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Bbstract: Under suitable conditions, malondlaldehyde Is capable 
of modifying amino acid residues to novel, highly fluorescent 1,4- 
dlhydropyridines. The structures assigned to these compounds are 
supported by UV, HRMS, hlgh-field NMR, and X-ray crystallographic 
data. The mechanism of these transformations, which Is fully 
discussed, involves the Michael reaction of alkylldene malondi- 
aldehydes with enamlnals, both of which are produced as detectable 
lntermedlates. These findings may be of slgnlflcance In explaining 
some of the blologlcal chemistry of malondialdehyde. The trans- 
formation also provides a new approach to the synthesis of a wlde 
range of light stable 4-arylated-lr4-dlhydropyrldlnes of potential 
Interest as calcium channel antagonlsts. 

The ublqultous natural metabolite, malondlaldehyde (MDA), Is an important carbonyl 

product of polyunsaturated lipid oxldatlon.‘-3 The radlolysls of carbohydrates and certain 

amino acids also produces thls dlaldehyde.4’5 Malondlaldehyde has long been of Interest In 

food chemistry and Its detectlon by the thlobarblturic acid (TBA) test has been used for the 

estlmatlon of oxldatlve rancidity In foods.“2’6r7 The chemistry of MDA may be of 

conslderable Importance In degeneratlve processes J_n yJy.ol”’ because of Its abil lty to 

interact wlth blologlcal macromolecules.‘0-‘3 For example. M)A Is able to modify nucleic 

aclds’4-‘7 and this Is consistent with Its observed mutageniclty.g~‘0~18 The reactivity of 

MDA towards proteins to produce fluorescent crossllnked adducts has also been known for some 

time 19920 

Malondlaldehyde 1s readily formed In blood plasma In response to thrombln and other 

substances that cause blood platelet aggregation.Z”22 It has been shown that hemoglobin A 

Is modlfled by MDA and that this modified hemoglobin exhibited fluorescence spectra slmllar 

to that seen In the overall erythrccytic modlflcatlon.23 UV-Visible and fluorescence data on 

the modlf led proteins appear to be consistent wlth the formation of vinylogous 

amldInes1’g’20*24 as well as highly fluorescent hetercoycllc systems of unknown structure. 

Thls paper reports on model studies of MDA with amlno acids and peptldes that involve the 

detection, Isolation. and complete characterization of heterocycllc systems of slmllar UV and 

fluorescence data as those reported In the aforementioned biologlcal studles.25 In addition. 

synthetic ramifications of these model studies are also reported. 

When MDA (1, 3 equlv) was allowed to react wlth amlno acids (e.g. glyclne methyl ester. 

1 equlv) under aqueous acldlc conditions for prolonged perlods f> 40 h), the UV spectrum 

gradually underwent a bathochromlc shift. Work-up and chromatographlc purification gave 

low yields of a product which showed a HRMS molecular mass Ion at m/z 223.0870. Its UV and 
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high-field ‘N and 13C NMR data fincludlng delayed decoupling) when taken collectively, 

suggested that the product was the 4-methyl-1~4-dihydropyridine-3r5-dicarboxaldehyde 2. The 

compound was highly fluorescent, emitting at 454 nm upon excitation at 386 nm with a relative 

quantum efflclency (@I of 0.36.26 lnterestinglyr the glycine adduct 3 (I.e. the unprotected 

form of 2) has a @ of 0.47 which makes It one of the most fluorescent dlhydropyrldlne systems 

known. The efficiency of thls fluorescence emission 1s particularly remarkable when compared 

to the well-known natural 1.4-dihydropyrldine system, NAOH ( o= 0.02). 

On further investigation, It was dlscovered that dlhydropyrldlne 2 could be obtained In 

about 50% yield when MDA (2 equlv) was allowed to react with glycine methyl ester (1 equlv) 

in the presence of acetaldehyde (1 equiv) at pH 4.327 for 7 h. This transformatlon involving 

MDA was found to be general and related 1,4-dihydropyrldines In about the same yields could 

be isolated from alanlne, serlne, methlonlne, and lysine methyl esters with acetaldehyde, 

propanal, pentanal, and benzaldehyde (Scheme 1). Studles wlth lyslne were particularly 

Important as a model study for protein modlflcation as the only primary amlno group In 

protein structures apart from the N-termInal a-amino groups Is the s-amino group of lysine. 

The UV and fluorescence spectra for 2 (see exptl) are In general typical for dihydropyrldlnes 

of all of the representatlve amino acids studied. They can be used for the detection of the 

formatlon of these 1,4-dlhydropyridines from the modification of peptldes by MDA. Two 

representatlve examples studied include glutathione and GlyHisLys. 
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Scheme 1 
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The aforementioned transformation to the dihydropyridines provides a new approach to the 

synthesis of a variety of N-unsubstituted dihydropyridines by replacement of the amino acid 

in these reactions with ammonia. For example, when MDA was treated with benzaldehyde and 

ammonium hydroxide at pH 4.2 at 60 ‘C for 3 hr 4-phenyi-114-dihydropyridine-3r5-dicarboxalde- 

hyde (15) was isolated in 26% yield after chromatographic separation and crystallization. 

The synthesis has generality and may be used for the preparation of a wide variety of such N- 

unsubstltuted compounds. 

A plausible mechanism for the formation of the dihydropyridines derived from the amino 

acids (or ammonia) and MDA is shown in Scheme 2. The reactlon apparently proceeds ti the 

enaminal 20 and the alkyiidene malondialdehyde 21. The formation of the isolable 

intermediate 20, which occurs relatively rapidly, can be clearly seen in the UV spectrum at 

280 nm. lntermedlate 21 (which can be trapped as the dihydropyran cycloadduct 252g) is the 

result of an aldol condensation of MUA and an additional aldehyde (explained later), followed 

by dehydration.28 This %&unsaturated diaidehyde then serves as a Michael acceptor for 

enaminai 20 to form 22 which can undergo cyclization ti 23 followed by dehydratlon to give 

the 114-dlhydropyridines. 
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The formation of 1,4-dihydropyrldlnes through the intermediacy of the rrbis-MDA” 

derivative 24 was also examined. For example, benzyl trbis-HJA” (24, Rr=Ph), a stable 

compound, can be easily prepared from benzylldene MDA and MDA (Scheme 3). It Is smoothly 

converted to the 1,4-dihydropyridlne 7 by reaction with glyclne methyl ester. Propyl kbis- 

MDA” (24, Rr=Et) gave similar results. 

2_4 (R’=Ph, Na Salt) 

Scheme 3 

Malondialdehyde Interacts with amino acids in the absence of added second aldehyde to 

give 1,4-dlhydropyridines (e.g. 2, 3, 9, etc) and thls requlres explanation. It Is very 

I lkel y, that In these reactIons, the second aldehyde (acetaldehyde) is produced slowly from 

the thermal cleavage of the amlno alcohol (hydrated enaminal) formed from the initial 

reactlon of amino acid and malondlaldehyde (Scheme 2). The requirement of the second 

aldehyde in the formation of lr4-dihydropyridines ralses the question as to why MDA does not 

itself serve In thls role. If MDA behaved as the second aldehyde In this reaction, the 

alkylidene MDA 26 would form which would result In the lr4-dlhydropyridlne system Z7. 

However, no dlhydropyrldlnes with this structure were Isolated from any of the reactlons 

studied. 
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The possibility that dihydropyridine 2 (and others) 

decarbonylation of 27 was also investigated through the 

2197 

were derived by the _ln Z&I 

unambiguous preparatlon of an 

authent Ic samp I e of 27 (R=CH2C02CH3, i.e. 19) (Scheme 4). Treatment of l,lr313- 

tetramethoxypropane 28 with 2r2-dlmethyl-lr3-propanediol 29 afforded the mixed m-acetal of 

MDA 30 In 40% yield. Selective hydrolysis of 30 wlth oxalic acid and silica gel In a 

tetrahydrofuran/dichloroethane/water solution gave the monoacetal of MDA 31 In 79% yield. 

Utlllzatlon of 31 under the standard reactlon conditions wlth MDA and glyclne methyl ester 

afforded the dlhydropyridlne 32 In 20% yield. Careful hydrolysis of the cyclic acetal moiety 

was accompllshed with pyrldlnlum tosylate/p-toluenesulfonic acid In acetone which gave 19 in 

38% yield. However, compound 19 was found to be thermally stable under the condltlons used 

to produce the 1.4-dlhydropyrldlnes and even at much hlgher temperatures. 

FInally, It should be mentloned that a number of 4-arylated lr4-dlhydropyrldlnes related 

to some of the compounds syntheslzed In this paper are of conslderable interest as calcium 

channel antagonlsts.30’3’ Some of these compounds are belng used cllnlcally in the treatment 

of various dlsorders of the cardiovascular system. 32 Two conformational requlrements that 

appear to be Important for the biological activity of known 4-arylated lr4-dlhydropyrldines 

are the orthogonal orientation of the phenyl rlng and the planarity of the dlhydropyrldlne 

ring. 33r34 In order to confirm the structures of the dlhydropyrldines produced In these 

react Ions and to examine the conformational propertles of the I-arylated compoundst we 

carried out a slngle crystal X-ray study on compound 15. The results are presented in Flg. 1 

and show that the plane of the phenyl ring bisects approxlmately the dlhydropyrldlne rlng 

even though an ortho substltuent Is not present (cf. refs. 33.34). In addition, the 

dlhydropyrldine ring shows a relatlvely small deviation from planarity. Calcium channel 

antagonlst activities for thls and other dihydropyrldlnes are currently being Investigated. 

Figure 1. ORTEP plot showing the conformation of 15 determlned from single 
crystal X-ray data. 
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In summary. It can be stated that MDA is able to modlfy amlno acid residues to highly 

fluorescent lr4-dlhydropyrldlnes. A mechanlstlc Interpretation of these results has been 

suggested. These findlngs may be of slgnlflcance In understandlng the blologlcal chemistry 

of KIA. Synthetic ramlflcatlons of this work Includes a new approach to the synthesis of a 

varlety of N-unsubstltuted 1,4-dlhydropyrldlnes. In contrast to many known 1,4- 

dlhydropyrldlnas. the compounds produced In this study are remarkably light stable. Some of 

the dlhydropyrldlnes synthesized may be useful as fluorescent blological probes of the 

calcium channel In Ilvlng systems and the X-ray crystallographic data provide strong 

structure-actlvlty predlctlon for thls actlvlty. 

ExperImental Se&Ion 

Meltlng polnts reported are uncorrected a d were 
The ‘H and ” 

etermlned on a Thomas-Hoover meltlng 
point apparatus fltted wlth a mlcroscope. C NMR spectra were recorded on elther 
a Bruk& WM-360 or a JEDL FX-9OQ Fohrler transform NMR spectkometer. Mass spectra were 
obtalned on a Hewlett-Packard 5985 GC/MS system or a VG Analvtlcal Model ZAB-HF instrument. 
Ultravlolet spectra were obtalned on a Varlan-Cary Model 219 ultravIolet-vlslble spectropho- 
tometer. Fourler transform IR measurements were recorded on an IBM Model 98 Instrument. 
Corrected fluorescence spectra were obtalned on an SLM-Aminco SPF-500C spectrofluorlmeter 
Interfaced wlth an2bBM personal computer. Relative quantum yields were determlned by the 
method of Gullbault using qulnlne sulfate (quantum yield 0.70) In O.lN sulfuric acid as a 
reference. The X-ray structure was determlned on an Enraf-Nonlus CAD-4 diffractometer. 
Lyophlllzatlons were performed on a Vlrtls Freezemoblle 3. Alr and molsture sensltlve 
reagents and/or reactlon products were handled and transferred, when necessary, In a Labconco 
glove box under a dry nltrogen atmosphere. Preparatlve layer chromatography plates for 
separatlng reactlon mixtures were prepared by coating 20 x 20 cm glass plates with 65 ml each 
of a slurry prepared from 150 g of E. Merck PF-254 slllca gel In 400 ml of water. 
were alr dried for two days, then activated at 135 ‘C for 4 hours prior to use. 

The plates 

General Procedure for the Fornatlon of 1r4-illhydropyrldines. 

(Procedure A). 
To a 39 

ml RBF equlpped with a stir bar was added acetate buffer (pH 
4.21, sodlum MDA (3 equlv), and an amlne or amlno acid (1 equiv). The pH of this mlxture 
was adJusted to 4.2 wlth 2M HCI or 2M NaOH. The reactlon flask was sealed and stirred In a 
pre-heated oil bath for several hours. The solution was neutralized wlth 2M NaOH and the 
sol vent was removed under reduced pressure. The residue was dissolved In a methanol- 
chloroform mixture and chromatographed on a slllca gel (60-230 mesh) column. Fractions wlth 
the expected dlhydropyrldlne UV spectrum were collected, pooled, and concentrated. For 
further purlf IcatIon, the materlal was chromatographed on slllca gel (PF25 1 preparatlve 
layer plates with a speclflc comblnatlon of methanol and chloroform as 4 he developlng 
sol vent. 

Procedure 8. The amlne or amlno acid (1 equlv), aldehyde (l-2 equlv), and sodlum MDA (2 
equlv) were dissolved In acetate buffer (pH 4.2) In a 50 ml RBF equlpped with a stir bar. 
The mixture was stlrred for several mlnutes and then the pH was adJusted to 4.2. The 
reactlon flask was sealed and heated In an oil bath for several hours. The reactlon mixture 
was then neutralized with 2M NaOH, and the solvent was removed _Ln m. The restdue was 
taken up In a methanol and chloroform mlxture and run through a short slllca scrubber column 
to remove NaCl and other polar lmpurltles. Fractions wlth the appropriate dlhydropyrldlne UV 
pattern were col lected and pooled. The solvent was evaporated and the residue was chromato- 
graphed on slllca gel plates wlth methanol-chloroform as the developing solvent. 

4-MethyI-l,4-dihydropyrldlne-3~5-dlcarboxaIdehyde 2 from KIA and Glyclne Methyl Ester by 
Procedure A. Glyclne methyl ester hydrochloride (130 mg. 1.04 mmol) and sodlum MDA (335 mgr 
2.98 mmol) were stlrred at 60 ‘C In 20 ml of water at pH 4.2 for 45 h. The react ion mixture 
was worked up and chromatographed as described above. The band wlth Rf 0.30 (5% CH30H-CHCI 

3 
t 

2 elutlons) a’fforded 18 mg (13%) of 2 as a solid, mp 153 oc: UV (H 0)X 236 nm (E 18,900 
384 nm (~8800); Fluorescence data (H20) excltatfon 3!gxnm. 

, 
262 nm (c79 O), 
iH@; ‘&36); ’ 

emlsslon 454 nm 
H NMR (CDCI )6 1.14 (d, 3H), 3.84 (m. 4H). 4.20 (st 2H). 6.64 (s, 2H), 9.30 (s, 

C NMR (CDC13) 623.1, 23.0, 53.0, 54.9, 124.4 146.1, 168.11 188.7; mass spectrum, m/z 
(relative IntensItyI (30 eV) 224 (M++l, 1.51, 223 (M’ , 6.4), 208 (1001, 149 (15.9); HRMS (El) 
calcd for CllH1304N; 223.0845, found 223.0870. 
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4-MethyI-lr4-d1hydropyrid1ne-3.5-dicarboxaldehyde 2 by Procedure B. Using this 
procedure with acetaldehyde (2 equiv) as the additional aidehyde, the reaction time was 3 h 
at 60 'C.. Compound 2 was produced In 50% yield. 

4-Ethyl-1,4-dlhydropyrldlne-3,5-dlcarboxaldehyde 4 fran Glycine Methyl Ester by 
Procedure El. Glyclne methyl ester hydrochloride (136 mg. 1.08 mmol), sodlum MDA (247 mgr 
2.20 mmol) and proplonaldehyde (0.08 ml, 
at 55 'C for 4 h. 

1.10 mmol) were stirred In 20 ml of water at pH 4.2 
The reaction mixture was worked up and chromatographed to give 4 as a 

yellow 011, 138 mg (54%). UV (H 0) A 385 nm (a 8680); 
Fluorescence data (H20) excltatfon 3vvnm. 

238 nm (a 194801, 262 nm (E 864011 
emlssion 455 nm (0 = 0.36); H NMR f(CDj)2Tg;6 

0.66 (tt 3 H), 1.33 (mr 2 H), 3.71 (m, 4 H). 4.53 (sr 2 H)t 7.35 (s, 2 H). 9.24 (sl 2 H ; 
NMR ((CD31 

f 
SO) 6 8.6, 25.7, 27.4, 52.2, 53.9, 119.7, 149.5, 169.1, 189.0; mass spectrum, m/z 

(relative ntenslty) (30 eV) 237 (M+, 1.71, 222 (0.61, 208 (loo), 179 (5.5). 178 (12.6). 176 
(8.61, 164 (1.91, 150 (10.31, 149 (31.1); HRMS (El) calcd for C10H1004N(M+-CH2CH3) 208.0609, 
found 208.0599. 

4-Ethvl-l,4-dihvdropvrldfne-3S5-dlcarboxaldehvde 5 from Glvclne bv Procedure 8. Glvcine 
(116 mgt j.-55 mmol); sodium MDA (354 mg, 3.16 mmoi) and propionaldehyde (0.15 ml. 2.08 mmol) 
were stirred In 20 ml of water at pH 4.2 at 50 'C for 3 h. Compound 5 (139 mg, 40%) was 
obtained as yellow crystals: 238 nm (6 21,819), 265 nm (e 
8423), 3 3 

9 
nm (b 9792); 

mp 185-186 'C; UV (H20) X 

0.47). SO) 
Fluorescence data fH20) excltatT$g 397 nm, emission 462 nm ( Q = 
d 66 ft. 

fs, 2 H), 9.24 (s, $ H); y3 
H NMR ((CD31 3 H), 1.34 (m, 2 H), 3.74 (tr 1 H). 4.41 (s, 2 H). 7.35 

C NMR ((CD31 SO) 6 8.7, 
189.2; mass spectrum, m/z (relative lntens ? ty) (30 eV) 

25.9, 2i.4, 54.1, 119.7, 149.8, 170.0. 
223 (M , 2.01, 208 flO.O), 194 (loo), 

178 (3.8), 176 (14.91, 165 (10.4), 149 (33.31, 136 (33.7). 92 (71.7); HRMS (El) calcd for 
CllH1304N 223.0845, found 223.0856. 

4-ButyI-1~4-dlhydropyrldine-3r5-dfcarboxaldehyde 6 from Glyclne Methyl Ester by 
Procedure 8. Glyclne methyl ester'HCI (252 mg, 2.01 mmol)t sodium MDA (495 mgr 4.40 mmol), 
and pentanal (333 mg, 3.86 mmol) were stirred In 30 ml of pH 4.2 acetate buffer at 60 oC for 
3 h. The reaction mixture was worked up and chromatographed to give 6 as an oil In 43% 
vield. UV (H-,0) A__.. 237 (E 20,870), 264 (E 87001, 385 (c 9500): Fluorescence data (H,O) 

excitation 38gLnm, "~~lsslon 464 nm (0 = 
0.28); 

'H NMR (CDCI 3 H), 3.97 ft. J = 4.4 Hz, 1 H), 4.33 fsr 2 H), 6.64 (s, 2 H 3 1 -5 1.56-0.75 (m , 9.30 fsr 2 H): '1gCH;;R3;&;:;6 
13.71 22.4, 26.6, 27.1, 33.6. 52.5, 54.5, 121.7. 147.4, 16a.1, 188.7; mass spectrum, mlz 
(relative Intensity) (30 eV) 265 CM+, 0.71, 209 (12.0), 208 (M -C4Hgr 100.0) 149 (9.9); HRMS 
(El) calcd for C14Hlg04N 265.1314, found 265.1290. 

4-Methyl-1.4-dlhydropyridine 3.5-dicarboxaldehyde 9 from u-N-Acetyllysine Methyl Ester 
(Procedure A). Sodium MDA (371 mg, 3.31 mmol) and a-N-acetyllyslne-HCI (232 mg, 0.97 mmol) 
were dlssolved In 20 ml of pH 4.2 acetate buffer. The reactlon flask was stoppered and 
heated for 18 h at 60 'C. Work up and chromatography gave 9 as a yellow oil In 11% yield. 
UV (H20) xma 239 ( E 7.9001, 267 (a 8540), 399 nm (a 7 
tion maxima 398 nm, emission maxlma 464 nm (a = 0.35); ? 

60); Fluorescence data (H 0) excita- 3= 6.8 Hz, 
3 H), 1.95-1.34 (m, 6H)r 2.02 (s, 

H NMR (CDC13) 6 1.08 (dt 

4.75-4.50 (mt 1 H)t 
3 H), 3.59-3.4j3(mr 2 H), 3.74 (st 3 H)r 3.89 (q, 1 H). 

6.75 (s, 2 H), 9.27 (s, 2 H); C NMR (CDC13) 6 21.9. 22.0, 22.7, 22.8, 
29.1, 31.6. 51.6. 52.1. 54.4. 123.4. 146.3. 170.1. 172.4. 188.7: mass sbectrum, m/z (relative 
Intensity) (30 eV) 337 CM++,, 6.41, 336 CM+, 28.3). 322 (M+-CH2, 11.8\, 321 CM+-CH 9 79.2)s 
186 (18.5)r 149 (26.0), 144 (63.5)s 126 (100.0); HRMS (El) calcd for C17H2405N2 3 36.1685~ 
found 336.1696. 

Adduct 9 was obtained In 25% yield from the reaction of a-N-acetyllyslne methyl ester 
with acetaldehyde and MDA by Procedure 6. 

4-PhenyI-l.4-dihydropyrldlne-3~5-dicarboxaIdehyde 15 by Procedure 8. Ammonlum hydroxlde 
(262 mg, 2.16 mmol), sodium MDA (452 mg, 4.03 mmol), and benzaldehyde (437 mg, 4.12 mmol) 
were dlssolved In 25 ml of pH 4.2 acetate buffer. The reaction mixture was sealed and 
stirred In an oil bath for 3 h at 60 'C. The reactlon mixture was worked up and the product 
was Isolated by preparative layer chromatography to glve 15 as long needles i26X): mp 240 OC; 
UV (95% EtOH)X ____ 228 (E 12920). 246 fo 6640), 276 (sh) (c 25201, 373 nm (e6850); Fluores- 
cence data (H20'~a~xcltation 383 nm. emission 445 nm (8 = 0.32); 
1 H). 7.17 (m, 5 H). 7.47 (s, 2 H), 9.25 (s, 2 H). 10.02 (brs, 1 H); 
32.8. 
slty) 

119.8, 125.9, 127.4. 127.8. 144.0. 145.5, 189.0; mass speczrum, 
(30 eV) 214 (M++l. 2.9). 213 (Mt. 16.5). 154 (10.1). 136 (M -C6H5, 100.0) 128 (13.7); 

HRMS (El) calcd for C13H1102N 213.0790, found 213.0815. 

4-~2-MethyIphenyI~-1.4-dlhydropyridIne-3~5-dlcarboxaldehyde (16) was prepared by 
Procedure B as described for 15. Compound 16 was obtained as Ilght yellow crystals In 25% 
yield: mp 223 'C; UV (95% EtOH) X 376 nm f ~7530). 281.5 nm ( ~2140), 247 nm ( E 2530), 
229.5 nm ( ~13120): Fluorescence d!?: (95% EtOH) excltatlon 385 nm. emlsslon 435 nm ( @ = 
0.20); 13C NMR ((CD 1 SO) 

NMR3(&D 
6 19.5. 29.2. 121.8. 125.7, 126.0, 128.3, 128.8, 134.9, 143.9, 

145.8, 189.2; 'H 
3 
1 

9.16 (s, 2 H). 9.93 (s, f 
SO)6 2.64 (s, 3 H), 4.83 (s, 1 H). 6.99 (m, 4 H), 7.46 (dr 2 H), 
H); mass spectrum. m/z (relative Intensity) (30 eV) 228 (M++l, 
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9.2)r 227 (M+, 45.41, 154 (16.6). 136 (1001, 128 (16.6); HRMS (El) calcd for 
227.0946, found 227.0952. 

C,4H1302N 

4-~2-Fiuorophenyi~-1~4-dlhydropyridIne-315-dicarboxaidehyde (17) was prepared by 
Procedure B as described for 15. 
oc; 

Compound 17 was obtained as yellow crystals (22%); mp 220 
UV (95% EtOH) Xmax 376 nm (E 3710). 228 (E 6870); Fluorescence data (95% 

EtOH) excltatlon 385 nm, emission 435 nm ( O= 0.25 C NMR ((CD 1 SO) 6 27.7, 119.2, 123.8, 
127.7, 127.9, 130.5, 132.7, 144.2, 144.4. 188.9; b NMR ((CD ) Sal26 4.94 (s, 1 H), 7.09 (ml 
4 HI, 7.47 (d. 2 H), 9.18 (s, 2 H), 10.04 (s, 1 H); mass sseztrum m/z (t-elatlve Intensity) 
(30 eV) 232 (M++l, 9.21, 231 fMtr 
231.0696, found 231.0718. 

53.21, 154 (8.9). 136 (100); HRMS (El) calcd for C13H1002NF 

1~4-Oihydropyridlne Triaidehyde 19. Sodium MDA (568 mg, 5.07 mm011 was treated wlth 
MDA-acetal 31 (398 mg, 2.52 mmol) and glyclne methyl ester'HCI In 40 ml of water at pH 4.2 
and 50 'C for 6 h (Procedure 8). Work up and purlficatlon afforded 318 mg (38%) of 32 as 
yellow crystals: mp 182-184 'C; UV (H20) X 235 nm ( ~20,375)~ 259 nm (E 92471, 

excltationm~~5 nm, 
3 3 nm (E 

9564); Fluorescence data (H20) emlsslon 455 nm ( 0 = 0.21); 1 H NMR 
;(cH5)3)ss1))1; ;;;4 (5, 3 H), 1.02 (s, 3 H), 1.53 (m, 2 H), 3.26 (d, 2 HI J = 11 Hz), 3.42 (dr 

9.21 fs, 2 HI; 
,,33.72 (s, 3 H), 3.76 (m. 1 HI, 4.32 (ml 1 H), 4.56 (5, 2 HI, 7.32 (s, 2 H), 

C NMR ((CD 1 SO) 6 21.4, 22.8. 23.2. 29.4 (two carbons), 52.2, 53.8, 76.0, 
100.0, 120.0, 149.1, 169.2,31&3.8; mass spectrum, m/z (relative Intensity) (30 eV) 337 CM+, 
6.21, 308 (0.11, 279 (0.1). 278 (0.71, 264 (0.11, 235 (1.11, 234 (5.61, 208 (100). 195 (0.7)~ 
179 (2.3), 150 (2.1); HRMS CEl) calcd for C17HZ306N 337.1525, found 337.1556. 

lt4-Dlhydropyrldlne 32 (133 mg, 0.39 mmol) was dlssolved In 1:4 water:acetone (15 ml) 
and treated with pyrldlnlum tosylate (102 mg, 0.41 mmol) and p-toluenesulfonlc acid (18 mgr 
0.10 mm011 and heated under reflux for 30 h. The reactlon mixture was neutralized wlth a 
small amount of NaHC03 and the solvent removed j_n yaw~p. The resldue was chromatographed on 
a silica preparative layer plate with 4% methanol/dlchloromethane. The band with R 

UV (H?O) A__.. 236 
0.49 

afforded 38 ma (38% vIeId, 58% converslon) of 19 as a vellow 011: nm (E 
18335). 259 nm-(c 71431, 380 nm ( 98108); Fluorescence data (H20) excltatloi 390?& emlsslon 
455 nm f@ = 0.32): 
HI. 6.76 (st 2 HI, 

H NMR (CDCIX) 6 2.65 (ddr 2 H), 3.48 (t, 1 H). 3.85 (s, 3 HI, 4.24. (s, 2 
9.29 fs, 2 H), 9.73 ft. 1 HI; 

120.9, 147.7, 168.1. 188.6, 201.2; mass spectrum 
'3C NMR fCDCl3) 6 23.8, 49.0, 53.1, 54.9, 

, m/z (relative IntensItyI (30 eV) 251 (Mt. 
3.2). 222 (3.31, 208 (100). 192 (1.5)~ 180 (5.8)~ 179 (4.9). 150 (4.3). 136 (4.8); HRMS (El) 
calcd for C12H1305N 251.0794. found 251.0774. 

Propylldene-W)A and Formation of Dieis-Aider Adduct 25 with Ethyl Vinyl Ether. Sodlum 
MDA (231 mgr 2.12 mmol) and proplonaldehyde (0.3 ml, 2.08 mmol) were dissolved In 6 ml of 
deoxygenated water, and allowed to stand at 5 'C under a nltrogen atmosphere for 12 hr. The 
reaction mlxture was warmed to room temperature and 660 mg of NaH2P04'H20 (5.16 mmol) was 
added followed by ethyl vlnyl ether (0.6 ml, 6.27 mmol) In 2 ml of chloroform. The blphaslc 
reaction solutlon was stlrred vigorously for 3 hr after which NaHC03 (500 mg) In 5 ml of 
water was added. The aqueouus layer was separated and extracted with chloroform (3 x 20 ml). 
The organic layer was drled over Na2S04 and chromatographed on a slllca gel preparatlve plate 
with 8% methanol/chloro orm as the solvent. 

f 
The band wlth R 0.65 afforded 85 mg (22%) of 26 

as a pale vellow 011. H NMR (CDCI,) 6 0.90 (t, 3 H), 1.23 fm, 4 H), 1.87 (ml 3 H), 2.49 (br 
mr l'H), '3.75 (br mr 2 HI, 5.14 fin, 1 H), 7.17 fst 1 H), 9.22 (st 1 HI; mass spectrum, m/z 
(relative Intensity) (70 eV) 184 CM+, 2.1) 155 (5.61, 139 (4.61, 138 (9.8)s 122 (15.411 109 
(100); HRMS (El) calcd for C10H1603 184.1099, found 184.1098. 

Benzyl "his-I@A" and Its Conversion to 1r4-Dihydropyridine-3r5-dIcar 
Sodium MDA (210 mg, 1.87 nunol) in 2 ml of water was added to benzylldene MDA 
mm011 In 7 ml of acetone. The reactlon mixture was stirred for 2.5 h at room temperature. 
The solvent was evaporated under reduced pressure and the resldue was crystallized (EtOH) to 
give the benzyl "bls MDA" (24, Rr=Phr 
HCIIX 

Na salt) as yellow crystals 1440 mg, 93%): UV (O.lN 
249 nm (E 13849); UV fO.lN NaOH) I,,, 272 nm ( E29277). 

H), 7.!!gXfm, 5 HI, 8.45 (br s1 4 H). 
H NMR CD201 6 5.50 (s. 1 

Benzyl wbls-MDA" (1 equiv) was converted to dlhydropyrldine 7 (35%) by reaction with 
ammonlum acetate (1 equlv) at 60 'C and pH 4.2 for 3 h. 

Propyi "b I s-WA” and its Conversion to 1,4-DihydropyrIdlne-3,5_dicarboxaidehyde 4. 
Sodlum MDA (187 mg, 1.67 mmol) was dissolved In 1 ml of water to which was added proplonalde- 
hyde (0.06 ml, 0.85 mmol) In 7 ml of acetone. The reaction mlxture was stlrred at room 
temperature for 12 h. The solvent was removed under reduced pressure and the residue was 
crystallized from ethanol-ether to give the propyl "bls-MDA" (Na salt) (91 mgr 47%) as off- 
plhite crystals: UV (O.lN HCI)h 248 nm ( ~13334); UV (O.lN NaDH) X 
H NMR CD201 6' 0.78 (m, 3 H). 1.7yaTm, 2 HI. 4.47 ftt 1 H)t 8.40 (br s, 

270 nm (E 30322); 
'6"#). 

Propyl wbls-MDA" (1 equlv) was converted to the 1,4-dlhydropyrldlne 4 (50%) by heating 
wlth glyclne methyl ester (1 equlv) at 55 OC and pH 4.2 for 3 h. 
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Single-Crystal X-ray Structure Determlnatlon of 1,4_Dlhydropyrldine 15. A colorless 
needle-i Ike crystal p .05 mm(O,l,O)x .10 mm (0,1,-l) x .62 mm (l,O,O) mounted on a glass fiber 
with Cl.O,OI roughly parallel phi rotatlon axls of Enraf-Nonius CAD-4 diffractometer; 
araohlte monochrcmator, MoKaloha radlationr alpha(aver)=.71073 A; 295K data col I ect ion; 
.a . 

omega/two theta scan, 0.6 + .35 tanftheta); background counts, 25% below and above range; 
peak counting time/background counting time= Z/l; horizontal aperture, 2.4 to 3.0 mm 
dependlng on angle; scan speed, 0.5 - 2.5 deg/mln dependlng on Intensity; reflectlons 
collected to 2 thetacmax) = 40. Lorentz nd polarization 
absorptlon corrections were not (mu= 0.59 cm -7,. 

corrections were made but 
The three standard reflections used to 

monltor decay showed a decrease of only 2.1% so reflectlons were not corrected for decay. A 
total of 7995 reflectlons were measured of which 3000 were classed as absent. Net averaged 

reflections = 12121 of which 661 exceeded 3 slgma. Agreement among equivalent reflections 
observed Is 3.2% based on F, 2.7% based on F*F. Cell dlmenslons were obtained from 25 
reflectlons used to determine the orientatl 

3 
n matrix, a = 7.524(6), b = 14.009(7), c = 

20.236(11) A. The cell volume Is 2132.95 A . For Z = 4, F.W. = 213.25, the calculated 

density Is 1.328 g/cm3. 

The, structure was solved by direct methods and refined by full matrlx least squares. 
All hydrogen atoms were located from difference maps, and refined. Anlsotroplc refinement on 
al I non-hvdroaen atoms, but not lncludina hvdroqen atom posltions = 146 parameters, 661 
reflectlonsr ’ Gave R = .081, Rw = .120. Anisotropic refinement on all non-hydrogen atoms and 
lsotroulc reflnement on hvdroaen atoms qave R(1) = .022, R(2) = R(w) = .026. The standard 

devlat’lon of an observatiqn 07 ‘unit weight = 1.074. Welghts used In the refinement are those 
of Klllean and Laurence with P = .Ol, Q = 0.0. The iast parameter shift/error was less 
than 0.03. 
el/A3. 

The f lnal difference map has a maxlmum resldual electron density of 0.08(2) 
The rather small ratio of reflections/parameter Is justified by (1) the use of 

averaged data from a full sphere, (2) by the large decrease In the agreement factor on 
addltlon of H atoms to the calculation, and (3) the subsequent refinement of H atom posltlons 
to reasonab I e val ues. All crystallcgraphlc calculations were made using the SDP set of 
programs of Enraf-Nonlus Corp. Atom parameters and bond distances and angles are summarized 
In Tables 1 and 2. 

Table 1. Atan parameters for 4-phenyl-1.4-dihydropyrldine-3,5- 
d icarboxal dehyde G15). 

Atom X Y z E 

x10000 xl 0000 x 100000 

Nl 
c2 
c3 
c4 
c5 
C6 
c31 
c51 
C7 
ca 
c9 
Cl0 
Cl 1 
Cl2 
032 
052 

1954(2) 
3549(3) 
5096(3) 
5214(3) 
3369(3) 
1904(3) 
6679(3) 
3161(3) 
6076(2) 
7626(3) 
8418(3) 
7684(3) 
6136(3) 
5340(3) 
8175(2) 
4390(2) 

Atom x 

HNl 
H2 
H4 
H6 
H8 
H9 
HI0 
HI1 
H12 
H31 
H51 

1301(2) 
1380(2) 
1237(2) 
1033(l) 

831(2) 
987(2) 

1278(2) 
460( 2) 

1850(2) 
171Of2) 
2458(2) 
3348(2) 
3502f 2) 
2754f2) 
1137(l) 

232( 1) 

51913(9) 
48798fll) 
51968f9) 
59251(9) 
61889( 10) 
58264fll) 
48049( 11) 
68457(1!) 
62981(9) 
66555f 10) 
69848fll) 
697llfll) 
66269( 12) 
62939(10) 
50181(a) 
71992(7) 

z 

xl 000 xl 000 xl 0000 

6OOf2) 
649(2) 
599(2) 
571(3) 
810(2) 
548(3) 
176(3) 
444(3) 
574f 3) 
351(Z) 
186(3) 

368(l) 
657(l) 
458(l) 
413(l) 
395(l) 
765f2) 
610(2) 
585(2) 
713(l) 
639( 1) 
463(Z) 

5033f 10) 
609(9) 

1006(a) 
3974(9) 
1693flO) 
2235fll) 
2802f 12) 
339OflO) 
3965(g) 

714(9) 
1990(9) 

3.86(5) 
3.27(5) 
2.59(5) 
2.57(5) 
3.01(5) 
3.67(6) 
3.54(5) 
3.92(6) 
2.52(5) 
3.44(5) 
4.65(6) 
4.73(6) 
4.19(6) 
3.22(5) 
4.42(4) 
4.83(4) 

B 

2.0(5)X 
1 .o** 
1 .o** 
2.3(5)X 
1.6(5)X 
3.4(6)* 
4.2(7)X 
2.7(5)* 
1.5(5)* 
1.4(5)* 
2.3(5)* 

Starred atoms were refined lsotroplcally. 
Anlsotroplcally reflned atoms are given In the form of the 
isotropic equivalent displacement parameter defined as: 
(4/3)*Ca2*B~l,l)tb2*BO+c2*B~3~3~tab(cos gamma)*B(lr2)+ac(cos 
beta)*B(1,3)+bc(cos alpha)*B(2.3)1 

Double starred atoms had the I3 value flxed. because on reflnement 
the B value became negative. 
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Table 2. 

Nl-C2 
Nl-C6 
C2-C3 
C6-C5 
c3-c4 
c5-c4 
c3-c31 
c5-c51 
C31-032 
C51-052 
c4-Cl 
U-C8 
C7-Cl2 
ca-c9 
c12-Cl1 
c9-Cl0 
Cll-Cl0 
C8-C81 
C81-F82A 
C81-F82B 
Cal-F82C 

C7-CE-C81 
C9-C8-C81 
FBlA-C81-F8lB 
F81A-C81-F81C 
Nl-HI 
CZ-H2 
C6-H6 
C31-H31 
C51-H51 
C4-H4 
C8-H8 
C12-H12 
C9-H9 
Cll-HI1 
ClO-HlO 

C7-C8-H8 
C9-C8-H8 
C9-ClO-HlO 
Cll-ClO-HlO 
C7-ClZ-HI2 
Cll-C12-HI2 

V. NAIR et al. 

Bond distances and angles for 4-phenyl-1,4- 
dihydropyrldlne-3,5_dicarboxaldehyde (15). 

.360(3) 

.360(3) 

.344(3) 

.342(3) 

.504(3) 

.514(3) 

.432(3) 

.436(4) 

.221(3) 
1.212(3) 
1.516(3) 
1.386(3) 
1.383(3) 
1.378(4) 
1.382(4) 
1.364(4) 
1.374(4) 

.85(3) 
1.02(2) 
1.00(3) 
1.0713) 
l-03(3) 
1.05(3) 
1.00(3) 
.98(Z) 
.98(3) 

1.01(3) 
.99(3) 

118(l) 
121(l) 
122(2) 
118(2) 
119(l) 
120(l) 

C6-Nl-C2' 
Nl-C2-C3 
Nl-C6-C5 
C2-C3-C4 
C6-C5-C4 
C2-C3-C31 
C6-C5-C51 
c4-C3-c31 
c4-c5-c51 
c3-c4-c5 
c3-c4-c7 
c5-c4-c7 
c3-c31-032 
C5-C51-052 
c4-c7-C8 
C4-C7-Cl2 
CB-c7-Cl2 
c7-C8-69 
C7-C12-Cl1 
C8-C9-Cl0 
c12-Cll-Cl0 
c9-Cl&Cl1 
C8-C81-F81A 
CB-Cal-F81B 
CB-C81-F8lC 
F816-CBl-F81C 
HNl-Nl-C2 
HNl-Nl-C6 
H2-C2-Nl 
H2-C2-C3 
H6-C6-Nl 
H6-C6-C5 
H31-C31-C3 
H51-C51-C5 
H31-C31-032 
H51-C51-052 
C3-C4-H4 
C5-C4-H4 
C7-C4-H4 
CE-C9-H9 
ClO-C9-H9 
ClO-Cll-HI1 
ClZ-Cll-HI1 

119.3(2) 
122.1(3) 
123.1(2) 
123.2(2) 
122.0(21 
116.8(2) 
118.4(2) 
120.1(2) 
119.6(2) 
109.1(2) 
111.7(2) 
110.9(2) 
124.4(2) 
124.0(3) 
120.9(2) 
121.1(2) 
118.0(2) 
120.6(3) 
121.2(3) 
120.7(3) 
119.7(3) 
119.8(3) 

119(2) 
120(2) 
116(l) 
121(l) 
118(l) 
119(l) 
116(l) 
114(l) 
119(l) 
122(l) 
110(l) 
107(l) 
108(l) 
120(2) 
121(2) 
121(2) 
119(2) 
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