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Ilb?itract: Under suitable condltlons, malondI8ldehyde is capable 
of modlfylna amino cold residues to novel, hlahlv fluorescent 1,4- 
dlhydropyrldlnes. The structures assigned to-these compounds are 
supported by IJV, tlR?% high-field NHRt and X-ray crystalloqraphlc 
data. The ‘mechanism of -these transformation& uhIch ls- fully 
dIscussed, Involves the Michael reectton of slkylldene malondl- 
aldehydes with enamlnals. both of which are produced as detectable 
IntermedIates. These findings may be of slgnlflcance In explalnlng 
sane of the blologlcal chemistry of malondlaldehyde. The ttans- 
formation also provides a new approach to the synthests of a wlde 
range of light stable d-arylated-lrd-dlhydropyrldlnes of potential 
Interest as calcium channel entagonlsts. 

The ublqultous natural metabollter malondlaldehyde (HDA), Is an Important carbonyl 

product of polyunsaturated llpld oxldatIon.‘-3 The radlolysis of carbohydrates and certsln 

amino acids also produces this dfaldehyde.4’5 Halondlaldehyde has long been of Interest In 

food chemistry and Its detection by the thl~arblturic ecid (TBA) test has been used for the 

estlmatlon of oxldatlve rancldlty In foods.1’2*6r7 The chemistry of M)A may be of 

consldereble Importance In degenerative processes lo rLune8” because of Its ablllty to 

Interact ulth blologfcal macrcmolecules.lO-ts For example. M3A Is able to modify nuclefc 

acIds’4-‘7 and this Is consistent with Its observed mutagenIclty.g”o”8 The reactlvfty of 

MIA towards proteins to produce fluorescent cross1 Inked adducts has also been known for some 

tlme.1gr20 

Malondlaldehyde Is readily formed In blood plasma In response to thrombln and other 

substances that cause blood pIatelet aggregation. 21’22 It has been shown that hemoglobin A 

Is modffled by WA and that thfs modlfled hamogfcbln exhlblted fluorescence spectra slmllar 

to that seen In the overall erythrccytfc modIflcatlon.23 UV-Vlslble and fluorescence data on 

the modtf led protelns appear to be consistent wlth the formatfon of vlnylcgous 

smidInest’9’Z0~24 as welf as highly fluorescent heterocycllc systems of unknown structure. 

Thfs paper reports on mdef studies of WA ulth &nlno acfds and peptldes that Involve the 

detect Ion, Isolation, and complete characterlzatlon of heterocycllc systems of simllsr UV and 

fluorescence data as those reported In the aforementioned blologlcal studles.25 In addltlon, 

synthetic ramifications of these model studies are also reported. 

When U)A (1, 3 equlv) was allcued to react wfth rmfno actds (e.g. glyclne methyl ester, 

1 equlvl 

grsduaf ly 

low yields 

under aqueous ecfdlc condltlons for prolonged periods t> 40 hf, the UV spectrum 

underwent a bathcchromlc shfft. Work-up and chromatogrsphlc purlffcstion gave 

of a product which showed a HRl4S molecular mass ion at m/r 223.0870. Its UV and 
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high-ff%fd fff and f3c NW? dats ffncfudfng dalayed deooupl ing) when t&en coffectfvefy, 

suggssted ihai the product *as the dlnetbyf-fr4-dihydropyrfdfnb3~S-bfcarboxafdshyde 2. The 

compound xas high I y f I ~arsscent t tmit?fng at 454 nm upon sxcltatfon at 396 nm xfth e relative 

quantum eff tcfency f+b) of Q,36.26 fntersstlngly~ the glycfne adduct 3 (I.e. the unprotected 

form of 2) has e 4 of 6.47 which makes ft one of the most fluorescent dihydropyrfdlne systems 

known. The efffclency of this fluorescence emlrrlon Is partfcularfy remarkable when Compared 

to the weif-know natural 1”4-dfhydropyrfdfne 3ystemr WWf ( 9’ 0.02). 

On further investlgatton~ It was discovered that dthydropyrldtne 2 coufd be obtafned fn 

8buxi~ 50s yietd v&m !@I\ f2 equfvf we5 atfor& to ret& with gfycffle methyf ester (t equfvf 

In the presence of acefafdehyda (1 equfv) et pff 4.327 far 7 h. Thfs fransformaffon fnvofvfng 

f@A was found to be gencrraf and related ~,4-df~ydr~yrfdfnes In about the same yields could 

be f3oJ8t%d from afantne, serfne, methfonine, and lysfne methyl ester3 with sceteldebydet 

propanal, pentanaft and benrafdehyde (Scheme J). SSwdfss with lyslne rem particularly 

important as a model study for protein modification a3 the only primery amino group In 

protefn structures apart from the N-terminal a-amfno 9raups Is thee-amino group of lyslne. 

The UY end fluorescence spactre for 2 (see exptff we In generat typtcst for dlhydropyridtnes 

of aff of the f%~re3%~tatfv% amfna acJd3 studfed, They can be used fw tks detecti of the 

formation of these ~~d-dr~~dr~~r~d~~~~ from the modfffcatlon af peptldes by MM. Two 

r%presenfatJve examples st&id& fnctude glutathkme and GIyHlsLyr. 

*-OH 
OHC CHO 

+ RN& + R’cHO - 

R’ -CR2 

R’ = CR 3 

R’ = C2Hs 

R’ - c2fis 

R’ = C,He 

R’ P CnHs 

R’ =I CH2 
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The sforement1oned transformation to the dlhydropyridlnes provides a new approach to the 

synthesis of a vat-l&y of N-unsubstltuted dlhydropyrldlnes by replacement of the amtno acid 

In these reactions with ammonia. For example, when MM was treated with benzaldehyde and 

mnlum hydroxide at pH 4.2 at 60 % for 3 h, 4-phenyl-i~4-d~hydropyridln~3~5-dlcarboxelde- 

hyde (15) was Isofated in 26% yield after chromatogrsphic separatton and crystalllzstton. 

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

unsobstItuted canpounds. 

A plausible mechanism for the form&loo of the dthydropyrrdfnes derfved from the amino 

acids (or anrnonla) and KM Is show In Scheme 2. The reactlon apparently proceeds Jda the 

enamlnal 20 and the alkylldene malondlaldahyde 21. The formatfon of the Isolable 

rntermedlate 20, rhlch occurs relatively rapldly. can be clearly seen In the UV spectrum at 

280 nm. lntermedlate 21 (which can be trapped 8s the dlhydropyrsn cycloadduct 2r2’) fs the 

result of an sldot condensation of MDA and an additlonsl sldehyde (explafned isterfr followed 

by dehydrat ion.28 This a,bunsaturated dlaldehyde then serves us a Michael acceptor for 

enamlnal 20 to form 22 which can undergo cycllzatton ti 23 followed by dehydration to give 

the t,4-dlhydropyrIdlnes. 

H’ 
O=-@+-+OH + RNH, e - RNH/\c/\\, 

?O 

RNHCHO 

Tg?- + CH,CfiO 

ii” -H*O 

+o&vy#+- 

1 RN% ) 
-2 H,O 

H d 

-Hia 

Scheme 2 
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The formation of lr4-dlhydropyridines through the intermediacy of the ‘Ubis-M)AIU 

derlvatlve 24 was also examined. For example, benzyl *lb I s-MM’~ (24, R’=Ph), a stable 

compounds can be easily prepared fra benzylfdene HDA and KM (Scheme 3). It 1s smoothly 

converted to the 1.4-dihydropyrIdIne 7 by reacilon wfth glyclne methyl ester. Propy I “b is- 

KM” (24, R’=Et) gave slmllar results. 

‘I & H 

I I’O -“? 

i@ (R’-Ph. Na Salt) 

Scheme 3 

Halondialdehyde interacts with amino acids fn the absence of added second aidehyde to 

glve lr4-dlhydropyrldlnes (e.g. 2, 3, 9, etc) and this requlres explanation. It Is very 

1 lkely, that In these reacttons, the second aldehyde (acetaldehyde) Is produced slowly from 

the thermal cleavage of the amino alcohol (hydrated ensmlnal) formed from the Initial 

reactlon of amino acid and malondIaldehyde (Scheme 2). The requrrement of the second 

aldehyde In the formatlon of 1,4-dlhydropyrldlnes raises the questlon as to why M)A does not 

Itself serve In thls role. If fKiA behaved as the second aldehyde In this reactIon, the 

alkylldene HfA 26 would form which would result ln the 1,4-dihydropyrldine system 27. 

However, no dlhydropyridlnes with this structure were isolated from any of the reactions 

studied. 

29 

ito HCI*Nt&CH~ CH, J 2 O-P--OH 

Scheme 4 
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The posslbJJ Jty that dihydropyrldlne 2 (and others) were derived by the h & 

decarbonyiatlon of 2’7 was also Investigated through the unambiguous preparatlon of an 

authentic sample of 27 fR=CH2CC2CH3, I.e. 19) (Scheme 40. Treatment of ltlr3*3- 

tetramethoxypropane 28 wlth 2r2-d1methyI-lt3-propanedlol 29 afforded the mlxed b&-acetai of 

WA 30 In 40% yield. Selective hydrolysis of 30 with oxal Ic acid and sil Jca gel Jn a 

tetrahydrofuran/dIchIoroethane/water sol&Ion gave the monoacetal of K)A 31 In 7% yield. 

Utlllzatlon of 31 under the standard reection condltfons with MDA and giyclne methyl ester 

afforded the dJhydropyridine 32 Jn 20% yield. Careful hydrolysis of the cyclic acetal rnolety 

was accomplished with pyridlnlum tosylate/p-toluenesulfonlc 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 higher temperatures. 

Finally, It should be mentioned that a number of 4-arylated lr4-dlhydropyrldines related 

to sane of the compounds syntheslred Jn this paper are of conslderable interest as calcium 

channel antagonlsts.30’3’ Some of these canpounds are belng used cllnlcally In the treatment 

of various disorders of the cardiovascular system. ” Two conformational requirements that 

appear to be Important for the blologlcal activity of known d-arylated 1.4-dJhydropyrldlnes 

are the orthogonal orfentatlon of the phenyl ring and the planarity of the dlhydropyridlne 

rlng.33t34 In order to conffrm the structures of the dlhydropyrldlnes produced In these 

reactions 8nd to ex8mine the conformatJona1 propert’les of the 4-arylated canpounds, we 

carrfed out a single crystal X-ray study on canpound 15. The results are presented In Fig. 1 

and show that the plane of the phenyl ring bisects approximately the dlhydropyrldlne rtng 

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

dlhydropyrldlne ring shows a relatively small devlatlon from planarity. Calcium channel 

antagonlst actlvtties for thls and other dihydropyrJdin8s are currently being Investigated, 

Figure 1. CRTEP plot shaing the conformation of 13 determined from single 
crystal X-ray data. 



In sunmu~y* It can be stated that MA 1s able to modify anlno acid residues to hlghty 

fluorescent i,4-dihydropyrldlnas. A mechanlstlc Interpretation of these results has been 

suggest%& These findings may be of signlffcsnce fn underst%~dl~g the bloicgical chemistry 

of WA. Synthetic ramiflcatlons of this work includes a new approach to the synthesis of a 

var lety of N-unsubstrtuted t,4-dthydropyrtdlnes. In contrast to many known lr4- 

dthydropy~tdlnas, the compounds produced In ibfs study are remarkably fight stable. Sane of 

the dlhydropyrldlnes synthestred may be useful as fluorescent brologicai probes of the 

calcium channei in I fvfng sysiems and tha X-ray crystal lographIc dsta provide strong 

structure-activity predlctfon for this actlvlty. 

ExperJmanieJ SacttoR 

Melting points reported are uncorrected apd wereJgetermln%d on a Thomas-Hoover meitfng 
point apparatus f Itted with a microscope. The H and C NM spectra yere recorded on either 
a Bruker UH-360 or a .iEfZJ_ Fx-9w Fouriar transform NM sp%ct&nrfer, Mass spectra wet-e 
obtained on a Hewlett-Packard 5985 GCntS system or a VG Anafytlcal Model Z&l-if Instrument. 
Uitravlotet spectra were obtained on e Varlsn-Cary Model 219 uitravlolet-vislbie spectropho- 
tometer. Fourrer transform IR m~sur~enis were recorded on an IBM Model 98 instrument. 
Corrected fluorescence spectra were otrtalned on an SLW-Aminco SPF-5OCC spectrofloorisuter 
Interfaced with an 
method of Gulibault’~ 

GM personal computer. Relative quantum yiefds yere determined by the 
usfng quinine sulfate (quantum yteid 0.70) in O.iN sulfuric acid us u 

reference. The X-ray structura was determined on an Enraf-Nonius CM-4 diffractometer. 
Lyophlllzatlons were performed on e Vlrtis Freezemobile 3. Air and moisture sensItlv% 
reagents and/or reactlon products were handled and transferred , when necessaryI in a Labconco 
glove box under a dry nitrogen atmosphera. Preparative iayef chromatography piates for 
separating reaction mixtures were prepared by coattng 20 x 20 cm glass plates rIth 65 ml each 
of a siurry prepared fran 150 g of E. Merck PF-254 siIIca ael in 400 ml 
were air drl&d for two days? than activated at 135 oC for a hours prior 

of rater. The piates 
to use. 

iProc&ure RI. To % SO ml I’W eouiDaed with a stir bar was added acetate buffer f&i 
4.21, sodium HaA f3 equivlr3’ and an &ingor amino acid ft equivl. The pX of th?s mfxtuke 
was adJusted to 4.2 rlth 2&i HCI or 274 NaUH. The react Ion f task was sealed and stirred in a 
pre-he&d 011 bath for several hours. The soiutton uas neutralized rlth 2M NaW and the 
solvent was r%moved under reduced pressure. The residue was dtssolved in a methanol- 
chloroform mixture and chromatcgraphed on II slllca gel (60-230 mesh) column. Fractions with 
the expected dlhydr~yrldlne UV spectrum war8 collected, pooled* and concentrated. For 
further purrffcatlon, the materfal sas chromatographed on sff Ica gel (PF 1 preparative 
layer plates with a speclflc canbfnatfon of methanoi and chloroform as *?h% developfng 
sol vent. 

Procedure 8, The a@?n% or amino acid fl equlvlr aldehyde (l-2 equlvlt and sodium WA f2 
equlvl were dissolved In acetate buffer fpti 4.2) In a 50 ml i@F equlppsd with a stir bar. 
The mixture was stlrred for several mtnutes and then the pH was adjusted to 4.2. The 
reactlon flask was sesled and heated In an oil bath for several hours. The reaction mixture 
was then neutral lred with 2t4 NaOH, end the solvent was removed & m. The residue was 
taken up In a methanol and chloroform m&tore and run through a short siiica scrubber column 
to r%mov% NaCI and other polar Impurtttes, Fractions with the appropriate dihydropyrfdine UV 
pattern were collected and poofed. The solvent was evaporated and the residue was chrusafo- 
graphed on sflfca gel plates rith methanol-chiorofonn as the developing solvent. 

4~thyl-f~4dJhydropyrI~Jna_3~S_dJcarbwaJdehyda 2 fm WA and GlycJns ?JethyJ E&W by 
Procsdun, A. Gtyc?ne methyl ester ~ydr~hlorlde (tls0 ~9, I.04 mmof) and sodium MIA <335 mgt 
2.98 mroil were stfrred at 60 % in 20 ef of xater at pH 4-Z for 45 h. The reactton mixture 

calcd for ClJH1304N; 223.0845~ found 223.0870. 
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4-f4ethyI-tr4-dIhydropyrIdlne-3r!kdkxwboxaldehyde 2 by Procedure 8. Using thfs 
procedure ulth acetsldehyde I2 equlvl as the addltlonal aldehyde, 
at 60 oc.. Compound 2 was produced In 50% yield. 

the reactlon time was 3 h 

4-EthyI-1r4-dlhydropyrIdlne-3~!klIcarbc#aldehyde 4 fra Glycfne Methyl Ester by 
Procedure 8. Glyclne methyl ester hydrochfortde I136 mgr 1.08 mmoll, sodium MM (247 tng, 
2.20 nmioi) and proplonaldehyde IO.08 ml, 
et 55 oC for 4 h. 

1.10 nmioll were stlrred In 20 ml of water at pH 4.2 
The reactlon mixture was rorked up and chromatographed to glva 4 as a 

yellow 011, 138 mg 154X>. UV III 0) X 385 nm 1~ 8680); 
Fluorescence data fH2G) excltot on 3 ? B8xnm. 

238 nm (E 19480;, 262 nm fc 864011 
emlsslon 455 nm f@ = 0.36); H NMR WX~;2~~;6 

0.66 ftt 3 Hl. 1.33 Imr 2 Hf. 3.71 fmt 4 Hfr 4.53 fs. 2 H). 7.35 Is, 2 Hl, 9.24 Is, 2 H ; 
NMR IfCG3; 

t 
SO; 6 8.6, 25.7, 27.41 52.2. 53.9, 119.7, 149.5. 169.1, 189.0; mass spectrum, m/z 

(relative ntanslty) I30 eVl 237 (Ht. 1.71, 222 10.6lr 208 IlOO;, 179 (5.5)~ 178 I12.6), 176 
(8.6)* 164 (1.9)~ 150 (10.3), 149 (31.1): HRkIS (El) calcd for C10H,004NIHt-CH2CH3) 208.0609, 
found 208.0599. 

4-Ethyl-1~4-dlhydrcpyrIdlne-3Lkllcarlmxaldehyde 5 frcm Glyclne by Procedure B. Glyclne 
Ill6 mg, 1.55 mnolf. sodium MDA I354 mg. 3.16 nniol) and proplonaldehyde IO.15 ml, 2.08 mmoi) 
were sttrred In 20 ml of water at pH 4.2 at 50 ‘C for 3 h. Compound 5 (139 mg, 40%) was 
obtalned as yellow crystals: 238 nm tc 211819), 265 nm Io 
84231, 3 9 3 nm Iz: 9792;; 

mp 185-186 OC; UV IH20) X 

0.47). 
Fluorescence data IH20) excltatT% 397 nmr emlsslon 462 nm I o = 

15, 2 H;, 93 
66 It, 3 H), 1.34 (m, 2 Ii), 3.74 It. 1 H). 4.41 Is, 2 Hf, 7.35 

189.2; 
C NMR IKU3; 

mass spectrum. m/z (relative Intens ? tyl I30 sVl 223 IM I Z.Of, 208 IlO.O), 194 IlOO). 
SO; 6 8.7, 25.9~ 2x.4, 54.11 119.7, 149.8, lfO.Ot 

178 (3.81, 176 (14.9;, 165 fl0.4)r 149 (33.31, 136 (33.31, 92 (71.7); HRRS (El) calcd for 
CIlH1304N 223.0845. found 223.0856. 

4-ButyI-1~4-dlhydropyrld1ne-J~5-dkar%oxaldehyde 6 from Glyclne Methyl Ester by 
Praedure B. Giyclne methyl ester’IKl (252 mg. 2.01 sv~iol)~ sodium MDA I495 mg, 4.40 mrnol), 
and psntanal I333 mg, 3.86 nrnoll were stlrred In 30 ml of pH 4.2 acetate buffer at 60 % for 
3 h. The reactlon mixture was worked up and chromatographed to give 6 as an oil In 43% 
yield. UV IH20) Xmax 237 fc 20,870), 264 Ic 8]00)1 385 fc 9500); Fluorescence data (H 0) 
excl tat Ion 389 nm, emIsslon 464 nm (* = 0.28); Ii IMR ICUCI 

3 
) 6 1.56-0.75 Im P 

3 H;, 3.97 It, J = 4.4 Hz, 1 Hit 4.33 Is, 2 II;, 6.64 fs. 2 H I 9.30 fs. 2 II;: ‘l~~H~~R3~~I~~d 

13.7. 22.4, 26.6, 27.1. 33.6, 52.5, 54.5, 121.7, 147.4, 168.1~ 188.7; mass spectrum? m?r 
IrelatIve Intensity) I30 eV) 265 (Mt. 0.7), 209 I12.0)t 208 (Ht-C4HQ. 100.0) 149 (9.9); HRMS 
(El) calcd far C14H,Q04N 265.1314, found 265.1290. 

4_Wethyl-ir4-dIhydropyrfdfm, 3r!&dlcarboxa~dehyde 9 fra *M-kelyllysfne Ibthyl Ester 
fPrccedure Al. Sodfum KM (371 mg, 3.31 imnolf and c-N-acstyllyslne-HCI I232 mg, 0.97 nunoIl 
were dlssolved In 20 ml of pH 4.2 acetate buffer. 
heated for 18 h at 60 oc. 

The react Ion f I ask was stoppered and 
Work up and chromatography gave 9 as a yellw oil In 11% yield. 

UV (H20; Am 239 I c 719001. 267 Io 854Ol1 399 nm Ic 7 
tlon maxIma? nm, emlsslon maxlma 464 nm (0 = 0.35); f 

60); Fluorescence data IH 0) excIta- 
H WR 6 1.08 fd, 3 = 6.8 Hz, 

3 Hf, 1.95-l .34 fm. 6x1, 2.02 Is, 
4.75-4.50 Im, l H), 6.75 Is, 2 H;t 

3 Hlr 2 Hl, KllC131 3.74 Is, 3 Hf, 3.89 (q. 1 H), 

29.1, 31.6~ 51.6. 52.1. 54.4, 123.4, 
9.27 Is, 3.59-3.413fmr 2 H;: C NMI fCDC131 6 21.9. 22.0. 22.7, 22.8, 

Intensity) I30 eV; 337 IW +I, 6.4;, 
146.3, 170.1, 172.4, 188.7; mass spectrum, IrelatIve 

336 III+, 28.3;, 322 IM 11.8;. 321 IW rz -CH t 79.2;r 186 118.5;. 149 126.0;. 144 I63.5;r 126 1100.0;; -C#12, 

found 336.1696. 
HRMS (Elf calcd for C,7H2405N2 336.1685, 

Adduct 9 was obtelned In 25% yield from the reaction of a-N-acetyllyslne methyl ester 
with acetaldehyde and M)A by Procedure 8. 

4-Phenyl-1~4-d1hydropyrldtne-3rMfcartmxaldehyde 15 by Procedure B. &mnonIum hydroxlde 
(262 mgt 2.16 imnollt sodium MM 1452 mgt 4.03 wolf. and benzaldehyde (437 mg, 4.12 mmoll 
were dlssolved In 25 ml of pH 4.2 acetate buffer. The reaction mlxture was sealed and 
stirred In an 011 bath for 3 h at 60 oc. The reactron mlxture was worked up and the product 
was Isolated bv orebaratlve lever chromatooraohv to alve 15 as lona needles I26%l: mo 240 %a 
UV (95% EtOH; X’ . 228 fc 129261, 
cence data IH,O~~xcItation 383 nm, 

246 I& <64b); 27611sh) IC 2520 _ 373 nm (&685Gl;.Fluore& 
t* emlsslon 445 nm I*= 0.32): Ii NMR IfNLl~SOl6 4.76 fsr 

1 H;. 7.17 Ii?, 5 II;, 7.47 (s, 2 II), 9.25 Is, 2 H), 10.02 ibrs, 1 Hl; “C?NMR ((CD l SO)6 
32.8, 119.8, 125.Q5 127.4. 127.8, 144+.0, 145.5, 189.0; mass 
slty) I30 eV) 214 IM tl, 2.9; t 213 fW t 

specfrum, m/z (relative ?nOen- 
16.51, 154 (lO.l;r 136 t&I -C6H5, 100.0; 128 (13.7;; 

HRNS IEII calcd for C13H1102N 213.0790~ found 213.0815. 

4-~2-)(ethylphenyI~-1r4dlhydropyrIdlmr-3ttialcsrboxsldshyde (161 ma5 prspar@d by 
Procedure B as described for 15. 

mp 223 oc; 
Compound 16 was ohtafned as light yellor crystals ln 25% 

yleidr UV 195% EtOH; X 376 nm i E 7530fr 281.5 nm f~2140)~ 247 nm I c2530f, 
229.5 n 

T3 
I c 13120;; Fluorescence dgg (95% EtDHl excltatlon 385 nmr emission 435 nm f o = 

0.20;; C NWI 
145.8. 189.2; ‘H 

(Ia, ; SO; 
NHR31?CU 

6 19.5, 29.2, t21.8. 125.7, 126.0, 128.3, 128.8, 134.9, 143.9, 

9.93 Is, 3 
) SO)6 

? W; 
2.64 Is. 3 H), 4.83 fs, 1 Hf, 6.99 In, 4 HI, 7.46 (dr 2 Hf, 

9.16 Is, 2 Hit mass spectrum, m/r (relative tntenslty) I30 eV; 228 IM++l, 
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Single-Crystal X-ray Structure Detemlnatlon of 1~4-Olhydropyrldlns 15. A colorless 

needle-\ Ike crystal. .05 mn(O,l,O)x .I0 mm (0,1,-l) x .62 mm (lrO105 mounted on a glass fiber 
nlth Cl,O,Ol roughly parallel phl rotation axis of Enraf-Wonlus CAD-4 diffractometer; 

graphlte monochranator, McKalpha radlatlon, alphafaver5=.71073 A; 29% data collectlon; 
omega/two theta scanr 0.6 + .35 tan(theta5: background counts, 25% below and above range: 
pedc counting time/background counting time= 2/l; horizontal aperture, 2.4 to 3.0 mm 
depending on angle; scan speed, 0.5 - 2.5 deg/mln depending on Intensity; ref I ect tons 

collected to 2 thetafmax) = 40. Lorentx 
-B 

nd polarization correctlons were made but 
absorption corrections were not (mu= 0.59 cm 5. The three standard reflections used to 
wnltor decay shored a decrease of only 2.1% so reflectlons *ere not corrected for decay. A 

total of 7995 reflections were measured of which 3000 were classed as absent. Uet averaged 

reflections = 1212, of rhlch 661 exceeded 3 sigma. Agreement among equivalent reflecttons 

observed Is 3.2% based on F, 2.7% based on F*F. Cell dimensions were obtained frun 25 

reflectlons used to determine the orlentatl n matrfx, 
s 

a = 7.524(65t b = 14.009f75, c = 

20.236(115 A. The ?ell volume Is 2132.95 A . For 2 = 4. F.W. = 213.25, the calculated 

density Is 1.328 g/cm . 

The, structure was solved by direct methods and refined by full matrix least squares. 
All hydrogen atcms were located frcm difference maps, and refined. Anlsotroplc reflnement6;; 
al I non-hydrogen atcmsr but not lncludlng hydrogen atan posltlons = 146 parrmeters. 
reflectlons, gave R = .081r RN = .1’20. Anfsotroplc refinement on all non-hydrogen atoms and 
lsotroplc refinement on hydrogen atans gave Rtl5 = .022, Rf25 = R(w) = .026. The standard 

devlatlon of an observatfqn of unit uelght = 1.074. Weights used In the refinement are those 

of KI I lean and Laurence wlth P = .Ol* 0 = 0.0. The last paruneter shift/error ras less 

then 0.03. 
cl/A’. 

The flnai difference map has a meximum residual electron density of 0.08(25 
The rather small ratlo of refIectlons/parameter Is Justlfled by (15 the use of 

averaged deta frcm a full sphere, (25 by the large decrease In the agreement factor on 
addltfon of H atoms to the calculation, and 135 the subsequent refin~ent of H ata posltfons 
to reasonable values. All crystallcgraphlc calculations were made using the SDP set of 
proqrams of Enraf-NonIus Corp. Atcm parrmeters and bond distances and angles are summarfzed 
in Tables 1 and 2. 

Table I. 

Atom 

Nl 

:: 

2 
C6 
C31 
c51 
C7 
C8 
c9 
Cl0 
Cl1 
Cl2 
032 
052 

Atom 

HN1 
HZ 
H4 
H6 
H8 
Ii9 
HlO 
Hll 
HlZ 
H31 
H51 

Atcm parmeters for 4-phenyl-1~4-dlhydropyrldlne-3~!k 
d Icarboxal dehyde I.1 51. 

X Y z 6 

x10000 x 10000 xl 00000 

1954125 13Olf25 51913f95 
3549f 35 

3.86(55 
1380(25 48798f115 3.27f55 

5096f35 1237f25 51%8(95 2.59(55 
5234r.35 1033f15 59251195 2.37155 
3369135 031f25 61889f105 
1904f35 

3.01(55 
987f25 58264f 115 3.67165 

6679f 35 1278f25 48049fll5 3.54(55 
3161135 460(Z) 68457f115 3.92(65 
6076f25 185Of25 62981f95 2.52f55 
7626(35 171Of25 66555f 105 3.44f55 
8418f35 2458(25 69848f115 4.65f65 
7684f 35 3348f25 69711(115 4.73(65 
6136f35 3502f25 66269f 125 4.19(65 
5340( 35 2754f25 62939f105 3.22f55 
8175f25 1137(l) 5018lf85 4.42f45 
439Of25 232f 15 71992f75 4.83f45 

X Y z B 

xl000 xl000 x10000 

600125 368(55 50331105 2.0(55* 
649f25 657flf 609f95 1 .o** 
599f 25 458f 15 1006f85 1 .o** 
571f35 413f15 3974195 2.3(55* 
810(25 395fll 1693f 105 1.6(55* 
548(35 765f25 2235f115 3.4(65* 
176f35 61Of25 2802f 125 4.2(75* 
444f35 585(25 339Of 105 2.7(55” 
574f 35 713(l) 3965f95 1.5f55” 
35lf25 639(l) 714f95 I .4(55” 
186(35 463f25 199Of95 2.3(55* 

Starred atoms were refined lsotrcplcally. 
Antsotroplcally reflned atoms are given In the form of the 
isotropic equlvaient dfsplacement parroter def lned as: 
~4/35*Ca2~B~1t15+b2~B12t25*c2*8~3r3~+ab~cos g~5+Bfl,25+bctcos 
beta5*Bflt35+bcfcos alpha)*g~2r353 

Double starred atans had the B value fIxed, because on reftnement 
the B value became negatfve. 
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Table 2. 

Nl-C2 
Nl-c6 
CZ-C3 
C6-C5 
c3-c4 
c5-c4 
c3-c31 
c5-c51 
C31-032 
C51-052 
c4-c7 
Cl-C8 
c7-Cl2 
ca-c9 
ClZ-cll 
C9-clO 
Cll-Cl0 
C8-C81 
Cal-F82A 
C81-f82B 
Cal-F82C 

c7-c8-C81 
c9-c8-c81 
FElA-C81-F81B 
FBlA-C81+8lC 
Nl-HI 
CZ-HZ 
C6-H6 
C31-H31 
C51-H51 
C4-H4 
ca-Ha 
ClZ-Ii12 
c9-Ii9 
Cll-HI1 
ClO-HlO 

C7-C&H8 
C9-C8-H8 
C9-C10-HlO 
Cll-ClO-HlO 
C7-C12-Ii12 
Cll-ClZ-H12 

V. NAIR er al. 

Bond distances and angles for 4-phenyl-1,4- 
dlhydropyrldlne-3,~tcarboxaldehyde (15). 

1.360(3) 
1.360(3) 
1.344(3) 
1.342(3) 
1.504(3) 
1.514(3) 
1.432(3) 
1.436(4) 
1.221(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(Z) 
1.00(3) 
1.07(3) 
1.03(3) 
1.05(3) 
1.00(3) 
.98(Z) 
.98(3) 

1.01(3) 
.99(3) 

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

C6-Nl-CZ 
Nl-CZ-C3 
Nl-C6-C5 
CZ-CS-C4 
C6-C5-C4 
CZ-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-c12 
CB-C7-Cl2 
C?-C8-c9 
C7-ClZ-Cll 
ca-c9-c10 
ClP-Cll-c10 
c9-c10-c11 
CB-CBl-F81A 
C8-c81-F81B 
C8-c81-F81C 
FBI&c8l-F8lC 
HNl-Nl-CZ 
HNl-Nl-C6 
HZ-CZ-Nl 
HZ-CZ-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 
Cl-C4-H4 
C8-C9-H9 
ClO-C9-H9 
ClO-Cll-Hll 
ClZ-Cll-Hll 

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

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