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Abstract. Pyridoxal imines ofd-amino acid esters and 
related ami ,nes undergo cycloaddition to N-phenylmaleimide 
on heating in acetonitrile, toluene or xylene. The cycle- 
additions-proceed in good’yield, are stereospecific, and 
involve an endo-transition state. The reactive inter- 
mediates are postulated to be NH aromethine ylides produced 
stereospecifically from the imines by prototropy. 

Our generzl concept of 1,2-prototropy in X=Y-ZH systems’, generating 

1,3-dipoles X-Y(H)-Z under thermal activation, was subsequently illustrated in a 

range of applications to hydrazones 4 , oximes’ and imines. 1.6 Ieines, in 

which the ZH proton is labilised by a range of electron withdrawing groups, proved 

especially valuable precursors of azomethine ylides. 1.7 The success of this new 

concept in generating azonethine ylides led us to consider the possible relevance 

of such prototropy inbiochemical processes effected by pyridoxal enzymes. 2,8,9 

In this context labilisation of the ZH proton by ester or carboxylic acid 

substituents are the important cases. ‘-” We have subsequently reported full 

details of our work that is relevant to pyridoxal-dependant decarboxylases 9,12 

and we now report full details of the reactions of pyridoxal imines of&-amino acid 

esters relevant to pyridoxal-dependant racemases and transaminases. 

Pyridoxal phosphate-dependant enzymes effect the transamination, 

racemisation, d, p - and p ,l -elimination, and decarboxylation of&-amino acids 

in vivo. In these processes the key intermediate is the&-amino acid-pyridoxal 

imine (1).13 Imine formation activates the aza-allylic bonds a-c in (1) to 

cleavage due to the facility with which the protonated pyridyl ring can delocalise 

a negative charge. Stereoelectronic effects dictate that the breaking bond, a, b 

or c, in (I), be aligned with the pyridyl azomethine W-system. l4 The rich 

chemistry of the enzyme bound imine derives from this activation moderated by the 

steric environment of the enzyme. 

Transasinases and racemases activate bond a, the C-H bond, in (1) to 

cleavage. Removal of this proton in conjunction with hydrogen bonding involving 

the imine nitrogen atom, the ortho-phenolic group, and the carboxylic acid’ moiety, 

or other suitable hydrogen bonding sources at the enzyme active site would result 

in (2) or a related hydrogen-bonded species. Such species are atomethine ylides 

but until our preliminary work’ were not recognised as such. Although it is 

widely believed that protonation of the pyridyl nitrogen atom plays an integral 
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part in the activation of the ara-allylic bonds, our experience of 1,2-prototropy 

(1) P=Po;- 

(4) P=Po;- 

in imines ofd-amino acids and their esters suggests the unprotonated ring is also 

capable of providing sufficient activation. 1,6,10.15 Note also that base 
catalysed 1,3-prototropic rearrangement of (3) at pH 7.4 does not involve prior 

protonation of either the azomethine or pyridine ring nitrogen atom. l6 On the 
other hand, hydrogen bonding between the imine nitrogen atom, and the carboxylate 

and phenolate oxygen atoms, will strongly activate bonds a and c in (1) to cleavage. 

The lability of bond a in (1) has been demonstrated in numerous in vitro studies. 

The prototropic shift is the slow step in aldimine(l)-ketamine(4) tautomerism and 

this step is accelerated by general acid-base catalysis (e.g. imidazole, 

imidazoline buffers). l8 Snelll’ demonstrated that exclusive transamination 
occurs at low pH whilst at higher pH racemisation is much more rapid than 

transamination. The pll maximum for transamination corresponds to the pK, of 

pyridinium nitrogen, whereas the optimum pH for racemisation is one at which the 

pyridine nitrogen atom is not protonated. We have demonstrated related Bronsted 
and Lewis acid catalysis of aromethine ylide formation from aryl imines of ot-amino 

acids and their esters and commented on similarities between the acid-base 

chemistry of such compounds and carbonyl compounds bearing o(-CH groups. 6.10 

Our suggestion2 that the intermediate (21,. or a related species, involved in 
transasination and racemisation of of-amino acids in vivo is an aromethine ylide, 

was tested by experiments designed to trap the intermediate 1,3-dipole. Thus a 
range of imines (6)-(10) derived from pyridoxal (5) ando(-amino acid esters and 

related compounds was prepared (Table 1). 
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R HCOzMe 

HO&OH HO&y*'~&OH 

(8) a. X=S, n=l 

b. X=NH,n=J 

Table 1. Yields and ‘H n.m.r. Data (s, CDC13) for Pyridoxal Imines (6)-(10) 

Imine 

6, R=H 

6, R=Mea 

6, R=CHPri 

6, R=CH20Hb 

6, R-CH2Ph 

6, R=p-HOC6H; 

6, R-3-indolylmethyl 

6, R=Ph 

7= 

8a 

8bd 
9b,e 

10 

Yield (%I CH=N 6-H CH20 CH-N 

30 8.91 7.94 4.74 4.51 
43 8.97 7.83 4.73 4.33 
70 8.85 7.60 4.70 4.15 
61 9.45 8.30 5.05 4.65 
57 9.4 7.7 4.5 4.35 
84 8.72 7.94 4.69 4.44 
77 8.12 7.45 4.22 4.22 
70 8.9 7.75 4.75 5.25 
68 8.84 7.58 4.64 4.05 
34 8.95 7.84 4.80 4.2 
36 8.83 7.84 4.62 5.34 
80 9.45 8.2 5.1 4.95 
38 8.95 7.9 4.65 5.7 

OMe 2 -Me 

3.80 2.49 

3.70 2.47 

3.75 2.45 

3.7 2.65 

3.8 2.45 

3.77 2.46 

3.73 2.35 

3.75 2.5 

3.77 2.32 

2.49 

2.37 

2.6 
- 2.4 

a. N.m.r. determined in acetone-d6; b. N.m.r. determined in pyridine-d5; 
c. Signals for the second pyridoxal ring occur atg8.79 (CHIN), 7.52 (6-H), 

and 2.29 (2-Me); d. N.m.r. determined in DMSO-d6; e. Signals for the 

second pyridoxal ring occur ats8.5 (6-H), 5.3 (CH20), and 2.75 (2-Me). 

Pyridoxal reacts with lysine methyl ester to give a mixture of the bis-imine 

(7) and mono-imine. Use of an excess of pyridoxal gives (7) as the sole product. 

Most of the pyridoxal imines exhibit a molecular ion in their mass spectra and the 

general fragmentation pattern of imines (6) is shown in Scheme 1. 
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m/z150 

m/z165 SCHEME 1 

Stereospecific cycloaddition of the pyridoxal imines, (6) and (8)-(lo), to 

N-phenylmaleimide (NPM) occurs on heating in acetonitrile, toluene or xylene to 

give a single stereoisomer, (ll)-(14) repsectively, in each case (Table 2). These 

cycloadditions were completed before our studies on Bronsted and Lewis acid 

catalysis of such processes 15 and our subsequent development of the room 

temperature metal ion-triethylamine catalysed cycloadditions. 6 However, the 

reaction of (6,R-Ph) with NPM in acetic anhydride containing 58 acetic acid 

(12h,2S°C) gave (75%) a l.l:l mixture of (l,R-Ph) and (15) indicating that these 

room temperature catalytic methods should be generally applicable to the imines 

described in this paper. 

Table 2. Cycloadducts derived from the cycloaddition of imines (6) and (8-10) 

Imine Solvent 

with NPM 

Reaction 

time (h1 

Temp. (‘C) Product Yield(\) 

6, R-H 

6, R=Me 

6, R=CHPri 

6, R-CH20H 

6, R-CH2Ph 

6, R-p-HOC6H4 

6, R-3-indolyl- 

methyl 

6, R-Ph 

8a 

8b 

9 

10 

xylene 6 140 

xylene 8 140 

xylene 7 140 

MeCN 12 80 

toluene 12 110 

xylene 7 140 

xylene 12 140 

xylene 3.5 140 

xylene 29 130 

MeCN 60 80 

MeCN 20 80 

MeCN 24 80 

11 ,R-H 

11 ,R-Me 

ll,R-CHBr’ 

ll,R-CH20H 

ll,R-CH2Ph 

ll,R=p-HOC6H4 

ll,R-3-methyl- 

indolyl 

11 ,R-Ph 

12a 

12b 

13 

14 

66 

86 

63 

75 

84 

72 

58 

79 

64 

71 

72 

44 
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(12) a. X=.9, n=l 

b. X=NII,n=3 

H III III 

H M H 

10 N vlH 

R H R 

(14) (15) (16) 

The stereochemistry of the cycloadducts (ll)-(15) is based on interpretation 

of their ‘H n.m.r. spectra (Table 3). by spectral comparisons with a wide range 
10 

of other NPM cycloadducts , and on a single crystal X-ray structure of a related 

cycloadduct (16).” Thus a comparison of coupling constants (J 
104,5 

8.8-lO.SHz, 

J1 5 7.1-8.5Hz)(Table 3) with those of analogous cycloadducts establishes the 

ali-cis arrangement of the l- ,4- and 5-H atoms. Cycloadducts (11) and (12) thus 

arise from a dipole with configuration (17) undergoing cycloadditon via an 

endo-transition state. Previous extensive studies have shown that this dipole 

configuration is generated under kinetic control. 
10,21 This is ascribed to 

either (i) delivery of the proton to the nitrogen atom via the ester enolate, with 

intramolecular hydrogen-bonding helping to maintain the configuration (a bridging 

water molecule may be involved in this hydrogen-bonding) or (ii) prior protonation 

of the imine followed by deprotonation by an external base (Scheme 2). Imine (9) 

gives rise to a single cycloadduct (13) whose stereochemistry identifies (181, or 

an analogously configured dipole, as its precursor. Both (17) and (18) offer 

multiple opportunities for prototropy and we have no evidence of the precise 

location of the labile protons. Indeed, it is likely that several prototropic 

species are in equilibrium in each case. Protonated Ruhemann’s purple (19) is a 

related case for which a single crystal X-ray structure has been determined. 
22 

However, it is clear that the second pyridoxal group in (9) can assist dipole 

formation both as a proton source, and as a base, and that its hydrogen bonding 

capabilities favour (18) or a similar species as the kinetic dipole. The presence 

of an ortho-hydroxy group in the imines (6)-(10) does not in itself promote dipole 

formation. Indeed, studies of salicylidene imines show the ortho-hydroxy group 

dramatically inhibits dipole formation. l5 This inhibition is ascribed to the 
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well documented23 strong intramolecular hydrogen bond in such imines, or their 

existence in the N-protonated form 24 , rendering the imino-nitrogen atom 

unavailable for functioning as a base (Scheme 2). In the case of pyridoxal, imines 

the pyridine nitrogen atom can assume this function. 

Another noteworthy feature of the cycloaddition of pyridoxal imines (b) and 

(8)-(10) to NPM is that the reactions proceed in good to excellent yield despite 

the array of potentially interferring nucleophilic substituents ‘on the pyridoxal. 

The presence of the 3-hydroxypyridine moiety also creates a potential site for an 
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alternative 1,3-dipolar cycloaddition involving the pyridine ring2’, i.e. (20). 

We do not detect any products arising from such processes. The cycloaddition 

across the aldisine system is clearly favoured over cycloaddition to the incipient 

pyridium betaine with its attendant loss of aromaticity. 

Table 3. Chemical shifts (8) and coupling constants (pyridine-dS) 

for cycloadducts (11) - (15) 

Cycloadduct 4-Ha S-H 1-H J1,S(Hx) J4,s(Hz) 

11, R-Hb 

11, R=Me 

11, R=CHPri 

11, R-CH20H 

11, R-CH2PhC 

11, R-p-HOC6H4 

11, R=3-indolyl- 

methyl 

11, R-Ph 

12a 

12b 

13d 

14 

15 

5.73 4.41 4.26 8.1 9.2 

5.96 4.58 3.96 8.2 9.7 

5.88 4.61 3.97 8.1 9.6 

5.98 4.62 4.02 8.5 9.9 

5.35 4.2 3.7 8.0 9.9 

6.2 4.6 4.17 8.0 10.0 

6.21 4.77 4.39 8.1 9.9 

5.56 4.56 4.91 7.7 9.9 

5.90 4.66 4.12 8.1 8.8 

5.90 4.50 4.40 8.5 9.9. 

5.66 4.34 6.2 

5.54 3.69 4.33 7.3 10.5 

5.24 4.47 5.04 7.8 9.8 

a. For numbering scheme see formula (11); b. 2-H occurs at s 4.64 (Jl 2 7.7Hz); 

c. In CDC13; d. The molecule is symmetrical, 2-HF 4-H and 1-HES-H. ’ 

One other dipolarophile (21) was briefly investigated with imine (6. R-Ph) and 

found to react slowly (xylene, 130°C, Sd) to give (22)(49%). 

The trapping, via cycloadduct formation, of a thermally generated intermediate 

arising from pyridoxal iaines by prototropic processes constitutes, we believe, 

good evidence for formulating the intermediate as an N-protonated azomethine ylide 

(17) or (18) and, by analogy, implicates related species in the biochemical 

processes mediated by racemases and transaminases. 

- 
General experimental details were as previously noted.15 Petroleum 

et er re ers to the fraction with b.p. 40-600C. 
General Method for the Preparation of Pyridoxal Imines. The amino acid methyl 
ester hydrochloride (lmol) d id 1 h d hl id e (lmol) were mixed and 
dissolved in 1N potassium hFfro%e ?~~01)~w% s:frring, giving a bright yellow 
solution together with an insoluble yellow oil. The mixture was stirred at room 
temperature for 30 min. and then extracted with chloroform. The chloroform extract 
was washed with water, dried (Na SO41 and the solvent removed under reduced 
pressure to leave a yellow oil w ich crystallised on standing. The imines were t . 
further recrystallised from an appropriate solvent as noted below. Yields together 
with most of the 1H n.m.r. data are collected in Table 1. 

9 m.p. 

I) 
‘. 
betrole 

?) 

urn 
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235(S), .?12(17), 165(21), 149(12) and 86(1OO);s1.6 (m,lH,Cl#2) and 1 .92 

Yellow rods from me thano 

Z(8) 
idine 

6.7 (dd,2H,ArCH2). 
Pyridoxylidenetyrosine methyl ester (6, R=p-HOC6H4). Yellow rods from 
acetone-petroleum ether, m.p. 140 1420C (F 6: C a2.90; H, 5.75; N, 7.80. 
C 8H2ON205 requires C, 62.80; H, i.85. N ??5%)*; 

t 
3200, 1745 and 

1 35 cm-l; m/z(Z) 344 (M*,l), 237(1),‘16!(2j, 13&2!!?:.108(32), 107(100), 
91(17) and 77(22);S(acetone-d6) 3.29 and 3.16 (2xq, 2xlH, ArCH2). 
N-Pyridoxylidenetryptophan methyl ester (6, R-3-methylindolyl).. Obtained a 

11 froth hi h resisted attempts at crystall‘ 
Zf lir30. C20:2lk O4.2H2O requires C 

isation (Found: C, 59.20; H 

max.3400, 1730 an 3 1625 cm-l; 
59.55; H 6.25; N, 10.40%); 3 

m/z(%)‘367 (M+,lj, 218(33), 159(19), 131(57) 
and 130(100);69.13 (s,lH, indole NH) and 3.41 (m,2H,CHCH2). 
N-Pyridoxylidenephenylllycine methyl ester (6, R-Ph). Ellow needles from 
methanol. m.D. 131-134 C (Found: C. 62.80: H. 5.80: N. 8.35. 
Ei~~l~~a~~,~,‘~~“lf”““ire; C, 63.15; H, 5190: N, 81655); gmax. 3210, 

11 t 

268 
,-d5) 

low 

1: t.85; 

N,N’-Di(pyridox e methyl ester (7). Obtained as a yellow froth which 
resisted attempted 

“5%8”‘H 
(F d C 53.90; H, 7.00; N, 10.95. 

C2 H3ON406.3H20 
a 1625 CB-1; 

7”i.:*‘N ‘10 95%). V 3200, 1735 
an -G2Md,lj and i51i100j;S2~17~~~18 (m,6”,3xCH2). 
N-Pyridoxylidene-3-aminotetrahydrothiophene-2-one (aa). Yellow rods from 
acetonitrile, m.p. 140 1420C (F d C 53 95 H 5 36; N, 10.55. 
C12Hl4N203S requires Cl 54.15; ~~n5130~ N,‘l0!50i);~ 
1615 cm-l; 

3210, 1685 and 
m/z(t) 266 (M+,3), 150(4), 83(100) and 47(%i&H,16);84.20 

(q,lH,CHCOS), 3.4 (m,ZH,CH2S) and 2.5 and 2.6 (2xn, 2x2H, ring CH2). 
N-Pyridoxylidene-a -caprolactam (8b). Prepared by the general nethod but with the 
1N potassium hydroxide solution (lmof) being added to a solution of pyridoxal 
hydrochloride and L-caprolactam in ethanol. The product crystallised from the 
reaction mixture as yellow rods, a.p. 224-2260C (decomp.1 (Found: C, 60.65; 
H, 6.90; N, 15.15. Cl4H gN303 req ires C, 

3360, 3160, 1665 an i 
60.10; H, 6.75; N, 14.90\);3 

1625 cm- 
‘P%SO-d,) 5.34 (t,lH,CHCON) 

y; m/z(?) 277 (M+,7), 165(9) and 149(100);$ 
3.14 (m,ZH,CH2N) and 2.0-1.4 (m,6H,3xCH ). 

N-Pyridoxylidenepyridoxylamlne (9). Prepared by the general method f rom pyridoxal 
hydrochloride and pyridoxylamine dihydrochloride but using 1N potassium hydroxide 
(3mol). The roduct crystallised from the reaction mixture as yellow needles, D.P. 
2350C (decomp. p-d : C, 60.65; H, 5.80; N, 13.10. C HlgN304 requires 
C, 60.55; H, 6.05; N, 13.25%);3 3350, 3150 and lk45 cm-l; m/z(t) 317 
(M+,l), 152(10), lSl(89) and 149?f8i)). 
N-Pyridoxylidene-5-aPino-SH-dibenzo[a,d]cycloheptene (10). Prepared by the general 
method from pyridoxal h d hl d d 5 . 5” dib 
with addition of 1N pot~s:~~m ifirXxf!e (;:~?‘I 

_ _ enzo[a,d]cycloheptene but 
The roduct crystallised from 

methanol as yellow rods, a.p. 203-205oC(decomp.)(Foun f-z-7 . 3.45; H, 5.90; 
N, 7i;;2 QZB2ONjOf.H20 requires C, 73.80; H, 5.90; N, 7.50%); 3 

m z %) 356 M*,l), 207(100), 191(94) and 165(15). 
ebkral Procekrre for the Cycloaddition of Pyridoxal Imines and NPM. A solution of 
the pyridoxal imine (1OmmolJ d NPM (10 1J . b 11 1 (146 toluene 
(11OoC) or acetonitrile (8OoC;?6Oml) wasm~~ate?fo~‘th~gtfree~~ted iICkble 2. 
The solvent was then removed under reduced pressure and the residue crystallised 
from methanol. Yields are noted in.Table 2 and chemical shifts and coupling 
constants of the pyrrolidine ring protons are collected in Table 3. 
Methyl 4-(3f-hydroxy-5t-hydroxymethyl-2’-methyl-4’-pyridyl)-7-phenyl-6,8-dioxo-3~7- 
diazabicyclol3.3.0Joctane-2-carboxylate (11, R-HI. Colourless rods, m.p. 

27-230°C id 
:;“%; 

JCF d C 60 95 H 5 50 
reauires C. H.‘::l:: i. li).2&)‘3 * 

;N 1 
Si90 

0.25. C2lH2lN 06 
1735 and 17 5’ a/z(%) 411 a 

:‘s(!%idine-6c) 8.83 (s.lH.kH). 7.42 

I a- 

requires C 62.15; H,-5.45. N, 9.99%);3 I 1705 cm 
) *‘LL”LY’q? ,,z(r) 

424 (W,72j 366(12) 252(201, 175(100) anjaf?3(29)i8(pyridine-d5) 8.2; 
,PyH). 7.39 (m,5H,ArH), 5.03 (q,ZH,CH20), 3.83 (s,3H,OMe), 2.67 (s,3H,Wfe) 

.-I--- 

and 1.9 (s,JH,Me). 
Methyl 2-set-butyl-4-( 
6.8-dioxo-3,7-diazabic 
rods, m.p. 248-25006 ( 
C25H2gN306 requires C, 
1710 cm-l; m/z(%) 467 

3’-hydroxy-5’-hydroxymethy 
yclol3.3.0loctane-2-carbox 
decomp.)(Found: C 63 9O 

64.20; H, 6.25; i, 9:00;) 
(M+,loo), 408(16), 390(50) 

ridyl)-7-phenyl- 
. Colourless 
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(q,ZH,CH20), (pyridine-d5) 
8.27 (s,lH,PyH), 7.40 (m,SH,ArH), 5.5 (br s, lH,NH), 5.06 

3.93 (s,3H,OHe), 2.60 (s,3H,PyMe), 2.14 (m,SH,CH?CHkle) and 0.99 
(2xd, 2x3H, CHMe2). 
Methyl 2-hydreEmethyl-4-(5’-hydroxy-S’- 

henyl-6,8-dioxo-3,7-diazabicyclol3.3.01 
olourless rod 232-234oC (d 

C22H23N307 reqsir:iPC 59 85. H 
and 1705 cm -l-%8 28 is 1i.I P;H)’ 

5”;:“I; 
7’41’(m 

4.30 (Zxd. 2H: CH;O). SI78’(s.3i.OMe) an 
Methyl 2-bena~l-4~(~i-hydroxy~5t~~ydroxymethyl-2~~me~h~l-4t-~yridyl)-7-phenyl-6,8- 
dioxo-3,7-dlazabicyclo(S.3.3.OJoctane-2 -car ox ylate (11 R CH PhJ C 1 1 
prisms from eethylene chloride-ether, m.p. 180 1830C bind? C,‘67.~5~“~,e~?30; 
N, 8.15. C28H27N306 requires C, 

-1;&7.85 
67.05; H, 5.45; N, 8.40:).< (nujol) 

3315 and 1720 cm (s,lH,PyH), 7.25 (m,lOH,ArH), 477 ?::2H,CH20), 3.90 
(s.3H.OMe). 3.0 and 2.8 (2xd. 2xlH. ArCHz) and 7.6 (s.3H.PyMe). 
Methyi 2-(~~-hydroxyphen~l)-~-(3~-~ydrox~-S’-hydroxym~th~l~2~-8ethyl-4’-pyridyl)- 
~-phenyl-6.8-d~oxo-3.7-d~~zabicyclo~3.3.OJoctane-2-carboxylate (11. R-p-HOC6HqJ. 
Colourless rods. m.~. 242-2440C (decomo.J(Found: C. 64.75: H. 5.45: N. 8.00. 

107(100):6(ovridine-dr) 8.23 (s.lH.PyH). 7.25 (m.SH.Arl 

C28H27N 07 requires-c, 65.00; H, 5.25;-N~~8.10%);~max 3420; 3300;..17sO 
and 170 5 cm-l; m/z(\) 517 (M+.l). 457(2), 410(E). 344(6), 173(96) and 

&id 3.37.(2xd; 2xlH, ArCH2)‘and 2.57 a), 5.1 3.93 (s;3H,Otie), 3.87 (s,SH,PyMe). (s,2H,CH20), 

Methyl 2-(3~-indolylaethyl)-4-(3~-hydroxy-5’-hydroxyaethyl-Z’-methyl-4’-pyridyl~-7 
henyl-6,E-dloxo-5;7-diazabicyclol3.3.UJoctane-2-carboxylate (11 R-f-indolylmethy 
olourless rods, m.p. 254-256OC (d )(F d C 65 00. 

ecomp:65;0:: ;.8&,;j,‘, 
H 5 :O N, 10.10. 

dine-d: 7 
:30, i72S 

8.24 is.ltI.P~H). 
Q~H;;;~O;,MfOH requires C, 65.00; H, 5 

m/z g) 368(100) and 367(21);&(pyri 
8.22-7.27 (m,lOH,ArH), 5.1 (q,ZH,CH20), 4.11 and 3.36 (2;d, 2xlH; 
3.92 (s.JH.OMe) and 2.5 (s.3H.PyMe). 

indolyllCH2), 

T) 

Methyl 2 7Ld~phenyl-4-(3~-~yd~o~y-~~-hydr,oxy~ethyl-2’-metI~yl-4’-pyridyl)-6,8-dioxo- 
3 7-diazabicyclo[3.3.0loctane-Z-cPrboxylate Ill, R=PhJ. Colourless rods. m-P. 
?iS 2/boC (d 
req;ires C 

J(F d C 66 35 H 5 20 
~~"~~' H ‘?li’ i 8:601)‘: ’ 3306 i72i) and 1705 cm-l 

N 8 50 C27H21jN306 

487 (M*,27j, 4i8(io): 4io(j3): 314(143 a~~*i73(1~0);&(pyridine-dg) 
m/z(%) 

Q-21 
(s,lH,PyH), 
(s.3H.PvMe). 

8.08-7.21 (m,lOH,ArH), 4.77 (q,2H,CH20), 3.83 (s,3H,OMe) and 2.62 

i,i-Spi;o(j’,3’-tetrahydro-2-oxo-thienyl)-4-(3’-hydroxy-S’-hydroxymethyl-2’-methyl- 
0x0-3,7-d azabicyc o .3.0 octane 2 a . Colourless 

:;:lpP;, 
J(F d C 59 95 H 4 75 N 9 5 

40&:N ‘9& 3’ ’ 3i85’ 3ilO’and 

(s,lH,PyH), 
2),‘173(43) dnd’149(100j;~&ridind-dg) 8.22 

7.44 (m,SH,ArH), 4.99 (s,ZH,CH20), 3.65 and 3.35 (2xm, ZxlH, CH2S), 
2.95 and 2.44 (2xm, 2xlH, CH2CH2S) and 2.61 (s,3H,PyMe). 
2.2-S iro(3’ 3’-hexahydro-roxo-azepinyl)-4-(3’-h drox -5’-hydroxymethyl-2’-methyl- 
a’-py:idylJ-!-phen -6,8-dioxo-3./-diacabicycloL3y3.OJ~ctane (12b) Colourless 
needles, q .p. 277 J(F d C 59 25 H 5 90 

:‘%; !:“6i20; N;lliS&d 
;N 11 .is 

C2 H26N405.2H20 
11 

r, :,a0 3250 
an 1710 cm-l;&(p 
(s,ZH,CH20), 3.8 and 3.4 

ds) 
(2x01. 

8.27 (s,lH,PyH), 7.42 (6,sflt&H), 5.106 

(m.6H.3xCH7). 
2xlH, CH2N), 2.64 (s,SH,PyMe) and 2.4-1.4 

~,~-B~s(3’~~ydroxy-S’-hydroxymethyl-2’-methyl-4’-pyridyl)-7-phenyl-6,8-dioxo-3,7- 
diatabicycloL3.3.0loctane (13) 
225 227“C (d 

Colourless needles from acetonitrile, m.p. 

reqiires C fSo:z: H ‘?r9ba N lO.S~S)‘s 
J(F d C j7.15. H 5.40; N. 10.05. C26H26NfO6.3H20 

3200 and 1705 cm- ; m/z(%) 
322(3), 14&(19), &S(iOOj aid j7(26);bipy:faine-d,) 8.36 (s,ZH,PyH), 7.36 
(m.SH.ArH). 5.06 (s.dH.ZxCH?O) and 2.69 (s.6H.ZxPvMe). 
~,~-S~iro~~~,5~-d~b~nz~[a,d~c~cloheptyl)~4~(3~-hy~ro~y-5~-hydroxymethyl-2~-methyl- 
4’-pyridylJ-7-phenyl-6,8-dioxo-3,7-diazabicyclo~3.3.OJoctane [14J . Y ellow prisms, 

75-2/6oC (d 

7.40 (m,13tt,ArH),~6.96 (2xd, 2xlH, CH-CH),-a.6 (q,2H;CH20) and 2.46 

Methyl 2,7-diphenyl-4-(3~-acetoxy-S’-hydroxymethyl-2’-rethyl-4~-pyridyl)-6,,8-dioxo- 
3,7-diazabicyclo13.3.OJoctane-2-carboxylate 115) A . 
N-pyridoxylidenephenylglycinate (314 

solution of methyl 
1 1J and NPM (180mg, lmmol) in acetic 

anhydride containing 5% acetic acid %l)“~~s kept at room temperature for 12h. 
A pale yellow solid began to precipitate after ca.ZOmin. The solid (200~ 41%) 
was removed by filtration and found to be identical with (11, R-Ph)(above f : The 
filtrate was evaporated to dryness and partitioned between ethyl acetate and 5% 
aqueous sodium carbonate solution. The organic layer was separated, washed with 
water, dried (Na SO ) and evaporated to dryness. The residue was triturated 
with ether to afiord a colourless solid which, on crystallisation from methanol, 
afforded the product (18Omg, 
(decomp.)(Found: 

34%) as colourless needles, m.p. 244-246OC 
C, 65.45; H, 5.20; N, 8.15. C2gH 7N307 requires C, 65.75; 

H, 5.15; N, 7.95%);4, x 3300, 1730 and 1710 cm- ; m/z(S) 529 (M+,lg);d’ t 
(pyridine-dg) 8.3 (s,lI!,PyH), 8.10-7.3 (m,lOH,ArH), 6.5 (br s, lH,NH), 5.24 
(d,lH, J 9.8Hz, 4-H), 5.04 (d,lH, J 7.8Hz. I-H), 4.99 (s,2H,CH20), 4.47 
(dd,lH,S-H), 3.85 (s,3H,OMe), 2.59 (s,3H,PyMe) and 1.87 (s,3H,OCOMe). 
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Cycloaddltion of methyl N-pyridoxylidenephenylglycinate and methyl S-isatylidene 
acetic acid A solution of methyl N-pyridoxylidenephenylglycinate (100 
332 1) and methyl 3-isatylidene acetic acid (7Omg, 0.40mmol) in dry =;iene 
w;s iPh:ited at 15OoC for 5d. 

(5~1) 
The solvent was then removed under reduced pressure 

and the residue triturated with benzene. The resulting solid was crystallised from 
methanol to afford the c cloadduct (22)(80mg,49\), as colourless needles. n .p. 
2120C (decomp.) (Found: * 
C, 65.00; H, 5.40; N, 8.lhr);‘3,: 

H, 5.25; N, 8.10. C28H27N 07 re uires 
3300, 1730 and 1610 cm- 

255(5), 203(56) and 165(40bS(pyrfdine-d5) 8.12 
?* m/x?%) 314(10) 

(s,lH,P H), 
6.16 (d,lH 5-H, J S.lHt, coupled to NH), 5.06 (s,lH,S-H 
(q,2H,CH20j, 3.9 and 3.2 (2xs, 

‘; 
i.l-6.6 (a,gH,Arii), 

, 4.97 (br s,lH,NH), 4.55 
2x3H, Oklo) and 2.8 (s,SH,PyMe). 

We thank Queen’s University for support. 
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