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1. INTRODUCTION

The cyclisation reactions of propargyl compounds have
been the object of a comprehensive study in view of their
importance for theoretical and synthetic organic chemistry.
The characteristic features of the cyclisation of propargyl
compounds are in many respects determined by their
tendency to undergo rearrangements, Michael addition reac-
tions, and diene and carbene syntheses.

The increased interest in the cyclisation of propargyl
compounds is caused, apart from the need to solve theoretical
problems, by their enormous role in the synthesis of carbo-
cycles and heterocycles otherwise difficult to obtain, which
can serve as the starting materials for the preparation of
natural products and medicinal drugs.

Derivatives of isoquinolines’, pyrimidines?, pyranoflavans?,
and pyranoacridones", which occur in natural condensed sys-
tems, many vitamins, and antibiotics, have been obtained
from propargyl compounds. For example, we may note the
synthesis of a natural antibiotic—the lactone of 4-hydroxy-
2-vinyl-but-2-enoic acid—from propargyl vinyl ether®, of
hydroxypyrones with a broad spectrum of biological activity
from propargylvinyl alcohols®, of aryldihydroisoquinolines,
which are intermediates in the synthesis of alkaloids, from
propargylbenzylamines®, and of oxazoles, which are inter-
mediates in the synthesis of vitamins Bg, from O-propargyl-
iminoesters’. The antihypertonic activity of N-(guanidino-
alkyl)pyrrolidines, synthesised from tertiary homopropargyl
alcohols®, has been noted and synthetic lignan lactones have
been obtained by the intramolecular diene synthesis from
propargyl propiolates®.

In view of the undoubted practical value of acetylenic com-
pounds of this type, there has been a considerable growth
in interest in their cyclisation reactions in recent years. A
monograph’® and a number of reviews''~'® have been pub-
lished on the chemistry of acetylenic compounds, but they
do not deal with the problem under consideration in terms
of the cyclisation of propargyl compounds. In the present
review an attempt is made to arrange systematically the
studies in the last ten years on the cyclisation of propargyl
compounds. Data published before 1971 are considered in
those cases where this is necessary for the purposes of
exposition.
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I, CYCLOADDITION

The cyclisation reactions of unsaturated systems in which
rings are formed solely as a result of the rupture of m-bonds
without the elimination of any fragment are known as cyclo-
addition reactions. These reactions constitute a universal
method for the synthesis of various carbocyclic and hetero-
cyclic systems. They include, for example, the widely
familiar carbene and diene syntheses, 1,3-dipolar cyclo-
addition, and [2 + 2]cycloaddition.

Cycloaddition reactions with participation of ethynyl
compounds have been most fully examined in a monograph?®.

1. 1,3-Dipolar Cycloaddition

A clear-cut classification of 1,3-dipolar cycloadditions has
been devised by Huisgen!’. According to Huisgen's defini-
tion, any compound a—b—c, in which the atom a has an
electron sextet and is a positive centre, the atom ¢ has a
free electron pair and carries a negative charge, and the
atom b usually possesses an unshared electron pair, can
constitute a 1,3-dipolar system. Problems of the mecha-
nism of the 1,3-cycloaddition have been frequently discussed
in the literature'®*™2° and can be represented in a general
form as follows:

2N 2N SN N AN
d c a ¢~ : H + ¢ a ¢

- |1 or ! ioor @ 1 =] |
d—c¢ d—e* dzzze “d—e. d——-e

Diazoalkanes, azides, nitrile ylides, nitrile imines, and
nitrile oxides are typical 1,3-dipoles.

(a) Cycloaddition of Diazoalkanes

When propargyl compounds interact with diazoalkanes,
substituted pyrazoles are formed. Thus the cycloaddition of
diazomethane to propargyl alcohols, propargyl ethers, or
propargyl bromides leads to two pyrazole isomers?!~2%;
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The ratio of the isomers depends on the nature of the sub-
stituents. Thus in the case of methylphenylethynylmethanol
mainly the isomer (IT) is formed; on the other hand, the
main product of the reaction of propargyl bromide is the
isomer (I). The reaction apparently proceeds via the transi-
tion states (IIT1) and (IV):

“,

“,,
“City —> (11)

(111) (1v)

It has been established?" that the mode of 1,3-cycloaddition
of substituted propargyl compounds to diazomethane is
independent of the steric effect of the substituents and the
electrostatic effects and that the decisive factor is the
nucleophilic and electrophilic properties of the atoms between
which a bond is formed.

Pyrazoles are also produced in the interaction of propargyl
compounds with substituted diazoalkanes. Propargyl alcohols
and propargyl ethers react with methyl- or dialkyl-diazo-
methanes?''? to form exclusively an isomer of type (1), while
an isomer of type (II) is obtained only from phenyl-sub-
stituted propargyl alcohols and ethers. Similar pyrazoles
are also formed in the interaction of trifluorodiazoethane
with propargyl bromide?®, Cgp-trimethyl- or triphenyl-
silyl-substituted propargyl alcohols?’:2® are capable of
entering into this reaction, an isomer of type (II) being
mainly formed:

SiR; CH,OH
RsSIC = CCHyOH - CHN; — |~
]
N
|
H
R=CHj, CgH, .

(b) Cycloaddition of Azides

The cycloaddition of azides to propargyl compounds leads
to the corresponding triazoles, for example®®:

CH,OH CH,OH

HC=CCHOH + RN » bk & L
N7 NN/
R—CsHs, CsHsCH, .

2-(4-Hydroxymethyl-1,2,3-triazol-1-yl)~- and 2-(5-hydroxy-
methyl-1, 2, 3-triazol~1-yl)-2-phenylindan-1, 3-diones are
formed from 2-azido-2-phenylindan-1,3-dione and propargyl
alcohol*’:
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The ease of the cycloaddition of azides to propargyl com-
pounds depends on the nature of the substituent at the triple
bond and the structure of the azide. Cgp-bromo-substituted
propargyl alcohols are less reactive than the unsubstituted
alcohols® . Tertiary propargyl alcohols react with benzyl
azide to form triazoles more readily than in the reaction with
phenyl azide. The reactions of organic azides with the
Iotsich reagent, obtained from propargyl alcohol, do not lead
to cyclic compounds®2, Csp-acyl—substituted propargyl
alcohols can also enter into the 1,3-cycloaddition reaction®®:

o} ?H o} OH
I I !
o cm, RIC C(CH), RIC /c (CHg)s
RICC= CCOH + RNj — | ,
I +R% N 'l\I—R + R~I‘\1 rlq
CH, N\ ANV

Here the main factor determining the direction of the reaction
is the high polarisation of the conjugated ketoethynyl system,
which is responsible for the preferential formation of 1-R-4-
acyl-substituted 1,2, 3-triazoles. However, when aryl
azides are introduced into the reaction, such regioselectivity
is not observed. The ratio of the 4- and 5-acyl-substituted
isomers changes in this instance towards an increase in the
content of the latter.

It is noteworthy that electron-donating (alkyl) substituents
in the azide facilitate cycloaddition while electron-accepting
substituents hinder it.

In certain cases the cycloaddition of azides to Cgp-acyl-
substituted propargyl alcohol is accompanied by secondary
processes involving the functional groups of the azide and
the propargyl component. Thus azidoacetic acid reacts
with benzoylethynyldimethylmethanol to form 4-benzoyl-1-
methoxyearbonyl-5-(1-hydroxy-1-methylethyl)-1, 2, 3-triazole,
which readily undergoes lactonisation:

. o (‘)H —
i
o (\3H3 HiC—C  C(CHy),
1 S
H;CyCC = CCOH 4 N4CH,COOH — —
'H N N—CH,COOH
CHa _ N/ _
| HiC  CH,
H;Cy—C > 4 o
J— N
— ‘ \N——/ o
/s
N—

(c) Cycloaddition of Nitrile N-oxides

Propargyl alcohols readily react with nitrile oxides to form
isoxazole derivatives3*3%;
' R

RC= CCH,OH +4 RICNO — N
g/ TCH,O0H

—
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Secondary propargyl alecohols give rise to a mixture of iso-
meric isoxazoles?3®

OH “ ﬂ CHOH
| | |
HC = CCHCH; - HCNO — QO Mcronen. N\o ) CH,

When benzonitrile oxide interacts with secondary vinyl-
propargyl alcohols, the addition can involve the double or
triple bond depending on the structure of the initial com-
pound®”:

OH OH

| I
CH;3C = CCHCH=CH, + CsH;CNO — CH;C = CCH |

O
N
?H — CHCH==CHCHj,
HC = CCHCH=CHCH; 4+ C;H;CNO — Non

HsC6 N\

The 1, 3-cycloaddition of nitrile oxides to propargylamines
also leads to isoxazole derivatives®®

The mechanism of the formation of isoxazoles has been
determined from the amount of incorporated deuterium?®
It has been suggested that isomeric isoxazoles are obtained
either directly via 1, 3-dipolar cycloaddition or via the inter-
mediate formation of the oxime RC(=NOH)C=CR*! with sub-
sequent cyclisation. In the presence of D,0 isoxazoles free
of deuterium are formed in the former case and [4-D]-
isoxazoles are the products in the latter case.

Aziridine derivatives are formed in the reaction of
propargyl alecohol and propargyl chloride with nitronic
ester*®. This is apparently associated with the rearrange-
ment of the substituted 4-isoxazoline obtained in the first

stage of the reaction:
H— C—COOC,Hs
HC =CCHX + I —
O <« N—OCH3

COOC2H5:| u

N |
- | xen,— /N“OCHa — XCH;CC——CHCOOC,H;
(¢) g \N/

|
OCHj

(d) Other Cycloaddition Reactions

Mesoionic compounds can also be regarded as 1,3-dipoles.
They can form five-membered rings on reaction with
propargyl compounds. Thus the interaction of 3-R-4-R*~
sydnone with propargyl alcohol leads to the formation of a
pyrazole derivative*!. Here the sydnone reacts via a
[3 + 2]eycloaddition mechanism with simultaneous elimination
of carbon dioxide:

Rt O CH,OH
HC=CCH,0H -+ h | - ! i[ + CO,
RN Rl"'\ /
NZ N\R

In the cycloaddition of mesoionic 1, 3-dithiolones to
propargyl aleohol, carbonyl sulphide is split off and a mix-
ture of isomeric thiophens is formed"?

H CH,0H
T L
- | + HC = CCH,0H — [ +
CHIOGH, ~ o/~ Gt H:Gr—Ns/\¢,H.0CH;
" HoGH, 1
COS
+ | _cmocm, +

Hsc“_u\s/

Russian Chemical Reviews, 63 (), 1984

(e) Intramolecular Cycloadditions

The reaction involving cycloaddition to propargyl com-
pounds can occur not only intermolecularly but also intra-
molecularly. Such reactions involve molecules containing
the necessary functional groups!’ (in a particular instance
a 1,3-dipolar and a propargyl fragment).

The intramolecular cycloaddition of propargyl-substituted
nitrile imines leads to the corresponding condensed pyrazoles.
The sources of nitrile imines may be halogeno-, nitro-, and

benzenesulphonyl-hydrazones, for example*®**:
R
) 1
|
/NH—N=CR N—N= CR /\/N\/

) = ()
N N\OCH,C = CH NNocHc=cH M Noo
X=Cl, NO,, SO4CsHs -

The ease of ring closure depends on the nature of the sub-
stituent R in the nitrile imine residue. In the case of the
CH,0OH group, cyclisation does not occur.

The elimination of hydrogen chloride from "propargyl
oxalate chlorohydrazone" leads to the formation of nitrile
imines in which there is a possibility of intramolecular

cycloaddition*® This results in the formation of furo-
pyrazole derivatives:
9 ° :
_ i
ClCnH.—NH—N=C—C\ CICH,—N—N=C—C N_—i'
N !
0 — /o — CICH,—N N o)
R®C=CC R*C=CC \|//<
VAN N R3R' R? |
RY R? R} R?

An analogous behaviour has been observed for "propargyl
oxamide chlorohydrazone'" but here the product is a mixture
of isomeric pyrazoles"®

Nitrile oxides with a propargyl fragment also readily
undergoe intramolecular cycloaddition, When "propargyl
oxalate chloro-oximes" are heated in benzene in the presence
of triethylamine, isoxazole derivatives are formed"*®:

Ct O O fo)

|l + i

HON=C—C ~0—N=C—-C N=—
S ~ (l) | (L
_HC) -

e OO

RC=CC RC=CC N\
2N\ VAN R¥R' R?

R R? R' R?

Benzopyranoisoxazole has been synthesised analogously"’
It is noteworthy that the first reaction is structurally selec-
tive—only traces of the second isomeric adduct are formed,
while both isomers are produced in the last reaction.
Propargyl-substituted nitrile ylides are converted into
benzopyranopyrrole derivatives as a result of intramolecular
cycloaddition®®

- CoH,NO, 7]
?\]_
+ _
s C=N—CH—CHNO; » /\H /\_
\) NOCH,C = CR N/ \o/ _
| CoH,NO, -

I/\ /\ ‘
NN/

C sp -Phenyl-substituted propargyloxy-derivatives give rise
to pyrrole in a low yield (6%) under these conditions, which
can be accounted for by the steric hindrance due to the
Ce¢Hs group.
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Aryl azides containing the propargyloxy-group are con-
verted into triazolobenzoxazines on intramolecular cycloaddi-
tion*?

N—N
SO G
k/ NocHc=CcR M N0/

This is the first example of the intramolecular cycloaddition
of the azide group to a triple bond. It is noteworthy that,
in contrast to propargyl-substituted azides, azides with
allyl groups form unstable A%-1,2,3-triazolines, whose sub-
sequent decomposition with elimination of molecular nitrogen
gives rise to the reaction product:

@NY\:H; @i\’—<:21{5
18 0/

2-Propargylthiophenyl azide undergoes analogous hetero-
cyclisation to triazolobenzothiazine.

The intramolecular cycloaddition of nitrogen-containing
analogues of propargyl-allenyl dipoles via the mechanism

R! R N
—C=N—C R o ReG=N=¢{ _R' > R—? N—R!
R—C=N—C{_ R R—C=N=C R* = R N R

i i X———R?
X X
is of considerable interest.
been surveyed and examined in a review

These reactions have already
51

2. The Diene Synthesis

The Diels—Alder reaction belongs to the class of thermally
allowed concerted processes®?, which means that unexcited
molecules having 4m and 271 electrons respectively are com-
bined. The diene synthesis has been discussed in detail in
monographs?%5%5% and in a review!®

Propargyl compounds are active dienophiles. Thus
propargyl alcohol reacts with hexachlorocyclopentadiene
and cyclopentadiene®® at 130—150 °C to form the correspond-
ing bicycloheptadienes:

55-57

X, X
N X CH,OH
X X
+ HC=CCH,0H —>
X X
X
X

Propargyl chloroacetates®%®? as well as the propargyl

esters of trihalogenoacetic acids®’ react with the above dienes
under analogous conditions. The yield of the adducts of the
propargyl esters of trihalogenoacetic acids with hexachloro-
cyclopentadiene increases with increase of the atomic number
of the halogen, while the opposite behaviour is observed for
the adducts with cyclopentadiene. The reaction of dimethyl-
propargylamine with cyclohexadiene leads to cyclisation
products in accordance with the mechanism®?

@ 4 (CH,)yNCHyC=CH %) (ulla)QNCHQ—@

The reaction with the amine hydrochloride proceeds
analogously. Allyldimethylamine does not react with cyclo-
hexadiene under these conditions.

Propargyl compounds in which both reaction centres are
located in the same molecule also enter into the diene syn-
thesis. Thus intramolecular cyclisation with formation of

495

phthalanes takes place on heat treatment of the propargyl
ethers of vinyl- and isopropenyl-acetylenic alcohols®?

IO
7
CHa=CC = CC_ N
HC = ccH,” NS

Cgp-Substituted propargyl ethers of v1ny1acety1emc alcohols
also cyclise under analogous conditions®* The nature of
the substituent in the acetylenic group has a significant
influence on the reaction®® Electron-accepting groups
facilitate cyclisation, while electron-donating groups greatly
hinder it. Copper chloride has been used as a catalyst in
order to accelerate the diene concentration®®, The role of
the catalyst apparently consists in the formation of the
ethynyl carbanion:

"%
R ,C=C-C + R_ C=Cc—C
N/ AN L N\ AN
>c 0 G pe S0
cH, HC=CCH, CH, -~C=C—CH,
6+
R

NN AN AN
BIBENED
./ —

NS

It is noteworthy that the intramolecular condensation of the
propargyl ethers of phenylacetylenic alcohols proceeds under
more severe conditions than that of their vinylacetylenic
analogues®’ The diene synthesis involving 8,y-dichloro-vy-
phenylallyl(propargyl)ammonium halide salts in the presence
of alkalis proceeds with elimination of HCI and leads to benzo-
indolinium derivatives in high yields®®

CH,C =CX | H x
RS+ s — /\‘/\\ \/\\
\CHC c k " oH- ReN / —a Rz'\l\_, J
Y- 2 N\
11 Y- 1 Y- 1/\
Cl Ci c1 cl

Alkenylphenylallylammonium salts undergo the diene conden-
sation also in the absence of alkalis. The intramolecular
1, 4-cycloaddition of propargyl compounds of type (VI) in
the presence of acetic anhydride opens a new pathway to

synthetic lignan lactones®®~72:
o
— l —
T N\ _c= _/ AN
{__)—C=CCH,—A—C—B >

vD
A=0, NH, NCH,C¢H;
B= cis- CH==CH,  trans-CH=CH, C=C

Here there is a possibility of the following pathways in the
1,4-cycloaddition: (1) electron-donating dienes interact with
electron-accepting dienophiles (normal reaction); (2) elec-
tron-accepting dienes interact with electron-donating
dienophiles (anomalous reaction). In the reaction of
N-benzyldiynamide” and a diyne ester®® the first pathway

operates:

/7 S—c=cCcH, N

N7 N, A0 ’ b \
X —20 X

= / 7

™ o—c=ct SAY T

N/ | Yoo

0 CeHs

The intramolecular cycloaddition of cis- and trans-
enynamides” and also of N-benzyl-trans-enynamide’® pro-
ceeds via the second pathway:
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S
—C=CCH AN
N o N
} e
{ >—CH=cHC \\/\(4
— N
0 CoHs

In the case of diynamides both pathways operate’!

(0]
< — —C=CcH, NN NN
NH __Ac0 [’ ‘ NAc 4 l H NAc
e 7
<J/\ CECC”" ‘*\\/\/zi
0 C;;Ha CeH;

There exist data’? showing that, together with 1,4-cyclo-
addition products, yet another compound [compound (VII)]
is formed in the intramolecular condensation of N-phenyl-
propargylamide of cis-cinnamic acid in the presence of acetic
anhydride:

1.4-cycloaddition products

The use of deutero- and bromo-substituted analogues shows
that compound (VII) is obtained as a result of the total
rupture of the bond between the C(1') and C(2') atoms with
formation of new C(1)-C(1') and C(2)-C(2") bonds. It has
been suggested that this reaction takes place as a result of

the thermally induced intramolecular concerted [WZS + ”2(1]-

cycloaddition with formation of the sterically strained cyclo-
butene and subsequent conrotatory cyclodecomposition of
the cyclobutene viathe [ 2 + 2 ]J-or [ 2 + 2 ]-mecha-
ca 1ms os Ta
nism. New bonds are formed in the suprafacial addition to
the cis-C=C bond and the antarafacial addition to the C=C
bond. These bonds exhibit electron-donating and electron-
accepting properties respectively:
546
. -
CeHy

H conrotatory
cycloaddition
6]

(\Il)

]

3. 1,2-Cycloaddition

The 1,2-cycloaddition to propargyl compounds has been
studied inadequately. The interaction of propargyl acetate
with benzoyl isocyanates leads to a substituted 1-benzoyl-2-
azetin-4-one:”3

o COCH;
N
HC= CCH,0COCHj; -+ CgH;CONCO - ‘ \
TN
CH,0COCH,

The cycloaddition of methyl propargyl ether to trichloroacetyl
and benzoyl isocyanate has been considered in reviews”*’5,
The formation of cyclobutane derivatives from compounds of
the type HC=CCH,R in the presence of anhydrous HBr has
been observed recently’® Together with the usual addition
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products, cis- and trans-1, 3-dialkyl-1, 3-dibromocyclo-

butanes are formed under these conditions (as a result of

cyclodimerisation):

Br - /Br

HC=CCH,R -+ HBr — CH,~ éCHzR - Br\__i\c”zR
RCH,”

By varying the reaction conditions and the substituents R,
it is possible to obtain cycloaddition products with maximum
yields.

The photoeycloaddition of a A%-ene-1,4-dione to propargyl
alcohol (X > 300 nm) in benzene at room temperature leads
to adducts of the tricyclo[G.4.0.03’5]dodecane series con-
taining the cyclobutene ring’’

0 0
H | i
PANVAN NN
| | + HC=CCH,0H - | | ™
\/H\“/ \/\“/ \CH20H
0 0

Under the same conditions, cyclopent-2-ene-1,4-diones do
not form such rings owing to their extremely high tendency
towards photopolymerisation. However, by altering the
reaction conditions, it is possible to achieve the cycloaddition
of propargyl aleohol in this case also”’

In order to elucidate the influence of the nature of the
substituent in propargyl compounds on the ease and struc-
tural specificity of the cycloaddition, the photocycloaddition
of cyclopent-2-en-1-one to propargyl chloride and propargyl
alcohol has been investig‘ated”’”:

0

)
CHLi | RINT
+ HO=CCILR —>
CliLR

R=-cl ol (VL) {IX) (X)

The reaction of cyclopentenone with propargyl chloride in
ether proceeds comparatively unambiguously. Only the
"head-to-head"” and "head-to-tail" adducts, compounds
(VIII) and (IX) respectively, are formed at the beginning
of the photolysis in proportions of 3:1, after which their
photoisomerisation products (X) appear. At the end of the
photolysis the product of the addition of the solvent to cyclo-
pentenone also accumulates. The reaction of propargyl
alcohol with cyclopentenone in benzene is slow and compounds
(VIII) and (IX) obtained initially undergo photopolymerisation
with formation of minor products having a labile structure.

It has been established that the structural specificity of the
cycloaddition of cyclopentenone to propargyl compounds
depends greatly on steric factors.

Methoxymethyl-3,4-carbonyldioxycyclobutene is formed in
22% yield in the photocycloaddition of methyl propargyl ether
to vinylene carbonate’®

The cyclodimerisation, cyclotrimerisation, and cyclo-
oligomerisation reactions also belong to the class of 1,2-cyclo-
additions. The direction of these reactions depends mainly
on the type of catalyst employed. Thus cyclic trimers and
tetramers have been synthesised from propargyl alcohols in
the presence of di(n-allyDnickel®®. The cyclisation of
propargyl alcohol catalysed by nickel acetylacetonate and
its mixture with triphenylphosphine leads to 1,3,5,7-tetra-
(hydroxymethyl)cyclo-octatetraenes. When the latter are
heated, the hydroxymethyl groups condense with formation
of cross-linked polymers®

CHLOH
HOCH,
4 HC=CCH,0H —> —> polymer.
CH, O
CH,01L
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The most active catalysts in the intermolecular cycloaddi-
tion of propargyl compounds are transition metals®®:%%, The
1,2-cycloaddition process has been thoroughly investigated
in relation to the interaction of propargyl alcohol with
bipropargyl and its Cgp-substituted derivatives in the
presence of A5—cyclopentadienylcobalt dicarbonylel'. The
results obtained®®:®¢ led to many well-founded hypotheses
concerning the reaction mechanism which reduces, to the
following scheme®*:

€O
CHglo === CgHzCoCO + CO

€0

HC=C—CH, HC=C—CH,
CH,C==CH | [ —
CsH5C0CO A o c5115—<|:o t|1112 0y (oH—! I:n —> C;H—Co —
CH, C= —
* o ¢ HO==C—CH,
It
CH
~+ HC=ECCH,OH = +co
CsHg—Co —> H —> (3HCoCO
HC=C CHyOH
CHyOH CH, 01

The reaction of silicon-containing propargyl compounds
with diacetylenes catalysed by CsHsCo(CO), is an interesting
type of cocyclisation®’~%%:

Cil, OH
+ (CHSIC=C0ol —> (tm
Si{CHy),

An increase in the length of the polymethylene chain favours
cycloaddition.

c=0n
(Ciny),

C=0H

1ti. CYCLISATION

1. Intramolecular Addition to the Triple Bond

The cyclisation of propargyl compounds via intramolecular
addition to the triple bond has found extensive applications
in the synthesis of a wide variety of carbocyclic and hetero-
cyclic systems. The rings are formed via the intramolecular
addition of NH, OH, CH, SH, and ZH groups.

(a) NH-Addition

Five-membered heterocycles are synthesised by the intra-
molecular attack by the NH group on the C=C bond. Thus
the interaction of terminal propargy! alcohols with phenyl
isocyanate leads initially to the corresponding carbamates,
which readily undergo intramolecular cyclisation in the

presence of bases and are converted into oxazolidinones® ~%3:
R R!
R ne=ct P R
HC=CCOH _GHNCO | a \ ‘ R?
Rll QHSIL_C/ cﬂHE—N\‘ (o
s

When the acetylenic hydrogen atom in the initial alcohol is
replaced by bromine, bromo-oxazolidinones are formed, but,
when the hydrogen is replaced by the aminomethyl group,
the reaction cannot be carried out®®. This difference in the
behaviour of the aminoalcohol carbamates and their analogues
can be explained by the polar influence of the Cg, sub-
stituent. Since heterocyclisation takes place as a result of
the nucleophilic attack by the nitrogen atom of the carbamate
group on the ethynyl carbon atom, the polarisation of the
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triple bond, generating a partial positive charge on the
attacking atom, is essential for its successful occurrence.

On heating in benzene in the presence of 1,5-diazabicyclo-
[5.4.0]undec-5-ene, propargyl benzimidates are converted
into methyleneoxazolines in 45—50% yield”:

‘? |
o—C, N
[ NNH ., O N
RICHC=CR? Rl—c[ L HR®

The latter are stable compounds. On treatment with
t-C,H,OK, they are converted into oxazoles. The possibility
of synthesising oxazole derivatives in the presence of Ag* or
Hg* salts in 97.3% yield has been demonstrated recently ",
When hydrazine or phenylhydrazine reacts with primary
vinylpropargyl halides in the presence of CuCl, substitution
products are formed and then cyclise to vinylpyrazolines®®~%®:

CH,=CHC=CCH,Cl + NH,—NH,

T—CH=CH,
» CH,=CHC=CCH,NHNH, = L 4
N
|
— H
[ CH=CH,
~ CH,—CHC=CCH,NCH,C=CCH=CH, — | N
|
NH, AN

\CH,C=CCH=CH,

Tertiary vinylpropargyl halides and propargyl halides
behave analogously in reactions with hydrazine. However,
secondary vinylpropargyl halides do not give rise to
pyrazolines, which are formed as a result of the direct
attack by the nucleophile on the carbon atom linked to the
halogen and subsequent cyclisation of the hydrazine formed.
Csp—pyridylpropargyl alcohol reacts with O-mesitylene-
sulphonylhydroxylamine to form the corresponding salt which
is converted into pyrazolopyridine in 70—90% yield on treat-
ment with potassium carbonate in dimethylformamide (DMF).*°
The similar transformation of propargylammonium compounds

of the type : IJ\rI—CHZCZ CH usually proceeds via a 2,3-sigma-

tropic rearrangement'®®~1%2  The explanation of the con-

version of C sp—pyridylproparg'yl alcohol into pyrazolopyridine
in terms of the formation of an allene intermediate is uncon-
vincing, since it is difficult to assume the possibility of the
formation of a strained five-membered cyclic compound with
an allene group. It has been suggested®® that the attack

by NH on the electrophilic centre of the triple bond results
in the formation of a dipolar ion which is stabilised as a
consequence of the migration of hydrogen:

C=CCHL0T C=CCH 0
= - HNOSO,R = ¢ =
“« l\< . 1. — D>—CH,0H
D NP N—N
S \\;“2 X
— RS0,H l Rsoy T

S=CCH,O0H
4 - =z
Il — e S>—cion —— . d—ci0n
NS Ns NN _ NN
NH 11[

Terminal propargylthiobenzimidazoles give rise to satisfac-
tory yields of 3-methylthiazolo[3, 2-a]benzimidazoles in the
presence of mercury ions!?®:
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L >/ L s k) J\S o r)\N/\S

m L ’ |
||
CH, CH,

The cyclisation of Cgp-substituted propargylthiobenzimid-
azoles gives rise to 3-benzylthiazolo[ 3, 2-a]benzimidazoles or
4-phenyldihydrothiazino[ 3, 2-aJbenzimidazoles depending on
the reaction conditions!®®:

Hga+/k+ 7N N
HOAc, & ’ ”_ I
NN Ng
L u' TN cen—
CH,—|
| C
H I AN
? CHION, & _ , ’ I
CHs NN NS
I
\———/ C.H;

Certain reactions involving the addition of amines to
propargyl compounds are accompanied by cyclisation. Thus
the interaction of secondary propargyl ketols with primary
and secondary amines leads to the formation of f-amino-
furans*?*:105;

OH OHN<
| |
RCHC=CCOR? }- HN< —-» RCHC==CHCOR? —
— _—N— ~N— N—
l /OH < h l /OH - h R}
O \Rl O \Rl

It has been suggested that nucleophilic addition of the amine
to the triple bond takes place initially with subsequent
cyclisation of the resulting aminovinylketol to B-aminofuran.
Tertiary y-ketols are converted into B-furanones on treat-
ment with secondary amines and subsequent hydrolysis®®:

o

}:>CCzCCOR’+NH< — '__“ .
RO R— Mo /R

Propargylaldols react with primary amines to form acyclic
compounds'®’, The attempts to achieve the nucleophilic
addition of diethylamine to propargylketols in anhydrous
media [ether, tetrahydrofuran (THF), and benzene] lead
to tarry products!’®. Propargylaldols combine with
dialkylamines in anhydrous methanol and are converted into
stable 4-dialkylamino-2-methoxydihydrofurans in 43—54%

yield. The solvent as well as the dialkylamine apparently
adds on in this instance’®:
N/
R\ 20 / R ™ CH,0H
cc=cc -+ HN — CC=CHC —r
RV (‘) \H N 4 | \H
H OH
N< OCHj —N—
R IR ‘
—-| _>CC=CHCHOH |—55 N )
Rl \ Rl/\o \OCH

In absolute benzene or ether in an argon atmosphere the
addition of diethylamine is accompanied by charring and an
individual product cannot be isolated.
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The addition of primary amines to propargylketols proceeds
in accordance with the mechanism?!®®

o R* R? 0 Rt R?
It N/ I N/
RC—C=CCOH 4 RNH, — RCCH=CCOH —
R"‘II\IH
NHR? NR3 NHRS®
—_— _ 1 R
el - I o
B=No X R—\O/ —RY R/ [R
OH R R

The interaction of propargylketols with bifunctional nucleo-
philes (hydrazine, hydroxylamine) in a weakly alkaline
medium involves the triple bond. The adducts formed
initially cyclise to isoxazoles and pyrazoles'*’:

CH,
O CH; CH, C—OH
+NH,OH ! N ! l! |
— " RC-CH- lu‘OH T I N e
NHOH o/
O CH; CHy—
O XNs CH,
RC—C=CCOH H CH, CH, don
| N/ f o
—HNN-RY R(‘Z\—CHf—CcloH B0 rﬂ i,
o} HN-N AN
“H |
Rl

The reaction of hydrazine with trialkylpropargylammonium
salts leads to the formation of pyrazolines'!':

CH-CH 4
oL RaN ]

RACH,C=CH + HNNHR! > RN—CH, N 2 |
Rl'\IH \N/

i
R

(b) OH-Addition

Among intramolecular cyclisations, the intramolecular addi-
tion of the OH group is of special interest. Thus it has
been shown that, when propargyl alcohols interact with car-
bonyl compounds, substituted 1,3-dioxolans are formed*!2~1!%

xc;cc/ ‘C‘H

_ ]

XC= c\ + )C=0 H o\/
OH / \

The extent and ease of cyclisation depend on the substituent
X. The reaction proceeds readily when X = RC=C, Br,
RCOO, CN, or ROO.¥7 On the other hand, the reaction
does not occur at all when X = H, CH, = CH, C4¢H:0,
CH,OH, CH(OC,Hs),, or CH,0CH;.1*"1® By comparing the
spectroscopic characteristics of propargyl alcohols with

their reactivities in the heterocyclisation reactions with
carbonyl compounds, it has been established!'” that there

is a qualitative relation between the reactivities of propargyl
alcohols and the differences AS between the chemical shifts
of the =CH group in the 'H NMR spectra. Thus compounds
for which AS is small are unreactive. Propargyl alcohols with
functional group substituents which are actively involved in
cyclisation have high values of AS.
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The cyclisation of alkyl-substituted propargyloxyethanols

leads to rings of different size''®:

o}
TN —0
H,C I g:*’ HC | >#CH=CH2
No/ B HC——o0
1 iy
R=RI=CH,
0] R Rt
VAN R=H R=H —O—
HyC— R=H, | =H,
3 ” I_N (CHY PR—MHCECCH,OCHCIHOH wau >—0H
No/ : [RzR‘:(CHx). _b:‘_
E—] Ces
Y O
N0 e, N0 Nk,

The application of propargyl compounds in the synthesis of
isoxazole derivatives has been described’?®, Thus 3-nitro-
isoxazole has been obtained from propargyl bromide and
sodium nitrite in DMF. The cyclisation of Cgp-substituted
propargyl bromides also leads to 3-nitroisoxazoles?!:

9RC=CCH,Br - 2NaNO, —» RC=CCH,NO, 4~ RC=CCH,ONO

NOH ’
Va
RC=CCH,NO, + RC=CCH,0NO — RC=CC + RC=CCH,0H ;
NO,
NOH ] NO,
RC=CC — &
“No, R—\¢/

This mechanism has been confirmed by the isolation from the
reaction mixture of a Cgp-substituted propargyl alcohol.

In some cases the hydration of propargyl compounds also
leads to the formation of rings. Propargylketols are fairly
readily hydrated in dilute sulphuric acid or in alcoholic alkali
in the presence of mercury salts and also in the presence of
amines in protic solvents!®*12%123 peing converted under
these conditions into B-furanones, apparently via a B-diketol
stage. In aqueous dioxan the yield of furanones is <50%:

o ® 0 R )
N N i
RC—C=CCOH + HOH ~ | RCCH,COCOH | —— g1, [
7 % Uy
RE R

R No” N
Under analogous conditions, the Cgp-acetoxymethylpropargyl
ether of phenol gives rise to 4-acetoxymethyl-A®-chromene!2*:

6]
ZN—OCH,C=CCH,0Ac  +10 2 Y
l ” ng—f/]-ﬁ-_’k “ |
N/ AN |//
CH,0Ac .

Under the same conditions, phenyl propargyl ether is con-
verted into phenoxyacetone.

An interesting cyclisation of phenolic and enolic propargyl
compounds has been discovered recently?%2%, The mono-
propargyl ether of catechol is converted into 2,3-~dihydro-2-
methylene-1,4-benzodioxin in 65—90% yield on refluxing with
mercury(II) oxide in DMF. In the absence of a catalyst and
at temperatures below 110 °C, cyclisation does not occur.

2, 3-Dihydro-2-methylenenaphtho[2, 3-b Jdioxin has been
obtained under analogous conditions from the monopropargyl
ether of 2,3-dihydroxynaphthalene.

(c) SH-Addition

The intramolecular addition of the SH group to the C=C
bond is used to synthesise sulphur-containing heterocycles.
There exists the view!?’ that, when o, a-disubstituted
propargylamines react with isothiocyanates, thiourea
derivatives are formed initially and then give rise to the
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final reaction products under the influence of bases. How-
ever, Azerbaev et al.'?® believe that the intermediate
thiourea derivatives are immediatley converted into thiazolines

(via the thione—thiol tautomeric equilibrium):

N
R : R R RY —=CH,
NCC=CH—RE 5 | "Ncc=CH = ~ >CC=CH [ ]
R‘/ | Rl/ v — N S
NH, HNCNHR? N==CNHR? \\l/
g Jn

Secondary o-propargylamines react with isothiocyanates to
form thiazolidines. The reactions of isothiocyanates with
secondary amines are slower than those with primary amines.
It is noteworthy that cyclisation becomes more difficult with
an increase in the bulk of the groups R! and R?. The
tendency towards cyclisation also diminishes with increase

in the size of the group R. Similar features of the cyclisa-
tion had also been noted earlier!?”,12% and the difficulties in
the cyclisation reaction were accounted for by steric factors.

The interaction of a,a-disubstituted propargylamines with
benzoyl isothiocyanate leads the formation of 2-benzamido-5-
methylene-2-thiazoline'®®, It has recently been suggested!®!
that the interaction of aryl isoselenocyanates with 2-alkynyl-
amines proceeds analogously to the reaction with isothio-
cyanates, i.e. via the intermediate formation of seneloureas
which undergo cyclisation during the reaction with formation
of the corresponding selenazolines. The reactions of
2-propynylamines with isoselenocyanates proceed more
vigorously than those with isothiocyanates.

Compounds containing heteroatoms between the thiol and
propargyl groups can also be used to synthesise hetero-
cycles. It has been established!®? that the structure of
the products of the cyclisation of propargyl derivatives of
hydroxy-, mercapto-, and amino-ethanethiols in the
presence of bases depends on the nature of the heteroatom.
Whereas a mixture of 2-methylene-1-thia-4-oxacyclohexane
and 3-thia-6-oxacycloheptene is formed from propargyl-
oxyethanethiol, in the reaction involving propargylthio-
ethanethiol the main reaction products are 2-methylene-1,4-
dithia-2-cyclohexene and 2-methylene-1,4-dithiacyclohexane.
Only one cyclic product, namely 2-methylene-1-thia-4-aza-
cyclohexane, is formed from propargylaminoethanethiol :

AN /ON
HC=CCH,0CH,CH,SH - k |+ el |
s/ s/
SN /S

HC=CCH,SCH,CH,SH — [ I S
HC— /" HO= /’
R |

| AN
HC=CCH,NCH,CH,SH —

I/N
AN

(d) CH-Addition

Propargyl compounds containing an active hydrogen atom
undergo the Michael reaction with formation of cyclic com~
pounds. Thus the intramolecular cyclisation of propargyl-
oxyethylmalonic ester in the presence of sodium ethoxide in
alcohol leads to derivatives of dihydropyran!®®:

0O0C,H; ]
HC =CCH,0CH,CH,CH — [CH,;=CCH,OCH,CH,C (COOC,Hy),] —>
\COOC,H;

(X1)
1) ~OCsH, | |
—5 &=~ CHyC=CHOCH,CH,CHCOOG,H; - (C,H;0), CO .
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It has been suggested that the intermediate compound (XI)
interacts with the ethoxide anion, splits off diethy! carbonate,
and is converted into the final product.

The Michael adducts of ethylenediamine and the "inverted"
propargyl cyanides readily cyclise to imidazolines (yield 80%)
with elimination of acetonitrile?®*:

R R
N
NHCH,CH,NH 8
CH,NH R R | é
s >CHC_CCN -1 “cHc=cHen - H—N N 4 CHN ,
CHNH, | R R ]

The photochemical reaction of the diethyl acetal of
propiolaldehyde with isopropyl alecohol proceeds via the
intermediate (XII) and gives rise to a dihydrofuran derivative
as a result of the elimination of ethanol®S:

/OC,Hs OC,H;
HC=CCH -+ (CHg), (CHj;); CCH=CHCH CHoE
NoC,H, AH \OC,Hs »
(X1
— > HC
: >|\O/—oC2H5

CH,3
Under these conditions, propargyl alcohols are converted into
acyclic compounds'®®. The interaction of ethynyldimethyl-
methanol with ethyl isobutyrate results in the formation of a

pyrone derivative!®”:
(1)H3 /CHx
HC=CCOH + (CH,), CHCOOG,Hs — ¥, HiC( | |\CH3
dn, HC N0 N -

The addition of diethyl isobutylidenemalonate to secondary
propargyl bromides in the presence of zinc or on heating
in THF can be regarded as a new method of synthesis of
cyclopentene derivatives!3®;

R
coocH, B R /\/COOC’H°
RCH=C 4-RICHC=CH — \coocﬂﬂﬁ
\COOC,H;

2. Cyclisation Involving the Claisen Rearrangement

One of the commonest methods of synthesis of heterocycles
involves the cyclisation of propargyl compounds via a sigma-
tropic rearrangement. Thus the thermal cyclisation of
propargyl ethers of phenols leads to the formation of
chromenes’® In contrast to this, the cyclisation of
propargyloxyuracils results in the additional formation of

furopyrimidine?:
0 o) o
o i
7N AN .
o ) [ L B e — T H o
= L —CH=C= ~ —CH=C=
N & 0= N CH=C=CH, 0= CH=C=CH,
| li |
CH, CH CH, CH,
o
—_— H3C— ” ~CH3
O:
I
CH,
o 0
AN O
—OH NN
H,C—N CH;—N
~ o=l J-cH—cH-cH o=\
WS : N\

| H |
CH, CH,
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This can be explained by the fact that the electron-with-
drawing effect of the uracil nucleus is greater than that of
the phenyl group. This effect renders the central carbon
atom of the allene fragment in the enol more electron
deficient. As a consequence of this, the sensitivity of

the enolic hydroxy-group to nucleophilic attack increases
and ring closure results. The solvent exerts a decisive
influence on the mode of cyclisation. Furopyrimidines (66%)
are formed from substituted propargyloxyuracils in DMF at
130 °C. Pyrolysis in xylene at 130 °C leads to pyrano-
pyrimidines (48%). The propargyl ethers of hydroxymethyl-
acridone”, substituted hydroxynapthalenes®, coumarins3®=1%1,
and hydroquinone!*? behave analogously in the intramolecular
cyclisation reaction. Propargyl vinyl ethers react differ-
ently. Their thermal cyclisation with a vinyl fragment con-
taining vinyl substituents leads to allenyl-substituted
aldehydes®*?®:

o 4]
7N §
CH (EH—R2 C—H
1 |
C C —— C—CH=C=CHR?
N\ i AN
R R* CH R Rt

The cyclisation of the Cgp-carboxyether leads to the forma-
tion of a natural antibiotic—the lactone of dihydroxyvinyl-
butanoic acid®:

o 0 OH (e}
9N I | i on
cit (IZH, CIH CH, CH CH, CH OH N
I [ | o

CH, C —-CH C L d o o W o
& o Ne” e/ \‘/
\ | | | CH=CH,
COOH COOH COOH CH=CH, 2

It has been suggested that the initial propargyl vinyl ether is
converted via a cyclic transition state into an allene aldehyde,
which undergoes a prototropic rearrangement with formation
of a diene aldehyde which then cyclises to the final product.
Alkenyl-y-lactams and alkenyl-y-lactones have been obtained
from propargylamides or propargyl esters of alkanoic

acids'**~1*¢_ The reaction mechanism is as follows:
AN I U
i ,CH, Il
CCH=C—CH, ,G=CH—C=CH, /\ < Ao/
o) -0 - R ‘{'(I) “ R
\CH,C=CH \CH=C=CH, \cn, TNew -
3

The unsaturated ester of the propargyl alcohol probably
enolises with participation of an o-hydrogen atom as a result
of 1,5-migration with formation of an intermediate, which is
converted into the final product via the mechanism of the ene
reaction involving the transfer of a hydrogen atom from the
enol group.

An instant rearrangement has been observed in the thermal
cyclisation of propargylthiobenzimidazole in hexamethylphos-
phoramide (HMPA ;147,148

~ - (|3H:-C:CH2_
N S, AN
l H’:N>/ \CH, HMPA ( ”_§>:S N
N/ 1-‘[ (|: S )
[ H
CH — —
/CHz /C}'Ia
NN T \_N/—l
| o U
(xm)
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Only compound (XIII) is formed in ethanol in the presence of
sodium ethoxide. Under these conditions, dipropargyl
sulphides do not cyclise. The thermal rearrangement of
Csp~alkylfsubstituted dipropargylamines in the presence of
potassium t-butoxide in butyl alcohol leads to alkyl-

pyridines!*®:
CHs
ot 13CEC€H2 l\ CaHs
NH 5 I
CH,C ECC{-IZ N

Under these conditions, the unsubstituted dipropargyl-
amine is converted into the corresponding nitrile. A new
method of synthesis of 2-pyridones by the thermolysis of

O-propargyl derivatives of isoureas has been described!®’-**!:
H CHR
RiC &€ R?
N\
o— | | +mm,
aN=C RV \\i] o
|
R H
R = pyrrolidino

It has been suggested that the initial reaction stage is the
thermal 3, 3-sigmatropic rearrangement of the initial com-
pound into an allene, whose tautomeric transformation gives
rise to the corresponding diene. The elimination of
pyrrolidine from the diene leads subsequently to an iso-
cyanatodiene, which undergoes electrocyclic cyclisation to a
pyridone.

Sulphur-containing vinylpropargyl compounds also undergo
the Claisen rearrangement!®*!%*,  An allene intermediate is
formed in the initial stage. Its subsequent transformation
can take place with formation of various substituted hetero-
cycles:

i T T Tor
RSC=CCH C:=C=CH C—CH=CH S
% R~ N\—Re
S ——— R—CH — R—C —_ ]
< R=N 7
HC=C Cc=$ c=$ 1
L b a -
-
RS R2
| i R3 CH,R
e N/
C=C=CH 1 <
R—C ~ S
N\ _ ./
c=s R Sw
Rl

The solvent and the presence of an amine exert the most
significant influence on the direction of the reaction. The
reaction in HMPA leads to the specific synthesis of 2H-thio-
pyrans. The basicity of HMPA apparently favours the 1,3-
isomerisation of the allene intermediate to a conjugated
diene, whose subsequent transformation leads to a thio-
pyran. When the reaction is carried out in HMPA or
dimethyl! sulphoxide (DMSO) in the presence of amines,
mixtures of substituted thiopyrans and thiophens are formed.
Amines probably catalyse the conversion of the allene inter-
mediate into a thiophen. Propargyl vinyl sulphides con-

-

CLi
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taining the cyano-group in the vinyl fragment gives rise to
thiopyrans on heating in silicone oil, while in DMSO in the
presence of di-isopropylamine they produce a mixture of
thiopyran and thiophens!*, Propargylthiothiopyran cyclises
like propargyl sulphides with formation of thiopyranothio-
pyran and thiopyranothiophen!®®, The thermal cyclisation
of propargyl alkanedithioates in xylene proceeds via the
mechanism'®®

R ne N Y

]
N N
i
! i I
< g e '\\~ \/ -
CHR? (i»\ — 1’-
Re=c: N = e
R R TES
e \(,/
I l
AN - AN

= S 0oNH N 5
= el
(== —
I{/ - \\\L.HH It ClLR

The base-catalysed cyclisation of propargyl alkanedithioates
has been investigated'®”. The reaction can be carried out in
the presence of sodium ethoxide in absolute alcohol (method A)
or in the presence of potassium t-butoxide in a mixture of
t-buty! alcohol and the dimethyl ether of ethylene glycol
(method B) and also in the presence of sodium ethoxide or
potassium t-butoxide in the dry dimethyl ether of ethylene
glycol (method C):

s
p S—=CHR® ]
< RR1C={ 4 RRICHCOC,H,
S—'—Re
XIV)
R
>CHC—S—CHC:7 CRa——|_ B (x1v)
R It |
s R
§——CH,R®
¢ rre=( | 7
\S.—_—Rﬂ

3. Other Cyclisation Reactions

Apart from the reactions described, a number of non-
general cyclisation reactions have been described for
propargyl compounds.

CS -phenyl-substituted propargyl alcohol readily reacts
with [l))utylvlithlum in ether in the presence of symmetrical
N, N'-dimethylethylenediamine to form an intermediate whose
reaction with carbon dioxide leads to the corresponding
lactone in a yield up to 70%:!°®

LiOg o=
~ . . CO,
CgH;C=CCH,OH - C,H,Li — Li —t ‘ l
N Vamt
o H:Cs

SN ¢
H,Cs C,Hy Cofls

Cgp-Lithio-derivatives of propargyl ethers react with
lactones in diethyl ether and give rise to hydroxylactones
whose hydrogenation and subsequent acid hydrolysis afford
the corresponding spiro-compounds!®®:

_o0 0 oH

‘H‘.' + 1) +Hz

, 1\@0 R J==CCHy 2) +HT R

n o °
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The dilithio-derivative of hexadeca-1,10-diyne is readily
alkylated by 1,12-dibromododecane in a THF—HMPA mixture
with formation of a 28-membered macrocycloalkadiyne®®®:

(‘.E(‘,\\
LICEEC(CH ) pC=Chi 4+ Br(CH,) ,Br —> (CH,)), ((‘.H,.)l_
C=C
The intermolecular cyclisation of 1,4-dipropargyloxy-
naphthalene in the presence of copper acetate on heating in

pyridine has been reported recently®!, The reaction leads
to the formation of a tetrayne crown-ether in 96% yield:

OCH,C =CH ?CHzc =CC= CCHzlo
SO (N
oo
NN NN\ \'/\/
OCH,C=CH OCH,Ce= CCe=CCH,0

Other propargyl ethers have also been introduced into this
reaction®2,

The interaction of dibutylstannane with propargyl
alcohols leads to unsaturated cyclic organotin ethers®®’

R R!
N/ [
HC=CCOH +- (C4Hs)y SnHy — (C4Hy)5SnCH==CHCO
e

The addition of dialkylchlorohydrosilanes and the corre-
sponding germanes and stannanes to substituted propargyl
alcohols gives rise to the corresponding y-hydroxyalkenyl
analogues. The reduction of the latter with lithium tetra-
hydroaluminate and subsequent intramolecular dehydrocon-
densation led to the synthesis of 2-sila-, 2-germa, and
2-stanna-1-oxacyclopentanes®®®. The ease of cyclisation
depends on the polarity of the metal-hydrogen bond.

Iotsich reagents derived from propargyl alcohols react with
dichlorosilafluorene to form silicon-containing glycols whose
hydrosilylation with triethylsilane is accompanied by cyclo-
dehydration®®

7 N\ X oy
_ J(_l\

\ /
Si(C :uuﬂ), “+ 2{C,H;)38iH —>= Si \

/
(__((—n

L1 Rl )

XY, X', Y= (CHg)a8i or H

There exists the view that the final product of the inter-
action of the Grignard reagent derived from propargyl
bromide with y-butyrolactone, namely 2,2-dipropynyltetra-
hydrofuran, is also formed via the cyclodehydration of the

intermediate 1,4-diol: 166

| je=cen

THO
07 Nc=ccH, .

HCECCH:MgBr+| (') - [(CH;,CEC),(|JCH,CHZCIIZOHJ
N/

i OH
€]

The intramolecular cyclisation of chlorides of propargylthio-
alkanecarboxylic acids catalysed by AICl; leads to derivatives

of dihydrothiopyranones'®’:
R!' R* O S
Ll e, R N-R
RC=CCHSCHCCI — =2 o | |_¢
%
|
R

The addition of unsaturated organozinc compounds to the
propargyl compounds HC=CCH,X leads either to the normal
adducts or to cyclic compounds'®®~7%,  The reactions of
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propargyl alcohols (X = OH), ethers (X = OR), and their
nitrogen-containing analogues (X = NR,) result in the forma-
tion of mono- or di-addition products. Only diaddition takes
place in the reaction of propargyl bromide or chloride with
subsequent 1, 3-elimination and the formation of cyclopropane
derivatives. When propargyl bromide is treated with sub-
stituted allyl derivatives of organozinc compounds, mixtures
of three substituted cyclopropanes are produced:

H,\C _/CHy—~CH~CHR .
27" \CH,—CH ~CHR
R R

| !
CHa,, _ /CHCH~CH, . CHy,/CH—CH=CH,
CHy” NCH,CH=CHR ' CH,” \CHCH -CH,
|
R

HC==CCH,Br -- 3RCH=-CHCH,ZnBr — |

-+

The lotsich reagent derived from phenyl propargyl ether
reacts with Csp ethyl-substituted propargylﬂnc bromide,
also forming a cyclopropane derivative'’ In contrast to
this, the formation of acyclic compounds is observed in the
reaction of propargyl alcohol with the lotsich reagent.

Treatment of propargyl bromide with organomagnesium
compounds results in the formation of the products of the
Wurtz exchange reaction and also the products of an intra-
molecular rearrangement'727!7",

The reaction of propargyl alcohol with the zinc derivative
of ethyl bromocyanopropionate leads to the formation of
y-lactones!”*17¢;

ZnBr N
NC CH, | w
N/ o L0
HC=CCH,OH -+ BrZnC:COOCH; — - | | CHs —
C
\c/ \(‘OOCZH
CHZnBr
/0 o 40
) COOCH: or | ' o
N NcH, NN,
CH, CH,

Mixtures consisting of lactones, adducts, and transesterifi-
cation products are formed from secondary propargyl
alcohols. The reaction involving tertiary propargyl alcohols
affords a complex mixture of products Under these condi-
tions, Cgp-substituted propargyl alcohols do not react and
diethylpropargylamine gives rise to addition products alone.

Certain cyclisation reactions of propargyl compounds
proceed without involving the triple bond. This permits
the specific use of the latter in subsequent reactions.
Propargylphenylhydrazines are readily converted into
N-propargyltetrahydrocarbazoles on interaction with cyclo-
hexanone in acetic acid””:

S o= )
CH,C=CR - NNNS NS

|
CH,C=CR

The propargyl group is retained also in the intermolecular
cyclisation of ethyl propargylacetoacetate with hydroxyl-
aminel”®:

HC=CCH. CHj;

O CH,C=CH - i

I + NHOH -» N
CH3G-CHCOOC,H; 0= N2
0]

2-Propargylcycloanones react with glycol to form the corre-
sponding propargyl spirodioxolans’?:
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The monopropargyl ether of butane-2,3-diol undergoes cyclo-
hydration in an aqueous medium in the presence of mercury-

/ \l-cnzcEcn 4 HO (CH,),OH — =

'——(CHQ),,

/ 'T
N

/ \—ocmczcx-{ i

(CHy)p—

(I1) oxide and sulphuric acid with formation of 2-hydroxy-

2,5,6-trimethyl-1,4-dioxan

180,

(l)Hc'H3 H,C._ 0.
CH,CH CHOCH,C=CH -» ; } CH,
H:G” N0 NoH

The interaction of propargyl alcohols with the R-chlorocalkyl
ethers of glycidol in the presence of BF;.(C,Hs),0 leads to
the formation of derivatives of propargyloxymethyl-1,4-

dioxan!®!,
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