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Ab&mu--+I%e azktonc dcriti from pyridinc-2.aldehydt has been made and its reaction with 
@ignard nageats studkd. The rcactkity of the side chain double bond in the three unsaturated 
d_actones of the pyridinc series has been examined and both the satumtul and unsaturated arktones 
have kn conVWtOd into the corresponding amino acids. 

RECENTLY we reported1 that carbinols and oxazolines obtained by reaction of the 
azlactones derived from pyridine 3- and Qaldehydes with Grignard reagents could 
be oyclized to 7[HE and 6[WJ-pyrindines. 

In the present work similar experiments have been attempted starting with 
pyridine-2-aldehyde. In this case the azlactone could not be made dircclly since 
reaction of py~dine-2-aldehyde with hippuric acid* yielded only tarry products. 
However, on reacting pyridine-2-~dehyde acetal with hippuric acid under the same 
conditions the free azlactone was obtained in 22% yield together with a small 
amount of the sulphan adduct. 

Tertiary carbinols or oxazohnes of the series were obtained as in the earlier work, 
the product depending on the nature of the substituent group present in the Grignard 
reagent (Table 1) but in this series attempts at cyclitation using a variety of conditions 
(HCI-glacial AcOH ; ~lyphosphoric acid; BFa-AcOH complex) proved unsuccessful. 

Non-cyclization at position I to yield a pyrrocoline is not surprising since this 
would require carbonium ion attack at a protonated nitrogen atom, Non-cyclization 
at position 3 is more difficult to explain. In pyridine itself position 3 is the most 
susceptible to electrophilic attack although the process is not easy while position 2 
is highIy deactivated, but the analogous cyclization (carbonium ion) reactions in the 
pyridine 3- and 4-aldehyde series occur readily at positions 3 and 2.’ Further 
investigations on this point are in progress. 

The reactivity of the side chain double bond of all three azlactones of the pyridine 
series has also been studied by considering its reactions with a variety of electron- 
deficient or dipolar species. The reactions studied were those with diazomethane, 
djmethyls~phoxonjum ylidc and several 1:3dipoles (includjng phenyl azide and 
butadiene). 

Of these only the carbene trapping and ylide addition reactions proved successful. 
On reaction with diazomethane cyclopropane derivatives were obtained (Table 2) 

similar to those obtained from benzaldehyde azlactoneS and these underwent reaction 
with Grignard reagents to yield carbinols in the pytidine Z- and 3-ddehyde series 
and 4:Scyclopropane 6[H~pyrindine derivatives in the pyridine4~dehyde series. 

1 G. Slater and A. W, Somerville, Tetrahedron 22, 35 (I%@. 
l E, Baltard and E. A. Davis, Chem. & hf. 929 (1962). 
8 W. 1. Awad. R. K. Fatetn and M. A. Zaycd, TWahcdron 20,89t (1964). 
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Thus in the case of the pyridine4aldehyde azlactone: 

bh l Ph 

H 

CD3 NHCOPh 

N R 

R 

The reactivity pattern of the pyridine azlactones containing the cyclopropane ring 
is the same as that found in the unsaturated azlactones. 

Thus in the pyridinorlaldchyde series 6(H)-pyrindines were obtained directly 
(Table 3) while in the pyridine-3-aldehyde series carbinols were obtained gable 3) 
which could be cyclized to 5:6-cyclopropane 7[H)-pyrindines (Table 4) and in the 
pyridino2-ahlehyde series carbinols were obtained (Table 3) which defined cyclization. 

The retention of the cyclopropane ring in the structure throughout the various 
reaction procedures and the structures of the products obtained were shown by 
reference to their NMR and IR spectra compared with that of known compounds 
and as detailed in footnotes to the Tables. 

The same tricyclic products were obtained by reaction of the unsaturated azlactones 
with dimethylsulphoxonium ylide, intermediate and unstable sulphur containing 
compounds beiig obtained in small amounts as by products the cyclopropane 
derivatives being obtained in overall higher yields than those obtained using dia- 
zomethane (Table 2). 

The pyridyl alanines and pyridyl acrylic acids corresponding to the saturated 
and unsaturated azlactones were made by hydrolysis and compared in physical 
properties with the same compounds made by earlier workers using other routes.‘-0 
In general, however, the m.ps and yields were higher than those initially reported 
(Tables 5 and 6). 

TABU, 2. -IION 0P CYCUXROPANE WIIIVAT~VFS mRow UNOATURATED PYRIDME AMCrONES 

% yield from S& yield Arulyus So 
diuomctbane from ytide Found Empirical Rcquira 

Aldchyde reaction faction M.p. C; H: N. f0mUlla c: H: N. 
-- 

4 17 22 1 JZO 72.12; 4.38; IOM C,,H,,O,N, -72.72; 455; 10.61 
3 IS 2s 14S0 71+!9; 4.3s; I@67 C,,H,,O,N, 72.72; 4.55; IO.61 
2 12 19 141° 72.31: 4.W: I@54 C, H 0 N . 1.8 . 72.72: 4.55: 1@61 

NMR spectra UC in l gocmcnt with l 3-membered ring. revealing an ABX system in the region 2-3.5 ppm. 

‘R.L.BirkrandC.Nicmano, J. Org. Gem. 23,575 (1958). 
@ J. Wibnutt_ H. P. Wallingford, H. J. Rang and D. K. Kettax+ 1. 0~. cfwm. 23, 1049 (1958). 
’ S. J. Nortoo. C. G. Skinner and W. Shivc. 1.0~. Ckm. 241495 (1961). 
’ M. Strcll sod E. Kapp. Chem. &r. 91, 1621 (1958). 
’ H. K. Hall. 1. Am. C&m. Sot. Sr, 1209 (1960). 
0 W. Riul and H. Keller. 1. Am. C/tern. Sot. 82,2578 (1960). 
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I-MU 4. (hfwemm OP CARBfNols TO PYRIhQth% 

Analyses ‘/6. 
Grignard Yield empirical 

Substitwnl M.p.“C % C; H; N; Cl formula C; H; N; Cl 
__ ,,,__ - _.- - ---- ..--- 

(A> k Aldehydc 
_. ,_- _- --- 

GHDWo) 
(B) 3-Aldehydc 

(i) Ph- 
(ii) C&WI@) 

(iii) C,H,OMc@) 

176 68 76.8; 56; 6.2; - CIH~OJ’JI 77.9; 5.6; 6.1; - 

207 74 83.2; 5.7; 7.0; - CoH..OOh’t 83.6; 5.5; 7.0; - 
175 51 71.0; 4.5; 6.1; 15.1 t&H,,ON,Cl* 71.3; 4.2; 6.0; 15.1 
192 69 76.1; 5.7; 6.3; - GH&N. 77.9; 5.6; 6.1; - 

IR spectral data was obtained for all compounds using the Pcrkin-Elmer lnfracord (KBr wafer 
discs). All showed characteristic bands -NH at 3250 cm-‘; amide I at 1690 cm-‘, and amide II 
at 1620 cm-‘. 

TALU 5. P/Rlun ALANINES ~5uvI!~ m3u PYRIDME Azf~crON~3 

Andyrrr yo 
Yacld Ohserved Literature Found “/o empirical Rcquiru % 

% rap. M.p. C; H; N. ronnula C; H; N. 
-- ._ 
4-Pyridyl Alanine 

3-Pyridyl Alanine 

I-Pyridyl Alanine 

--. .-- 
65 265-270” 250-252” 57.67; 530; lb.82 CH NO . I. * * 57.83; 6.0; 16.87 

(4) 
72 278-280’ 262.263’ JMO; 5.37; 16.98 C,KaN,O, 57.83; 64; lb.87 

(5) 
62 209-212” 209-210” WW; 6.02; 17.14 C H N 0 a 1. I * 57.83; 6.0; 16.87 

(6) 

IR spectral data was obtained using the Pcrkm-Elmer Infracord (KBr wafer discs) 
Compounds showed Lbc cbrrnacrhtic frequencies: 

3060 - 2950.2%X 2150 cm-’ -NH.+ 
1620 cm-l 
I J90 cm-’ 
1505 cm-’ 
1410 cm-* 
1200 cm-’ 
II5Ocnl-’ 
770 cm-’ 

h4.p. l pparahu was preheated IO 200’. 

NH,*. asymhcnding - 
COO- uym stretching 
NH,* sym stretching 
COO- rym 
NH,’ mcking 
NH,+ rocking 
cm- SCiSSOrin 

TACIU 6. PYIULWL ACRYUC ACDS DERIWD PROM ?YRIDINI ApAcroNBI 

Adyr1s o/o 
Yield Observed Literat= Found % Empirical Rcquim % 

%I M.p. OC M.p. OC c; H; N. formula C; H; N. 
-- ..-----_ 
CPyridyl Acrylrc 80 230’ 228” 57.95; 5.41; lb.91 CHON I .a t 58.18; 5.45; 17.0 

Acid 
3-Pyridyl Acrylic 76 236-241’ 23:~?38’= 57.84: 5.30; 16.90 C,H,O,N, 58.18; s.45; 17.0 

Acid (8) 
2-Pyridyl Acrylic 83 206’ 204O 57.92; 540: 16.79 C,H.O,N, 58.18; 5.45; 17.0 

Acid (9) 
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EXPERIMENTAL 

Pyria%-2-&thy& acetal(I). A mixture of fruhly distilkd pyridina2-eldthyde (37.5 g), ortho- 
fotmk es&r (SF0 g), abs EtGH (499g) and powdered NH&l (0.75 g) was rctluxcd 4hr, diitilkd under 
reduced press (14 mm) and the fraction diitilling below 100” set aside prior to r&uxing with further 
NH&J (a75 g) for 4 hr. The product was combined with the initial residue and further distilkd 
colkcting the pak yellow liquid b.p. 109” (12 mm). 

Rc-distillation under N gave 43.0 g (68%) of a colourkss liquid, b.p. 11&l 12’ (14 mm). 
2-phcnyl-2-prcor-~4H) oxawlonc (II). Procedure identical to that of Sktu and Somerville’ 

amploycd in the pyridinc 3-and 4-aldchyde series using the cquivaknt amount of pyridino2-akkhydc 
ace&. Tbc material was rauysta&zad from bcnranc, m.p. 162’. 

GeiseruIprocedtue for rheprrpurufion of cyclopropme dcrivatroVs of the pyrkiitu arlacfonrr (III) 

(a) Us@ diawmcthane. The azlactonc (2.0 g) was dimolved in dioxan (30 ml) and a soln of 
dtimctbane added generated from nitrosomthkrra (l-2 g) in atbcr (200 ml). 

The reaction mixture was allowed to stand overnight at room tamp under anhyd conditions. 
RcmovaI of the solvent in wcrw at room temp left a gummy mass whkb was suspended in AcOEt to 
ranovc the gum. The residue was triturated with pat. ether (400-60*) and tbc white crystaliine mate- 
rial filtered off. 

(b) Us& dimethyl sulpbxium y/i&. The yiide was prepamd by the method of Corey and 
Cbaykowskyi* using NaH @05 mok) and DMSO (20 ml), quatcrnizcd with Me1 and employed 
directly. 

The azkctonc (2.0 g) dissolved in DMSO (10 ml) was added to the soln of the ylida and stirred 
under argon for 48 hr. 

The sokent was ranovcd under reduced press kaving a gummy mass which was suspended in 
AcOEt and the gum removed. The residue was triturated with pet, ether (4(Mo”) and the white 
crystalline material filtered off. 

In the maction of oxazolonca and cyclopropanc derivatives of oxazoloncs with Grignard reapts- 
IV the procadure was identical to that employed by Shter and Sotncrvilki in the pyridine 3- and 4- 
akkhyde suks. 

Generalptvc&e for the prepnmtion qfpyridjl a&n&seeV 

To a stirred mixture of azkctonc (@l mole), rad P (@64 g atom) and -0 (67.5 g) was ad&d 
HI (104 g, O-38 mole 54%) over 1 hr. The mixtura was rafiuxed for 4 hr. cooled and Shaed with 
suction. Thcunrea&d PwaswashodonthcfllterwithglociPlAoOHrodtheBlaauandwuhingr 
wcra evaporated to dryness WMla reduced pnsr. Water (100 ml) was added to the residue and again 
evaporated to dryness. To the residue was added ether (150 ml) and watar (150 ml) and the mixture 
shakanuntilsolnwascompktc. Theuluaourk~wu~~withethcr(50mlx3)~dthe 
&arcxtractsdiscardcd. Iheaqusollr~~washerrtedonartcanbrthwi~h(39gl~da 
trace of Na,SG, added until all dissolved ether was removed after which the s~ln was fitterad, beated 
to boiling, nautraiii with 15% NH,OH and uvaporptad to a small bulk (20 ml) when cokurkss 
plates separated which were filtered off washed with 95 % EtOH and Anally witb ether. The product 
was recrystallired from water. 

Generalprocrdure for the preparation of pyridyhmyiic a&is-~ 

To the azlactone (12-S g, @OS mote) suspended in water (1200 ml) and stirred was added NaOH 
(2-2 g, 0055 mok) added as a 10% soln, The mixture was heated on a stam bath for 4 hr. 5hcred 
and acid&al with HCl when the a-bamnylamino-&(2-,E and 4) pyridykcrylk rids saparated and 
were rcc+aUized from 95 % EtOH. 

The bartzoylated acids (50 g) wcra retluxed with HCI (1: 1,100 ml) and A&H was added until 
solnwosobtainedaRawhichrrAwr~cootinuedfor#)ht. Tbasolnwas&amoakdandthe 
filtrate evapomtad to a small bulk. The benwk acid was extracted with ether, the aqueous kya was 
made akahna with 20% NaOHaq, t&red and acidifkd with A&H. The ppt was fihaad off and 
racrystallizad from water. 

~c&nowlcc(pount-O~ of the authors (G. S.) is grateful IO the S.R.C. for a Research Studentship. 

I* E. J. Corey and M. Chaykowsky, /. Am. Chem. Sot.. 87, 1345 (l%il). 


