-H). and 2.35 (IN. 4H. Cff2 and 

CH2CO): 4 (13C) 177.1, 174.0 and 171.7 (amide and ester carbonyl carbon atoms): 

m/z(t) 367 (H+, 8). 308(15). 170(10b), llO(33) and er(55). 
TrimethYl C-6(2-nephtlYl)uYrrolidine-r-2.t-3.c-4-tricarbo*vlate (23~) and trimethyl 
c- 5(2-naubthvXluYrrolidine-r-2. c-3. t-4-tricarboxvlate (22c)_. 

(a) Obtained as colourless rods from ether-petroleum ether, m.p. 93-94°c (Ilound: 
C. 64.70; 8. 5.90: N. 3.85. CZOHZlN06 requires C. 64.70: H, 5.70; 
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N, 3.75%); s 7.8-7.26 (m, 7H. ArH). 4.80 (d, LH. J 9.65Hz. 5-H). 4.28 (d. 1H. J 
7.3Hz. 2-H), 3.85 and 3.77 (2 x 8. 2 x 3H. OMe). 3.67 (m, 2H.3-H and 4-H) and 3.08 

(8, 3H.OMe); m/z(\) 313 @I+, 57). 254(63), 227(81), 196(31), 195(14), 194(23),‘, 
167(100) and SC(30). 
(m) This minor isomer was obtained as a colourless gum by preparative t.1.c.; 

m/z W+ 371.1366, C20H21N06 require6 371.1368; s 7.8-7.46 (m. 7H. ArH), 4.50 (d, 1H. 

J 9.OHz. 5-H), 4.28 (d, 1H. J S.SHz, 2-H), 3.79 (dd, 1H). 3.78. 3.72 and 3.63 (3 x 

8, 3 x 3H. One) and 3.52 (dd, 1H); m/z(\) 371 (M+, 53). 312(13), 2SO(29), 
227(100), 167(81) and 83(40). 
2.3-Di~methoxvcarbonvl)-2-methvl-4H-2.3.3a,9b-tetrahvdro~vrro~2,3-dlbenzo~blDvran 
(34a). Prepared from methyl N-[2-(3-carbomethoxyprop-2-enyl)oxy] 
benzylidenealaninate (1.36g. 5mmol). silver acetate (1.25g. 7.5mmol). and 
triethylamine (0.5g. Smmol) ih acetonitrile (20ml) according to the general 
procedure. The product (l.Og, SO%) crystallised from ether-petroleum ether as 

colourless needles, m.p. 131-133’C (Found: C, 62.85; H, 6.30; N. 4.05. C16H19N05 

requires C. 62.95; H, 6.25: N, 4.60%): s (CDC13 + 1 drop D20) 7.27-6.8 (m. 4H. 

ArH) , 4.56 (dd, lH, CHO), 4.13 (t, 1H. CHO), 3.90 (d, 1H. J 10.7Hz. CHN). 3.70 and 
3.69 (2 x 8, 2 x 3H. OMe), 2.65 (d, l_H, J 12Hz. CEJC02Me), 2.5 (m, 1H) and 1.7 (8, 

3H. Me); m/z(\) 305 (&I+. 20). 304(14), 246(100). 214(16). 187(15), 145(29), 
12S(49), 68(22) and 43(41). 
2,3-DitmethoxYcarbonvl)-2-Dhenvl-4H-2.3.3a,9b-tetrahvdroDvrro~2,3-dlbenzo~blDvran 
(34b). Prepared in analogous way to the above but with a 10h reaction time. The 

product (ES\) crystallised from ethanol as colourless rods, m.p. 143-146’ (lit. 
20 

146-147’C); 6 7.9-7.14 (m. 9H. ArH), 4.49 and 4.0 (2 x dd, 2 x 1H. CH20), 3.81 and 

3.63 (2 x 8, 2 x 3H. One), 3.24 (d, 1H. J 11.6Hz. CH_C02Me), and 2.58 (m, 1H. 

CI$H20) . The signal for the CHW proton is obscured by the OMe signal at 3.63. A 

small amount (ca 10%) of a second product was detected. It did not appear to be a 
stereoisomer of (34b) as was not studied further. 
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