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Abdra&-T&c Di&-AMcr CMlry of a s&es of 1-vinyl-2-pyridows usiIl# 8 vuiety of dknophitic specks 
inch&g dim&y1 acetykrkdbboxykte, beaxync, makic anhydridc and methyl vinyl kctonc has been explored 
ia order to determine tbc geacmlity of this method for generation of N4nylkquinuclidim. In pamrl. the 
cyctoxdditioa renctioas ksd to modc8Uy high yeilds of the azabiiycboc~ products. Ia tbc coMc of ttuae 
studk% we noted tbxt ret@Dkk-Akkr react&la of N-vinyliWquin~lidic~nes kxd to ge&n of N- 
~~~~8~~~~~~~~~ ~~~~~f~~ 
comtpoarhmOp~try~~ofpaclhykneunit.~~y,tb!ngio-rtad~~~far~ 
r2+ rl Niditbe rcactkns of methyl vinyl ketone and t-viny&2-pyridonefl were invest. Tt# m&r products 
from these mnctbns appear to result from rcactioo pathways pm&ted to bc of low energy using tlrstorder 
amkcukr orbital me.thcds. 

The lxek-Alder chemistry of compounds iX3ntablmg the 
~~~~~~~~~n~~- 
vantageomdy for tbe eonsuuction of i&eresting hetero- 
cyclic compounds and nitrogeo containing natural 
Products.2 A prehminary phase of our current studies, 
concerning the development of novel methods for 
hydroisoquinoline synthesis utilizing axaGaisen rear- 
rangements of praperly frmctirtnafizad N- 
~Y~~~~e~~~~3 w&3 devoti to ~.e~io~to~ 
irtvestigrition of the Die&A&r chemistry of 8 series of 
l-vinyl-2-pyridoncs. Ahbough the literature holds 
isolated reports describing this aud related methods for 
generation of isoquinllclidenes~’ hlformation relating to 
the employment of this strategy to prepare the N-vinyl 
substitu&d systems is minimal, Indeed, we have found 
that e&kncks of ~r2+ ~4 cy~~di~n reactions of 
N-vinyfpyridones with a se&s of dknopbiks are 
dependent upon the nature of tbe dicnophilic species and 
the sub&mats on the exocyclic N-viuyl moieties. Both 
of these factors strongly infhlellce tbe rates of Michael 
addition reactions invoking the exocyclic vinybunide 
re&hle~ and retro Dkk-Alder f~~~u~ and 

hydro~ysk of the enamide functious iu products, ail of 
whkb ambine to iead to dimSbed yields of the 
&sired ~-~y~~~~~~ pmdwa. The results of 
this exploratory study are summa&ed below using an 
outline that is based upon the types of dienophiks in- 
tWigf&d. 

~~~~~ ?vmdms #i&g ~~d~~~ acti$edcer- 

boxproe 

In order to determine if the methodology de- 
veloped by Heep- to synthesize N-substituted 
isoquinuclidienoucs, exemplifkd by the cyckaddition 
reactions of 1 - aubstiatted - 46 - dimcthyl - 2 - pyridone 

. with dimethyl acetylenedka&oxyhue 1, is apphcabk to 
the preparation of ~-~y~-su~ti~ systems, the 
DieIs-A&r chemistry of 1 with a series of I-viny!-2- 
pyridones was exptored. The acetyknic dienophik was 
found to undcqo smooth cyckaddition to I-@-styryE2- 
pyridone f at elevated temperatures to furnish the N- 
styrylisoquinucbdknone 4 (2296). Purification of 4 by 
siliea gel TLC yielded material which was easily charac- 
terixed as the produet d lW+Ahier addition us+ 
~~~~~ methods @Iv max 293nm fls,660); H . * 

B YiF&4 and blidghd prom 
rcso~s at 8 6.98, 4.76 and 6,Ol). The N-rrun.r-pro- 
peaylisoquinuclidknone 5 can be obtained ‘in an amdo- 
gous fashion by reaction of 1 with I-tmnr-propenyl-2- 
pyridone 3. 

1: (Z-CO&H,} 2: (R=Ph) 4: (R-Ph) 
g: (R=CH$ I: (R==CHI) 

6 7 
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Tbc surpris*y low yklds assocbucd with thc!ic 
Dick-Alder reactions appear to be directly attriLbutabk 
to two factors. Fit, under the higb temperature reaction 
conditions (cu. HPC!) required to produce both 4 and 5, 
retro Dkls-Alder f~cn~s of tbc iso- 
quitutclidknouc systems occur to produce dimetbyl 
pbtbakte 6 and most probably the N-vinylisocyanates 7 
(R = Ph or R,.w The deleterious effect of tbk process 
on reactions used to produce koquitluchdknones is 
drama&d by obscrvatiott made during attempts to pre- 
pare the cyclohexenonyhtxabicychc systcul9. Reaction 
of the ~c~yky~hex~~yl - 2 - pyridone 9’ with 1 
faikd to produce detcctabk qua&ties of the 
i~~~~~ 9 using a vsrkty of conditiotts. In 
each case, dbnctbyl phthahuc was formed akn9 with the 
interesting vinylisocyanatc 10, which could be trapped as 
tbCis0_butyl- 11 when iso-butyl alcohol was 
used as solvent for tk cyckaddiuon ret&on. These 
observations appear to i&blight a positive feature of the 
retro Dick-Alder processes concerning its Uihxation as a 
general method to prepare highly reactive substauccs 
containin the carbon nitrogen doubk bond. This aspect 
has been briefly explored using tbe closely related N- 
ethoxycarbonyl isoquinuclidknc 12, prepared previously 
inour~nrtorybythenaca;oaoflwithl-ethoxy- 
carbonyl - 12 - ~y&op~~ Therm&y induced 
r2+r4 fragtuctltation of this substance would generam 

Aider reaction and stahilixc the aldiminc. Alternatively, 
tbc short-lived aldimine 13 can be used in enstun rcac- 
tions to generate interestin ax&cyclic systems. This is 
exemplitkd by the preparation of the amido ether 14 
from reaction of 33 witb boron trifIuori& etberate in the 
presetW of 2Sbtm3!ofuran ls. 

Alternate processes, resulting from addition of the 
acctylcnic ester to the exocyclic N-vinyl moiety, are 
responsibk for the reduced yklds of isoquinuclidienonc 
products when I-vinyl-2.pyridoncs lackng phmlyl or 
carbonyl substitution on tha vinyl group arc used. For 
example, the parent I-vinyl-2-pyridone 17” uudergoes 
reaction with dimetbyl a&yk&icarboxylate by these 
pathways exclusively, nsulting in production of the 
bcnxcne&uacarboxylic acid ester 19 and 29. The reac- 
tion modes followed in Uris case appear to be directly 
anak9ous to those noted in reactions of simple 
enamincs” aud closely related l-vinyl-l&dihydro- 
pyridi& with 1. Accordingly, Michael a&ion of the 
enamide function in 17 to the acetyknic ester would 
result in forma& of tbc dipokr intermediate 18, which 
is capable of proceed& to the tctracat%xylic acid 
esters by the two pathways shown. 

Thus, it appears that &spite the simplicity of tbc 
synthetic design, Dick-Alder routes to N- 
~~~~~~ are somewhat Iimitcd in terms 
oftbcrangeofsubstituentstbatarcrquiredonthe 

8 
(2 - &“., 

the N&oxycarbonyl form&h&c l3, a reactive in- 

teua&kW led to quamimtive 
production of dimctbyl phthalate. The two-a&on 
fotmaldiminc fragmant pruduccd in this reaction could 
be koktcd as its crystalhnc trimer 14” usiqj slightly 
~~nt~~M~~~~n~ 
ethcratcscrv#,toLcwkacldcatalyu:therctroDkls- 

WP 
13 (2 = CO&HI) 13 16 

10 11 

N-vinyl mokty to minin&e competitive additions to the 
cxocyclic vinyl groups of the l-vinyl-2-pyridonc sub 
stratcs or ensuing retro LX&-Ahkr fragmentations of 
tbc generatul axabkychc systems. 

Cgcloadditionnrucrion.su.ringbeuxylk 
DklsAkkr addition mactions of bcnxync with l- 

vinyl-2-pyridones appear to be potentifdly useful for 
genaatkn of N-vinylisoquinuclidknoncs containing 

- CHlrNCO,Et 

\ 
cop t 



I-be DifLAMcr W?a&try of I-vinyl-2.pyridoW8 
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17 18 (Z = CO&H,) 19 

bcnxocthcno bridges. Although precedent for this pro- 
cedure is found in an earlier study by Bauer and his 
cOU2bO12tOr24 of the simple I-methyl-2-pyridonc 
system, the possibility did exist that the presence of 
exocyclic vinyl moieties in I-vinyl-2-py1idoncs would 
disrupt the a2+ r4 reaction pathway in favor of docu- 
mented u2+ a2 m&s kading to bcn7Dcyclobutcncs.” 

In order to gain insight into these qlK&ons, reactions 
of benxy~, generated by iso-amylni&itc diaxotization of 
anthmnilk acid, with a number of 1-vinyl-2-pyridones 
were explora!. AccordingIy, we have found that the 
crystalline N-styryl bcnxoiiuinuclidknoIle 21 can be 
prqmrcd (4096) in this way sta$ng with the N-styryl- 
pyridoae 2 and excess anthmn& acid. similarly, ad- 
dition of benzyne to the dimedonylpyridonc 8’ proceeds 
in high yield (42%) to furnish the corrcspondiug 
bcn?Disoquimlclidkno~ 22 containing the N-vinyl orqap 
tsky of a 5,5duncthykyclohex-2en-l+nyl rmg 

h 

2l 22 

F of9 / R2 \ 
Ii 

0 RI 

a: (I%. Rs = (CtbM 
24: (I%-Fb-CH.1 H 

2/ 2 xx I 
2 

20 

Smprisingly different results were obt&aI from 
attempted DklAlder addition reactions to the related 
l-c~~k&exenonyl- and l-pentenonyl-2-pyriaones 23 and 
24. Undcrrcactionco&ionswhichwcreknowntokad 
to maximum yklds of the analogous Dkk-Alder adduct 
22,thcpyridones23and24faikdtoproduceisolabk 
quantitks of bcazoisoquinuclidknoae products. Low 
yields (ca 13%) of a substance, tentatively idcnt5ed as 
the parent ax&cyclic system 2S, were obtained in both 
cases.Itisnotclearatthistinsewhy~~ofuand 
24 arc ,pnsuccc&ul. The nature of the isoquinuclidcnone 
p&lct ObtaiMd, however, appears to suggest that 
cy&add&ionisprocedingnommllybutthatthc 
prodactr are exceptionally suaceptibk to hydrolytic or 
oxidative fragmentation. 

c@ouddit~n# #uing ol&ic dL?nophikS 
we have found that Dkl!+Akkr reodions of 1-vinyl-2- 

pyridoncswithactiWcdoktEcdknophiksareideally 
suited for the prepam& of N-vinylisoquin~~. 
These reacGou& which occur in modest yields; display 
intaWing rcgio- pnd stercachemical outcomes which arc 
readily praWabk using flrst-orda mokcular orbital 
methods. 

The first reaction explored was that of the l-styryl-2- 
pylidone 2 with makk anhydride resulting in the 
p&u&n (9296) of the a&y* #. PutScation of # 
waseasilyaccompiishedbyrepertedMurationofthe 
cruks4Globtaincddirectlyforthcreactionmixturc 
with hot benzene followed by recrystallization from 
carbon tctrachlor&. The stereochemistry of the siogk 
dkstaeoma obtai& from this rcftction is assumed to 
be ciS-mdo on the basis of earl& dctaikd studies 
condudcd by Tomisawa et al& using the more simple 
N-methyl system. In order to test the thermal stability of 
thiss~,tbeanhydridefuactionwasfirsttrans- 
formedintoadkstcr~usingthercxctionsc+cncc 
outliMA b&w. when 2) is subjected to thcrmolysis 
coaditions (MIuxing decalins) in the presence or ab6ence 
0fthcLcwiaacidcatalys~alumillum trichkiridc, e5cknt 
ntro Dick-Alder reaction occurs lii the N-sty- 
rylpyridonc 3 in yie4ds ranging from 95 to 97%. 



2620 P.s.-dd 

As this observation points out, the chemosekctiyity of 
@mai retro a2+ ~4 fragmentation reections of 
tsoquiauchdone system qpcam to be controlkJ by the 
nature of the dkae product liberated. When both two- 
cerbon bridges in these subsmaces me unsammmd, 
reaction oscun; to generate a bearone and C-N comain- 
in8 fragment. However, retro Dkk-Alder ckaveqe ap- 
paremly knds to pyridones by extrusion of an okfinic 
residueincaseswhereoneofthebridgesissstummd,es 
would be expected due to the greater thermodyamuic 
driviag force associeted with formation of the part&thy 
aromatic pyriaone ring system. In addition, Lewis acid 
catalysts appear to eccekrate the latter process a~& 
probebly as a result of prior compkxatioa et the nmide 
catbonykrxygea. This would qeaerme the iammmdime 
30 which is isoekctroaic with a bicyclo[2.2.2]octa-2,5- 
dieae system and activated for ckavege to dimethyl 
~~~~p~~& 

SdxIfo 3.13 to.0 6.0 
3i-txo 2.78 ii 5.0 11.0 

E E 
to.0 
J.0 1: 

H-7 protoas in 31-exe end 31-e& (T&k I) ere in 
excellent accord with this expectation. Saikrty, the 
acetyl methyl proton resoaaaces for the exe aad ardo 
isomers (3 2.20 and 2.15) me controhed to a ksser extent 
by the same megaetk anisotropic effect. The muhi- 
plicitks for the H-l bridgh& proton resonances (3 5.02 
and 4-W) in spectra of 31-tro and 31-a&J aid in 
amignment of C-7 as the kcatioa for the acetyl substf- 
meat in these subsmaces. AWordh@y, both resonaaces 
~~do~~of~~~~~~~~y~ 
couplings (Tabk I] to the H-S sad H-6 vinyl protoas end 
toviciicoupliagstothemethiaeprotoasintheexoead 
endo isomers. The observed muhiphcii would result 
only in the case where the 7-positioa possesses a siagk 
proton. This is further substantiated by the fact thnt the 
H-4 proton resoaaaces in spectra of 31 end the H-l 
resoaaaces for 32 appear as doubkts of quartets due to 
the presence of methykne uaits adjacent to these posi- 
tiOlk3. Methyl viayi ketone was also found to serve es a good 

dienophik ia Dkls-Alder reactioas with I-vinyl-2-pyrL 
doae systems. Although these reacWas ked to mixtures 
of legi& and stereoiso~ pnducts, the N-viny!- 
acctyhoquin~aoacs can be obtained in acceptabk 
~~~~~~~~n~~.F~ 
cxampk, addition of methyi vinyl ketone to I-mm- 
propenyi-Spyridone 3’ results ia the production of tlk 
mgioisoareric 7. aad 8-UyhWquinuehdeaones 31 lutd 
32asmixtWesofadoSutdexoepimers.Themtioof 
I-en& 314Xo, and 32 obtei& in this fa&ha is 
1.8: 1.0: 1.5 as &tent&d by NMR-nanlysis. pllriflcatioa 
of~~~~~~~~~y~~~- 
$pul&yc&olded,~~ pure 7-exe *“’ ‘I-ezl&MWetyl 

. latMeMWnoftheregm-andstereoc~ 
atistrksofthesemnterklswMamdeprhkipanyushtp 
proton-NMR spectrosccrpic techaiques.t The proton at 
H-7 in the exe-isomer, 3~exe* should resonate at high 
&ldduetoits&atioaintheshkIdiagregionofthe 
c-5-C-6 a&ad. The ob!rerYed cikmictd shifts for the 

a1 9x0: (R, - W&O. I& = H) 
= endo: (fit - H. Ro = CH&O) 

S2 exe: (R, - CH,CO, R. * H) 
S endo: (Rc - H; I?, - C&CO) 

33 exo: (R, = CHsCO. I% = HI 34 
33 eodo: (A, = ti, R = cHac0~ 
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One of the major problems associated with the 
synthesis of the isoquiauclidenopes 34 results from the 
observation that tbe efficbncies of D&-Alder cycload- 
dition of methyl vinyl ketone to the dimedonylpyridone 8 
Btc greatly dependent upon tbe purity of the starting 
pyridone. In cases where only repeaWy recrystalhii 8 
was employed for this reaction, sign&ant quantities of 
enamine addition product 35 are generated. We have 
found that the best yields of 33 can be obtained when 8 is 
hrst subjected to a basic wash, using methylene chloride 
solutions and 1096 potassium hydroxide, followed by 
evaporative distillation. Thus, it seems reasonable that 
trace quantities of acid present in recrystauiz& dime- 
donylpyridone serve to catalyze the enamine addition 
pathway. 

&cl ‘I 
OJLy-A 

~~~~ treatntcnl of the muhyf vinyf kuone cycle- 
addition lvg~hemistry and ster3!och&nistry 

The regiochemical and sterecchemical otttcows of the 
methyl vinyl ketone DielsAkter cycloaddition reactions 
with the propenyl- and dimedonyl-2pyridones, 3 and 8, 
ummartA in Table 2 appear interesting since moderate 

&ees of selectivitjes are observed. 

Tabk 2 Product rat& for the MVK-viaytpySdoae, 3 md 8. 
cyc-llreDctions 

Itdative pmdllct ratios 
7-WetYl&omer 

2-PyridonercacWlt a& Qo 8aMYGaomer 

;: 
1s 
24 ;: 

fJ 
1.0 

Although a liberal application of valence bond reason- 
ing can be used in developing predictions about the 
preferred regiochemistries for these reactions, the chem- 
ical basis for this is not sound. In addition, attempts to 
predict the &reochemical course of each of these reac- 
tions usiug the familiar Alder-rule are complicated by the 
presence of two =-chromophores in tbe herocyclic 
portions of the developiqt isoqoinuclidcnes. As a result 
of these features, PM0 methods1J*‘6 have been 
employed in developing regio&m.ical and stereochemi- 
cal predictions. 

PM0 calctda~ns were comhtcted using Httckel 
molecular orbit&, calculated using the parameters 
s-ted by Streitweiser” and a computer program to 
solve the secular determinant. Relative stabihfion 
energies (AR) were calculated usiqt the quatioo 
shown,” assuming that the interaction integrals. 7, arc 
qual and that, as suggested by Rtk~&‘~ changes in 
energy assoc&A with interactions at the primary and 
secondary centers are controlled mainly by properties of 
the highest 5lkd (HOMO) and lowest vacant (LUMO) 
orbitals of the diene and dienophiie. The HUckel MO- 
coeilicients and energies used in the calculations of 
stabihxation energies are given in Table 3. The 1 - 
alkoxycarbonyl - 12 - dihydropyridine data is also pro- 
vided for comparison, since this diene has beeu shown to 
yield p~o~dy the 7-~~ti~~~~de~ from 
reaction with methyl vinyl ketone.3 The stabilization 
ene@zi and pictorial diagrams representing HOMO- 
LUMO interaction are given in Table 4. 

As can be seen by inspe&on of the results presented 
in Table 4, introduction of the carbonyl functionality as 
in the pyridoue system lowers the energies of both the 
HOMO and LUMO with respect to those of the analo- 
gous dihydropytidine. The effect of this is to bring the 
energy difference between the ~~eno~e HOMO- 
LUMO pair closer to that of the dime-LUMO and 
dbnophile-HOMO. It is this interaction which leads to 
the pdiction that formation of the ‘I-acetyl- 

Tabk 3. MO-CocfEcients and CDS& far l-vin~-2&1k~ne, I-alkoxy~Y~t~~Ydr~m,,pyridine and methyl vinyl ketone 

7 

6/ Q 5\ N3, 6 
HOMO 0.563 -0.188 0.m 0.343 0.27u -0.490 -0.478 0.338 -0.046 - 

4 C-OR 611 LUMO -0.753 0.246 -0.431 0504 -0.345 -0.327 0506 -0.027 0.123 - 

IO 

0’ 

4 P 4 3 HOMO LUMO -0.479 1.069 -0.575 0.408 - -0.603 o.OuI -0.265 0.369 0585 0.609 - - - - - - - - - - 
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-0.573 
tan0 -p14798 

/ --I- 0 WMO 

/ 
HOMO 0.6448 

I.0638 0 HOMO 

AE (?-ace&l) = M92y’f#t 
AE (6-acetyt) = 0.366y”fjI 

- 0.75 

UJMO 

4 to&Et -L\ - 0*4?sfI 

/--- ~OLUMO 

HOMO 0.5658 /\ 
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separated. wasbed with 10% hydrocblork acid, dried, aad 
cooceotrated in wcuo giving a black oil which wu ~WIGI 
cooceotrattxJ by vacuum distiUativc removal of volatile 
coinponcats flOO’C, 0.0s~). Th black non-W naidue 
w81 ckromatu on siIicr gel usiag a 76cmx6cm cduma 
and2Q9hctbcr-&xaaca8fduaat;sahlfractbllswcrecohted. 
Pmctbns 1540 coatained tbc dcslrcd isoq&Mclklb~ whit& 
was nciyhnized from n-tmtyl aicokoi yhldiag 4.64s (40%) of 
21 as a aysta&e sol& m.p. B&B-2lOT. IR (CHCQ 3095,3030, 
1678,1404 cm-‘; W (C&CN) Am 297 am (c 21,500); ‘H NhlR 
(CDW 8 4.75 fdd. Hi, J =4 aod 1 Hz, H-4). 5.81 (dd, 1x. J =4 
ud 1 Hz; dd, lH, i = 3 aad 1 Hz, H-7 aad H.8). 7.41 (d, lH, 
I= 16 Hr, N-vinyl), 7.1-7.3 (m, 9H, aromatic); “c NMR (CDC&) 
PPT 169.5 (8. @D), 140.4 (~1, 139.8 (~1. 137.2 (d). 136.4 (I@, 1354 
(af. 12g.6 (dh 127.0 (a), 126.4 (d), 126.2 (d), LB.5 (d), 124.3 (a), 
124.0 (a), 122.4 tdh t09.4 (df. 56.6 (d], 55.1 (df; MS m/e (rcl 
hteas) 273 P (IO), 145 0,128 OOO], 89 (10); High rcsol MS m/r 
273.11397 (C,&NO requireX 273.llJ36). 

2-(SJ-~clhplcJclohat-2-sr-l-on-3-yf)-5,6-bauo- 
2-rrzob~~[22.2]o-S.7-din-3-onctZ 

The procedure used for this nactiotl was ideatic& to that 
employed for the prepanha of 21. The quaath nsed were as 
follows: 14.5 8 (67 mmoJ) of I- (5.5 - dimcthykycb - hex - 2 - co 
- I- on - 3 - yl) - 2 - pyridom. 28.2 g (0241 mol) of to-aayhitrh, 
282g(24lmmol)of aahailicacidaod4OOmlof l&dictdoro- 
etllane. Purihion of tbc prodact was performed usiog Florisii 
columa chromatogmphy with a Scmx6Ocm cdumth etbu- 
hnaaeas&laataad2sOmlfractioarbehgcdkuat.Fractkm 
1~~~~~~~~~~~~ 
from car&tWracbioridc to yield 6.76n (42%) of rare 22. ma. 
170-17lTC. DR (CHCl>) 2975; 2895, 16%; lti$ l&cm-‘; I.$’ 
(rbr ethood) Au ZWI am (c 13,7W): ‘H NMR (CDCld 8 1.00 ($9 
3H, CHA 1.02 (s, 3H, CHJ), 219 (o, W, Hb cycbbexcaoae), 270 
(d, 2H, I - 1 Hz, H-4 cyc~~no~), 4.67 (dd, lH, I= 6 Hz and 
2 Hz, H-4I.S.70 (dd. 1H, I - 6 Hz aad 2 Hz, H-l). 5.91 (q. lH, 
I= 1 Hz, cycbhexcaoae vinylh 6.G7.4 (m, 6H, aromatic and 
viayf); “C NMR CDCM .ppm 199.2 (s, cycMcxeaoae Cti), 
170.9 6. C-0). 158.6 (s), 139.9 (s), 139.2 (s), 137.1 (d). 135.6 (d), 
126.g (d), 126.6 (a), 124.6 (d), 122.5 (d), 111.5 (d), 60.4 (d), 56.5 (d), 
SO.5 (t), 120 (1). 33.6 (J), 28.4 (3.27.9 (9); MS m/r (rcl intca5) 293 

P (WI. 128 (100). 109 (8); High resol MS m/c 293.14110 
(C,~,~~ rquirW 293.14137). 

AnempttopnpPn2-@au-3-m-2-on-l-yr)-5~-&nw 
-2-~~~2]~a-5,7-diclr-3-onris~ofS~- 
bavo-2-azobicgelo[2.22]oct4-5,7-diac-3-o~U‘ 

Theprocsduneluedin~carewPcidenticrlto~employad 
for pnpantion of 21. The quaatitics used were as follows: 5.00g 
(O.~~~ofl-~t-3-~-2-~l-y~-2-p~~,~~g 
(0.~~~) of hamykdtrite, 7.75 g (0.057 alol) of aathnu&c 
acid aad 200 ml of l&dicltbroctbaac. silica gel cbroaWognp& 
puri6catioa of the product mixatrc osiag a 9Ox2.scm c&mm 
~C~~~~el~~~~~~~~~ 
in fmctblls 34-39 l.%g of the impure a?~iacquiauclkk~nc 
2!L Recryatalhhn from ethaool yielded 0.350 (13%) of the 
pure material, m.p. 215-2WC. IR (KBr) 31%. 30%. 1669, 
758 cm-‘; UV (aba cthanof) A_ 254am (C 7620); ‘Ii NMR 
(CD&l 8 4.21 (m, lH, H-l), 5.12 (m. IH, H+. 6#-7.4 (m. 6H. 
aromatic aed H-7 and H% vinyl), 8.411 (m, lH, N-H); 1v NMR 
(dcDMs0) ppm 1749 (s, C-3). 143.7 aad 141.2 (s, C-S aad C-6). 
137.7,136.4,125.2 aad 124.9 (d, aroaWic), 123.7 aad 121.7 (d, C-7 
and C-8). 55.3 (d, C-l), 53.9 (d, C-4); MS m/c (rel inti) 171 P 
(1). 128 (100). 43 (1); Hii nol MS m/a 171.W (t&HP0 
rquires: 171.06W). 

carboa tctra&br& yieldiag 13.8 g (92%) of 26, m.p. 209-2WC. 
IR (CHCh) 3003,1792,1701.1406,1076,931 cm-‘; W KBCNI 
A.., 288 am (* 22&B); ‘H NMR (CDCl,) II 4.OA.2 (m, jH,-Ha, 
H-S aad H-6), 5.6 (m, lH, H-l), 6.7 (d, W, I = 14H2, N-vinyl), 
61 (m, 2&i. H-7 aad H-g vi&, 7.2-73 (m, 5H. aromatic), 7.4 (d, 
1H. I = f4Hr, N&y& “C NMR @XX!l~) ppm 168.6.168.1 aad 
167.2 6. C-D). 135.2 Is. aromatic C-1). 133.0 Id]. 132.2 Id). 128.8 
(df, 12?3 (a);i25.8 (dj-122.2 (d), 112.6 (d), 50.6jd). 46.6 (d), 45.1 
(a). 41.8 (d). Aqal. Cak. for C,,H,,NO,: C. 69.15; H, 4.44; N, 
4.74. Fouad: C. 69.33: H. 433; N, 4.81%. 

2-(~-2-~~~-1-~~-2-~i~c~r~.2]~-7- 
en-3-oW-f$6*dic#6o*o&n 

A&of l38g(47mmol)aftheacidlahydride~iaMo~of 
water coatah& lOOmI of t~y~f~ was &red at room 
temperatare uadcr a N2 atmospBae for 12 h. The resulting soiu- 
tionaXhdtoOTwa8madebaGcwithlO%sc4liomhydroxide 
aod wuhcd with chloroform. Tb@ aqueous sohItion was acid&d 
with 10% llydrWllbric acid aad extracted with ckioroform. The 
comb&d chbroform extracta were dfied aad utnacatratcd in 
oacwgiviogawhitcsolidwhic~wasrecryntaUizedfr~water 
retwe yWiag 13.1~ (90%) of tbc dcaii din& 27, m.p. 
17W77T. IR (IL&) 2600-m. 1730,1620,1410,1200cm-‘; W 
(CR&N) A, 288 (a 22,000); *H NMR &acetone) 35 (m, 2H, 
H-5 and Hb), 3.6 (m, lH,. H-4). 53 (m, lH, H-l), 6.5 (6 lH, 
I- 14 HZ, N-vinyl), 6.6 (m, W, H-7 aad H% vinyl), 7.4 (m, SH, 
Mmttic). 75 (6 lii. J- 14Hr. N-viayB. Aaal, Calc. for 
C,,H,&&: C, 65.17; H. 4.Q N, 4.47. Pot& C, 65.17; H, 4J@ 
N, 4.48%. 

f&nethyl 2 - (1 - meihxy - 2 - phatykfb - 1 - yt) - 2 - 
azabicycb[22.2]oct - 7 - en - 3 - oae - $6 - dhrboxylate 24 

A 2&l COPtpintu 1.110 (9.7fUIllO~ Of thhlykhkW& 0.858 
(2.7mmol)attbediocid~iaJOmt~fy~methanolwat 

‘rtimdatroomterap.forl2hondtheapaurtdintoonictcooled 
Water-beazc~ mixture. nlis mixture was b&fkd with solid 
MitUDuybormu:radthCbCllZQtlClPy~rcpPnted,dti&md 
coaceatratu# &I uaciw yieMiag l.Mg of a yellow oil which 
cryctttlized on &adiag. Rccrystahtioa of this material from 
bcxanc4cetoae gave 081 g (81%) of pun 21;, q .p. 124-WC. IR 
(CHCl,) 3020, 2960, 1745. MO, 1445, 1200. 73Ocm-‘; UV 
(CH&N) A- 259nm (t 1810); ‘H NMR (CDCQ 8 2.9 (m, W, 
bcazylic CH& 3.0 (m, 3H, H.4, H-5 arid H-6). 3.1 (s,3H, OCH~I, 
46 (m. lli. H-1). 5.6 (1. 1H. J = ‘I.OHz, CHNO). 65 Im. W. H-7 
M-H-8 viayff;7.3 (bt s, SH. aroma&); “C N& (&I,) ppm 
172.9.171.2 aad 170.3 98, Cfls), 136.0 (St aromatic C-l), 133.1 
aad 131.0 (d, C-7 aad C-g vinyl), 128.8, 128.6 and 1269 (d, o, m 
aad p aromatic]. 83.0 (d. COW, 56.2 aad 521 (q, ester DCHJ), 
49.1 aad 48.8 Id. GI aad CM. 47.2 Id. C-S and C.6). 42.9 (a. 
DCH& 39.3 (t;b&ylic CR& & a& (& intent) 342(p-31) cji; 
233 (14), 282 (lOO), 151 (14). 13s (26). 91(20), 86 0. Al&l. talc. 
for t&&N@ C. 6433; H, 6.21; N, 3.75. Fomxk C, 64.16; H, 
6.12; N. 3.81%. 

IXmuhyl 2 - (trans - 2 - phalyluha - 1 - yf) - 2 - 
oroblorlot252loct-7-a-3-onc-56-~c~~~~2) 

A sola of SO mg of p-tohaWhic acid aad 2.70 g (7.3 mmol) 
oftbeaminoetbaZIinW)mlofk~~nfhuadfor5b, 
cooled to room temp. aad aude basic with aqueous potassium 
~~~~~~~~y~~.~~~~~ 
tTatediawndgiviogllviscouB oil which clystalhd upon 
atan& W from bciuenc gave 247g (91%) of 
pure l9, rap. 127~128T. Tbc spMroscopic properties of 
mate&! derived in thiI w8y am ~n~o~~~~~ the 
slibstaaccobtaiacdbydin?ctcWi&ano 

Lwmcr&9~ 2 - (tram - 2 - pha¶yWell - 1 - yl) - 2 - 
ruab~[222bct-7-~-3-onc.5b-~~vlatc2) 
fnmlibcidzl- 

A shy drtriaed by mixing 5.17 g (16.7 mmol) of the d&ii 27. 
%.& g (67.0 aunt@ of dia@hyI ndfate, aad 6.9.5 g (50.2 mmoi) of 
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cbkroform Md the mldtblg sobl ottered. The mate WCS 

wasbed with water and t4amamd sodium ebklide, dried and 
concentrated in WCYO yielding a solid fMtuial which was 
rocrystallhd from beaxeaa giviog 4.17 g (73%) of pun 29, m.p. 
WO-MJ’C. IR (CHCI,) 3100.1749,1675,1460* 730.690&-‘; 
UV (CHFN) A, 287om (e 2@00): ‘H NMR @DCf~ d 3.75 
(m, 2li, H-S aod H-6), 4.1 (III, lli, X-4). 4.0 (8,6X, OCHl). 5.4 (m, 
1X, H-l), 6.4 (d, lH, J = 16Hz., N-via~lh 6.9 (m, 2H. H-7 aad 
H-8 vinyl). 7.6 (m, SH, aroma&), 7.8 (d; iH. J =~l~H~,~N-vioyl); 
‘C NMR (CDCI,) ppm 170.7. 170.4 aod 169.5 (I, C-O). 135.9 (I), 
131.8 (d), 131.5 (dh 128.7 (d), 126.7 (d), 125.7 (d), 122.7 (d), 110.8 
(d), 52.2 (qh 51.7 (d), 48.1 (d), 46.9 (a), 43.4 (4. Aoal. Cak. for 
CtpHtoN&: C. 66.85: H. 5.61: N. 4.10. Fouaf: C. 66.& H. 5.69: 
N; 3.91%. 

Itttm 12 + a4 nwtion of dim&l 2 - (mm - 2 - phenyletha - 1 
- gl) - 2 - ozabicyc~o - [2.2.2]ocl- 7 - en - 3 - one - $6 - 
dica*xylere 29 

l&rmal pmue. A soln of 0.260 (0.75 mmoi) of tbc N- 
s~~~uc~~~ 29 io tOmI of a mixture of cir- and 
rr~~-dccaiio was &txed for % b uoder aa Ar atmospbeec. The 
reaction mixture was conccntratod in uacuo (49.0.08 mm) ykld- 
iag 0.14g (97%) of a crystalhe mataial, m-p. 148-ISIT, wbi& 
wasideotiuliaevcrympectaritbtbeLaorml-(zmnr-2- 
pbcnyktben - 1 - yl) - 2 - pyridooe. 

Lewis acid cetelyzed plwxss. A 8oln of 0.26g(O.75 mold) of 
the ~-Sl~~U~~~ 29 io 2Smf of decalio cMaiahg 
O.lOg (0.75 mmol) of ~~~ tricMorida was baued at lloy: 
fbrlOh.Tbertactionmixtunwsscoakdudpwndintorurtu. 
The aqueons mixture was extracted with &kroforai. The 
emform extracts wen waskd wittl wrta, dried @Id CxJnccb 
hlted k WCMO w 0.148 (95%) Of PUR 1-&tyQ’l_2pyridoac 
2 as a crystaUinc material, m.p. 147-1SloC. 

2-(trans-1-~~yl)-eldoMde~o-7-octtJrf-2- 
iuab&cio[2.2.2]orf - 5 - 4v - 3 - OIIC 31 

Arrdxturaof l.O94g@.11mmol)of 1 -(@ulu - 1 -propany& 
- pyridoae aod 2.4ml(16.2mmon of mathyi vinyl htoae was 
bledat IlS~f~l~b~aN~~~.~~ 
2.4ml of methyl vinyl was addad and haatiag was co&mad for 
aaot&r57.5h.TbccrudcreactiollmixtmewascoocaotratodQ 
wceo (room temp., 0.175 mm) using a Kugclroor appamms to 
~~~rne~~~yl~~~~~~f.~ 
residueobtaiocdwassepsraMbyTLCoosilicaeef(&tionwas 
witb 4: 1 etbhexanc~. A p&y&w oil (23&& 14%) was 
isoktul from s baod with an R of 0.17. ‘H NMR aaalvsis of this 
material showed it to be ‘a 3:l mixtute of tii I-sxo; 
acetylisoquillucIkknooes Ill-exe sod ool! of the rcspcctivl! 
regioisomcrs 32 (dc@miocd by comparison of the htogmthn of 
the Qprotoas at 3.5Oppm and 3.72ppm raspactively). Aaothw 
~~WO~(~~*~)~O~~&~~~ 
f$of0.32.‘HNMRaaalyhiadhtodtbattbebaadwasa2:1 
mix- of the ‘I-cmfo-acctyl is@ouclideoooe 31-e& and one 
of tbc respective 8-acctyl isomers 32 (as dctermiaed by in- 
teglation of the eprotoas as ill tbc case of tbc Fcro-acetyl 
isomer). Small quantitka of tbc pure 7-exe aod ‘I-mdo-acetyi 
isomers were obtaiaod by tedious silica gel columo cbromato- 
graplly of a reaction mixture @hilK!d as df#rii above), 
followed by pmpa&ive TLC The 7-exo-aatyl isoquiaud 
dooonc (31-e& and the fohviug spectral propatks: IR 
(CHCl,) 2976,2924,2899.2851,1715.1664,1416,1385,1359,1263, 
1206. Dticm-‘: UV @OH) A, 223~1 (e 83Wl); ‘H NMR 
&XXI3 iZ 1.66 (dd, 3H, J = 7.0Hz and 1.5 Ht. alMic CH,). 1.73 
(m, lti, H-8 endo), 2.21 (m, 1H. H-8 ao), 2.#, (s,jH. -C&H,), 
2.78 (ddd, IH, J= ll.OHz. S.OHz. sod 2OH2, H-7), 3.SO(m, IH, 
H-l), 5.02 (dt, lH, J = 5.0 Hz aad 20 HE, H-l), 5.18 (dq. lH), 
J= lS.OHz aad 7.OW -NGCH-), 6.44 (ddd, lH, J-8.0& 
S.OHz sod 2.0 Hz, H-S or H-6), 6.56 (ddd, IH. J = 8.0 Hz. s,O AZ, 
sod Z.OHz, H-5 or H-6). 663 (4, iH, J = lS.OHx and 1.5 Hz. 
-NCH-); ‘3C NMR @DC&) ppm IS.2 (q, ailylk CH& 23.8 (t, 
C-8), 283 (9. -COClhh 44.0 (6 C-7). 51.8 (6 Cd), 526 (d. C-l), 
105.0 (6 NCH-CH-), 125.0 (d, N-CRCH-). 132.7 aod 133.6 (d, 
C-S aad C-6). 170.8 (s. -NCO-1.205.6 (s. -COCIi,); MS m/e (rel 
iatnrs) = P (34). 162 (29). 134 (19.120 0,79 f100). 78 (39). 77 

(2@, 43 (39). 41 (16). 39 (20); High tesol MS m/t 205.31077 
(C,aH,fiN4 requims: 205.11027). 

The 7-eRdo-ac#yhquio~nooe (31-e&) had ule fonow- 
iqj spectral propartios: IR (CHCU 2976.2959.2924.2857. 1718, 
1667,1458,142& 1381,1364,12@9,1178cm-‘; UV (EtoH) A, 
224 am (c 7800): ‘H NMR (COCI,) 6 1.70 (dd, 3H. J = 6.8 Hz and 
LSHx, allylic CH3, 1.76 (at, lH, H-8 UIW. 2.15 (m, lH, H8 
exe), 2.15 (s, 3H. -COCH,), 3.13 fddd, lH, J - 10.0 Hz. 6.0 Hz 
aad 2.8 Hz, H-7 exe). 3.43 (4. IH, J - 5.OHz aad 28 Hz, H-0, 
4.% (dt. lH, J 0 4.OHz and 28Hz. H-l), 5.22 (dq. lH, J = 
1sRHz aod 6.8 Hz, NCH=CW, 6.42 (m, 2H, H-S aad H-6). 6.66 
(dp, lH, J = if.0 Hz aod 1.5 Hr., -NC&); 13C! NMR FBCi3~ Ppm 
ls.i (q, ailyiic CHh 25.6 (t, C-8), 28.4 (q. -COCH3). 44.0 (d, C-3, 
51.3 (d, C-4), 527 (d, C-l). 105.5 (4 -NCH-CH-), 123.7 (de 
-NCHeH-). 131.0 aod 133.4 (6 C-S and C-6hl71.0 (8, -NCo-), 
206.2 (s COCH~); MS m/e (ral iatfms) 205 P (47). 162 0,134 
(17). 120 (88). 106 (12h83 (18). 79 WJ), 78 (38). 77 (2lh43 (28); 
High raol MS m/c 205.11097 (C,zH,,NO) requires: 205.11027). 

2-(SS-~~~~-3-~~~-2-mc-l-onyl~-eada-ond 
exo-7-ocdJI-2-atol;icpcJo[222]ocf-S-ar;3-0~3f 

A mixture of lO.Oa (46.0 mmol) of 1 - (5.5 - dhncth~~ - 3 - 
cyckbu - 2 - i3oa - 1~0hy1) - 2 - pyiid0ac p;wi 4.0 ml (49.j mmd) 
ofmetbylviaylkuotieialSmltolucaawashatodtorvipaws 
reflux under aa Ar ahospha. T&is reaction was aUowed to 
cootin~forap&odof8dayswldkaddiag4.0mlofmethyl 
~~~o~ev~~~~~~~~~~to 
room trmp. aad toluaoa and the met&l viayl ketoae dimer were 
nmoval irr oucyh Tbc woceotrated raacth ntixtme was then 
subjeucdtocdmno my oa Plorisil (65 x 5 cm iA.) 
by c&ion witb ether aud &~&WI of 2SO ml fhctioos. Coacea. 
tratksoffractio~~2yi&kdamix~oftbestartingpyri- 
&zdo-@s-Alder product wiuch was subjoctul to 

stahath from baazeac. The crystalhe material 
obtahd coasisted of 5336 g (24.6 mmol) of start& pyridoae. 
‘l’lte mother liquor was subjected to eva$orative distilktion to 
remove any nmahiog start& material @S-m, 0.025 mm) and 
189Og(6.59mmol) of the c&e sruio-Dkk-Aldcr product was 
obtain&. ‘IBis was recrystaI&d from bcazcoe to yield 0.9720 
(3.39mmol) of the a& isomer 33-e& (m.p. 14rcl4WC). IR 
(CHCU 2976, 2849, 2933, 2849, 1704, 1653, 1597, 1412cm-‘: 
W @OH) A, 289nm fr 16.3tHl); H NMR (CD&) 6 1.09 (s, 
3H, -c(CH&-), 1.08 (s. 3H. -c(CH&-), 1.81 (ddd, lH, J= 
13.OHz. 6.OIiz. sod 3.OHz. H-8 e&o), 2.10-2.50 (m. iH, H-8 

~0). 216 (s, 3H, -cOCH,), 2.20 (s, W, -CH&U-1.2.56 (d, lH, 
J = lg.OHz, =C-QI-H)-), 287 (dd. lH, J = 18.0 Hz aad LO& 
GXWi)-), 3.27 @id. lH, J = lO.OHz, 6.0Hz aod 3.0Hz. H-7 
cu)), 3.57 (m, lH, H-l), 5.02 (dt, lH, 1 = 4.0 Hz arid 3.0 Hz, H-l), 
5 87 Wad I, IH, <H-CO-), 6.44-6.58 (m, ZH, -CH=CH-1; “C 
NMR (CDCU ppm 25.1 (t, C-8), 27.7 aad 28.7 (q. C(CH& 2B.4 
(q. -cOCH& 33.6 (se C_(CH& 42.5 A. -CH?cW. 45.6 (d. C-71. 
S&S (t, -CHz-C-1,528 (d, Ci,; 55.6 (4, C-l,,-1 12.d (d. &CO-j; 
131.6 sod 133.2 (d, C-S aad C4. 158.2 is. N-C=). 172.9 (s. 
-N-C&). 199.2 (i, C-CO-), 2053 (s, -CddH&I!& m/e (& 
iataos) 2g7 P (Sl), 272 (Sl), 244 (19), 203 (23), 202 (30). 166 (17). 
150 (21). 133 (53), 79 (100). 78 (47h 77 (36). 43 (83); High resol Ma 
m/e 287.15193 (CIBZIN~ requires: 287.15213). 

CObImD fb~&Xt~ 6% ykidfd 260 8 (9d6 matOi) Of the e&o 
aad cw Dick-Alder products 33. Tbii mixture was subkcted to 
fractiod aysb from kozeoe yielding in the first crop 
0.322g (1.12matOl) of the cro-Dkk-Al&r adduct: (m.p. 154- 
156~. IR (CHCI;), 2976.2941,2819.1701,1647,1@2,140&m-’; 
UV 0 288 (e 15,100); H NMR (CDCI,) i3 1.02 (s, 3H, 
C(CH,M. 1.09 (5, 3H, C&H&. 1.81 (ddd. IH, J = 13.0Hz, 
10.5 Hz, aml3.0 flz, X-8 ardo), 2-11~2.35 (m, lH, H-8 exe), 2.21 
(s, 2H. -C&Co-), 2.23 (s. 3H, -COCH& 235 (d, lH, J= 
18.OHp. -CCH-HI. 2.85 (ddd, lH, J = lo.5 Hz, s.OHz, aad 
2 0 Hz, H-7 ado), 3.00 (dd, lH, J = 18RHz aad 1.0 Hz, =C(CH- 
HM 3.35 (4, IH, J = S.OHz and ti Hz, H-4). 5.03 (dt, lH, 
J= S.OHt aod 20Hz, H-l), 5.82 @road s. IH, COCH-), 6.42 
6.71 (m, uf, H-S and H.6); “C NMR (CD&) ppm 227 (t, C-8). 
27.0 sod 29.1 (9, -C(CHh-), 29.1 (q, -C&H,), 33.6 (a, 
-c(CH&), 42.1 (1, -COCHr), 4S.3 (d, C-7). SO.5 (t, CCH&, 
51.1 (d, Cr), 56.3 (6 C-1). 113.4 (d, -CHCG), 132.4 sod 133.7 (d, 
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potaIlium cprknute in llmml of anhydrolu acetoac was 
rcfluxed for Sh. The CloudY bfown lmixtlm was lmured into 

C-5 and Cb), 159.1 (h -N&). 1723 (-NCG-), 1993 (-cGC=). 
203.6. -CGCH& MS m/c rd illtens), t81 P (69). 272 (80), 244 
(26). 203 (27). 202 1621, 166 (21)‘ 150 (221, 133 (621.79 (lOOh 78 
(43). ??.(%), 43 (52): Hi& rcsol MS m/e 287.15137 (C&iz1N4 
rc&cs: 287.152131. The mot& lhir yielded 1.223~ 

l-(Ss-Dsmrlkyl-2-(4-brrtM-2-~tO-3-~~.2-a 
-l-onY~-2-pyrfifMe35 

The ~*~~~p~~ used in the Die&-Mu rcacth of 
meithylvipylketoaeaadl-(SJ-dimethyf-3-cycbhcx-2-ar- 
l-ooyn-2-pyridoae,itp~griortothenrdioaby 
wuhinoaHFCClrdnoftbeN-~yl-2-Wridoncwithl~ 
aqucousKOH.TbemataialoMainedfromconca@hnofth 
H$XI,fractionhwnoissubjcctedtokug&oordi&ationto 
obtain the pun StaftilQ mrtcrh (6s7O@C. 0.025mm). If this 
~~~~~,~~Of~C~ 
~n~~t~~~~~n~~~o~y 
berepurtsdbyunfulprqmmthcTLCwsiIiagelvia&tk 
with9:letlK!r:hexmc.Thisskkproduct35hrthefoiiowiIlg 
apectnl properth IB (CHCld m6, 2941, 2873. 2S49, 1709, 
166hl587.1533 cm-‘; UV @OH) A_ 231 mu (e 14.100) 306 am 
(a 5760); ‘H NMR (CDC&) d 1.11 (s. 3H, -C(CH&-), 1.16 (r, 3H, 
-C(CH&. 203 (s, 3H. -CGCH& 203-280 (in, 4H, - 
CHIcHzCO-1, 2.40 b, W. CGCHr), 242 (d, lH, J - 18H2, 
<(CH-H&I, 278 (d, J - 18.0 Hz, Ic(CH-H&h 6.29 (td, lH, J = 
7.0 Hz sod 1.0 Hz, K-3.6.45 (broad d, Iii, J = 95 Hz, H-3). 7.18 
@road dd, lH, J-7.OHz and u)Iiz, H-6). 7.42 (ddd. 1H. J= 

.95 Hz. 7.0 Hz, and 20 Hz, HA); “C NMR (CDCI,) ppm 19.2 (t, 
-CGCHzCHaC-), 27.3 and 28.4 (q, C(CH32). 29.5 (q. -CGCH& 
32.8 (8, C(CH33.41.2 (t, HFCGCHr), 43.8 (k -CCCHr), 51.3 
& CCHr), 1065 (d, C-3). 1219 (d, C-3), 134.7 (s, -CGC=), 135.7 
td. CA), 140.3 (6 C-6). 1533 Q -C!GC=C-), 160.8 6, -NW), 
198.3 (a -CGC=). 2073 (s.~CGCH& MS III/~ (rcI intens) 287 P 
(14). 239 (100). 258 (32). u4 (13,230 (19). 216 (33), 203 (SO), 160 
(58). 146 (42). 133 (29h 109 (26). 96 (U),43 (39): High rcsoi MS 
m/c 287.15137 (C,&,NQ requires 287.15213). 
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