
GENERAL SYNTHETIC WAHOOS FOR THE PR~~TION OF 
l-SU~STITUT~V~YL-2-PY~~N~a 

PATluclc s . MARIANO” I&L KROMML, RALPH BEWER Pm L. HUES&MN 
’ ml DEBRA DUNAWAY-UARUNO 

Department of Cbemhtry, Texas A&M University, Colkpe !btioa, TX 77843, USA 

(Recehi in the USA 16 Uotm~bu 19n. Rcccmal iu the UK for publication 26 Januay 1978) 

AbtndGePartmethodsfruth:pcpsntionofrvuietyofllrubstitutcdviayl*2*p~o~uedescribtd.Syntbetic 
routes followed involve (I) nuckophilic sag mction of the 2-hydroxy-pyridyl anion of bnloole6ns Ma- 
@activating 6rmps. such as carbonyl_ and pknyf. (2) eJittd&ion rexaions of cstm derivatives af Ipyridoayl-2- 
etb8nols and (3) base catalyxed i%mKm&us of l~y~2~~~* The dettdIs invoived with each of the synthetic 
IIK&MIS awl in of the derived 1-~~-2-p~ sue descrhd. boy. important spectroscopic 
prop&es of wttpomds in this series are diiussed iu terms of preferred ~0~~0~s &out the nitrogen*xocyclk 
vinyl carbon bond. 

Our recent studies c5e the pbotocbcmistry of 
hctmcyclic compound!4 tToIltaiaing tbc enamide (N- 
vinylamide) chromopborc* and the development of novel 
syntbctic oMbod.9 for preparation of isoquinoiine al- 
kaloids’ has stimulated the search for simpk procedmes 
to prepare a variety of l&&ted vinyl-2-pyridoncs 2. 
AdditiooaI interest in tbis class of compounds has baen 
~~~a~s~of~~~rno~~ 
starting mate&k for the preparation of hcterocyck 
bong po&mers: It is noteworthy to mention that 
few methods possessin sulEckilt 6MlzaBy for broad 
app&ation to tbc syt&csis of compounds in this ckss 
have been prcsc~~ted.~ As 8 result of this, we have 
recently completed an invcsti6a& of several simpk 
syatbetic de&Is targeted at tbc I-vinyl-2-pyridoncs 
which appear versatite enolQ#l to be of 6Cmeral utility. 

The squenccs studied fall into thrM broad catqorks: 
(1) nuckopbiIic substitution routes in w&i& I-vinyl-2- 
pyridones are generated directly from reactions of 2- 
hydroxypyridinc 1 and baWdIns contidning &activatio6 
gotips (cqn 11, (2) elimillation routes in which l-pyri- 
don~2~~ok 3, prepand from tbc correspondi Q- 
p~ay~~~, serve as key in&rm&tes (eqn 2) and 
(3) isomer&at&n routes starting with 1~~~~0~ 
4 fesn 31. 

Reaction of tbc 2-hydroxypyridyl anion, produced 
from I in situ usin a number of bases, with &hah+a& 
ImWuraW kctorh?s and esters results ill 6mcmtion of 
tbc corresponding 2-pyridoaes havin6 the &oduccd 
vinyl-group as part of either a vioyl ketone or acrylic 
ester moiety. For exampk, l-&Sdimcthykyckhcx-Zen- 
t-on-3-yl~2-pyridooe 6 can be synt&sii as a crystal- 
~e~~~~~dby~~~nofl~~~ 
S~~y~~y~~x-2~1~ s” in the presence of 
potassium carboBatc* In all anrdo6ous faslikn, the rtrc- 
tion of tbc 2~Y~~~~ anioa, #sWated irr t&a- 
by~~~rn~~~h~,~~ 
cyclohex-2*n-l-one ?d or 4+bloropent-3uGone (9)‘ 
~8~~~~~fo~~~~~p~ 
donyknoocs 8 and 10 (59% and 4696, respectively). The 

(II no+++c) (I ‘XJR 
t 

redwed, yidds of these latter reactions can be dir&y 
attri&utabk to slow ~~0~ of 7 and 8 under the 
rcscth conditions and to a comp&ive deity& 
&$6enatio~ vs folkwCp by 9. 

~sp&rosq~dataaccumulatcdfor6,6 
and1@CIuks2atbd5)Npportfldlytbcirass&lmelltas 
I-vinyl-2-pyridoaes ratheX than vinyl-2pyridyl ethers. 
IIt& these vinalogous acylatkn reactions colltrast 
dramaWIly with simpk acyktions of 2-hydroxypyridine 
uailq a&c ankydrkk. McKiBop d al? have shown that 
~VeO-~~~y~~~~~~ 
rea&o& The l-acctyi-2-pyridoae formed achy 
at bw temperature rapidly EarmngH at room tempera- 
tore to produG l-acctoxypyridioe exchasivcly (cq. 41. 
~f~~~~~nt~~n~~~~ 
by the vinalo6ous 1~~~~~s 5.6 sod 10. In none 
0f~~~~~~~p~yIe~le~r 
strochuedrctnd#1. 

&action of I with methyl 2&dibromo+lDcthyf- 
propWau11’ia~dimetboxyetbaaecaataining 
pocudbomWboWatecanbeusedtopreparethe 
metbrcrylatc ester derivative of 2-pyridone, I2 (46%). It 



P. s. l@fAmAuo u id. 

tin of i-~y~2-p~~ is not restricted to members 
of this serks having tba txocycIic vinyi moiety as part of 
an a~~ ketone or ester function. In earlier 
studksz we had demonstrated that the &phenyi and 
~y~y~~p~~, 14 alId lS, can be easily 
obtained in high ykld by reaction of 2-hydroxypyridinc 
with &bromostyrew or 1,1~~-2-~~~ne. 
However, as expected the utility of this simple route is 
~~~w~~~yl~s~~n~s 
a &activating group (e.g. carbonyl or pbenyl) needed for 
stabiin of the presamed, intermediate anions. 
AlWnate methods appear more tailored to syntheses of 
1-~1~~~ ~y~2~~~~s, 

Ph 

I + CHBr - 

A more general method for prepwation of l-subs& 
tutal ~~-2~~~~ IitBxes !iequcnces in which eli- 
mination l#wtions of 2~~n~~l derivatives 
serve as key steps. These procedmw, although some- 
what more kngthly than those prasented above, appear 
~~~~v~~~~~~rn~of~~~ 
~a~~~ofs~~~ 

t~2-P~nyE2-aydroxyethl-y~~~~ 16: pra- 
pared by sodium borohydride reddon of l-phenacyl-2- 
pyridone,‘” can be smoothiy dehydrated by pyrolysis of 
its acetate derivative 17 in ree xykncs containing 
catalytic quantitks of ~~1~~0~ acid. The 8- 
styryl-2*pyzidolx! 14 obtain4 in this way (93%) had 
spectroscopk and physkd propertks identical with 
those of mate&l derived by the direct displacement 
route;t 

The appIkatioP of this methodology to syntheses of 
simpk t-~yl-~~~s is demonstrated by the prc- 
paration of the propenyl and i~uteny1 pyridones start- 
ing with the known*’ l*~ny~~~~ 18. Rednc- 
~ofl~~~~y~k~ol~v~~ 
pyridonyi propanolt9 U8%) wbkh can be converted in a 

OH 

I6 I7 



63% yield to its acetate derivative 20 by brief reflux in 
acetic anhydride contain@ potassiiun acetate. The 
pyrolytic conversion of a is induced by refluxing in 
xylenes containing p-tohmdfo& acid and leads to 
production of’a mixtute containing the tmns- and c&l- 
pro~nyl-2-pies (21 and 22) and the regioisomeric 
I-ailyl-2-pytidone 23 in nlative ratios of 5.6: 2.7 : 1. The 
overall yield of this reaction is near quantitative when 
conversion of the acetate is kept low (CU. 4096). Assii- 
ment of the allylpwone structure to 23 is based on a 
comparison of spectroscopic and physical data with 
those of the known compound.‘2 The cis- and trims- 
pro~nylp~o~s, 21 and 22, are ~~ easily on 
the basis of spectroscopic properties (Tables 24); the most 
signi6catlt data being the uv (21 A,, JlEnm, 22 A, 
309nm) and vicinyl olefhtic proton couplin9 constants 
(J = 12.0 Hz for 21 and 9.0 Hz for 22). Fur&r evidence 
supporting the stereoisomeric relationship between these 
substances comes from photoequihbration studies. It- 
radiationof21in&gassed~~~~e~pYre~-filtered 
light leads to rapid conversion of 22 along with a 4+ 4 
dimer? Large quantities of 22 can be made available in this 

smoothly isomerixed to corresponding enamines in the 
presence of strong bases and protoo donors. Wehave 
fotmdthatthisreactionisapplSletotImprepamtion 
of 1-vinyl-Sp@dtmes.,m which non-t&try alkyl-substi- 
tution at the’- vinyl carbon is desired and base 
sensitive ~~ is lacking. asps this route 
is the catalyxed isomerixation of I-allyl-2-pyridone 23 to 
tmns-l-propenyi-2-pyridom 21 using potassium t-butox- 
ide in dimethylsulfoxide at room temperature. Pure pro- 
penylpyridone can be separated from the equilibrium 
mixnne,~~21and23inal9:lratio,byfrac- 
tional distillation (42%). 

This method has also been empIoyed to prepare l- 
isobutenyl-2+@done 26 in high yields and parity from 
I-methylallyl-2-pyridone 27. The starting material is 
simply derived from Zhydroxypyridine and methallyl 
chloride (79%). Accordingly, isomerixation of 27 using 
tbe conditions described above gave an equiliium mix- 
ture of 26 and 27 (CA 2: 1). Separation of reasonably 
large (cu. 2e) quantities of pore isobutenyl pyridone can 
be accomplished using the newly developed Sephadex 
G-10 column chromatogmphic teclmique.~s Typical 

way by fractional distiEation of the crude photolysate. 
In a similar manner, the 1-isobutenyl-2-pyridone 26 is 

derived from 1-acetonyl-2-pyridone by a reactioo 
sequence involvin8 addition of methyl magnesium iodide 
to generate the tertiary alcohol 24 (69%) followed by 
acetylation giving the pyridonyl acetate 25 (55%) and 
pyrolysis using the above described conditions. The last 
reaction in this sequence affords a mixture of isobutenyl- 
26 and methabyl-2-pyridones 27 (cu. 1: 1) in near quan- 
titative yield at 62% conversion of 25. 

results from chromatogmphic separation of a 3.819 
sample, containing a 2:1 ratio of 26 and 27 using a 
3.5 x 163 cm column packed with Sephadex G-10 (Bne) 
and eluting with 1: 1 water-me&am& are recorded *in 
Tabk 1. 

An akernate separation procedure, of greater utihty 
when larger quantities of the pure ~b~ylp~o~ are 
desired, is through preparation of a purifiable, crystakine 
metboxy chloromercurate salt 26.’ The crude isomerixa- 
tion reaction mixture containing 26 and 27 is reacted with 

26 

/ Y 
27 

Isomhation mute 
Another synthetic design of hi&$ efEciency and cotl- 

vcnience for generation of l-substituted vinyl-2- 
D 

‘I Cz? ‘I 

pyridones, but limited to uarticular sttb&Uon uattems. I 0 * I 
involves isomerizations _ of l-ahyl-2-pyridon&. This 
design is based upoo earher observatioos by Rice” and. 
others’* which show that mrtiary N-anylamines can be:’ 

cncpeDsnlproccd~utedforpnrpMtionoft!lisrrlt 
follows that daaibad by Marvel.“ 
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methanolic mercuric acetate followed by ligand exchange 
osio~3 ethanolic sodium chloride produchg a mixture 
from which 211 can be span&d by fractional crystal- 
lization. This sit, cbti by NMR, can be con- 
verttd to 26 by treatment with hydrochloric acid 
followed by neutraliin and distillation. 

Table 1. Sepbdex G-10 ctuoma@nphk puriecDtion of a mix- 
ture of l-iaob&nyl-2.p*ne 26 IlId ndallyl-2-pyridonc n 

‘Void volume is 367ml as determined by eMion of Muc- 
dcxtran. ‘Recovery of the pyridones are by extmch with 
cblorofoml. 

28 

AJ$moxoti conjomWional pmpwties of the l- 
I_ 

The spectroscopic properties of the l-vinyl-2- 
pyridones require bfief comment due to their relationship 
to preferred conformations ebout the tlitragen*ocyclic 
vinyi carbon bond. It appears reasonable to expect that 
in the absence of other pertm%ations co~o~a~~ 
about the C-N bond which aBow conjugation of the two 
acbromopt~~~~ in these systems would be of lowest 
energy. Evidence to support this postdate, discussed 
earlier by Kaye,’ is found in the ohviolet spectra of the 

T&k 2. W apdma@c data for a sdea of 1.vinyC2-pyridones 80d r&d 
l-t~2~yridollca 

N-Substitucnt (compound) 

bktbyt 
ViiYl~ 
Imns-propmyl(23) 
tit-Propcnyl(z2) ’ 
1-9 (21) 
E-2-Methoxycafbon~yt (i2) 
z-2.Metfloxycarbooyktbcnyt (l3) 
S,S-Dimetbykyctobex-Zcplooyl(6) 
cyclobcx-2-epl-ollyl(8) 
Pent-3-cn-2dnlyl (IO) 

Mol4r extinction 
codlkknt 

301 
322 
318 

iii 
317 
315 
315 
315 
312 

22 
6270 
us0 

Ei 
5910 
5480 
5930 
m 

?$cctraw~rcumkdooetbanolaolutjoas.’RepmtedeartkrbyKayand 
CU’ 

Tabk 3. Charactdtk proton-NMR nmnxncu for s&ctcd 1-vinyt-2-pyri6oncr and related 1-substituted-2- 
PM= 

I-vinyl H H 7.48 7.26 fi 7.46 5.25 5.06 -- - 

zl Q(3 H 7.43 7.27 7.19 6.79 -- - 1.86 

zz "a3 7.21 T.32 6.66 - 5.71 1.69 -- 

a Q3 a3 7.13 7.36 6.46 - - 1.66 1.87 

K t"2crr3 Q3 7.19 7.35 7.66 - - 1.95 -- 

u 9c02a3 1.17 7.33 7.01 -- -- - 2.68 

Q __ -_ 7.23 7.33 -- - - -- - 

22 -- 7.27 7.31 - -- - - -- 

4 Roton-NM qmctrrwm run In CDCl with TM 44 lnt4m4lrt4nd4rd. 
~~~y~shlftr WV 4sslgnad 04 th3 buis of mtltlplicitl~ and coupling 

. 



l-vinyl and 1-tmnr-propenyi-2-pyridones (Table 2). It is 
interesting to note, however, that the presence of bulky- 
substituents on the vinyl-moiety, cis to the pyridone * 
could cause, twisting about the C-N bond and pref- 
erential adoption of an out-of-plane confmatktn. In- 
deed, the ultraviokt maximum for the I-cis-propenyl- 
and I-isobutenyM-pyridones (22 aad 26) are substan- 
tially blue-shifted as compared to tbe vinyl and tmns- 
propenyl analogs, a change consisteot witb decob 
jugation of the pyridone and ole6nk chromophores. 

Additional support for this conject~ arises from 
comparisons of key proton cbemicai shifts for the l- 
~y~-2-p~o~s. Conformations for these ~rn~u~s, 
which have the pyridone and vinyl groups in the same 
plane, orient the pyridone H-6 and vinyl H-l’ protons 
into deshieldiog regions of tbe adjacent chromophores. 

On the otherhaud, twisted conformations would either 
remove or reverse these magoetic anisotropic effects. 
Inspection of the data included in Table 3 demonstrates 
that the H-6 and H-1’ protons in tbe I-vinyl and l-trots- 
propenyl systems resonate at si&kantly higher IkIds 
than the correspondiog protons in the cis-propenyl and 
isobutenylpyridones. Furthermore, chemical shifts for 
the terminal methyl protons io 21, 22 and 26 again 
suggest that the presence of cis-alkyl substitution on the 
vinyl mokty of l-~yl-2-p~do~s causes pEferential 
adoption of the out-of-pkne conformations. Accordi&y, 
the dramatic upfield shifts of the cb-methyl protons in 22 

Tabk S. “C NMR Resoasoc~ for dected 1-vioyl-2-pyrido1~ts 

cartuInsa ,6 !! 10 

2 161.1 161.2 161.3 

3 121.6 121.8 121.4 

4 140.3 140.3 146.4 

6 106.3 106.5 106.2 

6 136.1 136.0 136.7 

7 160.8 163.0 154.4 

8 124.7 125.9 125.6 

9 198.4 198.7 197.2 

10 SO.9 37.1 32.0 

11 33.8 22.0 --- 

12 42.1 28.5 18.9 

9*a3 27.8 -y- -_- 

l ‘3C-h9R spectra were run in CDCl with TM as 
Internal standard. Cheeical shi it ts were assigned 
on the basis of nultfplfcitfes obtafmd fms 
proton-coupled spectra and by cunparison ~11th 
spectra Of other capounds In this series. 

Tabk 4. ‘C NMR RCSOUMCCS for a&c&d l&yl-Z-pyridoaes 

4 

CW4011Sa 
l-ndyl- f-Vinyl- 
2-nyridone 2-pyridone 26 z 22 E E 

s 162.8 161.0 162.2 161.3 162.3 161.8 162.0 

1 120.1 121.3 120.8 121.0 121.3 121.5 121.0 

4 139.6 132.3 139.8 127.6 139.9 140.3 140.3 

I 105.8 106.5 105.4 166.3 106.5 106.1 105.3 

6 138.8 139.7 138.6 139.5 137.6 136.7 137.6 

I 37.4 131.9 123.6 134.0 128.5 136.3 133.7 

e MS* 103.8 132.9 118.3 123.0 125.3 ,125.g 

9 -- w-w 17.4 -- 12.1 12.7 166.1 

E _- __ 22.5 15.4 --- 167.0 18.3 

OCh3 
_- _- -- _- -_ 62.3 5i.9 

l '3C-f6!9 spectra were run In CDCl with lHS bs Intemal standard. Chemfcal Shifts 
wre asslgned on the basis of mu 1 tlplicitles obtafned troll proton-coupled spectra 
and by cosqar?son with spectra of other compounds in this series. 
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and 21 u compwai to those of 21 appear to result from 
their location in the shieldiu region of the tilted pyri- 
done ring. 

-AL 

Ekmentd analyses were performed by Galtith Labor&e&. 
Kaoxviile. Tennessee. NMR spectra wtrt recorded on a Varka 
HA-100 (proton) and Jo01 PSI00 (carbon) spectrometers with 
tetramethylsilaoe as the interad stxndxrd. Infrared spectra were 
t&en with a Beckmao IRd or I Perkin Rhner-237 spectropb~ 
tometer urily polystyrene 6bn as reference. mwi ultrxviolet 
rpectrx were mexsufed usiw 8 Beckman Acta-III specIroph* 
tometer (in i-cm ma~chcd quutx cdlsf. Gu chromatograpbic 
urrlyrs were made using x Vmian Mod&940 chromatopph 
with I hmt ionixation detcaor. Mass spectra were rewrded at 
7OcV on a CELL-21-110 doubk-focusiq, hi@ resolution mus 
spectrometer. Mellin~ poinls were mcuufcd us& a MEL- 
TEMP xppxntus md are reported uacorrezted. Photolyser were 
conducted in a prepuuive xppxntus consisting of 8 Hxnovix 
450 W mtdium pressure light sourct surroundtd by a slur fllttr 
w&bin t watr-cookd qutrtx immersion well immersed in lbc 
sofutioo imdii tad were monitored by UV using a Beckman 
DU and DKl spectrophotometers. Scphrdex G-10 (ti) WI* 
purchased from Phumrir PI Chemicals. 

(-(SJ-~~ylcJcb~-2-a-l-o~-3-ylI)-2- 
pyridorv 6. To a solution of 2-hydroxypyridine (60.0 s. 0.63 mol) 
& xnbyd potassium carbonate (Sa.0~ 0.65 molf was quickly 
added 171.4r. 0.45 mall of 3 - cldoro - 55 - diietbyl - cycbhtx - 
2 - en 1 1 - One. Tbt rtiulti2y mixturt was buted tt IlO-12OY 
for 41 h. The soiii obtaiaed xfter codiq lo room t-p. was 
tritvrted with hot benxene. The triturxte¶ were combii and 
concentrated h MCIO ykhiiw I- (5.5 - dimethylcycbhex - 2 - tn 
- 1 - on - 3 - yl) - 2 I pyridone (90.8& 93%). A portion of thix 
mataial wu recrystxllkad from benme to give the product u 
needks. m.p. 104.~l&.O’C. A&. C&c. for C,,H,,NCQ C, 71.87: 
H. 6.96~ N. 6.45. Found: C. 71.!& H, 6.90; N. 6.&W. ‘H NMR 
(CIXZM 4 1.18 (I, 3H. methyl), 2.77 (se 2H. a to nitro~=), 2.36 (d, 
2H. a-m cubonyi). 6.41 (ml 1H. vinyl), 6.27 (1. 1H. H-5). 6.36 (d. 
IH. H-3). 7.23 Id. 1H. Hbl. 7.42 (m. 1H. H4): UV (95% ethd) .~._ ~~ 
Alu 315 nm (; i 54&l; iR (KBr) 1647(vs). 1626(vr). tSB(vs), 
1520(s). 907(s). 875(s), 766(vs) cm-‘: MS (7OcV): fw (rel intens) 
P (31, P-28 (21). P-84 (100,. P-136 (IS), P-178 (2% 

l~Cycfo~-2-a-l-o~-~yl~2-py~o~t 8. 2-Hydroxypyridlsc 
(4.08. 0.042 mol) in aahyd tetrahydrof~ was added to x 
suspeasbn of l.Ol# (0.042molf of sodium hydride in anhyd 
tetrehydrofurxn It room temp over a 30 rein period. The resul* 
mixtvc wxs retied for 1 H and cooled to WC. Xbloro- 
cyclohex-2tn-Iam (5.00 g. O.OUmol) in tetmhydrofurxn was 
tka dded dropwixe over a 10 min period. The rcactbn fnixtWe 
wxx stirred for 12 h ;rt room temp. under an xrgon l tmoxpbere. 
pod into ict-water and extracted witb chkrofozm. Tht 
chlonaform extracts were washed with 5% hydrochiork acid and 
water. dried xnd cavzeatrated irr wcro givbg 1.82~ of 8 crys- 
miline solid. RBaystaltiabrl from carbon tetrachloride pve 
I.728 (59%) of the pure product. m.p. 1OWOW. Hi& Mu- 
tion MS Calc. for CI,HIINQ$ 189.07897. Pouod: lb.QIPY). ‘H 
NMR (CDCI,) 8 2.16 (m. 2H. cycbhexewnyl-H-S), 286 (t, 2H. 
cyclohexeooayl H-4). 2.Sl (t. ZH, cyclokxemnyl H-6). 6.01 (r. 
1H. viavll. 628 (td. 1H. H-51. 6.51 (d, 1H. H-3). 728 (a, lH, 
H-6). 7;ui(m. lri. H-4); UV (ethanol) A- 31s (t=S930); JR 
iCHC1.j 166Xsl. lS92fst cm-‘: MS #OtV): fraa (rei intens) P 
iii). p38 (90). P-56 citi). 

l_(Par-3-ar-2-on+ylt2-py~~ IO The same proadun 
uved lo pmpue the cycbhexcaonyl pyridoac I was employed 
with the followin# qua&m of rca#ata: sodium hydride (1.20. 
0.05 rml), 2-bydroxyp$di= (4.96 8, 0.0s mol), albd 4aaopeot- 
3-m&-2*= (MO& 0.04 mol). wo& up of the reactioa mixture 
PVC 3.3s I of an tmbtr oil which wax dislilbd yitldillg 2.11 g 
Ti9%, of pun praduct as 8 li#ht @eea oil (b.p. 6X. 0.0s mm). 
Hi& Resolutbo MS Cdc. for C&,NO$ lTI.07965. Foumlz 
177.07873. ‘H NMR (CDCI,) d 2.30 (s, JH, CH,). 2.50 (d, 3H. 
1 = 0~3 Hx, dlylic CH& 6.25 (m. IH. vinyl), 6.20 (16 lH, H-S), 
6.50 (m. 1H. H-3). 7.20 (m. IH, HA), 7.35 (a. 1H. 314): UV 

Wand) ~.,a 312 (* -5090): IR (CHCI,) MM-1571(r). 
125O(s)cm-‘; MS (70eV) mr (rel intelu) P (1). P43 (loo). TIN? 
‘H NNR spectrum of this compound &J&ted that it was 
contrpinrtad with ra 10% of a minor, uaideot&bk component. 

1-(E-2-Muhyl-2-mu~yc~~~-1-yi)-2- 
pyridoH if. A solutioo of Z-pyridoat (32.21, 034 mot) tad 
aabydnXls po!assium CtrboMtt (100.0~. 0.72 mot) coottinie# 
mt&yl Zkiibromo-2-mttbylpropanoatt MC.1 g. 0.34 mol) rad 
2OOml 1.2dimtthoxyctluac wts refhutd for IS h and cookd to 
mom temp. The rdutioa wu ponrtd into wakr 8nd txtrxtttd 
with chbroform. Tbc chlaofornl exbnclr were rubed with 
saturated xodium chkride rod cooaotntcd to give 43.61, of the 
crude produc( as a crystrHiae solid. Recrystdlii from ethyl 
rttate save 30.1 i (46.W of pure ester. a.~. 93.4-%.O’C. Hi& 
resolution MS. WC. for C&,NOg 193.0734. Found: 
193.07449. ‘H NMR (CDClJ d 1.95 (d. 3H. CH,,. 3.81 fs. 3H. 
OCH,), 6.22 (t, 1H. His). 651 (d, lH, i-j), 7,19 (d:iH. Ha,; 7.3j 
(m. lH, H4), 7.86 (q. J = 2.0 Hz, lH, vinyl); UV (95% thnol) 
A, 317 nm (e = 6930): IR (liquid fib) 3096(s). 3003(s), 1719Ivs). 
16Bvr). 1583&s)* 1534W. 144Ud. 1301(s). 1151(s). 1017(r). 
m(s). msh @4(s). 766W. 748&s), 732&s). 700(s) cm-‘; MS 
f7OeV1 fru (rel intens) P (2). P-S9 (100). P-l15 (13). P-154 (18). 

1 - n - i - mu@1 : 2 - &aa&l&onyiu&l :.I * yf) : 2.- 
pyfidoru U. A solution of 5.04g (26 mmol) of the E-isomer 12 io 
2OOOml of degasred acetoxitrilc wxx tmdktsd in a prepuativc 
apparalus usin# 1 Ilhrc alter. Ttle disappWance of the starting 
matmid wxs monitc& by proton NMR spectrorcapy on 
removed aad coweatratd aliquots of the photolyute du& the 
Woo. Atta 6h the photolysae had m&d a photostx- 
tionuysateof6b%Zaad33% Eestenendtheimdktirtawxx 
term&ted. nt photdystte wts ~arptrated in uacuo to give 
4Jo s of the photostatboary mixm. Thi8 was cluom8t~bal 
on pepuaivt silica~l TLC (developed with chbtoform) giv& 
a buld (& 0.30-0.728) cootaiaing 1.14 s (P6%) of 1 - (2 - 2 - 
methyt - i - metboxycubonyktheo - 1 - yf) - 2 - pyridooe. The 
add&o of 10 ml of dkthyl ether cawed cryxtdliatioo of 0.49 5 
(9.8%) of very pm ZlSrcr. m.p. 92.MWC. Hii resolutbo 
MS Cdc. for C,.H,.N& 193.07368. Fotiadz 193.07429. ‘H NMR 
(CDClJ I 2.M (d. 3H,-CH,). 3.66 (s. 3H. OCH,). 6.13 (t, lH, 
H-S). 6J3 (d. lH, H-3). 7.07 (q. lH, J - 1.5 Hz, vinyl), 7.16 (d, IH, 
Hb). 7.33 (la, lH, H4): UV (95% etbuml) A, 315 (a = S910): 
IR (liquid Slrn) 1725(s). 1668(s). 1593(s), 76S(rl cm-‘; MS fnu (rel 
intens) P (21, P-S9 (100). P-115 (IS), P-154 (18). 

l-(2-~~yf-2-oc~o~u~-l-y~-2-py~o~17.A 
solution of I- (2 - phmyl - 2 - hydroxyeth - I- yl) - 2 - pyridoac 
(1.05 I, 4.9 mmol) in 3Oml of acetic aahydride was mixed with 
arlhydroux sodium retate (1.17 8, 14.0 mmol). The resulting nlix- 
ture was r&xod for 6J h uoder a aitrwo tiosphea and then 
poural into cold HP rad cuefully neuba&d with potassium 
CarbonBle. This solution wea extfacted wilh cbbroform. The 
combii chloroform extlXts were cooccatrxted k wcuo givi!l& 
an oil which crystdlixed up00 additioo of ether. Tbt crystals 
were Sited and dried yield& 1.101(87.7%) of banish white 
luiedks. m.p. %*o-93.rc, CL& IS tilt dtsii awlote. 
Hkh resdution MS Calc. for C,&N~: 257.10518. Found: 
25?.10581. ‘H NMR (CDCI,) I 4.fi (id, iH, CH-N). 4.23 (dd. 
1H. CH-N), 6.02 (1. lH, H-S). 6.16 (q, lH, benxylic). 653 (d. IH. 
H-3). 7.17 (m, lH, Hb). 7.32 (bra, IH. Ha). 7.33 (br.m, SH, 
eryl): uv (95% etlWlo1) A, 303nm (e=2450); IR (CHCI,) 
1751(m). 1666(m). 159o(mI. 1376(r). 1222(m). 1149(*r). IOMIw). 
lOawL 946(w), 844(w). 699(m) cm-‘; MS try @tl iatear) P 0, 
P-57 (12). P-137 (11). P-IS2 (100). P-180 (24). 

l-(~-~P~yf~-l-y~2-py~~ 14. A solution of 0.831 
(3.2 mmol) of the rcetrte 17 in 100 ml of xykne con- 0.10 8 
(3.7mmol) of p-tduenesulfoaic acid wu r&xai under upa 
for 3 days. Tbe &cot wax removed irr wcmo &in# an oil 
which wax dieoolved ia wera aad txtractal rritb kopentylako- 
boLThe8kxMkextra&wereamceotr8tmiirr#cIlotoykld 
0.59~ (S2%) d tbc desked pyridone. llm speetnmcopk aad 
physiwJ propefiies of this meterkl matched tbme previously 
d. 

1-(2-&&~yp~p-l-y~2-py~ 19. To a sobaim of 30.38 
(0.2 q of) of 1~.uonyl-2-pyridone in (00 ml of abeaWe aetbatd 
wtx td&d tdid sodium borohy&ide (6% 1.0.17 mol) slowty ia 



General synthetic methods for the preparation of I-substi~ted-viny)_2-pyridones 2615 

two portions. The temperature of tbc solutioo quickly rose to 
56T. The mixture was tbcn allowed to rapidly stir for 2 days at 
room temp. Concentration of tbc reaction mixture in wcuo gave 
* solid wllkh wu dissolved in 5uIrd of abaolutc etbaaol and 
percdatedthrougbasiticagdcdumn(3f#J&Davisollgrxk9.23, 
10&m mesh). Tbc etbanolic cblallt was conceatratcd in oaclw 
and sbort-patb distiM using a b&to-bulb appuatus b.p. 
14~145T (0.6mm) giving 17.9g (5896) of the desired alcohol 
wbicb crystal&d up&~ stpadins; m.p. 95.0-%JT. Higb resoiu- 
tion MS Cak. for GH,,N(X: 153.07897. Found: 153.07958. ‘Ii _ . . 
NMR (CD&) g 1.28 (d. 3Krmetby9. 3.89 (dd, lH, CH-N), 3.96 
(&I, IH, CH-N), 4.06 (br.s, lH, OH), 4.13 (brm, lH, CHO), 6.16 
(1, lH, H-5). 631 (d, lH, H-3). 7.31 (m, W, H4) and H-6); UV 
(95% ethanol) Ann. 303 am (c - 5681); IR (liquid tIlm) 3333(vs), 
165O(vs), 158l(vs). 1556(vs), 1532(vs), 146?+), 1423(s), 1374(s), 
1352(s), 1166(s), 113%vs), 1066(vs), 938(s), 848(s), 76lI(vs) cm-‘; 
MS frag (rel ir~tcas) P (S), p-44 (18), p-57 (100). P-72 (45). P-100 
(17). P-114 (15). P-138 (2). 

1-(2-Accr0xpprop-1-y~~2-py~~ U. A solution of the pyri- 
dolly1 alcohol 19 (lO.Og, 0.M mol), 3.00 g (0.031 mol) of an- 
hydrous potassium acetate in #y)ml of acetic anbydridc was 
rdluxed for 5 b under an argoo atmosphere. The hot reaction 
mixture was slowly poured into ice-cold absolute ethanol and tbc 
resulting solution c&cd to OT for 10 h. Concentration in oocuo 
of this mixture gave an oil which was then added to icecold 
aqueous satunucd potassium carbonate. The result& aqueous 
solution was extracted witb cbbroform. TlK cldofoform extracts 
were combined. was&d witb ratlwted scdium cbloridc, and 
collcentrated in WCYO giving an oil wbicb was subjected to sbort 
path distillationa using a bulb-to-bulb apparatus. This procedure 
gave 8.080 (63) of tbc desii acetat&as a dear Ii&d. b.p. 
137.6138T (21 mm). High resolution MS Cak. for C&dO,: 
195M953. Found: 195.08987. ‘H NMR (CDCI,) g 1.29 (d, 3H, 
methyl). 1.98 (s. 3H, methyl), 4.04 (dd, lH, CH-N), 4.10 (dd. lH, 
CH-N). 4.29 6. lH, CHO). 6.16 (1. IH. H-5). 655 Id. 1H. H-3). 
7.36 (& H-4 ti Hb); UV -(95% &no;) A, 303 n& (c =-5000,; 
IR (liquid tilm) 1731(vs), 1659(vs), 1581&s), 1532(s), 1370(s), 
1238@s), IlSYs), 1141(s), 1127(s), IO6l(vs), 1619(s), 959(s), 
77l(vs)cm-‘; MS frag (rcl intens) P (20), P-75 (16). P-86 (81), 
P-99 (100). P-114 (la), P-115 (la), P-152 (57). 

Elimination fvaction of 1 - (2 - acdoxypmp - I - yl) - 2 - 
pyridonc.Pnpamtionofcis-Mdtrans-1-@rap-l-m-l-yl) 
-2-pyridonrs (2l and 22) and I-(prop-2-en-1-yl)-2- 
pyridone 23 

A solution of 0.83 g (4.3 mmol) of tbc acetate 20 in 50 ml of 
xyknc contai& 0.10 g (0.53 mmol) of p-tducncsulfonic acid 
was stirred at r&u for 2 days. The crude reaction mixture was 
quantitatively analyzed for product by GLC (1.5% OV-101, 
aOn ASS Anakrom, 1203 giving the following results: 2122.2%. 
22 10.9%. 23 4.0%. recovered 2g 62.9%. Spectroscopic properties 
of these compounds are given below. 

1-(2-H~~~-2-mdhylprop-1-~)-2-pyridoncU.A 
solution of l-acetonyi-2-pyridone (30.6 g, 0.20 q ol) in 500 ml of 
anbydrous tcbabydrofuran was slowly added over a 1.5 h period 
to a previously prepared solution of methyl magnesium iodide. 
(made from magnesium (17.84g. 0.73g-at) and ‘metbyliodidc 
(1043g, 0.73mol) ill 97oml of anbydrous etbu). The resulting 
solution was stirred for 10 h, wokd iu an ice-ctbanol bath to 
-15T. and added slowly to a satur&d ammonium chloride 
sohrtiun. Tbe scparaM et&real laya was waded witb water. 
Tbc aqueous layer was extractal with ctdoroform. made bask 
with 15% potassium hydroxide, and extracted again with &ML+ 
form. The combined organic extracts were concentrated in uacuo 
giving 23.5 g of the desired akobol as a crystalline solid. Recrys- 
talliratioo from bcnxcne gave the pure akobol as white neuik.s, 
q .p. 118.0-ll.ST. (11.38g. 33.6%). High resolution MS Cdc. for 
C&NOz: 167.09462. Fo&: 167.094ti. ‘H NMR (CDCld d 1.24 
(s, 6H. CH,), 4.02 (s W, CHzN). 4.42 (s, IH, akobdk), 6.28 (t, 
lH, H-S), 6.58 (d, IH. H-3), 7.34 (m, W, H-4 ami Hd); W (95% 
-1) A, 304nm (c = SnO); IR (CHCI,) Ian(s). 1583(s) 
cm-‘; MS frag (rcl intcna) P (19, P-58 (100). P86 (56). P87 (19), 
P-108 (34). P-114 (13X P-124 (9). P-128 (11). 

l-(2-Acuoxy-2-mdhylprvp-l-yl)-2-pytfdone2g.A 

solution of tbc tertiary alcobd 24 (lCOg, 84mmol) aod sodium 
acetate (4.65 & 57.0 mmol) in 7oml of acetic anbydridc was 
refluxed for 6 b. The reaction mixture was cuokd to room temp., 
poured io ice water and carefully ocubaUizcd by the additi~r~ of 
solid scdium bicarbonate. The resulting solution was extracted 
with chloroform. The chloroform layer was washed witb 
apturatcd potassium carbonate, dried over potassium carbonate, 
coaccotrated in wcuo, and subjected to sbortpatb distillation 
using a b&to-bulb apparatus. This procedure gave 9.708 
(55.2%) of the desired acetate as a dear liquid, b.p. 116.C 
117.OT (0.2mm). High rerotutioa MS Calc. for C,,H,sNO+ 
209.10519. Found 2B.10397. ‘H NMR (CDCI~) g (1.51 (s, 6H. 
CH,), 201 (s, 3H, CH,), 4.30 (s, W, CHzN), 6.18 (1, lH, H-S), 
6.56 (d, lH, H-3). 7.34 (m, W. H4 and Hb); UV (95% ethanol) 
A, 3OOnm (c = 4200); IR (liquid nlm) 1733(vs). Ml(vs), 
1592@s), 1538(s), 1429(s). 1399(vs), 137o(vs), 1277(s). 125O(vs), 
1238(vs), 1215(vs), 117qvs). 1136(vs), 1022(s), 768(s) cm-‘; MS 
f$ (rcl illtens) P(22). P-59 (31). P-75 (28), P-100 (loo). P-166 

Ehination mxtior of 1 - (2 - aceioxy - 2 - methylprop - 1 - yl) - 
2-pyridonrl’repanuionof I-(2-muhylp~pp-1-ur-l-yl)- 
2 - pytidow 26, and 1 - (2 - mrthylprop - 2 - a~ - 1 - yl) - 2 - 
pytidotw n 

A solution of 0.75 g (5.0 mmol) of the acetate u ml of xykac 
containing 0.100 (0.53 mmol) of p-tolucacesulfonic acid WBJ 
rrduxai for 2 days under an argon atmosphere. The crude 
rcactioo mixture was quantitatively aaalyxcd by GLC (1.5% 
OV-101,60/70 ABS Aoakrom, 120°C) giving t& following results: 
26.37.996,27,36.396. re~0vd 25.25996. 

The spectroscopic data for these compouuds are given below. 
I-(balls-Prop-l-m-l yl)-2-pyridone 2l. I-(Prop-2- 

en - 1 - yl) - 2 - pyridoac 23 (2.30 g, ‘1.6 mmol) was slowly added 
over a 10 min period to a previously pnpared solution ot potas- 
sium r-butoxidc (from 61.6 g. 1.58 g-at. wtassium and 900 ml of 
anhydrous turiaryl butyl ik0hoi~ ii- 130od of anbydrous 
db~thylsdfo~idc b&l at CIT. After addition was compktc, tbe 
soh~tion we allowed to warm to rmm temp. and stirred for a 
5 b period. Tbc reaction mixture was poured into ice-cookd 
water and extracted with ether. ‘ll~ ethereal layer was washed 
with &ahlraM sodium cbloridc, dried (potassium carbonate) and 
concmltratal in wciw to give tbc desired pylidonc (108.lg). 
Vacuum distiUatioa using a bulbto-bulb apparatus gave 90.1 g 
(42.0%) of pure material, b.p. 105X (0.5 mm). Higb ndtioo 

MS Cdc. for &II&O: 135.M841. Found: 135.06782. ‘H NMR 
(CfJCl,) g 1.84 (d, 3H, CH,), 5.79 (sextet, 1H. J = 12.0 Hz vioyl). 
6.15 (1, lH, H-5). 6.51 (d, lH, H-3). 7.19 (octet, lH, J = 120 Hz, 
vinyl). 7.27 (m, lH, Ha), 7.43 (d. IH. H-6); UV (95% etbawl) 
Aut 318~1 (e=6270): IR (Iiquid fib@ 1668(vs), ls88(vs), 
lJ340. 1270&s), 1187(s), 1142(s), %l(vs), 762(vs) cm-‘; MS frag 
(rcl iotens) P(29). P-l (18). P-15 (MI), P-29 (14). P-96 (25). 

l_(cis-Rop-I-m-1-yl)-2-pgridonc 22. A solution of 7.45g 
(55 mmol) of the Imns-propcnylpyridon 21 dissolved in 850 ml 
of dcgassed acetonitrik was irradiated in a preparative apparatus 
using a Pyrex filter for 1 b. The di -cc of the rmnr- 
isomer was monitored by UV spcct~&&py on removed and 
dib&d diquots of the DhOtolyWtC during the &d&m. When 
dis8ppwanc.c of 21 hid lx?.& lbc il&i&n was terminated 
aad the pbutolysatc concentratioo in Dacyo to give 7.31 g of 
crude reaction mixture. Tbc addition of ether caused tbc pn- 
cipitation of 0.89 g of tbc 4 t 4 dimcr. Tbe rcmalaiug 6.57 g was 
subjected to b&-to-bulb distillation giving 3.4Og(46%) of tbc 
pure citpropenylpyridonc. b.p. 80-81T (0.2mm). High rcsolu- 
tioa MS Cak. for C&NO: 135.06841. Found: 135.06821. ‘H 
NMR (CD&) g 1.69 (6 3H. CH,). 5.71 (octet, IH, I = 9.0 Hz, 
vinyl), 6.17 (1, tH, H-S), 654 (d, lH, H-3), 6.68 (octet, IH. 
J = 9.0 Hz, viny9,7.21 (d, lH, Hb), 7.42 (m. 1H. Ha); W (%% 
ethard) A.., 3O!J nm (c = 5450); IR (liquid 6lm) 1743(s). 1659(vs). 
1588M 1530&s). 1173(s), 1142&s), 930(s), 768(vs), 716(s), 
649(m) cm-‘; MS frag @cl intens) P (27), P-l (25), P-15 (loo), 
P68 (20). P-83 (20), P-94 (20). P-% (45). 

1~2-M~~~p-2-~-1-~~2-py~ 27. A solutioa of 1W.Og 
(1.05 m01) of 2-bydro~ypyri@~, 2931 (1.44mol) of q etballyl- 
chloride, 350 g (25 mo9 of potassium carbenatc in 400 ml of 
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anbydrous dimctboxyetbane was rcUuxed for 12 II urnk.r an argun 
atmospbuc. The naulting 8olution was nkrd and c4Mlccntratal 
Inwcuogivinganoilwbichwaadbtikdukgabulbto.bulb 
apparatus giving 15X5 g (98%) of the derind metluUyi pyridoae 
as a ckar oil. b.p. 13@-13lT (0.12 mm). High rerolution MS Calc. 
for C&NO: i49.08406. Found: l49.@36i. ‘H NMR (CD&) 8 
1.73 (I, 3H, CH,), 452 (Ix-s, W, C&N). 4.73 (tn. 1H). 4.93 (ID, 
1H), 6.14 (t. 1R, H-S), 6.53 (6 lH, H-3), 7.23 (d, lH, Hb), 7.33 
(m, lH, H4); UV (93% ethanol) A_ 302~1 (c -4976); fR 
(liauid fb) 1663(va). lM!Mvr). 1335(s). 1463(a). 1432it). 116Mr). 
iiiacs),. 76iw CID-~; Ms frsg (~1 iii&) P.(*, p-i C&s), Piij 
(MO), P-17 (29), P-70 (30). P-71 (24), P-110 (38). 

1-(2-Mdhybrop-l~-l-yl~2-py~~ 26. A pro&ure aim&r 
tothaturedfortbeconvasionof23to21ararusedttutingwith 
23.7 g (16 mmol) of the mctbaBylpyr&nc 2’7, potassium Mutox- 
idc (fNun 3.700 potasrium and loo ml of anbydroua Mltyl 
alcohol) in 5OOnll of anbydraur diInetbylsulfox& work up in 
tbc manner described above gave 10.1 g of a mixture of the 
isobutcnyl # and mctballylpyridonca 27 in a ratio of 2:l. A 
3.81 g sample of this mixture was anbjected to cobnun chrome 
tograplly on !kpbc+dex G-10 (em?) (3.5X 163cm). Elution was 
witb 1:I water-methanol. Fmctiorw were q onkorcd by GCL 
(1.5% OV-101 on ABS Anakrom. 15X). Bcaults of tbk method 
of separation are given in Table 1. Pure isubutcnyl-Zpyridonc 
was obtakd by this metbcd. High rerdtia MS MC.. for 
C&NO: 149.CRi406. Foundz 149.tiS. ‘H NMR (CDCI,) g 1.66 
(d, 3H, E-CH,). 1.87 (d. 3H, Z-CH,). 6.13 (t, lH, H-S), 6.46 (m. 
1H. vinyl), 655 (d, lH, H-3), 7.13 (d, lH, Hd). 73O(m, lH, H4); 
UV (95% ctbanol) A- 309 nm (c = 58.50); IR (CHCM 1694(vs), 
1619fvrl cm-‘: MS fru (rcl intcna) P (25X P-1 (21). P-15 (100). 
P-lii)(ii). - 

. . 

Anaknateprocaiureisuacfulforpur&&noflargequan- 
tit& of the isobuknyl-&&lone #. Representative of tbia il 
the following cxpa&eti~&ting with 233.0s (158mol) of tbc 
wtbaU~l~vrkio~~ 27. short wth distiktion of tbc crude mixture _ __ 
of26and27gave(b.p.13~i40’,26nun)68.6gofa3:1mixture 
of tbc rcgkomm. Tbia material was added to 149.4 g (0.47 mul) 
ofmercaricac#atein21.ofabrolutemethaolmdtheres~ 
soiutk was &red for 2 dayr. Concentration of the mixture in 
wcuo gave a solid, containing metboxy rcetoxy mcrcmate aalt. 
which was not purifkd but diaaolvcd in 21. of 95% ethanol 
~~lZDg(3mol)ofrodiumchkrideandstimdrtroom 
temp. for 21 h. The resulting solutjoo vu diluted witb metbylcnc 
cblorkk,6ltaedandconceotratedinwcuogivingacrudcmlx- 
turc of metboxy cblorolBcrcuratcs. Bepeed rccrydPnitltin0 
from methanol gave 81.3 g (6496) of pure 1 - (1 - cblorowrcurato 
-2-metboxy-2-mctbylpr0p-l-yl)-2-pyridone2)aaawhae 
crystal& &I, m.p. l&3&. ‘H NMR(CDC1,) 8 1.2.5 (a, 6H, 
CHI). 3.24 Is. 3H. OCH3. 4.30 (a. 1H. CHN). 6.19 (1. IH. H-5). _, 
6.61 (d, lH,‘H-3):7X (i, 1H. ti4,7.49 (d, iti, Hb)i “C Nti 
(CD&) ppm relative to TM!3 163.7 (s. C-2), 1213 (d, C-3), 140.4 
(d. C-4). 106.4 (d, C-R, 139 (d. Cd)). 75.3 (d, CHN), 79.3 (s. quart), 
24.4 (q, CH,), 49.9 (q. GCH,). 

The olcthoxy chloromcrcnrate wan then mbjcctcd to coodi- 
tions for hydrotysb of the carbon-•cxcury bond. This mat&al 
wns diswlvcd in coocaot+ed hydrochloric acjd (5OOml) sod 
&red for OJ h. chloroform (500 ml) and 100 g of potakum 
carbonate were &kd. The chloroform layer was scpara&. 
cooceotrated b wcuo and distilled to give 18.00 (57% from 
mercurate dt) of the pure iaobutcnyl pyrklone. 
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