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Abstract- Azomethine ylides are readily generated from imines of a-amino acid esters by a formal 1,2-H shift. 
A suitably positioned unactivated double or triple bond in either of the two precursors of the imines (aldehyde 
or a-amino ester) leads to an intramolecular cycloaddition generating fused ring systems in good yield. Cis 
stereochemistry is assigned to the newly created ring junction of the cycloadducts based on NOE diierencc 
spectroscopy and, in the case of &, by a single crystal X-ray structure. Equilibration of the kinetically formed 
dipole leads to mixtures of epimeric cycloadducts for imines of phenylglycine methyl ester but equilibration is 
not observed for other imines. Reasons for this are discussed. The intramolecular cycloaddition is sensitive to 
ring size with 6/S and 5/S c&fused systems being most easily formed depending in which moiety (aldehyde or 
amino acid) the dipolarophile is located. Intramolecular trapping of the azomethine ylide by an alkyne is 
accompanied by variable amounts of aromatized pyrrolic products. 

The well-known versatility of 1,3dipolar cycloaddition 
reactions for the construction of S-membered 
heterocyclic rings dates from Huisgen’s recognition of 
the general concept and scope of these processes.’ The 
regio- and stereoselectivity of 1,3dipolar cyclo- 
additions have resulted in many elegant applications of 
intramolecular 1,3dipolar cycloaddition reactions to 
the synthesis of natural products.‘** In this context it 
was of interest to see ifour novel prototropic generation 
(1 G 2) of 1Jdipoles from X=Y-ZH systems’ could 
be extended to the intramolecular case and, in 
particular, to substrates where the dipolarophile was an 
unactivated alkene. In general, the corresponding 
intermolecular cycloaddition ofX=Y-ZH systems to 
unactivated alkenes does not occur, apart from one or 
two exceptions such as acenaphthalene. The import- 
ance of the concept of a formal 1,2-H shift (1 + 2) and its 
synthetic realization is two-fold. Firstly it introduces a 
new and mechanistically important general proto- 
tropic process and secondly the readily generated 
dipoles provide a facile entry into a wide range of 
heterocycles.5-7 

X=Y-ZH e 
. . x=-i 

1 2 

The ease of generation of 1,3dipoles from 
X=Y-ZH systems by prototropy (1 + 2) depends on 
the basicity of Y and the pK, of the ZH proton.’ We 
have described our results on intramolecular cyclo- 
additions of 1,3dipoles generated from oximes in a full 
paper6 and preliminary accounts of intramolecular 
cycloadditions of 1Jdipoles generated from imines 
and hydrazones have appeared7 Dipole generation 
from oximes is difficult to achieve by (1 e2) and 
normally proceeds by a different route.’ This paper 
describes in detail our results with dipoles generated by 
prototropy from imines of a-amino acid esters (type II 
X=Y-ZH systems).5 

In intramolecular cycloadditions of imines of a- 
amino acid esters the dipolarophile can be in- 
corporated into either of the two imine precursors, the 

aldehyde or the amino acid ester. Examples of both 
types have been studied and successful cycloadditions 
achieved in both cases. 

A. Cycloadditions ofaryl imines ojphenylglycine methyl 
ester 

(1) Intramolecular cycloaddition to non-activated 
terminal alkenes. Our initial studies involved imines of 
alkenyl and alkynyl ethers of salicaldehyde (3a-h) and 
the corresponding 1-formyLZnaphthol(4a,b). The aryl 
alkenyl and aryl alkynyl ethers were prepared by 
conventional methods and converted into the 
corresponding imines, usually in quantitative yield, by 
condensation with phenylglycine methyl ester in 
methanol at room temperature. 

PWH,&O,Mc 
I 

a. R’ = H, R’ = CH=CH2 a. R’ = CH=CH, 
b R’ = H, RZ = -H b. R’=C=CH 
c. R’ = H, R’ = CH,CH=CH, 
d. RI = OEt, R2 = CH=CH, 
c R’ = H, R2 = CH=CHCO,Me 
f. R1 = H, R2 = C(CI)=CHI 
g. R’ = H, R2 = C(Me)=CH, 
IL R’ = H, R2 = CH=CHMe 

When the Schifl’s base (3a) was heated in boiling 
xylene for 24 hr it was converted via, we believe, the 
intermediate azomethine ylide (5) into a 3 : 2 mixture of 
6n and 7n. The major isomer (6~) was readily separated 
by crystallization but a pure sample of 7a was not 
obtained. The corresponding naphthalene imine (4a) 
reacted in an analogous way to give a 53 : 41 mixture of 
8p and 8b which was readily separated by 
crystallization. 
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6 7 

a. R’=H,,,R2=HoR3=Ho 
b. R’=CI,R2=Hc,R3=Ho 
c RI = HA, R* = H, R’ = CO,Me 

8 
a. R1 = Ph R* = CO,Me 
b. R’ = C&Me, R2 = Ph 

The assignment of cis-stereochemistry to the ring 
junction of cycloadducts (6-g) was initially made by 
analogy with the stereochemistry observed for 
conventional l$-dipolar cycloadditions in similar 
systems’ and, more tenuousty, on the basis of the 
observed coupling constants of the ring junction 
protons (JAB = 6-7 Hz). The chemical shift of the 
protons H, and H, is a distinguishing feature of the 
PMR spectra (CDCl,) of 6a, 7a, %p and 8b. In 6a and L 
these proton signals occur together as part of a 
multiplet centered at 6 2.42 and 2.70, respectively, 
whilst in7a(6 1.69and 3.22)andl%(6 1.79and 3.37) the 
signals for H, and Hu are well separated. The 
stereochemistry of&r was subsequently established by 
an X-ray crystal structure analysis and, more recently, 
NOE difference spectra have supported the origind 
assignments. The cycloadducts 8p and 8b are 
configurationally stable under the reaction conditions 
showing that the epimers are formed concurrently and 
that one is not the precursor of the other. 

Crystal data for 8a: Cz3H2rN03. M = 359.4. 
Monoclinic, space group P2,/n. a = 15.12{1), b 

10.88(l), c = 11.24(l) A, p = 1049(l)“, V = 1786.5 
i3. Z = 4. D = 134 g cm-‘. 3026 independent 
diffraction in&sit&s were recorded on an Enraf- 
Nonius CAD3 automatic diffractometer, using CuKa 
radiation. After correcting for Lorentz and polariza- 
tioneffects the2257data with I r 3a(I)wereusedin the 
subsequent analysis and refinement. The structure was 
solved by the direct phasing procedures of MULTAN 
and refined by least squares, allowing anisotropic 
vibrations for C, N and 0 atoms, using SHELX76 and 
with incl~ion of all hydrogen atoms with isotropic 
temperature factors. A projection of the molecule is 
shown in Fig. I.7 

TheNOEdifferencespectra(CDCl,)of&correlated 
well with the known stereochemistry established by the 
X-ray crystal structure. Thus irradiation of H, resulted 

t Atomic coordinates, temperature factors, derived results 
and supporting data have been deposited with the Director of 
the Cambridge Crystallographic Data Ccntre, University 
Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW, 
U.K. 

in enhancement of the signals for Ho (19x), H, (11%) 
and the ortho protons of the C(2)-phenyl substituent 
(5%). Irradiation of H, resulted in enhancement of the 
signals for H, (36y0), H, (IctQ and Hn (3%) whilst 
irradiation of H, caused enhan~ment of the signals of 
HE (31x), H, (5%) and H, (2%). The NOE difference 
spectra of 8b are also in accord with the assigned 
stereochemistry. Thus irradiation of He causes 
enhancement of the signals of Ho (17%) and H, (10%) 
whilst irradiation of H, results in enhancement of the 
signals of He (loo/,), Ho (11%) and HE (7%). 

(2) Effect of increased chain length on intramolecular 
cycloaddition. When the chain length between the 
incipient dipole and dipolarophile was increased in 3c 
the rate of cycloaddition slowed considerably and was 
accompanied by substantial decomposition. Thus after 
3 d in boiling xylene only 9a (20%) coutd be isolated 
aithough the NMR spectrum of the crude mixture 
suggested it comprised of a 1: 1 mixture of 9a and b 
together with un~haracte~~d resinous material. 

Fig. 1. A crystallographic projection of molecule &. 
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Assignment of stereochemistry to 9a is based in part on 
the observation of two PMR signals (CDCl,) for 
carbomethoxy groups at 6 3.69 and 3.73 in the crude 
mixture. The isolated isomer 9a showed the signal at 6 
3.69 in its PMR spectrum and work with the previous 
isomer mixtures (6,7 and &,b) showed the lower 6 value 
in these isomeric pairs arose from 6n and & due to 
shielding of the carbomethoxy group by the cis- 
arylether ring. The NOE difference spectra(C,D,) were 
in accord with the assigned stereochemistry for 9a. 
Thus irradiation of H, produed enhancements in the 
signals for HB (5%), HE (3%), HI (9%) and the ortho 
protons of the C(2)-phenyl substituent (8%), whilst 
irradiation of the ortho protons of the C(Z)-phenyl 
substituent produced enhancements in the signals for 
HA (2%), Hr, (2%) and Ho (2%). 

T’I HH 

9 10 

a. R’ = Ph. R2 = CO,Me 
b. R’ = CO&e,, R2 = Ph 

Attempted intramolecular cycloadditions of 3g and 
3h in boiling xylene were unsuccessful and resulted in 
decomposition of the imines. The lack of reactivity in 

HD 

(18 hr) under argon when adduct 10 (90%) was 
obtained. The stereochemistry of 10 is assigned on the 
basis of our previous work. 

(3) Intramolecular cycloaddition to activated terminal 
alkenes. The vinyl chloride moiety proved sufficiently 
reactive for the cycloaddition process to proceed and 3f 
in boiling xylene over 2 d gave a 1: 1 mixture of two 
stereoisomers from which 6b, m.p. 145-147”, was 
isolated by fractional crystallization. The PMR 
spectrum (250 MHz, CDCl,) of 6b showed, inter alia, a 
signal for H, at 6 4.27 which exhibited long range W 
coupling to H, (Jse = 1.1 Hz). Both methylene groups 
showed geminal coupling constants of the expected 
orderofmagnitude [s3.0(Hc),3.29(Hr,),J = 14.7Hz;6 
4.17 (HE), 3.97 (HP), J = 11.8 Hz]. The ring junction 
stereochemistry was assigned as cis on the basis that all 
the intramolecular cycloadditions we have studied 
result solely, or in greater than 85%, in a cis-ring 
junction and related intramolecular cycloadditions ofa 
vinyl bromide result in the creation of a cis-ring 
junction.” 

The more activated dipolarophile in 3e resulted in a 
cleaner intramolecular cycloaddition. Thus 3e (boiling 
xylene, 2 d) gave a 5: 1 mixture (38%) of the major 
isomer (11 or 12), and the minor isomer (6e), which was 
separated by preparative HPLC. Assignment of 
stereochemistry to the major isomer posed some 
problems. Previous studies of the prototropic 
generation of 1Jdipoles from aryl imines of phenyl 
glycine methyl ester (13a) showed that 14a was the 
kinetically generated dipole and that an endo- 
transition state for the cycloaddition is energetically 
preferred.5 

CO,Mc 

l2 

13 14 15 
a. R=Ph 
b R = Me, alkyl 

these cases is attributed to a combination of an However, in the case of 3e, this sequence of events 
unfavourable dipole HOMO-dipolarophile LUMO 
energy gap9*” 

would lead to 11 which has the thermodynamically less 
and steric interactions in the favoured pans-ring junction. Alternatively, if second- 

cycloaddition transition state. Oppolzer and Keller ary orbital interaction were less important, or the 
reported the successful intramolecular cycloaddition of reaction conditions were severe enough to permit 
the N-methyl nitrone corresponding to 3g and assigned 
cis-stereochemistry to the resulting cycloadduct.” 

equilibration, then stereoisomer 12 could be produced. 
It is, of course, well known that kinetically controlled 

Clear evidence that the lack of intramolecular intramolecular cycloadditions, such as the Diels-Alder 
cycloaddition, in the case of 3g and II, was not due to reaction, can be used to produce the thermodynami- 
inhibition of dipole formation was readily obtained by cally unfavourable trans-6/5 ring fusion geometry.” 
heating 3g with N-phenylmaleimide in boiling xylene Moreover, we have previously demonstrated the lack of 
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reversibility of our intr~olecul~ 1,3dipolar cyclo- 
additions in boiling xylene (above). Further PMR 
evidence in favour of 11 was provided by the unusually 
low chemical shift of H, (CDCl,, 6 _ 3.5, obscured by 
CO,Mesignal)compared to thenormal valueof84.5 in 
the c&fused adducts (&8a,b and !%I). inspection of 
Dreiding models of 11 and 12 shows the 2-phenyl 
substituent to be significantly closer to H, in 11 
compared to 12. Thus shielding of H, by the n-cloud of 
the 2-phenyl substituent in 11 would account for the 
unusually low 6 value observed for this proton. NOE 
difference spectroscopy studies on 11 were not very 
informative due to overlap of signals. However, 
irradiation of Hc produced a 22% enhancement in the 
signals for the ortho-protons of the C(2)-phenyl 
substituent confirming their cjs-relationship. The 
stereochemistry of minor isomer 6e arises via an endo- 
transition state. NOE difference spectra (CDCl& of 6e 
support the assigned stereochemistry.7 Thus irradi- 
ation of H, effects enhancements in the signals of H, 
(12x), Hc (5x), Ho (4x), and the ortho-protons of the 
C(2)-phenyl substituent (lx), whilst irradiation of Hc 
effects enhancement of HA (3x), Ha,! (3%) and the 
orthoprotons of the C(Z)-phenyl substttuent (3%). 

(4) Factors aficting dipole stereomutation. The 
formation of mixtures of intramolecular cycloadducts 
epimeric at C(2), such as 6 and 7, &,b, etc., reflects the 
stereomutation of the kinetically formed dipole 14a 
into Ea. This stereomutation is observed when the 
reactivity of the di~larop~le is low. This results in a 
change of the rate determining step from dipole 
formation to the cycloaddition step.“.24 This 
phenomena is easily demonstrated. Thus addition of 

int~ol~ular cycIoad~tion of 3a to N- 
phenylm~ei~de (dipole formation rate determining). 
We have previously demonstrated that both Lewis and 
Bronsted acids catalyse the formation of I$dipoles 
from imines of a-amino acid esters.2s 

The presence of the phenyl substituent in 1411 is 
thought to facilitate thestereomutation in two ways :(a) 
by partial delocalixation of the charge into the phenyl 
ring with concomitant reduction of the C(l)-N(2) 
bond order in 1411 and resultant lowering of the barrier 
to rotation about the C( 1)-N(2) bond, and(b) by steric 
interaction of the R group in 14 with the imine 
hydrogen atom H*, this latter effect being substantially 
greater in Ma than in 14b. Stereomutation of Mb has 
not, thus far, been observed but studies with 13 (R = i- 
Pr and t-Bu) are in hand. The product ratio 60 : 7a and 
&! : 8b suggests the energies of the 14a and Ma are very 
similar, i.e. that the positive effects of H-bonding in 14a 
are negated by the steric repulsion between the imine H 
atom (H*) and the R(=Ph) substituent. 

(5) Intramolecular cycloadditions to terminal alkynes. 
The imines of alkynyl ethers (3b and 4h) reacted, under 
similar conditions to 3a and 4a, in boiling xylene under 
argontogivea4: 1 mixture(75%)ofHmandbanda3: 1 
mixture (90%) of 17a and b, respectively. In both cases a 
small amount (ca 3%) of aromatized rearranged 
product, 18 and 19, respectively, was obtained. In 
addition to these products 3b also afforded 20 (7.5%). 
The increased proportion of products (16a and 17aX 
arising from the kinetically formed dipole 14 suggests 
the lower LUMO energies of alkynes compared to 
alkenes promotes trapping of the dipole and hence 
reduces dipole stereomutation. 

16 17 18 
a R1 = Ph, R2 = CO,Me 
IA R’ = CO,Me, R* = Ph 

19 20 21 

acetic acid has no accelerating effect on the rate of The stereochemical assignments are based on the 
intramolecular cycloaddition (cycloaddition rate chemical shifts of the H,, proton in the PMR spectra 
determining) of 3a but substantially accelerates the using the criterion that a cis-C(2)-phenyl substituent 

shields the H,proton,e.g. [16a,t5(HJ4.90] and [16h,6 
(H~5.2~,and[17a,6(HJ5.24]and[17b,S(H~S.69]. 

t It is believed that this isomer arises from a small amount of Subsequent to our original work Japanese workers 
methyl cis4bromocrotonate present in the methyl trun.94 reported identical cycloadditions but failed to detect 
bromacrontonate used to prepare 3e. the minor isomer 16b.l’ 
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The nature of the reaction products implicates 29 as a 
precursor of 18 and suggests the analogous 
naphthylpyrrolenine 21 is a precursor of 19. Indeed 
when 29 was heated in xylene at 140” it rearranged 
quantitatively to 18 via a thermally allowed 1,5- 
sigmatropic shift of the ester group. The structures of 18 
and 19 were initially assigned on the basis of the 
established order ofmigratory aptitudes in sigmatropic 
processes CHO > H > COzR > Ph >> alkyl14 and 
our own work on sigmatropic rearrangement of 
pyrrolenines which shows that ester groups migrate 
approximately 67 times as fast as phenyl grot~ps.‘~ 
Japanese workers subsequently reported the prepara- 
tion of the alternative (phenyl migration) isomer by 
direct intramolecular cycloaddition’ 3 confirming our 
assignment for 18. Increased yields of 18 were obtained 
when the imine 3b was heated in boiling xylene in 
contact with air and under similar conditions 4b gave 
21(10”/,). As expected, 21 was smoothly converted to 19 
by heating in xylene at 140” for 15 min. 

One example of a substituted salicylaldehyde imine 
3d has been studied. The p-ethoxy derivative was 
chosen because, in simple aryl imines, this substituent 
promotes 1,3dipole formation by enhancing the 
basicity ofthe imine N atom.’ However, all attempts to 
effect intramolecular cyclixation of 3d failed and on 
prolonged heating in boiling xylene decomposition 
occurred. Once again it was possible to demonstrate 
that the 1,3-dipole was being generated and 
intermolecular cycloadducts (22a and b) were obtained 
with N-phenylmaleimide and maleic anhydride, 
respectively. A competitive study of the intermolecular 
cycloaddition of 3a and d with N-phenylmaleimide 
showed that 3d + 22a occurred approximately seven 
times slower than 3n + 22c. The precise reason for the 
rate retardation in the case of 3d remains to be 
ascertained. 

- Me 

22 23 

a. R=EtO,X=NPh 
b. R=EtO,X=O 
c. R=H,X=NPh 

Intramolecular cycloadditions of aryl imines of alanine 
methyl ester 

All the imines discussed so far are imines of phenyl 
glycine methyl ester. The alanine imine (23) has also 
been studied and found to undergo quantitative 
intramolecular cycloaddition in boiling xylene over 24 

hr to give a 19: 2 mixture of stereoisomers. The 
stereochemistry of the major isomer (24) is assigned on 
the basis of NOE difference spectroscopy (C,D,). Thus 
irradiation of H, resulted in enhancement ofthe signals 
of Ha (8x), Hc (3x), Ho (8%) and the C-Me group 
(9x), whilst irradiation of H, effects enhancements in 
the signals for H, (18%) and HE (10%). Irradiation of H, 
caused enhancements of the signals of H, (8%) and HF 
(17%). The minor isomer (25) was not isolated and 
assignment of stereochemistry is tentative and rests on 
the general lack of isomerixation of kinetically formed 
dipoles of type 14h, and the observation of minor 
amounts of adducts arising via exo-transition states in 
intermolecular cycloadditions of such dipoles.24 Trace 
amounts of a possible third isomer (~5%) were 
detected but thus far it has not proved possible to isolate 
this product. 

C. Aliphatic imines of phenylglycine methyl ester 
A second series of imines incorporating the 

dipolarophile into an aliphatic aldehyde precursor 
26a,b and 27 was briefly studied. 

k ph 

26 n 
a. X=CH,,R=Me 
b. X=O,R=H 

Imines 26s and b were not particularly stable at room 
temperature, neither afforded an intramolecular 
cycloadduct on heating in boiling xylene, de- 
composition occurring instead. The instability of 26a 
and b is due to the presence oflabile protons adjacent to 
the imine double bond as shown by the stability of 27 
which was stable to prolonged heating in boiling 
xylene. However intramolecular cycloaddition of 27 to 
give either 28 or 29 failed to occur, presumably due to 
unfavourable orbital overlap in the case of 28 and the 
strained transition state necessary for the formation of 
29. Dipole formation from 27 was readily demonstrated 
by trapping with N-phenylmaleimide (boiling xylene, 
19 hr) to give 3Oa (95%). 

. 

28 29 

a. R’=Me,n=l 
b. R’=H,n=2 
c R’=H.n=3 
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31 32 

a. n=i,R*=H 
C n=2,R’=H 
c n = 2, R’ = --(CHJ2CH=CH2 

33 

D. ~ntr~~ecu~~ cyc~o~di$ion of aryf imines of 
alknyl amino acid esters 

In~or~ration of the dipoiaroph~e into the amino- 
acid moiety proved more sucoessful. The pentenyl 
glycine imine 31a was prepared from the imine of 
glycinemethyl ester by alkylation with 5-bromopent-l- 
ene in THF at -63” using LDA as base. Heating31a in 
boihng xyfene afforded an 87: 13 mixture (81%) of a 
cyctoadduct fo~ulated as 32 (major) and 33 (~nor). 
The assignment of stereochemistry to 32 is based on the 
assumption that cycloaddition involves the kinetically 
preferred dipole and on NOE difference spectra 
(CDCI,). In the NMR spectrum of32 the signals for H, 
and Ho and for H, and H, were superimposed. 
Nevertheless the NOE difference spectra provide clear 
support for 32. Thus irradiation of H, caused 
enhancement of the signals for Ha (4x), H,., (2%) and 
NH (2x), whilst irradiation of Ho effected an 
enhancement of the signals for H,,, (7x), Hr (4%). H,J 
(3x), H, (2%) and NH (- 13%). Irradiation of Ha 
resulted in the enhancement of the signals for H, (4”/,), 
Ha (2%) and H, (!7%) and irradiation of H, produced 
enhan~ments of the signals for H,(3%) and H~,,(2~%). 
The minor isomer 33 is characterized by signals in the 
NMR spectrum (CDCl,, isomer mixture) at 6 4.01 (dd, 
H,) and 3.67 (s, OMe). 

The intr~oi~ul~ cycloaddition of the cysteine 
thioether 34 has also been investigated. Imine 34 
undergoes cycloaddition in boiling xylene over 24 hr to 
give a 92: 8 mixture of 35 and 36 in quantitative yield. 
The major isomer 35 was readily separated and its 
stere~hemist~ assigned on the basis of its NMR 
spectrum and NOE difference spectroscopy (below). 
Assignment of stereochemistry to the minor isomer is 
tentative and rests on the general lack of isomeriaation 
of kinetically formed dipoles of type 14b even when 
trapped with less reactive dipolarophihs and the 
observation of minor amounts of adducts arising via 
exo-transition states in intermolecular ~y~ioadditions 
of such dipoles. ” The NOE diDrence spectra (xylene- 
dto) of 35 were readily interpretable apart from the 
coincidence of the He methylene protons. Thus 
irradiation of H, caused enhancement of the signals for 
Ha (5x), Hu (3X), H, (2%) and the naphthyl proton 
multiplet (9y0), whilst irradiation of Hc resulted in clear 
enhancement of the signal for Ha (7%) only. The 
chemical shift of Ha, Ho and H, are very close and it did 
not prove possible to measure accurate enhancements 
for He and Ho in this case. Irradiation of the signal for 
Ha effected an enhancement of the signals of H, (6%) 
and Ho (24%) whilst irradiation of H, caused 
enhancementofthesignalsofH,(50/,),HH,(260/,)andHB 
(3%). The minor isomer 36 is characterized by signals in 
theNMRsp~trum(~D~l~)ofthemixtureat~4.28(dd, 
HA and 3.81 (s, OMe). 

EXPERIMENTAL 

Generaldetailswereasnoted previously.5 All NMRspectra 
are determined for solns in CDCI, unless otherwise noted. Ait 
the alkenyl and alkyayl ethers of ~Iicyl~dehyde and related 
naphtho~s, apart from two, were prepared by lit 
procedures. 16-23 Details of the two new ethers are given 
below. 

The hexenyl glycine imine 31b was prepared in an General procedure for the synthesis of alkenyl and alkynyl 
analogous manner to 31a, although in this case a 4: 1 ethers of saiicylaldehydes. A soln of the appropriate 2- 

mixture of mono31B and ~-3~c-~kylat~ products 
was obtained which was separated by fractional 
distillation. Surprisingly, 31b failed to undergo 
intramolecular cycloaddition on heating in xylene at 
145” (NMR experiment) over 24 hr and further heating 
caused decomposition. Both 31a and bgave good yields 
of the expected intermolecular cycloadducts 30b and c 
with N-phenylmaleimide. 

34 

36 
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Table 1. Imines prepared by the general procedure 

Yieldt b.p./mmHg Found (requires) 
Compd. (%) or m.p. (“) m/z (%I Formula C H N 

3a 

3b 

k 

3d 

3e 

3f 

3g 

3b 

loo 

91 26@-305”/0.1 

loo 

65 71-72” 

85 not 
distilled 

100 not 
distilled 

88 72-76510. l 1: 

100 65-72”fO.OOl$ 

4a loo 69-71” 

4b 100 91-93” 

26a 

26h 

27 

98 

95 

80 

l34-138”/0.1 

unstable 
oil 

309 (M + t 4), 279 (7). 
251 (19),250(100), 
209 (37), 208 (14), 
181 (1 l), 180 (21). 
160(48), 145 (18), 
144(19), 132 (16), 
307 (M+, I), 249 (19), 
248 (lW), 209(18). 
158 (If), 106 (21). 
77(11) 
323 (M +, 9 278 (lo), 
265 (20), 264 (IOO), 
210(19), 174(11), 
159(14), 131 (16), 
106 (28), 91(19), 
77 (12) 
3.53 (M +, 23), 295 (15), 
294(100), 238 (1 l), 
209 (S), 137 (5X 91 (3), 
77 (3) 
367(M+, 1),309(16), 
308 (?l), 202 (13), 
171 (15), 107(18), 
106(100), 104(15), 
79 (43), 77 (28) 
343 (M+, l), 286 (34). 
285 (19), 284 (100). 
209 (34), 194 (20), 
180 (13), 106 (22), 
90(15),77(14) 
323 (M’, 8), 265 (21). 
264 (lOO), 209 (251, 
208 (14) 174(68), 
159 (28), 158 ( 17), 
106(37),91 (19) 
323 (M +, 2), 278 (22). 269 
(13A2~(41~211(16~ 
210(100), 174(70), 122 
(35). l2l PO), 106 (40)” 
55 (49) 
359 (M+. 53), 301(23), 
300 (94), 260 (16), 259, 
(59), 258 (59), 231 (16) 
230(35), 210(100), 19.5 
(53), 182 (29), 128 (53) 
357(M+,30),318(5), 
299 (30), 298 (lOO), 259 
(26). 258 (25), 230 (13), 
208 (41). 193 (25), 128 
(20). 127 (16), 121 (22), 
106 (41), 77 (22) 
301 (M+, 8), 258 (ll), 
243 (20). 242 (100). 219 
(20), 218 (34), 191 (24), 
160(14), 149(1 l), 132, 
(74), 121 (l8), 106 (90), 
91(20) 
276 (M + 1,4), 234 (36), 
216(29), 160(20), 159 
(17). 158 (93), 149 (27), 
132 (62), 121(66), 106 (47), 
104 &a), 91 (SS), 41 (loo) 
259 (M l , 56). 258 (28), 244 
(59), 201(16), 200 (100). 
186(15),158(41), 149(27), 
131(48), 121(28), 106 (38), 
91 (33) 

73.9 6.2 4.85 
(73.75 6.2 4.55) 

&I+ 307.l211 
(307.120835) 

74.0 6.65 4.25 
(74.3 6.55 4.35) 

71.35 6.45 4.0 
(71.35 6.55 3.95) 

M+ 367.14187 
(367.14196) 

M’ 343.09752 
(343.09752) 

74.3 6.6 4.4 
(74.3 6.55 4.35) 

74.1 6.65 4.45 
(74.3 6.55 4.35) 

77.1 
(76.85 

5.95 
5.9 

4.15 
3.9) 

77.1 
(77.3 

75.4 
(75.7 

74.15 
(74.1 

5.4 3.8 
5.35 3.9) 

9.0 4.6 
9.05 4.65) 

8.3 5.55 
8.15 5.4) 

t Yield of crude product. 
: Kugelrohr distillation. 
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Table 2. PMR (CDCI,) and IR (film) data of imines @a-h), (4a,b) and (X,27) 

Compd. C=N c=o CO&H, H*i Hnt 

3a 

3h 

3c 

3d 

3e 

3f 

30 

3b 

4a 

4b 

263 

26b 

21 

1635, 

1630, 

1635, 

1630, 

1630, 

1635, 

1625, 

1654% 

1645,% 

1660, 

1650, 

1660, 

1745 

1740 

1730 

1745 

1735 

1740 

1750 

1730 

1745% 

1745% 

1750 

1740 

1745 

7.5 (m, 9H, ArH), 6.0 (m, lH, 
CH=CH,), 5.4 (m, ZH, CH=&l,), 
4.6 (m, 2H. OCH,) 
7.58 (m, 9H, ArH), 4.73 (d, 
2H, OCH,, J = 2 Hz), 2.53 (t. 
1H) 
7.5 (m, 9H. ArH), 5.80 (m, lH, 
CH=CHz), 5.05 (m, 2H, CH=CI&), 
3.95 (t,2H, OCH,, J = 6 Hz), 
2.48 (q. 2H, CHz) 
7.21 (m. 8H, ArH), 6.07 (m, 
lH, CH=CHz), 5.35 (m, 2H, CH=C&), 
4.64 (dt, 2H, OCH,, J = 5 Hs 
J = 1.5 Hz), 4.17 (q, 2H, B,Me), 
1.47 (1, 3H, CH,Me) 
7.56 (m, lOH, ArH ; CH=CH- 
COzMe, J = 16 Hz, J = 2 Hz), 
4.77 (dd, 2H, OCH,, J = 4 Hz, 
J = 2 Hz), 3.67 (m, 3H, OMe) 
7.35 (m, 9H, ArH), 5.40 
(m. 2H, C=CH,), 4.55 (s, 
2H, OCHz) 
7.48 (m, 9H, ArH), 5.03 
(m. 2H, C=CHz), 4.43 (s, 2H, 
OCH,), 1.80 (s, 3H, Me) 
7.5 (m, 9H, ArH), 5.80 
(m, 2H, CH=CH), 4.5 (m, 2H, 
OCH,), 1.80 (d, 3H, &&CH) 
9.56 and 7.3 (d, m, 11 H, ArH), 
5.90 (m, lH, CH=CHz), 5.23 (m, 2H, 
CH=CHz), 4.46 (dt, 2H, OCH,) 
9.52 and 7.45 (2 x m, 1 lH, ArH), 
4.67 (d, 2H, OCH,, J = 2.4 Hz), 
2.44 (1. lH, C=CH) 
7.39 (m. 5H, ArH), 5.07 (m. 1H. 
Me,C=CLi), 2.5-1.08 (m, 7H, CH, 
and MeC&, 1.67 and 1.60 (s, 
6H, Me&), 0.95 (dd, 3H, &CH) 
7.3 (m, 5H, ArH), 5.9 (m, lH, 
CH=CH,), 5.25 (m, 2H, CH=CI-i,), 4.0 
(m. 3H, OCH, and CH), 2.55 
(t, 2H, CH,CH=N), 1.2 (d, 3H, Me) 
7.32 (m, SH, ArH), 6.68 (m. lH, 
CH=CHI), 5.0 (m, 2H, CH=C&), 2.18 
(d, 2H, CH,), 1.05 (s, 6H, Me,) 

3.70 5.25 8.83 

3.75 5.27 8.9 

3.65 5.20 8.75 

3.74 5.18 8.22 

3.67 5.3 8.9 

3.65 5.2 8.85 

3.70 5.27 8.88 

3.70 5.2 8.80 

3.67 5.23 9.11 

3.69 5.23 9.08 

3.72 4.97 

4.95 

4.92 

7.77 
(1) 

3.8 7.8 
(1) 

3.65 7.55 

t Singlets unless otherwise noted. 
% KBr disc. 

hydroxy-1-arylaldehyde (1 mol) in dry EtOH was refluxed 
with stirring (6-48 hr) with the appropriate ally1 halide (1.1 
mol) and anhyd KzCO, (1 mol). Work up involved either 
pouring the mixture into cold water followed by ether 
extraction or filtration followed by evaporation of the solvent. 
The resulting crude product was then distilled to afford the 
desired aldehyde. 

2 - [(2 - Chloro - 2 - propenyl)oxy] - benzaldehyde. Obtained 
(49%) as a colourless oil, b.p. 110-l 15”/0.2 mmHg. (Found : C, 
61.4;H,4.55.C,,H,CIO,requiresC,61.1;H,4.6%);m/z(%) 
196(M+, 17). 161(26). 133(10), 122(23), 121(69), 120(100), 105 
(15) and 75 (20); v, (lilm) 2750, 1680, 1595, 1480 and 1450 
cm-‘; b 10.45 (s, lH, CHO), 7.33 (m, 4H, ArH), 5.5 (d, 2H, 
C=CC, J,,, = 8 Hz) and 4.62 (s, 2H, OCH,). 

4 - Ethoxy - 2 - (2 - propenyloxy) - benzafdehyde. Obtained 
(820/,) as a pale yellow liquid, b.p. 123-127”/0.01 mmHg. 

(Found :C,70.1; H,‘I.O.C,,H,~O, requiresc, 69.9; H,6.85%); 
m/z(%)206(M’,80), 165(17), 149(g), 138(11), 137(100), 109 
(31),81(17)and79(7);v,(film) 1695,1600,1515,1440,1270 
and1135cm-‘;69.83(s,lH,CHO),7.2(m,3H,ArH),6.09(m, 
lH,Cu=CHz), 5.38 (m, 2H,CH=CHZ),4.69(m, 2H,OCHz), 
4.18 (q. 2H, CHzMe) and 1.48 (t, 3H, CH,h&). 

General procedure for the preparation of imines. 

Phenylglycine methyl ester hydrochloride (26.25 mmol) was 
treated with a soln of NaOMe (from 26.25 mmol of Na metal) 
in 30 ml of dry MeOH, followed by addition of a soln of the 
appropriate aldehyde (25 mmol). The resulting mixture was 
stirred at 25” for 24 hr, the solvent evaporated in uucuo, the 
residue dissolved in CHzCl, and washed with water and dried 
(NazS03. The dried solvent was then concentrated to afford 
the crude imine. small amounts of which were purified for 
analysis by crystallization or distillation as appropriate. The 
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crude imines were used directly in most cases for the 
intramolecular cycioadditionq as distillation often resulted in 
cycliition and/or d~rn~~tion. Imine 26b was especially 
unstable and no attempts were made to purify this compound. 
For compounds 3) and e, NaHCOs aq was employed instead 
of methanolic NaOMe. The physical data of&band 4a,b are 
summarized in Tables 1 and 2. 

Met~yf N - [2-(2- propenyfoxy)&nzyl~~]~~~(23). A 
mixture of alanine methyl ester hydrochloride (5 g, 36 mmol), 
anhyd MgSO& (5 g) and Et,N (3.6 & 40 mmol) in dry CH,Ci, 
(100 ml) was stirred for 10 min and then a soln of 2-(2- 
pro~nyloxy~~dehyde (5.51 g, 34 mmolj in dry CH,Cl, 
(20 ml) added. The resulting mixture was stirred at ambient 
tempfor 16hr,filtcr~,~d the~tratewa~~~tb water(100 
ml), dried (MgSO,) and evaporated to leave a yellow oil. The 
oil was distilled to &ford 23 (6.21 g, 73%) as a pale yellow oil, 
b.p. ~l~l~“/O.OS mmHg. (Found: C, 68.0; H, 7.2; N, 5.6. 
C,,H,,NOs requires: C, 68.0; H,6.95; N, 5.55%); v_ 1730, 
1628,991 and 925 cm-‘; m/z (%) 247 (MC, 6), 188 (lOO), 160 
(43), 146 (23, 145 (38X 132 (84) and 82 (27); b 8.79 (s, IH, 
CH=N),8.0~.87(~4H,~H),6.~(m,iH,C~=CH~~S.37 
(~2H,CH~~*),4.57(m,2H,OCH~~4.17(q, lH,C&Me,J 
= 6.8 Hz), 3.73 (s, 3H, OMe) and 1.52 (d, 3H, Me). 

S-(24+openyl)+cysteine methyl ester hydrochloride. 
Thionyl chloride (7.14 g, 4.35 ml) was added over 5 min to dry 
MeOH(25ml~~l~ to - lO’~d~e~lnsti~~forafur~er 
5 min when S-(2-propenyl)-t-cysteine (3.22 g)26 was added. 
The amino acid dissolved over cu 5 min and the resulting soln 
was stirred for 2 hr at - 10” and then kept at room temp for a 
further 16 hr. The soln was then poured into ether 600 ml and 
refrigerated for 2 hr. The product (3.25 g, 77%) separated as 
colourless needles, m.p. 117” and was removed by filtration. 
(Found:C,39.25;H,&;NN,6.55.C,H,,N0,SCl &quires:C, 
39.7 : H. 6.6 : N. 6.65% ; v,.. 3300-2500 (br). 1733.1632 and _. .._ 
~~-I;~/~(%) l?.S(M-HCl,4), il6(i7~;.103(~1),88(1~) 
and 74 (43); 6 (D,O) 5.75 (m, 1H. CB=CH,), 5.14 (m, 2H, 
CH=C&), 4.29 (dd, lH, CHCO*Me), 3.79 (s, 3H, OMe) and 
3.02 (m, 4H, 2 x CH,). 

MethylN-Mpkrhyl~eneS-aflylcysteine(34). S-Allyicysteine 
methyl eater hydrochlo~de( 1 g) was converted to the imine in 
an analogous manner to the foregoing experiment. The crude 
imine (I .35 & 91%) was crystallized from 40-60” petroleum 
ether-ether to yield 34(0.82 g, SS”/,) as colourless needles, m.n. 
63”.fFound:C,68.9;H;6.3;N,4.j:C,,W,,NOISrequires:C, 
69.0;H,6.1 ;N,4.4S%);v,, 172S,1627,~3and912~-i;~/~ 
(%)313(M+,38).244(7),241(45),313(38).241(45), 182(100), 
167(56), 166(49), 155(37)and 154(30);68.47(s, lH,CH=N), 
8.10-?.46(m. 7H. ArHt. 5.77fm. 1H. CH=CH,I. S.13fm. 2H. 
CH=C&), h.l9-(dd, iH, C&O&%er3.78 (<jH, cO;Mej 
and 3.06 (m, 4H, 2 x CH& 

Methyl benzylidene pent4enylgfycine (31~). A stirred 
mixtureofdiisopropylamine(6.3g,62mmol) anddry THF(40 
ml) was cooled to - 63” and n-BuLi (40 ml of a 1.6 M soln in 
hexane) added followed by hex~ethylphosphor~de (115 
ml). Methyl benzylidene glycine (11 g, 62 mmol) in dry THF 
was then added followed by dropwise addition of S- 
bromopent-l+ne (9.25 g, 62 mmol) in dry THF (20 ml) to the 
stirred mixture. After the addition was complete tbe mixture 
was stirred for a further 10 ruin at - 63” and then allowed to 
warm to room temp over 4 hr. Work up with ice-cold NH&l 
aq-ethcr, followed by distillation of the dried organic layer 
afforded the product (8.8 g, 58%) as a colourless oil, b.p. 1 lb 
120”/0.05 mmHg. (Found: C, 73.45; H, 7.8; N, 5.7. 
C,,H,,NO,requirn:C,73.45;H,7.9;N,S.S5~);m/z~~)245 
(M+,7),244(21), 190(S), 187(14), 186(100), 132(12), 119(13), 
117 (16). 106 (22), 1W (261, and 91 (23); v_ 1635 and 1730 
nn~‘;S8.27(~,1H,CH=N).7.55(m,SH,ArHI.5.77(m,lH. 
CH=CH2), 5.0 (m, 2H, CH%H,), 4.0 (dd, lI& CH),‘3.?3 (i 
3H, OMeI and 2.31-1.13 fm. 6H. (CH,),b 

Metkyi benzylidene hex-i-enyigfyc&y (31b) and metkyl 
benzyfidene bisfkex-S-enyl)glycine (314. Methyl bmzylidene 
glycine(l 18)w~~kylat~~th~bromobex-l~e(lO.11 g)in 
an analogous manner to the previous experiment. Work up in 
the usual way gave a red-brown oil (12.86 g) whose PMR 

spectrum showed it to comprise a 4: 1 mixture of 3Ob and c. 
Fractional distillation aKorded pure samples of 3ob (4.05 g, 
25x), b.p. 1 1&12S”/0.001 mmHg, and 3Uc (0.5 g, 2.30/,), b.p. 
130-l 36’/0.~1 mmHg, together with a middle fraction (4.5 g) 
which was an approx~atcly 1: 1 mixture of 3Ob and 3&z. 3Ob 
(Found:C,73.9;H,8.2;N,5.l.C,,Hz,N02requires:C,74.1; 
H,8.15;N,5.49/;m/z(0/,)259(M+,5),218(26),200(100), 106 
(30), 105(45X91 (49)and41(2S);v,(film) 1730,1634,91Oand 
990 cm-‘; 6 8.01 (s, lH, CH==N). 7.73 and 7.08 (2 x m, SH, 
ArH), 5.7 (m, lH, &=CH,), 4.96 (m, 2H, CH=&), 3.84 
Idd. lH.CHk 3.36(~.3H.OMek217and 1.28 r2 xm.2 x4H. 
iCti,),j. ti@OUdd: C,‘77.2&9.35; N.4.33. C,,ti,,NO; 
requires: C,77.35; H,P.lS; N,4.1%); m/z(%)341 (M+, 3), 283 
(251,282 (lO@), 200 (27), 91 (34) and 41 (35); Y, (film) 1723, 
1633,910and99Ocm-‘;d8.47(s,1H,CH=N),7.8and7.15(2 
x m, 5H, ArH), 5.74 (m. 2H, ix CH=CH,); 4.99 (m, 4H,-2 
x CH=CH,). 3.41 fs. 3H.OMeI. 2.03 and 1.38 f2 x m. 2 x 8H. 
2 x (CH,)&l- 

intramolecular cycloadditions 
2 - Mer~xycarbonyl - 2 - phenyl - 4H - &3,3a,9b - 

rezrakydrop~o[~3 - d]be~o~]p~a~ (cyc~o~d~ts 6a and 
74. A soln of 3a (7.2 g, 23 mmol) in xylene (40 ml) was boiled 
under reflux under argon for 1 d. Removal of the solvent in 
vacua gave a yellow viscous oil (7.2 g) whose NMR indicated 
the absence of imine and quantitative formation of 60 and 71 
(ratiocu3: 2~.~ecrudeoil wasdissolvedin MeOH andstored 
at 0” for 3 d. During this time c~st~l~tion occurred yielding 
large colourless prisms. These were filtered and recrystallized 
from MeOH to give pure 60 (1 .O g, 140/, m.p. 95-97”. (Found : 
C, 73.75; H, 6.2; N, 4.55. C,,H,,NO, requires: C, 73.65; H, 
6.25 ; N, 4.65%) ; Y,_ 3340,1734 1600,1580,1485 and 1445 
cm-‘; m/z (%) 309 (M *, 100). 307 (4), 294 (3), 156 (3). 145 (4), 
144(4),132(3),131(9~125(9),115(4),107(10),104(7),103(3), 
91(S) and 77(9~;~(CDCl~~~O~7.72~.82(~9H,ArH~~4.18 
(d, lH, Hs, J,, = 6.25 Hz), 4.07(dd, lH, H, Jep = 11 Hz, J,s 
= 4 Hz), 3.72(dd, lH,H,, J,, = 9Hz),3.53(~,3H,OMe),2.62 
~m,2H,H~Ho~~d2.~6(m,l~H~.~a~(CDCl~~~O~4.ll(d, 
1H,Ha,JAB=6.6Hz),3.73(s,3H,OMe),3.22(dd,IH,H,,,JCo 
= 13.6 Hz, J,, = 8.5 Hz), 2.48 (m, IH, Hh) and 1.69 (dd, 1H, 
Hc, J, = 5 Hz). 

2 - Met~xyc~bonyI - 2 - phenyl - 4H - 2,3,3a,l Ic - 
tetrahydropyrro[2,3 - d]napktko[2,1 - b]pyran (cycloadducts 
8a and8b). A soln of4a was boiled under reflux under argon for 
1 d. Removaloftbcsolvent inoucuogavcadark red-orangeoil 
(8.8 g) which essentially contained only & and b (ratio ca 
53: 47).Tbe crudeoil wasdissolved in MeOH and stored at 0” 
for several days. During this time crystallization occurred 
yieldinganoff-w~tesolid(6.3 gjwhich wasamixtureofSa and 
b. Fractional ~yst~l~tion from MeOH afforded &I as 
colourless prisms m.p. 107-108” and 8b as colourless needles 
m.p. 142-143”. 

Cycfo&&ct &I. (Found: C, 76.8; H, 6.0; N, 4.0. &,H,,NOs 
r~uir~:C,76.8S;H,S.9;N,3.9~);~_3~~1720,1625,1~ 
and12~~~1;m/z~~)359(M*,l),301(23~3~(l~),181(7), 
157(13}and 150(10);68.43-7.0(m, llH,ArH),458(d, lH,Ha, 
J,, = 5.75Hz),4.lS(dd, lH,H,,JEi: = ll.SHz,J,, = 4.4Hz), 
3.79(dd,lH,H~,J*~ = 9.SHz),3.~(~,3H,OMe),3.28(b~,lH, 
NH,exchanges with D,O), 2.70(m, 2H, Hn HD), 2.61 (m, lH, 
HA). 

Cycloadduct 8b. (Found: C, 76.75; H, 6.0; N, 3.8. 
Cz3HZIN03 requires: C, 76.85; H, 5.9; N, 3.sp/o); v,, 3340, 
1720,1625,1~and12~~~‘.m/z(%)359(M+,1),~1(23~ 
300(100), 181 (7), 157(14)and 16(10);68.i3-7.&(m, r‘lti; 
ArHL4.51(d,lH.HI.J.. = 5.75Hz).4.13(mlH.H,Z3.88fs. 
3H, bMe),‘3.83 (m. iH,&), 3.37 (dd; lH, &, J& =?3.9 I& 
J,o= 8.5Hz),2.6l(m,lH,H~andl.79(dd,iH,H~,J~~= 3.2 
HZ). 

2 - Metkoxy~#~~yl - 2 - pkenyl - 4H,5H - 2,3,3a,lOb - 
tetrokydropyrro[2,3 -d]benzo~]oxepan(cyclwdducu9P and 
9b). Asoln of3e(3.5& 10.8 mmof)in xylene(4Oml) was refluxed 
under argon for 3 d. Removal of the solvent in vacua gave a 
~~~o~~o~(3.S~who~NMRin~~t~thep~n~of 
the desired 165 and 166 (ratio co SO:sO), together with 
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uncharactcrized polymeric material and unreacted starting 
material (1004). The crude oil was triturated with MeOH and 
the resulting colourless solid (0.75 g ; 200/ crystallized from 
MeOH affording !#a as colourless needles tnp. 167-169”. 
Analysis (CD&) of the crude remaining oil indicated the 
presence of the other stereoisomer 9&t (OMesignal at 6 3.73, cf. 
6 3.69 for cycloadduct 9a), but this isomer was not isolated 
ptlre. 

Cycloudduct %.k(Found: C, 73.9; H, 6.9; N, 4.3. C,,Hz,NO, 
requires: C, 74.3; H, 6.55; N,4.35%); v_ 33741710, 1595, 
1485,1~,1420,1235and1220nn~‘:m/z(o/,l3241M+l.lE. 
265(22),26)(100),235(9),156(5),145(8),131(12),1~8(14),i1~ 
(20),104(39),91(27)and77(24);6(C6D,)7.S3(m,1H,HJ,7.32 
(m, 2H, C(2)Ph, ortho-H), 6.93-6.71 (m, 6H, ArH), 3.98 (d, 
lH,H,JAa = 9H&3.79(m, lH,H&294(m, lH,Ho),2.9S(s, 
3H,OMe~2.83(m,lH,Ho~l.42(m,2H,Hs~dH~orH~and 
1.12 (m, 2H, Hs and H, or Ha). 

2 - Metkoxycatbonyl - 2 - phenyl - 3a - eltloro - 4H - 2,3,9b - 
trj~y&o~~o[~3 - d]benzop]pyran (cycfoudd~~ts 66 nnd 7b). 
A soln of 3f (6.4 g, 18.6 mmol) in xylene (40 ml) was refluxed 
under argon for 2 d. Removal of the solvent in uucuo gave a 
viscous orange oil. NMR analysis of the crude oil indicated it 
comprised an approximately I : 1 mixture of 6b and 7b. 
Trituration of the crude oil with McOH resulted in almost 
complete sohdifrcation of the oil. The off-white solid was 
filtered and ~~t~l~frorn MeOH to aRord6h(2.3 g, 36”/,)as 
long colourle& needles, m.p. 145-147”. (Found:. C, -66.35TH, 
S.3;N,3.9;Ct,10.3S.C,,H,,ClNOsrequires:C,66.4;H,S.3; 
N,~.OS;~,IO.~%);V_ 33~,171S,1580,l~S,~425,130Sand 
l260cm-1;m/z(Of3344(M+,0.S),286(33f,28S(l9~,284(100X 
248(12)- IO4/lO~and77110):67.73-6.91 (m.9H.ArHL4.27Is. 
lH, ~b,,4.17‘(d;lH,H,,‘J,,~= 11.8 Hz, J.,= 1:l H&3.97(d; - -. 
lH,H~,3.S5(s,3H,OMe),3.29(d,lH,H~~~= 14.7Hz),3.00 
(d. 1H. Hn), 1.60 (br s. 1H. NH, exchanaes with D,Ok 

23 ; Di(&ho.&&bor?yl) - .2 - phe:yi - 4H - 5,3a,9b - 
trihydropyrro[2,3 -d)benzo~]pyran(cycloadducts 11 and 6e). 
A soln of methyl N-r2~3~rbomethoxy-2-pro~yl)oxy]- 
benzylidene phenylglycine (11.35 g, 31 mmol) in xylene(40 ml) 
was refluxed under argon for 2 d. Removal of the solvent in 
txzcuo gave a dark oil together with some solid material. The 
crude oil was dissolved in MeOH and stored at 0” for several 
days. This resulted in the precipitation of a pate brown 
amorphous powder (4.3 g, 38%). A small quantity (SO0 mg) of 
this crude material was subjected to preparative HPLC 

146-l-47’, and 6e (46 mg),-&lot&as rods from Et0H;m.p. 
167-169”. 

Cycloadduct Il.(Found: C, 68.9; H, 5.9; N, 3.7. Cz,Hz,NO, 
r~uir~:C,68.8S;H,S.7S;N,3.8%);v_32~,17~,16lOand 
1580 cm-r ; m/z (%) 367 (M’, 8), 366 (16), 309 (78), 308 (lOOk 
3~(lS),276(21~249(19),2~8(36),203(17), 131(23),104(19) 
and 77 (25); 6 (13C) 49.5 (d), 52.5 (q), 53.3 (q). 58.8 (d), 60.6 (d), 
68.9(t)and77.8(~);6(~H;d~-pyridine~,O)8.26-6.96(m,9H, 
ArH), 4.65 (dd, lH, He, Joe = 10.3 Hz, Jsa = 4.0 Hz), 4.20(dd, 
lH, Ho, J,, = 1 LO Hz), 3.90(s, 3H,C(3fCOzMe), 3.83&i, lH, 
H,,J,, = 11.4 Hz), 3.64(s, 3H,C(2) COzMe), 3.53 (d, lH, H, 
Jsc = 1 I.4 Hz), 2.78 (m, lH, Ha). 

Cycioadduct 6~. (Found: C, 68.6; H, 5.9; N, 3.7. 
CzlHZ,NO, requites: C, 68.65; H, 5.75; N, 3.8%); v, 3360, 
1720,161Oand 1S85cm~‘;m/z(~)309(21),M8(100),248(8), 
131(9),115(7),104f9),77(12)and59(11);67.M6.86(m,9H, 
ArH),4.80(d, lH, H., J*,, = 7.2 Hz).4.34(d, lH, H, J,= I= 7.2 
Hz), 4.11 (m, 2H, Ha, H& 3.30 (s, 3H, C(2) CO&e), 3.26 (m, 
lH, Hhf, 3.16 (s, 3H, C(3) COzMe). 

Intramolecular cycloaddition of methyl N - [2 - (2 - 
~ro~vavfoxv~benzvl~e~l D~nvlffivci~(3b). A soln of 3h(8. I S 
~2~:S~~ljinx~e~e(~~~)~~r~flux~~~derargonfo~ 1 d. 
Removal of the solvent in uacu~ gave an orange oil (sg) which 
solid&don keepingandcompriseda4: I ~xtureofl~~db 
(NMR). Crystalhzaiion from MeOH afforded Ma (3.9 &48x) 
as pale yellow prisms m.p. 93-94”. TLC of a portion of the 
gummy residue from the mother liquors (320 mg) (silica gel, 
ether/40-6@ light petroleum) atTorded HiIt (R, 0.32; 74 mg) 

slightly ~nt~inat~ with the oxidized form 20 plus very 
smallquantitiesof18(R,0.24;20mg)and2O(R,O.lb;24mg~ 

Cvcloudducr 16a. (Found: C. 74.5: H. 5.8: N. 4.55. 
C,$i1,N03 requires:C, 74.25; H, 5.6; N, 4%0/,); vi 3300 
and 1730~-1;m/z(~)307(M+,0.S~~9(3i),2~(l~)~247 
~6~,2~~l2)~d.~lS(S);~7.6~.7S(m,9H,~H~6.28(~lH, 
Ha), 4.947 (m, 3H, H,, H, Ho), 3.65 (s, 3H, OMe) and 3.24 
(br s, lH, NH, exchanges with DzO). 

Cycloadduct 16h.6 7.69-6.78@, 9H,ArH),6.07@, lH,Hs), 
S.27~br~lH,H~,4.88(br~2H,H~,Ho),3.78(~3H~OMe)and 
3.24 (br s, lH, NH, exchanges with DzO). 

Oxidized cycloadduct 29. m.p. SS_9O”(Found: C, 74.25; H, 
4.7,N,4.65.C,pH,,NO3requins:C,74.75;H,4.9;N,4.6%j; 
v,, I740,1655and 1620cm-‘;m/z~~~305IM+,82~~~22), 
291(21),2~(1~),272(29),2~(19A24S~l2)and 137(23);6 
8.29-&93(m, 10H,ArHandHn),5.13(t,2H,0CH,)and3.74(q 
3H, OMe). 

Rearranged cycZo~d~t 18. m.p. 21s212”, colourless 
prisms from methanol. (Found: C, 74.85; H, 5.2; N, 4.7. 
C,,H,,NOs requires: C, 74.75; H, 4.9; N, 4.6%); v_ 3320, 
1675,1610, I450 and 1270 cm-‘; m/z (%) 305 (M+. 90), 304 
(~),29i(20),2~~1~),272~24A2~{6)~d24S(9~;~7.~.77 
(m, 9H, ArH), 5.57 (s, 2H, OCHz), 3.72 (s, 3H, OMe) and 1.64 
(br s, 1 H, NH, exchanges witb DzO). 

When the int~ol~l~ cy~loaddition was carried out in 
oiling xylene over 3 d in the presence of air an increased yield 
of 18 (29.5%) was obtained. 

Thermal rearrangement of 2 - ~t~xycu~bo~yi - 2 - phenyl- 
2H - pyrro[2,3 - d] benzo[b]pyraa (XI). 20 (30 rag) was 
dissolved in xylened ,e (0.5 ml) and the sohz sealed in an NMR 
tubeand heatedinanoil bath{ 1504for3 hr.NMRmonitoring 
demonstrated clean and quantitative r~~~g~~t to 18 had 
occurred. 

Intramolecular cycloaddition of methyl N - [2 - (2 - 
propynyloxy)~p~hylide~]p~~y~gl~i~ (4b). A soln of 4h 
(9.2 g, 25.8 mmol) in xylene (40 ml) was reffuxed under argon 
for 1 d. Removal of the soivent in ~XKXIO gave a viscous red- 
brown oil. Trituration of this oil with MeOH gave a pale 
brown solid (8.6 g, 93%) whose NMR indicated that it 
comprised a 3: 1 mixture of 17a and b together with a very 
small amount of 19. TLC [silica gel, ether (40”/,)/4&60° light 
petroleum (6f&$] of a portion of the crude material (300 mg) 
afforded i7a (R, 0.42; 218 mg, 72% recovery) as pale yellow 
platelets (M&H) m.p. 6568” ; cycloadduct 17b (R, 0.34; 50 
mg, 16% recovery) as pale yellow piatelets (MeOH) m.p. 53- 
56” ; and oxidimd adduct 21 (R, 0.30 ; 30 mg, 10% recovery) as 
pale yellow prisms (MeOH) m.p. 169-171”. 

Cycloadducr 17a. (Found: C, 76.95; H, S.4; N, 3.9. 
CzsH,sNOs requires: C, 77.3; H, 5.35; N, 3.9oA); v,, 3300 
and 1735~m-~;m/z(%)3S7(M’,2),3S5(4),299(24),298(100), 
296(10)and l49(8);68.61-7.0{m,11H.ArH),6.5(m,lH,Ha), 
524(d, lH,H~,J=2.4Hz)~4.9S~d4.61(2xd,2xlH,H~, 
H, Jco = 12 Hz), 3.64 (s, 3H, OMe) and 3.27 (bt s, IH, NH, 
exchanges with DzO). 

Cycloadduct 17b. (Found: C, 77.0; H, 5.2; N, 3.73. 
C,,H,aNO, requires: C, 77.3; H, 5.35; N, 3.9Q; v, 3400 
a~dl7~~~‘;m/z(~)3S7(M+,S~3SS(4),2~(24~298(1~~ 
296(15),280(6),210(5),149(34),105(10),97(12).85(12~83(12). 
81(7) and 77 (8); S 8.24--7.0(m, llH, ArH), 6.28 (m, IH, Hs), 
5.69 (d, lH, H,, J = 2.4 Hz), 4.95 and 4.66 (2 x d, 2 x lH, H, 
Ho, Jn, = 12 Hz), 3.82 (s, 3H, OMe) and 2.15 (br s, tH, NH, 
exchanaes with D,Ok 

2 - kezhoxy&b&yf - 2 - phenyl - 2H - pyrro[2,3 - 
dlnaoht~owa~ (211. [Found: C. 77.5: H. 4.8; N. 3.8. 
&H,,Nc, requires: c, 77.75; H,b.S;N; 3.95%); i-1725, 
1640,1610,1590,1240and 12~~-‘;m/z(%~35S(M+, 100)! 
~(27),322(13),297(21),296(88)~d 162(17);S9.82(d, 1H 
ArH), 7.9-7.1 (m, 1 lH, ArH and Ha), 5.26 and 5.14 (2 x dd, 2 
x lH,Hc,H,;Jcn= IS.1 Hz, J, J,, = 1.84 H&and 3.75(s 
3H, OMe). 

2 - Phenyl - 3 - methoxycarbonylpywo[2,3 - d]nuphthopyrar 
(l9).Com~undZl~3Omg~wasdi~olv~inxylen~~~(O.5~ 
sealed in an NMR tube and heated in an oil bath (1 !W) for 1: 
min. On cooling tbe product (25 mg, 83%) crystallized as pak 
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yellow needles, m.p. 235-237”. v_ 3230, 1680, 1450, 1370, 
1285 and I125 cm-‘; m/z (“/,f M* 355X208 fCZ3HL.,N03 
requires 355.12084); 6 8.3-7.0 (m, llH, ArHf, 5.58 (s, 2H, 
WH,) and 3.78 (s, 3H, OMe). 

2 - ~et~xyc~~~l - 2 - methyl - 4H - 2,3,3a,9b - 
refr&y&opyrr&2,3 - d]benzo@]pyraff (24). A soln of methyl 
N-[2~2-~ro~yloxy~~lid~e] alanine (2 g, 8.1 mmol) in 
xylene(3Oml) wasboiledunderrefluxfor 24hr.Thexylene was 
then removed under reduced pressure to leave a thick yellow 
oil (2 g), which rapidly solid&d. The NMR spectrum (CDCls) 
of the crude product shows it to comprise a 19 : 2 : 1 mixture of 
isomers. The solid was triturated with 40-W petroleum ether 
and filtered to yield an off-white solid (1.38 g, 691,). 
C~sta~l~tion of the crude product from 40-W’ petroleum 
ether-ether yielded the pure major 24 (0.48 g, 24%) as 
colourless prisms, m.p. 86-87”. (Found: C, 68.0: H, 6.95: N, 
5.55. C14H;7N03 re&irea: C, 68.0; H, 6.95; N, 5.65%); v_ 
3290and1720cm-‘;m/z(~)247(M+,2),188(100),131(6),107 
(7)and94(8):6(C,D,)7.81-7.2t(m,4H,ArH),4.4(61H,H, 
JAB = 6 Hz), 4.11 (dd, IH, HE)* 3.93 (t, lH, H,), 3.61 (s, 3H, 
OMel3.02 (br s. NH. exchanges with D,Ok 2.51 (m. 1H. H,L 
2.22 (dd, IH, Hi), 2.&(dd, l& Ho) and*l.liI (s, 3,; Me). -’ 

methyl - 3 - phenyl - 2 - ~~icycZo[3.3.O~~fa~ - 1 - 
carhoxylate(32). A soln of3th (8.8 g, 36mmol)in xylene(~ml) 
was boiled under reflux under an argon atmosphere for 48 hr. 
Removal of the solvent and distillat~n of the residue afforded 
an 87: I3 mixture of 32 and 33 (glc, 2.5”/, SGR, 180”: 7.1 a, 
810/,), b.p. 120-123”/0.05 mmHg& a clear colourlesshquid. 
(Found:C,73.15; H,7.85; N,5.85.C,,HI,N0, requires: C, 
73.45; H, 7.8 ; N, 5.7%) ; Y_ 334oand 172Scm-‘;m/z(%)245 
(M+,3),187(i4~186(100~,184(6),119(8)andYI(8);6(major 
isomer) 7.4-7.16 (m. SW. ArHL 4.23 (dd. 1H. H.I. 3.67 b 3H. 
OMe),~.84(brq, ~~,H~),Z~~br~ ~H,‘NHj,2.~~(m, lH;H,)[ 
2.02(m, lH,Hr), 1.91(m, lH,H,), 1.82(m,2H,H*Ho), 1.72(m, 
2H, Hu, Ht) and 1.47 (m, lH, H,). 

~ethyl3-(2-~p~h~-2-~o-7-~~icyc~[3.3.~]~t~- 
1 - carboxylate (39 A soln of 34 (0.65 g, 2.08 mmol) in xylene 
(10 ml) was boiled under refhrx under argon for 24 hr. Removal 
of the solvent left a thick oil (0.65 g) whose NMR spectrum 
showed it to comprise a 92:8 mixture of two isomeric 
cycloadducts. Trituration with 40-60” petroleum ether-ether 
foIlowed keeping it at 0” for 16 hr affording pure 35 (0.41 g, 
63%) as colourless solid. An ~alyti~ sample was crystallized 
from MeGH-ethcr to afford colourless prisms, m.p. 51”. 
(Found: C, 68.75; H, 6.3; N, 4.4. C1sHr9N02S requires: C, 
69.0;H,6.1;N,4.4~~~;v_3325andl?21~~1;m/z~~)313 
(M’, 17),254(20), 169(100)and 154(12);6(xylene-d,,)8.ie 
7.71 (m,7H,ArH~4.93(dd, lH,H~,3.87(~,3H,OMe~,3.7S(d, 
lH,Hr), 3.53(m, lH,H&3.33(dd, 1H,Hs),3.11(d, lH,H,), 
2.8l(dd, lH,Hn~,Z65(brs,NH,exchan8es~thD~O~and2.33 
(m, 2H, 2 x Hs). 

Gene& procedure. A soln of equimolar amounts of the 
appropriate imine and N-phenylmale~de in xylene was 
boiled under relux under argon for l-20 hr. The xylene was 
then removed and the~de~ycloadduct crystallized from the 
appropriate solvent. 

_ Meihyic - 4 - [2 - (2 - methylprop - 2 _ eny&xypheztyfJ - 2.7 - 
diphenyl - 6,8 - dioxo - 3,7 - d~~~jcyc~o[3.3.OJoc#o~ - r - 2 - 
corboxylate (IO). Obtained (90”/ as colourless prisms from 
MeGH, m.p. 19U-191”. (Found: C, 72.6: H, 5.7; N, 5.5. 
C,,HxsN,O, requires:C, 72.55; H,5.7;N,5.65%);~,3340, 
1780, f725and 1710~-‘;~/~~~)4~(M+,2~438(16),437 
(49),324(23),323(100~269(15),268(62),209(12),208(25)and 
Pi (14~;s(C~,~,O)7.726.78(m, 14H,ArH~4.95(d~2H~ 
C==CH,), 4.63 (d, lH), 4.44 fs, 2H, GCHr), 4.22 (d, 1H), 3.69 
(dd, lH), 3.78 (s, 3H, OMe) and 1.72 (s, 3H, MC). 

Methylc-4-(2-(prop-2-enyloxy)-4-erhoxyp~~y~~~7- 
dipbenyl - 6,8 - dioxo - 3,7 - diuzabicyclo[3.3.0]octMe - r - 2 - 
corboxyfate (2&t). Obtained (95%) as colourless needles from 
MeGH, m.p. 17&-180”. (Found: C, 70.65; H, 5.85; N, 5.05. 
Cs,H,,N&, requires: C. 70.7; H, 5.75; N, 5.3%); v, 3340, 
1780,17~and f7IOcm-‘;m/z(%)526fM+,6),467(13),354 

(241, 353 (HIO), 313 (lo), 312 (17X 293 (23) and 252 (f7); d 
(CDCls/JL$O) 7.67-6.67 (m, 13H, ArH), 6.05 (m, lH, 
C&=CH&5.33(m, 2H,CH=C&),4..57(d, 2H,~H~),4.30 
(d, lHX4.21 (d, lH~3.95(~2H,~~Me~ 3.78@,3H,OMe), 
3.45 (dd, lH), and 1.35 (t, 3H, CH,Me). -- 

b&thy1 c --4 - [2 - (prop - 2 - enybxy) - 4 - ethoxy$eny~ - 2 - 
~~nvl~6~8-d~xo-3-~a-7-o~~c~lof3.3.Olocta~-r-2- 
&b&y&e (22h). Obtained (91%) asa cd&r& amorphous 
solid from xy1ene.m.p. 152-155”. (Found: C.66.15; H, 5.6;N, 
3.O.C~sH~sNO~~uir~:C,66.5;H,S.6;N,3.1%);~_3~, 
~8~,1785and1745~~i;m/z(~)4Si(~+,12),392(10~3~ 
(23),353(100),320(16),313(14),312(23),306(24),294(10),293 
(33). 253 (14) and 252 (17); 6 (CDCl;JD,O) 7.45 (s, 5H, ArH), 
6.85 (m, 3H, ArH), 6.06 (m, lH, C&=CH,), 5.31 (m, 2H, 
CH=~*A4.57(dt,2H,~H~~4.33~d, lH~,4.24(d,lH~,4.% 
(q,2H,O~~Me),3.79(~3H,OMe~ 3.52(dd, 1H)and 1.41 (t, 
3H, OCH&). 

Methylc - 4 - [2 - (prop - 2 - enyloxy)phenyl’J - 2,7 - dipkenyl- 
6.8 - dioxo - 3,7 - diozabicycfo[3.3.O]octane - r - 2 - c~boxy~te 
(22~). The product (93%) crystaRixed from MeGH as 
colourlessneedles,m.p. 1961W”.(Found:C,71.9;H,5.65;N, 
5.65. C,,H2sN,0, requires: C, 72.2; H, 5.45; N, 5.8%); v_ 
3310,1780,1730and 1710cm-1;m/z(%)482(M+, 1),424(12), 
423(27),310(12),309(49),268(21),208(12),116(75),114(18) 
and 98(100);6(CDCI,/D,O)7.666.8(m, 14H,ArH), 5.96(m, 
lH,C~~H~~,~.22(~,2~,CH~~~)~4.56(m,3H,CHand 
GCH,). 4.22 (d. lH1.3.78 Is. 3H. OMel and 3.68 (dd. 1Hb 

C.. 

Merhylc-4-(52:dimet~~~b~;-3-enyl)-27-diphe;ryl-6,8- 
d~oxo-3,7-diazabjcycio[3.3.OJoc~~-r - 2-carboxytofe(3Oa). 
The product (95%) crystallized from MeOH as colourless 
needles, m.p. t53-155”. (Found: C, 72.15; H, 6.35; N, 6.6. 
C2,HssN,0.+ requires: C, 72.2; H, 6.55; N, 6.5%); Y_ 3300, 
3320,1770and1710~~‘;m/z(~)432(M+,2),374(18),373 
(71),3M(21),349(1~),290(13),289(61),218(14),170(43),158 
(141, ~43(18)~d i42(28);~(C~C1~~0~7,77-7.18{m, iOH, 
ArHf,579(m, lH,C~=CH~,S.OS(m,2H,CH~C~~),4.16 
fd, ~H~3.7~~,3H,OMe),3.33(dd, lH),2.95(d, lH~,2.36(d,2H, 
CH,)and 1.15 and 1.1 (2xs,2x3H,2 x Me). 

Methyl c - 4 - (pent - 4 - enyl) - 2,7 - dipbenyl - 6,8 - dioxo - 3,7 - 
diozabicyctoiC3.3.0]oclane - r - 2 - curboxyiulte (3@b)_ The 
product (790/,) crystallized from MeGH-EtOAc as colourless 
prisms, m.p. 149”. (Found: C, 71.5; H, 6.35; N, 6.6 
C~sH~~N~O~r~ui~:C,71.75;H,6.25;N,6.7%);v-33~, 
1739and 1705cm~‘;m/z(%)418(M+,26),3M(25),3590, 
349 (31) and 186 (51); 6 7.47-7.28 (m, SH, ArH), 7.05 (m, 2H, 
ArH), 5.77 (m, 1 H, C&=CH,), 5.04 (m, 2H, CH==C&), 4.74 
(d, lH),3.88(~,3H,OMe),3.~(dd, lH~,3.~td, lH),2.7(brs, 
NH, exchanges with D20), and 2.16-1.26 rm, 6H, (CH,),l. 

Methyl c-b- (hex - 5 Ienyl) - 2,7 - diphenyi- 6,8 - dioxo- jl7 - 
diatabicvclor3.3.0loctane - r - 2 - c~~xvl~e (3Ocl. The 
pr~u~t~88~~cry~t~l~ from MeOH-Et6Ac as’colourless 
prisms, m.p. 177-178”. (Found: C, 72.3; H, 6.6; N, 6.35. 
CZ6H2sN204 requires: C, 72.2; H, 6.55; N, 6.5%); v_ 3338, 
1745and 17lOcm-‘;m/z(%)432(M+,27),374(31),373(100), 
349 (42) and 200 (53); 6 7.47-7.27 (m, 8H, ArH), 7.05 (m, 2H, 
ArH), 5.78 (m, lH, CH=CH,), 4.99 (m, 2H, CH==K&), 4.73 
(brd, lH~,3.87(~3H,OMe),3.~(d~ lH),3.44(d, fH),2.75@ 
s, NH, exchanges in DsO) and 2.17-1.17 fm, 8H, (CH,),]. 
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