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The particular acelylenic amines 2 known as ynamines 

belong IO a family of hckrosubstituted acctylencs 1 in 

which A can be, for example. halogen, oxygen, sulfur, 
phosphorous. nitrogen.. . 
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A. Comparison of ytamines with heferosuhsfifr&d 

acefylenes and ethylenes 
Whereas many heterosubstituted acetylenes 1 had been 

known for a long bmc, cspeciahy when A is an alcoxy 

group (A - OK).’ the ynamines although expected IO he 

more nucleophilic than their oxygen analogues and 
therefore even more useful m synthesis. appeared in the 
IiIeralurc only fifteen years ago.’ 

The N atom directly bonded IO the C=C triple bond 
gives IO ynamincs a more pronounced nuclcophilic 
character than is found in their oxygen analogucs. This is 

similar IO the difference between cnammes 4 and 
cnolethers 5: 
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like enamincs 4’ in which the N atom is bonded IO a 
C=C double bond, ynamines have a tcruary nitrogen. If 
the nitrogen is not substituted. e.g. when it is primary as in 
6 the ynamine is not isolated, since the equilibrium is 
completely shifted toward the more stable nitrilc 7.’ 

The new function found in ynamincs indeed has the 
oxidalion level of acids while enamines have, of course, 

the oxidation level of ketones or aldehydes. Ynamines are 
closer lo the ketcnc-acetals g the hydrolysis of which 
yields the same amides. 

0 
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‘fhe main difference in reactivity towards ekctrophilic 

reagents between yaamines and ketene-acetals comes, 

however, from the fact that the intermediate dipolar ion is 
a very reactive ketene-immonium ion of type 9 in the tax 
of ynamines hut a more stabk immonium ion of type 10 in 
the case of ketene-acetals: 

R:N 
K,N-Cx&‘-R, ‘C=CHR, 

I A/ 

! ..). 
I 

. 
1 

R,&C= ‘-R, 
R:Tl 

\ 
%-CHR, 

E 
A’ 

9 IO 

This difference is particularly striking, for example, in 
the reaction with carbon dioxide. The N,S-ketene-acetal 

I I gives at - 70” the stable dipolar ion 12 which does not 
react further and reversibly decomposes IO starting mater- 
ials at higher lcmperalure.’ By COntriISt. reaction of the 

ynaminc 13 does not stop at the ketene-immonium ion 
stage 14, but reacts further even at -70”:’ 

R:N, 
C=CH: 

RS’ 
t COx = 

II I2 

B. Efiecf o/ subsfifuents on ynamine reacficifv 
In general and as one would expect. ynamines have 

turned out IO be particularly reactive substrates toward a 
large variety of electrophiles although their nuckophilic 
characler is ohvrously a function of the greater or 
smaller ararlabrlny of the unshared pair on the N atom. 

jfzN(‘..-Ca’-R, .- ji>S--<‘M--R, - NX-CH,-R, 
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The type of substitution on the nitrogen plays a very 
large role in determining the reactivity of ynamines: when 
the nitrogen is substituted by phtnyl groups,“ ynamincs 
only react with powerful clectrophilcs. Even more 
dramatic. when the nitrogen is substituted by IWO 
lrifluoromethyl groups,’ which arc very strongly electron 
withdrawing the N atom loses most of irs cffcct on rhc 
triple bond which can now be hydrolyred, for instance. 
only in the presence of mercuric ions. At the other 
exrrcme, rhc most rcactivc ynamines, by far, are those 
which have afkyl groups such as ethyl or methyl on the 
niIrogcn:‘O rhc rcacriviry is in gUMal parallel to the 
basiciry of the corresponding arnincs, 

WC can thus arrive al the following qualitative sequence 
of increasing rcactivily of a scrics of ynamincs in which 
rhc same alkyl group K is attached to the acctylcnic 
carhn: 

J 
- : ).:t2N-(‘=(‘-_Mc 

nitrogen is substituted by alkyl groups. rhcir reactivity is 
such, that it can bt difKcult in some casts, to utilize them 
without special precautions to avoid rhcir hydration or 
their polymerilalation. NJ-diethylamino acctylcne 23 for 
instance is rhc most reactive of the unsubstituted 
ynamints and irs polymcri7ation can bc fwtcr lhan the 
dcsircd reaction. It is preferable. in such a case, to utilize 
rhc N-phenyl, N-methylamino-acctylcnc 24 or even better 
the N-morpholin*acetylcnc 25 which, although still vcr) 
reactive can IX handled very easily. WC have indeed 
concluded that N-morpholino-accrylcne 25 is rhe reagent 
of choice among these ynamints which do not bear a C 
atom on the triple blond.” 

VZ.H,)(CH,)N--C---C-H ( 23 

24 
u 

(CF,),N4&C--K ((( (C.H,hNa--W (( (C.H,WCH,)N--Cti:--H 
IS 16 17 

N--CC-R ( (C,H,)zN--C4--W 

The nature of the R group which is carried by rhc 
acerylcnic carbon also affects the reactivity of ynamines. 

It is possible, as we did above in the ca.u of nitrogen 
suhstilucnts lo product a qualitative sequence of 
ynamincs karing the same alkyl group on nitrogen in 
order of increasing reactivity towards clccrrophilic reag- 
cnts dewndmg on the substitucnt carried by the C 
atom: 

The nature of the substilucnt on nitrogen and on carbn 
also affects the thermal stability of ynamincs. 

When the R group carried by the acetylcnic carbcjn of 
ynamines is another hetcroatom such as a nitrogen 26“ or 
a halogen 27’” the inductive effect of the subdtucnt 
decreases the thermal stability of ynamincs”” which 
become difficuh lo handle cspccially in the case of 
halogen+ynamincs 27. 

Et,m-c(X)R ( Et,N--C---C-SiMe, Et,N4:zCX,H, 

#I 21 22 

( Et,Na-Me 
( 

Et,N+Td-H 
13 23 

The electron dclocaliration which is possible when the 
substitucnf on the triple bnd is a carh)xylic ester 20,” or 
a Si atom 21”.” markedly affects Ihe reactivity of Ihc 
corresponding ynamincs. 

This effect is. however much less pronounced than that 
of the subslituent on nitrogen, and all of thcsc ynamincs 
have been utilized successfully in synthesis. 

The ynamincs which htar hydrogen on the acetylene 
function arc the most reactive of this series.‘.” When the 

x (X- halogcnz) 

The subslilution of rhc acctylenic carbon by a silicon 
atom as in 21 does not decrca.se the thermal stability of 
ynamines”‘-” but in the cast of an ynaminc like 28 in 
which the acetyknic carbon and the N atom arc buth 
substilucd by Si atoms the rearrangement takes place at 
IMP, with formation of the kcttnc-imine 29.” 
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Mc,Si-C=CNtSi.Wc,): 5 (Mc,Si),C=C=NSiMc, 
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When the group R bears a carbinol function Q IO the 
triple bond, as in the ynamines 30. these substances. 

which are ethynylogucs of carbinol amincs arc stable at 
room temperature hut. can neither be distilled nor 
chromatographed. Under such conditions they arc trans- 

formed mto o.b-cthylenic amides 32.” 
By contrast, when the suhstituents are alkyl groups, 

ynamines are thermally very stable, more stable in fact 
than their oxygen analogucs: N,N-dicthylamino propyne 
for instance IS unchanged at 400”,‘” whereas acetylcnic 

ethers lose ethylene around I IO’.’ 
This thermal stability, which makes ynamines very 

convenient IO handle is also accompanied by a high 
reactivity towards polar substances. This rcacttvity which 
makes ynaminc particularly useful in synthesis. will be 

discussed in the following sections. 

C. General outline o/ ynamine reocfi~il~ 
Whatever the ynamine substitucnts, with the exception 

of the previously mentioned trifluoromethyl group fsec- 
tion I R). the activated triple bond can rcacf by addition or 

by cycloaddition depending on the nature of the clec- 

trophilic agent brought into play. 
(a) Addition reocfions. With a polar molcculc of the 

lypc 1~“-A ‘. addition of ynamincs 2 Icads lo a 
ketone-immonium salt 33 which then can hc ncutralircd 10 

give the adduct 34. 

R,N-_Cs - . R”-A ’ .- R.:=(‘=CR- 

2 .JIe 33 

W,N 

--’ ‘(.‘=<‘“- 

A’ 
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II is possible that attack of the elcctrophilic reagent on 
the vnamine may be nrcceeded hv a rcvcrsihlc initial 

addition IO the nitrogen with formrtion of the salt 35: 

It has been indeed demonstrated that such a reaction 

takes place when ynamines arc protonatcd in aqueous 
acid.” ‘This is however the only clear example and salts of 

type 35 have not been described in the chemistry of 
ynamincs. Whatever the mechanism of the reaction may 
be. the addition to nitrogen. if it occurs. is inconsequential 
since it is a rcvcrsiblc process as with the related 
cnamincs.’ 

The formation of the neutral adduct 34 depends csxn- 
tially on the strength and size of the hasc A If A is a 
strong and relatively small ha.se such as. for cxamplc, 
EIV .:I the dipolar ion 33 leads to the neutral adduct 34. If 
however A is a weak base such as Cl !’ or C,H*O .” or a 
strong hut bulky base such as that from tertiary alcohols 

R,O ” the kctene-immonium ion is then neutralirrd not 

hy A but by the initial ynamine 2 itself with the formation 
of the very stable dclocalirrd cyclobutcnyl cation 37. 

R,N 
,i, 

R,N=C4H- L 
‘(;=CH- 

4 
,i’=(‘=<R: 

A AU 

33 36 

This last reaction was utilized in the synthesis of 

stabilized cyclobutadicncs of the type 58.” 

Er:N R 
- 

- n 
- 

R NEI, 

38 

R = COOEP” or S-C,H.“’ 

The adducts 34 arc thcmsclvcs nuckophilic. they can be 
isolated (as in eqn a), but can also. depending on the 

situation proceed by addition of a second mok of the 
ckctrophilc (as in cqn h)or by rearrangement (as in cqn ct. 

(a) R:NU:- 1 (‘I-C- --. 
R-N, 

II 
(.I’ 

II 

(b) 2 + HOMe - 
R:N, 

C=(‘H- 

Mco’ 

41 

Me0 OMe 

z R,N-\,./-C-H,- 

42 
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R:N 
‘(k(‘H- 

Cc) 2 + H d e- - 0’ 
R.,j’_ H- 

- c 
-(k(:=< 

43 44 45 

Addition of acid chlorides 39 leads for example, IO 
chloro-enaminoketones 0 (see Section K(a)) whereas 

addition of methanol leads IO ketenc O.N-acetals 41 which 
then add a second mole of methanol (41= 42). 

In the case of unsatured alcohols, such as propargylic 
alcohols 43 for instance, the initial ketenc O,N-acctals 44 

undergo a Claisen rcarrangemcnt with formation of 

amides 4!t (see Section Z&b)). 
(b) Cycloodddikm reactions. When a suitably consti- 

tuted polar molecule of type 46 reacts with an ynaminc. 
cycle adducts 48 are obtained. 

inslance, takes place at the C=C double bond, IO lead IO 
cycloadduct 49 (Section 3E(h)). These cycloadducts do not 

undergo rearrangement 10 cycle-ocfatrienoncs which 
would not easily tolerate a trans double bond within their 
medium size ring and their enamine function also does not 

undergo further addition IO the initial cycbhexenone. 
With qumonc. cycloaddition does not involve the C=C 

double bond but. rather, the CO group, thus leading IO the 

adduct 51 via the probable intermediacy of an unstable 

oxetenc of type 50 which then rearranges to the product 
during the reaction (see Section 3C). 

R,N 
R,N--C-C- - R>$=C=C’ - ‘(y’ 

* .A A’ ‘B 
I= 

48 

46 

Whether this reaction involves a discrete dip&r inter- 
mediate such as 47 has not been demonstrated. as such a 

dipolar ion has never been detected even at low tempera- 
ture. Nevertheless in most ca.ses the polar character of the 
reagents is such. that even when a concerted cycloaddition 
is allowed” n such an intermediate zwittcrion seems 
reasonable. 

The cycloadduct 48 like the simple adduct 34 is itself 

nucleophilic. II can be isolated in most of the cases (as in 

cqn a) since it is usually less reactive than the ynamine 
itself, but may also undergo rearrangement (as in eqn h) or 
react with another mole of the polar reagent (as in eqn c). 

The cycloaddition of ynamines with cyclohexcnone, for 

On the other hand, with benzyne, cycloaddition involv- 
ing the triple bond lcads IO a bcn7u-cyclobutadicne 53 

which now reacts further with another molecule of 
ben7yne (52 +53 + 54Ksec Section 3A). 

D. Scope and limirarions 
The reactivity, as well as the synthesis of ynamines have 

been reviewed a few years ago.” The aim of this article is 

not an exhaustive coverage of the chemistry of ynamines. 
but rather, to show through various examples the unusual 

capability of ynamines and the new pathways which arc 
made available IO synthesis by this versatile tool. 

This study which does not deal with the synthccis of 

il 
R:N(‘, ,R’ 

(’ 
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ynamincs will cover only addition and cycloaddition 

reactions which lead to the formation of C-C bonds, 
putting emphasis on those which have shown themselves 

most useful with respect to rcgio and stcrcoselectivity. 

A. Generul processes leudirrn ro C-C bond h! oddirion 
reuctions 

Formally. the formation of a C-C bond starting with the 

addition reactions on the ~riplc bond of ynamines. can take 

place either a or p to the nitrogen depending on the 
polarity of the carbon which is part of the polar rcagcnt: 

(a) Pro~onarion of yramines : amino _ cirr~lohr and 
ac.&.hw hy ynamines. The formation of a C-C bond 

takes place o to nitrogen with polar molecules bearing an 
acidic C-H bond. the socalled “carbon acids”.” 

Ynamincs arc basic enough, in contrast to acctylenic 

ether? to enolizc carbon acids such as, for instance. 

cyanoacetatc 58.“‘ The reaction leads to a conjugated acid 
which is. in the special case of ynamincs a ketene- 

immonium ion of type 55. This very reactive ketene- 
immonium ion is now neutralized by the carbanion “C ” IO 

lead IO an cnamine of type 56. The enamincs of type 56 
rearrange when possible, for instance as with 59, by 

transfcning a proton, to the more stable conjugated 
cnamines 60. 

,(‘N 

HX’-YfmI 
EI:N-_C~-_R -- ------- 

s7 

Et,h’=C=CHR + Er,N--(‘=CHR 

AH 
NC’ ‘(‘OOEt 

59 

I 
Et:N-i--CH:R 

,. 
(’ 

NC ’ ‘COOEI 
60 flt,N<d-SiMc, - WLi - Et,N-CbC-1.i 

The result of this reaction is the aminovinylation. and 
therefore the acylation of the carbon acids. Some 
examples described in ktion (2Rj illustrate this USC 
of ynamines as acylating reagents. 

Thex examples of aminovinylation are the result of 
region specific alkylation of the cnolatc ion on carbon 
rather than on oxygen. In the two following cases which 

(7 
+ RSiMe, 

RJh’-CzC4H, + RLi - R;N-Cd--CH,I.I + RH. 

68 

(b) Arplorion and ulkylorion 01 ynomin~s. The forma- 
tion of a C-C bond takes place. on the other hand, fl to the 

involve very acidic proton donnors such as nitro alkanes 

and ethyl acetcracetate. 0-alkylation has been observed; 

VP9 
Et,NX-C-R - Et,N-,C=CHR 

n 61 

It R: 
62 

63 64 

Er,N-CaC-Me 

n 

0 0 Et:N 

GIL-Lx;-_(!m ‘C=CHMe 
* 0’ 

‘C=CH-COOEL 
Me’ 

65 

I 

i -LamI 

Er:N Me - 
0 P 0 

- 

Me 

66 

The initial adduct 62 produced by addition of nitroal- 

kanes 61 with ynamincs, undergoes a (2-3)sigmatropic 

rearrangement which leads to 64 accompanied in some 
cases by a fragmentation which leads to 63.‘9 whereas the 

Initial adduct of the type 65 obtained from accto acetic 
ester undergoes an internal acylation, which gives rise to 

y-pyrones 66,U (compare to 2Ctb)5). 

Organomctallic compounds such as organolithium rcag- 
cnts. which might have produced a C-C bond a to the 
nitrogen do not add on the triple bond of ynamines. With 
ynamines of type 67”-” and 68,‘: lithium reagents lead 

instead to mtallation reactions: 



nitrogen with polar molecuks bearing an electrophilic 
carbon. Carboxylic acid derivatives, such as acid halides 
for example. add to the triple bond of ynamines to lead to 
adducts of type 69. The result of this reaction is an 
acylation of the ynamine (see Section C): 

0 0 
I I 

H:N-CkC- * 4’ ,A - R:S -C=<.--(!- 

A 
2 69 

Simple alkylation of ynamines cannot be effected by 
reaction with alkyl halides (see Section 2D). However the 

use of the Claisen rearrangement of adducts 76 obtained 

by reaction of ynamincs with unsaturated alcohols such as 
allylic alcohols, is a route to rcgiospecifK alkylation of the 

parent amides 71 (see Section 2D). 

R:N 
HO 

w 
R. ‘C=CH- 

R,NC-CH- 

2 
4 I -- -+ 

R,k 

70 71 

(c) Compcfirion between cyclooddition reactions and 
profonofion or oc,vlafion of ywnines 

( I) Competition between protonotiott and cyrloaddifion. 
When the carbon acid, also bears a function which can 

undergo cycloaddition. it is not easy to predict in all cases 
which of the two processes (protonation or cycloaddition) 

will prevail over the other. One involves attack by a proton, 
while the other requires attack by an clectrophilic center. 

Some situations lead to clear predictions because they 
involve either essentially non-acidic substrates. or on the 

contrary readily cnolizablc funcuonalities. 

One can expect, for instance, that the reaction with the 
&membered enol lactones 72 or the cyclohcxadienic 
carboxylic ester 74 will involve the electrophilic carbons, 
rather than the not very acidic hydrogens. By contrast, 
one could anticipate, that when the same functionalities 
are parI of a S-membered ring as in 73 or 75. the reaction 
will now involve the very acidic hydrogcns: 

72 
\ 

-=-N 
/ 73 

-c-_-N 
/ 

- - \ \ 

CoOMe 1 CYXMe I 

c&J 6: 
74 75 

In other cases howcvcr. it becomes difficult IO predicr 

which of the two processes will prevail over the other. 
Nevertheless in such cases two factors are crucial in 
orienting the reaction toward one or the other process: the 

rclativc sIcric hindrance at the two elcctrophilic centers 
(proton or carbon) and the polarity of the solvent. 

Various examples of stcric effect on the competition 

between protonarion and cycloaddition will be found 
throughout this review. Steric hindrance affects cycload- 

dition more than it does protonaIion. as is made clear by 
the example of the reaction of ynamine 77 with U./I- 
ethyknic keto-esters 76 in which cycloaddition al the 

enone moiety, leading IO 78, competes with reaction with 
the enol of the B-keto-ester leading IO 79:” 

76 
.- 
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Both processes, protonation and cycloaddition arc 

helped by increasing the polarity of the solvent. but there 

is greater acceleration of prolonalion because of the 

greater charge separation in lhal case. The amide- 

aldehyde 80. for instance. gives both a derivative of 

glutaconic acid 81 via cycloaddition involving the al- 
dehydc carbonylc, and enaminc 82. via protonalion hy the 
acidic hydrogen. In ether 81 is the major product (60%) 
with ynamine 77,“.” while in acetonitrilc it becomes the 
minor one (30%): 

cycloaddition reaction. In the cases in which there is 
competition between the IWO processes, as for instance 
with the bmcmbered enol lactones (Ke Section 2C(b)) an 

increase of the solvent polarity favors the addition pro- 

cess. because of its more pronounced polar character. 

B. Addition reacfions of yomines wifh “c-arbon acids”: 
ucylalion by ynomines 

0 

II 
Me CH-CNF.1, 

r- ,=(=c; 
I 

F.l:N$ H 

(2) Compefihon heheen acylurion und cvclouddirion. 0 oe 

Acylation of yIImIinCS results from the addition of car- II 

boxylic acid derivatives on the CzC triple bond which F.r’N--<‘-C-R ’ R’C-A 
4 E,&<*<R- ‘-R’ 

i 
gives rise IO cnamino-ketones 84: 21 A 

86 

\I 
E,:tJ=C=CR-C-R 

A” R, 
,\ 

This addition reaction can be in competition with the 
8l ti 

cycloaddition reaction involving the carbonyl which leads I RR 

lo the adducts of the type 85 and which will be described 
in Section 3C: i I 

0 II 
0 
II 

II 
>s (‘7.<’ -R . ()=(‘-_H’-_I:I.N-(’ (‘= (’ K’ 

Et:N--C’=CR--C-R’ El,N(‘--<‘=<‘-_R 

A 
! it! 

K h 84 8s 

x3 us 
(I) S-Membered enol-locrones. The reaction of 

The first slcp of these IWO processes has IO tx an attack 
ynxnines 57 with S-membered en&lactones 89 leads. with 

on the electrophilic carbon giving rise lo the intermediate 
yields of 4WWZ lo enamintrlactones 90:” 

ion 86. 
The intermediate 86 can be stabilized by loss of A 

(86-87) which then neutralizes the kctcnc-immonium ion 
moiety IO give the cnaminvkctonc 84. This prcxcss which 
results in an addition reaction is observed when A is. for 
inslancc. Cl . 

The intermediate 86 can also cyclizc IO a strained 
oxetcnc of type 88 which rearranges to give the a$- 
cthylenic amide 85. ‘Ihis process which results in a 
cycloaddition reaction is observed when A is for in- 
stance Et0 

The direction of the reaction toward one or the other 
process depends therefore on the nature of the lcaving 
group. A good departing group gives rise IO an addition 
reaction. whereas a poor departing group lcads IO a 

J=% . Et,N4J=C-R’ + 

R 0 1 n 

89 

NI<I, CH:R’ 

J. 

Jz 

‘CH:R’ _ 
rl 

n 

.‘OH 

R 0 0 R 0 ) 

90 91 

In the case of lactones with particularly acidic hyd- 
rogens. reaction of the ynamine does not involve the 
carbonyl. in COntriISt lo the saluraled laclones (3C) or 
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&membered enol lactones (ZC(b)), but rather, the acidic When the oxazolones have no acidic hydrogens (see 
hydrogens. ‘This reaction leads to an enolate 92. which is Section ZC(b)) attack by ynamines. occurs at the car- 
then alkylated on carbon rather than on oxygen, by the bonyl. 
ketene-immonium ion. As was already mentioned (2A(a)), (3) Cpclopenfodiene corhxylic esfef. Ynamines are not 
the initial enamine 93 is not isolated but is transformed in protonated by cyclopentadiene itself, since this mokcule 
siru. into the more stable adduct W in which the double dimerises faster than it reacts with ynamines. However, 
bond is now conjugated with the lactone carbonyl. the more electrophilic cyclopentadiene carboxylic ester 

90 

\ 
I 

92 93 

The value of this reaction resides in the fact that 

the resulting enamine system is a potential carbonyl 
and that one has, therefore, accomplished the ac$ofion 
of lactones 89. This acylation is not possible with the 

usual acylating reagents. Under classical acylation condi- 

tions, the strong base which is required IO produce the 
enolate would result in rupture of the lactone ring or 

polymertiation even at low temperature; with other reag- 
ents like ketene. for example, the product is the 0-acyl 

derivative of the enoLy The importance of this acylation 
reaction is that enaminolactones n are the precursors of 

l&diketones 94 which they yield by hydrolysis and 
decarboxylation. The ynamine procedure is therefore a 
new route IO 1.4diketones 94 in which R comes from the 
enol lactone and R’ from the ynamine: 

This method has been illustrated by the synthesis of 
cis-jasmone starting from a-angelicalactone and the ag 
propriate ynamine 91 bearing the c-is-2-pentenyl side 

chain.“ 

(2) Oxazokones. With oxazolones of the type 95 the 

96 is easily enolized by N,Ndiethylaminopropyne 13 and 
the reaction gives rise to the conugated enamine 97.R One 

does not observe any cycloaddition of this diene which 
would have led, as it does with the cyclohexadienic 

homolqgue (see Section 3F). to a bicycle adduct (98. in 
this case). 

- 
H 

% 

I, 
t 

! ,C‘(H)Me 

!(!+ 
NEl: 

I: I, 

7 
Me 

I3 - \ 
EI 

97 

OR 

(b) Acylotion of octalones and decalones. Another 

example of acylation by ynamines is thaw encountered 
with cyclenones hindered at the fi position, such as 

NEt, 

c/d’ 
+ Er,N-CGC-(‘H:-<‘=C--Et - MenO HnH + 

91 

initial enamine. obtained by reaction with an ynamine is octalone 99. One does not obtain, in such a case, a 

isolated when R is an alkyl group. whereas it rearranges cycloadduct of type 103 as would have been produced by 

into the more stable conjugated one when R is hydrogen:” cycloaddition at the C=C double bond of unhindered 

H 
;+_( =( R 

_..-_ 
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enones such as cyclohcxenones. The only adduct which is 
isolated, is enaminc 101 as a mixture of two geometric 

isomeres.” This result suggests that the addition of the 

ynaminc is not a concerted process of the type of an “ene 

synthesis”. but a two step one, involving the intermediate 

100. (A priori, adduct 101 could also come from the 
rearrangcmcnt of the I-membered cnamine IO3 (see Sec- 
tion 3Wb)) but this pathway implies an improbable attack 
of the ynamine at the very hindered clcctrophilic center of 
octalone). 

tlnamines 101 can be hydrolyzed by water to acyloc- 
Ialonc 102. ‘I’hcy can be selectively transformed to either 

c-is-105 (catalytic hydrogenation) or frans-164 (chemical 
reduction) acyldecalones. 

II is known that acylation of cyclenones IS difficult IO 

achicvc by classical methods utilizing derivatives of car- 
boxylic acids (a case of photochemical acylation of stcroi- 
dal cnoncs has however been described”). Ynamines 

offer a simple method of regiospecitic acylalion not only 
of octalones but also of c-is- or rran~ -decalones. ‘Ihe 

possibility of utilizing the resulting acyl group as a direct- 
ing group in further synthetic operations has been cxp 

lorcd starting from 105.“’ 
‘fhe aminovinylation of the angularly methylated oc- 

taloncs 106” and 107’lL also takes place but in lower yield 
(40%) while it does no1 take place at all with the hydrin- 
dane analogue.” 

03 0 ’ 
99 

( c3 ‘. 
. . : 

*.;’ r- MC 

III .N 

103 
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C. Ar~lurion of ynntnines 0 

(a) Ac,v/olion h.v ac-y/k acid derira~kes. Carboxylic 

F 

* <‘d .NL: 

acid chlorides. thionyl chloride and derivatives of car- 
. 

bonic acid such as phosgenc. add to ynamines IO give 
0 

excellent yields of adducts of ~ypc 84.“’ IlU 

0 

;y_(y_ L ~_JI_.,, .+ ;s_(k( X, 
I 

A 

a4 

A variety of hctcrocyclic compounds can be synthes- 
izcd taking advantage of the bifunctionality of adducts of 
type &1. as one can WC. for instance, in the following (I) Ketene-dimers. With diketcne 11.3 annulation leads to 
examples which involves the adducts obtained by addition amino y-pyroncs I19 accompanied by traces of amino-a - 
of thionyl chloride 108” or phosgene 109.” pyroncs 120.” 

0 
0 

MC 
Me 

UXI: 

EI,N-CGC--Me - 

,v 
El:N El:N 

109 

Adducts of type I IO which are produced starting with The strained ring of dikctcnc is opened following attack 
carboxylic anhydrides. from trifluoroacctic anhydride and on the carbonyl and the resulting dipolar ion 121 becomes 

N.N-diethylaminopropync. for example. rearrange to give neutral exclusively by 0-alkylation, with the formation of 
amides of type 1 I1 by stcreospecitic intramolecular 0 
acylation” 

amino-y-pyrone 119, via 122. One does not find any traces 
of the amino-diphenol 123 which would have been the 

110 

In a related reaction. the addition of acetic acid to 
ynamino-aldchydc 112 has IO produce an initial adduct 

simrlar IO adduct 110. The reaction indeed. leads to the 
amide 113 (cf. llO+ 111) which rearranges on heating at 
Ml’, IO pivc the thermodynamically more stable frans- 

isomer 114.” 

t ? H \ 

result of an a priori possible C alkylation. The methylene 
derivative of type I22 can be isolated when ynamines are 

acylatcd by the dimer of dimethylketene.“ 

The previously unknown aminopyroncs of rype I I9 are 
hydrolized by acid IO 4-hydroxy-?-pyrones. The 4 
hydroxk-?-pyronc 124. which is a metabolite of Penicil- 

0 
II 

(b) Acylufion hy c-y/k corhoxvlic ucid deriwtkes. If lium spififurum, can thus be obtained, in IWO steps. 
the structure of ~hc acid dcrivativc is of the ~ypc 115. the starting from dikctenc, in an overall yield of 4S%.~ 
dipolar ion 116. resulting from acylation of ynamines can (2) bhfemhered em/ h-tones : II neu’ onnularion sequ - 
become stabilized by internal neutralir;ltion which leads ence. The reaction of ynamines with the &membered 
IO cycloadducts of type 117: ’ lactoncs 125 give rise IO acylcyclohexancdione enamine 

If 
0 

0 II 
II c\ 

CR 
W,N<GK--R’ -- i -* II 

C’ 
2 A ’ ‘NR: 

115 116 117 
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123 

I31 accompanied or not. depending on the conditions 
reactions and the nature of the ynaminc by unsaturated 
amides of ~ypc 130.” In this case. the reaction is slower 

than with the strained diketenc and requires a 
stoechiomctric amount of Lewis acid (YgRr:). 

The initial attack of the ynamine at the carbonyl of such 
lactoncs, produces a dipolar ion of rype 128 which can 

follow IWO reaction pathways: 

II can bc in equilibrium by cleavage of the ring with the 
dipolar ion 129, the kctcnc immonium moiety of which is 
then trapped by C-alkylation. The C-alkglation gives in 

this case the &membered carbocycle 131 whereas O- 
alkylation would have led to an unfavorable g-membered 

hctcrocyclc of type 126. 

R: 

R. 

I25 

The irulial dipolar ion I28 can also undergo further 

transformation involving an intermediate oxetene I27 
with irrcvcrsiblc rearrangement IO the amide 130. 

F.volution of the intermediate of Ihe type I28 towards 
127 or 129 obviously depends on the rate of rhc ring 

opening. ‘This rate 1s very rapid in the reaction of 
ynamines with diketcnc (I I8 + ItI) and becomes progrcs- 

sively slower with enol lactones (l28+ 129) and cspcc~all~ 

with saturated lactones. as will bc discussed later 13C). 
Thus. diketene II8 is exclusively acetylated by dieth- 

ylaminopropyne via ring opening. whereas in contrast 

salurdled lactones such as mclhyl-valcrolactone 132. for 
example. undergo exclusively cgcloaddition at the car- 
bony1 IO give the corresponding a$-unsaturated amides 

without any cleavage of the lactone ring. On the other 

R: 

fb 
CJjEI 

126 

i 

k, 
130 
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hand there is competition between the two processes with 
dmcmbcred en01 lactones 125. As was pointed out prcvi- 
ously (Section 2A(c)) the extent of the acylation process 
via cleavage of the ring is increased by increasing the 

polarity of the solvent. In the case of &membered enol 
lactones, it is in fact possible to direct the reaction 

towards the opening of the ring and the annulation 

process. by using acetonitrile instead of ether, and to 
obtain selectively 131 for example from 125: 

0 

Me -c \ 0 

tie 

125 

J5E FKWI 

(3) Phrhalic onhydride and phfholides. The reaction of 
one equivalent of ynaminc with cyclic anhydrides. such as 
phthalic anhydride. gives rise to an initial adduct 134. The 
&membered cycloadduct 134 undergoes internal C- 
acylation leading to the indancdione 136. in contrast with 

the acyclic adduct 110 which undergoes internal 0 
acylation. With two equivalents of ynaminc. the initial 

cycloadduct 134 leads to the bcnzoxepinone 135. by 
further cycloaddition at the more reactive carbonyl.^ 

132 tie 

The annulation sequence starting from &membered 

annulated enol lactones opens a new route to the synth- 
esis of spiro systems. The synthesis of spiroketone 133 
can be performed for instance, in 5O?G yiclds:4 

ii 

131(SS%) 
0 
II 
<'-NEr: 
I 

I30 (0%) 

rice 

The initial &membered adduct of type 138 is isolated 

from the reaction of N,Ndiethylaminopropyne and 
phthalide 137, whereas it rearranges into the methylene 
derivatives 140 when the phthahdc is cuhstitutcd by a 

phenyl instead of a methyl group as in lss“ (cf. 

134 + 136). 
(4) Suhsrirurrd oxazolonts. The opening of the ring 

which occurs after the attack at the carbonyl of disubsti- 

tutcd cwdoncs having no acidic hydrogens is followed, 
as expected by N- rather than 0-alkylation of the inter- 

mediate dipolar ion, thus leading to pyrroloncc 141.” 

+ Et,N-G-C--MC 
13 
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RI 
) ,I:ti ‘i* MI 0 

N\ 0 

‘r 
Me 

(‘F, 

(5) Intramolecular acylation of kerene amino1 -esters. To 

end this section dealing with acylation reactions by 

ynamincs mention may be made of Ihe intramolecular 
acylation of 142. which follows the initial addition. of an 
a - or /3aminocarboxylic ester to an ynaminc. The intcr- 

mediary kctenc-amimal 142 which is produced in the first 
step. undergoes internal acylation with loss of alcohol.” 

D. Alkplafion oj ynamines 
(a) Alkylafion by alkyd halides. The direct atkylation of 

ynamines by alkyl halides is complex”.” and is not 
comparable to the alkylation of enamincs.’ ‘This result 

comes. as was already mentioned (IA), from the diffcr- 
ence in stability between the ketcnc-immonium ion de- 
rived from ynamincs, and the immonium ion derived from 

\ 
H-N 

1 ‘(CH). 

,C(X)E~ + ;v-(*3(.-R - ,V-,(‘=(‘HR 

.- 
h’, 

(‘OOi:.I 
” - lor2 (CH:).’ 

I42 

This reaction allows the synthesis of a variety of cnamines. The ketenc-immonium ion I43 cannot indeed 
hcterocycles:W bc isolated;” it adds. in sifu. IO a second molt of ynaminc 

(‘A. 

1. 
+p --+ 

I( I 
NMc: 

P- O 

0: 3 
(‘OOEI . * :I! - 
NH: (I dir ‘,I I 

R, 

c 

NR, 
NH: 
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IO lead IO another ammonium ion 144. rhc ncutraliration of u hlch IS achlcvcd by (’ (144 + 145) or by K (144+ 146) 
alkylation: 

Sk R MN, K 

Mc:N424--R - y$kc=c: d ,(k(. 

57 K X 
\ 

K 
X” 

I 

I.43 
I) 

c’**rs MC,S, H Yah,le.m 

I 
“3 

,c=c: 

W’ 

(’ x (.’ 
I’ 
NMC: “i 

! 

1 I44 

Mci 
K * H 

R 
\ ./ 

E 

I H’ 
X 

1; 

(‘-_H 

R 
I 

X“ 
N.Wc: (’ 

.Uc.Y’ %ue 
14.2 I46 

rb) Alkvlalion riu Cloisen reorrangemenr. When the initial adduct formed hy addirion of ynamines vv Ith a reagent HA-R 
of the type 147. for cxamplc. involves a 6 electrons system such as in I48 it undergoes a (J-3 bigmatropic rcarrangcmcnt 
which gives the parcnr derivative 149 of the initial ynaminc: 

W,N4ZkC- - fI.4 
W 

R’ - K+. (‘*‘H- - R.‘\;-_( 
./‘a 

A’ ‘! 

LP- 
4 

147 148 149 

This sequence is therefore an alkylation by an unsaturated chain. in which the double bond is rcgiospccifically fi IO the 
nitrogen related IO the initial ynamme. 

A variety of unsaturrtcd alcohols suchas allylic.“~“propargylic.“allenic”or furfurylic”alcohols react with ynamines 
lo lead. via the sequence shown below IO the correspondmg y-unsaturated amides. m good yields 

(R):9 
\ - R’ 
(‘=(‘HR” 

1:. (‘II’- II- / 
f((XH:<=CHR’ ( 

I 
* 4 

/ (‘R’ 
-+ 

K’ 

WN+ \ 

H’ 

R” 151 
150 

E1.N \ 
t,,s <I’ I- 

H(X;--C--<---R 
,c‘=(‘HR- 

. 

R- 
(‘EC-R 

R’ R” 

152 IS3 

Et.h’ 
\ 

F,,Pi ‘Y (L .,,(‘H: 
H(X‘fI:-_(‘=C=CH, . 

I 

- Et:N]iq 

R IJS 
Is4 

<‘H,OH 

156 



Ynamine: a wrsaklc tool in organic c)-nthcsu 1463 

The initial adducts 19. 152. 154 and 156 are nol pate in the rearrangement which smoothly occurs aI 110’. 
isolated. They smoothly undergo, as soon as they are The methylene dihydrofuran IS7 obtained by this process 

formed a Claisen rearrangement which leads IO stable with 70% yields can be easily transformed by trace of 
amides. The effectiveness of the N atom in assisting the acids into the furan 1% This method is therefore a useful 

Claisen rearrangement. is shown by the ease of the solution IO the probkm of introducing a substitucnt at the 

reaction. 3 position of a furan ring. 
Compare to the rearrangement of the corresponding The allenic model 154 emphasizes that the Claisen 

ethers. that of N.O-ketene-acetals 152, for example. ob- rearrangement of such a l-2-6 heptatriene is particularly 

tamed from addition of primary propargylic alcohols. is favored by the relief of strain involved in going from an 

very easy. The rearrangement occurs al room temperalure allene IO a conjugated amide.” The initial adduct 154. 

and is complete at 80” to lead IO the allenic amides 153 indeed, rearranges in sifu IO give the dienic amides 155, 

with 60-W% yields. Even tertiary propargylic alcohols the new route opened by this type of rearrangement has 
can be used in this reaction. In such a case. however there been further uttlized recently.‘* 

is partial recovery of the starting alcohols even at higher In contrast. the addition of allylic amines leads to the 

temperature. The carbinol 159 for instance gives rise, at N,h’-kctcne-animals 161 which can be isolated and rcar- 

I IS’, IO the allcnic amide I60 in a 42% yield together with range only at !W.” 

45% of the recovered alcohol: The alkylation of amides by an unsaturated chain 

The addition of primary allylic alcohol gives an initial 
adduct I50 which is similar to the intermediate of the 
previously known reaction between these alcohols and 

N.NdimeIhylacetamide dimethyl acctal.’ The interest of 

the ynamine method is that the rearrangement occurs at 
room Iemperaturc instead of at 140”. to lead IO y-un- 

saturated amides derivatives 151 in 60-W% yields. 
The addition of allcnic alcohols and furfurylic alcohols 

to ynamines deserves particular notice. as they give rise to 
vinylallenic systems 154 the rearrangement of which was 
not previously described, and IO vinylfurfurylic systems 

156 the rcarrangemcnt of which is particularly laborious 
with the corresponding vinylethers.” 

The furfurylic model 156 shows that the allylic double 

bond, although part of the rather stable furan ring, partici- 

‘(.)(__i:Ni’, 
I 

Me 

160 

through the Claisen rearrangement described above, is 
however not feasible with tertiary allylic alcohols, as 

these do not add to the triple bond of ynamincs. but lead 
rather IO cyclobutenyl salts of type 37 (see Section 1(:(a)). 

On the other hand. the Claiscn rearrangement can be 

successfully applied, to secondary allylic alcohols, such 

as 162 providing that no I.ewis acid is used IO catalyze the 
initial addition step: 162 + 163+ 16(. If the O,N-kcIcnc 
acetal 163 is formed in presence of BFI, it undergoes an 
elimination reaction 163 - 165 t 166, rdthcr than a Claixn 
rcarrangemcnt.” 

It is possibk to take advantage of such an elimination 

process. for the dehydration of saturated secondary al- 
cohols. Cyclohexanol, for example. is dehydrated at IW 
IO give cyclohexene in ItO% yieldsm 

I NR 
II 

A (‘,l(.-(‘H-_(‘-S’l’t- 

I 
C&H. 

161 

El,ti 
\ 
(‘=C’HR 

Bb, 
Et>N -C=_C-R c HO-_CH-_C=C-_(‘H, - 

yr 
21 

162 163 

I 

163 
St, 

! 

P 
’ L 3 
i 

El;h’fi-_YH-~=C--He Rt,!K--CH:R * ‘w 

0 R II ’ 

164 165 166 
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Et,N<4-R 

3. CYCtDNUItlWN RFA- QP YNhW!!PS 

A. General processes leading to carbon -carbon bonds by 
cycloaddirion reaction 

A survey of the results obtained in the field of cycload- 

dition reactions, evinces particularly well the unusual and 
versatile capabilities of ynamines. The new function 

found in ynamina. which is more nuckophilic than that 

found in other hctcrosubstitutcd acetylenes also hag 
petted to have a larger range of reactivity toward a variety 
of electrophilk unsaturated partners. 

This special propensity towards cycloaddition which 
will be developed in this section is schematized by the 
following different types of cycloaddition encountered 

with electrophilic acetylenes, ethylenes, dienes and I .3- 
dipoles: 

L 

E E 

n 

< 

(b) 
> 

I+ 2 - 

167 

N: 
(cl * 2 

1: E 

“: 
(4 4 2 - 

/ 
x0 s, 

(e) * 2 - 

Eb 
16R 

The cycloadditioas of ynamines with 1Jdipolcs (eqn c) 
which produces 5-membered hetcrocycks of type 168”’ 
will not be discussed here. We will discuss those cycload- 
ditions which lead to the formation of C-C bonds tqns a. 
b, c. d), with special emphasis on polar cycloaddidon of 
the 2 +2-type with elqtrophilic olefins (qn b). This 
process which is observed, in particular with cyclenones 
(see Section 3E(b)) and a$-unsaturated nitriks (Section 

3Etc)). produces Cmembcrcd enamines of type 167, 
which proved IO be very useful key intermediates in novel 
regio and stereoselective synthesis of CX bonds. 

Et.Si’-_(.H..R 

B. Cycloaddirion with carbon-carbon triple hufs 
Some of these cycloadditions were among the first 

reactions tried, as soon as ynamincs became available for 

they might have led IO cyclobutadiene struc~urcs of type 

N: - 
i I n - 

B A 

170 

In fact. all the attempts carried out with various clcc- 
trophilic acetylenes show the great reactivity of ynamines 

but fail with respect to cyclobutadicnc synthesis: in some 

cases because the dipolar intermediate 169 does not 
cyclize. in other cases because the cyclobutadicne 170. 
although produced, is nuckophilic enough to react, in situ, 
with another mole of the elcctrophihc acetylene. 

II is unlikely for instance that the dipolar ion 172 
cychzes IO the cyclobutadiene 173 during the cycloaddi- 
tion of N,N-diethylaminophenylacetylene with methyl 
acetylene dicarbonylafe.“’ This reaction which requires 
two equivalents of 171 actually gives rise to the biphcnyl 
derivative 174 as a single regioisomer. 

The complete rcgiosckctivity of this reaction suggests 
that the intermediate ion 172, rather than the cyc- 
lobutadiene 173, reacts with the second mole of acetyknc 
dicarboxylate. Nevertheless, attempts IO wrap either the 
cyclohutadiene (with nickel WI(S) or the dipolar intcr- 
mediate (with phenyl acetylene) have been unsuccessful 
until the present time for acetylene dicarboxylate Itself. 
reacts faster than 1hc additional trapping reagents.” 

It is also unlikely that the inrermcdiatc dip&r ton 175 
produced by the rcaclion of ymminCs with nitro- 
acc1ylenes proceeds via a cyclobutadiene. In this case, the 
reaction can be rationalized with the intermediate 175 
which does no1 add a second mole of nitroacc1ykne 
but undergoes a rearrangement IO a one IO one adduct of 
the type 176.” 

In con1ras1, a benzocyclobu1adiene of type 179 IS 
undoubtedly produced by reac1ion of ynamines with 
benzync for ifs reaction with another mole of benrync is 
necessary IO explain the formation of anthraccnc MO. The 
aminophenamhrcnc 178 which is also isolated can come 
either from the benzocyclobutadiene 179 tl79+178) or 
from the dipolar ion In (177 + 178L”’ 
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C.H,X=iC-NM, 
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We may recall here that stabilized cyclobutadiencs CM 
bc obtained starting from ynamincs, but by another route 
tsce Section ICta)). 

To end this section dealing with elcctrophilic triple 

bonds, it is worth pointing out that the reaction of 
ynamines with the G-N triple bond does not take place, 
even in presence of Lewis acids. This lack of reactivity 

turns out to bc very favourable. for it makes possible to 
use acetonitrile. for instance, as a polar solvent for 
ynaminc reactions. 

C. Cycloaddition with carbon -oxygen and carbon- 

nitrogen double bonds 

The cycloaddidon of ynamincs with the carbonyl of 
aldchydes and ketones” is easier than that of acctylenic 
ethers but is also catalyzed by addition of Lewis acids 

(BF,). The cycloaddition of ynamincs with the carbonyl of 
carboxylic estersuM or saturated lactoncs” is slower than 
that with ketones: the use of a stocchiometric amount of 

MgBo. increases the speed and the yield of the cycloaddi- 
tion in those cases. 

8 

NR: 

I. 
0 

/‘, 
R A 

+ ;j -‘* R 
D 

A, _,C--NR; 
- ,C=<, 

R R” 

I A 
R” 
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A - H. hlkyl. OR 

IRI 182 



These cycloadditions kad to the corresponding a$- 
ethylenic amides 182. probably via the intermediary ox- 

ctenes 181. The cycloaddition as in the case of acctylenic 
ethers,*’ IS stercospecihc with aldchydes” and the amide 
function of the product is frons to the R group provided 
by the aldehydc. 

Some examples listed below point out the feasibility of 
this unsaturated amides synthesis. via the cycloaddition 

of ynamines with carbonyl functions: 

The reaction with immonium perchlorates of type 187 
gives rise to conjugated amidinium salts 188 in 60 to 93% 
yield. When the initial imminium salt is part of ring, as in 

189, there is a ring expansion (189 + 190) as with the cyclic 
imines.’ 

D. Cyloaddition with hetero-cumulenes 

(a) Cycloaddition wirh carbon dioxide. The litterature 

records only a very small number of cycloadditions 

0’) C&H* SiMe. 

C.HAHO + Ef,N-CmC-SitMe), - (12) 
7,. H 

;C=C; 

7 
NM? 

cl 

R 
<‘,H, \ ,CNMex 

0 C 

B’S 
+ Me,N~-C.H, - 

??S 
(64) 

0 

8 

I I 
B’, * Et:N~<.H, - 

-m (M) 

0 
0 

0 II 

CH.-!OEt 
Mlf)r: 

- Et,N-CS-Me - 
H,C\ /CNEII 

(34) 
‘01 El 0 

,C=< \ 
CH, 

The cycloaddition of ynamincs takes place also with the involving carbon dioxide.@ Ynamines react with great 

C-N bond of imincs and with immonium salts. The imines facility with this very simple heterocumuknc to give, in 

183 lead to a$-ethylenic amidines 184 and when the quantitative yield. adducts of 2 moles of ynamines and 

imine is part of a ring as in 185, the cleavage of the one mok of carbon dioxide. 
intermediate 18( leads to expansion of the ring with 
insertion of 2 C atoms:” 

With N,Ndiethylaminopropyne 13 and N-methyl-N- 
phenylaminoacetylene 24 the cycloaddition leads to 

7’ 
(RhN-C=C-R, R:-C=N-R, 

h 

- R,R,C=C-C=N-R. 

2 
I 

lh3 

NfRh 

1g4 
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R, 
MN-.H, + ‘(&’ 

R, R,, C.H’ 
c=c-c 

,NMC, 

2.2 R,' 'R. R:’ ‘;R R I . 

- 

amides of akne dicarboxylic acids 191 and 193, together 
with very small quantities of aminocyclobutenones 192.” 

The easy cycloaddition of these ynamines with carbon 
dioxide represents therefore a particularly attractive route 

IO alkne I.3-dicarboxylic amides. 
In contrast, the cycloaddition of N,N-diethyl- 

aminophenylacetylene 22 with carbon dioxide, leads 
exclusively to the amino-ypyrones 194.% 

One can rationalize these results by assuming that 

initial cycloaddition of the ynamine and carbon dioxide 

. 

produces the Cmembered enol-lactone 1% which rear- 

ranges IO the intermediary ketene 1%. The latter would be 
expected to react with the initial ynamine. in three differ- 
ent manners (see Section 3D(b)): 

Pafh (4). Cycloaddition at the C=O bond leading to 197 
then to allenes 191. 

Pofh (b ). (2 t 4)Cycloaddition at the conjugated amide 
leading to pyrooes 194. 

Path (cl. Cycloaddition at the C=C bond leading IO 

cyclobutenones 192. 

192 W%t) 
,N 

. t0, 
(Me)K.H,)N--CeCH _ O=C 

+K‘.H. )Me ?&C.H, )Me 

193 (40%) 

H 
(R)>NC !NW) 

‘C=<‘=c’ 

, 

RI’ 

\R, 

191 I 
N(R), 

194 192 



(b) Cycloaddition with isocyanatts and kt~cntr. The 

cycloaddition of N.NJicthylaminopropyne with alkyl 
isocyanates 1% involves one equivalent of each reagent, 
and leads to the carbamoyl ketenimines 199 in 40-500/c 
yields:“.” 

Et,NGkC-Me - R--N-_C=O - 

13 1% 0 

&I, 
/ 

R.-.Nd=C 
\ 

199 Me 

It is likely that the initial attack of ynamines leads to a 
strained 4-membered intermediate M, as in the case of 

carbon dioxide (Section 3D(a)). This 4-membered system 

rearranges to give a carbamoyl kctenimine 199 which 
being kss reactive than the carbamoyl ketenes 1% or the 

N-phcnylketcnimincs,” does not add a second mole of 
ynamine under the conditions of the reaction. 

It is worth noting that the formation of the Cmembered 

intermediate BD, implies an initial cycloaddition of the 
ynamine involving the 0 rather than the N atom of the 

alkyl isocyanate. 

Me 

I3 + 198 
3 

- R--N= 
\ 

NEt, - 199 

‘0 
200 

The cycloaddition of ynamines with aryl isocyanates 

201 takes place in a tierent maJlllcr and leads to Camino- 
Zquinolones 2&Z”‘.“.” together with ?-amino4 

quinolones 2M in less polar solvent (benzene instead of 

acetonitrik”’ ): 

In the special case of the cyano-ynamine #)6. the Z- 
aminodquinolone to3 is formed together with a 4-amino- 
Zquinolone 207 a 2/l adduct of ynamine and phenyl 
isocyanate.” 

These results can be rationalized by assuming that the 

different cycloadducts arc produced by internal cycliza- 

tion of an intermediary dipolar ion of type #)9. via three 
different pathways: 

Path (a). 0-Alkylation of the enolate 209 by the 

ketcne-immonium cation followed by ring opening of the 

intermediate ##I, thus leading to an intermediary aryl 
ketimine 211 which adds a second mole of ynaminc and 
cyclizes to give the 4-amino-2-quinolone-methine struc- 

ture 207. 
Path (b). C-Alkylation, via a 6-center process. of the 

enolate 209 which gives rise to the 4-amino-Zquinolones 

202. 
Path (c). N-Alkylation of the e&ate 209 followed by 

the cleavage of the strain lactam 210. thus leading to an 

With styryl isocyanatcs” the initial cycloadduct 284 intermediary kctcnc 212 which cyclizes IO lead to 2- 

adds a second mole of isocyanates (29(-,2OS): amino4quinolones 203. 

N(R): 
C.H, C-H, 

N=C=O 

204 I 
(‘,H.- CH=C’H-NH 

205 
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SC’ N 13: 

pIb,., 

//C--o p 111” -04, 
N 

CN 

! 
-//’ '('NW): 

211 

204 

1 

207 

From the results available a1 1hc present time. one can 

observe that the O-alkylation process (path a) which is 
followed by the reactlon of ynamines with alkyd isocyan- 

ates 1% is an exception with the conjugated oryl isocyan- 
ales Yl. One can also note that lhc 6-center cyclisation 
(pa1h b) which prevails in most cases (it is the exclusive 
one wi1h the less nucleophilic ethoxyacctylcne’), is in 

competition with a direct four center N-alkylation (path c) 
with decreasing the polarity of the solvenr. 

The very smoo1h cycloaddition of ynamincs with 

ketenes can give resul1s as varied as that of isocyanatcs. 
Whereas the acetylenic ethers lcad IO ethoxycyc- 
lobutenoncs 213’ (wirh the exception of diphcnylketene“). 

the cycloaddition of ynamines with ketenes gives rise no1 
only IO aminocyclobutenone derivatives 215 but also to 

amides of allencs carboxylic acids 216. and in one case 10 
the y-pyronc 218. 

213 

N.N-Diethylaminopropyne gives an allene carboxylic 
acid amide 216 as the major or the exclusive adduc1, with 

various keIcnes such as aryl,“‘-n carbethoxy.” car- 
bamoyl ketenes.9* On the other hand, N.N-diethylamino 

phcnyl-acetylene products mainly the aminocyc- 
lobutcnones 215 with the same groups of ketenes. 

Sforeovcr, this last ynaminc leads exclusively IO y-pyrone 

l i 

202 203 

218 by reaction with the arylcarbamoylke1ene 217:” 

C,H, 
C-H. 

‘C=C=o 
E,:NC 

II 

217 
rib: 

218 

One can assume that the various types of cycloadducls 
come from the internal cychsation of an intermediary 

dipolar ion of the type 2M (compare to dipolar ion 209) 
which then follows three different pathways: 

Pofh (a). 0-Alkylation of the ambident enolate 220, via 

a four cemer process (uB+ 219). followed by ring open- 
ing of the strained oxetene 219. thus leading lo allene 

carboxylic acid amides 216. 
Porh (b). O-Alkylation of the enolate 220 via a &center 

process. giving rise to y-pyrone 218. 
Path (c). C-Alkylation of the enolate leading to the 

aminocyclobutenones 215. 
As was mentioned previously, the formation of the 

y-pyrone occurs only in one case (path b). The competi- 
tion between the two other processes. which are more 
common, depends mainly on the nature of the ynamines. 

rather than on that of the ketenes. The more reactive is 

the substituted ynamine, the more favored is the path (a) 
leading IO allenes. Moreover, the ratio of 0-alkylation 

(path a) vs C-alkylation (path c) decreases when the 
cycloaddition of a very reactive ynamine, such as N.N- 
dicthylaminopropyne. is carried out in the less polar 

solven1 (hexane instead of in acetonitrile’). 

K 
;c=c=o 

tt:s tti. I’ . 
R’ 

214 

K - C-H,. R’ L H or C.H, 

K - Me. R’ = COOEI 
R n MC. H’ - CONEI, 

l:.r .N 

R’ n 

R’ 

+ 
R ,<:NEr, 

R 
_;c=c=c, 

H’ 
0 

R 

21s 216 

R’ 2 C.H, (Major) R’ - Me (Major) 
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R" NEt. 'Pl' 
. ~c..(.~ 0 

I 
R 

219 

o o 
II II 

At" ~. / C N  l':t, 
R . . / C = - ( ' : C ~ .  R ' 

216 

~ l h l l )  
ii 

JACQUEIJNE F ~ I K I  

,@ 

NEt: 

O ~ .  R'" 

I 

" :.~C'" o "'O 
R 

220(A = OR'or NRT) 

l ,.~ I~ (1)l,  
p*ah (b) la~ A - N ), ~..) 

NEt: 

0 ~  R'' 

Et .N ~ " ~ O  
("~H, 

218 

Et:N R 

"~"' ' l.:,:s~ R . ~  ° 

0 

215 

The variety of results obtained from cycloaddition of 
ynamines with ketenes as well as with isocyanatcs, is not 
simple to rationalize at the present time. It is reasonable to 
assume, as was done above, that the polarity of the 
starting reagents favours a two-step process involving the 
dipolar intermediates 209 and 220 rather than a concerted 
one. Why the further cyclization of these dipolar inter- 
mediates is following one pathway rather than another, is, 
however not clearly understood. It is possible that the 
energies of the transition states of these different cycli;,~- 
tion proces~s are close enough to each other .so that the 
effect, even small, of factors such as, polarity, tempera- 
ture or steric hindrance, is sufficient to guide the reaction 
towards one or the other route. 

E. Cycloaddition with electrophilic ole/ins 
As was already pointed out. the ynamines, in contrast 

with the less nucleophilic acetylenic ethers, undergo 
cycloaddition reactions with a large variety of dec- 
trophilic o~efins. The cycloaddition can follow two 
different courses depending on the olefinic substrate: a 
process of the (2 .+ 4)-type leading to a 6-memhered ring, 
and a process of the (2 + 2)-type leading to a 4-membered 
ring. 

Cycloaddition of the (2 +4)-type takes place, for in- 
stance, with enones 221 which can assume a ciso~d 
conformation (Section 3Eta)) and with the cyclohex- 
adienic ester 222. which is fixed in a cisoid conformation 
(section 3F). 

N l-t., 

..,~t Ill ---" R ( ~ N E t ,  R ) (:'J 
C 
I R' 
R' 

221 57 

COt)Me © 
222 

57 

{ /~( 'O()Me 

Cycloaddition of the (2- 2)-type takes place, on the 
other hand, with, for instance, transo~d cycknones such 
as cyclohexenone (Section 3E(b)), and with a,~8-ethylenic 
nitrites (Section 3E(c)). 

O N Et: O 
[ ~  I ~ N E t .  

C 
• III . 

C ~ ' ~  R' 
I 
R' 

5"7 
CN 

C ~ N  ~ N E t ,  

- ° .  

Both processes (2 + 4) and (2 + 2) occur simultaneously, 
in some cases, such as, for instance, a,~-ethylenic esters 
(section 3F.(a)) or flexible dienic esters (Section 3F). 

Several new synthetic methods were developed using 

NEh 
OEt I E t O ~ N E t =  
I C " 

/ C = O  + Ill ' 
C 
I 

., R' COOEIx. NEt: 

COOMe 

/ + ~ . 

COOEr ~ NEt, + 

R' 
O 
II 

. ~ . . . ~ C O M e  

NEt: 
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the cycloaddition of ynamines with various lypes of 

clectrophilic olefins. The field of cycloaddition of the 
(2,+ 2)-type with cyclenones and unsaturated nitriles is 

particularly rich in results and will be discussed separately 

in the following Sections (b) and (c). 

(a) Cpclooddition with coriou~ acyclic tlectrophilic 
olejins. 

a$-ethylenic ketones, oldehvdes and esters. The a$- 
ethylcnic ketones of type 223 which can assume a cisoid 
conformation and in which the @position is not hindered, 

lead to the previously unknown amino-y-pyrancs 224 in 
4&60% yields.” ” 9p 

Ii. 
223 2 224 

With the a,fi-unsaturated aldehyde zt5, however. the 
y-pyranes 226 are formed together with the dienic amides 

223 which come from cycloaddition at the unhindered 

carbonyle via the oxetene 227.“.- 

With a$-unsaturated esters 229,” the y-pyranes 220 

are accompanied by the 4-membered enamines 231. These 
rearrange to give the more stabk en&no-esters 2.32 

when RI is an H atom. 

When the ynamines are not substituted on the C atom, 

such as ynamines 233, the y-pyranes 234 are, in this case. 
as reactive as the starting ynamines and are not isolated. 

They react, in sifu, with another enone molecule. IO give 
the pyrano-pyranes 235”L ’ identical with those obtained 

from N,S- or N.O-ketene-acetals 2.U.“D”‘ 

‘Ihe success of the synthesis of y-pyrancs 224 from 
substituted ynamines is therefore the result of the steric 

hindrance of the resulting y-pyrancs, which reduces the 
speed of their reaction with the starting enoncs. It also 

comes from the acetylenic function found in ynamincs 
compare to the cthylenic function found in ketene-acetals, 

for the ketene-acetals. even when they are substituted on 
carbon, as 236 do not lead in all cases to y-pyrancs as do 
the substituted ynamines. The cycloaddition mechanisms 

of ynamines and kctcne-acetals do not involve the same 
intermediate, as we pointed out previously (Section I A): 

with ketcne-acetals 236. the y-pyrane 224 has to be 
formed by elimination of HA from the dihydropyran 238. 

which can be in equilibrium with immonium ion 237. The 

immonium ion 237 can be neutralized no1 only by 

- R:R,N-_(‘ 

228 

W (A = NR, or SK) 



Uk2.38. (or carbocycli?aIionl but also by Irdnsfering a proton as in the cast of enamines, IO give the hetcrocyclization: 
Stork adduct 239: 

RL 

,NR,R, 

,c=c 224 
\ 

With the ynamines 2 the cycloaddtion leads IO pyranes 

224 by a process which can be concerted*’ a or which can 
involve a ketene-immonium ion such as MO. In either 
case, such a proton transfer cannot take place, since the 

related center is fully substituted. 
The comparison between the reaction of bis-N.N- 

diethylaminopropene 242 and N,Ndiethylaminopropyne 

I3 with methylvinyl ketone is particularly striking: 242 
leads exclusively to 241 by Ir-nsfer of a proton, whereas 

13 leads exclusively to y-pyrane 243 by cycloaddition 
reaction.““l* 

The formation of the Stork adduct of type 239 must 
become less favourable when the amine HA is eliminated 
more easily, in other words, when the immonium ion 237 

is less stable. This happens to be the case for the reaction 

of methyl-vinyl ketone with N.Ndimorpholinopropene 

NK.R. 

US. The latter which is less basic than 242, leads to the 
corresponding y-pyrane 244, as does the ynamine.“.‘““’ 

However, in contrast with the case of the ynamine, the 
pyrane is accompanied, in the case of the ketene-aminal 

by the Mannich base 246 coming from the IA-addition of 

morpholine to the enone. 
The 1.4-addition of AH which is generally observed in 

the reaction of ketene-acetals 236 and enones”‘.’ as well 

as a.b-unsaturated esters”L’ or nitriles”* results in the 
loss of half of the conjugated substrate. This side reaction 
does not take place, of course, with ynamines, which are 

therefore the reagents of choice, for amino y-pyrane 
synthesis. Some of these amino y-pyranes have recently 

been shown IO have antihypertensive and coronary dilat- 
ing properties.‘O” 

Eltctrophilic fluoro and nifro olcfinr. N,N- 

A \ 
It, 

* ! l-- 24L 
223 

c 

2’ i 4 / 224 
NR,R, 

R/ y 

R?“‘R . 

240 

0 
II 

NEI, 
‘)I:.I:I A-MU. i::. < d “(r 

Me--C-CH=CH, 
w 1) 

Me 

,,?-czc-u, 
l Me-_C-_CH=(-H, _k!_-. -244+ 

IS K 245 
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Diethylaminopropyne 13 reacts at room temperature with 
chloro- or bromo-trifluoroethylenes to give the halogeno 
4-membered enamines MT,'" whereas the perfluoro-2- 
butenes, such as the cis-isomer, gives rise to the per- 
fluorodienamine 2.48 (perfluoropropene and dich- 
Iorofluoroethylene produce a mixture of the two types of 
adducts"): 

F F 
. . C = (  \ 

X F 

T: F 
\ , / 
/ (  = C \  

F,(" ( 'F, 

Me NI-I: 

I-: F 
X F 

247 
Me NEt: 

\ . . /  
F f 

. . . .  " ~ +~(':C" \ F 
F,(" CF, 

1.48 

"l'he~ results can he rationalized by assuming that the 
dipolar intermediate of type 250 can he stabilized either 
by ~-elimination of a Iluonne ion (251-A--248), or by 
internal cyclization (250-B-+2,17). 

Me \ ( ' = ( ' = . ~  I ,~t .  \ ( ' = ( . ' = . ~  Et: 

I I 
F--{'--C'--F F--('--(~--F 

' I I \ F 
CF, ('l:, X 

250.A 250-B 

N,N-Diethylaminophenylacetylene reacts also at room 
temperature with double bonds conjugated with a nitro 
group even when the double bond is part of a heterocycle 
such as. for instance, 4-nitro-isothiazole." This eycload- 

NEI: 

(, 

tl HI 
s C 

I 
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ditition which gives rise to 251 is accompanied by a 
cycloaddition involving the nitro group which leads to a 
nitrone, probably via the intermediate 252. In a polar 
solvent (acetonitrile) this last process is the exclusive one. 

(b) Cycloaddition with cyclenones. (1) The different 
types o] cyclenones. The reaction of ynamines with 3-, 5- 
or 6-membered a,/3-ethylenic ketones leads to initial bi- 
cycloadducts 253, 255, ?56 which involve a 4-memhered 
enamine with a cis-junction. 

The very strained (2-1-0) bicyclic enamine 253 is not 
isolated. It rearranges, in situ, to give the amino-ketone 
7,54 hydrolyzed to the corresponding diketonef  

In contrast, the bicyclic adducts 255" or 2.% " ~  are 
thermally stable, for the energy required for the conrotat- 
ory opening:" of the cyclobutene is not available under the 
conditions of the reaction: 

() NEt- () 

H h'l - - - "  
((.'ll,). ,~. (. (('II;'). L, HIkR 

H I 
R 2.551n' Ior2 )  

() 

I A ~ /R' NEt: 

h, . I 
C 

o I C.H, 
C+H, 0 

R' = H (89) or (X,O:Me (90) 256 

The enamino cyclobutenone 257 which is isolated by 
reaction of 13 with I-3 dimethyl cyclobutenone is thermally 
stable under 171Y. However it is opened around this 
temperature to give an aromatic ring?" In contrast 

NO, 

,L ,o- j 
252 

C ~ H ,  

O \  ..., l 
N----(" 

' . CN I'll: 
S II 

O 

( ' ~ H ,  

(+.H, 

NEt+ 
I (" 

Ill (" 
I 

C.H, 

(LH, O 

C.H, (kH, 

() ( ~ H  ( H 

2+~3 

i 
C^It+ NI-I: 

, _  4") 

C H  C H, 
IS4 
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the bicyclic system X8 which is obtained from 13 and a four membered unsaturated sulfone can be characterized by 
hydrolysis of the enamine:” 

Me 

Me 

0, Me 
NEI: 

0 Me 

0 
HO NEl: 

1V 

I 
MC 

Me SEI, 
- ti 

‘I 

MC ' Me 

L-\ 

13 ‘Me 

257 

13 2s8 

The cycloaddition of ynamines with cyclopentenones 

and cyclohexenones will now be discussed. This reaction 

deserves particular attention because of the new pos- 
sibilities which it opens in regio- and stereo-selective 
synthesis of C-C bonds. 

(2) Regioselecficiry of the cycloaddiliun with cyclopen - 

lenones and cyclohexetwnes. The formation of cycload- 
ducts 255. which occurs without any catalyst. shows that, 
under these conditions, the ynamine reacts at the ekc- 
trophilic conjugated C atom rather than at the carbonyl.’ 

One must notice that if this reaction was preceded by an 
attack involving the N atom, this rcvcrsibk process, as it is 
the case with the enamincs’ would not be observed. 

gives the amide 261 in W% yields in the presence of 

MgBr:. whereas it leads to a 60% yield of bicycle adduct 
240 without this calalysI:Y 

0 

0X 

NEr: 

/- 
I 

THF 
MC 

Q-( 

ub 
bl:h cd-.$I(. 

89 

It is reasonable to assume that the synthesis of bicyclic 

adducts 255 is not a concerted process but involves 
instead the dipolar ion 259. This dipolar intermediate does 
not became neutralized by O-alkylation which would lead 
to a y-pyranc with a double bond at the bridgehead. It also 
cannot transfer a proton as does the immonium ion 

derived from cnamines’ since the b-carbon of the kctcnc 
immonium ion is fully substituted. II therefore undergoes 

an internal C-alkylation which leads to the dmembercd 
enaminc of the type 255, par1 of bicyclic (3-2-Q or (42-O) 
systems, with the more stable cis-fusion. 

In presence of Lewis acidPI (MgBr:). in con~r~t, the 
ynamines react cxclusivcly at the carbonyl IO give 
conjugated dicthylcnic amides. The reaction of cyclohcx- 
cnone with N.N-dicIhylaminopropync 13. For instance, 

(3) Sfereoselectivity of the cycloaddition wirh cyclohex - 
enones. There arc not many reactions, in cyclohexcnic 

systems where the presence of an equatorial substituent 
is enough to determine the configuration of a new asym- 
metric center created l-3 to the substitucnt.W’ The 

cycloaddition of N.Ndicthylaminopropyne with 5- 
methykyclohcxenone provides a clean example of such a 
control. The entry of this ynamine is. indeed, selectively 
Irans to the MC group and leads IO the cycloadduct 262 in 
which the two angular hydrogcns are cis to the ring Me? 

0 

He J3 

tCH’A.4 - CCIC,,. 
H + 

- 
<’ 

@I: 

H : 

.4 

n -1orZ R 

259 

II 

THF/MgRr, 
E&NC', ,KEc: 

C 

L ‘6 

261 

NEI, 0 

‘(! - 

I MC' 

2x3 
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It is likely that this stereoselectivity comes from a On the other hand, when the cycloaddition of ynamines 
better orbital overlap when the bond which is fort& in creates a new asymmetric center l-2 to the substituent. as 
the transition state is axially rather than equattially the case of 4methykyclohexenon, the reaction is only 
oriented. This stereoelectronic control is such, that one stereoselective. A mixture of two isomers 263 and 
does not observe the therm&mamically mOre stable 264 is produced. in which the fruns isomer is the maior 
isomer corresponding to the equatorial~ entry of the one.- 
ynamine: II is likely that in this case. the axial entry of ynaminc 

occurs mainly on the conformer which bears an axial 

_+L() 2, McJ=O” 
Minor 

(4) Sfereoselecfi~e roufe IO disasfereoisomeric five and 

(’ 
MC’ + 

sir membered l-5 lute-acids. via controlled hydrolysis of 

C 
\ 

yamines hicyclic adducts. The cycloadducts 255 are 

YEI: potential j3-diketonic systems since the enamine function 

Minor 
can be hydrolyzed into the corresponding four membered 
cyclobutanones 265 and 266. 

0 . 

/ a:n= I 
h:a=Z 

0 



1476 JACQUELINF. FICISI 

It would be expected that &diketones 2&a and 246a 
would cleave the more strained ring of the molecule to give 
the IJ-kcto acids 267 and 248. which obviously could be 

obtained via a Michael reaction of alkyl malonates and the 
corresponding cyclenones. 

The main point of the sequence starting from bicyclic 

enamincs 2!tS is that, in contrast with the Michael reaction 

which leads necessarily to a mixture of diastereoisomers 
(267 4 2&t),one can obtain at will, either isomer 267 or 268. 

Ihe ynaminc method makes, therefore, possibk the 

formation of a new C-C bond l-3 to the carbonyl of 
cycknoncs. while establishing, at the same time. the 
relative configuration of asymmetric centers which arc not 

only part of a ring but also part of a flexible sickchain. We 
will IK)W discuss the hydrolysis conditions of bicyclic 

enamines of type 255 which allow the highly stcreoselcc- 
tive control of the stereochemical course of the reaction. 

Hydrolysis of (3-2-O) bicyclic enamines 
In acidic medium (IO% hydrochforid acid solution) the 

hydrolysis of ZSSrgives the rkcto acid 275 in 70% yield. In 
contrast, in neutral of fairly basic medium (catalytic 
amwnt of sodium hydroxide), this hydrolysis leads, in 70% 

yield, to y-keto am& 273, the structure of which is 
diastcreoisomeric with 275.“.” 

This stereoselectivity cao be rationalized by assuming 

that protonatioo of the enamioe 2!% gives kinetically 
immomum ion 270 in which the proton is added on the less 
hiorkrcd side of the molecule rather than immonium ion 

269. The immonium ion 270 can be equilibrated to the 

thermodynamically more stable isomer 269, via the 
enamioe 25%. IO acidic medium (10% HCI), however, the 
steps 270 4 272 + 244 + 275 leading to the keto acid 275 are 

suffkieotly faster than the reactions 27’0 + 2!Ba -+ 269 or 
2Un+2Sa. that equilibration does not take place. The 
hypothesis that aqueous acid hydrolysis with HCI is 

kinetically controlled is supported by the fact that, if 
immooium ion 270 is allowed to equilibrate, i.e. if the 

adduct is first treated for 30 mio with dry hydrogen chloride 
in ether, before addition of water or with AcOH” 6% 

(950), the dione 26Sa which can be isolated affords the keto 
acid 274 free of diastereoisomcr 275 in quantitative yield. 

Under basic conditions. equilibration of the Me group 
via no + Wa--, 269 or 266r + 26% takes place faster than 

the formation of the cleavage product and 273 is produced 
via 271. 

It is worth noting that under thermodynamic control in 

0 

0 

m 
II 

0 

H 

H Cb 0 

Mc’ H 
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acidic medium (dry HCI) the keto-acid 274 is produced 

together with a 45% yield of ketoacid 276 which comes 
from attack at the CO group of the cyclopentane ring. 
Under kinetic control (10% HCI solution) this acid 276 is 
only formed in trace amounts. 

It is possible that steric hindrance of the cyclobutane 
center by the Me substituent on the exe side of 269 is 
responsible for directing the attack on the cyclopentane 

center. In agreement with this view one observes the same 
effect when the exe-side of the cycloadduct is hindered by 

an angular alkyl group as it is found in 277. The angular 

substituted bicyclic enamine 277 is, indeed, hydrolized by 
a 10% HCI solution to give with 7tW yields a mixture of 

the two keto acids 278 and 279 in a ratio which depends on 
the bulk of R. Carried out in presence of a MI% solution of 

acetic acid this hydrolysis can become highly regio and 
stereoselective: it leads to keto-acid 280, if K is an heptyl 

group. The factors which govern such a control of the 

hydrolysis by acetic acid are under investigation.p 

Hydrolysis o/ (4-2-O) &cyclic enomines 

The cycloadducts 2!5Sb are thermally stable, but can 

rearrange via polar processes to give the isomer% 
enaminoketones 284 and #u in which the double bond 
is conjugated with the carbonyLfu The bicyclic (4-2-O) 

system 29%. in contr-st to the bicyclic (3-2-O) system 2SSa. 
readily allows a double bond to the ring junction. 

The rearrangement of the enamine double bond pro- 
duces asymmetry on the center bearing the R group, and 

the steric course of this rearrangement can be controlled 
by the reaction conditions. It is possible to obtain. at will 
either one or the other of the two stereoisomers which 

differ from one another by the configuration of the chiral 
carbon substituted by R. 

Carried out in neutral medium, i.e. with water as proton 
donor, the rearrangement leads stereoselectively to 
enamino ketones 2&l in which the proton is added on the 
exo-side of the initial enamines: (R group. 1r4ns to the 

angular hydrogen). 
If. in contrast. this rearrangement is carried out in two 

steps, i.e. by using tirst dry hydrochloric acid then, sodium 

bicarbonate, the more stable enamino ketones 28!t are 
produced in which the proton is now bound on the endo 

side (R group cis to the angular hydrogen). 

The high stereoselectivity of the rearrangement can be 
rationalized as m the case of (3-2-O) bicychc enamines, in 

terms of kinetic vs thermodynamic control. 
The kinetically obtained immonium ion 283 can be in 

equilibrium with 281 or with its thermodynamically mOre 
stable isomer 282, but the equilibrium 283~Z82 is not 

established in presence of water. In aqueous medium. the 

kinetic immonium ion 283 is indeed neutralized faster than 
it is equilibrated, to give enamino ketone 284 in which the 

configuration of the asymmetric center remains un- 
changed. This enamino ketone can be isolated in this case, 

for its basicity weaker than the basicity of the initial 
enamine 2SSb. shifts the equilibrium essentially towards 
284 which is not hydrolysed in the neutral aqueous 

medium. In non aqueous medium (dry HCI in ether) the 
equilibrium 283A82 is taking place and enamino ketone 

285 is produced by neutralization with sodium bicarbo- 
nate. 

The enamino ketones 284 and 285 can be handled easily 

but, in contrast with their isomers 259~ they are not, as 
expected,?’ thermally stable. They rearrange around I lo” 
to give the dienes 238.“” 

Upon hydrolysis in acidic medium the enamine func- 

tion of the cycloadducts 2591 or 284 leads to the cones- 

0 

___\____j 

I 
,a.‘*. 

,,,I.’ i 

NF.1: 
() I b 1 “\ .NH 

Z, 
\ 



Y naminc: a versdc rod in organic s)nthfsls 1479 

pond@ diketones which are cleaved, in sifu, and give rise 

to rketo acids 237 whereas the cycloadducts 285 lead via 
the same process to diastereoisotneric ketoacids 2tU, in 

7NO% yieMR 
The steric course of the hydrolysis of bicyclic (4-2-O) 

enamines is also selectively controlkd when the cyc- 
lohexane ring is substituted. For instance, the three 
asymmetric centers of keto-acids 290 and 289 have been 
stereosclectivcly created.- The cis-relationship be- 

tween the Me part of the cyclohexane ring and the 
hydrogens is established by the cycloaddition of the 
ynamine, which occurs rron~ to the MC. The relationship 

between the hydrogen of the cyclohexane ring and the 

chiral center of the side chain is established by the 
hydrolysis of the bicyclic cnaminc 262. 

The stereochemical control of the steric course of the 
hydrolysis of bicyclic (4-2-O) enamines is fairly general for 

it occurs not only with cyclohcxenone itself and 5- 
mcthylcyclohcxenonc but also with methylcyclohex- 

enones substituted at position 4% or 6.* 
The method of controlling the chiral center of a side 

chain via the hydrolysis of bicyclic (4-24) enamincs has 

been used recently to perform the first stercospecihc 

0 0 / 

1 

4 COOH 

Ye 

H ““*Me H 

Me 

28) 298 

synthesis of (2) Juvabione 291.1m The difficulty of the 

synthesis of Juvabione comes from the fact that one of 

the two asymmetric centers is in a free rotating side chain. 
The application of the ynamine method is especiaBy 

attractive in this case as it resolves the problem of 

stereospecific construction of (2) Juvabionc from keto 

acid 287. at the very beginning of the synthesis. 
(c) Cyclooddifion wifh a.@-efhylenir niffiles. The cyc- 

loaddition of ynamines with a$ethylenic nitriles 292 and 
2% leads to cyclobutcne enamines 293 and 297 in 40-W% 

yields. 
The cycloaddition is slower with nitrilcs 292”’ than with 

enones or a./3-ethylcnic esters and needs a stoechiomctric 

amount of Lewis acid (MgBr?), except with acrylonitrile 

itself and with the more clcctrophilic n-halo a$- 
ethylenic nitrilcs 295.‘“.“’ 

The initial adducts 2% obtained from halonitriles arc 

not isolated: they undergo in sifu. a 1,3-migration of a 
halogen which gives the enatnino-nitrile 297 in which the 

enamine double bond is conjugated with the cyan0 group. 

In contrast, this rearrangement occurs only in presence of 
a proton donor 293-294 (water. for instance) with the 
adducts 293. if R is an H atom. 

The cycloaddition is, as expected, of (2 +&type. A 
cycloaddition of (2 t I)-type, involving a hcterocyclixa- 
tion of the dipolar ion 298. is cnergctically unfavorable for 

it would lead to a kctene-iminc function as part of a 

bmembered ring. 

R 

2% 

The cnamino rutnles of the type 297. the halogens of 
which can be smoothly reduced (for instance 299+300) 

are dchydrohalogenated with difficulty. This process does 
not lead to cyclobutadiencs of the type 301 which were 
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expected IO be stabilized by the pushpull effect of the 
theoretically favourable ammo and cyano grcup~.‘~ The 
dchydrohalogenacioa gives instead (he cyclooctatetraene 
362 in very poor yield.‘q 

NEt, 
***‘OH 

C-H, 

Ef,N CN 
301 302 

The Cmembered enamines 293 or 297 are hydrolysed in 
acidic medium in excellent yield (7040%). and this reac- 

tion is a good route lo a cyanocyclobuianones Jo3 or 305. 

fl-ketonitrile 309 is not cleaved upon hydrolysis in acetic 
acid, in contrast, with the B-diketones derived from 
hydrolysis of cyclopentenone-ynaminc adducts such as 

26Sa (Section 3FA) but the stereoselectivity of the reac- 
tion is similar. 

3m 

C-N (‘N 

The hydrolysis of bicyclic adduct of the type 308 is 
therefore a good route, for the stereoselective synthesis 

of (3-2-O) /3-ketonitrilcs of the type 309. Moreover, it was 
shown”’ that the cyclobutane ring, which is part of 
bicyclic @-ketonitrile of the type 389 can be cleaved 

The 4-membered /3-kctonitriles systems 13 and 305 
behave classically in presence of basic reagents:‘O’.‘” they 
are cleaved to give the corresponding mono nitrik of 

glutaric acid 304 and 366 without fragmentadon’~ or 
contraction of the 4-membered ring, whereas this latter 

process is partially observed with Q chlorocyc- 
Iobutanone.‘g 

The use of cyckraddition of ynamines with unsaturated 
nitriles is particularly attractive when the ckctrophihc 

doubk bond is part of a ring as is tbe case, for instance, 
with cyanocyclopentene 397. The cycloaddition of 
ynamines with such systems leads, indeed, to bicyclic (3- 

2-O) cylnoznamines 3M the hydrolysis of which can be 
highly stereoselectivc.~~‘” 

For instance. the bicyclic enaminc 3#3 obtained in 75% 
yield from N,Ndiethylaminopropyne and cyanocyc- 
lopentcne 307, is hydrolysed by a 60% aqueous acetic 
acid solution, in 95% yield. This hydrolysis leads to the 
/3-ketonitrile 309 bearing an uo Me group, with less than 
5% of its isomer 310 bearing an tndo Me group. The 

stereosekctively. The ckavage of the cyclobutane ring 
occurs indeed after any nuckophilic attack (B’.) at the 

carbcmyl center, sod can be an efficient route to system 
such as 311. in which the asymmetric center part of the 
flexible side chain has been stereoselectively controlled. 

The ring cleavage of 309 is a specially favourable process 

for it releases the strain of the (3-24) bicyclic system. 
However, the carbonyl center is rather hindered and in 
order IO achieve the stereoselective ring opening the 
attack at the carbonyl has to occur without completing 

cnolization which would epimerize the crucial center 
(R31.J. 

These requirements are not fullfilled by strong bases 
such as sodium hydroxide which gave a mixture of the 
corresponding cyano-acids. 

The solution IO the problem is given by the use of non 
enolizing reagents, such as metallic hydrides. The alkox- 
ide 312 obtained by reaction of sodium borohydride with 
the kctonitrile 309. undergoes a fragmentation which 
releases the strain of the ring. thus leading to the aldchyde 
313, which is immediately reduced to the corresponding 
primary alcohol 316. These steps occur without epimer- 
ization of the crucial asymmetric center (I to the car- 
bonyle, for the lactone 314 of the hydroxy-acid 315 
prepared from hydroxy-nitriles 316 is obtained as a single 
isomer. 

The ynamine method thus makes possible the synthesis 
in a 70% overall yield of the bicyclic lactonc 314 in which 
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309 

OH 

1 

CN 

314 315 

the three asymmetric centers arc controlled. (The cis- 
junction of 314, more stable than the rrons, is achieved 

during the lactonixation and the treatment by K.CO,). 
The method was used to perform the synthesis of (?) 

isodihydronepctalactone 319,‘- a cyclopcntanoid terpenc, 
which occurs in nature as the dextrorotary cnantiomer. 

The synthesis of fscdihydronepctafactone 319 starts 
from N,Ndiethylamino propyne and S-mcthyl-l- 
cyanocyclopcntene 317. This synthesis clears up two 
points related to the effect of the additional Me group. on 
the cyclopcntane ring: first, with regard to the control of 
the stereochemical course in the sequence just described 
in comparison with cyanocyclo pcntcne itself, and sec. 
ond. with regard to the stereochemical course of the 
cycloaddition of the ynamine. 

First. it is found that the presence of the MC group on 
the cyclopcntanc ring does not affect the control of the 
steric course either of the hydrolysis of enamine 318 or of 
the reductive ckavage of the ring. The ci.r-relationship 

316 

between the two angular hydrogcns and the Me part of the 

lactonc ring is indeed ckarly established via the sequence: 

318+320+319. 
Second. it is shown that the presence of the Me group 

on the cyclopcntenc ring also has no effect on the stcric 

course of the ynaminc cycloaddition. The entry of 

ynamine is not, in fact, stereoselectively mm to this Me. 
for cycloadduct 318 is obtained in 95% yield, as a mixture 

of the two methyl cpimers in a ratio of about one to one. 
This result supports the hypothesis of a two step 

process involving a dipolar intermediate of type m. for 
one would cxpcct that a concerted &enter addition of 

ynamincs to ethylenic nitriks. would have led in the case 
of 317, to some stereoselectivity. 

The (~)_isodihydronepctalactone 319 is easily separated 
from the mixture of isomeric hydroxy-acids by fractional 
lactonization. The unnatural &-isomer 321 is also ob 
tained pure by fractional lactonization of the correspond- 
ing hydroxy-acid. An interesting point is that the un- 



natural frons-lactone 323. which is more difficult to obtain 

from the corresponding hydroxy-acid 322 is formed to 
gether with ifs cis-isomer 321. These two isomers which 

were not known previously can be equilibrated to give a 4 
to I mixture in favor of the cis-isomer 321. 

The control of the stcric course of the hydrolysis of 
annulatcd I-membered enamines derived from cycloaddi- 
tion of ynamines with cyclenones and nitrilcs opens a new 
route in stereosclcctivc synthesis. It has recently been 

shown for instance, that this control occurs also with the 

cycloadduct 325 obtained from cycloaddition of N,S- 
diethylamino propync with maleimides 324. The hydrolysis 
of this cycloadduct by a 10% aqueous solution of 

hydrochloric acid leads to the acid 326 as a single isomer.““’ 

F. CycloaddiGon with clcctrophilic dienes 

The mode of cycloaddition of ynamines with elec- 
trophilic dienes is strongly dependent on the conforma- 

tion of the dicne. A cisoid conformation would be ex- 
pected to favour a (2 t I)-process over a (2+ 2)- 
proccss.z’.“0 

The cycloaddition of ynamincs with flexible dienic 
carboxylic esters of type 327 leads to cycloadducts 328 
and amino-tricnic esters 329 in very good yields:“~“’ 

r, NEI: 

I I 

The cyclohcxadienic esters 328 come obviously from a 
cycloaddition of the (2 + I)-type on the cisoid conforma- 

tion of 327 whereas the amino-trienic esters 329are formed 

by rearrangement of an intermediary cyclobu~enc of type 
3M. obtained by cycloaddition of the (2 - 2)-type on the 

318 

321 322 323 
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terminal double bond: 

r 1 

L 

hle G?m/cia] + 329 

330 

When the terminal double bond is part of a cyclopropcne 
ring such as 331 or 333. the intermediate (2-14) bicychc 
adduct obtained by (2 + 2)cycloaddition rearranges to give 

fulvene derivatives of type 332 which cyclizc further in the 
case of 333 (333 + 334):“’ 

331 I3 332 

C--Me + 13 - 

! H 
“I 

333 
Me 

II 

334 

Cycloaddition of the (2 + 2)-type is. in general. the mabr 
process with acyclic dienic esters like 327 and ynamincs.“” 

It is favourcd with respect to the (2 *4)-process by the 
presence of a substitucnt Q to the carboxylic ester which 
probably hinders the ciso’id conformation as is shown in 

the following examples. These examples show also that 
there is a greater accekration of the (2 + 2)-process, the 

polar character of which is more pronounced than the 
(2 + I)_process.when the polarity of the solvent increases: 

On the other hand, cycloaddition of ynamines does not 

occur at all with the fixed transoid ekctrophilic dienes 

335”“” and 336’” 

In contrast, the cyclohexadienic ester 337 which is held 
in a cisoid conformation undergoes, as expected, a cyclo- 

addition of the (2 + 4Mypc and gives rise to the bicyclic 
cnamine 338 in soo/c yield:“‘.“’ 

COOMe 

337 338 

I3 

The bicyclic enamine 338. undergoes an Alder-Rickcrt 
reaction with loss of ethylene around Ro”. but is stable 

below this temperature: 

11 is worth noting at this point, that some other cycload- 
ditioos of the &Is-Alder type, are known in the chemis- 

try of ynamines. In the examples listed below, the initial 

cycloadduct of the (2 + 4btypc is not isolated as it under- 
goes in situ a rctro Dick-Alder reaction: 

tiEI. 

Ydrr -WI: MC 

N ’ () ( _::,., Y . 
(114) 
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0 NEI; 

C.H, CA C.H. 
‘*be, (1 t.,.a: 

. (11’) 

The bicyclic (Z-Z-2) cnaminc 338 which is easy lo handle 
below 80”. in contrast to the above examples, is hydrol- 
ysed in acidic medium at room temperature to the corres- 
ponding bicyclic keto-esters 339 and w). 

The control of the steric course of the hydrolysis of this 
bieyclic (2-2-2) enamine 338 is not, as one can expect, as 
efficient as that of the more re&ditYerentiated bicycle (3- 
2-0) and (4-20) enamines dervod from cycloaddition of 
ynamines with cyclet~~~es and cyanocyclopentene. 
Nevertheless the selectivity is rather high under kinetic 
control for tbe keto-esters 339 and 3W are obtained in a 
quantitative yiekl, in a ratio of about 6/l. This is rather 
surprising as the only difference between the two direc- 
tions of approach is hindrance by an athano vs an etheno 
bridge ia the otherwise symmetrical system of 338. 

(..H,++lH. 

C.H. 

The method used for cleaving the ring of 4membered 
p -ketonitriks M or 3B can be applied to the mixture of 
the &membered fi -ketoester 339 (8~!Xt%) and 3rw (IS 
10%). The alkoxides 341 obtained by reaction with sodium 
borohydride, are cleaved to give the corresponding al- 
dehydes 342 which are reduced, in situ, to the primary 
alcohols 343. The driving force for the ring opening 
(3414342) is in this case, the formation of the stablized 
conjugated enolate shown in 342. in addition to strain 
relief. 

The interest of this sequence is that it makes possible 
the stereoselective synthesis of hydroxy-ester 343. in 
three steps and a 45% overall yield starting from the 
ynamine 13 and cyclohexadieaic ester 337: 
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