
HETERODIENE SYNTHESES-XIV' 

THE REACTION OF 3-OXINDOLIDENEACETOPHENONES WITH 
ETHYI. VINYI.ETHER 

G. TACCONI: P. IADAROLA. F. MARINOSF, P. P. RIGHETTI and G. DESIMONI 

InMuto di Chimica Organica dcll*Lni~crsir~. !?I00 Pavia. Italy 

Abstract--Ethyl vmylcthcr reacrr with 3-arindulidcncacctophcnoncs. In addrlwn IO wme !.!dihydropynn~!.!~ 

h)ind&~. obtained hy I.4~c.ycluadd1bon. prcviuusly unknown !.(~-oxindolylklih)drofuran\ whose origm ma) 

involve a diplar inrcrmediarc were isolated. Ralionalrzalion of rhc mcchani$m is propoud and the approach in terms 

of frontier orbital% IS discussed. 

In previous papers of this series we have considered the 
reacIion of a.j3unsaIurated carbonyl compounds of the 
heterocyclic series with nucleophilic olefins. Vinyl ethers 

gave condensed dihydropyrdn derivatives by 1.4- 
cycloaddition only.’ whereas enamines gave a variety of 

reactions. I.4 or I,?-cycloaddition’ and sometime-s a 
Michael reaction’ depending on the enamine and the 

suklrate. 

3-OxindolidencaceIophenones underwenI I,?- or 1.4. 

cycloaddition with aldo-enamines depending on the 
oxindolic niIrogcn residue’ Scheme I). 

:,.R 

If R is an electron-attracting substituent the delocaliza- 
tion of the nitfogen lone pair addition leads IO dihydropy- 

ran derivatives. However an electron-donating sub- 
sIiIuenI favours delocalization of the same lone pair onto 

the a$-unsaturated carbonyl system and cyclitation 
leads to spirocycloknane derivatives. Some borderline 
cases occur with R = H or CH*Ph. and in these cases the 

choice between I.4 or I.!cycloaddition depends on the 

nature of the enamine. 
Using this behaviour as model, we have approached the 

reaction with ethyl vinyl ether of three different 

N-substituted 3-oximiolideneaceIophe~es I a-c. with E 
configuration.‘~’ 

The course of the reaction is noI dependent on the 
nature of the nitrogen subslilucnf because in general three 
products are formed from acctyl-. methyl- and 
unsubsIitutedoxindoli&nc derivatives. The yields (Table 
I) are different, but one isomer is always predominant and 
the minor one is sometimes absent. 

The sfrucIure of the adducts (Scheme 2) were 
investigated by IR (Tabk 2). 

The above-reporced IR data clearly suggesl that the 
adducts 2 aad 3 have a similar dibydropyran structure, 

possibly regioisomers or diastereoisomen. since both 

C-C and lactam C=O groups are involved in the reacIion. 
The third isomer 4 a-c differs boIh from a dihydropyran 

and a spirocyclobutane strucIure, as the lactam C=O is not 
involved and Ihe site of reaction involves both C-C and 

kcto C=O groups. 

Therefore 4 a~ can have an oxindole-dihydrofuran 
structure involving the above groups. ‘Their NMR spectra 

(Table g. Experimental) arc fully in accordance with the 

structures, even though they show the crude adducts IO be 
diastereoisomeric mixtures. A single isomer was usually 

isolated on crystallization but the configuration of each 
single isomer is not very important due IO the possibility 
of raccmization of the oxindolic chiral cenIer. 

In order to distinguish between a rcgioisomeric or 

diastereoisomeric sIruc!urc for 2 l c and 3 a.c and IO show 

that 4 a-c has the reported structure we have invesrigated 
the chemical behaviour of the adduct (Scheme 3). 

On mild acid hydrolysis. all adducts 2.3 and 4 from the 

same nitrogen-substituted isomers gave the same open- 
chain polycarbonyl compounds 5 a-c. These aldehydes are 
amorphous materials whose NMR can be clearly inIcr- 
preted only for N-acctylsuktituted 5 a. 5 b and 5 c were 
therefore converted in10 the acctals 6 b.c whose NMR 
(see Experimental) are consistent with the proposed 
structure. Furthermore they were also obtained directly 

by nuckophitic ring opening of 2.3 and 4 b,c with ethanol. 
The ydicarbonylic structure of 5 b.c was further 

supported since 3_(3_oxindolyl)furans 7 b,c were obtained 
in accordance with the Paal-Knon reaction. The same 



! - 
---_ h.. 

* .-‘ QL--i GJ --- 
L 1 ..I 

-_ 

.Scheme 3. 

compounds were obtained via thermic elimination from 
the oxindolic-dihydrofurn adducts 4 bx. 

The sequence of reactions supports the proposed 
structures and therefore 2 and 3 must be 
diasttreoisomers. 

The &st way to distinguish between cis and trans 
configurations of a condensed dihydropyran is by NMR; 
however, all the reported adducts (see Tabk 7- 
Experimental) give rise to an AMX spectrum in CDt% 
Good ABMX spectra were obtained in acetone in a few 
cases only. 

Although analogies in chemical shift values and the 
spectrum of 2 bin acetone suggest a cis configuration for 2 
l c and a trans configuration for 3 a,~, stricter attribution 
was ensured by a chemical correlation. 

The reaction of 1 a with ethoxyethync Rave a good yield 
of the condensed pyran-indole 8 a, as well as colourcd 
materials which we shatf consider ef~whcrc.~ It is well 
known that the catalric reduction of these adducts is 

highly stereoselective ‘J due to the preferred adsorption 
of the mokcute on the catalyst from the less hindered 
side. Therefore when 8 a was reduced with HI/PM 
(Scheme 4). a high yield of the cis isomer 2 a was obtained 
in addition to some open-chain prcduct 9 a. 

The possibilities that equilibration occurs during the 
reaction, and that 4 is a primary reaction product have 
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been considered. Both 2 and 3 in ethyl vinyl ether, under 
conditions comparable to the experimental reaction, were 

stabk and 4 was never found. 4 can only be obtained from 
both 2 and 3 if these arc heated in benzene at 140” in a 

sealed tube or. under milder conditions, with a more polar 

solvent (CHKN) and, for N-acetyl derivatives. in the 
presence of a trace of acid. 

Two possibk routes of isomeriration 2 or 3 4 4 can be 

proposed. The first involves an internal nuckophilic 

attack of the ketonic oxygen atom on the anomeric center 
at C? (Scheme S. route a). Alternatively the large solvent 

effect supports the presence of an open-chain rwitterionic 
intermediate 10 (route b). 

If isometiration follows route a. the most favourabk 

situation for attack occurs if the adduct has a trans 

configuration. However both in benzene and in acetonit- 
rile the cis adduct 2 a isomcrizes faster than the trans one. 

Therefore route b is strongly suggested and the easier 

isomeriration of the cis adduct can be simply rationalized 
as due to the tower thermodynamic stability of 2 a 

compared to 3 a. 
This was dcmunstrated by equilibration of 2 a and 3 a in 

the presence of ;I base. The equilibrium is displaced in 
favour of 3 a and the intermediate anion (Scheme 6) was 

shown by incorporation of dcuterium. 

The formation of 4 under kinetically controlled 

conditions implies the presence of a zwitterionic intcr- 
mediate 10. This can collapse to the final adduct as 

described in the Scheme 5 (route b) for the isomcriration 
of 2 and 3 into 4. If this is true. the formation of 4 depends 

upon the nucleophilicity of the ketonic oxygen atom, 

which of ccurse can be varied by substitution of the 

adjacent phenyl ring. 
WC have therefore investigated the reaction of both 

oxindolidene-(p-mcthoxy- and p-nitro)acetophenons. 

Id R - M&L: R’ 2 OMc 
e: - McC(L: - NO, 
I. -H- ; - OMC 

f l 
-H- 
= Me- :’ 

- SO: 
7 OMHC 

I: -WC- . - YO, 

Adducts 2.3 and 4 are formed, their yields are shown in 
Table 3 and IR spectra are reported in Table 4. 

Table 1 

Adduct* 

d toCd ylold 2’ 
S 

2 AS' 

d PO 76 R 6 

2 80 67 11 __- 

L II so __- 21 

-f. bl 34 14 ____ 

” 71.1 3s 7. I 2Q 

L 29 17 12 ____ 



Tabk 4. IR spccfra of starting produclc and adducfr 

______ 

______ 

1649 . 

1639 ” 

__-__- 

1635 t 

.b‘nnt 

____-- 

1636 . 

1b29 . 

1637 . 1717 . 

Lb72 e 1702 e 

1673 ‘ 1702 . 

l bamt 1703 . 

166s 1 1700 l 

1699 s 

1698 . ,711 l 

1659 . ______ 

1672 . ______ 

*beat ___-_- 

Lb69 . ______ 

I693 * ______ 

lb90 a ______ 

1602 I ______ 

seir l _-_--_ 

lb72 ‘ ______ 

.b**“t ______ 

IhC2 . -_____ 

Ii01 . ______ 

Itab7 L ______ 

The mefhoxy-substitution causes a slight but neverthc- 

less signifkanf increase in the yield of 4. The nifro- 

substitution has a greater effect since if weakens the 

nucleophilicify of the oxygen (or alternatively destabilizes 
the intermediate 11) so that the twitterion 10 cannot 

undergo ring &sure to the furan derivative. 

Two opposite conclusions regarding the mechanism can 

be based on (a) the cis dihydropyran isomer predominates 
over the trans one and if this fact is not the result of 

thermodynamic control, if is generally considered as 
proof of a preferred endo transition state in a L&Is-Alder- 
like reaction: (b) since the dihydrofuran adducts 4 were 
shown to be primary reaction products they can only be 
formed via a rwiffcrionic intermediate. 

Analogous behaviour was found previously in the 
reaction between arylidene-iwxazofones or -pyrazolones 
and dihydropy~n.* When no secondary sferic infe~cfion 
occurs. the most predominant adducf is the fher- 
modynamically less stable all-cis isomer. but a certain 
amount of product involving a zwiffcrionic intermediate 
was sometimes found. 

The old approach in terms of competition between two 
opposite ~chanisms seems too schematic and not 

flexible enough to represent the various aspects of the 

heferodienc syntheses. 
A better rationalization of fhex cycloaddifions can be 

proposed in terms of a transition state with partial charge 

separation. 

An alfcmafive way to represent the transition state 
drawn above is IO describe if as a hybrid where the zwif- 
terion 10 contributes as a hyperconjugafed ~fru~f~rc* 
(Scheme 7). ifs contribution can vary depending upon 
solvent, su~fitu~ts and experimental conditions and, 
exceptionally, can become overwhelming.” We will 
discuss this point later. 

The recent perturbation approach to cycloaddifions”.” 

is consistent with the above proposed rationalization. 
Heterodiene syntheses involving a&unsaturated car- 

bonyf compounds are H~MO~LUMO‘-~ control- 
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led.” If the okfin HOMO has a higher energy or the 

carbonyl LUMO is lowered the energy separation of the 
frontier orbitals decreases and the reaction becomes 
easier.” 

Alkylvinylethen have ionization potentials (ip.) in the 

range 868 (CH.4H-Or.But) - 8.93 (CH.~H-OMc)* 

cV.” Dihydropyran has a particularly low i.p.: 8.54 eV.” 
Since the energy of the HOMOs conesponds, in 

accordance with Koopmans’ theorem, to the negative of 
the i.p., HOMO energies increase from alkylvinylethers to 

dihydropyran (Fig. I, a). 

The same effect on the separation of frontier orbitals 
can be obtained with the a$-unsaturated carbonyl 
compound. 

Simple considerations of substituent effects conclude 

that an electron-withdrawing group will raise both the i.p. 
and the electron affinity of the a$-unsaturated carbonyl 

compound; therefore the presence of the ~benzoyl group 
will lower the carbonyl LUMO energy (Fig. I, b). 

I I 

-II 
1. r 

Fig. I. Frontier orbital crier&s of unsaluraled cartxmyl coin- 
pounds and vinyl ethers. Arrows indicate the dominant interac- 

Iions (schematic). 

The resulting increased HOMO/LUMO proximity 
incrtascs the frontier control and enhances electron 
transfer.” 

The favourable n-n interaction with high n charge on 
the #3 carbon of the dihydropyran ether” and the 
electron-altracting substituent on the ~-position of the 

Yhmnkd by chqe mnsfer compkxcs: I recent photo- 
ekctron spectroropy determination gave the i.p. of methyl- 
vinytether as 9TtS eV (H. Bock. G. Wm. K. Wind, J. Suer and 
D. Seebach. C&m. Bcr. I*I. 1869 (1974). 

C-C-C=0 system increase the asymmetry of the doubk 
bonds of the dienophik and of the heterodiene respec- 

lively. 

Asymmetry of the reagents and high frontier control 

both contribute to the development of non-synchroneity 
of the reaction.” 

With this approach, non-synchroneity can be explained 
in terms of the different timing of C-C and C-O 

bond-closure of the transition state. If the stability of the 

C.....O bond is in competition with its rupture, e.g. due to 
thermal vibrations etc.. the statistical distribution between 

“retention” and “rupture” depends upn the bond energy, 
the stabilization of the open intermediate and the 

experimental conditions. 

Therefore the alternative “synchronous”/“two-step” 

mechanism of a reaction loses much of its competition 
since variation of the experimental conditions or a small 

subsitutent effect can show up a previously-masked gap. 
A remarkable analogy with the behaviour of oxin- 

dolideneacetophenones was found with a.fl-unsaturated 

carbonyl derivatives which also have a pquinone system. 
They react with ethyl vinyl ether” but no l$cycloadduct 
is formed (Scheme 8). 

A zwitterionic intermediate is formed which is stabil- 

ized to a large extent by resonance. Ekctrophilic attack at 

the oxygen atom not involved in the stabilization. 
followed by proton loss and gain, gives a benzofuran 
derivative. 

The large stabilization involved in the intermediate and 

the gain in aromaticity,” rationalize the overwhelming 
contribution of the zwitterion to the transition state and 

the yield of the dihydrofuran adduct as the only reaction 
product. 

A final point requires some remarks. If the fate of the 

transition state depends upon the stability and the 

electronic characters of the zwitterionic structure, the 
stabilization as the immonium ion of A allows either a 
proton loss and gain to give open&rain enamines,‘.” or an 

ekctrophilic attack on the 3-position of the oxindole ring 

to give spiro-cyclobutane derivatives.’ 

The lower stabilization as the oxonium ion of B does not 

allow the above reported reaction, it can only undergo a 
nucleophilic attack from the ketonic oxygen atom (when 



llu4 G. TACCOM d al. 

prrscnt and suf?kicntly reactive) and dihydrofuran of the mother liquors, was chromatograpkd as reported above. 
derivatives 4 art formed. ~hy~py~n mixture 2 and 3 was obtained as tk first fraction, 

The contribution of B to the transition state is of course fOkwcd by We dihyd~fu~s * 
much lower than that of A. Starting from 1 g 1. after cooling. unrcactcd 1 (66 and 42% 

respectively) was colkctcd. The deepcoloured motkr liquors 

-Ai. 
were treated as described for tk previous series and dihydropy- 

All m.p are uncotrccted. IR spectra (Nujd mulls) were 
ran mixtures only were obtained. Pure 2 and 3 were obtained by 

determined on a Pakin-Elmer 257 spcctrophotwta. NMR 
fractional crystaili7ation 

spectra were obtained by Dr. Anna Gamba lnvcmiti on a 
The ratio of 2 versus 3 was calculated by NMR from an 

Perkin-Elmer Rl2A spcctrophotomcter (ckmid shifts arc 
homogcncous sample of isomers (regions of tk CH, in tk ethoxy 

reported in ppm on tk 6 scak, coupling constants in Hz). 
group or HI and H. signals of tk dihydmpyran ring). Reaction 

Microanalyses were pcr’orrncd by Dr. Lucia Ma& Dacrcma. 
time, ratio of tk reagents and physical characteristics of the 
adducts arc reported in Table 6. The main values for tk NMR 

34xindolidentacetophenonts 1 
spectra of 2. 3 and 4 arc summarized in Tabks 7 and 8. 

Tksc were prepared by the reported method” from isatin or I- Dihydmftrmns 4 rramirg from dihyd~ppns 2 and 3. Gcnrral 
methyl-isatin” and tk appropriate acetophenonc. 1r.d.t wert method 
obtained by acctytation of tk corresponding ~~~itut~ A solution of 2 or 3 (2mmoks) in dkilkd acetonitrik or 
derivative.” The products reported in Tabk 5 wcm o&&ted. benzene (20 ml) was heated and the gradual dive of tk 

Tabk 5. 

yellor nwdlrrr 
(60) 

arm‘. nu4l.r 

(71) 

l-d nwd1r* 

(6s) 

ysilor n*d1a. 

(58) 

y911or need200 
(i0) 

“ruts* n*.d1u 

(75) 

lvd cry*t*l* 
(82) 

cr.nds aaedIs* 

(82) 

dwp rod pl*t*l.t~ 
(74) 

121-122. 

tetcnil 
1it2’ It:* (EtC4i) 7.823 

194-19s. 
(EIOH) 

1it’9& t93-194. (EtOXf 

127-1280 

(KtW) 

1 it19. 127”138* CKtOll) 

t24-i23* 
catox) 

171-172. 
c*COKt) 

202 .zot* 
(dioxm*) 

fourdr C,7t.s01 w,4.82j x.4.47 
for c19n,sM04 CalCI C,?l.OZj H.4.7lj Y.4‘361 

Coucsdr C.64.711 N,3.70; M,8.61 
rorc n YO 

18 12 2 I 
crlcr C.64.281 il.3.60; Y,8.33% 

llt’9a 201’ (tton) 

241-241’ 
IdiOUCl~) 

i24-22%. 
(Eton) 

folmd: C.bS.47; ll,j*t!Si Y.9.40 
rvr C,6H,0Y204 talc: C,61.30; H.3.43; W.P.PS 

llt’9b 119-123‘ (EtOH) 

242-243. found: C,6$*74; H,f’Pbj X.9.22 

(diOZm*) lo= Ct,“12Y204 
talc: C.66.23; R,3*92; W,9*09% 

7.893 

7.893 

7.7j 

7*1)1 

7.83 

. 

7.01 

. 

,‘,I “.re not .wurti, orlry t.a thclr r.ry low l lubllity. 

A suspension of 1 in f~hly~s~~ ethyl vinyl ether was 
heated on an oil bath at IW in a Paar bomb. Starting from 11. d, t. 
after cooling. pure or n&y pure 2 were cokctcd and washed 
with dicthyl ether. Crystaltine dihydropyran mixtures 2 and 3 wtrt 
obtained as furtkr crops after standing and cooling of tk 
concentrated mothtr liquors.* Finally tk oily residue was 
chmmatographcd (columnlength 80cm, diameter 4.5cm: 
Kicsclgcl Mmk OW+?; cyclohexane-A&Et 70130 as eluant) 
and two fractions were obtained: pure 4 (first fraction) and the 
mixture of 2 and 3. 

Starting from i b. c. I. b, tk solution was evaporated to dryness 
at room temp. Tk restdue was triturated wtth dkthyl tther and 
purt 2 was filtered off. The oily rcudk. obtained by evaporation 

l Final crops contained a by-product ‘-2% yield) which we shall 
consider els.ewkrt. 

starting product and tk formation of 4 was folbwcd (TLC, 
cycbhcxane: AcOEt 70/301. Alttmativcly tk dccruuc of tk 
C-0 kctonic band and Ihe iKnuc of tk C=O Lactamic band in 
tk IR spectrum of tk CH,CN solution (0.1 ml of tk starting 
solution to 2.3 ml, thickness 0.1 mm) was followed. Pure 4 was 
obtained by evaporation of the solution and purified by fractional 
crystallization or by cobmm chm~t~~y if starting material is 
still present. Tht conditions used for each product arc sum 
izcd in Table 9. 

Isomcrizafbn of 2a into 3a 
To a solution of 2a in c9. ‘0.35 molf a drop of Et,N was added 

and tk isomer&&t was monitored by NMR (353. After 48 h tk 
quilibrium 2a,Qa was rcackd and tk ratio 40:60 was ~vahtatcd 
by inspection of 2-H signal of k versus tk sum of 4-H and 2-H 
signals of 3n and t respectively. If tk NMR experiments am run 
in (CD&CO with a drop of Et,N and DO, after 24 h at 39 the 4-H 
signals of 2a and 3a disappeared and only Ihc 2-H signals 
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Tabk 6. 

nea?t:ml t iu 
C=pd 

?hy.ical upact ..p. 
(rat10 -1s j/ 
rl rin,l.ther) 

(yI*ld S) ~aolrac) 

-. 

4s’ 
(b/12) 

14-17 h 
(S/24) 

12 h 
(4/12) 

bnirn plateleta 
(7b) 

UhlCO pr‘W 

(8) 

mizc cry.t.1* 
(I) 

lS4-lSS* 
(EtOn) 

13L-l3Z* 
CMOCW) 

133-134. 
(t&OH) 

Tale yellow cry.t.1. 

(31-60) 

Soft rhite noodlu 
lr2-18) 

l/O-141’ 
(bonm.n*) 

1 S9-lbO* 
(fitOH) 

w?l1te cry~tah 

(50) 

whit” prieu 
(0) 

ra1* y.11or oil 
(lb) 

IlS-116. 
(dX?E) 

114-11s. 
(ECOli) 

(pst.cCh.) 

1 h 
(4/12) 

YhlCO cry*talm 
(76) 

WllIC. priu 

(8) 

m?llCC nodlu 
(6) 

123-124. 
(txwl) 

175-176. 
(EtCHi) 

139-140. 
(lwx) 

3h 
(r/cl) 

Tellor rry.t.1. 
(67) 

Oruy* nerdlea 
(13) 

171-172. 
(banrae) 

184-lRS*dsc. 
(NeCu) 

47 h 
(lb/241 

mite plat*l*t* 

(SO) 

ml1tc nwd1e9 
(21) 

151-I%* 
(boamao) 

ISb-1ss* 
(stow) 

6S h” 
(b/24) 

Red prlu 

133.b) 

sort yellor n.ndlnr 
(14.4) 

1s3-1ss* 
(bmasaa) 

182-1839 
(bmzae) 

12 h 
(r/12) 

129-131. 
(dI?L) 

lSO-,120 
(ECOH) 

. 

96 h** Orand* cry.t.1. 161-162’ 
(B/24) (17.4) lb.MOII”) 

Amaranth pl.t.lnr. 
(11.6) 

hound: c.72.77; H,S.!lO; )r,j.97 

c,72.t.s; II.s.;S; 1.3.9” 

C,72.79; n.s.5s; u.3.00 

C,72.71; n.S.82; )i.j.kiS 

found: 

ca1cr for c n no 
2221 4 

ear C20n191s03 

2b 
- 

4b 

fomd: 

found: 

.Z.lc: 

C.71.031 n.6.03; W,4.51 

C,74.63; n.S.92; li.r.SU 

C,74.?4i H.I.96; L’,4.36% 

2c 
- 

3c 

found: 

found: 

found I 

c.,c* 

C.74.99~ n,6.36; L.4.16 

C,75.01; H,6.37; L.4.22 

C.74.801 M,6.34~ L,4.33 

C.71.20; U,b.jl; h,4.l!JS 

4c 
- 

Id 

3d - 

for c Ii no 
21 21 3 

found: C,b9.97; H,I.PO; Y,3.62 

folmd : (‘.OP.OO; M.S.911 Y.3.70 

round : C.70.00; n,6.OO; M,j.6S 

.XlCI c.70.21; n,s.89; 11,3.561 

4d 
- 

C.6S.13; n,4.9S; Y,6.b4 

C,64.81; H.4.99; Y.6.80 

C.64.70~ H.4.94; L,6.661 rot-c 
22 

n no 
20 2 6 

for c 
21 

Ii YO 
21 4 

for C20n18”20s 

2* 

c,72.o1j H.6.23; L.4.04 

c.7l.98; n,c.opi Y,I.M 

C.71.78; li,6.02J x,3.991 

4f 

C,6i.47; n.S.14; 1,7.88 

C,bS.66J n.s.205 Y.7.78 

C.bS.Sb; W.4.9I; Y.7.6SS 

C.72.04; W,6.30; N,3.67 

C.72.12~ H.6.421 M,3.98 

C.72.20; n.6.4li L,3.91 

c.72.31; lt.6.34; *,3.031 for c n no 
2223 4 

cor Wao”2Os 

fouod: C.bb.241 H, 1.27; Y .7.30 

C,b6*2S; H.S’ZSJ Y.7.16 

C,bb*3Oi H.S*Wi U,7*37S 



Tabk 7. NMR of 

*a 

3.3s 

3. It 

1.11 

S.Jb 

,.,3 

I.6” 

3.)5 

I. IO 

5.46 

5.5s 

I.11 

1.1: 

I.11 

3.u 

5.,* 

3.3. 

5.J? 

3.l 

‘J *J' 

J.bJ 

a.** 

1.9 

f.l, 1.B 

1.4, 

1.u 

a.0 

l.,Q 

1.a 

*.,* 

a.,, 

*.x5 I.Y 

a.,, 

x.ic 

1.40 

1.24 

1.0 

X.l, 

OR 
0 Y & 0 o:“. 

A O-+C”,, 
“b 

4.11 J.39 JAbi 1.10 I R e‘.Yd.J 3.7’ z.23 
8.0, ,.raD, 

(5.5-54 6) of both cis and tram isomers arc present. Using this residue was unsuccessful. The NMR spectrum (CDCI,) showed if 
technique reasonabk quantities of 30 can be obtained boiling 9h a to bt a mixture of IWO diastereoisomcn in the ratio 79:21 
solution of k in benxnc in Ihc presence of Et&. cakulatcd from the methyl signal of the acetyl grcup. Major 

isomer: 2-68 3H s (N-Act; 2% 2H d (I = 6.6) M&-CHO); 3.85 
Nydmlyric ckacagt of 2. 3 and 1 1H d (J-2.7) (CH oxindokl; 4.81 IH & (J=t.? and 66) 

fl . Benroyl- fl (I - acctyl - 3 . oxinddyl)propionaidthydc h. (CH-COPL); 9.65 1H s (CfjO); ‘ML&3 9H m (aromatic). Minor 
(a) HCI 0.6 K (a2 ml) WBS added at room tcmp to a shred wh- isomer (nune signals): 247: 2.95 (6.6): 4.06 (6.6); 4.S8 q (6.6); 9.69; 
tmn of b (0.3418; 1 mmok) in acetone (2Oml). When Ibc starting 7G8.3. 
product disappeared fTl.C. few minf. the solution was tvapofSed (bt Starting from JI and 4a and following the above method, an 
to dryness. Any attempt to crystallize the white amorphous armhour result was obtained. 
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Take R. NMR of 

1.62 I.18 Y, 0”” 6.6-U.0 10.0 

I.21 I.80 

CM&t. o.‘)-i.P 2.1: 7.03 
3.81 

____ 0.0 

IS.90 9.9 

-___ 10. i 

____ *o., 

I6.Gil IC. I 

____ IO., 

HCI 0.6 N (02 ml) was added to a stirred solution of 2lx or Ib 

(0.32 g: I nunok) in acetone f.’ ml) at room temp. Stirring was 

continued until tk starting Product disappeared tTJ.C - a 30’) and 
a few ml of NaHCO, solution were added. The a~c~tonc was 

evaporated under vacuum and tk amorphous white solid was 
Rltcrcd off. Any attempt to crystahire the solid was unsuccessful 

and both IR and SMR are 100 poorly resolved IO bc fully 
interpreted. Ncverthekss tk main signals and hands are in 
accordance with tk propnud structure. 

B-Bnzoyl.8.(l.mnhj-3-nrindnlj)pmpbn~d~hy& k 

Starting from 2c. 3c or 4~ and followmg tk method descrikd 
for sb. after evaporation of the acetone the emulsion was 
extracted with dtethyl ether (3 x I! ml). The ethereal solutron was 
evaporated and an oily residue was ohrained. Any attempt to 
purify tk oil was unsuccessful and furthcrnmrc its IR and NMR 
were too poorly resolved to k fully interpreted. though gcncraJly 

m accordance with tk proposed structure. 

f3- B~:oyl-8_(3-orindolvl)pn~ppionoldehydr diethj ocefal (b 
fa) A sdutbn of zb tO.!!g; I mmok) in anhydrous EtOH 

(1O~Oml) was retluxcd until tk startmg product disappeared 
(TIC. a 20 h). The solution wa\ evaporated at room ternp utir 
vacuum and a pale yellow oil was ohtaikd. lk elemental analysis 
was obtained from a crude sampk dncd for 4 h at room tcmp 
under 0.1 mm. Any attempt to distil tk product caused dccomposi- 
tion (Found. C. 72.07; H. 7.12; N. 4trft. Cak for C,,HUNO.: C. 
71.91: H. 6.86: N. 381%). IR (film) 1710 and WScm ’ (C& 
bctam and ketone respccttvtly). NMR fCDCM: 3.77 IH diffuse 

doublet tCH oxindokJ: 4.5 2H broad signal tCHC0Ph and 
CHfOEt),t; I.63 IH and 2.03 IH (I, n -12.0) t-CHr); 347 4H 

unsharp quartet (MH: of tk ethoxy groups); I.07 3H t (J = 6.6) 
Ia 3H I tJ = 6.6) (2 CH, of tk ctkxy groups): 9.6 IH broad 
signal (SH): 674.3 9H m taromatksJ. Ckmical shifts and 

coupling constants of tk -CH, grcntp were determined by spin 
dcco@ng experiments. which arc fully in accordake with tk 

reported sIructurc 
(b) Fdbwing tk akvc reported method and startmg from 4h 

tk identical produc-I &as ohtaincd 

tc) 0nc drop of %% H,SO. was added to a cookd and stirred 
solution of 1@36g; I mmok) m anhydrous EtOH. .After I h the 

solution was evaporated at room temp and tk rtsiduc was 
dissolved in dirthyl etkr and washed with NaHCO, solution The 
ethereal fraction was dried tNarS0.J and after evaporation gave a 
pk yellow oil, identical in every respect wtth the previously. 

described sample Treating 6b tO.36g; I mmokJ at room temp 
under stirring with a mixture of A&H (I! ml) and HCI (0.6 K; 
0.8 ml). tk abehyde 5h was ohtarrwzd. 

(1) Following tk method ta) used to prc~are (b. white nccdks 
of 0 were obtained from tr in nearly quantitative yield. m.p. 
112-113” tEtOH) (Found: C. 72.45; H. 7.16; N. 36R. Cab for 
C*,H,NO.: C. 72.42; H. 7.13: N. 367%). IR: 1718 and I685 cm” 
(C=CJ tacti arid ketone reywctivcly). NMR (CDCI,). 3.74 IH d 
(I- 2.5) (CH oxindok); 4.50 IH m (I = 2.5. 5-3 and 7.9) 
KtUZOPh); I64 IHand 2.11 IHfJ, = -13.9Jt<Hr):4.4? IH 
t tJ = S.‘I) fCHtOEth); I.07 3H I rJ = 7.0) and I.09 3H 1 tJ L 7.0) (2 
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60 
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-100 
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c 
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d 
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CH, of rhc crhoxy groups); 344 2H and 347 !H (2 CH, of the 
erboxy groups); 3.23 3H s (NCH,); 6.68.3 9H m (aromatic). 

Some chemical shifts and coupling consran~s were determined by 
spin decoupling erpcrimenrs which are fully in accordance with 
the reported s~ruc~urc. 

(b) Following rhc above described nve~hcd. by starling from k. 

white rmcdkr were obtained. in nearly quantitative yield. identical 
with the prcvtislydcxribad (c 

(c) Analogously. bul starting from 4~. while nccdkr of (c were 

obtained in M-65% yield. 
(d) Following rhe method (c)described for (b. 5c gave directly a 

white sdid which, after I h. was filtered off and washed with 

water. A second crop of 6c was obtained evaporating the molbcr 
liquors. Total yield 90%. Treating 6c with a mixture of AcOH and 

HCI. k was reobtained. 

(a) A solution of 8 (0.32g; I mrnok) in dry benzene was 

reRuxcd with a ~racc of p-tolucrkruJphonic acid until UK slarting 
material disappeared cu3). ‘Ihe cookd solution was washed with 
NaHCO, soln and the residue obtained after evaporation was 
chroma!ographcd (Kksclgcl mcrck O.OM.2; cyclobcxane AcOEt 
701.M). While crystals of 7b were obmined in 69% yield m.p. 
197-199” (EIOH) (Found. C. 78.15; H. 4.81; N. 5.19. CaJc for 
C,.H,,NO,: C. 78.53: H. 4.76; N. 509%). IR: 179Ecm ’ V-XI 
lactam). NMR (DMSO): 491 IH s (CH oxindok); 599 IH d 
(J L 1.8) (CH=furan); 7.6C IH d (J = 1.8) f=CH-@ furan); 
6.6s7.95 9H m (aromalk). Spin decoupling experiments supporl 
the assignmen of the furan protons. 

fb) By beating 8 above its m.p. under nitrogen a lower yield of 
7b (-49%) was obtained. 

(c) A solulion of Sh (0.29g; I mnmk) in AcOH (5.0 ml) and HQ 
4 N (4,Oml) was g&y refluxed for 50 min and stcamdistilkd. 
T~K cbudy solution was neutralized (NaHCO,) and extracted with 
dicthyl erher. Afler evaporation of IIK ethereal soln. the residue 

was chromatogra&d as described under (a) and white crystals of 

Sh were cbtairmd in 45% yield. 

!-Phmyl-3-(l-mrrh,~-3-oxindolyl)furon fc 
(a) Folbwing the method (a) described for 7b pak yellow 

crygals of X were obuined in 4B% yiald from t: m.p. 145-147 

(EfOH) (Found: C. 7846; H. 5.25; N. 5BO. Calc for C,J&,NO,: C. 
78.87; H. 5.23; N. 4S4%). JR: l718cm ’ 00 laclarn). NMR 

(CDCJ,): 4.85 IH s (CH oxindde); 594 IH d (I = 1.8) Wi- 
furan); 7.82 IH d (J - 1.8) f=CH-G furan. determined by 

decoupling); 3.23 3H s (N-CH,): 6.7.5-8.0 9H m Worcalic). 

fb) A barer yield of 7c PIP) obtained by heabnR t al 1%-160 

under N, 
(c) As described for 7b fromhod c). pak yellow crystals of 7c 

were obtained in 48% ykld from SC. 

A suspension of la (2.91 g; IO nunok) in ethoxycthyne” (54 ml) 
was stirred for 48 h a~ room temp. The yelbw-cobured precipitate 
was lihncd OR and washed several times with dkthyl ether until a 
white solid was obtained (I .7 0; 47% yield). The etbcreaJ mother 
liquors contained ydbw cobured by-products whose s&uctures 
will bc reported elsewhere. Pure 8a: sofl white nccdks. m.p. 
l83-IR?’ (EIOH/A~OEI I : I). (Found: C. 73.26; H. 5.32: N. 4.02. 
Cak for C,H,.NO.: C. 73.1 I; H. 5.30; N. 3W%). IR: 1720 and 
1695 cm’ ’ (C-0 wetyl and ketone respectively). SMR UXl,): 
?.2! IH d (I = 3.8) f-C& pyran); 4.18 IH d fJ = 3.8) (CH-COPL 
pyran); 3.88 2H q (J = 74) (OCH,); 2.70 3H s (N-AC); I.30 3H 1 
(I = 7.0) (CH, of cthoxy group); 6.8M.55 9H m faromalic). 

Cardyric hydrogenorion o/h 
A suspension of L (0.54~; 1.5 mmol) in dioxan OOmlml) vu 

hydrogenated at room temp amI atrm@uric pressure in Ibe 
pnscncc of C/Pd IOFE (92 0). Afla the uptake of 51 ml Ha. the 
carafyrt wa* fiJtcrcd off sod UK solubon was evrporakd. TtK oily 
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rcridue was chromatographcd (Kieulgcl H Merck; 
cycbhcxane/AcOEI?O: 30) and two fractions were obtained. First 
fraction: pak yellow oil (0.22 g; b.p. 12&122’/0.2 mmHg) idcn- 
Iifkd as I . phenyl - 2. (I acetyl .3 . oxinddyl) .4 - tihoxybufan 
I - 01~ 9a (Found: C. 71.67; H.6.4S; N. 3.8s. Cak for C,,H,,NO,: 
C. 72.21: H. 6..W; N. 3#%). IR (film): braad bands at 1760. 1715 
and 1687cm ’ K=O lacram. rctyl and ketone rcspect~vcly). 
NMR (CDCI,): 4.s3 IH dt (1 = 3.3 and 6.9) (CH-COF’h); 3.83 IH 
d (J = 3.3) (CH oxindok); 340 2H q (J = 6.8) (OCH,): 3.36 2H I 
(I = 6.7) (CH,-OEr): 2.70 3H s (N-AC); multiple1 centred at 2.2 2H 
(CH-CH,&O); I.13 3H I(1 = 6.8) (OCHkH,);6.9UI.3 9H m 
(aromatics). Spin decoupling experiments are fully in accordance 
with the reported structure. The second frx~ion gave white 
platckts (O.l?g; 314) idcnlical (IR. NMR and m.m.p.) with rhc 
previously-described US dihydropyran isomer 2~. 
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