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INTRODUCTICN

Conjugated enynes possess two orthogonal n-systems E,% H

4 3 2 1”
-C EC—? =C\

— a 1,3-butadiene system on C(1), C(2), C{(3) and C(4),
-~ a n-bond on C(3), C(4).

Varied organometallic derivatives R-M add easily to these

compounds. In most cases, even when an excess of organometallic
compound is used, a single addition 1is observed, either on the
conjugated system or on the triple bond. In some cases, a bis-
addition involving only the triple bond appears. At last, this
addition may be accompanied by other reactions : substitution

cr elimination reactionse.

USUAL METHODS OF PREPARATION OF CONJUGATED ENYNES

1) Hydrocarbons : Five main methods may be used 1—%]

a) Dehydration of a-acetylenic alcohols

—Rtt Rt
?Hz R _H,0 CH_-R
HCSC—C-CH,-R"* —S-»  HC=C-C=CH-R"', Yield = 50-80 % ,
OH
b) Dehydration of B-acetylenic alcohols :
—HZO
HCEC—CHz—CHOH-R"' — HC=C-CH=CH-R"*, Yield = 70-80 % ,
c) 1,4-elimination from an a—acetylenic ether :
"
i /. (v 1ig. NHy
R"'—L}CEC-CHZ-OR' ——— (R"')(R")C:C:C:CHZ:I —
mrNey YR (Rve) (R)C=CH-C=CH , Yield = 50-80 % .
d) Prototropic rearrangement :
KNH
CHB-C_C—C(R') =C(R™) (R""V) iTq—-———? HC=C-CH=C(R*)-CH(R")(R"*),

Yield = 75-80 % .

e) Alkylation of HC=C group of a conjugated enyne :

LiNH
HC=C—C(R*)=C(R") (R"?) ﬁﬁﬂ—)- L1~CSC—C(R*)=C(R") (R"")
.« NHy



liqge. NH4

Li-C=C~C(R')=C{(R")(R"™') + R""X —HmMeT >

R""_C=C-C(R'")=C{(R"){(R"*), Yield = 55-80 % .

A number of results are gathered together in Table 1.

Table 1
Preparation of enynes : R""C=C-C(R')=C(R")(R"")

RMY R" R R Method Yield %
o [3] CH, H H 7 a 62
o [2] CH, H CH, a 65
H [6] cHeeny, CH, CH, a 50
o [e] (CH,), H a 80
H o [6] H H CeHs b 70
o [2] H H CH, c 50
no 2] H H nC,Hg c 55
Ho[e] H CH, CHg c 80
H [6] H H OC_Hg c 70
H o [6] H H N(CH,), c 70
H [6] H (CH,) ¢ d 8o
cH, [7] CH, H H e 55
C,He [7] CH, H H e 60
nC,H, [7] CH, H H e 65
nC,Hg [7] CH, H H e 68
nCgH ., [7] CHy H H e 70
cHy, [2]  cHg H CH, e 55
cHy [2] cHeeny), CH, CH, e 75
CH4 E]] (CH,), H e 94
cHy [2] H H nC Hg e 80
cHy [2] H C Hs C Hg e 75
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2) g—functional conjugated enynes : Three ways are generally

used
f) Preparation of an enynol and transformation of OH group into

another functional group [1, 3-5, 10-15] , for instance :

lig- NH 4 £
HC=CNa + Cl1-CH,-CH-CH, ———> HCEC—CH=CH—CH20H, [ié]

-

2 \0/ 2
Yield = 35-40 % .
HC=C~CH=CH~CH ,0H KO s R s HC=C-CH=CH-CH,-OR',
Yield = 80-85 % .
PBr3
HC:C—CH:CH—CHZOH E-t—l'? HC:C-CH:CH—CHZBL‘, ['lﬂ N
. Yield = 60-75 % .
HNR2
HC=C—-CH=CH-CH_,Br —————3 HC=C-CH=CH-CH —NR', Yield = 55-80 % .
2 benzen€ 2 2

g) Alkylation of HC=C group of an ag-functional enyne
‘[_1, 3-5, 11-15] :

LiNH,/1iqg. NH,
RII 'Yx
R""=C=C=C(R*)=C(R")~CH{(R"')-Y , Yield = 60-85 % .

HC=C-C(R'")=C(R")=CH(R""')-Y

Remark : These a—functional enynes may be obtained alsc by
addition of RMgX or RLi to conjugated diynes
R"uC=C—-C=C-CH(R™*)-Y [ia -

h) Functionalisation of the HC=C group of a conjugated enyne

[3, 15] :
1) C2H5MgBr or nC4H9Li
(R") (R" ’ )C=C(R' )“CECH 2) R""—CO—R“" >
(R")(R"')C:C(R')—CEC—C(OH)(R"")2 ’ Yield = 70-80 % .

1) CZHsMgBr or nC4H9Li‘
2) ClCHZ—OR‘ -

(R1) (R"*)C=C(R*)~-C=CH

(R")(R"')C:C(R')—CEC—CHZOR' s Yield = 50-60 % .
(R")(R"*)IC=C(R*")-C=CH cucl ,
. —— (R")(R"')C=C(R')—CEC—CH2—NR2
dioxane

+ (CHZO)n + HNR2

Yield = 50-~-80 % .
Several results are collected in Tables 2 and 3.
Remark : Alcohols of type : (R")(R"')C=C(R')-C=C-CH,OH
have been recently prepared by reaction between vinylcopper

(I) reagents and 1l-bromo 3-trimethylsiloxy prop 1l-yne [ﬁg -
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Table 2
Preparation of a-functional enynes :
R"2C=C-C(R*)=C(R")~-CH(R"*)-Y

Ry RY R" Rut Y Pathway Yield %

H [16] H H H OH £ 35

H E.G] H H CH, OH £ a5

H E_z] H H H Br £ 60

H [le H H H OC,Hg £ 60

H [SJ H H H  NH-C Hg £ 65

H Es] H H H N(C,Hg), £ 75

Ho [19 H CHy H OH £ 80

H [11] H CH, H Br £ 65

H E H CH, H OC4Hg £ 68

H E1 H CH, H NH~C ;H; £ 68

H th] H CHq H  N(C,Hg), £ 84

H [ CH, H H OH £ 60

H E.1] CHy H H Br £ 78

H 3 CH, H H OC,Hg £ 52

H 1 CHy H H  NH-C,H. £ 45

H 1] CH, H H  N(C,Hg), £ 83
CH, [5] H H H OH g 75
CH4 Es H H H Br g 72
CH; [5 H H H OC, Hg g 85
cHy |5 H H H  NH-C,H¢ g 60
CH, ES] H H H  N(C,HZ), g 80
nC,Hg 1§ H H H OH g 70
nC,Hy [19] H H H Br g 50
nC Hg Es] H H H  N(CH3), g 80

this alcohcl has been obtained also by isomerisation in
acidic medium of HCEC—CHOH—CH=CH—CH3, Yield = 85 % l}é] .
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Table 3
Preparation of a—functional enynes :
(R")(R"')C:C(R')—CEC—C(R"")Z—Y

R™ R R? R Y Pathway Yield %
o [3] H H H OH h 60
H [3 H CHy H OH h 80
H |3 CH, H H OH h 74
H |1 nC  Hg H H OH h 77
o [19 nC 4 Hg H CH, OH h 80
Ho[3 CH,y H H ocC - H h 79
H O[3 H CH, H oC H h 82
H [1§| nC,Hg H H OCH h 72
o [3] H H H  N(C,H), h 95
Ho [3] CH, H H  N(C,Hg), h 90
H ElS] nC, Hg H H  N(CHj), h 83

3) a,x*'—difunctional

conjugated enynes

Two ways can be u

i) Preparation from

sed :

an_a-functional conjugated enyne

H, Y

2

HC=C-CH=CH-CH,Y (Y = OH,OR',NRé) [4, 19-22] -
HCEC—CH:CH—CHzY CuCl
—_—_ — —C=C—~CH=CH—
+ (CH,0)_ + HN(CH ) dioxane (CH3)2N CH,-C=C-CH=CH-C
n 372
Yield = 50-76 % .
1) C,H-MgBr
HCEC—CH:CH—CHZY - CH3O—CH2—CEC—CH=CH—CH2Y
2) ClCHZ-OCH3
Yield = 50-60 % .
1) C,HgMgBr
HC=C—-CH=CH-CH.Y HOCH ,—-C=C-CH=CH-CH.Y
- 2 2 2
2) (CH,0O)
27 'n
Yield = 20-40 % o
j) Preparation from epichlorhydrin and HCEC—CHZX [?0—2%
LiNH2
=C~ -CH ,,~CH~ ————> —C=C—CH=CH-
HC=C CHZY + C1 CH2 Qs sﬁ2 NH311q- YCH2 C=C~-CH=CH CH20H
(o]

Yield = 35-50 % .
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Table 4

Preparation of «,x'-difunctional enynes :

Y *CH,~C=C—CH=CH—CH Y
Y?* Y Pathway Yield %
N(CHj), 2 OH i 20
N(CH;), 3 OH 3 40
N(C,HZ) 5 9] oH i 76
N(CH3), kol Br 3 70
N(CHj) Eq OCH, i 60
N(CH3), k9] OCH, 3 80
N(CHy), 9 N{CH3), i 50
N(CH;), [d N(CH;), j 60
OCH 2 OH i 50
OCH, 2 OH 3 50
OCH @3 Br 3 80
OCH, E OCH 4 i 60
OCH, 3 ocH, 3 86
OCH N(CH.) i 20
3 3
OCH, b3 N(CH,) j 60
OH 19, 23 OH i 10-30°
OH 2: OH j 35
OH 2 OCH, i 40
OH Eg N(CH,) , i 30

impure product
Then, the alcohol group can be transformed into an ether, a

bromide or an amine group :

YCH,-C=C—CH=CH~CH ,0H %g%é-YCHZ—CEC—CH=CH-CH2—OR‘,
Yield = 80-90 % .
 PBrg -
YCH,~C=C—CH=CH-CH,OH 52 YCH,~C=C-CH=CH-CH,Br,
Yield = 70-80 % .
HNRé ,
¥YCH ,~C=C~CH=CH~CH ,Br ——="—> YCH,-C=C-CH=CH-CH,-NR} ,

Yield = 60 % .

The main results appear in Table 4 .
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ADDITION REACTIONS OF ORGANOMETALLIC DERIVATIVES

The results reported here mainly concern common organome-—
tallic derivatives such as organolithium, organomagnesium and
organozinc compounds. Often, the experiments have been run
with a large excess of organometallic derivative to allow for
all the possibilities of addition and of the mobile hydrogen

atoms, as the case may be.

A — Addition involving the 1,3-butadiene system

1) Hydrocarbons - Synthesis of allenes

With hydrocarbons, the only reaction observed is an 1,4-
additicn to the 1,3-butadiene system :

1
-g2c£;l$— + RM — —?:C:F-C—R .
i
M

The addition of organolithium compounds to enynes is a

useful reaction for the preparation of allenes :

) .
run—c=cEC(R')2C(R")(R"") + R-Li —>

H,O
R""—'C‘-:C:C(R' )—C(R) (R") (an ) _?_9 R""—CH:C-':C(R' )_C(R) (R") (Rnl )

Li

The adducts are formed in good yields (see Table S), when
R = alkyl [1, 5, 9, 24, 2_{] , allyl [5, 9] , benzyl
[?, 24, 2@ and phenyl [1, 24 , 2{]. On hydrolysis, they
produce only allenic hydrocarbons ; th= absence of any acety-
lenic product from the reaction is noteworthy, inasmuch as
the addition product is an organometallic compound which may

well be represented by the resonance-stabilized anion :

- 1 - +
[—C:C:F—?*R —> ~C=C~ -?—é] Li .

Remark : These allenic organolithiums are very useful in syn-
thesis [?4, 2#] « In various further reactions, the allenic
structure is preserved : upon reaction with various aliphatic,
aromatic, o—ethylenic, a-acetylenic aldehydes and ketones,
they produce in good yields the expected ag=-allenic alcohols
and with epoxides they give B-allenic alcohols ; but oxidation

leads éo the predominant formaticon of acetylenic alcohols
[24, 2 .
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Table 5
Synthesis of allenes R"XCH=C=C(R')-C(R")(R"*)(R)

RM R™n R*' Rw R"*  Yield %
CH,=CH-CH,MgBr  [9] CHy H  H  nC,H, 10
CH,CH=CH-CH,MgBr [9] CHy H H  nC,Hg 45
CH,=CH~CH,L1 [=] CHy H H  nCyHg 60
C, HgCH=CH-CH,L1  [9] CH,4 H H  nC,Hg 56
nC HgLi Ez% C,Hg H H H 30-50
(CH3)2CH-CH2LJ'_ 25 C,Hg H H H 30-50
(CH,) 4CLi [29 CoHg H H H 30-50
CgHg—CH,Li E§] CHy H H H 30-50
CgHg=CH,Li Ee’i[ C_Hg H H H 30-50
p-CHy~CH, Li 7] C,Hg H H H 30
0.CH3~CgH,Li Eﬂ C,oHg H H H 30
P+CH;0-C H, Li Ez‘l CoHg H H H 30
C,HCal [33 C,He H H H 20-25
CgHsCal I3 C Hy H H H 20-25
nC,HgCal Eij CH=CH~CH; H H H 25
(C,Hg) ,Ca 1] CH,4 H H H 25-30
(C,Hg) Ca B1 CHs Ho H H 25-30
(C,Hg) Ca E:] CH=CH,, H H H 25-30
(CZHS)ZSr Eg[ CH, H H H 40-50
(C,Hg) ,Sr 3 C_H H H H 40-50
(CoHg) ,ST 32 nC;H., H H H 40-50
(C,Hg) ,Ba 5:3] CHgy H H H 45
(C_Hg) ,Ba 33| nCHg H H H as
(C,H.),Ba E% (CHy) ,C H H H as
(C,Hg) ,Ba B3 CH,S H H H 35-40

The same results are observed with allylic organomagnesium
compounds [5, é] 5 when R is a substituted allyl group, the
reaction takes place with complete allylic rearrangement, as
it is general in addition reactions of organometallic deriva-

tives to unsaturated C-C bonds [29 -« Under the usual condi-
tions, Grignard reagents, when R is a saturated group or
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benzyl group do not react [13, 30] ; the same result is
observed with organozinc compounds (R= alkyl, allyl) [5, 1%] -

In the other hand, organometallic compounds such as
calcium, strontium and barium derivatives (R = alkyl, phenyl)
do iead to allenes 1}1—3%] -

2) a—functional envnes

a) Enynes R""-C=C-C(R®')=C(R")~-CH(R"')-Y ~ Synthesis of

pP~functional allenes

R""—CEC@:C(R")—CH(R"')-Y + RM — >
R""-CH=C=C(R")~C(R) (R")=CH(R"")-Y

Organolithium compounds where R = alkyl or allyl [?,15]
lead to B-functional allenes (Y = OH, OR', NH-R', NRé) in good
vields (see Table 6). It is to remark that the reaction of
LiAlH4 with these enynes lead to B-functional allenes also Ehg.

The same results are observed with allylic organomagnesium
derivatives |5, 13 , but alkyl- and benzyl—-organomagnesium
compounds , allyl—- and alkyl-organozinc compounds

13
[S, 12, 14, 1ﬂ do not react.

Table 6
Synthesis of B-functional allenes
RY"MCH=C=C(R')-C(R)(R")~-CH(R"')-Y

R—M R"w Rt Rm  Rut Y Yield %
CH ,=CH=CH,L3 [s] CH, H H H OH 17
nC,HgLi [5] cH;, H H H OH 10
CH,=CH-CH MgBr [5] CH, H H H OH as
CH,=CH-CE L1 [5] CHy H H H OC, Hg 77
nC,HgLi ‘ [5] CH, H H H OC, Hg 25
CH,=CH-CH MgBr [;5] CH, H H H 0C, Hg 55
CH,=CH-CH,MgBr |5 ] CH, H H H  NH-C,H 47
CH,=CH-CH L1 [19] nC,Hg H H H OH 24
nC,HgL1 [19] nC,Hg H H H OH 25
CH,=CH—CH ,MgBr [155] nC,Hg H H H OH 57
CHZ_—.CHTCHZLJ_ EEZ[ nc,Hg H H H  N(CHjy), 30
nC,HgLi Es] nC,Hy H H H N(CH3), 20
CH,=CH-CH_MgBr Efﬂ nC, Hg H H H N(CH,) , 15




b) Enynes (R")(R"')C:C(R')-CEC-C(R"")Z—Y = Synthesis of

a—functional allenes

With these enynes,

1,4-addition to the conjugated system

leads to a—functional allenes :

(R")(R“')Céé?;T;LCEC—C(R"")Z—Y + RM — o

(R")(R"')(R)C—C(R')=C=CH—C(R"")2—Y

This type of addition is obtained with alkyl-lithium,

calcium and barjium derivatives [?4, 28, 34—3{] « The same

result is observed with allyl-lithium,

when Y is a tertiary

alcohol group or a tertiary amino group [}%] (see Table 7).

Table 7

Synthesis of a-functional allenes
(R")(R“')(R)C—C(R')=C=CH-C(R"")2—Y

RM R R RT Ruw Y Yield %
CHy=CH-CH,Li  [15 H  nCyHg H  CHy OH 60
nC,HgLi @3 H  nC,Hg H  CH, OH 80
CHy=CH-CH,Li  [1§ H  aC Hg H H OH 20°
nC,HgLi 15 H  nC,Hg H H OH 50
CH,=CH-CH,Li 15 H  nC,Hg H H N(CH3), 60
nC,HgL1 5] H  nCuHg H H N(CH;), 20
C_HLi 4 H H H CH OH 75

2"s o 3
(CH;) ,CHLi Ba H H H  CH, OH 70
(CH,) ,CH—CH,Li Eé H H H  CHy OH 70
NCgH, L1 B4 H H H  CH, OH 75
C, HgLi Bsl H H H H N(C,Hg), 80
(CH3) ,CHLi B3 H H H H N(C,HZ), 80
C,HCal E% H H H H N(C,Hg), 25-30
(CH;) ,CHCaI 5 H H H H N(C,H.), 25-30
C,HCar g n H H  CH, OH 25-30
CgHgCal pe] © H H  CH, OH 25-30
(C,Hg) ,Ba 37 w H H H  N(CH), 30-50
(C,Hg) ,Ba EX H H H H N(C,Hg), 30-50

.SO/SO mixture with the conjugated diene resulting from

addition on the triple bond.

245



246

3) x,x'=-difunctional enynes

a) Enynes_RIN-CH,_C=C_CH=CH_CH,Y — Synthesis of a-allenic

d-functional amines

When the functional group next to the triple bond is an
amino group, the corresponding enynes give only the 1,4-

addition =

RéN—CH2—CEC—CH=CH—CH ¥ + RM ——> RJN-CH,—CH=C=CH-CH(R)=CH,Y ,

2
" Y=OH,OR", Naé, Yield = 45-65 % .

Alkyl and allyl-lithium derivatives react in this manner
in good yields [?§] s alkyl—- and allyl-magnesium compounds
lead to the same result and when R is a substituted allyl
group, the reaction proceeds with complete allylic rearrange-
ment. Allyl-zinc compounds do not react, even on heating for
a long time.
This is a very convenient method for preparing «,B'-
difunctional allenes. Several results are collected in Table 8.

b) Enynes HOCH,-C=C~CH=CH-CH,Y - Synthesis of a—allenic
d—-functional alcohols

Analogous results were obtained with a,ax'-difunctional
conjugated enynes which possess one OH group next to the triple
bond (see Table 8), but only in the case of reactions with
organolithium compounds (R= alkyl, allyl) [?ﬂ H

¢
HOCHZ—CscfgglCH—CHZY + RLi —> HOCH2—CH=C=CH—CH(R)—CH2Y

Yield = 40-65 % .
Table 8

Synthesis of «,PB'-difunctional allenes Y'CHZ—CH=C=CH—CH(R)—CH2Y

RM . ! ¥ = OH Y = OCH, ¥ = N(CH3)2
Yield % Yield %° Yield %
CH,=CH-CH,L1 [o) N(CH3)2 25 45 25
C,HgLi 20 N(CH,), 30 47 20
CH,CH=CH-CH,Li 20 N(CH;), 45+ 70 45
CH,=CH—CH,MgB< 20] N(CH3), S0= 64 45
C,HgMgBr @g N(CH,), 15 18 15
CH 3CH=CH-CH ,MgBr l?q N(CH;3), 63+ a5 50
CH,=CH-CH,Li 2% OH 10 5Q9es 30+-+
C HgLi 2 OH - 25=+ -
CH ,CH=CH~CH,Li Eg} OH - 65 55

*10-25% of vinylallenic amine resulting from an 1,2-elimination
is also obtained. ** 5-10% of allene resulting from an 1,4-
addition and a substitution of the OH group is also formed.
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B = Addition involving the 1,3-butadiene system and

substitution

The 1,4—addition can be accompanied by a substitution
reaction of a good leaving group, when this group is located
in the aq-position to the triple bond.

This behaviour has been noted with a-functional and with o,x'-—
difunctional enynes, particularly when they possess an alkoxy

group.

1) g-functional enynes R"®-CH=CH-C=C-C(R""),-Y Y=C1l,OR"
This type of reaction may be observed among other reac-
tions, when Grignard reagents R-MgBr are allowed to react with
such enynes E)S] H

CH,0-CH,~C=C~CH=CH, + R-MgBr ——> CH,0-CH,~C(MgBr)=C=CH-CH,—R
- CH,O0-MgBr
-3 75 |:CH2=C=C-_-CH—CH2-:IB-_—M9—B—L-> R—CH_,~CH=C=CH-CH ,—~R

This mechanism is proved by the fact that the cumulene
can be obtained when the structure shows steric hindrance, for

instance :

CH30-C(CH4) (tC Hg)~C=C~CH=CH, + (CH3),CH-MgBr ————=

3

(CH3 )< tC4H9)C=C=C=CH—CH2—CH (CH3 ) 2

Analogous results are observed with alkyl-lithium and

allyl-magnesium compounds Eé] .

2) ax,ax'—-difunctional enynes

a) Enynes RfOCH,—C=C-CH=CH-CH,Y - Synthesis of p-func-

tional allenes

R'O—CHZ-CEC—CH=CH-CH2Y + RM —— R—CHZ—CH=C=CH—CH(R)—CH2Y

Y=OH,OR',NRé Yield = 45-65 % .

Alkyl and allyl-lithium compounds react in this manner
with good yields (see Table 9) ; alkyl- and allyl-magnesium
compounds lead to the same result and, when R is a substituted
allyl group, the reaction proceeds with complete allylic rear-
rangement [2%]. Allyl—-zinc compounds do not react, even on

heating for a long time.
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Table 9
Synthesis of PB-functional allenes
R-CH2—CH=C=CH—CH(R)—CH2Y from Y'CH2—CEC—CH=CH—CH2Y

. Y = OH Y = OCH, Y = N(CH.)
RM Y'  Yield % Yield% > Yield % > 2
CH2=CH—CH2Li @ﬂ OCH3 25 36 30
C HgLL d  ocu, 20 30 -
CH3CH=CH-CH,Li Bl  ocny 20 45 10
CH,=CH-CH ,MgBr k1 OCH, 50 60 42
C,HgMgBr 1  ocH, - 10 -
CH;CH=CH-CH_MgBr R1 OCH 55 65 50
CH,=CH~CH ,MgBr EE oH °  10- 12+ 5
CH,CH=CH-CH,MgBr |2 OH 10+ 15+ 5e

“in these cases, 30-45 % of dienic products is also formed
(see Table 11).

Probably, the mechanism involves a 1,4-—addition, then a 1,2-
elimination to give a cumulene and, finally, another addition
of R-M [21, 38] .

b) Enynes HOCH2—CEC—CH=CH-CH2X

The same behaviour is noted for a minor part (see Table 9)
of the reaction between allyl-magnesium derivatives and o,x'-
difunctional enynes which possess one group OH next to the
triple bond I:2§I :

HOCHZ—CEC—CH=CH—CH Y + R-MgX ——> R—CHZ—CH=C=CH—CH(R)—CH2Y

2
Yield = 10-15 % .

C - Addition to the triple bond

1) Enynes R"Y—-C=C-C(R*')=C(R")(R"?') —- Synthesis of conju-
gated dienes

Under the usual conditions, Grignard reagents do not
react [3(_;_| y but addition to the triple bond may be observed

in the presence of NiCl2 39 =
NiCl2
+ Ar—-MgX ————— (R"")(Ar)C:CH—CH:CH2 ’
Yield = 10-35 % .
Yet, under similar conditions, alkylmagnesium halides
lead to the polymerisation of conjugated enynes |[39]| .

R""-C=C-CH=CH,



2) Enynes (R")(R“')C=C(R')—CEC—C(R“")2—Y — Synthesis of

a—functional conjugated dienes

With allyl-magnesium derivatives [iﬂ and organochomocu-
prates (R)ZCuMgBr I}é] y a single addition on the triple bond

is observed, leading to a-functional conjugated dienes :

¢)
(R")(R"')C:C(R')—CEC—C(R"")z—Y + RM ——mu
(R")(R"*')C=C(R"! )—CH:C(R)—C(R"")Z—-

This addition is observed also when LlAlH is allowed
to react with these enynes [?% « In individual cases, organo-
zinc compounds (R = allyl) and organolithium compounds
(R = alkyl, allyl) can lead to analogous results (see Table 10)}.
With organomagnesium compounds, this reaction proceeds
by trans-—-addition [}5 , whereas with organocuprates both cis-—

and trans—addition occur [%q

Table 10
Synthesis of a-functional conjugated diénes
(R")(R"*)C=C(R" )—CH:C(R)—C(R"")Z-Y

RM R*  Rme R'  Rww Y Yield %
CH,=CH-CH MgBr [1§ H ncyng H  H oH 20
CH ,=CH—CH,ZnBr [15 H  nC,Hy H H OH 5
CH,=CH-CH,MgBr [15] H nC,Hg H H N(CHy), 25
(C,4Hg) ,CuMgCl Eq H H H H  OC,Hg 60
CH,=CH~CH,Li fi9] H nCyHy H H OH 20+
C, HgLi fis] H nCyHy H H OH 50+

.50/50 mixture with allene resulting from an 1,4—addition on
butadiene system.

3) Enynes HOCHz—CEC—CH=CH—CHq—NRé — Synthesis of a,x'—~di—
4

functional dienes
4 3 2 1
-— v ¢
HOCHZ-Cis—CH=CH—CH2—NR2 + RM ———-)-HOCH2—C(R)=CH—CH=CH-CH2—NR2

This 4,3-addition has been observed with allyl-magnesium
compounds, concurrently with 1,4-addition to the conjugated
system and substitution E%] 5 with allyl-zinc derivatives, it
is the only reaction obtained, but the group R often adds on

either side of the triple bond (see Table 11).
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Table 11

Various products resulting from addition on the triple bond of

HOCHZ—CEC—CH=CH—CH2Y [22]
Add. 4,3
RM Y Add. 3,4 Add. 4,3 790 "7
CH2=CH—CH2MgBr N(CH3)2 O 37= O
CH3—CH=CH-—CH ZMgBr N(CHa ) > (o] 45s O
CH,=CH-CH ,ZnBr N(CH,), 5 45 o
CH3—CH=CH—CH22nBr N(CH3)2 (o] 35 (o]
CH2=CH-CH2MgBr OH (o] (o] 30=
CH 3~CH=CH~-CH ,MgBr OH o o 35«
CH2=CH—CH22nBr.' OH o] o] 20
CH 5 =CH=CH-CH ,ZnBr OH o o 30
CH2=CH—CH2MgBr OCH3 (@] (@] 30*
CH3-CH=CH—CH2MgBr OCH3 o] o 40+
CH2=CH-CH22nBr OCH3_ 15 o 20
CH ;~CH=CH-CH ,ZnBr OCH, 20 o} 30

In these cases, 5~10 % of allene resulting from an 1,4-addi-
tion on butadiene system and substitution of OH group is
also formed.

Add.3,4 H HOCHZ—CH=C(R)—CH=CH—CH2Y

Add.4,3 H HOCHZ—C(R)=CH-CH=CH—CH2Y

Add.4,3 + subst. : HOCHZ—C(R)=CH-—CH(R)-—CH=CH2

D — Addition on the triple bond and substitution

This behaviour has been observed with a,x*-difunctional
conjugated enynes, when the group next to the triple bond is a
OH group and when the group located next to the double bond is
a good leaving group [?a ; thus, allyl—-magnesium and allyl-
zinc compounds react in this manner and produce ,5-dienic

alcohols (Table 11), for instance :

HOCH_,-C=C—-CH=CH-CH_,-CCH_, + CH2=CH—CH2MgBL‘ —_—

2 2 3
HOCHZ—C=C(MgBr)—CHéé;}CHZZ%CH3 HOCH ,~C=CH-CH-CH=CH,,
| — —_— | ]
CH,=CH-CH,, CH,LCHZCH ,MMgBr CH,=CH-CH, CH,-CH=CH,



A — Addition involving the 1,3-butadiene system

1) Hydrocarbons - Synthesis of alkynes and allenes

The reaction takes place according to the following ge-
neral scheme Ej— 9] :

HC=C~C(R")=C(R")(R"') + RM — >
E’-c=c=c(R-)—ccR)(R")(R"') «—> M—CEC-aR'FC(R)(R"’(R"'J M

CH2=C=C(R')-C(R)(R")(R"')

HZO
R N
HC=C-CH{(R"*)}-C(R)}(R")(R" ")
The organolithium compounds (R = allyl, alkyl) react easily to

give only alkynes, which thus appear as resulting from an 1,2-
addition on the ethylenic bond ;3 when R 1is a substituted
allylic group, the reaction takes place mainly with allylic
rearrangemente.

It is an easy way to obtain B-branched terminal alkynes from
varied enynes (see Table 12), but the yield decreases when the

steric hindrance increases.

Table 12
Synthesis of 1-alkynes HC=C-CH(R®')-C(R)(R"™)(R"?")

RLi R' R" R"® Yield %
CH,=CH-CH,L1 Ls, 9] H H nC Hg 40
CH 4 —CH=CH-CH,Li [6] H H nC,Hg 45
C,Hg—CH=CH-CH,Li [5, 9] H H nC, Hg 33
nC,HgLi E», g H H nC,Hg 40
CH,=CH=CH,,Li [6] H CeHe 10
NC,HgL1 [6] H H CeHe 15
CH,=CH-CH,Li (6] (CH,), H 30
CH3~CH=CH=CH L1 Es] (CH,), H 40
nC, HgLi [6] (CH,), H 42
CH_=CH-CH_Li 6 H (CH.) 26

2 2 2’s
CH4-CH=CH-CH,Li E ] H (CH,) g 12
nC,HgLi E;] H (CH,) ¢ L0
CH,=CH-CH,Li [6] H CHg CoHg 25
CH;—CH=CH-CH,Li Es] H C,Hg C,H, -
nC,HgLi el H C,Hg C,Hg g 10
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The organomagnesium_reagents react easily and produce always a
mixture of an alkyne and an allene. The reaction takes place

with various Grignard reagents (R = allyl, alkyl, benzyl), but
it is necessary to use more drastic conditions [?i] , for ins-
tance 40h at 105°C instead of 24h at 20° or 35°C, with satura-—
ted or benzylic than with allylic organomagnesium derivatives;
when R is a substituted allyl- group, the reaction takes place

with complete allylic rearrangement.

The ratio alkyne/allene depends on several factors :

- nature of the R', R" and R"' groups of the enyne,

- nature of the R group of the Grignard reagent,

— experimental condiEions,

but it does not depend on the E or Z configuration of the
double bond [é]
Finally, the results gathered in Table 13 also show that the

vield decreases with increasing steric hindrance.

Table 13
Synthesis of 1l1-alkynes HC=C-CH(R')-C(R)(R")(R"*'} and
1-allenes CH,=C=C(R'}-C(R)(R™)(R"")

vyield alkyne allene

* ” me

RMgBr R R R o %, %
CH,=CH-CH,MgBr [f] H H ncHg 40 75 25
CH;CH=CH-CH,MgBr [6] H H nC,Hg 65 64 36
C,HgCH=CH-CH,MgBr  [9] H H  nC,Hg 44 75 25
2 HMgBr [13] H H  nC,Hg 40 95 5
(CHy) ,CHMgBr E:a] H H  nC,Hg 43 95 5

Ce S—CH MgBr E:ﬂ H H  nC,Hg 10 100
CH ,=CH-CH,MgBr [6] H H CgHg o) 87 13
CH,=CH-CH ,MgBr [6] (CH,) , H 26 52 48
CH4CH=CH-CH ,MgBr [6] (CH,) , H 5 99 1
CH ,=CH~CH ,MgBr [e] H (CH,) ¢ 32 61 39
CH,CH=CH-CH ,MgBr [6] H (CH,) ¢ 10 99 1
CH,=CH-CH ,MgBr [e] ® c,ug c,Hg 15 70 30




2) a—functional enynes — Synthesis of Y—-functional alkynes

and B-functional allenes

As previously, the reaction can lead to a mixture of
two compounds :
1) RM
-y ——
2) H,0

15 .

fot-—TalN ok & = 1] Padii we
av=w=—L\n"* °

A ~ D AY f
J=LinnT =i’

2=C=C(R')-C(R)(R")~CH(R"')--Y

( HCSC—CH (RT)-C(R) (R")=CH(R"1)-Y

CH

The organolithium compounds (R = allyl, vinyl, alkyl) react
easily to give only Y-functional alkynes (alcohols, ethers,

tertiary amines) [5, 10, 11§ .

This is an easy way to obtain B-branched Y-functional terminal
alkynes from varied enynes, but the yield varies widely accor-
ding to the steric hindrance next to the functional group

(see Table 14).

Table 14 -
Synthesis of y-functional 1-alkynes
HC=C=CH(R*')-C(R)(R")-CH(R"*)-Y

RLi R* R" RMe Y Yield %
CH,=CH-CH,Li [s, 19 H H H OH 5¢
CH,=CH—CH,L1 [1-;] H  CH, H OH 52
CH,=CH=-CH,Li |:11:| CH, H H OH a6
CH,CH=CH-CH,Li [5] H H H OH 58
nC,HgLi [5:] H H H OH 14
CH,=C(CH,)Li [5] H H H OH 10
CH,=CH-CH,Li [5] H H H  OC Hg 35
CH,=CH—CH,Li 1 H  CHy H oC  Hg 25
CH ,=CH-CH,Li EE| CHy H H oC,Hg 48
nC,HgLi [5] H H H OC,Hg 24
CH,=CH~CH,Li £s] H H H  N(C,Hg), 42
CH,=CH-CH,Li 1] H  CH,y H  N(C,H), 5
CH ,=CH=CH,Li i1 CH, H H  N(C,Hg), 5
nC,HgLi [ST_‘ H H H N(C,Hg), . 44

Remark : ﬁ??fe results apply also to other functicnal enynes
19} -

HC=C—CH=CH—(CH) ,—-Y n>/2 , Y = OH,OR',NRé .
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The organomagnesium reagents produce generally a mixture of
a Y-functional alkyne and a P-functional allene [?, 10, 11, 1%],
The reaction may take place with various Grignard reagents
(R = allyl, vinyl, alkyl, benzyl), but it is more difficult
with saturated or benzylic derivatives Eé] s when R is a subs-

tituted allyl group, a complete allylic rearrangement is

observed.

The ratio alkyne/allene depends mainly on the nature of
Y group [}i] and varies slightly with several other factors :

- the nature of the R', R"™ and R"' groups of the enyne,

— the nature of the R group of the Grignard reagent,

- experimental conditions,

but it does not depend on the E or Z configuration of

the ethylenic bond.

The results which appear in Table 15 show that this
reaction is general, but the yield decreases markedly with in-

creasing steric hindrance.

Remark : These results extend to other functional enynes EéJ:

HC=C~CH=CH-(CH,) ~Y , n»2 , Y = OH,OR',NH-R',NR}.

B — Addition involving the 1,3-butadiene system and

substitution

Such behaviour is observed when organolithium and orga-
nomagnesium compounds are allowed to react with functional
enynes such as HC=C-CH=CH-OR"* [é, 7] ; the presumed mechanism
is :

HC=C-CH=CH-OR* + RM ——mM——>

[M—C:C:CH—CH(R)—OR' -~ M—CEC—CH-CH(R)-OR':] Mt

- R'OM RM
M-C=C-— =CH~R
> C—-CH H

[M-C:C:CH-CH(R)Z > M-CEC-CH-CH(R)aj Mt

2

H,O CH,=C=CH-CH(R) ,
—_—

| HC=C-CH,~CH(R) ,

Organolithium derivatives (R = allyl, alkyl) produce f-branched
1-alkynes only, while organomagnesium compounds (R = allyl)
lead to a mixture of B-branched 1-alkynes and g-branched ter-

minal allenes (see Table 16).
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Table 15

Synthesis of Y-functional 1l-alkynes
HC=C~-CH(R*®')-C(R)(R")-CH(R"')-Y and PB~functional 1-allenes
CH2=C=C(R' J—C(R)(R")—-CH(R"*)-Y

RMgBr R* R R™* Y Yield alkyne allene
% % %
CH,=CH~CH ,MgBr [s] ¥ ® = OH 77 30 70
CH,=CH~CH ,MgBr %] H CHy H OH 77 40 60
CH ,=CH~CH ,MgBr 1] CH; H H OH 75 35 65
CH;CH=CH-CH,MgBr [5] H H H OH 78 35 65
CH,=CHMgBr [53 H H H OH 63 39 61
CH,=C(CH;)MgBr I:?-. H H H OH 43 40 60
C,HgMgBr 13] H H H OH 55 45 55
(CH;) ,CHMgBr f3] H H H OH 50 as 55
CgHg—CH,MgBr 3] H H H OH 15 50 50
CH,=CH~CH ,MgBr [s_?] H H H  0OCyHg 83 40 60
CH ,=CH~CH ,MgBr [17 H CHy H  0OC,Hg 51 4as 55
CH,=CH-CH MgBr [12 CH;y H H  0OC Hg 78 40 60
C,H MgBr [13_ H H H  OC Hg 15 60 40
(CHg) ,CHMgBr Eﬂ H H  OC,Hg 20 65 35
CH ,=CH~CH ,MgBr [s] = H H NH-C,H. 68 80 20
CH,=CH~CH, MgBr [t H CHy H NH-C,H; 40 75 25
CH,,=CH~CH ,MgBr E1] CHy H H NH-C,Hy 49 83 17
C,HgMgBr 3] H H H NH-C,H; 36 60 40
(CH;) ,CHMgBr B3] H H H NH-C,H; 30 65 35
CgHg—CH,MgBr 3] H H H NH-C,Hg o - -
CH,=CH~CH ,MgBr [S] H H H NCH, 68 67 33
CH ,=CH~CH ,MgBr [17] H CHy H N(C,Hg), 5 60 a0
CH ,=CH~CH ,MgBr il cny; # B Nc,Hg), 9 67 33
C,HMgBr 13 H H H N(C,Hg), 40 65 35
(CH3) ,CHMgBr fi3] H H H N(C,Hg), 5O 67 33
C Hg=CH,MgBr fis] = H H N(C,Hg), 25 100 o}




256

Table 16
Synthesis of 1l1-alkynes HCEC—CHZ—CH(R)2
and l-allenes CH C=CH-—CH(R)2

o=
RM Yield % alkyne % allene %

CH,=CH-CH, L1 [e] 15 100 o

CH 3—CH=CH—CH2Li [6] 10 100 - o

nC,HgLi [6] 10 100 o

CH,=CH-CH,MgBr &ﬂ 48 85 15

CH,-CH=CH-CH MgBr [6] 18 90 10

C - Addition to the triple bond

1) Hydrocarbons — Synthesis of conjugated dienes
432 1 1) RM
HC=C-C(R*")=C(R")(R"") ————— e
2) H,0
CH2=C(R)—C(R')=C(R“)(R"') 3,4-addition
R-CH=CH-C(R")=C(R") (R"") 4,3-addition
CH3—C(R)2—C(R')=C(R")(R“') 3,4-bis-addition

The allylic _organozinc_compounds [?—g lead to dienes resul-
ting from 3,4-addition. With some enynes (R*'=R"=H , R"'=H ,
alkyl) and when a large excess of organozinc compound is used,
an alkene resulting from a double addition may also be pro-
duced (see Table 17).

When R is a substituted allyl group, the reaction leads to a
mixture of two products S and P (reaction with and without

allylic rearrangement) :

2=C—C(R' )=C(R"){(RY""),

R—CH—CH:CH2 CHZ-CH=CH—R

S : CH2=?-C(R')=C(R“)(R“'), P : CH

and the ratio S/P varies according to the experimental condi-
tions (Table 18) : this fact can be explained by the reversi-
ble character of the reaction [é], which allows the formation
of the thermodynamic isomer P from the kinetic isomer S :
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Table 17
Synthesis of conjugated dienes CH2=C(R)—C(R')=C(R")(R“')
and alkenes CH3-C(R5—C(R')=C(R“)(R"')

RM R* R™ R diene alkene
: yield % yield %
CH ,=CH-CH,ZnBr [e] H H H 29 21
CH,=CH-CH,ZnBr [6] H H  nC,Hg 43 22
CH ,=CH~CH ,ZnBr [6] H H CeHs 40 o
CH,=CH-CH,ZnBr [e] (CH,), H 70 10
CH,=CH-CH ,ZnBr [6] H (CH,) ¢ 35 o
CH,=CH-CH,ZnBr 1;6] H C,Hg C,Hg 20 o
CH_=CH-CH,ZnBr |_6] H H OC,Hg 25 30
CH ;~CH=CH~CH, ZnBr [6] H H  nC Hg 40 o)
CH ;~CH=CH-CH ,ZnBr [6] (CH,) H 45 o
CH,—CH=CH~CH ,ZnBr [6] H (CH,) 23 o
CH3~CH=CH-CH,ZnBr [6] H H  OC,Hg 78 0
C,Hg—CH=CH-CH ,ZnBr [5] H H  nC Hg 55 o
C,H,sCuMgBr, fad H H H 42 o
C,H,cCuMgBrCl [ad H H H 40 o)
(C,H, ) ,Culi,LiI E@ H H H 29 o}
(C,H,¢) ,CuMgCl,MgC1Br [Q] H H H 40-70 o)
(CgH 1) ,CuMgCl Eﬂ H H H %0 o
(C,Hg) ,CuMgCl [aqd oy H H 85 o
(nC, Hg) ,CuMgCl 7% e H H 95 o
(C,Hg) ,CuMgCl Bl c.cgn,, H H 88 o
(C,Hg) ,CuMgCl, 2LiBr Eg CHg CHg, H 80 o
(nC,Hg) ,CuMgCl, 2LiBr  [fi CgHg  CHy H 85 o

BrZn—-CH=C-C(R"')=C(R") (R" ")

. I
R-CH=CH-CH,ZnBr / R-CHoCH-CH,  (S)

+
HC=C-C(R*')=C(R™)(R"") E\\\\\\\f* BrZn—-CH=C-C(R*)=C(R") (R'"?)

CHZ—-CH=CH—R (P>

Other organometallic derivatives such as organo-copper {I)
reagents, organchomocuprates ECué]ng and organoheterocu-
prates [ﬁCuB%] MgX [%O, 43 react also with conjugated enynes
to lead only to the product resulting from a 3,4-addition,
when R is a primary alkyl group (see Table 17).
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Table 18
Synthesis of conjugated dienes with a substituted allyl group

CH,=C(R)=C(R*)=C(R")(R"*)
RM R* R™ R Conditions yield S*% P*%
after %
reaction
at 20°C
CH,~CH=CH-CH,ZnBr H H nC,Hg 6h 25°C a0 91 9
[6:] 6h 50°C 52 75 25
Pal Qo
C,H -CH=CH-CH,ZnBr  H H nC,Hg 6h 20°C 55 95 5
[s, EE] 2h 65°C 53 70 30
8h 65°C SO 65 35
CH._—~CH=CH—CH_ZnBr (CH.,) H 6h 25°C as 48 52
3 2 274
[6] 6h 50°C 51 30 70
CH3—CH=CH—CH22nBr H (CH?_)5 6h 25°C 23 65 35
[e] 6h 50°C 30 47 53
CH3—CH=CH—CH22nBr H H OC2H5 6h 25°C 78 g5 5
[¢] 6h 50°C 53 75 25

S = CH2=?—C(R')=C(R")(R"'); P CH2=C-C(R')=C(R“)(R“')

R—CH—CH:CH2 CHZ—CH=CH—R

Di—t-butylzinc has a different behaviour, since it shows only
4,3-addition [}2, 1§ :

N wy(guey 1) _2ah 35°C
[(cHy) ;€] ,2zn + HCsC-C(R*)=C(R™)(R"+) £3-220 3

2

z
(CH3)3C—CH=CH-C(R')=C(R")(R"')

For instance, R'=R"=H, R"'= nC4H9 , Yield = 30 %.

R*,R"=(CH R"* = H , Yield = 55 %.

24
This addition is stereoselective (trans-addition) when the
reaction is carried out at room temperature or by refluxing in
ether during several hours ; but the reaction is not stereose-
lective in refluxing THF and, starting from an enyne E for
instance, it is possible to obtain a mixture of four stereoi-
somers EZ, ZE, EE and ZZ. This result can be explained by an
allylic rearrangement of the intermediate organozinc compound :



E
HC=C-CH=CH=~R" + [((:H3 ) 3C] 22!'1 —
zZ E
(CH3)3C—CH=§3§HtgH—R" —— (CH3)3C—CH=%7CH€EH—R"
n-— 2n —

P . ~CH=C-=-CH=CH-=R"
- (CH3)3C CH_? CH=CH-R
Zn—

232—>- (CH3)3C—CH=CH-CH=CH-R" EZ,ZE,EE and/or ZZ.
Other organometallic reagents such as organo-copper (I)
reagents, organohomocuprates and organoheterocuprates |41
react with conjugated enynes to lead mainly to the product of
4,3-addition when R is a secondary or tertiary alkyl group.
Finally, silanes [éa , germanes [%3, 4%} , stannanes [%g
(R)3MH and alanes (R)ZMH 4@ react in the same manner :

HCEC—CH:CHZ + (R)3M-H —_— (R)3M—CH=C -CH=CH,, .

2) g—functional enynes - Synthesis of a-functional

conjugated dienes

432 1
HC=C-C(R*)=C(R")~CH(R"*)—y 2L RM__o
) H,0

CH2=C(R)-C(R')=C(R")-CH(R"')—Y 3,4-addition
R—CH=CH-C(R'")=C(R")-CH(R"!)-Y 4,3~-addition
CH3—C(R) ,—C(R*)=C(R")=CH(R"")-Y 3,4~bis—addition

The allylic organozinc derivatives [?, 10, 1&] react easily tc
lead to conjugated dienes resulting from 3,4-—addition : some-
times 3,4-bis-addition occurs (see Table 19). When R is a
substituted allyl group, the reaction proceeds with complete

allylic rearrangement.
Other organcmetallic derivatives such as organocopper (IX)

reagents react in the same manner [%é] -

Remark : The results obtained with allylic organozinc deriva-
tives apply also to other functional enynes :
HC=C—-CH=CH-(CH,) -Y , n=0 [6] and n}2 [11] .
Di—t-butylzinc leads to conjugated dienes corresponding to
4,3—addition [}2, 1%] « This addition is stereoselective

(trans—addition) when the reaction is carried out at room

259
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Table 19

Synthesis of a—functional conjugated dienes
CH2=C(R)—C(R‘ )=C(R")=C(R")=CH(R"*)=Y and a-functional

alkenes CH3—C(R)2-C(R')=C(R")-CH(R“')—Y

RM R* R™ R Y diene alkene

yield vyield
% %
CH,=CH-CH,ZnBr [5] H H H OH 63 14
CH,CH=CH-CH,ZnBr  [5] H H H oH 74 o
CH,=CH-CH,ZnBr 1 H H H oc, Hg 57 <5
CH,=CH-CH,ZnBr Eﬂ H H H  NH-C Hg 40 18
CH,=CH-CH,ZnBr Eﬂ H H H N(C,Hg), 15 14
CH,=CH-CH,ZnBr EQ H CHy H OH 41 o
CH,=CH-CH,ZnBr @ﬂ H CHg H OC,Hg 40 o
CH,,=CH-CH,ZnBr Eg H CH, H NH-CH_ 29 o
CH,=CH-CH,ZnBr E?] H CHgy H N(C,H), 5 o}
CH,=CH-CH,ZnBr f4] CH; H H oH 65 o
CH,=CH~CH ,ZnBr E@] CHy; H H 0C, Hg 53 o)
CH,=CH-CH ,ZnBr Eﬂ CHy H H  NH-C,H 60 o
CH,=CH-CH,ZnBr Eﬂ CH4 H H N(C,Hg), 10 o
(C,Hg) ,CuMgCl [aq H H H OC ,H, 55 o

temperature or in refluxing ether

it is a very convenient

method to prepare a—-functional conjugated dienes (Table 20) :

(CH3)3

C-CH=CH-CH=CH-CH

In refluxing THF,

Y ZE from enynes HCEC—CH:CH—CH2

E .

the reaction is not stereoselective and

can lead to a mixture of four stereoisomers ZE, EZ, ZZ and EE

(see Table 20).

D - Addition to the triple bond and substitution -~ Synthesis

of conjugated dienes

This behaviour has been sometimes observed with organozinc

derivatives and a—functional enynes,

group,

for instance :

Reaction of di—-t-butylzinc with an enynic ether [Eﬂ H

when Y is a good leaving

this reaction can be explained by the following mechanism :



Table 20

Synthesis of a-functional conjugated dienes

(CH3)3C—CH=CH—C(R')=C(R")—CH(R"')—Y Z2E , EZ , ZZ and/or EE

from di-t-butyl =zinc, according to conditions a (ether,

24h 35°C) or conditions b (THF, 48h 65°C) [142] .

2

Conditions R* R™ R"* Y yield ZE EZ 2z EE
% % % % %

a H H H OH 45 100 o (o] O
b H H H OH 70 20 80 o o
a* H H H OH 15 o o 100 O
be* H H H OH 5 50 o 50 @
a H H CH4 OH 60 100 O o o
b H H CH3 OH 72 23 35 42 (o}
as* H H CH3 OH 40 o o) 100 o
b= H H CH4 OH 30 50 o) 50 0
a CHy H OR 50 100 o o o
b CH; H H OH 65 16 o 32 52
a H H H NH-C Hg 4G 100 o 0 O
b H H H NH-~C Hg 35 10 42 35 13
a* H H H NH—C2H5 10 o o 100 O
be H H H NH—CZH5 5 10 40 40 10
a H H H N(C2H5)2 37 100 o o o
b H H H N(CZHS)Z 40 20 35 30 15
as* H H H N(C2-H5)2 42 o o 100 o
b»* H H H N(C2H5)2 35 24 31 35 10
a CH; H H N(CZHS)Z 40 100 o o o
o CH3 H H N(C2H5)2 50 24 22 46 8
a H H H OC,Hg 41 100 o (0] (0]
b== H H H OC4Hg 35 - - - -

from enyne of stereochemistry 2

cases

in this case,

an allene (mixture of isomers) is obtained

?

from enyne E in the other

resulting from an addition on the triple bond and substitu-
tion of group Ye.
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- 65°C
HC:C—CH:CH—CH2—0(:4!-{9 + E(CH3)3(3 2Zn W
(CH3)3C—CH=E3CH=CH—CH2—OC4H9

Zn—

(CH3)3C-—CH=C=CH—CH=CH2 + BCHB)Bé] 22n —_——
(CH3)3C-CH=CH—CH=CH-CH2—C(CH3)3 , Yield = 35 % .

Reaction of allylzinc bromide with an_enynic bromide [%i]

T
Addition to the triple bond and substitution (Si and SS )

occur in this reaction, together with the formation of a cyclo-—
propane (sez2 the following paragraph) :

HC=C~CH=CH-CH_ Br + 2 CH2=CH—CHZZnBr —_—

2

1) CH2=CH-CH22nBr
2 5

2) HZO

BrZn-C=C-CH=CH-CH_,~CH_,~CH=CH

2 2
Ban—CEC-CH(CHZ—CH=CH2)—CH:CH

2

{tszc(CHZ-CH=CH2)—CH:CH—CHZ—CHZ-CH=CH2, Yield = 26 % .

IFH2=C(CH2—CH=CHq)—CH(CH —CH:CHZ)—CH=CH Yield = 3 % .

2 2°

E - Bis—addition to the triple bond and 1,3-elimination -

§ynthesis of vinylcyclopropanes

By reaction with a large excess of allylzinc bromide,
enynic bromides can lead to vinylcyclopropanes [%ﬂ :

HCEC—CH=CH—CHZBL‘ + 3 CH2=CH—CH22nBL‘ —_—

CH2 CH..CH2 H20
BrZn—-Ce——C-=CH4_=CH=CH _— CH,-C(CH,-CH=CE.,)
BrZnv CH=CH.CH _-Br
S c
[ /\C
H H:CH2

Yield = 23 % .

This reaction constitutes a potential method of access to

varied vinylcyclopropanes.

CONCLUSION

The synthetic possibilities of addition reactions between

common organometallic compounds and conjugated enynes are



numerous ; it is possible to carry out easily many regioselec-

tive and often stereoselective preparaticns of :

~— internal allenes (hydrocarbons, monofunctional and difunc-
tional derivatives),

- conjugated dienes (hydrocarbons, monofunctional and difunc-
tional productsj,

—~ terminal alkynes (hydrocarbons and monofunctional
derivatives),

— terminal allenes (hydrocarbons and monofunctional products),

- and, in some cases, particular unsaturated structures such
as polyethylenic hydrocarbons and vinylcyclopropanes.

The results collected in this review complete those obtained

by addition reactions of organometallic reagents (lithium

[48, 4%] , magnesium [49—5@] y 2inc [}9, 52—5%] , copper

[49, Sﬂ ) to functicnalised (or non—functionalised), terminal

(or non-terminal) alkynes.
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