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1.0 INTRODUCTION

The synthesis of ketones from carboxylic acids or their derivatives is an important
synthetic operation whereby C-C bond construction and functional group interconversion is
achieved. Single step conversions of carboxylic acids and their derivatives into ketones
concisely illustrate the central drama of reactivity and chemical stability in organic chemistry.
Two strategies have emerged which exploit the relative reactivities of the carboxylic acid
derivative and product ketone toward nucleophilic attack (Scheme I). 1,2-Addition of hard
organometallic reagents to carboxylic acids and amides affords tetrahedral intermediates stabie
to the reaction conditions. Since the ketone is unmasked by collapse of the tetrahedral
mtermedlate during the work- up procedure, the more reactive ketone is unavailable to the

attacking nucleophile. Acid chlorides, thiol esters, seleno esters, and anhydrides are more
reactive Lowafd many organometallic reagents than the product ketones and chemoselectivity
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can, in principle, be achieved
reageﬂt reaCtIVIty.
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The reaction of acid chiorides with organometallic reagents provides a quick, direct,
and convenient procedure for the synthesis of ketones.! The reaction is, however, fraught
with difficulties involving the relative reactivities of the acid chioride, the ketone product, and
the organometallic reagent. Investigations of this reaction have been spurred by the need to
balance the reactivity of the reactants and ketone products, and by the high reactivity of acyl
chlorides which makes them good probes for exploring the chemistry and reactivity of
organometallic reagents. The reaction has a long history and mirrors the development of
organometallic chemistry.

The first exampie of this reaction was reported by Freund in 1861,2 and involved the
reaction of MezZn and EtpZn with acid chlorides. Organozinc reagents were favored for the
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a wide variety of alkali and alkaline-earth, transition metal, and main group organometallic
reagents react with acid chlorides to give ketones, the most useful synthetic methods generally
utilize organocopper reagents and methods catalytic in palladium. The reaction of acid
chlorides with organometallic reagents (i.e., of Mg, Zn, Cd) was reviewed!2 in 1954, and new
developments have been reported in a number of monographs and review articles devoted to
ketone synthesis, carboxylic acid derivatives,” or specific areas of organometailic chemistry.
The latter monographs and reviews are referenced within the section for each metal.
Although this review will focus on developments of the past decade, there is some overlap
with the information mqperqea among the organometamc reviews. This incorporation is
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intended to facilitate a broad historical perspecuve and to provwe the information necessafy' to
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directly compare the various proceaures using acid chiorides. A Lompd.I'IbOIl of methods
acid chlondes W1th methods usmg other carboxyhc ac1d denvatxves is prov1d d in th
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main group metals. Those reactions involving organometallic reagents with Cu or Pd catalysis

will be discussed in the sections devoted to copper and palladium chemistry as they

presumably involve organocopper or organopalladium intermediates that directly lead to the

observed ketones

2.0 ALKALI AND ALKALINE-EARTH METALS

2.1 Alkali mez‘alg (N'ﬂ Lz}

er g ]
nd the latter afford mary alcohols If th e ca rbamomc character of the reagent is
d by substituents or thrldlZatl()Il successful acylation of organoalkah reagents can

with he organometalhc reagent via a non-destructive enolization event. Terminal peroxy
alkynes (pKa = 25) can be lithiated with n-BuLi and reacted with benzoyl chloride or caproyl
chloride to give the corresponding peroxy alkynyl ketones in low yields (eq. 1).2 The reaction
failed with the simple aliphatic acid chlorides and significant amounts of alcohols and acylated

]
1. n -Buli 0 OH R'C(O)0

ROOCMe,C=CH ~———> ROOCMe,CzC—4 + (ROOCMe,C=C)< | +(ROOCMe,C=C1
2. R'cocl ot 330 R R R

= MéSC', EtMe2C', l‘V‘le(CH2)2|lV‘|62C', ?ﬂé(CH2)4lvl€:EC-, (1'

T D

= Me(CH,),-, Ph
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alcohols were formed in these reactions. Lithiated perfluoro diaryl ethers (i.e., p-
CF3C¢H40CgF4L1) afforded tertiary alcohols upon reaction with acid chiorides, although
reaction with CIOC(CF2)3COCI gave a mixed hydroxy ketone adduct in modest yield.10
Addition of three rather than four aryllithium reagents to the diacid chloride was attributed to
solubility effects.

Treatment of methyi phenyl suifone with two equivalents of n-BuL.i affords a geminal
dianion which reacts with acid chlorides to afford B-keto sulfones in modest to good yields
(eq. 2).!1 The monoanion gives poor yields of ketone and the efficiency of the dianion arises
from ready formation of the ketone enolate without destruction of the carbanion unit(s)
needed for reaction with the acid chloride. Tris(methylthio)methyllithium (conjugate acid
pKa = 27, eq. 3) and bis(methylthio)methyllithium afford biQ(dimethylthio)methylketones in

good yields upon reaction with acid chlorides.'< The former reagent gives rise to
tris(methyithio)meth‘yi ketones which react with the lithium reagent to afford the enolate anion
and tetra(methylthioymethane. Quenching the enolate anion with N-methylthiophthalimide
provides a synthesis of the tris(methylthio)methyl ketones.

n -BuLi (2.2 equiv) 1. RCOC 0

PhSO,CH; > PhSO,CH, » PhSO,CH,CR (2
THF, -30 °C i 2. sat NH,CI
36-74 %

R = Me, Et, IPr, ¢-Pr, c-CgH,,, Ph

0

—0

1. n-BuLi, THF

m > P + AN (3)
2. RCOCI, -950C, 5 min R™ C(SMe)g R” “CH(SMe), (3)

O
C
f

R methoda % yield % yield
Ph A 36
B 98
C 94
4-ClICgHy- B 94
C 92
4-1BuCgHas- B 95
C 90
Me B 36 33
C 67
ARCOCH+ (MeS)3CLi: A=1:1.25. B=1:22. C=1:2.2 and then [.5 equivs N -(methyl-

thio)phthalimide before quenching.

Lithiated sulfones are readily acylated with acid chlorides to afford a-sulfony! ketones
(egs. 4 and 5).13,14 Since the conjugate bases of sulfones or terminal alkynes are quite similar
in base strength, this property cannot account for their different behavior. Successful
acylation of lithiated sulfones suggests that the reaction with acid chlorides is rapid, and ketone
reactivity is slowed by steric factors. Lithiation of B-sulfonylacetals yields B-acylvinyl
carbanion synthons while lithiation of B-sulfonyl carboxylic acids affords B-carboxyvinyl
carbanion synthons; these synthons provide synthetic routes to o,B-unsaturated 1,4-diketones
and y-oxo-o,B-unsaturated carboxylic acids, respectively. The acylation of lithiated sulfones
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has been utilized in a synthesis of 2,5-disubstituted-3-(phenylsuifonyl)pyrrolidines via
reduction of the resuitant ketones, followed by alcohol dehydration and subsequent 5-endo-trig
cyclization of nitrogen onto the vinyl sulfone (eq. 6)15

]
Ts. ~OMe 1. n-BuLi, -78°C, THF Ts. _~_A! HCI Ts. ~_R!
e 2. RCOCI > P)LOMG I I
" 72-99 %
O 1
4)
R DBU (
I (0]
! 69-98 %
) R1 3 o Rl
GI/A\CO Li I R N 0 1. R7cocl = R3 )\ _OMe 5)
A Ts"l CT; 2. MeOH, HCI (57 -55 %) oL
| ' 3 pBU e
Q _ R THF, -78°0C
Ph,P.,, PhSOCHLi Y 1. n-BuLi (2.1 equiv) PhSO,4,, _~_R1
5 L Y
o - NHP(O)Ph :
I>\R1 7810259C ) PhO,S ©OPh2 5 r2c0cH (1.3 equiv) r2-Sg NHP(O)Ph, (6)
12h 68 - 91 %
50 - 82 %
PhO,S,
R1 = PhCHo, By, iPr Z 5 |3 -steps

R2 = Ph, 3,4,5-(MeO)3CgHo-

(ﬂ\ hs
AV 2

Katritzky has exploited benzotriazole chemistry in a versatile synthesis of
unsymmetrical 1,2-diketones.16 1-(Phenoxymethyl)benzotriazole can be deprotonated with
n -Buli and the anion alkylated with a wide range of alkyl halides. Deprotonation of the
alkylated 1-(phenoxymethyl)benzotriazoles and acylation with acid chlorides affords an
intermediate ketone which can be hydrolyzed to the 1,2-diketone with strong acid in good

overall yl(:l"S (eq. 7). The rather vigorous hydrolysis conditions appear to limit the synthetic
appubauuub of the method
P A .
),\l‘(/ \X 1. n-Buli, -78 °C ) Blt IL/J CH,COOH % iy .
= 2. R1cocl > r—*(/f,)rp\hR1 Hso, . RY
R)\oph heat, 13 hr o
R =n-CgHyy-, n-CeHygry n-CooHaymy PH(CHy)5- 52 -72 %

R1 = Ph, 'Bu, Naph, 4-CIC¢H,-, 2-MeCgH,-
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Metal halogen exchange on 1,1-dibromocyclopropanes affords 1-lithio-1-
bromocyciopropanes which react with aryl acid chiorides to afford 1,1-bisacylicyclopropanes
and the starting geminal dibromide (eq. 8).!7 Halogen metal exchange between the initially
formed cyclopropyl ketone and the cyclopropyilithium reagent affords an enolate anion which
reacts with a second equivalent of the acid chioride. Utilization of aliphatic acid chlorides
affords predominately the reduced 1-bromocyclopropane via enolization events, although
cyclopropy! ketones (mono and di) can be obtained with the sterically hindered acid chloride
of 1sobutyric acid.
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dimethoxy-, and 2,4,6-tri-tert-butylbenzoyl chlorides) which give benzils (i.e., a-diketones)
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Arantmling 19 Facily annlizahla Lratnnag raadily racnlt in arvylatinn Af tha neradnat Latana and
o Pll 15. | Dl.l)‘ CilvllZauiv RLLVULILVO 1vauily 1voult 11l avylatlvlil Ul wiu PIUUU\.«L ACiUlLIL adllu
TiAId, wadiintinn agivac tha AdAacirad arvl cilana fan 1M 20 TTtilizatinn nf nmanfana ac tha cnlvant
LuaMillg 1CUULLEUIL SIVDD LIV ULsliivUu avyl siialiv \b\:l. 1V viiizalivii vl P\zlll—allb Aad Lv dsuvlvuelit
permits use of a 1:1 ratio of acid chloride and silyllithium (eq. 9). The success of the reaction
nragcnmahly revalvege arannd the ctorie hnlk af the PAQi1V2QiT 1 aninang cinecea 7zine cilvlonnrate
PLUSUHIAULY 1UVULIVUDS dLUUIIU UIU SLULIC UULA UL UIU UN3J1 /3014 GUiUILS SLHIVU Z1IU Suayilupialo
roagante are need ta nrenare cilyl ketaneg (vide infra)
ICAgE LIS all ustUu (U pitpaitT Siiyl RCLULLS \ VIUL 1iday).
O
-78 o -70 °C P
RCOCI + (Me3Si);SiLi > (Me3Si),Si R (9)
R RCOCl:silyllithium solvent % yield

Ph Mo Maon(" 21 THE AN _ 70

11, IVIC, IVIU SO Jo. X 1AL uuv A

Ft 1Py 1T -1 nantang sS4 - 79

Oy, Lk 1. 1 pPueiiiaiiv R i L

O
THF Ph \v)LO LiAIH T
. . 4

PhCH,COCI + (Me,Si),SiLi ———» L pp — ™ SE)SSE/U\/Ph (10)

T0°C " (Me,Si)ysi” > (Me,

2.2 Alkaline-Earth metals (Mg, Ca)
For many years, it had been a tenet of organomagnesium chemistry3,21 that the direct

reaction of acid chlorides with Grignard reagents could not be used for the preparation of
ketones because of the facile formation of tertiary alcohols under these reaction conditions. In
1979, Sato and co-workers demonstrated that slow addition of a Grignard reagent to a cold
(-78 ©C) THF solution of excess acid chloride (2.0 equiv) could afford ketones in excellent
yields (eq. 11).22 Choice of solvent was crucial as Et;0 gave tertiary alcohols as the principle
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products. Crude kinetic studies indicated that Grignard reagents reacted with acid chlorides at
a faster rate in THF than in EtpO. Aroyl chiorides could be converted into ketones with a 1:1
ratio of Grignard reagent and acid chloride in good yields. The procedure was extended to
acid chlorides containing chloro or ester functionalities [R(CH2)3COCI, R = CI, -CO2Me; 57-
81%].23 Grignard reagents prepared from the acetals of 3-halopropanal or 4-halobutanal can
be acylated in good yields with simple acid chlorides24.25 as well as the acid chloride of
proline26 protected as the benzyloxycarbamate. Sworin27 has suggested that intramolecular
chelation of magnesium with the acetal Oxygen atoms may favor formation of the

[a 0% % |

aldu(ylmagneblum reagem in the Schienk equnwnum and this may account for the attenuated

SO R P S el o P

reacuvity Ol tnese reagenis.

RMgX + Rlcoci — > RCOR' (11)

(1.0 equiv) (2.0 equiv) min addition time 71-95% in THF
temperature 12-39 % in Et,0

.
~J
[o4]

o

g‘i
=i
Cc I
g-"
3 &

Although the direct addition of Grignard reagents to acid chlorides is limited by the
subsequent addition to the product ketone, the latter reaction can be suppressed by the addition
of metal halides.28,2% The use of catalytic quantities of Fe(acac); significantly expands the
synthetic utility of the reaction.29,30,31 Three mole percent of the iron catalyst permits the
reaction to be performed with a 1:1 ratio of Grignard reagent to acid chloride at room
temperature (eq. 12).30 The yields of ketones are good to excellent and the reaction can be
performed in the presence of functionalities normally incompatible with Grignard reagents
(e.g., aryl chlorides, aryl methyl ethers, nitriles, esters).31 The reaction fails with nitro
arenes. The reaction has been exploited in the synthesis of 2,4,6-cycloheptatrien-1-yl ketones
which are rather difficult to prepare by other procedures.32

3 % Fe(acac), THF, 250C

[=1 Y. PRV . nirnn -~ nrnni (12}
NVIYA + nruwuewd V nwun \ Vi)
(1 : 1 molar ratio) 76 - 90 %

R1 = 4-CIC(H,-, 4-MeOC4H,-, 4-NCCgH,-, MeO,C(CH,),-, 2-furyl, 2-thienyl, CIOC(CH,)s-,

CIOC(CH,),-, (R & S)-PhC(CF;)OMe-
R = Me, Ph, NBu, Et

More recently, the addition of Bu3P to acid chlorides followed by addition of Grignard
reagents affords ketones in poor to excellent yields (eq. 13).33 The reaction works well for
aliphatic and aromatic acid chlorides with primary alkyl Grignard reagents, but gives modest
yields with isopropylmagnesium halides. Aliphatic acid chlorides with no a-alkyl substitution
give ketones in excellent yields with (n-R)MgX reagents and in low yields with aryl and
secondary alkyl Grignard reagents. The low yields presumably result from competitive
enolization of the intermediate acyl phosphonium salt depending upon the Grignard reagent.
Good yields are generally obtained at -22 © C for aliphatic acid chlorides while aromatic acid
chlorides give good yields at either 0 or -22 ©C. Ultilization of 1.1 equivalents of Grignard
reagent results in about 9% yields of tertiary alcohols.
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)y Bu,P, THF > )C-)L & o RIMgX /?'k (13)

R” “ClI 22 50 R” “PBu, ClI 210006 . RRI
R R1 % vyield

PhCH>CH» Me 85

n -Bu 97

i-Pr 35

Ph 7

EtO,CCH2CH2 n -Bu 89

c -CeHi11 n -Bu 96

Ph 86

4-MeOCgHy Me 96

n -Bu 78

i -Pr 43

Ph 100

Rieke magnesium has been used to prepare (2-butene-1,4-diyl)magnesium reagents
which can be sequentially alkylated and acylated (eq. 14). Acylation of the intermediate
Grignard reagent occurs in high yield without competitive 1,2-addition to the ketone product
which may well reflect the "neopentyl" nature of the Grignard reagent.34

N \ / 1. RX, -78°C \._LR

ig — //
s / \ . » 14
7N THF, it Mg~ 2. Rlcocl <:>=(x 4
) 0to 25 °C R1
RX = Br(CH,),-, Me(CH,)s-, Me;Si- 61-82 %
R = Me, Ph

Organocalcium reagents prepared from alkyl halides [CI(CH2)7CH3, Br(CH2)50Ph,
¢ -Ce¢H11Br, 1-Cl-(4-CH3)CgH4, and 1-Br-(4-CH30)CgH4] and Rieke calcium (via reduction
of CaBr2 with lithium biphenylide) react with acid chlorides to give complex reaction
mixtures. Addition of CuCN-2LiBr to the organocalcium reagent affords good yields (71-
84%) of ketones at -35 °C presumably via a calcium cuprate species.3>

3.0 TRANSITION METALS

A wide range of transition metal organometallic reagents react with acid chlorides to
afford ketones. The efficiency of these reactions depends on the number of ligands on the
metal that can be acylated, the thermal stability of the reagent, mildness of the reaction
conditions, and ease of reagent preparation. Frequently, the transition metal organometallic
reagent is prepared from organolithium or Grignard reagents rendering the methods subject
to all the limitations inherent in the use of strongly basic nucleophilic reagents; these include
functional group compatibility, and limitations in carbanion formation. Consequently, the
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development of alternative methods for the preparation of transition metal reagents is an
important focus of investigation. These include the use of Rieke metals36 and transmetallation
relays that begin with hydrometallation or carbometallation and often lead to organocopper3’
or organopalladium38 species as the effective reagents.

3.1 Group IVB (Ti, Zr) and Group VB (V)

Organotitanium and zirconium complexes readily undergo hydrometallation of alkenes
and this transformation provides a useful route to organometallic reagents not involving
reductive metallation with lithium or magnesium or deprotonation with strong alkali metal
bases. urganotltanium reageints such as Me;TiClz react with acid chlorides to afford per
methylated alkanes (i.e., RCMe3)39 while trls(dlethylammo)allylutamum reacts with acyl
imidazoles to afford B,y-unsaturated ketones.40 The iso OPIOPOXY 2 “rahﬁg gives only the tertiary
alcohol. Alkyl titanium reagents easily undergo p-hydrogen atom elimination and
synthetically useful organotitanium reagents are generally limited to ailyl and vinyl reagents.
Hydrotitanation of 1,3-dienes affords Ti(IlI) n-allyl complexes which react with acid chlorides
to give B,y-unsaturated ketones without isomerization to the a,p-regioisomers (Scheme II).41
The more substituted end of the n-allyl complex reacts to give good regiocontrol in the
formation of the B,y-unsaturated ketones. These reaction conditions are compatible with
esters, alkyl halides, and allylsilanes. Tertiary alcohols are sometimes formed as minor by-
products but decrease in quantity as steric hindrance about the acid chloride carbonyl
increases. The reaction of 2-trimethylsilylmethyl-1,3-butadiene with methacroyl chloride
gives rise to a highly functionalized ketone containing conjugated and non-conjugated double
bonds as well as an allylsilane (eq. 15). Simple aliphatic acid chiorides work equally well (eq.
15). Hydrotitanation of a triene results in isomerization of the isolated double bond, and the
resuitant titanium reagent gives low yields (30%) of the B,y-enone upon acylation with benzoyi
chloride (eq. 16).

Scheme i |
MeO
Cp,TiCl, 05 n-PrH + 2 MgCIBr > € W
+ . / MeO,C(CH,);COCI O .. O
T+ = - {9 /0
2 n-PrMgBr //
N { Br(CH,),COCI - |
_— szTi-)— > Br\/\W
l . ' 72 % O
NG + \
15
CIOC(CHZ)SCOCI N /L PN J\ s
™~
i ® O i
81 %
SIM83 SIM83 /l\
d l/ RCOGC! R e
A~ T T R > 0 M (15)
= - P l O 1
TiC e - -~
HGp, R = CH,=C(Me)-, 'Bu 64 and 76 %
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i ~ ] |
X CpTiCl, N 2 PhCOCI 7
A 2 n-PrMgBr ,/"ﬁ/ //1&/ T a0% 2 T (16)
TP, TiCp, Ph™ "0

Organozirconium compounds are available from a wide variety of alkenes via

hydrozirconation, but a facile rearrangement to the primary alkylzirconium reagent is
______ 1o, ~ecomssrnd Ffa~ 177 1TOQN TLA-,‘ OToaNOZIICOniuil reagents can g Aiwnn~tdes ancilotad oish
BCIICIdily UD>C rvea \CY. 1/7-10). 11ICS lgauuuu,umum 1cagcois Lall be dirccuy db)’l' tlea wiin
cretrd Allanidac A2 Aléh sk donimaimnntnlloti e $n mmsmimnn 10 manen ~FEam ~tead 37
dUIU CHIUIIUCGS, "™ dilluugii L IdHITLaliatlVil U Loppel lb 11OIC ULWCHL CL1IICU.~ 7
R Cp,ZrHCI CH,COCI
S C7H1sCH,Zr(Cl)ICp, ——————— C4H;,COCH;  (17)
W\/ 1.0 EQUIV
80 %
cis or trans
0]

] 1. Cp,ZrHCI, Ph
A )\ » /W (18)
e I

- 2. MeCOCI
72 %

I\

Organovanadium compounds prepared by the addition of a Grignard reagent or
organolithium reagent to equimolar amounts of vandanium trichloride react with acid
chlorides in CHCl5 to afford ketones in good to excellent yields (eq. 19).43 The reaction is
tolerant of a halide, nitrile, ester, or ketone functionality in the acid chloride. The high yieid

1 o

formation of a-halo (i.e., Cl and Br) ketones is particularly noteworthy.

CH,CI R1coci
RMgBr + VCI, — » RVC, ———> RCORT (19)

61-89 %

gHa-, P -NCCgH,-, p -BrCgH,-, Me-, EtO,C(CH,),-, MeCO(CHy),-, CICH,-, EtCH(Br)-

—
]
)

3.2  Group VIIB (Mn)

The chemistry of organomanganese compounds has been reviewed.44 In a series of
studies, Normant and Cahiez explored the acylation of organomanganese compounds as a
facile synthetic route to ketones.45-48 Treatment of Mnly (soluble in ether) with organolithium
or Grignard reagents in Etp0O can afford a series of organomanganese compounds (i.e., RMnl,
RoMn, R3MnLi, R4Mnl.ip) depending upon stoichiometry. They can aiso be prepared from
MnBry and MnCly in slightly lower yields. Primary alkyimanganese compounds are generaily
prepared between -10 and +20 °C, while tertiary alkylmanganese reagents are prepared at -30
oC. These organomanganese reagents react cleanly with acid c'niorides ‘[ransferring all of
their alkyl ‘1igands to provide an efficient synthesis of ketone imilar
yields are obtained with BuMnl (90%), BuzMn (85%), and Bu3VM ag
primary alkyl reagents, RMnl, are stable at room temperature and compatlble ith a rlety



of functional groups in the acid chloride (e.g., alkyl chlorides46, allyl chlorides47, esters46,48,
nitriles49, and ketones48:49). The transferable ligand can be alkyl, alkenyl, alkynyl, or aryl,
and the coupling reaction works well with aroyl chlorides, heteroaroyl chlorides (X = O, S)49,
and primary, secondary, or tertiary alkyl acid chlorides (eq. 21).46 Although the
chemoselective reaction of organomanganese reagents with acid chlorides in the presence of
ketones (eq. 22)49 could reasonably be expected based on the success of this method for ketone
synthesis, diminished yields were observed in a 12-keto steroid.#3 The origin of this
chemoselectivity is intriguing since organomanganese reagents react with ketones at -50 oC.
Acylation of RMnl reagents is significantly faster at +20 9C (30 min) than at -50 oC (90-240
minuties), and the temperature has no effect on chemical yields provided sufficient reaction
times are employed. Organomanganese reagents containing fert - or sec-alkyl ligands give
reduced yieids due to reagent instabiiity 46 Bis acid chiorides undergo reaction with two

equivalents of the reagent to afford good yields of diketones (eq. 23).46:4% q,-Unsaturated
acid chlorides undergo polymerization reactions unless they are B,B-dialkyl substituted. The
organomanganese reagents will react with aldehydes.46
Et,O (n equiv) NC,H,,COCI
(nequiv) NBuM + MnX, ——» BupMnXy_ | » (n equiv) "BuCOC,H,s  (20)
X =1, Br, Cl (x=Xormy 1010 +20°C  y _ gl (7390 %)
X = | (75-90 %)
1. ether, -30to-15°C o
RMnl + R1COCI > A, (21)
2. room temperature, 3 h R R
55-82 %
R = alkyl, alkenyl, alkynyl, aryl
R! = n-CH,s, iPr, £Bu, C{CH,)g-, MeO,C(CHy),, ClaC-, EtOCH,-, Ph, n-Bu
0] 0]
Cl NBu
M + n-BuMnl ether > M (22)
77 %
ether -30to-10 °C
PhMnl + CICO(CH,),COCI » PhCO(CH,),COPh (23)
. L thenrt, 3h o o
(2.2 equiv) 87 %

a-Heteroatom substituted ketones are difficult to prepare by alternative procedures (see
organovanadium compounds and organocopper compounds) and can be readily obtained by
reaction of organomanganese reagents with the o-heteroatom substituted acid chlorides (eq.
24).47 Reagents prepared from MnCly proved more effective with a-chloro and o,a-dichloro
substituted acid chlorides. Amino substituted acid chlorides generally fail to give ketones,
although a low yield (38%) of ketone was obtained from 3-pyridylcarbonyl chloride and
n -BuMnl.49 The organomanganese reagent, RMnl, reacts exclusively with the acid chloride
when subjected to a competition experiment with allyl chloride in contrast with the
organocopper reagent which reacts with both substrates.47 The procedure has recently been
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Methylene chloride and acetonitrile could be used as co-solvents in addition to EtpO or

hexane.
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R1 = Me, iPr, iBu, PhCH,, Ph

RZ = Me, Bu, Ph, H
R = Me. nBU. an.:Hfz_. nCn

COcClI
ydropy
stability of secondary alkylmanganese iodides resulting in increased yields of ketones.

etones (67-88%) can be obtained by adding the acid chloride in Et2O or hexane to the
yields of ketones were obtained from RICOCI and RMnl in EtpO when ligands such as THF

tetrahy

Utilization of insoluble MnBr; and Grignard reagents resulted

z

The expense of Mnl?2 led Cahiez to explore the use of MnBro as a source of
organomanganese compounds.

in slow reactions and subsequent decomposition of the desired organomanganese reagents.
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Organomanganese reagents are readily prepared from Grignard reagents and MnBr)
solubilized with an ethereal (Et;0) solution of LiBr (2Li + Brp) or alternatively by addition
of MnBr; to a solution of LiBr and a Grignard reagent. The use of alkyllithium reagents
poses no problems due to the insolubility of MnBr; in ether and is attributed to formation of
LiBr during the transmetallation process.5? It was also observed that the presence of lithium
and magnesium halides promoted the stability of organomanganese compounds. The use of
RMnBr compounds was particularly effective for transfer of an alkynyl ligand in the
preparation of an alkynyl alkenyl ketone (eq. 26); the reaction failed with RMnl.

BUCECMnX + MeCH=CHCOCI S »  BuC=CCOCH=CHMe (26)
oV T, 2l
X = 0%
X=Br 87%

Building on earlier work,5! Cahiez showed that preparation of RMnCl from
MnCl;-2LiCl and RLi or RMgX in THF afforded reagents that gave good yields of ketones
upon reaction with acid chlorides33 permitting use of inexpensive MnCly. This contrasts with
the ring-opening reaction noted above, and the origin of the discrepancy between the two
reports is not clear. The organomanganese reagents are reported to be more stable in THF
than in ether and these conditions gave modest yields of ketones with sec-alkylmanganese
reagents, but afforded no ketones with tert-BuMnCl. terr-BuMnCl gave good yields of
ketones in the presence of 1 mol % of CuCl which generally improved the yields of ketones
with organomanganese reagents. Utilizing these RMnCl reagents, the first successful example
of ketone preparation with an allyl manganese reagent was reported.

The reaction of organomanganese reagents with acid chlorides has been rendered
catalytic in manganese (eq. 27).54 This was achieved by the slow addition of the Grignard
reagent to a solution of the acid chloride and 3 mol % MnCl4Li. The success of the reaction
is dependent on the relative rates of transmetallation and acylation of the various
organomanganese reagents. Too rapid addition of the Grignard reagent results in excess
Grignard which adds to the product ketone affording tertiary alcohols, while too slow addition
results in acylation of RoMn and/or RMnCl. Since these latter reagents undergo
transmetallation with Grignard reagents at a slower rate than R3MnMgX, there is again an
excess of Grignard reagent present to undergo 1,2-nucleophilic addition to the product ketone.
The authors propose a mechanistic sequence wherein the rate of Grignard addition must be
adjusted to assure a continuous supply of RgMn(MgX),.

n -BuMgCl

n-C,H,:COCl + 3% MnCl,Li, > n -C4H,COC.H,, (27)
7H1s yLip s _ Hg 7Hys
THF, 0-10 °C, 30 min 87 o
mol % MnCl4Li? Addition time (min) % yield
1 20 ~N
)8 22U TAY)
3 30 87
3 15 61
3 60 72
5 30 82



4190 R. K. Dieter / Tetrahedron 55 (1999) 41774236

Functionalized aryl- and alkenylmanganese reagents have been prepared from the
corresponding lithium reagents which in turn were prepared from the aryl or alkenyl iodides
or bromides (egs. 28-29).55 Addition of an ethereal suspension of Mnl3 to the lithium reagent
at -78 oC resuited in substantial formation of butylated material arising from coupling of the
organomanganese reagent and butyl bromide generated during the halogen metal exchange.
Although the Mnl2-2LiBr complex gave lower yields of ketones, satisfactory yieids could be
achieved by addition of the ethereal suspension of Mnl3 to the lithium reagent at -40 °C where
transmetallation occurs. This procedure fails for substrates containing ester or nitrile
functionalities which react with the aryilithium before transmetaliation occurs. This probiem
can be avoided by use of the Trapp soivent mixture (THF : ether : pentane 4:4:1) which
facilitates halogen metal exchange, permits transmetallation at lower temperatures (-90 to -60

NT W U

e MnX»-2LiX (X = Br, (i) complexes Good yields of functionalized

PR | . b o

1th these modifications. In some instances, the formation of RMinX

Lone- AA_TH_ . ¥ :_ PRSI R P - R ~s Y Attt 1_ . OO 1 .l Lt b
from MnBr4Liz and subsequent coupling with acid chiorides affords significanily higher
yields than when LiBr is not employed.5¢ The use of LiX salts to facilitate transition metal
coupling reactions has b"e‘i utilized in organopalladium and copper chemistry as well and is
becoming quite common (vide infra)
1. n-Buli
o~ -1 (or Br) -78 OC, Et,O or Mni Il
X | Trapp solvent mixture ~ 10°Ctont, 1h = R1
=~ » X | » X I (28)
2. Mnl,, X R1coci X
-40to-10°C o
bU - o< 7
X = Cl, p-CN, m-CN, o-CN, p- (menthyl-O-CO), p-BuCO,

1. n-Buli

o)
' -90 °C, Et,0 Mnl ¢ -CaH5COCI r\)‘w
-—
: 2. Mnl,, > Cl o or | (29)

1 e

l 2 dlbromoethane in ord er t minimize homocoupll g of ben70yl hlorlde Th
works for primary, secondary, and tertia 1 [
tendency for secondary alkylmanganese species to undergo 3-hyd

dlfficultv of forming tertiary alkylmanganese reagents. The reactl 1 1
thienyl halides which afford thienyl aryl ketones in low to excellent ylelds (34-91%).5
use of MnBr4Lip gives significantly higher yields than MnBrp, and o-substituted aroyl
chlorides gave low yields of ketones illustrating a sensitivity to steric effects. 3,4-
Dibromothiophenes can be sequentially alkylated (Pd, Arl) and acylated (ArCOCI). The
reaction of organomanganese reagents, generated from Rieke manganese, with acid chlorides
can be catalyzed by Cu(l) salts.59 An active manganese-graphite reagent, prepared by

\:
o]
7
o
[v]
e}
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potassium-graphite (CgK) reduction of MnBr2-nLiBr (n = 1, 2), readily undergoes oxidative
addition to allyl-, alkenyl-, aryl-, and heteroaryl halides and upon treatment with acid
chlorides affords ketones in moderate yields (60-69%).60 Utilization of other MnX> salts
affords low yields due to solubility problems or cleavage of THF. The acylation of an aroyl
chioride containing a nitro functional group proceeds in moderate yieid.

3.3 Group VIIIB (Fe, Co, Rh)
r\etone syntheses via intermediate organoiron 9pec1es presumamy involve an
L. -

complex which forms the ketone in a reductive elimination step. The au(yl
i b i cleoph hc reagent. Sodium
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THF I CO|Ng+ (60mmo)
Na,Fe(CO), +n-CsHy,COC > \ ——o——> n-CsHy,COEt (30)
87 %

(10 mmol)

revealed that RoM and R3MLi (or Mng) species could be acylated with acid chiorides to give
ketones in good to excellent yields (eq. 31).64 The organoiron reagents, RFeCl and R4FeLi;
1. RM, THF, -78°0C, 18h o) OH
Ricocl M=Fe CoMn . J_r + RiCO.Et
R17 R R1- < 2 (31)
2. EtOH, -78to 20 °C o H
R Reagent Ketone Carbinol Ester
Ph BuFeCl 0 0 0
BusFe 77 0 7
BusFeLi 58 0 9
BugFelLiz 28 0 0
Me>Co 94 0 0
Me3ColLi 96 1 0
MepMn 2 66 28 0
MeoMn b 90 0 0
n -C7His MejFe 74 2 15
BujFe 77 0 13
BujsFeLi 85 0 6

a From MnCl2. b From Mnlp.

=
Y—
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A

were ineffective in these reactions. Preparation of the organoiron compounds required
reduction of FeCli3 to FeCly followed by the requisite stoichiometry of an organolithium or
Grignard reagent. The cobalt reagents gave higher yields than the iron or manganese
reagents. In competition experiments between aroyl chlorides and alkanoyl chlorides, the
iron, cobalt, and cuprate reagents displayed a preference for the aroyl chloride with iron and
cobalt reagents displaying higher selectivity. In competition experiments between aroyi
chlorides and alkenoyl chlorides, the iron and cobalt reagents showed a preference for the
alkenoyl chioride while the cuprate reacted faster with the aroyl chioride; the cobalt reagent
showed the greatest selectivity. Although not synthetically useful, MesFe and MeaCulLi
displayed different chemoselectivities with 2-methoxyterephthaloyl dichloride and 4-
methoxyisophthaloyl dichloride which raises interesting mechanistic questions.

Iron and cobalt halides have also been employed as catalysts in the acylation of
Jk . SIS U T BUR Tirm mrca e o 3 b Tt A A AN RS ATl A1
d10rganoZinc rcageits did 1voirve orgaio- lIUIl alld CODAIl 1ICIINea1aies (€d. 54).V~ AILNouUugn
addition of CoBrz to organolithium or Grignard reagents results in decomposition, organozinc
reagents (e.g., R2Zn or RZnX) react with CoBry to give thermally stable (0 °C)
nnnnnnnnn 4110 At Tha lanly ~Af 1 samaral nl] purpose mnalladisemr ~nndnalsrotr amd shhn cannnooiter
l)lgdllUlll Ldliie agc ILD 11C 1dUKN Ul 4 gcucxax 11 P pUSC Pdlldulul 1 Cal ly\l dlia tin 1C Chbll.y
mnay ctnirnhinmateri~n mirnantitiag AF Tl N AT (1 malra thaca 1evam anmd Anhalt cataloaad
O1 UDlllé QLUILLITVIIIC ALY Y IILILICD Ul UL LN LI Il 1Iant LHOUDO 11VIL aliu Luvudadll o ldlyLCU
acylations of organozinc compounds attractive. The cobalt catalyzed reaction appears to
I‘f;]""ﬂ f\"\]‘f Nnno I‘""l“{" AATYTm f e !‘l")]l"l’TI“I‘ "ﬂ’]"ﬂ“" Draxnr\!!o]\r BD/’)I"}/‘\ "I")C‘ l‘\ﬂﬂ“ I‘f’;ll"lﬂf‘ o
ULiiise Uiil \v )y iw usuuu 11UV LIV JdlAaln y Liiiv Lvasvut 1 1vvVivudiy, 1 u\aba»} 11a0 ULLUll ULlllilovuy ad
an affartive ratalvet far the arvlatinn nf (yrignard reaagnnte (o 1) 28-30
All VIIUVLULLIYOL ULAQlalyou 11Ul uUlv Qv yidauiuvilii vl \J11511a1u AVAwIILD \\4 lh}-
o - falPve™ Py 1AM ! l_\l\ n
I’Sbla (64 uocrz Cal. (1V Mot 7o) Y1
R,Zn + RIcOCI > . (32)
O R' ‘R'I AN 7
THF / NMP, -10°C, 0.5h
R R! CoBra FeCl3
PivO(CHj3)s- Ph 84 82
n-C7H5- 76 74
Ph 82
CF3 82
CICO 83

Rhodium complexes react with a variety of organolithium or Grignard reagents to
afford alkyl or aryl Rh complexes that react with acid chlorides to afford good yields of
ketones (eq. 33).66 The reaction proceeds via a transmetallation-oxidative addition-reductive
elimination sequence (see Scheme III, vide infra). The initial transmetallation reaction affords
an alkyl rhodium(I) complex which then undergoes an oxidative addition to the acyl chloride
to give a rhodium(III) complex. Reductive elimination from the alkyl(acyl)rhodium(III)
complex generates the ketone. Utilization of rhodium complexes for ketone synthesis appears
limited to the initial report. Branched alkylrhodium(I) (i.e., sec- and tert-alkyl) complexes
give low yields of ketones due to p-hydrogen elimination and s-BuRh(I) gives n-Bu ketones
(3:1) as the major product.
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RM, THF R1COCH
RhICICO)L, —— 3 MCI + [RRh(CO)L,] ———2 3
-789C, 0.5h (33)
L = Ph,P; M = Li, MgX RRhICHRICO(CO)L, ——= RCOR!
3 e i 2 e nvwn
RM R % yield
MeLi n-Cy1H23 71
MeMg! 58
n-BuLi 80
PhLi 96
PhMgBr 85
CH=CHCHMgBr 83
MeLi Ph 82
n -BuLi 74
PhLi 94
CH=CHCHMgBr 71
CoHsCH(Me)Li 3
n -BuLi CICH? 2D
PhLi 80
PhLi CoHsCH(Me) 69
34 Group VHIB (Ni, Pd)
The extensive organic chemistry of Ni(0)67 an Pd(0)63 complexes can be rationalized
by the general mechanistic description69,70,71 provided in Scheme III. The zero valent metal,
Scheme Il
R1COR > MOL rRicoci
reductive oxidative\[
/ elimination addition \
Ric o:”L L M’= MgX, ZnX, SnR,, BX,,
; R1COM-CI AlX,, SiR;, PbR,
cis L

A |

\ /— RM

transmetaliation
bn

~R1 -Re—" P
R CO{-M \_? MCI

frans

7

prepared separately or generated in situ via reduction of the M(II) species by the
organometaiiic reagen‘[ or other reducing agents, undergoes an oxidative addmon to the acid

CﬂlOflCle Keacuon ()I lfle I'Cbl,llldl'll dby1 mClc‘U\ll) bPCLICb Wll[l a bCLUHU Ul'gd meldlllL ergCI‘ll
affords an acyl(alkyl)metal species via transmetallation. A wide range of metals can transfer
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ligands to Ni(II) or Pd(II) species. The acyl(alkyl)metal(II) species, which can exist as cis and
trans stereoisomers, must assume the cis configuration for subsequent reductive elimination to
afford the desired ketone and regenerate the zero valent metal catalyst. Those ligands and
reaction conditions (e.g., added LiCl) which favor direct formation of the cis stereoisomer
generally accelerate the overall process.69 Although complications can arise during any of the
three steps of the catalytic cycle (i.e., oxidative addition, transmetallation, and reductive
elimination),68.69 difficulties are generally encountered during the transmetallation step. A
balance of the relative rates for the three steps can sometimes be crucial for the success of
Pd(0) catalyzed coupling reactions.”0

The intermediate acylpailadium complexes can sometimes undergo decarbonylation
which lowers the yields of ketones in palladium catalyzed acylations of organometallic
reagents. The decarbonylation event has been employed in a synthesis of aryl ketones where
the aryl ligand is derived from an acid chloride. Reaction of the c-arylpalladium complex
with a ketene generated in sifu from an acid chioride affords an o,B-unsaturated aryl ketone in
modest to excellent yields (32-96%). Mechanistically, ketone formation occurs in a Heck
reaction between the Pd(II) species and a Ketene and does not involve the direct coupling of an
organometailic reagent with an acid chloride.72

1} 7

3.4.1 Ni catalyzed acylation reactions

V o P TR, L. A DERRRR I [ PP .S I [P I r S I (PR SRRY Sl i [N |
Lcll'DUX)’llL daClds Cdail DE CONVeItcd UIreCy 1o KClones witll d 1drge €xXCess 01 UTigidra
______ e I el NT: 41 .00 73 L. .. PG LSTNIPELRRY G i ES iUk IR crzrrivmcidasy Lo el
ICdgCIll 11 H1C PICSCIICC U1 a4 INI Cdlalysi. '~ 1HC ULIIZAallVll U1 dCYl 11dIIUCS Wdd SUggesicd by uic
synthesis of unsymmetrical ketones via qequentl al addition of Grignard reagents to S-
mhiamulangrhamanhlacidathinata (i a2 DLRQONTI i tha nracanra ~F NETIY ~e BafTIT ~ntalrote 74
pllcllylhdl DUHOCTHUTNTAOLHILALIC \1.C., THOUVUWULOU ) 11 LT ]:)l SUHILT Ul INI11) i I \111) L.d.ld.l)’hl.b rr
Qeninhinmmatrin amianmte Af N /TTY ava affarntivve 1t rantnling lhanoygl allgl xrimysl anmd
DLOUILINUVILTLIIVC dlIIVULIILS Ul INIlLl) alt Clivuvilve 1l vouupilliig uvvelldyi, aillyi, villyl, dailu
mantaflitaraasu] halidag with arnid chlaridac ¢t affard tha cArracnnnding atanae  Tha ranstinn
PC diiuuviuval yl1 1ialucoy 1Ul ALviu LIRVLIUCS WU allUlu Uiv CULIUOPULIUILLLE ALLULICS. 111V 1 LS194V)00
Ph__Ph
_____ e R THF, 0°C 9
RCOCi + RiMgX or RLi + L 'Nicl, (cataiyst) > o Aq (34)
“P. (0.2 mol %)
Ph Ph

R RIMgX RILi % vyield

Ph Et 56

Ph Ph 100

L [ B SN, | NN

rn Z=ULICI1Y1 L

Dl 1 oI~ a1

i (A I O S ) 71

Ph i-Bu 89

Ph ¢ -CgH11 91

PhCH(Me)CH2 Ph 100

PhCH(Me)CH> 2-thienyl 100

CH;=CHCgHj¢ Ph 80

cis ¢ -CeH10(2-COrMe) Ph 62

CICO 2-thienyl 80

Ph 2-(1,3-dithianyl)lithium 20

Ph 2-(2-Me-1,3-dithianyl)lithium 72
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proceeds by oxidative addition of Ni(0) into both the organic halide and the acid chloride.
Ligand transfer between the organonickel complex, RNiX (R = benzyl, vinyl, allyl), and the
acylnickel complex affords a mixed (acyl)organonickel complex (i.e., RNiCOR!), which
undergoes reductive elimination at 85 ©C in giyme to give the ketone.75 An efficient synthesis
of ketones has been reported which involves the reaction of acid chlorides with Grignard
reagents in the presence of dichloro[i,3-bis(diphenyiphosphino)ethane] nickel(II)
[N1(dppe)C12] (eq. 34).76 The title and table offer conﬂlcnng information as to whether acid
chiorides or bromides were emplioyed in the reaction. The latter could be intermediates if
A e
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either the acid chloride or organostannane component. Although aryl, alkynyl, alkenyl, alkyl,
and a-heteroatom organostannanes can be acylated, the yields diminish for alkylstannanes
larger than methyl and the method is largely used for the acylation of sp? hybridized carbon
centers.

The procedure has been used to prepare 2-silylmethyl-a,B-enones (eq. 35) via the
palladium catalyzed acylation of 3-trimethylsilyl-2-propenyl(tri-n-butyl)stannane.83 Acylation
of the vinyl stannane with o,B-unsaturated acid chlorides affords «,B-o',f'-dienones which can
be exploited in the Nazarov cyclization to afford 4-alkyl-2-alkylidinecyclopentanones.84 This
reaction nicely illustrates the opportunities to increase the efficiency of the process based upon
the acylation of organometallic reagents. The direct acylation of the magnesium cuprate, or
palladium catalyzed acylation of the organozinc reagents (addition of ZnCly) would eliminate
one step and could, perhaps, afford a higher yielding acylation step. A variety of o,B-enones
containing perfluroroalkyl- (eq. 36)85, arylthio- (eq. 37)86, or alkoxyalkyl- (eq. 38)87
substituents on the double bond are readily available by minor modifications of the procedure.
Reflecting ligand migratory aptitudes, the reaction of 1-trifluoromethyl-1-tri-n-butyl-
stannylethene requires heating for 3-10 hours with aroyl and alkenoyl chlorides and 22-24
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hours with alkanoyl chlorides. The 2-phenylthio-a,B-enones can also be prepared via the aldol
reaction of aldehydes with phenylthiomethyl ketones (limited to ArCHO and unbranched
RCHO) in turn prepared via the Weinreb procedure using PhSCHzLi. The acetal functionality
is sensitive to the Lewis acidity of acid chiorides and the reaction must be run in DMF for
good yields. The palladium catalyzed vinylation of L-N -protected proline acid chloride with
vinyl stannanes illusiraies the importance of examining a range of palladium catalysts in any
glven apphcatwn (eq. 39) 88 The reaction fails with a number of traditional palladium

e ~ rQ

catalysts and HMPA as solvent giving the enecarbamate via decarbonylation. The only catalyst
to work in this application was 1,1"-bis(diphenylphosphino)ferrocene (dppf) which is known
to suppress B-hydrogen elimination in palladium catalyzed coupling reactions
Br R,SN 9
| oy o Me THFTET . RCOCI HCCly A~
ASiMe; ————» A\ SiMe, > RO “SiMeg (35)
2. R,SnC! PhCH,Pd(PPh,),C! I
70 %
659C, 12h 38 - 89 %
R = Me, CH,=CH-, (E )-MeCH=CH-, Me,C=CH-, CH,=CMe-, (E )-PhCH=CH-, MeO,C-, MeO,CCH-,
M902C(CH2)2'
1 mol %) 9
CF3 -SNBU; ool PhCH,Pd(PPh;),Cl (1 mo S . L _CF, (@)
| HMPA, 65 °C |
71-97%
o
Bu.Sn. o~ PhCH,Pd(PPh,),Cl (1 mol %) P L
s \(‘Bu + RCOCI — > R™ \]’/ “Bu (37)
PhS PhH, heat PhS
R = Ph(CHp)-, ¢-CgHyy, 1Bu, Me 65-87 %

¢ )2 (0.01 equiv)
B“SS"\/\CH(OEt)Z + Rcocl > R)J\/\CH(OEQ,‘, (38)

R =IPr, Et, 2-furanyl, Ph, Me,C=CH-, (E)-CzH,CH=CH- 57 -89 %
Bug,Sn\/w..R
@ Pd(PPhg), L,_—)\,H (E)or (Z) - ( H 39
-
or N Cl N Al (39)
N oI PdCl,(dppf) b
_ DA /DDl Ta ~—~ Ta ~
Ts Favigirriigja IS 0O LRV

R = MeySi, Ph, (E)or(Z)-CO,Et, (Me,CH)Me,SiCH,, 2-MeOCgH,, H 25 - 96 %

Bis-1,2-(tri-n-butylstannyl)ethene has been used in a general synthesis of both
symmetrical and unsymmetrical 1,4-diketones and 2-ene-1,4-diones (Scheme I1V).89
Diacylation of the vinyl bis-stannane affords the symmetric diketones; lower temperatures
give the enediones and the saturated 1,4-diketones form at higher temperatures via reduction
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of the conjugated C=C with an intermediate palladium hydride species. Mono acylation of the
vinyl bis-stannane affords the g-stannylenone providing an opportunity for preparation of the
unsymmetrical diketones via acylation with a different acid chloride. Again the reduction of
the C=C double bond can be controlled by the temperature at which the coupling reaction is
run.

Scheme IV
o RCOCI RCOCI 9 R
R BusSn > ~, 0
RSN papeny, S Busn T PaPPhy, RO
o) 600C, 2-3h 1,4-dioxane S
R=Ph 40% RCOCI|1.0 equiy) 100°C. 23-30h R = Pn 50 %
- 60 0C |0 3.9 h R = 3-furanyl 55 %
i R = Me,C=CH 63%
Pdll Plli\
Ve R =(E)-PhCH=CH 25 %
0 ] o 0
3 PN i SN R1coc N
R T~ Paprny, R BusSn Tadoxane > R I
0 60°C, 2-3h R=Ph 27% 100 ©°C, 23-30 h o
2-ene-1,4-dione R = 3-furanyl 35 % Pd(PPhy), 1,4-dione
R R! % vield 1,4-diketone % yield ene-1,4-dione
Ph Me 47 86
2-furanyl 100 93
Ph t-Bu 87
Me Ph 70
n -Bu 65 56
Me 3-furanyl 70
Ph 64
Me MeC=CH 86
Ph 97
NA~ N DLWOLI_MLT &N 24
vie (L )-raon=cn Jz 30
NMa MarHNHRAYOCTHA)A 27
Vi ivivo 1 1\11111)14}\\4 1213 g
n -Bu 38 50
Ph 38
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o) o)
PhCH,Pd(PPhy), (1.5 mol %)

i | + Rcocl > R | (40)
BusSn” _ S CHLCN, rt1-2h

R = Ph, 'Pr, (E)-MeCH=CH 0 55-81 %

Aryl- and heteroarylstannanes are also effectively coupled with acid chlorides (eqs. 41-
42).91-92 The latter reaction has been used in the synthesis of the aromatic amino acid, L-
kunurenine.92 A solid phase synthesis of 1,4-benzodiazepine derivatives utilizes the coupling
of a Boc protected ortho amino aryltrimethylstannane with aroyl or alkanoyl chlorides.93 The

E R Pt

~ =}
0 R
NA-COC! _R1 (PPhy),PdCl, 1l ,/—\\(
)\‘ I ' /(,-—\B\ > N~ | O)\Rz (41)
MeS” "N Me;Sn” "O0” “R2  THF, heat, 30 min MeSJ\‘N
R1 = H; R2 = CH,OSiMe,Thex 77 %
R1 = CH,OSiMe,Et; RZ2 = H 73 %
" Cbz
~_-SnMe ¢  Gbz o. W
NN R PoE0aCHOL AR O,
NHBoc P g PhCH,, heat I 1A
o" - N ~~"“NH *~
Boc 79%
X I X
RASnBu‘g N R1COC| PdUlz(FPHS)z, CUCUN - R)\/R1 (43)
PhMe, 75°C, 18-16h o
R X R! % vyield
Me(CHj)g OAc Ph 74
OBz 70
OBz 4-NO»CgHg 40
Me <5
MeOC(CH2)2 40
N-phth Ph 453
0>CCgH4-4-NO2 50
Ph OAc 78
Me(CH2)3 68
OMOM Ph 80
(E )-Me(CH32)2CH=CH OAc 57
t -Bu 50
Ph(CH»)» OMOM 30
OMe 0

a RICOBu formed in 28% yield.



a-Heteroatom substituted alkylstannanes preferentially transfer the heteroatom
functionalized ligand in reactions with acid chlorides in the presence of palladium catalysts
(eq. 43).94 The reaction works well for easily transferable benzylic or allylic ligand systems
containing ether or ester substituents while non-conjugated aliphatic systems require an ester
heteroatom substituent. Coupling of a-oxygenated aliphatic stannanes and alkanoyl chlorides
proceeds in poor yields. The yields of coupled products are reduced in the presence of air and
a carbon monoxide atmosphere results in preferential transfer of the butyl group.
3.4.3 Palladium catalyzed acylation of organozinc and copper reagents (Pd/Zn and Cu)
Stille's development of pailadium catalyzed coupling of organostannanes with acyl
chlorides prompted a series of studies with organozinc reagents. The first study by Fujisawa

ror QOn7

examined the preparauon of DB[]ZYI ketones (JJ-8067 YICIGS) Dy the reductive COUpllIlg of

1

Den7y1 bromide and acy1 halides (1 1 ratio respecr1ve1y) in the presence of zinc pOWGEI‘ (L.U

1/l A /TN

equivalents) and 2-10 mol % of Pd(PPh3)4 or Pd(PPh3)2Cly. These proved superior to other
Pd or Ni catalysts whlch gave substant1al amounts of d1benzyl 95 Good yields of benzyl
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in the order: Pd(PPh)4 < BnPdCI(PPh3); < )yrac e ~.ganezme eagents could also
be prepared from alkyl iodides and Zn-Cu although the resulting organozinc reagents were
acylated at elevated temperatures (60 OC)=98’99 This procedure avoids the use of cuprates
which tend to undergo conjugate addition to the product o,B-unsaturated ketones (eq. 44).98
R1 Pd(PPH,), cat PN N
Zn-Cu R Diels ~
R2 -
“Acog+ A — ,L) “Ader > (44)
PhH DMF R2 /X er Ny
(1.0 equiv) (1.5 equiv) 80 °C, 3-4 h 5 R2
89 - 95 %

The acylation of organozinc reagents derived from iodo esters EtO2C(CH2),l (n = 1, 2)
gave significantly higher yields in dimethylacetamide (DMA, 72-100%) than in DMF (58-
79%) employing a 50% excess of iodo ester (eq. 45).99 This procedure has been extended to
the corresponding iodo ketones (i.e., RCO(CH2)nI using 1.3-1.8 equivs of halide) which



nffacrde Ailbatanac 11 mndarata tn aveallant vialde (&2 OT0LY in tha mracancra ~F DADDhA): ot
dAlivuiud U CLULIC 111 1ITOUCIALC LU TAULCTIICLIL leluD \Jo-71/0) 111 uic leDC WO UL TU\IT I 115)4 19
mildly alavatad tamnaratiierac (AN O 100
JUIIILNTY Civvailvul u:lupcxatuu.c \rv wJ.
0

E1O. CIOH 1. Zn-Cu, PhH/DMF or PhH/DMA )y
= e\ aind »  EtO,C(CHy)y" (45)

(1.5 equiv) n (Ph P\ PA P an o 2 2’/n

\ b ’ o n ‘l Il3l I4I dy rin I, ALV A DMF 58 - 79 %

n=23 i

R = Et, n-C,H,s-, Ph, 4-MeOCH,-, 4-CIC¢H,-, 2-MeOC¢H,-, PhCH=CH-, CH,=C(Me)-,

Ortho lithiation of appropriately substituted aromatic rings followed by treatment with
ZnCl; affords functionalized RpZn (eq. 46)101 or RZnCl (eq. 47)102 reagents that are acylated
with acid chlorides in the presence of palladium catalysts in good to excellent yields. The
RZnCl reagents must be used in 50% excess (1.5 equivalents) perhaps because of chelation
with the Directing Metallation Groups (DMG). DMG such as aminals, imines, and
sulfonamides failed to function effectively because of chelation problems or formation of
multiple products. Utilization of TMEDA in the deprotonation step retards the cross coupling
reaction.

OCH, i. n-Buli (1.2 equiv), THF, M, 2 h OMe
/ /

. ZnCl, (0.64 equiv), 1t, 1h O
(46)

LY
N
-
o
@]
Y

) 3. AcCl (1.5 equiv), THF, 0°C \ 4
O A fal e Vinle] "R 4N e 1 O/ ) Iin.. ALl O_(
OEt &4, \JI2|"UU"I"IIS)2 (d T101 ‘/o)l 'Dl.lzl'\ll"l OEt
or  BnPdCI(PPhg), (2 mol %) > 66 % isolated
DI\IIIG (a

DMG
1. t-Buli, -78 °C | i

/\i > _A_-ZnCl RCOCI (1.0 equw)_’ /\i/”\a @

K) 2. ZnCl,, E4L,0 u Pd(PPhg),, 5mol % K)

(1.5 equiv) -78t0 25 °C

DMG = Directing Metallation Group

R\DMG 8 -CON(i-Pr)2  -OMOM CH2NEt
-0
Ph 92 95a 97 69b
¢ -C5Ho- 86 94a 93 55b
(E )-EtCH=C(Me)- 83 76a 75 57b
A Bt-O)THE (10-1) tn ctahilize the arvl amide b FAOTHE (1-1) ta elevate the refliy temnerature
J._dl.‘\.l PSS \ A1WV. 1 } W DtuUL LN LW ul] 1 QLI ‘.4‘-‘\./ L 4141 \ 4.1 , TV Wi Y dlw Ulw IwliuAn LUllly\/l CALMAT

A zinc homoenolate generated from cyclopropanone ketals afforded both C- and O-
acylated products; the ratio of C:O-acylation was dependent upon stoichiometry, additives, and
solvents (Eq. 48)103.  O-Acylation can be suppressed by adding 20% by volume of
dimethylacetamide (DMA). Conversion of serine into the iodo a-amino acid provides a
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convenient route to the corresponding organozinc reagent which can be acylated with
palladium catalysis to afford a wide variety of o-amino acid derivatives (eq. 49).104-106
Acylation with the acid chloride of acrylic acid followed by acid promoted cyclization
provides a convenient route to scalemic 4-oxopipecolic acid derivatives (eq. 50).105 Acylation
with ethyl oxalyl chioride gives modest yields of the mono acyiated product and the bis
acylated product via decarbonylation of the intermediate acyl palladium compiex followed by
addition of the zinc reagent to the carbon monoxide ligand (eq. 51). In this case the zinc
cuprate reagent proved superior.106  Chelation controlled acylation of 2-
(alkoxycarbonyl)cyclopentyizinc iodides with Pd catalysis occurs with cis-selectivity.107 A
review by Knochel lists 43 examples invoiving the acyia‘tion of functionalized organozinc

reagents aided by palladium catalysis. The reaction tolerates ester (50-100%), ketone (53-
91%), and Boc-protected a-amino ester (41-90%) functionalities.108

~

N OSMes  znc, Ine, _ PdCly(0 -tolgP), 1 o
L or  ———> T CORR), ; > R ~"co,R (48)
(0.5 equiv) RICOCI, Et,0 .
] = ipr Bt 20 % by vol DMA 50-93 %
R! = Ph, !Bu, Me,C=CH-
1. Zn-Cu (1.7 equiv), PhH/DMA (15:1)
AR NN ne O AN et
J ) ), 4U lU QD0 YO, ZUITTHIHH
' 2. (PPhy),PdCl, 5 mol % > N e (49)
! + (PPhg)pPdCl, 5 mol % O CO,Bn
3. RCOCI (1.0 equiv)
)) ), 35-40°C, 30 min
1~ ~~NHBoc R = Ph, 2-furyl-, Me, Et, IPrCH,, 'BuCH, 76 - 90 %
{'E‘r\ Rn
UU2IJII
0
1]
| 1.)))), Zn-Cu, PhH/DMA . NHRae  HCI
Erare—— A — (A (50)
z. (FFNhg)Fall; 5 Mol 7% o) COZBH Et,O ‘|\.]' Coan
48h "Hel
“>coct )) ) 100 %
o
Cl BocNH
EtO/Ikn’ + /\E/NHBOC EtOJ\(\{NHBOC \'/\r(\g/NHBoc (51)
0 CO,Bn CO,Bn BnO,C O COyBn

The acylation of 3-metallo-2-phenoxymethylindoles (M = Li, Mg, Cu, Zn) was
examined for several organometallic systems. Only the organozinc reagents in the presence of
a Pd catalyst gave good yields of the 3-indolyl ketones (eq. 52).109 The lithium and Grignard
reagents gave largely the reduction product while the copper reagent and the Weinreb
procedure failed. The yields were obtained with excess (1-3 equiv.) of acid chloride, although
too much AcCl/ZnCl; resulted in zinc mediated cleavage of THF.



4202 R. K. Dieter / Tetrahedron 55 (1999} 4177-4236

O

Br 1. Mg or n-Buli M R
Z | A or t-BuLi - (7 | A 1.3 equiv E > 7 | A\ 52)
\/\N' b. 2. MC! W\N C.) THF R N‘ 0

Me CgHyp -Cl Me CgH,-p -Cl Me CgH,-p -Cl

M catalysts E Temp (°C) % vield

Li MeCOCl -78 4

MgBr MeCOCl 0

Li MeCONMe(OMe) 43

ZnCl Cul MeCOCl +25 0

ZnCl Pd(PPh3),Cl;  MeCOCI -35 74

ZnCl Pd(PPh3)2Clp  BnCOCI -35 61

ZnCl Pd(PPh3)>Cl, PhCOCI -35 66

ZnCl Pd(PPh3);Clp CH3(CH2)2COCl  -35 70

ZnCl Pd(PPh3)2Cl; CICH>COCI -35 33

o,B-Alkenyl- and o,B-o,p'-dialkenyl ketones are readily prepared by efficient acylation
of vinyl copper derivatives (1.1-1.2 equivs.) in the presence of a palladium catalyst (eq.
53).110a In the absence of a palladium catalyst, the alkenyl copper reagents gave low yields of
ketones, while the cuprates gave mainly products arising from subsequent conjugate addition
to the product enone in THF or Et2O. Improved yields (31% for MeCOCI and 44-61% for
MeCOBr based on both alkenyl ligands) were achieved with an Et,O/THF/HMPA (70:30:4
equiv) solvent system which slows the conjugate addition reaction and accelerates the acylation
reaction. Higher yields could be obtained in tetrahydropyran (THP) which undergoes ring
cleavage slower than THF in the presence of the acid chlorides. The vinyl copper reagents are

R1Cu (- R2COC! R, .
R-C=CH Mg, R Cu, MgX, 3% Pd(PPhy), > m)':\/;_g?_ e

O

R R! R? additive? % yield

H n-C7His- Me ZnBri; 80

H Et n -C7H;5- ZnBra 85

H "Bu "Bu 2MgBrp+1CuBr 76

Me iPr Bu 84

Me n-C7Hijs- Me 70

Me Et Ph 73

EtO nBu Me 74

Me IBu (E )-MeCH=CH- 85 (100)b

Bu iPr MeC=CH- 58 (93)b

H Et (E )-n-CeH13CH=CH- ZnBr2 87

H Et (E)-n-CgH13CH=CH- ZnBr2 88

H 1Pr 3-furanyl 85

2 Added to the lithium dialkenylcuprate reagent. ® GLC yield.
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dlrectly available via carbocupratlon of alkynes (RMgX + Cul)!11 which prov1des for stereo
defined reagents. Treatment of vinylcuprates with ZnCl, affords a mixture of vinyl copper
and vinyl zinc species both of which undergo Pd catalyzed acylation Altematively, treatment
of (alkenyl)2CuLi reagents with MgX; and CuX also affords the vinyl copper reagents
obtained via carbocupration. The effectiveness of this palladium catalyzed acylation of vinyl
copper reagents reflects the facility of alkenyl ligand transfer in transmetallation sequences
and, although unexplored the method may not fare as well for alkylcopper reagents A
Cul/(Ph3P)2PdCly catalyst system converts terminal alkynes and acyl chiorides into alkynyl
ketones in modest to excellent yields (61-96%).11%b Simple alkanoyl chiorides react with the

triethylamine employed in the reaction resuiting in low yields of ketone.

3.4.4 Palladium catalyzed acylation of main group organometallics (Pd/B, Al, Si, Pb)
Palladium catalyzed acylation of Group IITA metals is rather limited. Although Negishi
showed that alkyl- and arylborates can be acylated in the absence of palladium catalysts, bott

alkenylboranes and alkenylb orates failed to undergo acylation even with Pd catalysts.9
Sodium tetraphenylborate affords phenyl ketones (51-100%) in the presence of ,
and the method has been extended to a silicon supported Pd(0) complex!12 which affords
approximately a 6% diminution in yield upon each reeyclmg of the Lolumn The Pd(PPh3)4
reaction works well with both aroyl and alkanoyl chlorides while the silicon supported catalyst
gives only trace amounts of product with alkanoyl chlorides.

Although (E)- and (Z)-alkenylalanes react with acid chlorides, the reaction shows poor
stereoselectivity (E :Z , 2-13:1).96 Excellent yields (>90%) and stereoselectivity can be
achieved in the palladium [ClPd(PPh3)2 + BupAlH] catalyzed reactions of acetyl chloride
with (E )-(2-methyl-1-octenyl)dimethylalane (92% diastereomeric ratio) and its n-butylalanate
(96% dr) obtained via addition of n -BuLi.96 An independent examination of the reaction also
revealed the ability of acid chlorides to acylate R3Al and RpR1Al reagents in the presence of

) - Pd(PPhj3), (0.05 equiv), THF o
RIRAl  + RZCOCI > R1COR2 (54)

(1-2 equiv) (1 equiv) 0-25°C

R Rl R2 % yield
Et Et Ph 70
Me Me Ph 74a
Et Et PhCH=CH 68
Et Et CHy=C(CHj)g 71
Me Me CH>=C(CH2)g 59
Et C4HoC=C Ph 67
Et C4HoC=C C7Hi5 65
Et C4HoC=C PhCH=CH 74
Et PhC=C C7His 61
Et CeH13C=C CH2=C(CH2)g 55
Et Me3SiC=C CH=C(CH2)g 51
iBu (E )-C4HoCH=CSiMe3 Ph 51
iBu (E)-C6H13CH=CSiMe3 = CH»=C(CH»)g 53

4 GLC determined yield.
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Pd catalysts such as Pd(PPh3)4 (eq. 54).113 Other Pd catalysts generated from Pd(OAc); +
Ph3P (1:2) and PdCI(PPh3)2 were also effective, but the organoaluminum compounds could
not be effectively acylated in the presence of other tramsition metal catalysts such as
RuCl2(PPh3)2, NiCl(PPh3)2, and RhC1(PPh3)3.113

Silacyclobutanes undergo reactions with acid chlorides in the presence of a palladium
catalyst to form either 3-(chlorosilyl)butyl ketones or cyclic silyi enol ethers depending upon
the reaction conditions (Scheme V).114 Control experlments suggest that the reaction

m 270N

proceeds by oxidative addition of the acid chloride with a Pd(0) specneq followed by

transmelaudu()n f the silacyc subsequent reductive elimination to afford the 3-
1

P wd Aae L1

excess amine and at higher
temperatures undergoes mtramolecular silylation to afford the cyclic silyl enol ether. The

reaction only proceeds in the presence of small amounts of amine necessary to promote
varntrarntinn ~fF tha DA ~atalsrot Crenialt ~Alhniem alialntin anid ~AllAvidan sasra Taxer xrialda ~F
lUgC ICidlivil U1 UIC TWU) Ldt lybl. L)lelélll Clidlll llyll tiIC duliul UIHIULIUCY 5(1VC TUwW _ylcxub H
mendiiatre syith BN Awiia ta bratana fartmatinn via haca ratalurad aliminatinn ~fF LI Laae lhiqh
plUUU\«lb Il LA 31IN UUD LU ACLICEIL TULLHIIALIVIL VIA UddC Latdly L0 ClLLIativll Ul 1ivl, vut 111511
yields can be obtained by using sterically hindered amines (e.g., 'ProNEt). The reaction can
alen ha ratalyuyrad arith a D cnmnlay DO T a— LI DDhAYA TRT70 1N W ot QNO_1NN O hat urac
alduv v baLal‘yLL«U Willi & L LU LJUILLIJL\—/A, L l\bllé—bllé}\l L 113}4 lOI /U, LU 11 al OU~ 11UV MJ, UutL wad
logcg affiriont than with tha PA ratalyucte
IUVOD LVILIVIVILIL LIALL VYW iLll LIV 1 U valtdai youo.
Scheme V
T RT = Ph PACI,(PhCN)
h,lL PdCl,(PhCN), N Excess EtN 1 ~Osir
. i
————— Ricocl + { SiR, e R
MezoISI\/ EtSN (O.l eqUIV) N 80 OC, 4 h, \/
o = -
86 % 25 °C R = Me, Ph Et;NHCI 73 - 94 %
R1 = Ph, p-MeCgH,-, p-MeOCgH,-, p-FCgH,-, 2-furanyl, ¢ -CgHyy-,
(E )-PhCH=CH-, Ph(CH,),-, CHo=CH(CHy,)g-, n-CgHys-,
Althonoh the nicleanhile 1c oenerally delivered to the acvl nalladinm comnlevy via an
4 llllluu&ll VAR Llu\tl\/\.}l}llll\/ Py EVILVA“LLJ NAWIL Y Wiwiwd LU Lidw Dl.\./J,I. Pu‘luululll \./Ulll}ll\.{[\ ¥ i€a dai1
arcanometallic reacent other nucleonhilec av he emnloved in nalladinm catalvzed ketone
VL&“AI\JIALUP“LIAV L\—f“&\—‘ll.b, NS LALWA ‘.Au\-ﬁl.vvt}llllvu JAIWJ LA Ull.ltllv) wAs ARE Y“lluv‘ulll V“&“IJ NN AN VR
synthesis. The reaction of acid chlorides with siloxycyclopropanes and catalytic quantities of a
Scheme VI
R1 7/
T OSiR,
PdL 0 * OR2 o) R1
n N 1]
RCOCI > RC-Pd(CNM .., —— — C—Pdll m ~
LY L u\vl’l—wl] ~— 11N/ 1] u\l—l|l u
CHCI,, 90 - 100 °C
\
ORZ2
R = Ph, p-CICzH,-, p -MeOCgH,-, (E )-C¢H;CH=CH-, reductive |
CH3(CHy)4o-, Ph(CHy),-, Et 0 elimination
R1 = H, Me J\/\/o
. = = -
R2 = Ipr, Et o r
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palladium/phosphine complex affords moderate to excellent yields of 1,4-dicarbonyl
compounds. 15 [-Aikoxy-i-(trialkylisiloxy)-cyclopropanes afford 4-ketoesters (Scheme VI),
while 1-alkyl- or l-aryl-1-siloxycyclopropanes afford 1,4-diketones in moderate to good
yields (42-22%). In these reactions the siloxycyclopropanes function as homoenolate synthons
to afford the alkyl(acyl) palladium complex which releases the ketone product upon reductive
elimination.

Tetra—alkyllead compounds can be acylated in the presence of palladium catalysts under
S DRI o~ - Al f 114 TR RPS. SIPL: J, I e e daden
relatively mild conditions (eq. 55).'% They are more reactive than the corresponding tetra-
G M1 1] Yo P, JEpSS . S~ a1 catel N L i Tk AL L. T DL
dlRyistanndnes. Uood yiclas 01 KCLOIEs Canl b 4Cnicved wildl U.0 equivalCiits OI e K4ro
s i d o ~ svor tbhind buzrnn AF tliy Pz Vi nen A e Lon 22631l ad S sle o g ndd e g o T PRGNS Y
I lg LHal two U1 LIC 10Ul HFdIlus call DC ULlllZcu 11 Uic 1caciioll IS 1D 4 ICSUlL

D.Dh amd DADLM TT#ilizinmna 1 2 aqnivalante Af DDl aivac nanelyy o Anvanmtitativa wviald ~F
INGI U dliul INT UL, Utiil4Ll lg 1.0 cqul ALl VU1l NI U ELVCB lCd.lly a quauutauvc lelU vl
Lratama Tha sanntinm ~nn falasrata &~ R _1incatiiratad anid ~AhlAasidac
CLull 11T 1Cauiivll vall wiclialc u,p-ulidatuidlcud aviu VILUVLIUCD
Pd(PPhj), (1 mol %)

RlcoCl + R4Pb ———— »  RICOR + R3PbCl (55)

THF, 65 0C

Bl refi 60-78 %

or PhH, refiux
R = n-Bu, Et :
ni Dt RA /oL RA~IALE A\ LI [n ] al W YN
n' = r, IVIE\UF‘IZ)B', IVIB\\JI‘I2)3UI_I\EL}', FIRem=uri-

3.5 Group IB (Cu)
The first reported xampl
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and straight chal a-alkyl, and «, a‘dlalkvl substituted aliphatic acid
i ith ketones, nitriles, esters, alkyl halides (eq. 57)!126, and
lo

————— 7 o d = hs &4 ‘7 5 T ==

ro acid chlorides, and o,B-unsaturated aci:i chlorides.

Chemoselectlv cy]ano of ¢ prate with o,B-unsaturated amd chlorides can be achieved by
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e

employing an ether:THF:HMPA solvent combination that siows down the 1,4-conjugate
addition reaction of the product relative to the acylation reactions (eq. 58).127 4-Nitrobenzoyl
chioride reacted with lithium dimethylcuprate to give the methyi ketone, but the reaction
failed with lithium di-n-butylcuprate. Excellent yields were obtained when three equivalents
of cuprate were used but modest to good yields could be obtained with a 1:1 molar ratio of
cuprate to acid chioride. The reaction did not go to compietion with acyi fluorides.

Et,0, -789C

Ricoci + R.,Culi : » R1COR (56)
“ 15 min.
RoCuLi2

Rl Me Bu Phb Ref
n -CsHji 81 79 123
c -CgH11 86 80 123
PhoCH 93, (65)b 90 88 123, (125)
t-Bu 84 90 123
3,5-(CF3)2CgH3 92 75-80 123
4-NO»CegHy 50 123
CH3 - 55 125
Ph 58b 59 125
MerCH 45b 67 125
CH3CHCI traces 15 125
PhCH=CH polymer 125
NC(CH2)10 80 95 124
n -BuCO(CH2)4 95 83 124
MeO2C(CH2)4 <20 85 124
n -BuO2C(CH2)4 83 93 124
CIOC(CH2)4 92 90 12
I(CH2)10 91 93 i24
4-ICgHa 98 85 124
CeHyC 72 87 124

4 Equivalents of cuprate added (3.0). b Equivalents of cuprate added (1.0). € Acyl fluoride employed.

@]
(9]

o Il R,CuLi, -70 ©C, ether _ Il -
Bra~""qi > Bra~ANg (57)
R=Et 88%
R=nPr 90%
0 ; o
R1 Et,0/ THF/ HMPA (60 : 20 : 20 R
)=(U\C| + R,Culi 2 ( ) » R (58)
- ) -1100C F
F H LI AV ~ 11
Rl = nBu; R = Et 70 % (55 % in THF)
Rt = R =Ph 45 %
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Reaction of the moderately reactive and relatively stable (0 ©C) lithium dimethylcuprate
with acid chlorides is a very reliable reaction for the preparation of methyl ketonesi28-131 and
has been used in synthetic routes to cyclooctatetraenel29, polyunsaturated
[4.4.4)propellanes, 130 and monobromobenz[a]anthracenes.131 Methyl or ethyl ketones utilized
in the synthesis of vellarali32, maniconel33, erythronolide B134, monensin A135, and (+)-
phyllanthocini36 have been prepared by the reaction of lithium dimethyl or diethyl cuprate
with acid chlorides in yields of 75-100%. The chemoselective reaction of lithium
di(trimethylsilyl)cuprate or lithium diethylcuprate with an acid chloride in the presence of a
tert-butyithiol ester was employed in a synthesis of narbonolide,!37 and erythronolide B.134

The necessity of empioying three equivalents of cuprate reagent in order to obtain high
yields of ketones, prompted a search for mixed heteroatom cuprates containing a non-
transferabie ligand.138-140 These lithium heteroatom(teri-butyi)cuprates displayed the
foiiowing thermal stability order: PhS (0 ©C) > PhO (-30 °C) > t-BuO (-50 oC) > Ei2N,

t -BuS (<-78 oC). The combination of cuprate reactivity and thermal stability resulted in the
t -BuOCuRLi, PhOCuRLi, and PhSCuRLi reagents giving the highest yields of ketones with

omy 1.1 equ1valemb of Lupratc reagent being ernplo'yeu \eq 59). These mixed C‘uprates ga‘v‘e
Fallh S <

P — VTomdo ¢ ol ~
blgnlllﬁdnuy [llgﬂ(:l" ylt:ulb OI KE€tones wi }_ ewer qull\’dlclllb tan uie LUIIUbPUllUlIlg l.llll.lulll

dlalkylcuprates. Low yields of ketones were obtained with Grignard reagents under copper

_________

catalysis.

PhCOCI + (!BuCuX)Li - »  PhCO®Bu + PhCOX (59)
% yield
RM + Cul X equiv PhCOtBu PhCOX
NEty 1.1 50 20
t-BuS 1.1 75 25
t BuO 1.1 98
PhO 1.1 87
PhS 1.1 99
t -Bu 2.0 76
Me 3.0 72
- 3.0 37
t -BuMgCl + Cul (100 mol %) 1.1 34
t-BuMgCl + Cul (10 mol %) 1.1 33
t-BuLi + Cul (10 mol %) 1.1 5

Mixed homo cuprates (i.e., RRICuLi) containing a non-transferable ligand derived from
DMSO have also been examined and found to give good to excellent yields of ketones upon
reaction with acid chlorides.14l This reagent gives no competing 1,4-conjugate addition when
a,B-unsaturated chlorides are employed and provides a convenient synthesis of o,B-enones (eq.
60). Although a-phosphinylalkylcopper reagents are significantly less reactive than the
corresponding alkylcopper reagents, they have successfully been acylated with acid chlorides
to give the corresponding B-keto phosphine oxides (eq. 61).142 From the communication,
however, it is unclear whether the organocopper(l) reagent or an organocuprate reagent was
employed.
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? THF
R1COCI + (CH,SCH,CuR)Li — R1COR (60)
o¥G, 1N 78 - 95 %

R1 = Ph, (E )-PhCH=CH, (E)-MeCH=CH, (E)-Me,C=CHCH=CH
R = Me, n-Bu, t-Bu, sec-Bu, i-Pr, Ph

1. n-Buli

Q 2. cul Q ? R1 = Me, n=2 60%
Ph,P— 3 > PP COMe i _ _ . (61)

R1 n T n = n-CgHyy, Nn=2 73%

T o i $OMe R, R1 = Me, n=4 72%

n=24

In introducing new mixed amido- and phosphido- heteroatom cuprates, Bertz examined
the thermal stability of a wide range of cuprate reagents by aging them at various temperatues
for 30 minutes and then adding excess benzoyl chloride to the cuprate solution (eq. 62).143-144
This studv also nrnvgdee some clues as to the relative reactivity of these mixed cuprates. The

A3 122N 4lal) 22 €S as to the reia wLAVIYy L Wllbob 1242 -_.r-_.__-_,= 11l

reagents L1( c- C5H1 1)2NCuBu, Li(EtpN)CutBu, and Li(PhS)Cu'Bu give lower yields of ketone

at -50 °C than at 0 °C indicating that the actual yield reflects both reactivity of the cuprate and
its thermal stability as measured in this protocol. The amidocuprate, Li(EtpN)CuBu, is not

formed at -78 ©C and the solution must be warmed to -50 °C for cuprate formation to occur.

cuprate aged, 30 min

PhCOCI + (RCuX)Li PhCOR + PhCOX (62)
. m e a at-78, -50 or 0 °C
S Et,O or THF
temperature (°C) at which cuprate is aged
organocopper reagent? -50 0 25
Li(PhpP)CuBu 20 99 95
Li(c -CgH11)2PCuBu 100 97 89
Li(PhpN)CuBu 100 25 1
Li(c -CgH11)2NCuBu 75 98 89
Li(EtoN)CuBu 100 98 73
Li(EtpN)Cu'Bu 20 90 81
Li(PhS)CuBu 100 19 0
Li(PhS)Cu!Bu 18 97 80
CuBu 94 5 0
(BuaP)CuBu 100 92 0
(cod)CuBub 100 4 0
LiCuBuy 96 89 82
Li(tBuC=C)CuBu 100 92 89
Li(CN)CuBu 97 92 60
Li2(CN)CuBu2 99 95 84
Li(PhSO2CH2)CuBu 96 86 38
Li(PhSO2CH2)CuBu¢ 99 99 91

a Solvent inferred to be EtO unless noted. ® COD = cyclo-octa-1,5-diene. ¢ THF
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The use of lithium dialkylcuprates containing additional functionality in the alkyl ligand
is more problematic when the cuprate reagents are prepared from the corresponding
organolithium or magnesium reagents. Organolithium reagents prepared by reductive
metallation of phenyl suifides with lithium di- tert-butylblphenyl (LDBB) have been converted
into cuprates which react with acid chiorides to afford ketones in moderate to good yields (eq.

63).145

‘“\ 1. LDBB, -78 °C, 30 min. ~
2. CuBr-Me,S, -78°C, 4h o_ 0
-

}\_)_‘/\/\/ 3. RCOCI, -78°C, 12h

X
0

]
w .
N
0]
D
—h
—
[=}]
W
—r

position R n RI % vield
3 H 1 Me 55
2 H 1 Me 70
2 H | Ph 59
2 H 1 1Pr 73
2 H 1 Bn 52
2 H 1 Et 71
2 Me 1 Me 702
2 Me 1 tBu 52a
2 H 2 Me 68
2 H 2 tBu 66
2 H 2 Ph 70
3 H 2 Me 67
a A (1:1) mixture of diastereomers was formed.

The utilization of functionalized ligands is an important focus of development in
organocopper chemistry, and a-heteroatom alkylcopper reagents represent one class of
functionalized ligand systems. Dieter and co-workers have extensively developed the
istry of a-aminoalkylcunrate reagents and found that good to excellent yields of a-amino
e obtained via acylation when the reagents are prepared from Cu(l) salts
LiCl (eq. 64).146 Excellent yields of ketones are obtained with the reagent
RLi + CuCN-2LiCl while modest yields are achieved with RCuCNLi.
d

leldS are obtained with an organocopper reagent prepared from one

iterestingly, goo eld
equivalent of the hthloamme and one equivalent of CuCl-2LiCl and represents an efficient
process both in terms of ligand utilization and stoichiometry (i.e., RCOCI : RCu, 1:1).

inylcopper reagents are available by the CarbocuDratlon of alkynes employing
ylcopper(I) reagents denved from Grignard reagents.147 The acylation reactions afford
modest yields with polar additives such as HMPAI127 and conjugate addition to the product
o,B-enone can occur when the vinyl copper reagent is not B,B-dialkyl substituted.148 Although
simple lithium dialkenylcuprates react with the product o,B-enone, success can be achieved
1

ing the more reactive acyl bromides.148 Still, the most useful procedure involves the



palladium catalyzed acylation of the vinylcopper reagents (vide supra, eq. 53).1102 Recently,
several highly functionalized vinyl cuprates have been employed for the preparation of a,p-
O
R R 1. sec-BuLi, THF o il o
- sparteine T R17cl N
Q\ -789C, 2 h > SN > oy Y
OtBu » X = CUCN.ALICH Boc Boc O
Z. = UUUN-ZLIUIL,
CuCl-2LiCl
% yield
CuCN-2LiCl CuCl-2LiCl
R RI 0.5equiv 1.0 equiv equiv 1.0 equiv
-(CH2)»2- Et 100 55 70
MesC 88
CI(CH2)2 62
Ph 100 89-93 62-65
(E)-MeCH=CH 84 60
MerCH=CH 99 50-57
Me Et 98 55 85
MesC 96
CI(CH2)2 63
Ph 100 73
(E)-MeCH=CH 55
Me,CH=CH 46-53

enones (eqs. 65-66). The preparation of the cuprate from Cul-2LiCI proved to be more
effective than when the cuprate was prepared from CuBr-Me2S.14% The vinyl copper reagents
can also be generated by cuprate reduction of o-carboalkoxy ketene dithioacetals and are

acylated in good yields (eq. 66).150

. 2. A, THF 1. n-Buli, THF
NCOONCE 1.2 O_.L.‘Dnn_ OCONEt., .70 O OCONEt,
juul‘l—lz -8 VY ) F Z 10 " v F R =
CF, inverse addition \%\SnBua 2. Cul-2LiCl > (65)
2. BugSnCi, -309C F THF, warm to 0 °C F O
3. RCOCI 67 - 78 %
R = Et, iPr, i-Bu, +Bu, Ph
RYCOQEt i. MeZ‘Cu(CN‘)\Liz, (2 equiv) RYCOQEt
/u\ Et,0, -20 9C, 30 min J\n,R 4
y ot (66)
MeS™ “SMe 2. R1COCI, 20°C, 1h MeS™ 7
O
n - N"H  _CHCW . EY Dh =4 AN D/ I, TON 44 L ON.4 4
N = wiig=uiinuiigs, i, i /1=93 70 (£ . £00.141009.11)
R' = n-Pr, ¢-CgHyy, t-Bu, (E)-MeCH=CH-, Ph, 2-furanyi, p -MeCgH,-
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3.5.2 Copper species from Grignard reagents

Magnesium dialkylcuprates prepared from Grignard reagents and CuCl react with
sterically hindered acid chlorides to give good to excellent yields (69-91%) of ketones.1512a
Low yields (31-39%) were obtained with tBuMgCl and a,a-dialkyl-substituted alkanoyl
chlorides. A detailed study of the reactions of sterically hindered alkanoyl chlorides with
Grignard reagents in the presence of CuCl revealed a multitude of reaction products which
were attributed, in part, to radical decomposition of alkylcopper(I) species (eq. 67).151b-c
Consistent with this view, yields of ketone increased upon addition of a-methyistyrene (eq.
68). Interpretation of these results is problematic since the stoichiometry described in the
general experimental procedure suggests the formation of R,CuMgX and not RCu-MgXX'.
Given the ease of CuCl oxidation to CuClj, the presence of trace amounts of cupric chloride
could conceivably provide an alternative explanation.

o o
CuCl (1.0 equiv)
EtMgBr + RCOCI > J_+ "R R + + RH + RR (67)
. .50 R~ Et " R™ "R
(2.0 equiv) Et,0, -6 06C o)
R o selectivity
tR1(HA 1NN _ _ _ _
AIFUN_ L AUV
o e & 7a V' RN QQ 1 - - -
DULCTIUvVIC) 7 1
1ProCH 77 19 4 - -
tBuz\.,;‘ 67 7 26 = =
MeyiPrC 77 - 2 17 4
Me)tBuC 62 - | 37 -
1Pr3C 53 - - 47 -
~ 0
OH <
. Et2Q; ‘5 OC i l N P N
RMgBr + IPr,CHCOCI ———» Pr,CHCOR + p~y->g * (Pr,CHC)2 (68)
% vield
additive R=FEt R=tBu}! R=Et, R=tBu!R=Ft R=tBu
no additive 92 20 8 0 0 0
CuCl 48 80 22 0 21 12
CuCl + o-(Me)Styrene 91 93 3 7 3 0
Halomagnesium dialkylcuprates are readily prepared from Grignard reagents and Cu(l)
salts at -10 to -15 °C over 5-6 hours in diethyl ether. Formation of a cuprate reagent is
indicated by the lack of a positive Gilman test!522 and failure of the organometallic reagent to
react with ethyl acetate.!52b The magnesium dialkylcuprates are less stable than the
corresponding lithium dialkylcuprates, but are reported to give 13-15% (using a 2:1 ratio of
cuprate to acid chloride) higher yields of ketone than the corresponding lithium
dialkylcuprates (eq. 69). Reagent stability is solvent dependent: THF > THF-Et;0 > Etx0O-
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2%, i, ¥ 7§ LT RACETTT

PhpCuMgBr and nitrobenzene reflects the greater susceptibility of Me2CuMgBr to oxidative
coupling with nitro compounds. Mild conditions for ketone formation (34-81% yields)
employing organocopper magnesium reagents have been reported.133

R,CuMgBr + R1COCI THF > ,?L (69)
@:1) -8.0C for 2 h, then 0 9C for 0.5 h R™ "R1

R R1 % yield

Ph Me 68
Ph 72
p-NO,CgH, (1:1) 76

Me Ph 65
p - NO,GgH, 18

Although standard non-transferable ligands (R; = residual ligand) proved ineffective for
mixed magnesium cuprates, the mixed halomagnesium methyl(alkyl)cuprates prepared from
MeCu (MeLi + Cul) and Grignard reagents gave excellent yields of ketones upon acylation
with acid chlorides (eq. 70).154 Small amounts of methyl ketones (< 10%) were obtained as
by-products from competitive transfer of the methyl group in the mixed cuprate. In contrast
to RoCulLi reagents, these cuprate species formed suspensions at -78 ©C. The generally
diminished reactivity of magnesium cuprates in comparison to lithium cuprates is illustrated
by the respective ketone yields obtained with the alkynyl and heteroatom mixed cuprates.

(@}
CuR, + RAMgBr 5  RRCuMgBr Rlcoal . M, (70)
% yield
LR; R R1 RRCuMgBr RR;Cul.i

t-BuCC=C n -Bu Ph 28 74

t -BuO 0 94

PhS 0 79
I 46
Me 85
Me(CH»)15 Me 75
Me(CH3)3 Ph 85
Me(CH2)CHMe Me 90
f -Bu Ph 93
t-Bu 90
p -MeCgHy Ph 79
Ph t -Bu 100
Me 84

Ph 96




with Ni, Pd, and Fe catalysts, and with lithium dialkylcuprate reagents. Low yields of ketones
couid be obtained with RCu reagents, and the addition of LiBr was essential for the high yield
formation of ketones (eq. 71).155 2-Thienylmagnesium bromide/Cul gave 12% and 98%
yields of the a-diketone without and with added LiBr, respectively.135 This methodology
could be extended to methyl oxalyl chioride and monoesters of dicarboxylic acid chlorides
(eq. 72).156 The reactions with methyl oxalyl chloride give homocoupling products at room
temperature and were conducted at -78 ©C, while the monoesters of dicarboxylic acid
chlorides were reacted at room temperature. These reactions efficiently utilize one equivalent
of the acid chioride and of the Grignard reagent. The reaction fails for p-diester acid
chiorides. Dialkynyi-1,2-diones have been prepared in low to excelient yields from oxalyl
chloride and alkynylcopper (RC—CCu R = Ph, SiiPr3, C(OMEM)Mez, 60%, 85%, and 37%

S & IR £ % mn 3 U T AY ey IR8T A
respecuvexy) compounas preparea from u(ynyuumum reagents ang Lubr- ZLICL Y £L,0-
............ L TR T TN | ISR -1 2 £ 1t . "N & “_._:J__-.I:f.:_ L W I |
uwromuwrcpﬂmcuoyx UlbﬂlUIlUC“’” ala  J3,0-dlvIomo-2,0-pyriaincain carovxyiic aclila
g 180 L. L rerivvcrmmerdsss LONEPUTIE TR LA, Ly (RPN PS NS » %o e ) N o SECINNENINS |
UlLIllUIlUC}“” nave UCCll LUIIVCILCU nto e ¢ LICSPOINUIILE GIKCLOIICS Wil INUULINLL al1Ud
RCu-SMe; reagents for the preparation of planar polymers.160
O RMgBr + CuBr + 2LiCl O
/ll cl (1:1:1) 1 R
Y > R7Y 75-98 % (71)
o) THF o
R =n -CSH!:’-’ n ‘C1_0H21.', 3'pentyl, c -CﬁH1.1._’ Ph, O~MGC5H4-, m‘M806H4', p’MeC6H4'
p -MeOCgH,-, 2 -m-xylyl
m
A\
o Il ome
/\-r RMgBr + CuBr + 2LiCl
O
(1.2:1.2.:24) i ﬁ 0O
or y - OMe ., J (72)
THF C” R” ¥ In"OMe
O O . . .
[l (I) 1.0 equivalents of acid chloride 0
cl” 9 OMe
% yield w-ketoester
D O vialAd N_]/nfnnnfnr n — 7 n — 2 n 7
AN V4% JLWILE SRV O N WIAV Wi\ IR W) § 11 — 4 8 - J i - I
n -Ci1oH21 89 80 80 76
ey & e Q7 QQ Q1
C ~Hriji /IJ & s34 71
A (1 2 Ainvana Y _ulathyl 71 Qs Q9 Qs
L=\ 1,J-UIUAAIIC-4- Y1)yl /i 7 oL FJ
Dh QA a1 Q7 aAa
L1k ou i § i AT
p -MeCgHg 93 91 98 97
2,6-MeaCeH3 89 90 88 96
n -MeQCcHax AR Q9 79 74
t} AT EWANS N YA iy AVA V) \J o i 7 1 v
2-thienyl 87 93 91 98
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Independently, Dieter and co-workers discovered that treatment of aikyilithium or
Grignard reagents with stoichiometric amounts of CuCl-2LiCl gave good to excellent yields of
ketones upon reaction with the acid chloride of 2-phenylpropanoic acid (eq. 73).146 This
protocol gave higher yields of ketones than existing organocuprate procedures and appears to
be operationally simpier than the organomanaganese procedures. Nevertheless, CuCl is both

light and moisture sensitive in contrast to other Cu(l) saits and appropriate precautions must
be taken.

~ ~

il RLi or RMgX 1
, ) 73)
Ph"""Cl cuciaLicl > Ph"""R (72
% yield
R Li Mg
n-Bu 90 96
t+Bu 72
5-Bu 82 89
Ph 39 87

Percival first reported the successful formation of ketones from acid chlorides and
Grignard reagents in the presence of inorganic salts (i.e., CuCl, CoClp, FeCl3, AICl3, MnClp,
ZnCi2) and achieved moderate yields of ketones with Cull (48%) and FeCls (72%) at
-65 0C.28 The coupling of Grignard reagents with acid chlorides has been catalyzed by
Li2CuCl4 and gave an 80% yield of 6-undecanone from the reaction of hexanoyl chloride

has been presented in a German patent (eq. 74).162 Higher yields are obtained with the copper
catalyst and yields fall off when the catalyst concentration falls below 0.01 mole %.

THF, 10°C M,

tBuMgX + RCOCI > R Bu (74)
(2.0 equiv) (1.0 equiv)
% yield
catalyst A mol-%: 10 1 0.1 0.01 0.001 0.0001
Li,CuCl, Ph 920 96 93 95 77 77
Li,MnCl, Ph 88 81 83 82 81 77
Li,CuCl, Me 60 -
IBUCO(CH,), 71
n -decyl 82 concentration of Li,CuCl, not specified
i
Pr 34 product yields without catalyst range
EtO,CCH, 61 between < 2 to 41%
3-pyridyl 47 -

Sterically hindered 1,2-di-terr-alkylethylenes have been prepared from the
corresponding ketones via reduction and dehydration. The requisite ketones were prepared by
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acylation of Grignard reagents in the presence of CuCl (0.74 equivalents) at elevated
temperatures (100 OC, eq. 75).163 A limitation of this procedure invoives the difficuity in
making Grignard reagents buikier than Et3CMgX.

R 1 R4
N 1. CuCl|, heat, Et,0 R |_R5
2T NC . R4RSRBCMgX  ——————— > R2 -R (75)
S A <. Tesiaue, neat R3 M (28
100 ©°C, 2h

Dl n_l nAa ns nA o7 .11
R: R4 RrR> RS RS RO %0 yield

Et Et Et Me Me Et 89

Et Et Et 80

n-C3H7- n-C3H7- n-C3H7- Et Et n -Bu 65

3.5.3. Copper species from transition metals: organozinc, manganese, & zirconium reagents

(Cu/ Zn, Mn, Zr)

Organocopper complexes are available by transmetallation of a wide range of
organometallic reagents (e.g., from Ti, Mn, Zr, Sm, Zn, Hg, B, Al, Sn, Pb, Te
compounds).164 Procedures involving the preparation of organocopper reagents from
organozinc reagents have been developed.108 Knochel has exploited the use of CuCN-2LiCl in
the reactions of organozinc reagents with acid chlorides to form ketones. The reaction
mably involves the intermediacy of a zinc cyano(alkyl)cuprate reagent and proceeds at

sesEm=sJ = = T asss =essT i A A - =

in THF (eq. 76).165 Knochel's review of organozinc reagents tdbulates 68 examples in

vlation of functionalized zinc
ylatior nctionalized zinc

o O
T W oo g
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10 mol %) amounts of CuCN-LiX. Knochel
prepared from dialkyl zinc reagents were more reactive, and that both ligands from R2Zn
were ultimately utilized in the acylation reaction (eq. 77).166a This is in marked contrast with
organozinc reagents in the absence of Cu(l) salts, which react slowly with acid chiorides and
competitively promote opening of the THF ring by Zn(lIl) catalysis. Oxazol-2-ylzinc chloride
reagents react with acid chlorides in the presence of Cul (5 mol% to 1 equiv) to afford 2-acyl-
acyloxazoles in modest yields (54-80%).166b  Utilization of organozinc precursors extends

At misiamata FAGOSRES

n

1. activated Zn, THF, 25-40°C o R1COCI .
Rl : _ » RCu(CN)Zni _ » RCORI (76)
2. CuCN-2LiX, 0 °C, 10 min 00C, 3h 81-94 %

R = n-Bu, i-Pr, s -Bu, ¢-CgH,;, EtO,C(CH,)s, 1-BuO,CCH(Me)(CHy);, NC(CH,),

45-55 9C 1. CuCN-2LiCl
= [ACO(CH,)s,Zn = » PhCO(CH,);0Ac  (77)

87 %

Et,Zn + AcO(CHy)sl

[y
A
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organocopper chemistry to a wide range of functionalized alkyl halides.

Primary alkyl or aryl organozinc reagents can be prepared by the use of Rieke zinc
generated by reduction of ZnCl with lithium naphthalide. They afford good to excellent
yields of ketones upon treatment with stoichiometric amounts of CuCN-2LiCl and an acid
chloride.167 Using Rieke zinc, organozinc reagents RZnBr can be prepared at room
temperature or at reflux for sterically hindered alkyl bromides (e.g., 1-bromoadamantane).
There is no formation of R2Zn reagents or simple reduction of the alkyl halide (i.e., no RH
formation). The resultant tertiary alkyl cuprates generated in situ with catalytic amounts of
CuCN-2LiBr are more reactive than the corresponding primary alkyl reagents (eq. 78).168
The reaction fails for cyclopropylzinc bromide.!1682 The procedure has been utilized in the
preparation of chloromethyl ketones (eq. 79).169 In this study, organozinc formation and the
zinc cuprates were found to be compatible with nitrile, amine, ester, and ketone
functionalities. Organozinc reagents generated from o-halo-a-amino acids have been
extenswcly employed by Jackson and co-workers (e eqs. 80-81).170-171  The reactivity of the

t

)
:
<
—
-
a
Q@ ¢
Q
=
[y ]
@
2
N

N e N\ ORI L S = 1 CuCN 1iRr THE 45 O ~
Li (2.1 equiv), Napn (0.2 equiv), 1or fo Ui, Lion, rnn, 89 Y O
RBr » RZnBr 3 » /H\ ; (78)
. 2. R1COCI R R
1, (1 ,2h,Zn* (1-1.3 equiv
ZnCl, (1.0 equiv) ( quiv) 450Cto rtover4h
alkyl halide R(n) R product % yield
H Ph 75
R\X R\>(
Br Me Ph COFh 86
_Br (1) Ph —~COPh 75
[_/[\ (2) Ph Ll—l)n 84
_rln N 7’ A} AR
3) Ph PhCO 99
Br H Ph ;(\ 95
WR Me Ph R 87
B! A ol V7ol N I R1(‘.Q R nn
Ve CilCny) 4~ b T 62
)\R Me(CH,)s Ph 88
O Br O COPh
1 Me, (1) Ph o 75
MeO h R n-Bu, (3) Ph MeO” ™~h "R 54
Br COPh
NC. /\v/k Dh NC . i an
R 2ou Pl \/ v \R oLV
Zn*, THF, 30 min 1. CuCN-1.3LiBr
RBr —»  RZnBr —————> RCOCH,CI (79)
4 \Jlul"lz\.luul 52 - 87 %

R = Me(CHp)s-, Me(CHy);-, Me(CH,)g-, NC(CHy)-, NC(CH,)s-, NC(CH,),-, E1O,C(CH,),-,
MeCO(CH,),-, 2-NCCgH,-



1. Zn/Cu,))) , PhH/MeCONMe,
NHBoc or Li - Naph
Ty > P, Ay e
Con 2 10sWOWON 20l THE (1 o ‘Cogn
n=1,2 3. RCOCI, THF, -309°C, 3 h n=1 R=Ph 38%
R = Ph, Me, n-CsHy-, ¢-CsHy-, 2-furyl n=2 40 - 55%
| IZn(NC)Cu_ 7
N\_n7 1+ Zn. Br(CHy)Br, DME, heat \/\——N>’ EtOgC)\/\ 7
¥ > H i (81)
o}‘o or 020" "Eto,ccocl I
Zn/Cuy,)), MeCONMe, 0“0
2. 1.0 equiv CuCN - 2LiCl, THF
Transmetallation relays provide opportunities to convert alkenes into organometallic
vranacante that ~an ha arvlatad Niallvlzines roaacante ran ha nranarad huy hudenhAaratian AF
lCaEUllLD tiiat vall ve a\.«_yxau.vu L1AINYI1L1100 1vaxCiilto vall e vayaluu 9] 11yuivuvvuvlauiuvliil vl
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with CuCN-2LiCl affords the zinc cuprateq which react with acid chlorides to afford the
ketones in modest yields. The procedures are complicated by the need to remove the Et3B and
Et2Zn by vacuum distillation in order to drive the transmetallation sequences to completion
and to eliminate formation of ethylcuprates which would be competitively acylated.

D]
p)
’

O
0]
1. Et,BH, Et,0 / \ .
o )LO ~ Tt o P.h.JLO N 1. CuCN-2LiCI _ o2
H 2. Et,Zn (2 equiv) \ U > micoc YO J\Fﬂ
r4 o ) b | 7 \ é'zn Lo 1B \J\J\J 1
0 °C -10°0C, 10h o)
3. distill off Et,Zn
and Et;B R1 = ¢-C4Hs 80 (64)*
* Overall yield from alkene R' = -(CH,),COCI  diketone 65 (53)*
. OCOR!
L Et,Zn (2 equiv) ____ 1. CuCN-2LiCl ~
yH COD (10 mol % Y i R
1 OD ( ) > ,l ) (1 equiv) > ] » o
R™ N Ni(acac), (5 mol %) R™ 78 to 0 °C \n/H (83)
-780Ctort., 5h 2. Rrlicocl 0
distill off excess Et,Zn R = ipr, n-CgHygr 61 - 65 %
R! = 1By, Ph
Although organomanganese reagents can be acylated directly to afford ketones, the use
of catalytic amounts of CuCl affords higher yields for some RMnCl complexes in THF (i.e., R
= Me, Ar, sec-R, rert-R).53,54,164 Added CuCl has little effect in EtpO. 1,8-Disubstituted
naphthalenes have been prepared in low yields (6-32%) by directed lithiation of 1-
dimethylaminonaphthalene followed by transmetallation with MnCl, and subsequent acylation
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with CuCl catalysis.!/> Hydrozirconation of alkenes results in migration of the zirconium
atom to the least hindered position in the chain or ring, and transmetallation with catalytic
amounts of CuBr-SMe2 (5-10 mol %) followed by treatment with an acid chloride affords
good yields of ketones (52-90%).164.176  Acylation of gem-borazirconocenes, prepared via
hydrozirconation of vinyl(dialkoxy)boranes, in the presence of 15 mol % CuBr-SMe3 affords
o-bora ketones which rearrange to enol borates. Trapping the enol borates with N-
bromosuccinimide affords o-bromo ketones regioselectively (eq. 84).177

(84)

)

(@] -c:

3.5.4 Copper species from main group organometallic reagents (Al, Sn)

Although the acylation of tetraorganotin (and occasionally organosilicon) compounds
have frequently empioyed Pd or Pd/Cu catalysts (i.e., the Stille reaction with acid chiorides as
the elcctrophlle) the reaction can be effected by Cu(I) salts alone.178-179 The reaction of [o-

_11 N P Fa el N

alk utrmurymtannanes with CuCN (6 mol ‘70) in non- po;ar aromatic solvenis gave

ketones with either DCIIZOYl chioride (44‘7’0) or alxanoyl chlorides (<1U‘70) 178a
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Reaction f trlalkylalunnn

[RICOCI, R! = Ph, CHo=CH(CHy ) ] in the presence of Cu(acac 13 affords ketone:
modest to excellent yields (55-9.‘%)180 The procc:du.r@ m_volves formation Qf alkylcopper(l)
reagents!81 and is s inefficient in alkyl ligand since it requires two moles of R3Al/mole of

RICOCI. Acyltrimethylgermanes can be prepared in excellent yields (82-92%) by acylation
of Me3GeCu-SMe; obtained by deprotonation of Me3GeH with ¢ -BuLi followed by treatment

with CuBr-SMej complex. 182
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3.5.5 Copper species from Rieke Cu

The preparation of organocopper reagents from organolithium or Grignard precursors
seriously limits the functionality that can be present in the organocopper reagent. Rieke36 has
examined the direct formation of organocopper compounds via oxidative addition of zero
valent copper prepared from various combinations of Cu(I) salts and reducing agents
[Cul/K/naphthalene (10 mol %)!83, CuCl/ Li-naphthalide,!842 CuCl-SMe2/Li-naphthalide184a,
Cul-P(Et)3/Li-naphthalide!84, CuCN-nLiX/Li-naphthalide36]. The reactivity of the copper
metal is inversely related to particle size and is best achieved by rapid reduction of Cul-P(Et)3
with stoichiometric amounts of Li-naphthalide. Increaqmg electron donation by the ligand

increases the reactivity of the zero Valent Cu* (ie.
t
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qtabxhty of the organocopper reagent (eq. 85, Table 1.). Alkylcopper reagents couple with
acid chlorides between -35 and 25 °C and require excess acid chioride (2.65-6.65 equivalents)
since the electrophile reacts with the excess active copper (5 equivalents /equiv. of RBr).185
The yield of ketone also reflects the temperature at which the Cu(l) salt is reduced with lower
temperatures (-110 °C) favoring both the reductive formation of the zero valent copper
species and the subsequent oxidative addition (eq. 85, Table 2).36.186 The order of active
copper reactivity prepared from various Cu(l) precursors is: (2-thienylCuCN)Lil87 >
Cul-PR3 > CuCN-nLiX186, Product isolation is greatly facilitated by the absence of
phosphines in the crude reaction mixture and both (2-thienylCuCN)Li and CuCN-nLiX offer
advantages in this regard. Organocopper reagents can be prepared from alkyl halides
containing ester,!88 nitrile, alkyl chloride, alkyl fluoride, nitro, oxiranes, and ketones,!89
although the latter two functionalities can undergo intramolecular cyclizations depending on
the chain length between the functionality and C-Cu bond.36,185,186,187 The procedure has
1so been emploved in the agylatmn of (haloaryl)copper reagents nrenqred from

= YT T/TTrIrE T g o rTTrTe T i
S

oJ
! nzenes and active copper (Table 1.).190 2-Thienyl cuprate:
ost

7
effective reagents for preparing !1C-methyl ketones. 191

Li-naphthalide, THF, 10 min -

. 2L -thienvl N)Li » Cu*
Cul-PEt; or CuCN-2LiCl or 2-thienylCu(CN)Li 0to -100 9C, see Table 2.

oy
1 (09
Cu* + RX ™ organocopper reagent 1. Rcoc 3> RCOR!
-350C, 1h -35 to 25 °C or
-35 0C

Low temperature generation of active copper via reductions of CuCN-nLiX 186,192 or
(2-thienylCuCN)Li1872,193 was used in the preparation of allylic cuprates which undergo
acylation at the more substituted carbon atom of the allylic system (eqs. 86-87).192,193
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Table 1. Acylation of organocopper reagents generated from Rieke copper (eq. 85).
RBror (RI) RI % yieldad % yielded % yieldde  Ref.
Cul PEt3  CuCN-2LiCl 2-thien y CuCNLi
CeFs Ph 25 (165 oC)f 184
Ph Ph 60-70(85 oC)f 87 184, 186
p -MeCgHyg Ph 86 187
p-MeOCg¢Hq Ph 87 187
p-MeOCgH4 n -Bu 63 187
r —yggi\f?a‘m EP o 81 187
O -DItCUgHY rn 1UE 150
m -BrCeHy Me 718 190
Ph 648 190
p -BrCgHg Ph 348 190
Me 288 190
o -ClCgH4 Ph 608 190
Me 658 190
2,4,6-Me3CgH2 568 190
2. MeO-5- CICeH: 708 190
m -ClCgHga Me 748 190
Ph 728 190
p -CICgHy Ph 558 83 90 187, 190
Me 138 190
o -FCgH5 Ph 738 190
Me 578 190
2-thienyl 538 190
m -FCgHa Me 508 190
p -FCgHy Ph 618 93 187, 190
Me 108 190
p -PhCOCeHs4 Ph 85 ) 44 187, 189
0 -NCCgH4 Ph 71-95 (0 oC)t 184, 186
Me 41-46 (0 oC)f 74 184
m -NCCgHy Ph 62 187
p -NCCgHy Ph 60 75 186,187
Me(CHy)7 Ph 83 82 73 185-187
NC(CH2)3 Me(CH2)2 79 86 61 185-187
Ph 61 185
CI(CH»)¢ Ph 83 80 42 185-187
8-bromo-1,2-
epoxyoctane Ph 59 65 185,187
p -Et02CCgHs Ph 85 185
Me 66-698 185, 188
Ph 678 188
0-RO2CCgHs4 Ph 738 51 186, 188
Me 418 188
EtO>C(CH3)2 Ph 79 43 185, 186
EtO2C(CHR2)3 MeO2C(CH2)2 93 81 47 185-187
Ph 49 185
EtO2C(CHp)4 Ph 548 188
MeCO(CH»)4 Ph 19¢ 185b

42.65-6.65 Equivalents of RCOCI were used per equivalent RX. b Acylation was performed at -35 to 25 °C unless otherwise noted.
€ 3.0 Equivalents of PWCOCI were used per equivalent of RX. d Acylation was performed at -35 °C © 2.46 Equivalents of ROCI were
used per equivalent of RX. f Temperature at which acylation was performed. & Overall yield (organocopper formation and acylation).
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Table 2. Ketone yields as a function of Cu(l) salt and temperature at
whink it 10 radii~aad ¢4 Antisratad ik
WLIIGEL 1L 10 I1CUULCTU LU dULIVALCU LU’ .
Cu(l) red. temp. (°C) RX Yoyield RCOPh
Cul-PPh3 0 ¢ -hexyl bromide 25
-78 62
1NN O
~1Uv [ 74
CuCN-2LiBr -100 57
70 AN
-78 44U
SR _100 AN
CuCN-2LaCl v e
_7Q A7
10 “+0
0 PhCl 2
-60 A4
(819 o4
100 &1
PRV AV vi
; R1 PhCOCI o R
5 R Cu* (from Li-Naph, -110 °C) R2 | Cu (3.0 equivalents) I ! 8
" \[/\/X 78100 °C > \-/\/ -35 9C, 30 min > Ph/u?‘(ii\ .
X = Cl QOAc ——— reeree ——
Th MR Ret. 192 %yield Ref. 193
R1 R2 R3 CuCN-2LiBr = 2-thienylCuCNLI
H H H 63 -
Me H H 75 78
H Me Me 74 56
0]
)\‘/\)\/\ 1. Cu )I\/\)\/\
' X » Ph X (87)
cl - 2. PhCOCI J\ oo,
X = OAc, CN P U o

Copper mono-anions can be prepared by reduction of Cu(l) salts with two equivalents
of lithium naphthalide at -110 °C to produce a two electron reducing agent. This anionic
copper species readily reduces aryl and alkyl chlorides as well as the corresponding bromides
and iodides.194 Acylation of the resultant organocopper species with acid chlorides gave poor
(i.e., for 2-bromo-octane and PhF) to excellent yields (33-99% GLC, 28-89% isolated) of

ketones.

3.6  Group IIB organometallics (Zn, Cd, Hg)

Organometallic reagents derived from Group IIB metals are generally unreactive
toward acid chlorides and require forcing conditions for direct acylation.12 Successful ketone
synthesis generally requires either transmetallation to a more reactive organometallic reagent
(e.g., Cul64 or Pd), or activation of the acyl chloride with Lewis acids. Although not
frequently competitive with other methods of ketone synthesis, the organometallic reagents of
Group IIB have found use for the preparation of allyl, alkenyl, and propargyl ketones.

Although organozinc reagents were the first organometallic reagents employed in the
conversion of acid chlorides into ketones, they quickly fell out of favor due to extremely
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limited reactivity. Organozinc reagents are rarely employed in this reaction today in the
absence of copper, palladium, or other transition metal catalysis. Nevertheless, zinc salts of
indole or its derivatives (eq. 88),195,196 and allylic organozinc reagents (eq. 89)197 are
sufficiently reactive to afford ketones from acid chlorides under activating conditions. The
more basic Grignard reagents give low yields of indoyl ketones due to competing 1,3-
diacylation and subsequent enolization of the product ketones.198.199 These side reactions can
be minimized by use of non-polar solvents or by using the less reactive organozinc reagents.
In the absence of Lewis Acids, modest yields of ketones are obtained.196 The highest yields of
indolyl ketones are obtained when the organozinc reagent is generated with a Grignard
reagent or BuZnCl and two equivalents of ZnCl; followed by addition of one equivalent of a
stronger Lewis acid such as AICI3.195 This suggests that the indoylzinc reactions are, perhaps,
best viewed as Friedel-Crafts acylations of a double bond enhanced in electron density via
nitrogen metallation.

X 1. MeMgBr or EtMgBr X~ Ou
\II/\\'f_—H : - 9 > NSN— R (88)
\yKN) 2. ZnCl,, E1,0 or solid ZnCl, MNJ
X _ 3. RCOCI X

X R Lewis Acid %o yield Ref

H p -FCgHy- AlCl3 80 195

H Ph - 47 196

H AlCl3 77 195

H SnClg 76 195

H TiCly 63 195

H BF3 76 195

H Bu AlCl3 92 195

H iBu AlCl3 81 195

H Me AlCl3 70 195

H - 55 196

H CICH3>- - 36 196

H CI(CH2)2- - 42 196

H (E)-MeCH=CH- - 37 196

H Me,C=CH- - 70 196

H (E)-MepCH=CH- - 60 196

H MeCH=CMe - 52 196

H 1-cyclohexenyl - 63 196

H ¢ -CgH1g=CH- - 70 196

H 3-indolyl-CO- - 65 196

Br Ph AlCl3 82 195

EtO2C- Ph AlCI3 82 195
The acylation of allylzinc is suf Li.,iently mild to afford the ﬁ,y—enenec with no
isomerization to the o,B-isomers (eq. 89).197 The reaction works well alkanoyl, aroyl,
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to the more reactive organometallic derivatives (e.g., organolithium and magnesium reagents).
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CH,Cly, 2h
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=CH-

= MeCH
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R = Me, Et
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eagents have been largely supplanted by more reactive organometallic

(91)

2. RCOCI, 3 h, room temperature

H, (E)-Me
Ph, p-NO,C.H,-, p-BrCgH,, PhCH,-, NPr

R1
R

Lo 4

“

288 .m.v....%,
=R
8§ E&E& T ¢
S 2N B =
3 ; 3
58~
4 s ot
v B2 8
5 SRS
e ..m O = ‘u
E 2@ -0
g 255 ¢
= )
S 2G5 E
vy ¥« =
qd g3 @
o = <« ..l.... R
B AT S
< o B O
) © 0 =
.mw . [ ]
aln) aM. o N
ST
QLD 83
£ Sxm <
® < wn
Y R - B3
T S8 &0
< 3 2
,m. O ~ FA
e B
~ T ey £
g S
ML =3 N W
—’ w..nu w =
g e =
7] O & (@]
= © 5 Q
S g 2 @
5 2B A
5 8 e &
5 So= &M
i % N nb g
= O > An
@) = >
= m M..a r.u. Yt
S 3
S I
TN = 5]
o) L Lo
o Eoa
RS
» wy
=53 E 8
S .8 =&
=N P
3 e ()]
=
>~ 92 oS
AC m AC “l )
= = L2 s
o 5 5.2
& = - Mu 2]
wl_ z -.Wc ] nmw
2N =) ({0 B
ﬂ &) ol MH
oZ oS
=
LS =T

=¥

e Q
O Hu
58 B
2o g
o ©
-~ O O
~EREE
— ] [&]
o B
E oo
S
—~
o
23 5
=3
2_. S b1
§7 8
1
g @
I O
-} i)
5w g
70}
5= =
y—
5 g
38§
R
R Q
00 S
m”w ot
- g
- D a.w.
v pd L3
.nm O [
=
'S
wv P r~
-
2w
2
X o
oW
S 3 el
L ol
2ot 0
o =
— n-.v.
8
-
> cn..u. £
ey, @)
wl
2o
v St
< v O
55
yo——
5o B
X = Au
[ )
= 0
.."u - 3
g -~
COE
= w.a ©
=
I e R ]
e <
= o —
Qo O «3
B
€ oen =
o R B
Be o

addition to the alkene followed by elimination of mercuric chloride.

Aryl mercur

d

Qe Sarindagy Gaals

AraHo and ArHoX1 affor

Aeey L AR AR

o



4224 R. K. Dieter / Tetrahedron 55 (1999) 41774236

4

acid chlorides in the presence of AiBr3 (RoHg, 72-100%)204 or palladium catalysts205,206,
although the latter reaction faiis with RHgCI. The more reactive dialkynylmercurials transfer
both groups under thermal conditions in hexane (40-70%).208 Propargyl and allenyl
mercurials undergo clean acylation with acid chlorides in the presence of AICI3 to afford
allenyl and propargyl ketones in excellent yields. The reaction occurs regioselectively with
allylic rearrangement so that propargylmercurials lead to allenyl ketones and
allenylmercurials lead to propargyl ketones (eq. 92).209

rRico
R—== = C=CH
y Hg § "Hgl rR1coci R *
or —_— or —_— or (92)
l\ - .y lH R\
—===H A~—C=
R R Hgl R1co
Armanamarairial D1 Y TaYe BTt d O/ vaimlad
Wi ycu nJHnGivuliai LY PI UL /0 ciu
MeC=CCH,Hgl Me(CH,), RCO\_C .y 85
CI(CHy); Vi 90
RCO
PhC=CHgl Me(CH,), ¥=C=CH, 92
Ph N
MeCH=C=CHHgl Me(CH,), N
(E) MeCH=CH >—E 87
RCO
(E) PhCH=CH 92

ion of au_yuut:lburlc halides affords either a ,p-unsatur: ted Ketﬁres or
4-diene framework. The former arise v'a isomerization of the initially
t

S TR, T _'_r
I 1

a

enol ethers 1th nal
e czam

(81

formed B,y-enone un he reaction condition hers result from acylation o
o . 710

an intermediate oi-mercurated ketone.2!Y These problems have recentiy been resolved by

reacting allylic mercuric iodides with acid chiorides in th

>id chior the presence of an equimolar amount

of AICI3 (eq. 93)211, although the reaction proceeds with complete allylic rearrangement.
< - 1. ” i 5 A s e
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111C allylie llUILUIlL lUUlUCb Call e picpaicd cbily irom tne dliy1lC 10U1dcs lll d bl 1810 btcp
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with alkanoyl, alkenoyl, and aroyl chlorides, the reaction fails with acid chlorides containing
an oslartran withdrawing oronn or chlarine enhetitnant [a o = A K ANOANYACHA.
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addition of HCI and by the inability to prepare allylic mercurials containing a secondary
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Re_ A 1. Hg(20equiv) R __» _Hgl Rﬁconcn o DZM 03)
16 THF,250C, v L " R ORT R
2. filter through
celite
R R] % yield R'Hgl R2 % yield
H H 98 n -Pr 82
H H Ph 87
H H (E)-MeCH=CH 97
H H Me,CH 84
H H p -MeOCgHy 90
Me H 78 n -Pr 70
Me Me 44 n -Pr 86
Me Me Me;CH 93
Me Me (E)-MeCH=CH 96
Ph H 38 Me 82
Ph H n -Pr 69
EtO,C H 43 n -Pr 89

4.0 MAIN GROUP METALS

4.1 Group IIIA (B, Al, Ga, In, Tl)

Although organoboranes do not undergo acylation reactions with or without transition
metal catalysts, both alkyl2i2 and aryl lithium?13 organoborates can be directly acylated
without catalysts (eq. 94).212 The tetra-alkyl borates can be generated by addition of alkyl- or

BR, ﬂl...; LIBRTR, F;:;ZCI » RCOR2 or RICOR2 + BR, (94)
R] R R2 % yielda
n -Bu n -Bu Ph 80
s -Bu n-Bu Ph 57
c-CsHg n -Bu Ph 89
n -Bu n -Bu n -Bu 53
n -Bu n -Bu CH>=CH(CH2)3 69
¢-CsHg n -Bu MeO2C(CH2)2 76
PhCH» n -Bu Ph 88b
PhCH; n -Bu p -ICeHy (72)b.c
CH3SOCH2 n -Bu Ph (51)b.c
CH3SOCH» n -Bu MeO,C(CH2)2 (61)b.c
CH3SOCH, n -Bu p -NOCeHy (55)b-€

a By GLC. P RICOR2 is formed. € Isolated yields.
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aryllithium reagents to trialkyiboranes and the facility of ligand transfer is inversely
proportional to the basicity of the corresponding lithium reagent (i.e., benzyl,
methylsulfinylmethyl > primary alkyl > secondary alkyl).213 Borate anions containing
alkynyl or thioalkoxymethyi ligands undergo an intramolecular aikyl transfer reaction.

The acylation of organoaluminum reagents has been briefly reviewed in a monograph
which covers the literature up to 1972.214 The reagents of choice are RAICI, because of
efficient ligand utilization and because they do not react with the ketone products.
Trialkylaluminum and dialkylaluminum chlorides can be used but only transfer one alkyl
hgand while the R3Al reagents react with ketones to give quaternary centers via the carbinois.
I‘\l[flOﬁgﬂ 5ﬂ'algﬂl cnam du{‘yidxummum LOIDPOUII(IS are noti parucumrly SCnSl[lVC to p—
hydrogen elimination under these acylation conditions, this side reaction forming olefins and

wThu Tl aTasinntnnsion Leardeldon leammeeince snermdelinie nl FOU TR TV TE § TIONE DAL T PR b I
au&ymlu UL NyUurdacs bCcCullcd pioviciliatic 111 oiaiciied AlIKy1aiuminur I dgcn Ja ke
Do biimem ol sn smlimaacilnnedametlin amid allaed dan critlh allilaliiosl iz omenrmstmblo 0 72 . T - A1
RCACUOILI Gl W-PHICHYICAl DUAYIIC aClU CIHITOIIACS LUl alKY1laiuliiiiuing >SSYuICHIonucs (1.¢., N3jAl
s INTal R N DAAIT § DA~ €mr nn axroeneon stoichiometr y D. A Y. N\ oaffrnvdad Lial
+ AILI3 — RIZIAIUI T RAILIY 100 4il aveirage Sioicnioinct Rl SAICLLS) airfOoraca nign
yields of ketones (91-98%) with the exception of 4- phenylbutyr ic acid chloride which gave a
maivtiire nf Latane and 1_totralane via a Briedal_(Crafte arvlatinm reactinn 216 Tha
IHIALUIC Ul AUCLWUVLIC 4Allu  1-leilalvull via a i1'1ivubvilTLlalid dauvyiativil ivaviiviil.~= 11IC
n]])r‘y‘nlitv\ni TIFYY ﬂ(‘ﬂ!l. "\1[’\"11" ]C‘I\ r " “Y‘;f"‘l 1 rkr\v‘d:n qf";f‘ "\]I\"‘I‘n(" {\F 'F;lyn FaS o s Ve o7~
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...................................... equ nt Qf( 2D3Al to t
mmplex nf merhacmvl chlonde gave o,B- enone_ss in mode yields ( ?7—40%1 while reactio
with B-alkyl substituted alkenoyl chlorides gave ketones in good yields (65-88%).21
Optimization of the conditions involved slow addition of 0.4 equivalents of R3Al to the

XCOCI-AICI3 complex at low temperature (-30 °C) (eq. 95).200, 218 Addition of Me3Al to a
mixture of 3- Dhenvlnronanovl chloride and AICI3 gave 1-indanone, suggesting that an acylium
ion is not an intermediate in these acylation reactions.200

Organoaluminum reagents can be prepared from olefins via hydrozirconation followed
by transmetallation with AICl3. They give excellent yields (64-98%) of ketones upon treatment
with acid chlorides at -30 ©C in methylene chloride.219 Hydrozirconation of alkynes followed
by transmetallation affords vinylalanes which give excellent yields (97-98%) of a,B-
unsaturated ketones. Carbozirconation of 1-pentynyldimethylalane afforded a 1,1-
bismetalloalkene which reacted with acetyl chloride to give the a,B-enone as a 98:2 Z . E
mixture of stereoisomers.2202 Assuming the carbozirconation proceeds with syn addition, the
observed stereoselectivity implies acylation of the C-Al bond.220b The use of vinylalanes in
the synthesis of a,B-enones does not appear to be a frequently used procedure.

Deprotonation of 2-picoline, 4-picoline, or 2,6-lutidine followed by treatment with
Et2AICl affords trialkylaluminums that can selectively transfer the picolyl and lutidyl

ligands

A
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(l)l 4 AL ~Ll i Ita e ol BN (.).

)L('El it U”12U'2' > P nJL:ﬂ (95)
T 2. -30 °C, R,Al added over 30-60 min. 0o o

R R! % yield Ref.

MeCH=CH Me 100 200

Me,C=CH 73 218

n -CgH17 88 200

PhCH=CH Me 95 218

Ph 93 218

PhCH,;CH» 91 218

PhCH» 75 218

n -C7His 98 218

MeCH=CH Et 96 218

n-CgH17 n-CgHy7 100 200

forming a-pyridyl ketones in good to excellent yields.22! The procedure has been exploited
in the preparation of o-pyridyl ketones from peracetylated aldonic acid chlorides.
Trialkylgallium compounds, first prepared in 1932, display low reactivity toward
organic electrophiles and are sensitive to air and moisture. Gallium ate complexes, R3GaR 1M
(M = Li, MgX), prepared in situ by addition of RILi or R1MgX to R3Ga species are
effectively acylated with acid chlorides to afford ketones in very good yields (eq. 96).222 The

LiR? ; R2COCI o 0
—_). H
RsGa O RsGaR'Li — > n1,/u\n2 + n/u\.-.g (96)
vV v 0VC tont, IHF - hexane n n n n
THF-hexane
[ 5 | nr _.:.11

70 yieid 0 yieia
n Dl no? D1AND? nAND?
N N A G INAUUIIN~ RUURN“
™ . . W PN [9%9)
rn n -pu vie FoTe]
Ph Me Me 84
DL n DT~ o
r n-pu rinerty) [ V4
—a n . nL. o7
n-pu i -pu rn [ 30
DL, . DL On
rn i -pu rn U
PhCH» n -Bu Ph 58
Phi"HA Ph Dh £0
L) B ¥ i i1 v7
Bt Dh DPh 70
o 8 11 i 1r rz
manu » ;nn n _Nnﬁr‘t A T8
nTiu 7L Tu F 2 S A A 3 § ¥4 79
n -Bu n -Bu 2-furyl 78
p n -Rn (EY_.Ph(CH=C" an
X Iz e AF LA \l_d } A EIN A X ASD & § AW
Ft Ph m -MeQC«Ha 34a ARa
idv a4 i e § L e o5 S0
Et Ph Ph 462 372
Et PhC=C Ph 6 19
c -CsHg n -Bu Ph 74 0
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efficacy of ligand transfer is PhCH2 > Ph > PhC=C > Bu, Et > ¢ - cyclopentyl. The selectivity
of ligand transfer 1s generally high for the lithium ate complexes and low for the magnesium
ate complexes. Alkynyl ligands are not as selectively transferred as in the corresponding
thallium reagents.

Trimethylindium has been reported to transfer all three of its ligands to afford methyi
ketones in high yields.223 Trialkylindium reagents afford moderate yields of ketones upon
reaction with acid chiorides in benzene (eq. 97).224

~

(@}
. PhH i -
Rsin + RICOCI > R1” “R (97)
R = Bu, Et; R1 = alkyl, aryl moderate yields
Reaction of allyl halides with indium metal (1.0 equiv.) forms an intermediate
organoindium species that can be acylate d w;th_ acid chlorides to afford 8,y-unsaturated ketones
under mild conditions and in high yields.225 The reaction proceeds with allylic rearrangement
(eq. 98)
- 1 In {10 anuivy DM 20 min o]
1 Br LI} " \ 1\ QHU!'/, vl , DV nmi &\
R > R (98)
\Rf\/ 2. RCOC! (1.0 equiv), 3h R1 RZ
55-85%
R, R2 =H; R1, R2 =Me; R = Me, R2 =H p -ClCeH, | 9¢ "4

R = Ph, p-CICqH,, 3,4.5-(MeO);CHy, PhCH,-, (E)-MeCH=CH-, N" -, /L/A’h
e) cl

AAAAAA PR, PR

1r101’gan0maulum COITIPOUIIGS are prepdreu Dy [[lb aamuon OI Organommum UI] D[ZU)
or Grignard (in THF) reagents to dialkylthallium chloride. The latter reagents, R2TICl, are
stable to light, air, moisture, oxygen, acids and are insoluble in water and organic solvents.
Tria‘lkyit'naiiium reagents react with acﬂi)ginchlorides within seconds or a few minutes to Cieaniy
[ S S 0NN T .- Azt dmzes mzamsd Lonnamnm

dllUrU KC[UIIC& l[l [llg[l inlUb \Cq F7). = 111C 1\211\,1 Uy pIUUULl pICLlplldle 110111 bUlUllUll
and can be filtered, dried and reused. The reaction tolerates ether, olefin, ester, and nitro

- PV SL TR R B U B ' SUVURIP T AN TR, DIPS SO RS TS § ARV DL OIS SIS I
Iuncuone 111y 111 e acld CIioriac. il ClllylkpﬂCI )IICUlyﬂyl)[ﬂdlllum bClCLllVUly Lais1icIrs uic
pRgrS FRNUR N D [P L],.....Z,JA nmAd anmatesl Abll ot 1o A0 A v tlan Tonbmann 22m 777 nemAd 7207
culiynyl iigana o UULdllU)’l CIOINAc did doeciyl CIloIde allordily ulc KCLOMes i1 /7770 1a /7070
il de sncean~tizrales Thiemantherlaalnesrltlhnllivicn hhasrrarra + sannto et ,J nnnnnnn ~hlee A 4~
yn,lua, lChPCLllVCly L/INICULY IPLCIL Y IURalllulil, 1IUWCOVvel, 1Cdlld i1l ct,auu_yn Crioria (A
afford 2-undecanone and phenyl nonanyl ketone as a 2:3 mixture. The clean formation of
nradicte the lack Af Aver reaction mild reactinn canditinne and ahilitv ta recvrle the ATIC
l.u.uuuuuo, LW 1QAWH V1 U VWL 1WAV LIVRL, I LAV LLIVIL VULIVIILIVLIID,, Gl Gl W iV Yy ViV Liw A/ & AN}
nrasriraentr ara ramnramicad hy the naad ta nge naroanalithinm Ar (irignard smracnirenre
Pl LUIDUL alv bUIll}JlUllllDL‘U v WL LU LU USY Ul paliviiuiiiuig Ui iz iialsg 1VLVULIdOULID, a
nntantial nrahlam ~f 1;ryan‘ calartivity 1in the acrvlatinn reactinn and hy tha tavicity nf tha TI
PUWCTIUAr PIUUICIT UL tgaiiu SUICLU VLY I uiv alylauUll iCaluiull, aliu Oy uiv waitity Ul s 11
RLi, E,0 ' Et,O or THF
R,TICI ——————> R, + RICOCI e R1COR (99)
or 25°C
- o,
RMgX, THF 73-97%
R = Me, Et, Ph

R1 = CgHye~ CH,=CH(CH,)g, ¢-C;Hy~, MeO,C(CH,)g-, Ph, 4-MeOCH,-, Me
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compounds. The procedure seems to be an excellent method for preparing alkynyl ketones.

4.2 Group IVA (Ge, Sn, Pb)
Organostannanes generally require transition metal catalysis (e.g., Cu or Pd) for
reaction with organic electrophiles. Nevertheless, there are a few examples where the
organostannane undergoes direct acylation with acid chlorides without transition metal
catalysis. Reduction of trichloronitromethane affords a nitro tin enolate that is readily
acylated with acid chlorides.226 Cyclopropyl- and alkenylstannanes containing a sulfonyl
functionality on the same carbon as the stannyl group react with acid chiorides to afford the
ketones in modest to good yields.227 A few examples of heteroaroyistannanes are capable of
undergoing acylation without transition metal catalysis.228 (N,N-Dialkylaminomethyl)tri-
n- butylstannanes afford good ylelds of N N-dlalkylammomethyl ketones (64-81%) upon
reaction with acid chlorides under mild conditions (0-60 ©C).229
Although Group IVA tetraalkyl organometallic reagents are generally quite siuggish in
their reactions with organic electrophiles, the alkynyl ligand displays excellent reactivity.
Trlethylalkynyllead compounds, Et3PbC=CR, react Wlth acid chlondes at room temperature
in minutes to afford alkynyl ketones in exceller
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that are also strongly basic, although the enhanced react1v1tv of ald hydes permits utilization
of less basic allylic metal derivatives. Friedel-Crafts acylation requires the use of Bronsted or
Lewis acids. In contrast, the acylation of organometallic reagents permits the widest range of
reaction conditions and opportunities to moderate reagent reactivity and basicity. The
utilization of transmetallation relays allows for synthetic pathways that avoid the use of
strongly basic reagents and extends the range of functional groups that can be converted into
the organometallic reagent. In short, the reaction of acid chlorides with organometallic
reagents remains the most versatile ketone synthesis.
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Scheme Vii

0
JL RCOCI
NMe(OMe)
o RM
2 wi = Li, I"lg, Ca, 'k'A"r}, RCOXF‘L
RCONR; Fe, ICoRANiPAdCu (X = O.C S Se)
Oy Y TR N Ty W, (A = UL, o, O8)
Zn, |Cd, Hg, Al, Ga, In, T|
_\ si, |Ge, sn,Pb,sb
RM / R'M
M = Li, Mg \ v /M Li, Mg, Cu, Sn, Mn, Cd
RCOOH R1M [O] OH R'M
O, 2 M = LI Mﬂ l J R R1 [ D B W PO, o
LR -1 ’ < — I = LI, 19, I
. A A
R1M R1M
M = L Mg/ w = Li, Mg, Zn/Ni
/ Friedel| Crafts \ o
‘R1 |= alkenyl, ),L
R-C=N am! 9
\r./
RCOCI
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