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AAww~ The Diils-Alder reactions of N-benzylidenedehydnxlmk methyl ester la with but-j-en- 
2-oneandwithother~hDn&~~~havebeenfoundtogivcnewdihydro-and~~ 
pyridines. The cycloaddition reactions are. ngioselective but not sbzosekctive. Cycloatldition 
reactions between la and enmines have also been obmvcd. The [4 + 21 cycloadditian reactioos of 
other N-arylidenedehydmalank methyl esters are also Eported. Two new types of azadiene were 
prepared, namely N-(benzoylmethylene)dehy~~~ methyl ester le and N-(ethoxycarbonyl- 
methylene)dehydmalanii methyl ester lf. Their mctians with N-cyclohexen-1-ylpymlidine and with 
N-cyclopenten-1-ylpym~lidine have led to the isolation of the dihyQopyridinc and pyridim esters. 

Itur&ctifl The Diels-Alder reaction of acyclic 2-azadknes is a useful method for the preparation of 
pytidines, dihydropyridines and tetrahydropyridines. In the last decade some new methods of generating 2- 
azadienes have been found which have increased the scope of this appmach.1~3 The gmat majority of 2- 
azadienes studied are substituted with strongly electron donating groups and they participate in normal electron 
demand Diels-Alder reactions. In 1986 Wulff and BGnke reported the first example of [4 + 21 cycloaddition of 
N-arylidenedehydroamino esters. 4 These azadienes were generated by dehydration of Schiff bases of serine 
methyl ester with NJ+/‘-carbonyldiimidazole and triethylamine and were found to dimerise by way of a [4 + 21 
cycloaddition process giving tetrahydropyridines. 5 With the exception of these dimerisations no Diels-Alder 
reactions were reporuzL N-Arylidenedehydmalamne methyl esters had aheady been prepared in 1979 by &ler 
and Schmidt, by the reaction of thiazolidine esters with silver carbonate and DBU.6 We have found that these 
intermediates can participate as 2-axadienes in Diels-Alder reactions with a range of dienophiles.7 In thii paper 
we describe the generation of the 2-azadienes la-lh from the corresponding thiazolidine~ 2. We have 
attempted to carry out cycloaddition reactions with all these axadienes aud adducts have been isolated from all 
except lg and lh: experimental details are given for the cycloadditions. The alternative method of generation of 
the axadiene la from the Schiff base of serine methyl ester has also been investigated. 

CycknzdaSition Reactions of Azadiene la. Initial experiments were carried out with N- 
benzylidenedehydroalanine methyl ester la, which was generated by both of the methods described in the 
litemture. The azadiene was expected to be electron deficient and therefore more likely to react with an electron 
rich dienophile; however, it could not be intercepted with ethyl vinyl ether even when this was used in large 
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excess. Attempts were then made to intempt the azadiene with an electron dekient dienophile, but-3en-2- 
one, since the known dimerisation of la involved cycloaddition to an electron deficient double bond 

CO$Ae 

l-f 
S NH 

Y 
R 

2 

a;R=Ph 

b;R34-Me$‘TQ& 

c; R = 4-NO$& 

d; R e 4.pyridyl 

e; R = COPh 

t;R=mEt 

g;R=H 

h; R = B: 

This reaction of the azadiene la, generated from the thiazolidine 2a by the method of &er and Schmidt but 
in the presence of a large excess of but-3en-Z-one, led to the formation of three compounds in an overall yield 
of 76% (Scheme 1). These were separated by flash chromatography and were assigned the smtctums 3a 
(20%). 4 (5%) and 5a (51%). These structures were deduced on the basis of analytical and spectroscopic data. 
In particular, the signal for 6-H in the *H NMR spectra of compounds 38 and 4 was used as a basis for 
assigning the stereo&en&y. In the cis 5,6disubstituted adduct 1 the signal appeared at 6 4.72 as a doublet 
(& 3.8 Hz) whereas in the adduct 4 the signal appeared at 6 4.15 with a coupling constant (& 8.5 Hz) 
consistent with the ?runs cod$urati~~~. Compounds 3a and 4 am the products which would result from 
prototropy (i.e., imine to enamine tautormzixation) of end0 and exe cycloadducts. In the NMR spectrum of the 
major product Sn there were no signals in the region 6 5.0-7.0, indicating the absence of a vinylic CH. It also 
showed a carbonyl absorption at 1749 cm-t. 

2a la 3a(R=Ph) 4 SafR=Ph) 

r3.5 b; R = 4-MyN’&H4] 

Scheme 1 i, AgrC03. DBU, ii, M&OCH=CH~. 

The origin of compound 5a has not been established. We considered it likely that it was derived from one 
or both compounds 3a and 4 by prototropy. However, attemps to promote this isomerixation were not 
successful. In the presence of a base, the primary adduct 6a might exist in equilibrium with the dipolar species 
7a; this might then isomerise to compound Sa (Scheme 2). 

Me 
C02Me ;-.-..... Me@coge ._...._*Me~co2Me 

0 0 

6a la Sa 

Scheme 2 
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The iizadiene la wtts also generatfxl by the alternative mu* from the Schiff base of serine methyl ester as 
described by Wulff and B6w, in the pmsence of but-3-en-2-one. This gave the teuahydmp~dine 5a 
(17%) as the only isolable product. In an attempt to improve the yield we carried out the reaction under a 
vatiety of different conditions. An ex@ment was catried out in which triethylamine was added very slowly to 
a solution of the Schiff base, carbonyldimkkole and but-3-en-2-one at mom temperatum but the reaction 
followed a quite different course: a dipolar cycloaddition occurred with the formation of compound 8, which 
was isolated in 28% yield (Scheme 3). This maction is analogous to those which Grigg and co-workers have 
carried out with Schiff bases of several u-ammo esters, including serine derivatives.8 The slow addition of one 
equivalent of triethylamine to a cooled solution containing the Schiff base, carbonyldiimidaxole and but-3en-2- 
one led to the fomuuion of compound 3a in very low yield. However, a better result was obtained when the 
reagents were added at -70 Oc and the cooled solution then added slowly to a solution of the dienophile in 
dichloromethane heated at mflux: compounds 3a and 4 were formed in an overall yield of 34% and there was 
no evidence for the presence of the isomer 5a. This result lends some support to the suggestion that the 
isomer&ion to compound Sa might be a base catalysed process. 

Ph\//N Y PP 
WJ 

OH + Me \ - 
# cage 

P 

CO 2Me 0 Me 

F 

OH 

0 

Sebcme 3 8 

Cycloaddition reactions of N-benxyliiedehydroalanine methyl ester la (generated from the thiaxolidine 
2a) were also attempted with other electron defiient dienophiles. Cycloadducts were isolated in moderate to 
low yield from several dienophiles (Table 1). In the cycloaddition of the axadiene 1 with acrylonittile the rrans 
isomer % was the only product isohtted, in 7% yield The cycloaddition with methyl acrylate led to the 
formation of two tetrahydmpyridk dkstemz compound PO (15%) comsponding to the product expected from 
exe addition and the double bond isomer 1aS (4%). When this reaction was performed using three equivalents 
of silver carbonate (as described in the literature to generate the amdiet&) dimethyl 6-phenylpyridine-25_ 
dicarboxylate l2a was isolated (7%). In these reaction conditions the initially formed tetrahydmpyridine was 
oxidised by the silver carbonate. This type of oxidation reaction was previously observed by Buchi et al.9 The 
reaction of the inmrmediate la with diethyl fumarate was also performed with an excess of silver carbonate and 
it led to the formation of the pyridine l2b in 15% yield. In the reaction with ethyl propiolate the 
dihydropyridine lla was foe in 7% yield. With diethyl acetylenedicarboxylate a mixture of the 
dihydropyridine llb and of the pyridine l2b was isolated. In an attempt to prevent the formation of the 
pyridine the reaction was catried out over a shorter reaction time at low temperature (0 oc) but again a mixture 
was obtained in 35% yield We were unable to obtain a pure sample of dihydropyridine from this mixture by 
chromatography. However, the mixture was easily converted to the pyridine l2b by oxidation with silver 
CUbOtl&. 

~,...~2~Meo~~~e-o~~~2Me yp02Me 
Ph Ph Ph 

9 a;X=CO$Me 10 a;R=Pb 11 8;Y=H 12 a;X=CO#e,Y=H 
b:X=CN b; R = 4-MgrNcaH4 a;y=Co*t b:X=Y=COZEt 
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Table Cycloaddition reactions of a&iene la with electron deficient dienophiles 

Dienophile Products (%) 

-(=2& * (1% loa (4) --- 12an (7) 

dCN 
9b (7) ___ ___ ___ 

m2c_C!02Et --- --- --- 12b (15) 

R=+CG2Et ___ ___ lla (7) --- 

Et02C- CG2Et ___ ___ llb 12b* 

# Product with silver carbonate in excess. *Gversll yield 35%. 

No adducts could be isolated from attempted maclions of la with dibenxoyketylene, diethyl 
azodicarboxylate, ~nllrostyrene and N-phenylmaleimide. In- these reactions led only to products of 
dimerisatiot~ The reaction of methyl 2-phenylthlaxolidinekuboxylate 2a with silver carbonate and DBU 
leads to the tetrahydropyridine 13 (8%), formed by cycloaddltion reaction to itself, and to the compound 14a 
(13%) formed from I3 by cyclixation (Scheme 4). The synthesis of these two compounds has been described 
by Wulff and B6hnke5 using the dehydration of the Schiff base of serine methyl ester method to generak the 
axadiene. 

la 

Ph 

Scheme 4 

13 149 (R=Ph) 

[ 14b ; R = ‘+-r&sNc&d 

Compound W rearranges, in solution and at room kmpemmm, giving compound 14a (after 6 days: 30% 
yield; after 18 days: 100% yield). In order to determine the complete stereochemistry of compound 149 we 
obtained a NOESY spectrum (500 MHz). The protons 8-H have a cross-peak connection to I-H, 7-H and to 
two aromatic protons. Gn the other hand, the proton 4-H has no cross-peak connection to 8-H. These results 
confirm the stereochemistry of Ma. 
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Thus, several examples of Diels-Alder reactions with electron deficient dienopbiles have been discovered 
and adducts have been isolated in moderate to low yield. With one dienopbile, but-fut-2-one, we were able to 
obtainadductaingoodcombincdyield Thenatureoftheadductsformedisratherunpmdictabk,the 
cycloaddition is regioselective but the stereoselectivity, and the oxidation level of the adducts isolated, follows 
no clear pattern. 

We then turned our attention to the possibility of carrying out cycloaddition reactions with enamines as 
electron rich dienophiles. The azadiene la reacts with N-cyclohex-l-enylpynoMine with the formation of the 
cycloadducts 15 (37%) and 16 (29%) (Scheme 5). These compounds are the result of an endo and exe 
addition The stereochemistry was assigned on the bards of the lH NMR spectrum. The compound 15 shows 
a doublet assigned to 1-H with a coupling constant J = 2.4 Hz. The irradiation of the NH signal leads to the 
collapse of the doublet into a singlet. ‘Ihii rules out the possibility of a different regiochemistry: the other 
regiosisomer would be expected to show coupling between 1-H and the bridged proton la-H. In order to 
establish the full coupling relationships a homonuclcar COSY spectrum was obtained. The signal for 1-H has a 
cross-peak connection to the signal for NH, continning the result of the irradiation experiment. The signal for 
4-H is connected to 4a-H confuming the proposed regiochemistry. ‘The 2D NMR of the isomer 16 led to the 
same conclusions (correlations between 1-H and NH and between 4-H and 4a-H). The signal 1-H appears as a 
singlet, probably because the dihedral angle between NH and 1-H is close to 900. A NOESY spectrum (500 
MHz) of compound 16 was also obtained allowing the stereochemistry to be determined. The signal for 1-H 
has a crosspeak connection to 4a-H and them is also a crosspeak connection between 1-H and a methylemc 
group of the pyrrolidine ring. Them is no crosspeak connecting 4a-H and the aromatic protons. These 
observations support the stereochemistry proposed for compound 16. 

The reaction of the IV-phenylidenedehydroalanine methyl ester la with I+cyclopenten-l-ylpyrroliie 
gave a single adduct 17 in 35% yield (Scheme 5); the structure was assigned on the basis of the close 
similarilty of the NMR spectrum of compound 17 to that of 16. 

Scheme 5 

Cycbaddition Reactions of Other Imines of Dehyabalanine Methyl Ester. The above experiments 
demonstrated that the axadiene la would undergo q&addition reactions with both electon dekient and 
electron rich alkenes. This led us to try to improve each type of reaction independently by using imines bearing 
appropriate substituents. The more electron rich axadiene lb formed by reaction of the thiaxolidine 2b with 
silver carbonate and DBU underwent a Diels-Alder reaction with but-3-en-2-one. When silver carbonate was 
used in excess (2.3 equivalents) a single product 3b was isolated in 39% yield (Scheme 6). The signals for the 
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tetrahydropyridine ring hydrogens in the NMR specuum of the product were analogous to those for compound 
3n, indicating that compound 3b is the cis adduct On the other hand, when silver carbonate was used in 
equimolar amount a diffemnt product, the isomer Sb. was isolated in 37% yield; with 1.4 equivalents of silver 
carbonate both 3b (9%) and Sb (43%) were isolated. 

02Me 
Me 

Zb v - Me 

C&NMe d 0 W4NMe 2-4 

Scheme 6 

lb 3b 

0 c&t&h86 2-4 

Sb 

The azadiene lb also reacted with methyl acrylate; the cycloadduct lob was isolated in low yield (14%) 
together with a dimer 14b of the axadiene (10%). 

The Diels-Alder reactions of the an axadiene bearing a mom electron deficient aryl sub&rent, N-(4- 
nitrobenxylidene)dehydmahkne methyl ester lc were then investigated. The azadienc lc was generated Tom 
the thiazolidine 2c in the presence of Wcyclohex-1-enylpytrokline. Two products were isolated, the 
hexahydroiquinoline 18 (53%) which was presumably derived from a cycloadduct by elimination of 
pynolidine and the tetrahydroisoquinoliie l&(u)%) derived from 18 by oxidation A reaction of axadiene 
20 was also cat&d out with N-cyclopenten-1-ylpyrrolidine and this gave a single product 2aP in 52% yield 
(Scheme 7). No product of cycloaddition was obtained from a reaction carried out with this azadienc in the 
presence of ethyl vinyl ether. The amdiene Id bearing a 4-pyridyl substituent was also generated in the 
presence of N-cyclohex- 1-enylpyrrolidine and from this reaction a single product, methyl l -(4-pyridyl)- 
5,6,7,8-tetrahydroisoquinoline-3-carboxylate 19b, was isloated (54%). 

0 I 
> 

3 
2c - I 

f 
NN 

I 
w4No2-4 a 

lc * 

Scheme 7 C~HANO 74 20e 03%) 

C6H4m d 18 (53%) 

+ 

02Me 

C6H4m d 19P (20%) 

02Me 
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In an attcanpt to increase the electrop~city of the azadiene further, two new thiaxolidines L and 21 wen 
pmpami from phenylglyoxal and ethyl glyoxylate, respecively, and cysteine methyl ester.1 These compounds 
on reaction with silver carbonate and DBU were expected to lead to the formation of the corresponding 2- 
azadienes le and If bearing conjugative electron withdrawing groups. 

The axadiene le reacted with N-cyclohexen-l-ylpyrrolidine to give two products 2la (35%) and 19c 
(14%). From the reaction with N-cyclopenten-1-ylpyrrolidine a single product was obtained 2Oh (27%). 
These relatively moderate yields may be due to the instability of this azadiene. No a&iucts were obtained from 
azadiene le and ethyl vinyl ether. The azadiene lf reacted with N-cyclohexen- 1-ylpyrrolidine to give two 
products: compounds 21b (26%) and 19d (26%). The reaction with Pkyclopenten-1-ylpyrrolidiue led to a 
single product 20~ in 5 1% yield. 

co 2Me 

2e2f - Y 
< 
NN 

+ q02M+ (qO* 

R R R 

le,R=COPh 
lf, R = CqEt 

Scheme 8 

21a, R = COW (35%) 
Zlb,R=CQEt (26%) 

19~. R = COPh (14%) 
19d. R = C@Et (26%) 

20b. R = COPh (27%) 
toe, R = C@Et (51%) 

The thiaxolidines 2g and 2h were prepamd but no adducts were isolated from their reaction with silver 
carbonate and DBU carried out in the presence either of but-3-en-2-one or of N-cyclohexen-l-ylpyrrolidine. 

We explored some alternative methods of generation of 2-azadienes from cysteine methyl ester. We 
investigated the reaction, in the presence of a base, of methyl 4-phenyhhiaxolidine-2-carboxylate with 
electrophiles which could coordinate to sulfur, namely, N-chlorosuccinimide in the presence and absence of 
triphenylphosphine, and iodohenzene dichloride. An adduct (compound 3a) was isolated only with 
iodobenxene dichloride in presence of but-3en-2-one. and the yield was very low. 

Discussion and Conclusions. N-Benxylidenedehydmalanine methyl ester la participate in Diels-Alder 
reactions with both electron rich and electron deficient dienophiles. The evidence available at present does not 
allow us to decide whether these am true (concerkd) Diils-Alder reactions or whether a stepwise mechanism 
(possibly involving silver ion catalysis) is operating. The fact that the same adducts can be obtained from the 
Schiff base of serine methyl ester, albeit in lower yieldq make a catalyzed process unlikely. The 
cycloadditions show little consistent stemoselectivity. The compounds such as 5a in which the double bond 

1 lk reaction of phenylglyoxal with cysteine methyl ester led to the formation of two diastenx&mee3 (isomaic at C-2) which 
~separakdbyc ~yaadwhichqpearedtobcstableinsolation. Thisb&aviourco&asts withthatoftk 
U&dines derived from aromatic aldehydes. which exist in solutkm as mixtues of diastu~isomm with a low banier to 
interconversion. lhis intexonvexsion occurs by revezdMe ring opadag to tbe scyctic ink tautotners.to PlWumably the electIon 
withdrawing benroyl group substantUy increases the. activatkm energy tk ring opf?ning. 
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has shifted seem to be formed independently of other cycloadducts and tbey may be formed a base catalysed 
isomerixattlon of the primary Diels-Alder adducts. 

It is unusual for dienes to react with both electron rich and electron deficient dienophiles. The explanation 
in this case may be that the HOMO and LUMO energy levels are rather close. The calculated energy levels of 
the HOMO and LUMO of 2-axabutadiene are slightly lower than those of butadiene.11 The effect of the 
methoxycarbonyl group should be to lower both energy levels further, whereas the phenyl group should raise 
the HOMO and lower the LUMO. Tbe results obtained with other 4-substituted thiaxolidines are consistent 
with their predicted effects on the HOMO and LUMO energy levels. 

The reactions provide a potentially useful route to new tetrahydropyridine esters bearing a variety of 
substituents and indeed, several new compounds of this type have been isolated in acceptable yield The 
obvious deficiencies of the methodology at present are the relatively low yields and the unpredictability of the 
stereochemistry of the products. The use of an oxidant, silver carbonate, to generate the axadienes resulted in 
the isolation of several products which are derived by oxidation of the expected adducts. We are cutrently 
seelcing a more efficient method of generation of these inuamediates in order to improve the viability of the 
methodology. 

EXPERIMENTAL 

GeneraI 1I-I NMR spectra were recorded on a Bruker ACEU)O spectrometer operating at 2OOMHz, (where 
indicated) on a Brukez AMX400 instrument operating at 400 MHz or on a Varian Umity 500 instrument 
operating at 500 MHz. The solvent is deuteriochloroform except where indicated otherwise. Signals ate 
singlets where no multiplicity is shown. Mass spectra were recorded under electron impact at 70 meV on a VG 
Micromass 707OE instrument. M.p.‘s were recorded on a Reichert hot stage. Flash column chromatography 
was performed with Merck 9385 silica as the stationary phase. 

Preparation of thiazolidines: Generalprocedure.~ Qsteine methyl ester hydrochloride (3.45 g, 21) mmt$) 
was dissolved in water (15 ml) and potassium hydrogen carbonate (2.0 g, 20 mmol) was added following the 
addition of a solution of the aldehyde (22 mmol) in ethanol (15 ml). The reaction mixture was stirred at room 
temperatute for 30 minutes. Water was added and the solution was extracted with dichloromethsne and the 
solvent evaporated off. 

Methyl 2-pheny~thiazoiidine4-carboxylate6 2a was an oil (Found: C, 59.7; H, 5.8; N. 5.6. Cal9. for 
CllHl3N02S: C, 59.2; H, 5.8; N, 6.3%); 6 3.07-3.24 (1 H, m. SCH2). 3.3&3.51 (1 H, m, SCH2). 3.58 (1 
H, NH), 3.79 and 3.81 (3 H). 4.01 and 4.23 (1 H, dd, J 8.8 and 7.14). 5.56 and 5.81 (1 H, CHPh, ratio 
66:34), 7.33-7.40 (3 H, m, Ar-H) and 7.46-7.55 (2 H. m. Ar-H); m/z 223 @I+. 12%). 164 (73). 137 (100). 
117 (74) 77 (24) and 59 (26). 

Methyl 2-[(4-dimethylamino)phenyl/thiuzolidine-4-carbo&,#e 2b. This thiazolidine was prepared 
following the same procedure used in the syntheses of methyl 2-phenylthiaxolidine-4carboxylate, but the 
reaction mixture was stired overnight at room temperature, giving a solid (73%), m.p. 96-98 Oc (from ether) 
(Found: C, 58.4; H, 6.8; N. 10.3. Cl3 HlgN202S requires C, 58.6; H, 6.8; N, 10.5%); 6 2.97 (6 l-l), 3.02- 
3.15 (1 H, m, SCH2). 3.40-3.49 (1 H. m. SCHz), 3.95-4.01 and 4.25-4.32 (1 H. m, CHCOZ). 3.88 (3 H), 
5.52 and 5.74 (1 H, CHPh), 6.70 (2 H, d, J 8.8, Ar-H) and 7.39 (2 H. d. J 8.8, Ar-H); m/z 266.1086 (M+, 
34%) (C13HlgN2~S requires 266.1089),220 (24), 164 (26), 160 (lOO), 147 (68). 77 (17) and 59 (23). 

Methyl 2-(4-nitrophenyl)thiazoenyl)thiozolidine-4-carboxyl2~. This thiaz0lidine was prepared following the same 
procedure used for the syntheses of methyl 2-phenylthiilidine-4carkoxylate; it was isolated (95%) as a solid, 
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m.p. 64-66 Oc (from ether) (Found: C. 49.2; H. 4.4; N. 10.4. Cl1 H12N204S requires C, 49.3; H, 4.5; N, 
10.4%); 6 2.90 (1 H, NH), 3.12-3.21 (1 H, m, SCH2). 3.36-3.55 (1 H, m. SCH2), 3.82 (3 II), 4.02-4.12 
(1 H, m, CHCR). 5.63 and 5.91 (1 H, ratio 5148). 7.71 (2 H, d, J 8.8, Ar-I-I) and 8.23 (2 H, d, J 8.8, Ar- 
I-I); m/z 268 (I@, 5%). 209 (100). 182 (91). 162 (29). 116 (18). 89 (17) and 59 (33). 

Methyl 2-(4-pyri&l)thiazoKdine-#-carboxyhzte 2d. A mixture of cysteine methyl estez hydrochloride 
(3.0 g. 17.5 mmol). triethylamine (2.4 ml) and pyridine-4-carboxaldehyde (3.4 g. 32.0 mmol) was stirred in 
toluene (60 ml) and methanol (30 ml) for 15 h. The solvent was evaporated off and the residue was subjected 
to flash chriomatography which gave (with ethyl acetate) the thiazolidine 2d (3.1 g, 79%) as an oil; 8 2.92 
(lH, NH), 3.11 (1 H, d, J 10.5 and 6.9). 3.36 (1 H. d, J 10.5 and 6.9). 3.81 (3 I-I), 4.04 (1 H, t, J6.9), 
5.52 and 5.58 (1 H, 27:73), 7.36-7.45 (2 H, m, Ar-H) and 8.53-8.62 (2 H, m, k-H); m/z 224 @I+, 1%) 
223 (2), 191 (3). 165 (lOO), 138 (94) and 59 (76). 

Methyl 2-~nzoylthiazolidine4-cur~~fute 2e. This thiaz.&ie was prepared following the same 
procedure used in the syntheses of methyl 2-phenyl-1.3~thiazolidine-Qcarboxylate, but the reaction mixture 
was stirred for 2 h at room temperature. giving the thiazolidine as an oil (68%). ‘Ihe NMR spectrum showed 
the presence of two diastereoisomers (ratio 45:55) which were separated by flash chromatography Ipetroleum 
ether-ethyl acetate (3-l). petroleum ether-ethyl acetate (1: 1) then ethyl acetate] giving (in order of elution): the 
major isomer: 6 2.80 (1 H, approx. t, J 10.2). 3.37 (1 H, dd, J 5.8 and 10.2). 3.75 and 3.84 (1 H, m), 3.84 
(3 H), 5.80 (1 I-I). 7.47-7.63 (3 H, m, Ar-H) and 7.94-7.99 (2 H, m, Ar-I-I); and the minor isomer: 6 3.08 (1 
H,dd, J 6.6 and 10.7). 3.40 (1 H, dd, J 2.75 and 10.7). 3.73-3.84 (1 H. m). 3.81 (3 H), 5.99 (1 H), 7.33- 
7.62 (3 H, m, Ar-II); m/z 251 (M+, 2%), 250 (lo), 226 (3), 220 (3), 192 (1). 174 (5) 146 (ll), 105 (100). 87 
(9) and 77 (90). 

Ethyl (2) methyl (4) thiazolidine-2.4-dicarboxykzte 2f. ‘Ilis thiamlidine was prepared by reaction of 
cysteine methyl ester with ethyl glyoxylate l3 following the s~tne procedure used in the synthesis of methyl 2- 
phenyl-1.3~thiazolid.ine4carboxylate, but the reaction mixtum was stirred for 4 h at room temperature, giving 
the tbiazolidine as an oil (88%) (Found: C, 43.3; H, 6.0; N, 6.3. CgH13No& requires C, 43.8; H, 5.9; N, 
6.4%); 6 1.31 (3 H, t), 2.81 (1 H, approx. t, J 10.2). 3.30 (1 H, dd, J 6.0 and 10.2). 3.77 and 3.80 (3 H, 2 x 
s), 3.88 (1 H, dd, J 6.0 and 10.2), 4.27 (2 H, 9). 4.92 and 5.12 (1 H, 2 x s); m/z 219 @I+. 15%). 160 (19), 
146 (lOO), 114 (74). 86 (92). 59 (70) and 45 (48). 

Methyl thiuzofidine4-carboxylate hydrochloride (2g HCl) was prepared by a Iiterature procedure.12 It had 
m.p. 163-165 Oc (from methanol-ether) (lit.,12 mp. 164-165 cc) (Found: C, 32.4, H, 5.5; N, 7.6. Calc. for 
C!5H9NO$.HCl: C, 32.7; H. 5.4; N, 7.6%) ; 6 (DMSO-drj) 3.28 (1 H. dd. J 6.3 and 11.5, ABX system), 
3.38 (1 H, dd, J 6.9 and 11.5. ABX system)), 3.92 (3H), 4.26 (1H. d. J9.6, AB system), 4.32 (1 H, d, J 
9.6, AB system) and 4.77 (1 H, approx. t, J 6.9 and 6.3, ABX system); m/z 147 @I+- HCl, 45%), 88 (108), 
61 (77). 59 (60) and 44 (55). 

Methyl 2-(I ,I -dimethyiethyl)thiazoiidine4-carboxylate 2h 14. This thiamlidine was prepared following the 
same procedure used in the synthesis of methyl 2-phenylthiazolidine4-carboxylate giving an oil (60%); 8 0.98 
and 1.22 (2 x s. 9H), 2.33 (1 H, NH), 2.66 (1 H, t, J 10). 3.00-3.18 (1 H, m). 3.21-3.30 (1 H. m), 3.75 
and 3.78 (3 H, 2 x s), 4.46 and 4.53 (1 H, 2 x s, 2-H, ratio 6634); m/z 204 @I++ H, 62%), 159 (lOO), 115 
(21), 87 (34) and 42 (39). 

Diels-Alder reactions qf2-azadienes derivedjkom thiazolkiines: General procedure. The thiazolidine (1 
mmol) was dissolved in dry acetoniuile (10 ml) and the dienophile was added in excess (as indicated below). 
The solution was cooled to -20 Oc and silver carbonate (1 mmol) was added, followed by the addition of a 
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solution of DBU (0.03 g) in dry acetonitrile (5 ml). The reaction mixture was stined for 2 h at 0 Oc then for 8 
h at room tempemmre. Ether was added, the mixture was f&ted and the solvent was evaporated from the 
filtrate. The products were isolated by flash chromatography. 

Methyl (SS.6R)-5-acetyl-I,45,6-tetrahydrod-p~nyl-pyridine-2-car~~late 3a. methyl (5R,6R)-5-acetyl- 
1,4,5,6-tetrahydro-6-phenyipyridine-2-carbavykue 4 and methyl s-ace@-1,23,4-tetrahydro-6-phenyl- 
pyridine-2-carboxylate 5a. Methyl 2-phenylthiaxolidinzA-carboxylate 2a gave, by the general procedure aud 
with but-3-en-2-one (15 mmol) as the dienophile, followed by flash chromatography [petroleum ether, 
petroleum ether-ethyl acetate (3: l), petroleum ether-ethyl acetate (1: 1) then ethyl acetate] the following 
compounds in order of elution: (i) methyl (5R.6R)-5-ace~l-1,4gdtetrahydro-6-p~nyi~~~-2-ca~~l~e 

4 (5%) as an oil (Found: C, 68.9; H, 6.9; N, 5.1. Ct5H17NO3 requires C, 69.5; H, 6.6; N, 5.4%); 6 1.71 (3 
H), 2.22 (1 H, approx dt, J 18.8 and 5.3,4-H), 2.48 (1 H, ddd, J 18.8, 9.7 and 3.6.4-H). 2.86 (1 H. ddd, 
5-H). 3.72 (3 H), 4.15 (1 H, d. J 8.5,6-H), 4.25 (1 H. NH), 5.71 (1 H. dd, J 5.3 and 3.6, 3-H) and 7.22- 
7.30 (5 H, m, Ar-H); m/z 259 (M+. 18%), 216 (100). 156 (95). 115 (28) and 43 (65); (ii) methyl (5S,6R)-5- 
acetyl-Z,4,5,6-tetrahydro-6-phenylpyridine-t-carbo~fate 3a (20%). np. 78-80 Oc (from petroleum ether) 
(Found: C, 69.4; H, 6.6; N, 5.4. Ct7H17N03 requires C, 69.5; H, 6.6; N. 5.4%); 6 l.% (3 H), 2.43 (2 H, 
appmx. dd, 4-H). 3.05-3.15 (1 H, m, 5-H). 3.18 (3 H), 4.64 (1 H. NH), 4.72 (1 H, d, J 3.8, 6-H), 5.78 (1 
H, t, J 4.4, 3-H) and 7.18-7.38 (5 H, m, Ar-H); m/z 259 (M+. 21%). 216 (81), 156 (100). 115 (41) and 43 
(91); (iii) methyl 5-acetyl-I23,4-tetrahydrod-phenyipyridine-2-carboqylate Ja (51%). mp. 136-137 Oc 
(from ether-petroleum ether) (Found: C, 69.5; H, 6.6; N, 5.4. CDHDNO~ requires C, 69.5; H, 6.6; N, 
5.4%) ; 6 (400 MHz) 1.56 (3 H), 1.65-1.85 (1 H, m, 3-H). 2.25-2.40 (2 H, m, 3-H and 4-H). 2.75-2.95 (1 
H, m, 4-H). 3.80 (3 H), 3.98 (1 H. approx. dt, J 10.0 and 2.0,2-H), 4.77 (1 H, NH) and 7.35-7.45 (5 H, 
m, k-H); qnax. (KBr) 1749 (C=O of ester), 1571 and 1506 cm-l; m/z 259 (M+. 41%). 244 (84), 156 (69). 
115 (40) and 77 (25). 

Dimethyl (SR,6R)-1,45,6-tetrahydro-6-phenyl-pyridi~-2~-dic~bo~late 9a and dimethyl 1,23,4- 
tetrahydrod-phenyi-pyridine-2,5-akarbogkzte 1Oa. Methyl 2-phenylthiaxolidine-4-carboxylate 2a gave, by 
the general procedure using methyl acrylate (10 mmol) as the dienophile, followed by flash chromatography 
[petroleum ether-ethyl acetate (4: 1) then petroleum ether-ethyl acetate (3: l)] the following compounds in order 
of elution: (i) dimethyl (5R,6R)-1.4J,6-tetrahydro-6-phenylpyridi 9a (15%) as an oil; 6 
2.25-2.40 (1 H, , approx. dt, J 18.4 and 5.5,4-H), 2.49-2.55 (1 H, approx. dddd, J, 18.4. 9.0, 3.6 and 1.0, 
4-H), 2.66-2.79 (1 H, m, 5-H), 3.31 (3 H), 3.38 (3 H), 4.22 (1 H, NH), 4.29 (1 H. d, J 8.5, 6-H). 5.68 (1 
H, dd, J 5.5 and 3.6.3-H) and 7.19-7.25 (5 H. m. Ar-H); m/z 275.1155 (M+. 37%) (CtsH17N04 requires 
275.1157). 216 (41), 156 (100). 131 (30) and 77 (23); (ii) dimethyl IJ3,4-tetrahydro-6-phenylpyridine-2,5- 
dicarboxylate 1Oa (4%), mp. 88-90 Oc (from ether-petroleum ether) (Bound: C. 65.4; H, 6.2; N, 5.1. 
ClsH17N04 requires C, 65.5; H, 6.2; N, 5.1%) ; 6 1.79-1.90 (1 H, m. 3-H). 2.27-2.54 (2 H, m, 3-H and 4- 
H), 2.62-2.77 (1 H, approx. dt, J 11.8 and 4.9,4-H), 3.42 (3 H), 3.79 (3 H), 4.02 (1 H, approx. dt, J 9.3 
and 3.0,2-H), 4.62 (1 H, NH) and 7.29-7.38 (5 H, m, AA-I); m/z 275 @I+, 38%). 216 (lOO), 156 (75). 130 
(19) and 77 (20). 

Methyl (5R,W)-5-cyano-I,45,6-tetrohydrod-p~nylpyridine-2-carboxylate 9b. Methyl 2- 

phenylthiaxolidine-4-carboxylate 2a gave, by the general procedure using acrylonitrile (15 mmol) as the 
dienophile, followed by flash chromatography [petroleum ether, petroleum ether-ethyl acetate (3: 1). petroleum 
ether-ethyl acetate (1:l) then ethyl acetate], the tetrahydropyridine 9b (7%) as a solid m.p. 151-153 oC (from 
ether-petroleum ether) (Found: C, 69.3; H. 5.8; N, 11.5. Ct4H14N202 requires C, 69.4; H, 5.8; N, 11.6%) ; 
6 2.57-2.66 (2 H, m, 4-H), 2.91-2.99 (1 H, m, 5-H), 3.81 (3 H). 4.46 (1 H, approx, d, J 7.7, 6-H). 4.50 (1 
H, NH), 5.66 (1 H, approx. t, J 4.26,3-H) and 7.38-7.40 (5 H, m, Ar-H); m/z 242 (M+. 74%). 182 (46), 
126 (3). 77 (33) and 54 (48). 
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Dimethyl 6-pheny~y~ine-2J-dicarboxylare l2a. Methyl 2-phenylthiaxolidine-4-carboxylate 2a gave, by 
the general procedure using methyl acrylate (10 mmol) as the dienophile and 3 equivalents of silver carbonate, 
followed by flash chromatography [petroleum ether-ethyl acetate (4: 1). petzoleum ether-thy1 w (3: 1) then 
petroleum ether-ethyl acetate (l:l)]. the pyridine l2a (7%), m.p. 88-!90 Oc (from petroleum ether) (ht.10 mp. 
91-92 oC!); 6 4.01 (3 H), 4.70 (3 H), 7.26-7.57 (5 H, m, Ar-H), 8.13 (1 H. d, J 6.6) and 8.20 (1 H, d, J 
6.6); m/z 271.0845 (I@, 17%) (talc. for CtsHt~N04: 271.0845). 213 (69), 1% (%). 149 (79). 105 (100) 
and 77 (99). 

Diethyl(45) methyl (2) 6-phenylpyridine-2,4,5-tricarboglate l2b. Methyl 2-phenylthiazolidine-4- 
carboxylate 2a gave, by the general procedure using diethyl fumarate (15 mmol) as the dienophile and 3 
equivalents of silver carbonate, followed by flash chromatography [petroleum ether-ethyl acetate (41). 
petroleum ether-ethyl acetate (3:l) then petroleum ether+thyl acetate (l:l)], thepyridine l2b (15%). m.p. 71- 
72 Oc (from ether-petroleum ether) (Found C, 63.9; H, 5.3; N, 3.9. CtoHt9NOe requires C, 63.9; H. 5.3; 
N, 3.9%) ; 6 1.10 (3 H, t, J 7.16), 1.41 (3 H, t, J 7.14). 4.03 (3 H), 4.21 (2 H, q. J 7.2), 4.43 (2 H, q, J 
7.2). 7.43-7.44 (3 H, m, Ar-H). 7.60-7.63 (2 H, m, Ar-H) and 8.55 (1 H); m/z 357 (M+, 30%), 328 (80), 
294 (100). 268 (43), 152 (34) 105 (16) and 77 (9). 

Ethyl (5) methyl (2) l,6-aYhydro-6-phenylpyridine-2,5-dicarbo~fate lla. Methyl 2-phenylthiazolidine-4- 
carboxylate 28 gave, by the general procedure using ethyl propiolate (3 mmol) as the dienophile, followed by 
flash chromatography [petroleum ether then ]petroleum ether-ethyl acetate (4:1)], the dihydropyridine lla 
(7%) as an oil (Found: C. 66.1; H, 6.5; N, 3.9. CteHt7N04 requires C. 66.9; H. 5.9; N, 4.9%): 6 1.15 (3 
H. t, J 7.4). 3.74 (3 H). 4.09 and 4.08 (4 H. 2 x q, J 7.4), 5.39 (1 H, br, NH), 5.64 (1 H. d, J 3.0. 6-H), 
5.74 (1 H. dd, J6.6 and 1.9.3-H) and 7.1S7.35 (6 H, m); m/z 287.1151 (M+, 12%) (C&It7NO4 requires 
287.1158), 210 (lOO), 150 (86) 105 (89) and 77 (59). 

Diethyi (45) methyl (2) I ,6-dihydro-6-phenylpyridine-2,4,5-tricarbogkxte llb and diethyl(4,S) methyl 
(2) 6-phenylpyridine-2,4J_tricarboxyiate l2b. Methyl 2-phenylthiazolidine-4-carboxylate reacted with ethyl 
acetylenedicarboxylate (2 mmol) following the general procedure except that the reaction was performed at 0 Oc 
and the reaction mixture was stirred for 2 h. Hash chromatography [petroleum ether, petroleum ether-ethyl 
acetate (4: 1) then petroleum ether-ethyl acetate (3: 1)] gave a mixture of the dihydmpyridine llb and the 
pyridine 12 (combined yield 35%). Compound llb was identified by NMR: 6 1.18 (3 H, t), 1.34 (3 H, t), 
3.80 (3 H). 4.12 (2 H, q), 4.31 (2 H, q). 5.56 (1 H, NH), 5.72 (1 H. d,J 3.2), 5.81 (1 H, d, J 1.8) and 
7.26-7.43 (5 H, m, Ar-H); compound l2b was identified from the NMR spectrum by comparison with that of 
the specimen isolated earlier. The mixture was dissolved in chloroform and silver carbonate (1 equiv.) was 
added. The solution was heated under r&.tx overnight. Flash chromatography [petroleum ether-ethyl acetate 
(4: l), petroleum ether-ethyl acetate (3: 1) then petroleum ether-ethyl acetate (1: l)] gave the pyridine 12 (90%). 
m.p. 7 l-72 Oc (from ether-petroleum ether). 

Methyl (IS,4aR,8aS)-I,2,4a~,6,7,8,8a-octahydro-l-phenyl-8a-(l-py~olidino)isoquinoline-3carboxylate 
15 and methyl (lS,4aS,8aR)-l,2,4a,5,6,7,8,8a-octahydro-l -phenyl-8a-(I-pyrrolidino)isoquinoline-3- 
carboxylate 16. Methyl 2-phenylthiazolidine-4-carhoxylate 2a gave, by the general procedure using N- 
cyclohexen-I-ylpyrrolidine (2 mmol) as the dienophile, followed by flash chromatography @tmleum ether- 
ethyl acetate (4: l), petroleum ether-ethyl acetate (3: 1) then petroleum ether-ethyl acetate (1: l)] the following 
compounds in order of elution: (i) methyl (IS,4oS,8aR)-l~,4a~,6,7,8,8a-octahydro-l-phenyl-8a-(l- 
pyrrolidino)isoquinofine-3-carbovfate 16 (20%), np. 129-131 Oc (from petroleum ether) (Found C, 73.9; 
H, 8.3; N, 8.2. C2tH2aN202 requires C, 74.1; H, 8.2; N, 8.2%); 6 1.15-1.85 (12 H, m). 1.05-2.30 (2 H, 
m), 2.65-2.85 (2 H, m). 2.95-3.04 (1 H. m. 4a-H), 3.68 (3 H), 3.93 (1 H, NH), 4.54 (1 H. 1-H). 5.56 (1 
H, m, 4-H), 7.25-7.35 (3 H, m, Ar-H) and 7.4G7.50 (2 H, m, Ar-H).; m/z 340 (M+, 31%). 249 (79). 176 
(lOtI), 162 (50) and 91 (60); (ii) methyf (lS,4aR,8aS)-l,2,4a5,6,7,8,8a-octahydro-l -phenyl-8a-(l- 
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pyrrolidino)isoquinoline-3-carboxylate 15 (37%), mp. 126-128 Oc (from ether) (Found: C, 74.0; H, 8.3; N, 
8.0. C~IH~‘WZ~~U~~~S C. 74.1; H. 8.2; N, 8.2%); 6 1.40-1.70 (14 H. m), 2.65-2.85 (2 H, m), 2.82- 
2.88 (1 H. m, 4a-H), 3.79 (3 H). 4.20 (1 H. d, J 2.4, 1-H). 4.67 (1 H, NH), 5.52-5.53 (1 H, m, 4-H) and 
7X-7.30 (5 H, m. Ar-I-0; m/z 340 @I+, 34%). 249 (83). 176 (lOO), 162 (51) and 91 (57). 

Methyl (IS, 4aS, 7aR)-2,4a5,6,7,7a-~hy~o-l-phenyl-7a-(l-py~olidino)-IH-~clopenta[c]py~~~)-3- 
carboxylate 17. Methyl 2-phenylthiazolidine-4carboxylate 2a gave, by the general procedure using N- 
cyclopenten-1-ylpyrrolidine (2 mmol) as the dienophile, followed by flash chromatography [petroleum ether, 
petroleum ether-ethyl acetate (4: l), petroleum ether-ethyl acetate (3: 1) then petroleum ether-ethyl acetate (1: l)], 
the pyridine 17 (35%) as a solid, mp. 97-99 Oc (from petroleum ether) (Found: C, 73.4; H, 8.2; N, 8.2. 
C2cH2&02 requires C. 73.6; H. 8.0; N. 8.6%); 6 1.56 (8 H, m). 2.03 (2 H. m). 2.30 (2 H. m), 2.80 (2 H, 
m), 2.99 (1 H, m), 3.75 (3 H), 4.09 (1 H, NH), 4.49 (1 H, 1-H). 5.64 (1 H. dd. J 3.7 and 1.3. 4-H). 7.25- 
7.31 (3 H, m, Ar-H) and 7.43-7.48 (2 H, m. Ar-H).; m/z 326 (M+. 19%), 235 (100). 175 (24). 136 (59) and 
77 (22). 

Methyl (SS,6R)-S-acetyl-l,4J,6-tetrahydro-6-[4-(dimethylaminolphe 3b 
andmethyl 5-acetyl-lL3,4-tetrahydro-6-(4-dimethylmninophenyl)py~i~-2-carbo~late Jb. Methyl 2-[4- 
(dimethylamino)phenyl]~~l~e~~~xy~~ 2b gave, by the general procedure using but-3-en-2-one (15 
mmol) as the dienophile and 1.4 equiv. silver carbonate, followed by flash chromatography [petroleum ether- 
ethyl acetate (3: 1) then petroleum ether-ethyl acetate (1: l)l, (i) the tetrahyriropyriok 3b (10%) as a solid mp. 
90-91 Oc (from ether-petroleum ether) (Found: C, 67.5; H. 7.4; N, 9.2. Ct7H22N$& requires C, 67.5; H, 
7.3; N, 9.3%) ; 6 1.97 (3 H), 2.41 (2 H, approx. dd. 4-H). 2.91 (6 H), 3.05 (1 H, m, 5-H), 3.79 (3 H), 4.54 
(1 H, NH), 4.62 (1 H, d, J 4.4.6-H). 5.75 (1 H. t, J 4.4,3-H), 6.64 (2 H, d, J 8.8, Ar-H) and 7.06 (2 H, d, 
J 8.8, Ar-H); m/z 302 (I@. 50%). 259 (lOO), 199 (79), 174 (83) and 77 (28); (ii)the tetrahydropyridine 5b 
(43%), m.p. 132-134 Oc (from ether-petroleum ether) (Found: C, 67.2; H, 7.3; N, 8.9. Ct7H22N203 
requires C, 67.5; H. 7.3; N, 9.3%) ; 6 (300 MHz) 1.66 (3 H), 1.61-1.78 (2 H, m, 3-H and 4-H). 2.83-2.92 
(1 H, m, 4-H), 3.61 (6 H), 3.80 (3 H), 3.93 (1 H. dt, J 9.9 and 3.0,2-H), 4.83 (1 H. NH), 6.65 (2 H, d, J 
8.8, Ar-H) and 7.23 (2 H, d, J 8.8, AFH); Z)max. (KBr) 3254 (NH), 1741 (GO of ester) and 1572 cm-l; m/z 
302 (M+, 93%), 287 (100). 259 (52). 199 (69) and 147) (45). 

A reaction carried out using 1 equiv. silver carbonate gave only 5b (37%) whereas with 2.3 e+dv. silver 
carbonate the only product isolated was 3b (39%). 

Dimethyl 6-(4-dimethylaminophenyl)pyriaIne-2S-dicarboxylate 1Ob and dimethyl (IS,4RJS,7R)-4,7- 
bis(4-dirnethylominophenyl)-3,6-diazabi~clo[3.2.l]oct-2-ene-2J-dicarboxylate 14b. Methyl 2-(4 
dimethylatninophenyl)thiazolidine_4_carb 2b gave, by the general procedure using methyl acrylate (10 
mmol) as the dienophile and 1 equivalent of silver carbonate, followed by flash chromatography [petroleum 
ether-ethyl acetate (4: 1). petroleum ether-ethyl acetate (3: 1) then petroleum ether-ethyl acetate (1: l)], (i) the 
tetrahydropyridine lob (14%), m.p. 118-120 OC (from ether) (Found: C, 64.3; H, 7.1; N. 8.6. C17H22N204 
requires C, 64.1; H, 7.0; N, 8.8%); 6 (300 MHz) 1.70-1.82 (1 H, m. 3-H), 2.25-2.34 (1 H. m), 2.37-2.48 
(1 H, m). 2.71 (1 H, dt, J 15.7 and 4.8), 2.97 (6 H), 3.47 (3 H). 3.78 (3 H). 3.96 (1 H, dt, J 9.9 and 3.1). 
4.65 (1 H, NH), 6.67 (2 H, d, J 8.8, Ar-H) and 7.22 (2 H, d. J 8.8, Ar-H); uruax. (KBr) 3426, 1737, 1699 
and 1583 cm-l; m/z 318 (M+. 59%). 259 (100). 199 (51), 113 (30), 105 (100) and 99 (36); (ii) the dimer 14b 
(lo%), m. p. 128-130 oC (from petmleum ether -ethyl acetate) (Found: C, 66.6; H, 7.0; N, 11.5. 
C2&f32N404 requires C. 67.2; H, 6.9; N, 12.0%); 6 (300 MHz) 2.14 (1 H), 2.16 (1 H, d, J 3.0), 2.89 (6 H), 
3.50 (3 H), 3.54 (3 H), 3.85 (1 H. m). 4.65 (1 H, d, J 7.0). 5.27 (1 H), 6.62 (2 H, d, J 8.7, Ar-H), 6.64 (2 
H, d, J 8.7, Ar-H), 6.88 (2 H, d, J 8.7, Ar-H) and 7.16 (2 H, d, J 8.7, Ar-H); Umax_ (KBr) 1743, 1722 and 
1614 cm-t; m/z 464 @I+, 1%). 363 (8), 257 (56) and 149 (100). 



Diels-Alder reactions of 2-azadienes 13721 

Methyl 2,4aJ.6.7.8-hexahydro-I -(4-nirrophenyl)isoquinoline-3-carboxyla 18 and methyl 5,6,7,8- 
tetrahydro-l-(4-nitrophenyl)isoquinoline-3-carbo~late 19a. Methyl 2-(4-nittophenyl)thiaz.okline4 
carboxylate 2c gave, by the general procedure using N-cyclohexen-I-ylpyrrolidine (2 mmol) as the dienophile, 
followed by flash chromatography [petroleum etherethyl acetate (4: 1). petroleum ether-ethyl acetate (3: 1) then 
petroleum ether-ethyl acetate (l:l)] tbe following compounds in order of elution: (i) methyl 2,4a,S,6,7,8- 
hexahy&o-l-(4-nitrophenyl)isoquinoline-3-carbo~late 18 (53%). m.p. 98-100 Oc (from ethyl acetate- 
petroleum ether) (Found C, 64.8; H, 5.8; N, 8.9. C17Hlfl204 requires C. 65.0; H, 5.7; N, 8.9%); 6 1.25- 
1.80 (6 H. m), 1.83-1.88 (1 H, m), 2.20-2.32 (1 H. m), 3X-3.45 (1 H, m, 4a-H), 3.78 (3 H), 5.18 (1 H, 
NH), 5.45 (1 H, d, J 3.6,4-H), 7.49 (2 H. d, J 8.8, Ar-H) and 8.23 (2 H, d, J 8.8, Ar-H); m/z 314 @I+. 
48%). 285 (95), 225 (88). 192 (100) and 179 (48); (ii) methyl 5,6,7,8-tetrahyho-J-(4- 
nitrophenyl)isoquinoline-3-carbo&te 19a (20%). mp. 161-162 Oc (from ethyl acetate-petmleum ether) 
(Found C, 65.3; H, 5.2; N. 8.9. Ct7Ht&04 requires C, 65.4; H, 5.1; N. 9.0%); 6 1.70-2.00 (4 H, m), 
2.67 (2 H, t, J 6.0). 2.94 (2 H, t, J 6.0), 3.98 (3 H), 7.68 (2 H, d, J 8.8, Ar-I-I), 7.93 (1 H, 4-H) and 8.31 (2 
H, d. J 8.8, Ar-H); m/z 312 (M+. 4%). 254 (100). 206 (43) and 59 (11). 

Methyl 6,7-dihydro-l-(4-ni~oprophenyl)-SH-cyclopenta[c~py~di~-3-car~~late 2Oa. Methyl 2-(4- 
nitrophenyl)thiaxolidine4carboxylate 2c gave, by the general procedure using N-cyclopenten-l-ylpyrrolidine 
(2 mmol) as the dienophile, followed by flash chmmatography [petroleum ether-ethyl acetate (41). petroleum 
ether-ethyl acetate (3:l). petroleum ether-ethyl acetate (1:l) then ethyl acetate], thepyridine 208 (53%). m.p. 
138-140 oC (from ethyl acetate-petroleum ether) (Found: C, 64.3: H, 4.7; N, 9.4. Ct&4N204 requires C, 
64.4; H.4.7; N,9.4%); 62.19(2H,quintet,J3.8), 3.08 (2H, t,J3.8), 3.15 (2H, t,J, 3X),4.01 (3 H), 
7.98 (2 H, d, J 8.8, Ar-H), 8.06 (1 H, 4-H) and 8.32 (2 H, d, J 8.8, Ar-H); m/z 298 (M+, 9%), 268 (5) 240 
(100). 192 (16) and 165 (10). 

Methyl 5,6,7,8-tetrahydro-l-(4-pyridyl)isoquinoline-3-carbo.@ate 19b. Methyl 2-(4pyridyyl)thiazolidine- 
4-carboxylate 2d gave, by the general procedure using N-cyclohexen-1-ylpymWine (2 mmol) as the 
dienophile, followed by flash chromatography [petroleum ether-ethyl acetate (4:1), petroleum ether-thy1 
acetate (3: 1) then petroleum ether-ethyl acetate (l:l)] methyl 5.6,7,8-tetrahydro-1-(4-pyridyl)isoquinoline-3- 
carboxylate 19b (54%). mp. 151-152 Oc (from ethyl acetate-petroleum ether) (Found: C, 71.8 H, 6.0; N, 
10.4. Ct&IteN3O2 requires C, 71.6; H, 6.0; N. 10.4%); 6 (300 MHz) 1.74-1.88 (4 H, m), 2.68 (2 H, t, J 
6.3) 2.92 (2 H, t, J 6.3) 3.97 (3 H), 7.41 (2 H, d. J 6.0, Ar-H), 7.91 (1 H, 4-H) and 8.69 (2 H, d, J 6.0, 
Ar-H); I),,,~. (KBr) 1716 cm-l; m/z 268 (M+, 25%), 236 (24) 210 (100) and 182 (20). 

Methyl I-benzoyl-I,2~,6.7,8-hexahydroisoquinoline-3-carboxyl2la and methyl I-benzoyl-5,6,7,8- 
tetrahydroisoquitwline-3-carboglate 19~. Methyl 2-benzoyhhiazoliine4carboxylate 2e gave, by the general 
procedure using N-cyclohexen-1-ylpyrmlidine (2 mmol) as the dienophile. followed by flash chromatography 
[petroleum ether-etbyl acetate (4: l), petroleum ether-ethyl acetate (3: 1) then petroleum ether-ethyl acetate (1: l)] 
the following compounds in order of elution: (i) methyl I-benwyl-1,2,5,6,7,8-hexahydroisoquinoline-3- 
carboxylate 21a (35%), mp. 152-154 Oc (from ether-petroleum ether) (Found: C, 72.8; H, 6.5; N, 4.6. 
C&IlgN03 requires C, 72.7; H, 6.4; N. 4.7%) ; 6 (400 MHz) 1.73-1.77 (2 H. m). 1.82-1.84 (2 H, m), 
2.42 (2 H, t, J 6.0), 2.54 (2 H, t, J 6.0), 3.69 (3 H), 5.70 (2 H), 6.83 (1 H). 7.50 (2 H, approx. t, .I 8.4, Ar- 
H), 7.61 (1 H, approx. t, J 8.4, Ar-H) and 8.02 (2 H, approx. d, J 8.4, Ar-H); m/z 297 (M+, 25%) 238 (48) 
192 (52). 178 (94), 132 (52), 105 (98) and 77 (100); (ii) methyl I-benzoyl-5,6,7,8-tetrahydroisoquinoinoline-j- 
carboxylate 19c (14%). m.p. 137-138 Oc (from ether-petroleum ether) (Found: C. 73.2; H, 5.9; N, 4.7. 
CtgHt7N03 requires C. 73.2; H, 5.8; N, 4.7%); 6 1.59 (2 H, m), 1.82 (2 H, m), 2.75 (2 H, m), 2.91 (2 H, 
m), 3.95 (3 H), 7.41-7.49 (2 H, m, Ar-H), 7.55-7.59 (1 H, m, Ar-H) 7.83-7.88 (2 H, m, Ar-H) and 7.96 (1 
H); m/z 295 (M+, 17%), 266 (18), 234 (32). 206 (22), 105 (42) and 77 (100). 
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Methyl I_benzorr6.7-dihydro-SH-cyclopento[c]py~~~-3-c~~~l~e 2Ob. Methyl 2- 
benxoylthiaxolidine-4-carboxylate 2e gave, by the general procedure usingikkyclopenten-1-ylpyrrohdine (2 
mmol) as the dienophile, followed by flash chromatography [peuoleum ether-ethyl acetate (4: 1) then petroleum 
ether-ethyl acetate (3-l)], thepyridine 20b (27%). m.p. 83-84 Oc (from ether-petroleum ether) (Found: C. 
72.4; H, 5.3; N, 5.0. Ct7Ht5N03 requires C, 72.6; H, 5.3; N, 5.0%) ; 6 2.17 (2 H, quintet, J 7.7), 3.05 (2 
H, t, J 7.7). 3.21 (2 H, t, J 7.7). 3.98 (3 H), 7.42-7.62 (3 H, m, Ar-H), and 8.06-8.15 (2 H. m, Ar-H); m/z 
281 (M+, 36%), 221 (33). 192 (35), 105 (62) and 77 (100). 

Ethyl (I) methyl (3) l,2,5,6,7,8-htxahydrosoquinoline-l3-dicarboxylate 21b and ethyl (I) methyl (3) 
D,6,7,8-tetrahydrosoquinoline-13dicarboxylate 19d. Ethyl (2) methyl (4) thiazolidine-2,4dicarboxylate 2f 
gave, by the general procedure using N-c yclohexen- l- ylpyrrolidine (2 mmol) as the dienophile, followed by 
flash chromatography [petroleum ether-ethyl acetate (3: 1) then petroleum ether-ethyl acetate (1: l)] the 
following compounds in order of elution: (i) ethyl (I) methyl (3) 1,2,5.6,7,8-htxahydrosoquinoline-1,3- 
dicarbovlate 21b (26%). m.p. 40-42 Oc (from petroleum ether) (Found: C, 63.4; H, 7.3; N, 5.1. 
C14HtoN04 requires C. 63.4; H, 7.2; N, 5.3%); 6 1.28 (3 H. t. J 7.1). 1.73-1.85 (4 H, m), 2.44-2.52 (4 H, 
m), 3.75 (3 H), 4.22 (2 H, q. J7.1), 4.% (2 H) and 6.77 (1 H); 6 (‘3C) 14.17, 21.88, 22.72, 23.23, 46.20, 
50.89, 61.37, 116.77, 118.71, 120.35, 136.47, 161.92 and 169.06, m/z 265 (M+, 33%). 233 (19). 206 
(100). 176 (36), 148 (291,132 (33). 77 (20) and 45 (21); (ii) ethyl (I) methyl (3) 5,6,7,8- 
tetrahydrosoquinoline-I$-dicarboglate 19d (26%), m.p. 62-63 Oc (from ether-petroleum ether) (Found: C, 
63.9; H, 6.6; N, 5.2. Ct4Ht7N04 requires C. 63.9; H. 6.5; N. 5.3%) ; 6 1.42 (3 H. J 7.1). 1.84 (4 H, 
quintet, J 3.5). 2.88 (2 H, t, J 3.5). 2.98 (2 H, f J 3.5). 3.98 (3 H). 4.44 (2 H, q. J 7.1) and 7.95 (1 H); m/z 
263 (M+. 54%), 203 (52). 191 (68). 159 (100). 131 (57). 103 (29) and 77 (22). 

Ethyl (I) methyl (3) 6,7-di&iro-.5H-cyciopenta[c]pyridine-l3-dicarbo~late 20~. Ethyl (2) methyl (4) 
thiilidine-2&dicarboxyhue 2f gave, by the general procedure using Ncyclopenten-1-ylpyrrolidine (2 
mmol) as the dienophile. followed by flash chromatography @.troleum ether-ethyl acetate (3:1), petroleum 
ether-ethyl acetate (1:l) then ethyl acetate], thepyridine 20~ (51%), mp. 122-123 Oc (fromether-petroleum 
ether) (Found: C. 62.6; H. 6.1; N, 5.5. C13HtsN04 requires C, 62.7: H. 6.0; N, 5.6%) ; 6 1.46 (3 H, t, J 
7.1), 2.19 (2 H, quintet, J 7.6). 3.04 (2 H. t, J 7.6), 3.37 (2 H, t, J 7.6), 4.0 (3 H). 4.46 (2 H, q, J 7.1) and 
8.15 (1 H); m/z 249 &I+. 14%). 191 (46). 177 (93). 145 (100) 117 (31) and 59 (17). 

Diels-Alder reactions of N-benzylidenedehydroalanine methyl ester derivedfrom the Schiff base of serine 
methyl ester 

Methyl S-acetyl-I2,3,4-tetrahydroa-phenyl-pyridine-2-carboxylate Sa. N-Benxylidene-L-serine methyl 
este& (10 mmol) and an equimolar amount of N,N’-carbonyldiiidaxole were dissolved in dry THF (50 ml). 
But-3-en-2-one (10 ml) and triethylamine (5 ml) were added in excess. The mixture was stirred overnight at 
room temperatum. The solvent was evaporated off. Workup by flash chromatography [petroleum ether, 
petroleum ether-ethyl acetate (3: 1). petmleum ether-ethyl acetate (1:l) then ethyl acetate] gave compound Sa 
(0.47 g, 17%) which was identified by comparison with the specimen isolated earlier. 

Methyl (SS,6R~S-aceryl-l,45.6-tetrahydrod-phenylpy~~~-2-car~~l~e 3a and methyl (.5R,6S)-S- 
acetyl-l,4,5,6-tetrahydro-6-phenylpyridine-2-carbo_xyiute 4, . N-Benxyhdene-Lserine methyl este#b (10 
mmol) and an equimolar amount of N,N’-carbonyldiimidaxole were dissolved in dry THB (50 ml) and the 
solution cooled at -70 DC. Triethylamine (0.7 ml) was added. The solution was transferred at -70 Oc 
dmpwise to a solution of but-3en-2-one (10 ml) and dichloromethsne (50 ml) heated at mflux. After the 
addition the solution was heated under reflux for 1 h. Water was added and the solution was extracted with 
dichloromethane. The organic layer was washed with water and the organic solvent was evaporated off. Flash 
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chromatography [petroleum ether, petroleum ether-ethyl acetate (3: l), petroleum ether-ethyl acetate (1: 1) then 
ethyl acetate] gave the tetrahydropyridine 4 (0.47 g, 17%) and the tetrahydropyridine 3a (0.47 g, 17%) as 
solids which were identified by comparison with specimens isolated earlier. 

Methyl 4-acetyl-2-hydroxymethyl-S-ph.eny1pyrro1idine-2-carboxylate 8. N-Benxylidene-Lserine methyl 
ester (0.54 g, 2.6 mmol) was dissolved in dry THF (15 ml) and the solution cooled in an ice bath But-3-en- 
2-one (2.5 ml) and N,iV-carbonyldiimidazole (0.42 g, 2.6 mmol) were added A solution of triethylamine 
(1.3 ml) in THF (10 ml) was added dropwise with a syringe pump (4 h). The mixture was stirred overnight at 
mom temperature. The solution was diluted with dichloro~thane and washed with water and the solvent was 
evaporated off. Flash chromatography [petroleum ether-ethyl acetate (4: l), petroleum ether-ethyl acetate (3:1), 
petroleum ether-ethyl acetate (1: 1) then ethyl acetate] gave the pyrrolidine 8 (0.2 g, 28%), mp. 190-192 Oc 
(from ether-petroleum ether) (Found: C, 64.4; H, 6.8; N, 4.7. CtsHtoN04 requires C. 65.0; H, 6.8; N, 
5.0%); D,,,~. (KBr) 3490.1739 and 1705 cm -1; 6 1.50 (3 H), 1.93 (1 H, dd, .I 7.15 and 13.75). 2.55 (1 H, 
dd, J 3.3 and 13.75), 3.43 (1 H. dt, J 3.3 and 7.15). 3.74 (1 H, d, J 10.45), 3.50 (1 H, d, J 10.45). 3.88 (3 
H), 4.56 (1 H, d, J 7.15) and 7.26-7.36 (5H, m. Ar-H); m/z 278 (M++ H, 1%). 277 (M+, l%), 246 (loo), 
218 (36), 174 (36), 144 (70). 106 (85) and 43 (75). 

Dimerisation of the azadiene derivedjkom methyl 2-phenylthiawlidine4-carbovlate. Dimethyl (SS,W)-S- 
benzylideneamino-1,4J,6-tetrahydro-6-phe 13 and dimethyl (1&4RJS,7R)- 
4,7-diphenyl-3,6dia&icyc1o[3.2.l]oct-2-ene-25dicarbo&.zte 14a. Methyl 2-phenylthiaxolidine4 
carboxylate 2a (3.0 g. 13.45 mmol) was dissolved in dry acetonitrile (60 ml) and the solution was cooled at 
-20 Oc. Silver carbonate (3.78 g, 13.70 mmol) was added, followed by a solution of DBU (0.36 g). After the 
solution had been stirred for 2 h at 0 Oc and overnight at room tempemture ethyl ether was added, the reaction 
mixture was filtered and the solvent was evaporated off from the f&ate. The products were isolated by flash 
chromatography [petroleum ether-ethyl acetate (41) petroleum ether-ethyl acetate (3:1), petroleum ether-ethyl 
acetate (1: 1) then ethyl acetate] giving the following compounds in order of elution: (i) dimethyl (5S,6R)-5- 
benzylideneamino-l,4,5,6-tetrahydro-6-phenyl-2,5-pyridined 13 (S%), m.p. 135-136 oC (from 
petroleum ether-ether) (lit.,5 m.p. 135-136 Oc) 6 2.50 (1 H, dd. J 4.3 and 18.4), 3.03 (lH, ddd, J 2.0,4.7 
and 18.4). 3.68 (3 H), 3.79 (3 H), 4.64 (1 H, NH), 4.93 (1 H), 5.78 (1 H. approx. t, J 4.1) 7.27-7.92 (10 
H, m, Ar-H) and 8.11 (1 H); m/z 378 (M+, 1%). 358 (5). 194 (83) 105 (91) and 77 (100); (ii) dimethyl 
(lS,4R,5S,7R)-4,7-diphenyl-3,6-diazabicyclo[3.2.1]oct-2-ene-2,5-dic~~xylate 14a (13%), m.p. 127- 
128 oC (from petroleum ether-ether) (lit.5 m.p. 137 Oc) (Found C, 69.8; H. 5.9; N, 7.3. Calc. for 
C22H22N204: C, 69.8; H, 5.8; N, 7.4%); Umax (KBr) 1747 and 1719 cm-t; 6 2.18 (2 H, d, J 2.2), 3.45 (3 
H), 3.48 (3 H), 3.94 (1 H, approx. quintet), 4.77 (1 H, d, J 4.2) 5.35 (1 H). 7.0-7.05 (2 H, m, Ar-H) and 
7.25-7.4 (8 H, m, Ar-H); 6 (t&De) 1.78 (lH, dd; J 11.8). 2.01 (1H. d, J 11.8). 3.08 (3 H), 3.12 (3 H), 3.78 
(1 H, approx. t, J 3.3 and 4.2), 4.22 (1 H, d, J 4.2), 5.44 (1 H), 6.97-7.22 (2 H, m, Ar-H) and 7.33-7.37 (8 
H, m, Ar-H); 6 (‘3C) 30.33, 44.86, 52.61, 53.38, 68.57, 69.44, 127.30, 128.49, 128.66, 128.73, 129.05, 
137.95, 139.60, 164.42, 165.25 and 173.38; m/z 378 (M+, 3%), 319 (15) 273 (54) 196 (lOO), 121 (32), 69 
(25) and 57 (24). 
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