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Ah&aet-Isophorone morpholine (or piperidine) dienamine exists in roughly I : 1 equilibrium of linear- 

and crossconjugated forms. Each reacts with dienophiles to yield two dilferent types of Diels-Alder 

adducts, viz., an allylic amine and a saturated ketone. Two types of Michael adducu are also produced. 

The product distribution is sensitive to the variation in the combination of the reactants. 

THE Diels-Alder reaction of isophorone pyrrolidine dienamine with acrylonitrile has 
been reported* to give an adduct with the structure A of Fig. 1, where X is a pyr- 
rolidino group and Y is CN. In order to gain further insight on the chemistry of 
dienamines.’ on which the information is slight in contrast to that of enamines,3 
we have investigated the reaction of isophorone dienamines with a variety of dieno- 
philes and found that the reaction proceeds according to the scheme of Fig. 1. with 
product distribution as summarized in Table 1. 
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FIG. 1. The reaction scheme of dienamines and dienophiles 

The morpholine and piperidine dienamines were obtained by a modification of 
the method of Opitz and Metz’ and probably exist in roughly 1: 1 equilibrium 
mixture of the linear- and cross-conjugated isomers. This assumption is based on 
the NMR spectra (Fig. 2a, 2b), in which there are four peaks of equal strength in the 
olefmic proton region. t 4* 1 
l Opitz and Metz’ refer to the preparation of morpholine and piperidine dienamines, but made no 

mention of their properties and chemical behaviour. 
t All NMR spectra were taken on 60 MC machines (Varian A60 and JEOLCO JNM-C6OH) in Ccl, 

soln. Chemical shifts are Riven in ppm from internal TM!? standard. Double resonance experiments 
failed to aflord detailed assignment because of the small differences in chemical shifts. 

$ The peak at 5.13 ppm in Fig. 2b is ascribed to the contamination of isophorone which shows an olefinic 
proton singlet at 570 ppm in the absence of the piperidine dienamine. 
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FIG. 2a. NMR spectrum of isophorone morpholinc dicnaminc. 
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FIG. 2b. NMR spectrum of isophorone piperidinc dicnamine. 
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TABLE I. Puo~ucr DISTRJBI_TION IN YIEIDS ( %) 

X8 Y’ A’ I c v 

M CN I, 76 - - - 

P CN II, 34) - III. 10 IV, 20 
M COMe - v, 33 VI. 60 - 
P COMC - v, 31 VI, 75 - 
hi CooMe - - VII, 29 VIII, 23 
P COOMe - - VII.26 - 

‘ M stands for morpboiino and P for pipcridino group. ru- 
pcctively. 

b Tbc dieaophilcs were arranged in the order of daxcasing Q 
values. 

( Formulae are given in Fig. 1. 

The reaction of the dienamines with acryionitrile. Heating an e&molar mixture 
of the morpholine dienamine and tbe dienophile gave a good yield of a crystalline 
allylic amine I of the type A. The NMR spectrum (Fig 3a) clearly indicates the 
presence of a morpholino group and an olefmic proton. The stereochemistry of the 
nitrile group is deduced on the basis of the rule of maximum accumulation of 
muftiple honds,5 as will be the case with other Diels-Alder adducts described below. 

An analogous adduct II was also produced in a much reduced yield in the reaction 
of piperidine dienamine. The NMR spectrum is shown in Fig 3b. A second Diels- 
Alder adduct III of the type C, also isolated in this reaction, shows carhonyl ahsorp- 
tion at 1720 cm- * (Nujol) and on methanolysis yielded VII. The third product of 
this reaction was isolated as an oil and was shown to be IV of the type D. Meth- 
anolysis of IV yielded VIII. as expected. The structural proof of VII and VIII will 
he given later. 

d 

RG. 3a. NMR spectrum of the aIlyIic amine 1. 
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d 

RG. 3b. NMR spectrum of the allylic amine II. 

The reaction of the dienamines with methyl vinyl ketone. The reaction of morpho- 
line dienamine was carried out as before and gave an oily a&unsaturated ketone V of 
the type B and a solid saturated ketone VI of the type C. An authentic sample of the 
ketone V was prepared by the published method6 and the identity was established 
by comparison of NMR spectra and GLC retention times. Negligible discrepancies 
in the IR spectra were observed and ascribed to a small amount of impurities in the 
present preparation, which could be removed by dry column chromatography.7 

The ketone VI shows IR absorption at 1720 cm-’ and gave a positive iodoform 
reaction. The NMR spectrum (Fig. 4) is consistent with the structure given. 

FIG. 4. NMR spectrum of VI. 

Treatment of an equimolar mixture of the piperidine dienamine with methyl vinyl 
ketone yielded the same products (V and VI) in comparable yields. 

The reaction of the dienamines with methyl acrylate. The reaction products from 
morpholine dienamine were found to be a solid keto ester VII and an oily ester VIII 
having an c&unsaturated keto group. 
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The NMR spectrum (Fig 5) of solid VII is very similar to that of VI. Conclusive 
evidence for the common carbon skeleton of VI and VII was obtained by chemical 
transformation of these compounds into IX: 

/COOMe 

VI or VII 
1. NdC% 2. CHzN, 

1 
IX 

FIG. 5. NMR spectrum of VII. 

0’ 
1 a’ 

FOG. 6. NMR spectrum of IX. 
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The carbonyl absorption (KBr) of IX is at 1735 cm- ’ with a shoulder at 1740 cm- ‘. 
The NMR spectrum (Fig. 6) is consistent with the assigned structure. The para- 
magnetic shift was observed with respect to both the bridge-head methyl group (a’) 
and one of the bmethylene protons (b) and was ascribed to the introduction of 
chlorine atoms.* 

The NMR spectrum (Fig 7) of the oily unsaturated keto ester VIII indicates the 
presence of one olelinic proton. The IR absorption (neat) at 1750 and 1670 cm-’ 

IC 

h 

FIG. 7. NMR spectrum of VIII. 

and W maximum (EtOH) at 236 mp (log E 409) indicates a conjugated enone 
system. Thus the properties of VIII are in accord with the given structure of type D 
and the possibility of the formulae X and XI can be excluded. The Michael adduct 
VIII is ascribed to the reaction of cross-conjugated dienamine. 

The reaction of the piperidine dienamine with methyl acrylate yielded VII as the 
only isolated product (solid). The oily adduct VIII was not obtained in this case. 

All these lindings are explained on the assumption that the two forms of dienamines 
are in equilibrium and each is susceptible to attack by dienophiles. At present. the 
strong dependence of the product distribution on the combination of reaction 
components can not be accounted for. 

l Such deshiclding effect of chlorine atom through space has been described.* 



The reaction of isophorone ditnnmincs with certain dienopbila i451 

EXPERIMENTAt 
All rapa and b.p am uncorrcctod Microuulyra were performed at the Elemental Analyla Chtre 

of Kydto University. 
Preparatton of morpholfne dknandne cjkophorone. A soln of hphoronc (100 6 @72 mok), morpholine 

(90 8. 10 mole) and ptolucneoulphonic acid (a catalytic amount) in benxcnc (450 ml) wu hutal under 
r&x for 72 hr. The moistum in the condensate was trap@ with a column of Moleark Sim and 
returned to the &till. After removal of benmae under Ns atmocphem fn wcuo, distillation of the t&due 
gave a vircour yellow oil (66.7 g, 45 “/d b.p. 107-I 1W (2 mmb IR abaorptioa (neat) wcm obaorvod at 
1650,1620.15# om-* , whik UV (EtOH) at 288 mp (log a 4*l5f The NMR rpcctrmn was &WI in Fii 2r. 
(Found: C 75-l; X. 10.2. C&c. for C&H,,NO: C, 75-3; H, 102Q 

Preparation of p@crWne dlcnmtne qf fsophorone. A loin ef iwpborooe (30 g. W2 mokh pip&dine 
(25 & 029 mole) and ptolucncsulpbonic acid (a catalytic a#ount) in knxene (150 ml) was treated 
similarly as above. Ths dicnamine was obtained as a v&our, y&ow oil (20 g 45 y& b.p. 105-108” (1 mm). 
IR absorptions (nut) were observed at 1654 1620, 1585 cm-t, while UV (EtOH) at 274 mp (log s 4.26). 
TUG NMR rpectrum was shown in Fig 2b. (Found: C 823; H, 11% Calc for C,.Hs,N: C 8109; H, 1 l-3 %). 

Reacrfon of the dkmambu~ with dienophlkes, the general procedure. A rota of the dknamine and dicne 
phik in dioxan (1: 1: 10 molar ratio) was heated under mflux for 7 hr. The twiduc after evaporation was 
hated with 1: 1 aquaou~ McGH (Ftimcs the vol of dioxa) unda rcflux for 7-10 hr. After removal of 
l&OH, the residue was extracted with ether, washed. drkd (MgSO4f and concentrated fn wcuo. Tbe 
reaction products were fractionally distilled and purifi by oolurmt chromatography or GLC 

&a&m of ~rp~~~~ dent ~lsophorone w&h a~y~on~rrt&. Tbs reaction ~rno~ho~~ dknamine 
(126 g, 60 mmoks) and rcrylonitrik (32 & 60 mmola) in dioxan (Xl ml) yielded 7-cyur~+morp~&1o- 
3,5,strirrurhylbtcyc~~[2.2.2]~-2-nc (I) as culourlgs fine tt&dIes (1 l-8 & 76?& m.p. 9$98” (from 
hexane-bcnxene). IR absorptions (Nujol) wen observed at 2230.1120 cm-r. Tbe mam spectrum consisted 
of peaks at m/e 260 (P, 2oOQfd, 245 (43*80/d, 207 (32+2y$, 192 (715%x 82 (100%). 53 (43.2%). The NMR 
spectrum was given in Fig. 3a (Found: C 74.1; H, 94. CIOHs4Ns0 requires: C, 73~8; H, 9.3%). 

Reaction of p@erfdine dfmamine of isophoron with amylonltrlle. Tbc reaction of ths pipcridinc dkn- 
amine (8 g 39 mmoks) and acrylonitrik (2.1 g 40 mmola) in dioxan (50 ml) gave a yellow oil (55 g), 
b.p. YO-102” (3 mm). Chromatogmphic separation on a Horisil column afforded 7-c~l-pf~#~~~ 
3.5,5-trfmtthyfbtcycfo[2.2.2]~t-2-e~ (II; 3x), 8-cyaM~,6,6-trincthyfb~~~~~~[2.2.2]~ta~-2-o~illf; 10%) 
and ~2-cyirnocthyl)3,5,5-trimcthyl-2-cvclohexen-l-on (IV: 20% Yields of each aroduct were determined 
by GLC. 11 formed colourkra naxf1asm.p. 108-I 10” (from h&e). iR absorptidns (Nujol) were observed 
at 2230. 1110 cm-‘. The NMR spectrum was shown in Fig 3b. (Found: C 7&Y; H, l&2. Ct,HssNs 
requires: C. 7911; H, 1@ 1 %h III formed colourkas fm nardla, m.p. 87-88’ (from bexane). IR absorption 
(Nujol) was observed at 1720 cmW1. (Found: C 751; W, 9.1. C,sH,,NG requirea: C, 753; H, 9OyJ. 
IV fotmcd a yellow oil, b.p. 150-163” (4 mm). IR absorptions (neat) wrre observed at 2250, 1670, 1635: 
cm-‘. Cotrcct analyses have not yet ban obtained. 

Reaction of morphollne dkwnlnc o/ fsophorone wfth methyl vinyl ketone. Tbc reaction of the morpholbte 
dicnamim (74 g. 0.36 mole) with methyl vinyl ketone (25 g, @36 molt) in dioxan (350 ml) gave a yellow 
oil (29.6 g). b.p. 109-l 12” (1 mm), which solidified gradually on standiag in a rcfrigsrator. The solid wax 
collected by filtration and rustily from hexanc to give 8-acety~~,6,4ttlmctfiy~b~yc~o~2.2.2]o~a~2- 
one (VI; 46 8 6y,, m.p. 73-729 Tbe carbonyl absorption (Nujol) was observed at 1720 cm”. The mass 
spectnun consisted of peaks at m/e 208 (P, 22.3%X 138 (36*9 %), 123 (lOO%h 43 (7&f%). The NMR 
spectrum was given in Fig. 4. (Found: C 7511; H, 99. C,sH,&s requires: C, 750; H, 9*7yJ The mother 
liquor was purifkd by chromatography on a Silicagel column to afford V (249 g 33 “/d as a yellow oil, 
b.p. 112-I 16” (1 mm) (lit.’ b.p. 115-I 16” (0.5 mm)). Certain negligible dixcrepancia were obacrved upon 
comparison of the IR spectrum of this preparation with tbat of an authentic sample prepared by the 
published method.* In addition, the present preparation gavu a ~~2,~initropb~ylhyd~~ instead of 
the mono-24dinitrophcnylbydraxotk previously recorded. The his-2,4-dinitropbcnylhydraxoue of V 
melted at 216217”. UV (EtOH): 255 mu (log s 3*58), 438 m(l (log c 3.98). (Found: C 525; H, 52. 
CssHssNsOs requires: C. 528; H, SCryJ. Tbc monoscmicarhaxom of V melted at 234-235” (from 
EtOH). (Found: C. 63.1; Ii, 88. Cr4H2sNs01 rcquinr: C 634; H, 8.7 %h Upon ~ro~to~phy of V 
on a dry cohunn of aiumina with bexancknxenc-EtOAc (5: 10:2) as an &ant a pure sample of V was 
obtained, which showed an IR spectrum completely superimposable on that of the authentic V. Tbe puri%d 
V gave the mono-2,~dinitro~benylbydr~onc, m.p. and mixed m.p. 163-165” (lit.6 t64-166’). The nature 
of tbc impurity is not clear ybt. 
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Reaction of piperidine dienamine of isophorone with methyl vinyl ketone. The reaction of the piperidine 
dienamine (6 g, 29 mmoles) and methyl vinyl ketone (2.0 g, 29 mmoles) yielded V (1.8 g, 31%) and VI 
(0.45 g, 7.5 %). 

Reaction of morpholine dienamine of isophorone with methyl acrylate. The reaction of the morpholine 
dienamine (6 g, 29 mmoles) and methyl acrylate (25 g, 29 mmoles) in dioxan (25 ml) gave a yellow oil 
(34 g), b.p. 140-150” (3 mm). Chromatographic separation on a Flo~sil-Silicagel (1: 1) cohmm afforded 
8-carbomethoxy-4,6.6-trimethylbicyclo[2,2.2]octan~2-o~ (VII; 1.9 g 29 %) and 6-(2-carbomethoxyethyl) 
3,5,5-trimethyl-2-cyclohexen-l-one (VIII; 1.5 g, 23 %). VII formed colourless tine needles. m.p. 545-555” 
(from hexane). IR absorption (Nujol) was observed at 1720 cm-i. The mass spectrum consisted of peaks 
at m/e 224 (P, 8.3 %). 138 (45 %), 123 (100 %), 41 (32 %). The NMR spectrum was shown in Fig. 5. (Found: 

C. 69.4; H. 9.0. C,,H,,O, requires: C, 69.6; II, 9.0%) VIII formed a yellow oil, b.p. 125-127” (1 mm). 
IR absorptions (neat) were observed at 1750, 1670, 1635 cn-‘, while UV (EtOH) at 236 mu (log E 4.09). 
The mass spectrum consisted of peaks at m/e 224 (P, 31x), 151(36 %), 135 (100x), 109 (51x), 95 (43 %), 41 
(47 4i,). The NMR spectrum was shown in Fig 7. (Found: C, 69.3; H, 9.3. C,,HZoO, requires: C. 69.6; 
H, 9.0 “4). 

Methanolysis of III and IV was carried out by heating a mixture of 2 mmoles each of the nitriles, MeOH 
(5 ml) and cone H,SO, (I ml) for 4 hr under reffux to give VII and VIII. respectively, both in ea. 50% 
yield. 

Reaction of the piperidine dienamine of isophorone with methyl acrylate. The reaction of the piperidine 
dienamine (10 g. 49 mmoles) and methyl acrylate (5,O g, 58 mmoles) yielded a viscous oil which crystallized 
gradually on standing. Recrystallizations from hexane afforded VII (3.1 g. 28 %). 

Preparation of 8-carbomethoxy-3.3-dichloro-4.6.6-trimethylbicyclo[2.2.2]octan-2-one (IX). To a mixture 
of NaOClaq (10 ml, effective Cl, 1OyJ and loo/; NaOHaq (6 ml) was added dropwise at 55” a soln of 
VI (0.3 g. I.4 mmoles) in dioxan (2 ml). The mixture was stirred for 2 hr. After excess hypochlorite was 
destroyed by adding NaHSO,aq, the mixture was cooled to room temp and acidified with HCI. Colourless 
ppt (300 mg) was treated with excess diazomethane in ethereal soln to give IX as colourless line needles 

(250 mg. 62’:,,). m.p. 90-92” (from hexane). IR absorptions (KBr) were observed at 1740 (sh), 1735 cm-‘. 

The NMR spectrum was shown in Fig. 6. (Found: C. 53.2; H, 6.4. C,,HisCl,O, requires: C. 53.3; H. 
6.2 u’,). 

The hypochlorite treatment of VII in an analogous manner gave IX. Remethylation with diazomethane 
was required. as partial hydrolysis occurred in the halogenation step. 

The geometry of the carbomethoxy group of IX has not yet been clarified. 
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