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2402 ETHYL BBOMOZINCACETATE

pound) lo a Zinc suspension in an ethereal or hydrocarbon sol-

uent. Ho*euer, enolate formation and its reaction with electro-

philes can be done successively. This two-step procedure has

contributed to the advancement of the Reformatsky reaction, n5

electrophiles which would quanernize upon nrixine with a-halo

esters (e.g. azomethines) can be used under these conditions

without problems. Moreover. the zinc enolates may be trans-

metalated prior to use in order to adapt their reactivity to elec-

trophiles biyond the scope of classical Reformatsky reactions.r

bifficulties in initiating the reaction are avoided by the use of

activated zinc samples.r''6 As they promote the reaction even at

very low temperatures (Table l). their use results in generally

high yields, the suppression of undesirable side reactions' and

an increase in diastereoselectivity. Less reactive donors such as

cr-chloro esters are equally suited when hi-ehly reactive nletals

are employed.' The inrproved reliability recomnrends metal-ac-

tivation techniques for applications to natural prodtrct synthesis.

Among the zinc samples described so far' finely dispersed and

readily prepared zinclsilver on graphite? (see also Potassium-

Graphite) and zinc obtained b1' reduction of Zinc Chloride with

Potassium Naphtlmlenide. Lithium Naphthaleni'de' or alkali

naphthalenides are rllost eff'ective (Table l;'8 For large-scale ex-

p.iirn"n,r, the application of ultrasounde or of electrochemical

supportlo for Reformatsky reactions is recornmerlded'

Ethyl Bromozincacetater

15761-s2 gl C.FI,BrO.Zn (Mw 232'3'1)

(chenloselecrivc cstrr enolate reagentr)

Altcrrtrttr' Narrrt'. [letorntltskl rcagent'

l'repttnitit'r' Mttlrrttl.r; sce bclorv.

Htttulltrtg, Slttrutt', ttnr! Prt'cttttlit'tt'r"' u-halo esters and u-halo

ketonts uscd for tlte preprtrittion trf' Reformatsky reagents are

lacrvttrators and should be uscd in a well ventilated hood; so-

lutions of the reitgent in etlrcrcal sollents are stlble at low

ternperature:, ior a teu d11 s. The reagent is prone to hydroly-

sis and must be handled in anhldrous solvents under an inerl

atmosphere.

Introduction. The Reforrnatsky reagent shown in the above

title is the historically'firsts and nlost widelv used zinc ester en-

olate prepared bv zinc inserlion into an cr-halo ester' However'

the Reformatskt reaction can be raken as subsuming all enolate

tbrmations by oxidltive adtlition of a nletal or a low-valent

nretal salt into an activated carbon-halogen bond'l lt is this

mode of enolate fornlation u hich distinguishes the Reformatsky

reaction from other fields of nretal-enolate chemistry'

The reagent is dinreric in solution except in the nrost polar

solvents:2 X-ray analysis of BTZnCHTCO,-I-Bu'THF shows a

dirteric unit in the solid state with the nretal being bound to an

spr carbon atom.t In contrilst' z-inc enolates of ketones are O-

nretalated species.{

Performance and Reagent Preparation' Originally'5 the re-

action rvas perlorme«l in r one-step fashion by adding a mixture

of the halo ester and the electrophile (usually a carbonyl com-

Lists t{.lbbrctittlirttrs ttnL! Jtturnal Codes ttn Entlpuper's

Table I Comparison ol'the Reactivitt o[
the Preparation of Ethyl Brtrnl.zittcucr latt'

Benzaldehyde (A) or Cyclohexart'rne ([J I

I)iflerent Zinc SarnPles for
tirllou'ed b1 reaction with

Carhonv l

ctltlrpoutttJ Solrcttt

Yield
r(rnin ) (h)7i'C)

Zinc dust

Zinc dust
ZnlCu couple

ZnlCu couple
Rieke Zn
Rieke Zn

Zn-ultrasound
ZnCl.lLlb
ZnCt.,tttb
ZnlAg-graphite

Rcagent

B

B

B

B

[]errzcrtc I l\( )

llcttzcttc +So

l-l I l: 166
'l [{l' +66

trt.() +15

I:t.O +15

. l.J_l)i.xanc +15

[r.O l)

l:tr() -7S
'rHl- -7li

1?O 6l
56

6( ) lt2
fl) tt2
60 98
60 95

5-l(x) 9ti

l() 95

.10 56

20 92

a Reaction timc not rt'ptlrtctl. h /-inc,lrnlple ohtllned b1 rcduction of

ZnClr with contrnercially ar ailahle lithiunl dispersion in E't'O'k

In contrast to other tnetul c-nolates, Reforrttatsky reagents are

reasonably stable over a uide temperature ran-se (fronr -78'C
to above 80'C for short Periods oftinle) and can be prepared in

solvents greatly cliffering in polariti' (most commonll' entployed

are THF, DME. Et,O. l.J-dioxane. benzene. toluene' dirneth-

oxymethane, DMF. or lrtixtures thereol'l scattered reports using

hexane' acetonitrile' cHrclr' B(oMe)" DMSo' and HMPA may

be tbund).rThe major path for their <Jeconrposition is loss of

EtOZnBr with tbrnration of ketene which inrmediately acylates

an intact zinc enolate. thus leading to p-keto esters'" Retbr-

matsky reagents are therefore usually freshly prepared and used

without delay, although solutions of BTZnCH'CO"-t-Bu in a

number of solvents were reportetl to exhibit virtually unchanged

reactivity after 4-6 daYs.2
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oitjI
a-Y\ clrcHcorR

\.,,

Haloacetonitnles and
donors in Retbrmarskl

l.-18:l

l ZnlAg-graphile
THF. -ll) "C. R = EI

t. Krcol
1 8.t

Zn. Et.AlCl

8 l,7c

EtOlC - '"'-orBDPS
FF

TBDMSO
OBn

methylbromoacetamide is used (eq

may be convefled into p-hydroxy

proce<Jure.le

Reformatskv Donors. Ethyl bromoacetate is the most widely

used halogen compound for zinc insertion but other short-chain

2-bromo esters work equally well under standard conditions.r

The alcohol part of the ester plays only a minor role, and by its

proper choice {e.g. t-butvl. TMS, tetrahydropyranyl bromo es-

ters)r: ß-hydroxv acids can be readily obtained by zinc-induced

reaction of these donors s'ith carbonyl compounds follorved by

hydroll'sis of the respectire p-hydroxy esters initially formed-

Allyl bronro esters on treatlrent with zinc undergo Claisen re-

arrangements to -l-alkenoic acids (eq l).rr As the chain length of

the 2-brorrro ester increa:es. or upon switching to the less reac-

tive Z-chloro ester. thc use of highly activated zinc samples and/

or more polar solvent \\stems becomes obligatory in order to

accomplish zinc enolate forrration.l

/-._a/-
i Zn. TirlSCl

73cL

5), the resulting products
ketones by the Weinreb

o
^ll/>r--... - U

(_J " + Br---.cN

o

a-r\n
crA:-)

Zn. TllSCl. THF

TMSO

z-,-)--- ,or

U (.t)
869c

o l. Zn- TMSCI

2, TNISCI. NEIr
767c

\leC)t. I00'C
ll) h

H,O

Brt'nro(chIor,,rtlitlurrrl crtcrs and ketones show' no peculiari-

ties in thcir behrr ior irntl hrve tirund widespread applications in

the sr nthesrs ot fluonrrirtctl nittural product analogs (eq 2;.r{ In
contrast. dibronro-. dichloro-. and trichloroacetates tend to poly-

nterize on reactton w ith zrnc tlust at reflux temperatures;ls how-
ever, thev can L'e selccti\ ely transformed with more appropriate
reagent systenrs. Dependrng on the conditions used, they either
afford glycitlater (with ZnlAg--eraphite at -78 "C)16 or 2-

alkenoares (u'irh ZnlDiethylaluminum Chloride at 0 "C),r7 re-

spectively', on rerction rrrth carbonyl compounds (eq 3).

"otgDps

-OBn

BTFICCOzEt
Zn. THF, 22 "C

raoivtsof,

I

Nle

TMSO

.1-Bronro-?-butenoates as ','invlogous bromo esters form am-

bident carbon nucleophiles upon treatment with zinc. which
nray either lead tri u- or 7-substitution products on reaction with
electrophiles. A set of conditions has been worked out that al-

lows c«rntrcl ol thcse parhrvays. *'ith the polarity of the reaction
rlediunr ancl thc tcnrperilture beine the crucial paranreters (eq

6).:"-fhe data suggcst that kinetic control leads to o-products.
rvhcreas thernrocll rranric control attbrds the 7-substitution prod-

ucts.

N,,'--,"Y'-ZYo
N,--^"----'-Zo

+

ur'-4-Y"
()Er

ErrO. 2.5 h

9(lc/(

2-Bromomethyl-2-alkenoates react readily under allylic re-

arrilngement with carbonyl conrpounds in the presence of zinc
to tbrnr o-methylene-y-lactones.:r Because of the high biologi-
cal relevance of that structural unit, this reaction has found
wirlespread use in natural product synthesis,22 both in an inter-
(eq 7)" and intranrolecular fashion (eq 8).ä With diastereotopic

ketones the stereoselectivity of the C-C bond-forming step may

be significantly enhanced by using highly reactive ZnlAg-
graphite as pronlotor at very low temperatures.x

Br- O
\h+fi
'/ oEt

Zn.THF

o
lr

o
r -Jl ,.-( r'
F,i

I rvso I
l'-'^" I

[ \-,] l
orll.Y-o, ,,,\_",

OErOH

o-\ oEr 
(6)

INr/v\t'
OH

il
o7\J

()H

Eto,C J T ..-x I '()rtsDPS

F"F I oBn +

TBDNISO-i\-.-
H

OH:H
(2)

(3)

O-t-Bu

(7)

rr-halo acetarntdesl'lt are weli suited as

reactions (eq .l). When N-methoxy-N-

50 "c. ll h

839c

The particular advantages of the Reformatsky reaction are

nicely illustrated by a recent total synthesis of (+;-pilocarpine.26

Zinc insertion provicles a reliable and regioselective access to

monoenolates of succinic acid diesters, a difficult task w'ith

other nrethods of enolate tornrrtion (eq 9). Although some op-

THF. ]J 'C
R = I,Bu

610<

Zn. benzenc

o

,1r'r,irl .Stin Cttntutt *irh All Rea,garI.r
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OMe
o Zn(Cu). THF. 15 'C

timization was necessary in order to avoid undesirable side reac-

tions (eliminations), dimethyl (25'3S)-2-bromo-3-ethyl-1,4-

butandioate could be transformed into the key intermediate of
the pilocarpine synthesis in a highly selective manner and in ex-

cellent yield.

Blaise reaction) (eq l3),3t'ab azomethines (preferably via the

two-step procedure giving rise to P-lactams) (eq l4),32 and car-

boxylic acid chlorides (with assistance of catalytic amounts of
Pdo complexes) (eq l5).3r"r3 Alkylation of zinc ester enolates,

however, is troublesome and restricted to short-chain alkyl

iodides, allyl and benzyl halides in aprotic dipolar solvents.&

Under transition metal catalysis they also react with aryl and

alkenyl halides or triflates.ls C-Silytation of the zinc enolates by

Chlorotrimethylsilane is essentially confined to bromoacetate

(eq l6).t and haloacetonitrile.rT

o

,'< (8)

U
(,'.)

Ar*"
onÄn

BrCH2CO2EI

ZD,Et2A
65%

Zn. (lv'leO)rCHr

8l'7

-o'-lt(*/

,^1ä"

( r2)

l l5)

{ l6l

OMe
+

OMe

Me

iJ Zn(As). MerAlCl
,.;\J \

o' \ .{ THF-herrne
'' :z'c. t t'

94q.

(+).Piloearpine (9)

Electrophiles. Zinc enolates of esters or ketones show nrod-

erate reactivity compared to the respective ol alkali tnetal eltol-

ates. Hence, they exhibit higher degrees ot' chentoselectivitl"

upon treatment with different elcctrophiles. Fclr rt long tirrrc. al-

dehydes and ketones have been the onlv relevlnt eroup ol'sub-

strates tbr these reagents and thel trc still urdely uscd.rl-ixarrr-

ples of Reformatsky reactions w'ith cirrhonl I cottrpclunds ot' al'
most any class of natural products can bc found in the literlture-
Highly hindered ketones as w'ell as readily enolrzable carhonvl

cotnpounds and even acylsilanes (eq 101:7 are prone to ttucleo-

philic attack. o,p-Unsaturated carbonvl cortlpounds rcact

regioselectively in a 1,2-addition ntanrter u ith onli verv feu' ex-

ceptions to this rule. The latter can easilv be explaincd b1'steric

hindrance (eq I l)ah'2t or peculiar electronic propcrries of the ac-

ceptor nrolecule, as in aroylketene.S,N-acetals (eq l2):e or 1.3-

diaza- I .3-butadienes derivatives.

u'/o'"

o'- OÖ/*' (3)
l. Zn. THF
2. H.. HrO

1gc/c

o
s.- -lL

X oEr

oo

NMe

MrO--4r----)
lrl

Mco"Y
OMc

/t--]r HrlncH,c(),F-r ,l-< \ --< )- or:,O' Y pdrrc.,r o- Y Y
o89',iOo

Zn. T!'lSCl
BrCHlCozEr Tlvlscllrco:lrl

EllO-benzene: rellu\
61 82c/,

o

ill)

-CO1Me

ONlt

\.----rfl ercH'co'E'.r=-ri:i 
{ro)w\siMePhr 

2,,/As_s."phir. 
*l(,;;-on,-ou,

THF. 2 h
11,'/t

o
ot'14t"'

Zn
151,

However, other kinds of electrophiles are also good acceptors

flor Reformat.sky reagents, such as nitriles (sometirnes called the

List.r tf Abbreviarions and Journal Crtdcs rttr EntlJtttp<'r.s

The slightly dift'erent reacti,vity of z-inc enolates towrds thc

aforementioned types of electrophiles allow's chenroselective

transfbrmations of di- or polyfunctional substrates. Although in

unsynrmetrical diketones no differentiation among the carbony'l

groups was reported, keto nitriles, keto amides, keto esters. or

halogenated ketones nray be attacked exclusively at the carbonl'l
group.l

Recent investigations show that 3-acyloxazolidin-2-ones or j-
acylthiazolidine-2-thiones constitute a promising group of ac1'l

donors for zinc enolates (eq l7).$ Dift'erent kinds of anhydrides
(eq l8;,3e activated esters, and lactones,tt' including aldonolac'
tones,o' react smoothly with bromo esters under Reformatsky-

conditions. Particular emphasis is laid on the high yield of B-

amino esters by reaction of zinc enolates with different kinds ol

N,O-acetals and aminals (eq l9).ar Oxocarbenium cations ob-

tained by in situ activation of acetals with Lewis acids are

equally suited as electrophiles in Reformatsky reactions (eqs 20

and 2l).ar A summary of reactions with electrophiles other than

carbonyl compounds is given in the literature.l
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os
Ä*4,

Y§-u
BnO , J,

ool. BrCH2CO2EI
Zn, ultmsound, THF

2. H., H2O
9'1

Zn(Ag), ultrasound

lt"o/ *a

_N. -O' -f' 25-40'c. THF

I z B47c
Br- v

O--O rictj. CHzCl2
: ,ltl)'C
Er loct

18%

Bnd

o-\'' -CO,EI
l-
Et

l.l

\^-oH
+ I (ll)o'f'c.,e,

Et

:I

o

Intramolecular Reformatsky Reactions- As the site of enol'

ate formation is determined by the hatogen nloiety, Reformatsky

reactions are well suited for intramolecular aldolizations. This is

a major advantage since regioselective enolate formation by

proton abstraction in polycarbonyl systems is a rather diftlculr
task. Thus a homologous series of o.l-(u-brornoacetoxy)-

aldehydes has been cyclized to p-hydroxy lactones of ring size

13-16,44 but smaller rings can also be fornred in nroderate to
good yields.as This technique has been used in natural product

synthesis (eq22),4 with the formation of the I l-membered rin-q

of cyctochalasan being the most impressive example (eq 23)-!1

less conventional electrophiles such as nitriless or imides{e are

equally well suited acceptors in entropically favored in-

tramolecular reactions (eq 24).

l. Smll, THF. 0 "C

o (25)

Tandem Reaction. Due to their high tolerance towards dif-
ferent functional groups, zinc enolates are predisposed for reac-

rion sequences. The selective formation ol either a carbocyclic

or a heterocyclic ring from nitriles bearin-s an additionul halo or
sulfonyloxy group within the molecule is an illustrative e.rample

of horv to inrpose control on such reaction tandems (eq 26).52 In
this specific case, the hard-soft acid-base (HSAB) principle de-

termines whether the intermediate zinc enamides are N-alkyl-
ated (X = OSOzMe) or C-alkylated (X = Br). Moreover, O-TMS
c;-anohydrins serve for lactone syntheses in a one-pot

procedure.ll'

'c)Bn
2. Ac2O

60c/o

(26)
X=OMs

80co

Zn. El24lCl

THF. 55 "C,20 h

454o

Rieke Zn. THF
(23)

OHL HO

Samarium(II) Iodide as substitute for metallic zinc turned
out to be highly advantageous in prontoting such cyclizations
with formation of normal-, medium-, and large-sized ring sys-

Uor, (17)

o

q.
o

Br- -il Zn. DMF oo';1^ot' 
ffi ,oL#n-oEt ( I 8)

o

O i-Bu O
BrCHlco2Et 11 Lil

BnO- 
_N- \,- _oEr(lql

Zn.THF.2h .!
a5%

^ 
BrZnCH,CO,EI

.2"'rTrOAc 
- - 

-
BnO \'--,/ 5o mot% rictr

BnO..' 
'b,n CH2Clr. +0'C

BrZnCH.CO.Et ro'

- ^r:/o-r-a^^ - (20)Bno' \_f ColEt'- A"o
lL-.< ^ -lt Br:- -O- v

Orl]1
(-t- ) r2)t

tto&

NH

ö

tems (eq 251.s0'st Furthermore, high degrees of diastereocontrol
may be exercised via the formation of rigid transition states with
the strongly chelating Sml* counterion.sr

o
s,-.-Ao

xv---.v.cNry[--x\i",1

MeO2C

Under the rather drastic conditions of conventional Refor-

matsky reactions (reflux in ethereal or hydrocarbon solvents),

the p-hydroxy esters formed may suffer subsequent dehydration

in an unselective way. The use of o-silylated Reformatsky do-

nors or of a-silyl ketones shows how to control the regioselec-

tivity of the elimination step.r5'2'" Thus sequences of Refor-
matsky reactions followed by (in part spontaneous) Peterson

eliminations determine the regiochemistry of the newly formed

double bond (eqs 21 and 28). When bromo(trimethyl-
silyl)acetonitrile is used as donor, high to complete (Z) selectiv-

ity fbr the a,p-unsaturated nitriles obrained was reported.sr

A sequence of an intramolecular Reformatsky reaction with a

2.5-dibromopentanoate donor. followed by etherification of the

OHC

Avoicl Skin Co,üact *ith All Reagents
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oo
*,4*, * "'1Äou,

TMS

larzno o 1

l-'#""1
LTMSJ

o
I

7oH]6p, nr.ea
tt

on..("Aru 13%

än
o
lt/ -OF,t

I...H ""' (3r)

H.N^Bu
92o/c ee

ZnlAg-
graphite

THF. -78 'C

30-70 E"

R20

n,Soe,

atom) and the de values for the products obtained has been es'

tablished.$ A nice illustration of horv uncommon electrophiles

can be used to prepare enantiomerically enriched products is the

ring-opening of enantiomerically pure oxazolidines by zinc ester

enolates to p-amino esters. Proceeding with inversion of the

configuration at the N,O-acetal carbon atom (eq 31)'57
(27)

o
7O...,uBu

.l_N
Ph.. Bn

BrZnCHlCO3Et

Er?O, 30 min.0'C
7Acr-\ + n,zn.-Aor,

TMS

oHo
,*rvAAor,

R
*üo., (28)

BFl.Et2O cat

intermediate zinc aldolate with the terminal bromo group in the

presence of HMPA, was ingeniously used to build-up the

tricyclic skeleton of daphnilactone and related molecules start-

ing from rather simple precursors (eq29).il

A means to achieve excellent diastereoselectivity in reactions

of orrlro-substituted benzaldehyde derivatives is the n-face se-

lective attack of a zinc ester enolate on the corresponding tricar-

bonylchromium complexes (eq 32).ie

Rieke Zn
o

@x
(CO)rbr\oll"

"7}or,
Zn. THF

.- 71c

(32)

OMe

llllo/o de

2-Oxoglycosyl bromides uPon treatment with zinc give rise to

carbohydrate intermediates with an 'umpoled' anomeric center;

the aldolate initially fbrmed on reaction with excess FormaWe-

hyde, together with the residual ketone group on the sugar' trap

a second aldehyde nlolecule with formation of a stable lactol

ring (eq 30).55

Preparatively useful degrees of diiistereoselectivity have been

observed *ith A'-ta-bronltlacyl)oxaz-olidinonesse and/or with

metals other than zinc exhrbiting hr,cher chelating abilities' For

intrarnolecular reactions. Srnl, sened this purpose very well,

because of the rigiditv of a Smr--chelated bicyclic transition

state (eq 3l).sr An Evans-trpe auxilrary together with activated

tin as promotor for the Reformatskv reaction have been em-

ployed in a diastereoselective aPproach to ne«lxazolomycin (eq

34).o With a feu exceptions only. induction by chiral alcohol

components in a-bromo esters is rather lor"6r and until now

hardly competitive with today's stare of the art in aldol reac-

tions.

Bzo-\ 6 Zn.CH;o ffS+Ü
BzO-§ rHF, _35 ro -ro.c bHoB, 2h

2970

Stereoselectivity. A general method for highly diastereo- and

enantioselective Reformatsky reactions is still missing' Some of

the approaches described so far take advantage of the known

propensity of zinc(ll) to bind to nitrogen donor atoms which

may be present in either one of the substrates or in a ligand ad-

ded to the reaction mixture. With amino carbonyl compounds as

electrophiles, for example, highly stereoselective additions are

usually observed. and a direct relationship between the com-

plexing ability of the amino group (location, basicity of the N

Lists of Abbreviarions and Journal Codes on Endpapers

o o T*t o-y'
. "r-Ä*Ao 

activared:rn lil oA*I--or,r,
'/l \J rHF. rh n 
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the presence olchiral anlines or amino alcohols as ligands to the

,",r1 t,ou. been published recently (eq 35) 63

B€H]CO"/ tlu OH O
zn. rHF. r)'c I Il

PhCHo 

- 

pr,...\.A.O-r-Bu 1-15)

Ph(a\LPh r16qg1r1

ir. oH

ql.;

Substitution of 7.inc b1' Other Metals. Oxidative addition

into an actirated carbon-halosen bond with tbrrnation of enol-

ates is by n() lltcllns restrictecl to metallic zinc'l Low-valent

nretal salts ol aclequlrte reciucrion potentials such as Samarium-

(ll) todidettd6r'-ir|'-<r or C'hromiun(ll) Chlorideis are equally

suited. A great dcal of work has been carried out with more or

less acti v atecl [orttt s ot,l[ a g n e s i tt m'6' Ti tr -o' iY icke l,6s C e ri u m'oo

I trdi u m."' tttan ga,,ese." a nd caclnt i u rrl?2 as pronrotors for Relor-

nratskv'type reilctions. Although in specific cases advantages

such as increased dia:tercitsc-lectir ity coultl be dra§'n fiom their

usc. onlr Srnl. und [() \()tlle e\tcnt ceritllll and indiurn (both are

effective rrirh thc tlt()rc reilcti\c rr-ioclo esters) shorv reasonable

scope. Sotttc rcprc\cntltti\ t crltttll.llcs arc corrrpiled in Table 2'

l'able .2 Rilr)r'rrtrll:k\ Rüllull,)ll\ \\ itl) Stlh\lrtutcs lirr Zinc

Yreld
l(). \L)onor I;lcetrophilc \lr:ral /i"C) I(h)

4. (a) Dekker. J.; Schouten' A.: Budzelaar. P H. M.: Boersma' J:
van der Kerk. C. J. lvl.: Spek.,{. L.; Duisenberg, A. J. M. JOltl
1987 - 320, l. (b) Hansen. M. Ivl.: Barrlett, P- .\.: Herthcock. C. H.

O,ll 198'r,.6. 2069. (c) Kuroboshi. M.: lshihara. T. BCJ 1990. 6J.
428

5. Refornratskf. S. CB 1887, 20. 1210.

6. Erdik. E. T 1987.4J. 1103.

7. (a) Csuk. R.: Fürstner. A.: \\'eidnrann. H CC 19E6. 77-5. (b)

Fürstner. A. ,4G(E) 199J. -12. l6l.

8. (a) Rieke. R D.: Uhm. S. J. S 1975.452. ibr Rieke. R. D; Li. P

T. J: Burns. T. P: Uhm. S J. JOC 1981. J6.4323. (c) Boldrinr.

C. P.: Savoia. D.: Tagliavini. E.: Trombini. C : Umani-Ronchi. A.

JOC 1983. J,9.410t'i. (d).\rnold. R. T. Kulenovic. S T. SC 1977.

7. l:1. (c) Bouhlel. E.: Rathke. lI. w. SC 1991. :/. 133

9. (a) Hen. B. H : Boutljouk. P "/OC 1982. J7. 5030. (b) Boudjouk.

P: Thompson. D. P: Ohrb«rnr. \\'. H.: Han. B. H. OM 1986.5"
I 157

l0 (a) Conan. A: Sibillc. S.: Pirichon. J' JOC 1991' i6. 2()18- tbr

Schrrarz. K H.r Kleiner. K.. Ludwig. R: Schick' H. IOC 1992

)-7. l0ll. (c) Zylber. N.: Zllher. J.: Rollin. Y.: Dufrach. E.
Perre ht,n. l. JOlvl 199-1. JJJ. l. td) Rollin. Y.: Cebehenne. C..

Drrien. S.. Duörch. F-. Pericht,n. J. JOil 1993.46l.9. (e) Schi-

ck. H.: [.utlsiq. R.:schrvarz. K. ll.: Kleiner. K.: Kunarth. A. J()('

il
ll

199{. -i9..1 l6l
Vaughun. \\'. R.: Kttots:. tl. t'. '/()C l97l). -i-t. 139-1.

{ll (iaLtderrtar-E}trd,rttc. l;.: (iauJcntltr. \l : Mlatlenova. Nl -\

t9ll7. I I 10. th I Flourr:rc. \l : .\r:enr.1tr ie . [..: r\rsenijevic'. \'.

lJ-§fllr l9u(). l-1j. re r [)reottn. (i . \ligrnrre. P. JOC 1987. -i-'.
-1796 l!l) [.ru. \\'. S : (;l()\cr. (i.l .l()('l97lt. J-i.75]. (c) lloreritr.

.\ /7- 1971. lll7. ll') []cll;t.rotrttl. §1.. [)lrJolze. F.: Frangirr. \'.
(iautlentar- Nl .lOlvl l9lll.l/9. Cl.

iar Baldurn. J t'.: \\rlker. J. .\. CC 197J. ll7. (b) Creutcr. [l :

l-ang. R. W. Rorttattn..\. J.77. 1988.29. ll9 I

Leading rcllrcnces: (llWitktrssli. S.: Rac,. \'. K.; Premchandran.

R H: llalushka. P V: Fricd. J /,4Ci 1992. 1|J.8464. (b)

Krtazurne. T S l9tt6. tt5r. (c) [.rrrg. R. \l'.: Schaub. B. IL l9ll8.
29. 1941. {d) Fricd. J.. Hallinan. E. A.l Sz*edo, Jr. M. J. /ACS
1981. t()6.lu7 l. (c) Kitasrtrva. 0 . Ta-suchi. T.l Kobay"ashi' Y. 77.

t988.29. l11{)l (t) Curran. T T. JOC 1993.5,y' 6360.

Originally described b): (l) Darzens. G. CR(C) 1910. /5/' 8l{--l

Failure of conventi«>nul condition.: (bt Nliller, R. E.: Nor<I. F. F.

.to(- tgst. 16. 128.

ll

l5

16. Fürstner. A. JOM 1987, J"16. C-l.l

17 (a) Takai. K.: Hottrr. Y.: Oshirnu. K.; Nttzuki. H. BCJ 1980. )-1.

l69fi. (b) lshrhara. T.: Matsu,lr. T.: lmura. K.; Ivlatsui, l{':
Yamanaka. tl. CL 1994. 1167.

llt. Palomo. C.l ,Aizpuruu. J. N'1.: l..t!pez' M. C.: ,{urreketxea. N. 
lrl.

1990. J/. 220-5.

19. Palomu. C.r Aizpurtra. J. NI.: Aurrekoetxea. \.; L6pez. M. C fL
1991. -r2.25t5.

10. (a) Ricr', L. E ; Bosron. M. C.: Finlilea. H. O.: Suder' B J :

Frazier. J. 0.: Hutllickv. T. JOC 198J-.49. l8l5 (b) Bellussoued'

i!{.. Caudenrar. ivl.: El Borgi. A: Baccar. B JOM 1985.280' 165

(c) Bortolussi. lvt.: Scy'den-Penne. J SC 1989. /9' 2355 (d) Hud-

lickr'. T.: Natchus. M. C.: Kwart. L. D.:Coluell, B. L. JOC 198-<.

_5t). lj(x).
ll. Öhler, E.: Reininger, K.: Schmidr. U. AG(Et 1970- 9.457.

)Z (a) Crieco. P A. S 1975.67. (b) Perragnlni. \.: Ferraz-' H M C:
Silva.C VS1986,157.

2:l Rebek. Jr. J.l Tai. D. F:Shue. \' K. J.'1CS 198{' /06. l8l3'

ll Semrnelhack. !l Fl: \\'u. lr S. C. J,'ICS 1976, 98, l-1134.

759c ee

BTCH.C'O,F-t7l
ICH.iO.ErTt)'
Brcfi.cö.Ero'
tCH,i(),eto'g
BrCH ,t'it, t-.t6''

BrCH.CO,t:t6r
ArCH,('OPho'
BrCH.ClNos
BrCHr!lc tCC).

EtH'
BTCH.C()Ph6rh

( ve Irrl'tcIutrottc

C1'c lohcxanone
[]tnzaldchr dc

Rcrtzaltlthr tlc

r\ cüt( )Phctt ( )nc

Bcrrzaldchr dc

licnzaldchl dt
Bcrrzaldehr dc

(_'ye l( )hC xxn()ne
[]c n za ltlch r tlc

cd'
In

Ce/Ilg
Cc/flg
Cc/l{g
ft)
Sn

Ni'

ft

1.5

l7
1.5

46
2

2

0.1

_d

I

Snrl.
Srn I,

l(x)
65

-19

8l
60

8rl

5.1

l.{.1

90
75

.15

20

20

0

l0
2-s

-21
8.5

_d

ZO

'Rieke Cd. b.\crivuted Sn t,ht;ttncd h1'retluetion ol SnCl,; onll'67c
yieltJ with cornrrrcrcill Sn dust in t)iVlF. 

( Rieke Ni. d Ntrt repo(ed.

Related Reagents. ,-Butyl Chloroacetate: l-Butyl ct:

Lithioisobuty ratel Dilithioacetate: Ethyl [-ithioacetate; Methyl
Bromoacetate: Nlethyl 4-Brontocrotonate: Methyl Chloroacet-
ate; Potassiurn-Graphite: Zinc: ZinclCopper Couple', Zinc-
Graphi te : Zi nc/Si I ver Couple. Zinc*7.inc Chloride.

2.

3.

(a) Fürsrner.,{. S 1989.571. (h) Rathke. M. W.: \ltipert. P D.

COS 1991. 2. 177 (c) Rathke. ivl. w. OR 1975. 22' 423 kJ).

Shriner. R. l-. OR 19J2. i. l. (e) Caudenr,st. M. Orgonotnet

Clrcn. Rev. ,A 1972.8. l8-.1 (t) Niitzel' K. tlOC 1973. Xlll/2a'
805.

Orsini. F: Pelizz.trni. F'.: Ricca. C. 7' 198J. J(). 2731.

Dekker. J.: Budzelaar. P H. \'1.: Bocrstla. J: van der Kerk. Ci J.

Nl.: Spek. .\ L. O,U lgttJ. .i. l-t().1

.{ruirl .S(irr C,,t::.tt t \ith .{// Rarr.glrrt'



2408 ETHYL BROMOZINCACETATE

25. (a) Csuk, R.: Fürstner. A.i Sterk. H.; Weidmann, H. J. Carbohvdr'

Chem. 1986. J. 459. (b) Csuk, R.: Hugener' M'; Vasella' A HCA

1988. 7/.609.

26. Dener, J. Irt.l Zhang, L. H.: Rapoport'H' JOC 1993.58' ll59

27. (a) Fürstner. A.; Kollegger, G.; Weidmann' H. JOM 1991, 411'

295, (b) Narasaka, K.;Saito. N.: Hayashi. Y; Ichida. H CL 1990'

t4lt.
28. Candolfi, C.: Doria. G.: Amendola' M.; Dradi, E. TL 1970,3923'

29. Daua, A.; Ila. H.; Junjappa. H. S 1988. 248.

30. lvtazumdar. S. N.; Mahajan. M. P fL 1990' 31.4215'

3 L (a) Blaise. E. E. Hebd. Sceances Acad. Sci' 1901. I 32.478 For

leading references, see: (b) El AIami. N.; Belaud, C': Villieras' J'

JOM 1987,3t9,303. (c) Krepski' L. R.: Lynch, L E: Heilrnan.

S. M.; Rasmussen, J. K. TL l98S' 26'981

32. Originally described by: (a) Cilman' H.l Speeter, M JÄCS 1943'

65,2255. Leading references: (b) Luche, J L'; Kagan' H' B'

BSF(2) 1969, 3500. (c) Bosch. J.; Domingo, A.l Lopez' F:

Rubiralta, M. JHC 1980, 17. 241 (d) Bose, A. K; Gupta, K;
Nlanhas. M. S. CC 1984, 86. (e) Palomo, C.: Cos'(io. F P; Arrieta.

A.: Odriozola, J. M.; Oiarbide' M l Ontaria' J' M' JOC 1989' 't4'
5736. (O Cossio, F. P; Odriozola. J. tvl.: Oiarbide, M : Palomo' C'

cc 1989, 74.

33. Sato. T.; ltoh, T.: Fujisawa. T. CL 1982. 1559.

34. Orsini, F.; Pelizzoni, F. SC 198'{' /"/, 805. For recent advances.

see: Bott, K. TL 1994..15. 555.

35. (a) Fauvarque, J. F.; Jutand, Ä. JOl,l 1979. 177. 273 (b)

Fauvarque, J. F.l Jutand, A. JOM 1977' 132. Cl7. (c) Fruvarquc.

J F.; Jutand. A. JOM 1981.209.109. (d) Orsini, F.. Pelizzoni. F;
\ällarino. L. M. JOM 1989. J67. 37-5

36. (a) Fessenden. R. J.: Fessentlen. J. S. J()C 1967. .12.15.15' (b)

Kurvajirna. L; Nakamura, E.: Hashirnoto. K. OS 198-1. 61. l:)'
(c) Nietzschmann. E: B(i.!:e. ().: Tzschach. A. JPO(' 1991. -i-r-i.

l8l
31 . illutsuda. I : Nlurata. S.: Ishii. \' ,/(-.S/P/,r 1979, )6

.lli. Krshima. C.: Huanc. X. C.; Haradt. Y.: Hosomi.,'\ J(X'199-1.

-5,r.793.

39. ra)Schick. H.: Ludrvig. R..t 1992. -169. (hrCerJge. I) R : Patterr-

rlen. G.: Smirh A. G. JCS(l'l) 1986. 2ll7
40. (ar Hauser. F M.: Rhee. R. p JOC 1977. J2.415-5. (b) \\'Irnholl.

E W.; Wong, M. Y H.: Ruman. P S CJC 198t. '59 6ätl (c)

Gawronski. L K. TL 1984. 25. 2605.

-ll (a)Csuk, R.: Ctänzer. B.l. J. Corfufit'tlr Chen. 1990. 9. 191 tb\

Shrivastava. V. K.: Lemer. L. M JOC 1979. 11 " 3l6ti (c)

Crassberger. V.; Berger. A.: Dax. K.: Fechter. M.: Cradnig. C:
Stütz. A. E. 1,4 1993. 379. (d) Hanessian. S : Cirard. C. SL 1994.

xö5

42. (a) Katritzk). A. R.: Yannakopoulou. K S 19E9. 7+7. (b) Al-
berola, A.: Alvarez., M. A.: Anilris. C.. Gc,nzälez. A.: Pedrosa. R.

S t990, 1057. (c) Kise. N.. Yamazaki. ll.: \labuchi. T.: Shono. T.

TL 1994..ii. I-561. (d) Nishiyama. T.l Kishi. H: Kitano. K.:

Yanrirda. F. BCJ 1991. 67. 1765.

41. (a) Hayashi. M.l Sugil'ama. lvl.; Toba. T: Oguni' N CC t990.

16i. (b) Basile. T.: Tagliavrni. E.l Trombini. C.l Urnani-Ronchi.

A. C'C 1989. 596.

44. (a) lvlaruoka. K.; Hashimoto. S.: Kitugaua. Y.; Yamamoto' H..

Nozaki. H. aCJ 1980, JJ, 1301. (b) Maruoka. K.l Hashimoto' S.;

Kitagawa, Y.: Yamamoto. H.: Nozaki. H "/,{CS 1977. 99. 7'705.

45. (a) Sato. A.: Ogiso. A.; Noguchi. H.l lvlirsui. S.: Kaneko. I:

Shinrada. Y. CPB 1980.2,3. 1509. (b) Stokkcr, C. E.; Hotl'mann,

W. F.: Albens. A. W.; Cragoe' Jr. E. J.; Peana. A A : Cilhlhn' J

t-: Huff, J. \\',; Novello, F. C.: Prugh, J. D: Smith' R L.l willrrd.
A. K. JMC 1985. 28. 347.

Lists of Ähbreviations and Jounnl Codes rtn Endpapers

46. Tsuji. J.: Mandai. T. fL 1978. 1817.

47. Vedejs, E.: Ahmed. S. fL 1988,29.2291.

48. Beard. R. L.: Meyers. 
^. 

l. JOC 1991. 56,2091.

49. Flitsch, W.: Russkamp, P. i,4 19E5, 1398.

50. (a) Tabuchi, T.; Kawamura. K.; Inanaga' J.; Yamaguchi. M. IL
1986, 27, 3889. (b) Moriya. T.: Handa. Y.: Inananga. J.i

Yamaguchi, M. IL 1988, 29.6941 . (c) lnanaga, J.: Ybkoyrma' Y.;

Handa, Y.: Yamaguchi, M. TL 1991. 32. 637 l.

51. Molander, C. A.l Etter, J. B.: Harring. L. S.; Thorel. P J. JACS

1991. /lJ, 8036.

52. Hannick, S. M.: Kishi. Y. JOC l9E3' 48' 3833.

53. Palomo, C.l Aizpurua, J. M.: Aurrekoetxea, N TL 1990.31.
2209.

54. (a) Heathcock, C. H.: Ruggeri, R. B.: N{cClure' K. F JOC 1992,

57.2585. (b) Ruggeri. R. B.: Heathcock' C. H. JOC 1987. 52.

5745.

55. Lichtenthaler. F. W.: Schwidetzky, S.: Nakamura. K. fL 1990. J/'
'71.

56. (a) Lucas. M.; Guend, J.P.T 1978. J4. 168l and l6ti5 (b) Ad-

lington, R. M.l Baldwin,J. E.: Jones. R. H.: Murphl'. J. A.: Parisi.

M. F. CC 1983, 1479.

5'7. Andr6s. C.: Gonzälez, A.: Pedrosa. R.: P6rez-Encaho. A. fL
1992.33.2895.
(a) Brocard. J.; lvlahmoudi, M.: Pelinski. L.: Macieieuski. L. f
1990.46.6995. (b) Brocard. J.: Pelinski. L.: Lebibi. J J()M 1987 '
336. C47.

Ito, Y.; Terashima. S. IL 19E7. 28. 662-5 and 6629.

Kende, A. S.: Kawanrura. K.l DeVita. R- J. JÄC.t l99ll. ll2.
4070.

(a) Palrner, ilt. H.: Rcitl. J. A. JC.t 1962. 1162. (h) [iuruL:rw;r. N{.:

Okarvara, T.: Noguchi. Y.. Tcrarvlki. Y. CPR l97ll. -'Ö.2()0. ic)
Basavaiah. D.: Bharathi. T. K. SC 1989. 19.2015. ttl r Blsrtvltiah.

D.r Bhurathi. T. TL 1991. -ll. l-117.

Cuette, M.; C.rpillon. J.: Cuett6. I P f 1973. -?9..r65!)

(a) Soai, K.i Kawa:c'. Y. 7A 1991.2.7ti l. (b) Jrrhrtr. [). S . Araki.

S.: Butsugan, Y. JCS(Pl ) 1992. 7l l.

(a) Kagan. H. B.l Numy. J L.: Crrrrrl. P f 1981..ri. Suppl l.
175. (b) Zhang. Y.: Liu. T.; Lin. R. SC I988. /li. l(X)l

Dubois. J. E.: Axiotis. C.: Bertouncsque. E. 11- 19U5. ]Ö.'1371.

Moriwake. T. JOC 1966. -ll. qsl

(a) Harada, T.; Mukaiyanra. T. Cl- 1982. l6l. th) llarada. T.:

Mukaiyama, T. CL 1982. 467.

68. Inaba. S. l.; Rieke. R. D. ft 1985. 26. 1.5.5.

69. lmamoto, T.: Kusumoto. T.: Tawaralartta, Y.; Sugiura. Y.: Mita.

T.l Hatanaka, Y.; \'okoyama. M. JOC I984, 49. -19(u.

7O (a) Chao, L. C.l Rieke, R. D. "/O('1975.10,2253 (b)Araki. S.:

Ito. H.; Butsugan. Y.5'C 1988. i,9.45-1 1q1 Araki. S.: Krtsutttttra.

N.: Kawasaki, K. I.: Butsugan.Y. JCS(Pl) 1991.499

1l Cahiez. C.: Charant. P. Y. TL 1989. 30.7313.

11. Burkhardt. E. R.: Rieke, R. D. -/OC 1985. 50. 'll6

Alois Fürstner

M u t - P lanck- I ns t it u t fü r K ohl c n fi t r.sc htur g, M ü I he i nt. G e rnut ttt'

<0

.59

60

6t

62

63

61

65

66

6l




