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Organometallics — General Principles m
UMASS

BOSTOMN

Metal — Carbon bond
- Polarization
- C-C bond forming reactions

- Sensitive reactions and reagents

Grignard reagents and electrophiles
Other organometallics and electrophiles

Reactions of nucleophiles derived from alk-1-ynes



Organometallics — Grignard reagent

Grignard reagents RMgX.
: Y
Alkylation ng—/Et_\“- R—Y ——= R—R' + MgXY
CH5(CHy)1;Mgl + CHg(CHz )11l —= CHg(CHz)zaCH3  (63%)
PhGHEMgCI - GHS{GHEIISOTE i PhICHEJdGHJ {E1ﬂ/’fc|f
llf_-"—"-t llrf"'
4 >‘"MQBF + CoHs050,.0CH; — {‘ X_G:‘_’HH (B0%)
Yoo ff
CICH. PhCHa.

e e

PhMgBr + % ol LJ (88°%)
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Organometallics — Grignard reagent m
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Alkylation

G H
XMg—R |0 —= R—CHzCH,—O" “MgX — RCH,CH,OH

PaMgCl + [0 THe PHCH.CH,OH  (88°%)
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Reactions with carbonyl compounds

n? 1 1
L H\ R,

v N . N
XMg=R >~ -0 —= R——0" MgX - R—)—Ok
i /

R2 R? R?

. Ol ) 65%
“‘a /- -‘MgCl + CH: ‘ __;'_CH?DH (65%)
OH
(CHa):CHMgBr + CH,CHO —= (CHz),CH—CH  (52%)
CH,
OH

CHs(CHy)sMgBr + CH;COCHz —= CHa{EH;-]g—fi\fCHa (90%
CH4
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Reaction with carboxylic
acid derivatives

\ / N = & \‘ A
XMg—R jC:f_D\\ s g L Mps —= =0
Y A
Y Y)
Rigx
1
i
R— C—OH
o
H

2CHsMgl + PhCOCI - Ph
'\\_\_\\L _‘\

CHy—C—CH 40-50%
fﬁfr 2 g :: }

= CHs
2CHsMgl + (PhCO),0
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Reaction with carboxylic
acid derivatives

CH(CHa):
2CHgMgl + CHg3(CHz)2C02CHs — CHy—C—OH  (88%)
CHs
;’D_ “MgBr
SGHgﬂH;MgBr + CO{OCoHg)y — CHQCHE_C{'DCEHE,
OC,Hs
|
Y
;O"*MgEir 'ﬁ*
CHgCHE_ \_CH2CH3 B CH;}CHQCOCEHE

OCzHs

|

Q
I J
CH3CHCCHoCH3 ———~ } (CH5CH,)sCOH  (86%)
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Reaction with carboxylic
acid derivatives

CH3(CH3a J3MgBr + HCO3CoHs —= {CHQI:_(GHEJI:;CHO]
Formate esters
9H
secondary alcohols CHa(CHs)aCH(CH2)sCHs  (83%)
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Reaction with carboxylic
acid derivatives

when the acyl compound is used in excess

CHa(CHy)sMgCl + (CH3C0),0 (excess) ——2% . CHa(CHy)3COCHs;

O
Il
(CH313CCHMgCl + (CH4)3CCOCI —= (CH3)3CCH;—C—C{CH3)3

carbon dioxide (l) pe P
me—"Ef\*(l:l e R=C o R-C
op O~ *MgX OH
MgBr ; CO.H
""_,.‘-""-:- e ,-""A
J + CO; =3 /j (70%)
M T

N
XMg=R =~ H—0,6—R —= RH + R'CO; ‘MgX



Organometallics — Grignard reagent

Reaction with carboxylic
acid derivatives

C,HsMgBr + HCO,H _;”_CF.. HCO; *MgBr + CoHe

0™ *MgB

CHa(CHo)sMgBr + HCO5 *MgBr — o~ CH4(CHa)sCH
4Ummr D_+MQB

HiHﬂ

i
CH3(CH5)sCHO (7
(CH3),CHCH;MgBr + GH3CO, Na* e (CHg)2CHGH,COC
room Lemperature 24h
. . \..\__4_ Ny i + i \ o N

tertiary amides XMg—R C O — R—C-O*MgX == | B—C-0 |— £=0

|" T £

NR3 NHE HNR3 R
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Reaction with carboxylic
acid derivatives

CH3(CH35)3C=CMgBr + HCON(CHzJp —= CH3(CH;)3C=CCHQC (51%)
. MgBr

0
; [ «_-CHO
Xy e
- T [j (90%)
o | r,-*
P |
CFs

CFs :
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Reaction with carboxylic
acid derivatives

RQ, PH‘ X
RMgX + H—C-OR" —= |H—C_ = RMgOR'?
RO OR'

{H = CHH ar C;Hg_}l

o .
) . ,OR
HCHD -—"i[}_ /KC\“\
(w nri(-um H O R’
s i FE
(  )—MgBr s HC(OCsHg)s —~ {  )—CHO (73%)
orthoformalte esters N _—
7N\
/}—MgBr + HC(OCoHz)z -—+ YW—CHO  (61%)
a——- f‘]__':
HEC GHJ HHC CHE,
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Reactions with compounds containing ZC=N— and —C=N

NHCHs

CHgO-{ >-—~CH (78%)

CHaF‘h

GDCEHR

‘“x_
CoHsMgBr + j.. j (60%)
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|
Reactions with _C=C—-C=0 and related systems

\C’JD_ *MgX \\G OH
O S, R W
XMg—R +%: /,G C\ /,C N
N
-“.:‘. \
—_— \\ —
\C_C’f’f” —0~ "MgX L \C C=0
4 X /’| H
/{}H
CHsMgCl + CH3sCH=CHCHQ — CHECH:CHC!:'J (81%

b
CHa
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|
Reactions with _C=C—-C=0 and related systems

COPh COPh

FhMgBr + (\m (\/[ (quantitative)
.

CO,CH3 COPh

PhMQBF + O/ - q {EEG’

—~_ CN COPh

but PhMQBI’ + LJ/ P O/ an (40%1




Organometallics — Grignard reagent

|
Reactions with _C=C—-C=0 and related systems

"m-deficient’ heterocycles

/

\

e = VH
PhMgEF + I H | {1 H:0 I [4443':}
“NN (i) oxidation

Ph N
2
S
i fﬁ“‘x
PHMQBF + I @ (GEDD}

(66%)

——h ~N



Organometallics — Grignard reagent M

B 0 S TO H
Alkenyl and alkynyl Grignard reagents

Ac=CH (R

—MgX —= RC=CMgX + RH



Organometallics — Other reagents

Organolithium reagents

RBr + 2Li — RLi + LiBr
RBr + R'Li — RLi - R'Br

RN R
| ” + Al .——e . + RH
CHa N

N CHaLi

F
F
©/ + CHa(CHo)ali —2% @f + CHa(CH2)2CHs (6
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Organolithium reagents

More nucleopilic than
Grignard reagents!

ether

PhLi + PhCO5 Li* ~ .~ PhCOPh (70%)

athar

CHsLi 4+ PhCH=CHCOj3 Li* PhCH=CHCOCH; (69%]

Li O CHO

I
CH30 QCHa L. _CHs CH40 OCHj,
+ H FI-I e
Ph

CH3(CHag)gLi + HCON(CHg)p —= CH3(CHy)gCHO  (60%)

CHQ{CHEJQU + CHSCDN[CHE_)E — GHa[CHE}gCOCHS ['BB%}
/NHP'h
CH3(CHz)oLi + PhyC=NPh —= F’hgﬁ\ (77%)
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Organozinc and organocadmium reagents

T O~ *ZnBr
|_ess nucleopilic than RCH(BCOAR" + Zn—— |RCHZNBNCC,R'  or RCH=CL__
Grignard reagents! 2 3
] A“COR?
Reformatsky reaction oF CORT B2V COR'
REI:F_CQ“H mk_-um HEJIIF_CQ&H
R R R® R
GHs OH  CH,
in L
CHiCHO + C—CO0,C,H —— C—C—COC;H 70%
3 Br..-“"'}ﬂ P LI CHE-H;;' '1\ Pl L) { :I
CHs H CHs
OH
Zn \

PhCOCHy + BrCH-CO.CsHg ——+ F—CHJCG_?C?HE (92%)

PR
CHj
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Organozinc and organocadmium reagents

[2RMgX + CdCl; -—— | RzCd + 2R'COCI —+ 2RCOR’

[CH3(CHy,)3],Cd + CICH,COCI —~ CH3(CH,)3COCH,CI  (51%)

[{CH3)2CHCH,CHz|oCd + CICO(CH,1,CO,CH4

CH3),CH(CH;|,CO(CH; |,CO:CH3  (73%)
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Organocopper(1) reagents

CHaCu + CHa(CHp)gl —= CH3(CHz)sCH;  (68%)

H. z.E!'f H. P,GHE_
(CHakCuli + == = —= =X (81%)
PR H Ph H
’CHE_\‘ ) | Ph‘\ |
;”G_) Culi + PhBr — 'C—=CH, (85°4)
"/ I /
CHz /2 CHs

By R\ I\ N
¢ )\Cu s Y—ocHy — { > H—ocH, (55°



Organometallics — Other reagents m
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Organocopper(1) reagents

CH3(CHa)3)2CuULi + CHy(CHy s 1?-5“‘3 CH3(CHy)4CO(CH,)aCH;  (79%)
(CHg)2Culi + CHg(CHz)4CO(CH5),COCI ..155_!3_.. CH;(CH,)4CO(CH,).COCH;  (95% )
min
(CHg)2CuLi + 1(CHa)1COCI _E"E,F., (CH2)1gCOCHs  (91%)
(excess) T
CHy b CH;
. THF, 0°C
o PRV T L NIV U
CH, 2 Br CH,

CHiCu + (E)-CHaCH=CHCOCH; —= (CH3)}o.CHCH.COCH,; (85%)

(CH3)2Culi + O:D (97%)
CHg —~
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Organocopper(1) reagents

Cul:l
—25"'C

PhCHaMgCl + CHp=CHCO,C,Hs Ph(CHy)aC0,CoHs  (69%)

R-Cu'[=R™ + (cu)'] — R + % R" + " — R-R

oxidation
e —

H—{l’]?ulj R-(Cu')-R [=R™ + (Cu)—R] —= R’ + Cu'-R:

R
R" "+ R — R-R



Organometallics — Other reagents m
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H 3 agtc H rH
Organocopper(1) reagents >‘:‘< - CHa (84%)
CH:.] Cu CH
3
H H
PhCH,Cu ——~ PhCH,CH,Ph  (88%)
Cu
LS .O G. (high yield)
H CHa
H \ H
0, ?
>:< CulLi St H (7B%)
CHs H/, CHs H
PhoCulLi Ph—Ph (75%)

CoHg C,Hs i
/,CH— CuLi '_?B:ﬁc /CH-— {| (82%)
i > CHs CH3
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Sodium, lithium and magnesium derivatives T

Na* = NH;
RC==CH m
Less powerful than o m\
g sthe

Grignard reagents! 1 RC=CL|
RC=CMgX

: — S . ! r
Alkylation: RC=C" M* + R-Y — RC=CH

MNH,

CH3(CH;)2C=C~ Na” + CH3Br - CH3(CH5),C=CCH; (58%)

2HGC-GC~ Na' + BICHyCHpBr — "« HC=CCH,CH,C=CH (81%)

NaHe o [CHa(CH5)sC=C"Na*]

HC=C~ Na~ -+ CHa{CHg}qBr - CHgGH’)]aCCHj

not isglated
CH;CH.Br

CHj3(CHp|3C=C~CH,CH;

[64% overall)



Organometallics — Nucleophiles from alk-1-ynes m
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Sodium, lithium and magnesium derivatives

R' R’ R’

.I. | l .
RC-C"M" -~ ©-0 — RC: C~C—0" MT —= RC=C—C—OH or RC -C—COR

X X X (4.18)

Reactions with carbonyl compounds:

CHs5(CHs)3C=CLi + HCHO = CHg(CHp)3C=CCHs0H (80%)
PhC=CMgBr - CHy: CH-CHO —= PhC .C—(T}H ~CH=CH, (52%)
OH
CICH>C -CLi 4+ CH3COCH3 —= CICH;C=C—C(CHz)> (67%%)
OH
/GH;; /CHS
CH3C- CMgBr + CICOCH —~ CH3C~ CCOCH (65% |
CO»CoH; CO,CaHs

OH
COCI CICH,C=C-——C==CCH_,CI

1 N .
CICH.C==CLi + |i | - F ' (367%)



Organometallics — Nucleophiles from alk-1-ynes m
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Allcynylcopper(1) compounds 9R_C=CH + CuCl -~ 2R_C=CCu . ZHCI
S | -
Displacements of halogens PhC=CCu + ;G:Q %" PhCEC——C\ (90%
. ; % / K =1 N i
from ‘unreactive’ positions. | H (|3—C=GPh
H

PhC==CC ) e —= PhC= ; 98’
u + |—< /) OCH; PhC G*Qﬁ JOCHs (

CHg(CH,)4C=CCu + CH4COCI L}- CHs(CH3)4C=CCOCH; (81°
(catalyst

acyl chlorides
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Allcynylcopper(1) compounds

RE=6C" 4 Cu" — RC=0G" + a7 PRO=SC — RC=C-G=CH

S
Coupling reactions [Cu™ + oxidant]
KaFe(CN) :
HO,CC=CCu sFe(CN)s HO,CC=C—C=CCO,;H (60%)
PhC=CCu — 2+ PhC=C—C=CPh (90%)
CHa CHs CHj
C-C=CH — —C=C—C=C—C.
SCERCH s —C=C—C=C- titativ
GHE‘;] 02 CH:J...-F-* | i""*-—-CHS {quaﬂl d
CIH OH OH

Cu(0COCH,
HG=CGC(CHs)2CH;CO2CH; —ooors)e

_ [GHEDECCHEC{CHEEECZC —:2 (!
pyridine




Organometallics — Nucleophiles from alk-1-ynes m
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Allcynylcopper(1) compounds

Coupling reactions HOLC—C=CH + Br-—CEC-—O—Br

CuCl l CHNH

/::'-\
HD;C—C——:C“'G:G—{\\_/}*-Br (92%%)

|
PhC=CH 4 BrC=CCHO 'T.:%iT* PhC=C—C=CCHO (71%)
2115 2

unsymmetrical diynes



