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Over thirty years ago, Morgan and Harris’ observed that the akylation of the dipotassium salt 

of benzoylacetone occurred predominantly at the terminaI methyI group and thereby ushered in the 

field of regioselective carbon-carbon bond formation via “dianiona.” ’ Since that report, dianions have 

become increasingly popular as strategic tools to the synthetic planner. This popularity has manifested 

itself in a wide array of reaction types ranging from the well-established &iicarbonyl (acetoacetate- 
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C M THOMPSON~II~ D L C GREEN 

type) dramon to the mgemous, chtral, heteroatom-based dramon mtermebates, many of whrch we wrll 

mtroduce m thrs revrew 

The word “diamon” conjures up a variety of meamngs to tierent members of the chemtcal 

commumty and it is therefore appropnate first to descrrbe and debt thrs revrew accordmgly Our 

goal 1s predommantly to serve readers who wish to use carbon-based dianions m synthetrc maneuvers 

The 1980’s wrtnessed a remarkable growth m the number of articles that explort these reactrve 

mtermedrates, and as a result we have adjusted the scope of this revrew to m&de only those diamon 

species that react at a carbaniomc, second deprotonatron site Such IIrmts wrll necessarily exclude 

transmon metal, electrochermcally produced, aromatrc specres (i e , dmmons that result m an aromatrc 

compound) and heteroatom-only based dmmons The material mcluded herein IS neither defimuve 

nor exhaustwe withm the topic of carbon-based dmmons but 1s Intended to serve pnmanly as a guide 

to the most recent developments A consequence of the mcreased popular@ of dntmon chemtstry 1s 

that many elaborate transformations mvolvmg therr use are concealed either m total syntheses or m 

other studres and have escaped our attention We hope that such omrss~ons may be found as cross 

references withm our brbhography 

To date, only a few revrews have covered the chermstry of &an~ons*‘~ and many of these 

revrews focus upon speafic diamon types Our mtentron is to augment those excellent pnor revtews 

wnh current contnbuttons and to incorporate, where appropnate, some new apphcatrons to synthesis. 

Also, a recent r3C and I70 NMR exammatron provrded excellent spectroscoprc signatures for dramon 

detection that should be of great value r1 

If one assumes that the ultunate goal of generating a dramon IS to create a new reglospeafic 

carbon-carbon bond then the second deprotonatron may be considered to occur solely at carbon 

Therefore, we shall represent and orgamze dmnions by therr pnmary deprotonatton site For example, 

we dlstmgursh carboxylate-contarmng from acetoacetate-type dramon specres by vrrtue of the fact that 

the former undergoes pnmary deprotonatron at an oxygen (O,C-type) whereas the latter 1s 

deprotonated first at carbon (C,C-type) In thus manner, duunons may be grouped mto CC-, O,C-, 

N,C- and S,C-types wrth only slight addmonal dtstmctton of the pnmary deprotonatron site required 

(e g , hydroq versus carboxyhc -OH) to dehneate further the varred dmmon species wrthm a section 

This approach 1s also consrstent wtth related posrtronal descrrptors of dnuuons such as the (Y,CY’ 

defimtton. 

In the literature many dmmons are pmtonally represented as both carbamon and enolate 

Although an enolate structure 1s preferred, we have chosen to depict the dianions at the sates of 

deprotonatron than as the respectrve stabrhxed form to facrbtate recogmtion of the reactrve carbon and 

to drscrnmnate among many dtfferent specres under consrderatron Such deprcttons are more 

mstructrve than factual Wrth this approach, thrs revrew stays consistent wrth a major prevrous treatise 

on carbamon chemrstry 6 As a further dlstmctlon, we portray all carbamomc centers wrth a circled 
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minus charge (Q) and the heteroatom deprotonatron sites simply as a minus charge (-) 

0 0- 

L R’ - 
B R A0 

e 

\B’ R)iJ- Ru 
8 e 

a-carbanion enolate a,a'-dianion dienolate 

A primer of basic carbanion chemistry wrll ard the understandmg of Qamon methods and utrhty 

Although such a primer is beyond the scope of this revrew, readers may wish first to consult some 

excellent texts and revrews that survey basic carbanion chemistry 6*v-18 

Doubtless, two of the most important considerations in dtamon chemistry are the evaluatron of 

the equihbrmm auditrees (pKa’s) of the sites to be deprotonated and the selectton of the base. 

Carbamons stabilized by inductive or resonance effects have been converted to their conlugate bases 

and evaluated for their C-H audittes.6 Unhke then mono-carbamon counterparts, dtamons generally 

reqmre more than a modest equrhbrium composmon to effect reaction In general, second 

deprotonatrons generally range m acrdrty from 20-35 pK, umts Thus, far stronger bases usually must 

be employed for dramon generatton As wrll be evrdenced m this review, no standard rules for the 

choice of base extst Ml, prudent control over the relatrve base strength and the resulting 

nucleophthcny can lead to umquely successful couplings and frequent avordance of serious side 

reactions. 

II. C,C-bis-deprotonations 

II.(a) &Dicarhonyl (cu,ar’) dianions 

Dlamons generated from sequent& deprotonatrons of /3-keto esters and fi-drketones have 

become routinely used in many synthettc strategies In thrs section, we update the coverage of these 

specrfrc dlamon types and include new and interesting vanattons on the fl-dtcarbonyl dramon theme. 

Typically, these dianions are generated either by the addition of 2 molar equivalents of an anude base 

or by imtral addition of a base of modest strength (NaH, KH, etc.) followed by a stronger annde base 

(IDA, NaNH, etc ) 

The alkylatron of g-drcarbonyl dnuuons contmues to be an attractwe route to y-subsututed j?- 

keto esters and then congeners. Typically, primary, allyhc, and benzyhc iodides, bronudes and 

tosylates have been employed for optmmm results although other variatrons have been successful We 

summanxe some recent contrrbuhons m Table 1 *g-4* 

Several features of thrs table are noteworthy As expected, the alkylauon of fl-Qcarbonyl 

dlamons proceeds most readily wrth pnmary and allyhc-type rodides and bromrdes Intramolecular 

alkylatron of /3-keto ester dtamons (entnes 20-22) is a novel approach to macrocychc lactones 32 
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However, only tetra-, penta-, and hexadecanohdes could be produced by the method; the lower 

homologues ehminated to the terminal aikene The tert-butyl ester (entries 12, 24) and thiolester 

(entnes 43-46) have increased in use, wrth the latter envrstoned as a synthetrc equivalent to drketeneP0 

The correspondmg cyclic dtamons (entnes 29-37,39-42,47-49) also extend the overall scope 

Addttional applicatrons not shown in the table include the alkylation of heteroatom-comaming 

cychc /3-keto ester diamor~~~ and an interesting altemattve to the alkylatron through enamme-rsoxaxole 

Salts." 

Epoxtdes undergo reaction at the anion termmus of /3-dicarbonyls. Clear advantages of these 

reactrons include possible subsequent cyclixatton (centered at the resulting hydroxyl) to afford furans 

and furanones. Such processes report epoxrde-opening with the dianion of tert-butyl acetoacetate in 

studres e xammmg the syntheses of vemolepm45 Subsequent investigatrons revealed that the reactron 

may be promoted by ad&tron of boron tnfluoride ether-ate” Thts latter study showed that the 

resultant hydroxy keto esters may be selecttvely dehydrated to furylidene acetates. 

n n n 
” 

0 

b 
H 
R, R, OCH, 8 8 OCH, 

44-965 

Lygo and co-workers have recently extended thrs epoxtde-dramon combmatron to tolerate a 

varrety of substttuents 47 The preparattons of methyl nonactate48 and homononactates49 further 

rllustrate thrs useful transformation 

nonactic acid, methyl ester 

Fmally, an early report made dual use of thus strategy A cychc acetoacetate dramon was reacted v&h 

an epoxrde to furmsh a precursor en route to chalcogran s 

j3Carbonyl dramons undergo condensation reacttons. Besides establishing a regtochenucally 

prease C-C bond connectron, the product of condensauons contams an addrttonal hydroxyl group that 

may be synchronously utrhxed m either strarghtforward syntheuc mampulatrons or to construct oxygen- 

contammg heterocycles As thts topic has been covered brrefly in pnor reviews,35’6 thus section on 

condensattons wrll summarrxe recent advances m the reaction of fi-Qcarbonyl dmnions wrth aldehydes, 
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TABLE 1. REPRESENTATIVE ALKYLATIDNS OF jT-DlCARBOWL DIANIDMS 

” 

2 Base ) 

z 
OMe 
OMe 
OMe 
OMe 
OMe 
OM0 
OMe 

E 
OMe 
OMe 
OtBu 
OMe 
OEt 
OMe 
OMe 
OMe 
OMe 
OMe 

H W%W 
H WW,,Br 
H O(W,,Br 
H OMe 
H OtBU 
H N(Me), 
-CH,CH,- 
CH,CH,- 
-CH,CH,- 

-C(Me),CH,- 
-C(Me),CH,- 
-C(Me),CH,- 
-C(Me),%- 
-C(Me),CH,- 
-C(Me),t& 
-C(Me),%- 
-C(Me),CH,- 
C(Me),CH,- 
H Ph 

CH,CH,- OMe 
W 
W 

ZQ- 

W -CH:CH:: 
H S-tBu 
H :: S&J 
H S-tBu 
H :: StBu 
-CH,CMq- OMe 
Me CH,- 
Me -CH,- 

.@a@ 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

; 

:: 
a 

l$c 

: 

k 

Ii 
b 
b 

ii 

: 
b 
a 

: 
b 
a 
a 
a 
a 
a 
c 
C 

!u 
Br(CHJ,Br 
Br(%)@ 
Br(CH roBr 

0 4l&!i ,CH=CHCH,Cl 
MeOCH$l 
MeOCH(Cl)Me 
EtOCH(Cl)Me 
MeOCH Cl 
Me,C=&CH,Br 
1 -bromomethylcydohexene 
geranyl-Br 
geranyi-Br 
geranyla 
allyi-Br 
(E)-CH,=CHCH=CHCH Br 
(E)-CH,=CHCH=C(Me)&i,Br 
(E,E)-MaCH=CH-CH=C(Me)-CH,Br 
famesylSr 
(E)-Br(Me)C=CHCH,Br 

1 -tosyimethyicydopentene 
4-iodomethyLj9-lactam 
BnCl 
Mel 
allyl-Br 
BnBr 
Mel 
ally&b 
n-P& 
nPrl 
i-P& 
i-Prl 

z=z:’ 
BuBr 
Etl 
CH, =CHCH$H,CH,I 
Mel 
nPrl 
I-Prl 
Mel 
Etl 
ally+Br 
THPOCH,CHJ 
(E)CH, = CHCH = CHCH,CH,I 
allyi8r 
n-pentyl-l 
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2 
89 
73 

&k5 
70 
61 

62 
97 
70 

z 
260 

43 
45 
49 

84 
92 
41 
56 
67 
42 
57 
32 
62 
75 
78 
16 
54 
70 

i9 

ii 
67 

ii 
70 
75 

50 
71 

19 
19 
19 
20 
20 
20 
20 

21-23 
24 
25 
26 
27 
28 
29 
29 
29 
30 
31 
32 
32 
32 
33 
34 
35 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
37 
38 
39 
39 
39 
40 

ii 
40 
41 
42 
42 

W=CH,CH,OEt 
Base combinations a NaH/BuU b 2 LDA c 2 BuLi 
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ketones and acylating agents (esters, amides, etc.). As with many of these reactions, self-condensation 

can frequently be a concern 

Probably because of their simplicity and reliable generation, the dianions of methyl 

acetoacetates have been the most widely employed in condensation reactionssl As testimony to this 

reliability, several groups have pursued lengthy syntheses incorporating the acetoacetate dianion 

condensation reaction at an early stage. Some examples include the preparation of 4-methyl 

prodigiosin,” prostaglandin Fk,53 phytotoxin analogues,54 costatolide,ss dihydroxy vitamin D3% and 

gascardic acid.s’ 

4-methyl 
prodigiosin 

Hy(C*z)4c*3 KAA-b O 

0 ‘(-- \ \ (m2)4cH3-s.. PCP.& 

costatolide 

b + gascardic acid 

KAAee - methyl acetoacetate dianion 2-Me-KMee - 2-methyl methylacetoacetate dianion 

In a similar fashion, 4-substituted indoles,‘* indans,sg and pyranones60 have been prepared with 

acetoacetate dianion condensation methodology. 



Dunmn chermsny 4229 

0 

K ‘8, ,e 
indans (21-962) 

B2CHO 

/ 

,A04 2 

Ts 

OR 

Vanatton in the carboxyl portlon of the demons has also been proven possible. B-Keto- 

armdes,% &hketones,6l and acetyl thioacetates4@ have been con verted to their correspondmg dlamons 

and condensed with carbonyls. The utility was noteworthy m the synthetic approaches to ste@bmone” 

and nulbemycm seco analogues 62 

CH3 

CH3CH0 

stegoblnone 

H3C 

0 

AA =HOm,,.u StBu 
9 8 

R Yield 
ph 65% 
CH2-CH- 

C3H7‘ 
CH+XeCH2- 

83% 
a& 
aaa ---_) milbemycln 

seco analogues 

D~amons of /3-dlcarbonyl compounds react readdy ~th acylatmg agents to furmsh 1,3,5- 

tncarbonyl denvatwes, a class to which the biologuxlly nnportant polyketldes belong 
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/JJz + .8,--, Ruu, 8 8 
Yamaguchr and co-workers treated methyl acetoacetate diamons (2 molar eqmvalents) wnh 

various ghttarates to obtain the mtermedrate polykebdes m a bromunetrc path to 

tetrahydronaphthalenes.~ Later studres from this group found the bis-tiethylamide (R=NMeJ to be 

X - 2-He, 2,2-dl-Me, 2-OH 
C02Me 

a superror acylating agent 111 the presence of boron trifluorrde etherate and that the sequence was 

amenable to sue cmanudes and adlpamtdes.64 

A dramatic increase m the acylation of diamons (generated from 2 eqmvalents of LDA) by 

esters was effected by addrtron of 0 02 M TMEDk6S The problem of self-condensatron may be 

crrcumvented by use of /3-keto dmlkylanude dmmons 35 Addmonally, N-methoxy-N-methyl armdes are 

reported to be superror electrophiles toward acylatron 66 

&Drketone diamons have also been successfully acylated Syntheses of xanthone#’ and 

stegibinonea are accomplished via thrs type of condensation 

Lastly, /3-ketoester dtamons have been shown to participate m the Michael reactron B The 

dramon of rert-butyl acetoacetate adds to a vmyl sulfone to furrush the desrred adduct after zn sztu 

capture wnh ally1 brormde 11185% yreld. llus adroit mvestigation significantly adds to the reacuon 

scope 

0 

h OtBu 
e e 

+ 1 -78% ) 

2 allyl-Br 

II.(b) ar,&Dianions other than &dicarbonyl 

In this section, we bnefly cover the character and utrhty of dramons resultmg from a,a’-brs 
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deprotonatrons m systems other than ~dicarxmyl. Frrst, the dianions of the structurally sumlar /3- 

ketomtnles are readily obtamed although vra an unusual startmg mater&. Rmg openmg of methyl 

lsoxaxoles with two eqmvalents of LDA 1s reported to be the most convement preparauon70 

Subsequent alkylatron reactmns gave good results 

B 0 0 

RlX CN 

SC R R 

Reactron of thrs diamon wrth lactun ethers affords intermedrate fl-keto immes that upon reaction wtth 

methanol, cychxe to brcychc pyridones.n 

cu-Nitro ketumnes also may be hsdeprotonated m strll another version of the a,,or’-type dramon 

Denmark and co-workers used a chnal unme auxthary to achreve stereoselectrve alkylauon 7173 ‘DIE 

strategy marks a dramatic step in controlhng asymmetnc C-C bond formation vra dmmons 

R*-chmalawuliary 

0 

6 
NO, 

N\ 
1 NaBH@eC13 / R* 

f##,,,* /\/CH3 ‘: cc, C% 

> 94% ee 96-983 d e 

Btsdeprotonated ketones are commonly documented diamons Ahphattc cychc and acychc 

ketone dtamons have been reacted wtth a variety of electrophrles 111 good to excellent yield 74 
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The acetone dmmon (with countenons, ti+, K+) has been used to prepare &polycarbonyl compounds 

by the reachon wrth esters.r5’76 

Ketone dmmons that bear an a-phenyl substrtuent have been exammed closely for their 

mterestmg anomalous behavior Trnmtns and co-workersn*78 and Baysm showed that the 

phenylacetone dmmon reacted predo mmantly at the benxylic position with most alkyl halides than at 

the expected termmal positton akthough methyl iodrde furmshed an approximately equal product 

dlstnbuuon 

8 8 

Ph 
-If 

2 Base Ph 

bIf 
-_Ph+ + PhTR 

0 0 0 0 

maJ or mmor 

The 1,Idlphenylacetone dmmonsO and a benzyhc congeners* were exammed for their oxldative 

and aromatmity properties, respectively 

II.(c) fl-Sultluyl and /3-sulfonyl dianions 

Sulfoxides and sulfones are capable of stabrllzmg ol-carbamons srmrlar to then isoelectromc, 

carbonyl counterparts Researchers began mvesngatmg dramons analogous to the acetoacetate and 

acetylacetone types that contam these heteroatom functtonal groups. Gneco et al. and KuwaJima et & 

each showed that treatment of fl-keto sulfoxtdes and sulfones Hrlth two eqmvalents of base leads to 

[c&l dmmons that react at the second deprotonatron site. ‘,’ Both acychc and cychc versrons were 

shown to be synthetically useful. We shall focus tlus section on some recent mnovations m the field of 

B-keto sulfoxtde and sulfone dmmons, respecttvely 

0 0 0 

2 Base E+ 

% 8 CH, CHf 
e 

n-1.2 E-RX, RCHO. RC(O)Rl, RCO281 

It is noteworthy that these dmmons may be generated as either (Y,(Y)- (carbamon centers both (Y 

to sulfur group) or o,y-(only one carbamon center Juxtaposed to a sulfur moiety). Additional care 
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therefore, must be taken in recogmzmg which nucleophtic speues 1s mtended for use. 

0 

2 Base) iI 

R 
/ LA 

a,a'-dianion 
B 

e 9 

2 Base a,T-dianion 

Tamura and co-workers have reported alkylatlon, acylation and condensation rea&ons of CC,CX’- 

ketosulfomde dlamons 82 Further studies with these dlanions showed that Robmson-type annulafion 

processes also were possible ~th Q-unsaturated esters 83 

0 

JL ii Ph % 
8 2 

8 

Ph 

Ph 
50-685 

E - 
-Bn 
-C(OH)Ph2 
-CH(OH)Ph 
-CH(Ph)NHPh 
-C(O)Ph 

Yield 

955 
70% 
714 
75% 
52% 

One major advantage of B-sulfinyl dmmons over the acetoacetate congeners IS a pyrolytx 

elmunatlon of the sulfomde moiety to furmsh a latent alkene group Forbesa and Stevem? used this 

reaction combmatlon in their synthetic efforts toward sceletium and gephyrotoxm alkaloids 

0 

heat, 

0 i’ 1 
0 

_CH, 

% gephyroroxln 
223 
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Dianions of /3-ketosulfones have also been used iu creative carbon-carbon bond formmg tactics 

rncludmg an oxtdative coupling (see also Section III.(b).)86 and a stereospecrfic alkylauon *’ 

II.(d) &PhosphonyI and /3-phosphiiyl dianions 

Grieco and Taylor initiated studies that used bis-deprotonated /3-keto phosphonates m 

s*s&89 synthettcally useful ways. Like the /3-keto sulfone and sulfoxrde diamons, fl-phosphonyl carbonyl 

dramons are generated in erther the u,a’ or cu,y form. However, unhke the sulfur functronal groups, 

certain phosphonates may be susceptrble to attack by alkylhthnrm bases prompting the use of non- 

nucleophdlc bases 

Yield Ph+C’% &$+ P&ifH: E+, ph,~cH,E k-_ z 
0 0 PhC(O)Ph 65% 

0 1 NaH 0 0 

w -0 ?I 
‘P 2 v--O.” Rx ) 

H,C-0 
/ 

CH, H,C-0 
jp -A 

e C”, 
8 

R=He,n-Bu,iPr,Bn (65-75%) 

Interestingly, fl-phosphonyl diaruons have seen only sluggish growth A second pomt has been 

mcreased use of the 4-phosphl(o)nyl-2-oxobutanate dramons, compounds that possess a third stabrhzmg 

functronal group For example, the 4-phosphmyl draruons, generated by 2 equivalents of NaH, were 

used m condensation reactions Here, reaction occurs predommantly alpha to the phosphmyl morety, 

then undergoes Horner-Emmon’s expulsion of phosphme oxide to afford y,&unsaturated fl-ketoesters VQ 

Slmrlarly devrsed phosphonate drarnons condense with carbonyls 91-93 However, recent studtes rmphed 

that 2 equivalents of NaH or KH used m earher studies were msufficrent for duuuon generatron 91 An 

equrhbrmm of monoanions was suggested as the attackmg specres 

R>i,,,, R1c(o)R2 ) 

RO e El 

[ 

R”;~~oR~ NaH + 

RO RO e 
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/3-Phosphoryl carboxylic acid dmmons add to carbonyl compounds to furmsh alkenorc auds m 

good yield.%*% 0 

BnO 
>;J( 

0 
2 LDA BnO I: RlC(O)Rq OH 

BnO OH 
>P & 

BnO e 
0- 

2 BuLi 
RlC(O)Rg OH 

OH- o- - 

F F 

Tm-hthmm exchange was used to prepare 1,4-(homoenolate)dmmons of /3-keto phosphonates 

These dmmons were reacted wrth a vanety of electrophiles to provrde the 4-substrtuted adducts % 

Last, the phosphonylphosphmyl dranion has been prepared (NaH, BuLr) and reacted wrth a 

variety of electrophrles 97 

0 0 0 
iPr0 II II,OxPr 2 BuLi ll,OiPr m i? OiPr 

:P,P, VP' 
iPr0 CH3 iPr0 y 'CHZ iPr0 

‘1 
8 R 

II.(e) Vicinal &anions 

Suitably posrtioned electron wrthdrawmg or stabrhzmg groups penmt the formatron of vrcmal 

((~$3) dmmons V~cinal dmnions and germnal dmnions (Sectron II.(f)) are subJect to hrgh levels of 

coulombrc repulsron. However, desprte this seemmgly unfavorable factor, several mvestrgators have 

recognized then potential and made excellent synthetrc use of these mtermedrates We revrew these 

compounds by grouping them mto the cyclrc and acyclic versions (the former further focused by nng 

srze). Sectrons II.(f), III.(a), IV.(a) and IV.(b) contam resonance delocahzed dramons that also may 

exrst, m the vrcmal form 

Generally, vrcmal Qamons are formed from the double deprotonauon of vrcmal dresters and 

related carbonyl compounds although related stabrhzmg groups wrll be bnefly drscussed Drmethyl 

cyclobutane-1,2-dicarboqlate dmnior? reacts with l+dihahdes* and drester? to grve h- and 
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tncychc products. The physical propemes of the cyclobutene analog were studied.” 

h 
cop 

COzKe 

The correspondmg vlcmal dlamon prepared from a five-membered rmg was reacted mth epoxy 

halldes.102 The mcreased stab&q of cyclopentadlenyl carbamons prompted Ide’@j and Koreeda1047’M to 

strategically exploit ths particular dlamon. The dlamon of 3-lsobutoxy-qclopent-2-ene-l-one was 

utrllzed m the synthesis of conohn lo’ 

The most extensively employed cychc, vlcmal dlamons are the sut-membered rmgs. Garratt and 

co-workers reacted the dlamon of dlmethyl-4~cyclohexen-1,2-dlcarboxylate wth 3-bromo-esters (to 

furmsh decalones),lm bls-benzyl bronudes,‘” 2-bromo-epoxldes (to afford annulated lactones),“’ 1,4- 

Qhahdes (propellanes),los and alkynoates (ula a novel mechamstlc pathway) log 
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e CO,Me a I 

f3 CO$e 
CO,Me 

Cyclohexane-based v~cinal dlamons were used to synthesize valerane ‘lo Last among these cychc 

vlcmal species 1s the bqchc succImde dlanion, whch u-respective of m~tml exo or endo 

stereochemistry, alkylates predommantly from the exo face *I1 

Acychc v~mal dmmons have been explored to a far lesser extent. The diamon of dialkyl 

succmates reacts w-101 alkylatmg agents,“= carbonyls,“* and 2-halo esters”’ to yield functionahzed rings 
RO 

0 

80 

3 

e 

RO e 

0 

RlC(O)R2 

R-Et 

RO 

Rl 

ii- 

0 

80-8s 

0 Rl 

OR 

OR 

0 

43-864 

0 

RI 

ti 

CO,R 

56-8896 

R, CO,R 
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A brs-oxazohne dramon was reacted wrth a variety of drhahdes to furnish cychc and bmychc 

compounds.‘” 

Heteroatom-based vicmal dmmons (also Sectrons IIL(a), IV.(a) and IV.(b)) were explored by 

Koft and Wii. The dmnion of an o-keto armde was alkylated yreldmg an cx-atmdo tertiary 

alcohol?* 

0 0- 

4f 

2 2 LDA 

Ri 

NMe2 HNPA%+ 
% 

\* me2 
R2X b Rl*m=2 

0 
0 0 29-845 

The dianion of 6-methoxy-l-mdanoue has been reported.“16 Thus vi&al-type damon reacts 

predommantly at the 3-posrtron wrth electrophrles. Smce the product of the first reaction remams an 

enolate, subsequent substrtution also was feastble 

II.(i) ar,or -(geminal) diauions 

The Q,Wdiamons (gemmal dumions) once an unreahzed class of reactive mtermedlates, have 

been employed m transformatrons that primarrly utrhze the react&y character and resultant 

chemoseIectrvity than the tradrtronal regrochenncal advantages of dxtnions Many gemmal dtamon 

mtermediates bear carbonyl, sulfonyl and mtro as the dommant stabihzing groups Duuuon structures 

m this section are depicted 111 both gemmal carbamon and enolate-hke forms for clanficatron since 

there 1s a preference for both 

88 
R’ 2 eq base R' 

R 

RAso Ph 2 eq base ) 
2 

i Rxso 

0- 

- RA / 
2 

pb 

//shl 
0 1 

R-NO 
2 eq base 

- 
2 2 

I 
0- I 
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We have categorized this sectton by distmgmshmg each gemmal dianion type by the requisite 

stabilixing group. Thus, we review the chemistry of carbonyl, sulfonyl, mtro, and related gemmal 

dtatuons, respectively. 

Prior to tnvesttgattons by Kowalskt and co-workers mtttated 111 1980,117 only one Q- 

keto(carbony1) geminal Qamon had been reported. us Smce addttton reacttons would compete, these 

mvesttgators cleverly utrlixed a-bromoketones. These compounds are deprotonated first by anude base 

to afford the hthio enolate followed by a metal-halogen exchange to yteld the desrred cr-keto duuuons 

Both cychc and acychc halo-ketones serve as precursors for thts dtamon. Reactton of these dtamons 

wtth tnmethylstlyl chlonde to afford the dtstlylated enol ether and bts-ar-deuteratton provtded strong 

evtdence for gemmal dtamon existence Subsequent mvesttgattons estabhshed that gemmal dnuuons 

react wtth ketones and aldehydes to yteld alcohol products ‘lg It 1s noteworthy that lughly hindered 

ketones were coaxed into reactton with genunal dtamons ‘lg Under certam ctrcumstances, addmon of 

the second equivalent of alkylhthmm base also was found to mduce Hoffman-type rearrangement vta 

deprotonanon 120 

Br base 
B 

B 

LBr base ,,,_ base :kBr - [ ‘~~-*- 
I-l 

B/====O 

In mteresting usages of thts rearrangement reaction acychc and cychc esters may be homologated by 

one methylene”’ or converted to bromomethyl ketones.la 

0 0- 

K 
OEt 

+ R-C,C-O- 
R OEt 

e 0 

cY-Keto duuuons also may be prepared vta the cr-bromo enol acetates ‘~3 A recent extension of 

this dtamon methodology to the preparation of P-keto phosphonates, prevtously unavatlable by 

Arbuzov-type chemtstry, also has been reported.‘” 
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Unhke the mventrve approach reqmred for the carbonyl-stabrhzed gemmal dmrnons, the 

correspondmg o-sulfonyl mtermedrates are generated by stratghtforward reactron wrth two equivalents 

of alkyl-hthmm reagent Two early reports illustrated thrs fact a an E,cB mechamsm mduced by an 

cy-sulfonyl dramor? and, b condensatrons of the gem-diamons wrth aldehydes and ketones to furnish 

mtermedrate /3-alkoxrde carbamons which when metallo-exchanged for magnesmm, elumnated 

readily 1x 

Ph?o Ph * BuLib 
2 

phxso Ph RlC(O)RZ 
Ph 

0- 
2 

SO,Ph R2 SO,Ph 

A vanety of brfuncttonal orgamc substrates react wrth the drhthro-alkyl phenyl sulfones to 

provrde carbocycles m a two-stage, nucleophrhc displacement process 127-12g Slight varratlons on this 

theme using a second a-heteroatom functronal group to stabrhze the dramon makes possible the 

synthesis of carbonyl compoundsrM and vmyl sulfones,‘31 the latter vra a fl-phosphono sulfone 

0 

4 
(CH2)ncH2X 

l 

RxSO Ph 
2 

RlC(O)CHXR2 
F 

R-H 

XCH2(CH2)$H2X 
+ 

n-0,1,2 

X-Cl, Br, I 

64-80% 

45-85% 

(CH2)n 

60-72% 

Sulfone stabthzed gemmal dramons react wrth epoxrdes dmstereoselecttvely to form y 

hydroxysulfones m good yreld ‘3~ 

SO,Ph OH related 58-93% 
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Last among or,ar-sulfonyl duuuons, McComble and co-workers cychzed the dmmon of a 

sulfonylacetate onto an epoxtde to peld butyrolactones.lD 

81 

op”~R2 

)f\ SO2Ph 
0 

2 Base 

The mtro group, with 1tS low cu-pKa and resrstance to attack by alkylhthium reagents provides 

the perfect marnage of features needed to function as a stabihzmg moiety for gemmal duuuons In 

contrast to the carbonyl and sulfonyl groups, the nucleophhcny of a mtro stabilized a-carbamon is 

remarkably weak Gernmal dtamon formatron was envtnoned as a possible cure Seebach and co- 

workers found dramattcally enhanced nucleophrhctty of doubly deprotonated mtroalkanes toward 

esters, carbonates, aldehydes, ketones, and halides relative to the ar-monoamon 134~135 The discovery 

that allyhc mtronates provrde the expected cr-alkylatron product whereas the homoallyhc mtronate 

yields rmxture of OL- and balkylation is noteworthy ‘36 

e E 

NO, - Reti+' 
OH 

1 

E+ 
40-80% 

I 
0- 

NO2 

E-alkyl halide, ester, aldehyde, ketone, carbonate, anhydride 

H2CwN02 2 Base ) H2Cx+N02 ,E+. NO2 

ee 

E 

8 
E+ &dNO 

2 2 

“a” “b” 

Ratlo a b - 3~97 + 56 44 

Overall yield 40-82% 

Smxlar regrochenucal outcomes were noted wrth mtro-stabilized geminal dtanions that bear an 

additional stabrhzing group at the /3-posmon t” Specific condttions to generate either the gemmal or 

vlcmal dmmon of sample alkyl mtronates have been described 13’ 

Nnronate dtamons that carry 8-hydrov or B-ether functtonahtres are stable toward ehmmation 
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and condense wrth aldehydes and ketones to yield a dmsteromenc excess of the three (di)hydroxy 

mtronates m 7595% yreld lra An enanttospecific synthesis of furanosrdes used a chiral, mtro stabrhzed 

gemmal dmmon.‘39 
CH,OH 

0 OCH, 

No2 

/q 

CH2-CH-CH2Br 

A- 

‘7 P 

NO2 
NO2 - 

0 
=: 

X 
0 0 b 

X 

The a,o-dtamon of 1,3-dithrepin was used to prepare a cychc tetrathraethylene umt r40 

The extstence of certain gemmal dmmons has been challenged Desprte extensive 

experunentatton that show gemmal dtamons react as such, t3C NMR data suggests that the (Y,(Y- 

dtamons of benxylmtnle (PhCH,CN) and dlethyl benxylphosphonate (PhCHrP(0)OEt,), are 

monoamons complexed wrth a second eqmvalent of base 14* These data unply sequent& carbamon 

generation m carbon-carbon bond formatton than the reaction of a resrdent cr,ar-dmmon However, 

this study was m contrast to one that showed clear sulfonyl dramon formatron.t4” 

II.(g) Resonance-stabilized dianions143 

By vrrtue of a nerghbormg x-system, allyhc posthons may be readily deprotonated to furmsh the 

carbamon Where possrbie, two such “allyhc posrtrons” may be deprotonated to grve a dtamon This 

section reviews such specres worth particular focus upon allyhc and benzyhc brs-deprotonattons 

Alkyl halide? and dthahdes14’ react with the dtamon of several simple alkenes and dtenes 

(below) 2-Methyleneallyl dtamon reacts twtce wrth carbonyls and epoxrdes 146 Caprtahxmg on thts 

propensity for brs-addmon, 2-methyleneallyl dtamon was reacted wrth mtrtles to yreld a new pyrrdme 

synthesis t4’ 

H3cwcH3 
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A navel investigative approach was taken with the 2,3-dimethylene butadiene dianion.148 

Reaction with monofunctional electrophiles led to bis-adducts, 14g*1M while reaction with dihalides gave 

cyclic 1,Zdimethylene compounds. 

29 

E 
X(CH,),X ä w 

E (m2)n 

Xylenes and lutidines are converted to their dianions.isl Reaction with methyl iodide induced 

oxidative coupling but alkyl sulfates furnished alkylation products. Noteworthy was the production of 

cyclophanes by this method. 

qcH3EF+ 

CH3 

Q” jT: E&=l;;hanes 

eCH, 
X(CH2),,X \ 

CH2 

1 
cH JCH2)n 

2 

Also, symmetrical dimethylbiphenyls have been bis-deprotonated and reacted with alkylating 

agents in routes to cyclophanesrsr 

II.(h) Remote dianions 

Dianions generated by stepwise C-H deprotonations occurring at positions on a molecule with 

at least m intervening atoms or functional groups (to aid distinction from OI,CY’ and vicinal dianions 

for example) may be termed “remote.” Remote dianions generated from initial deprotonation of a 

carboxylic acid will be covered later owing to their popular use (Section III.(b)). Here we review 
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remote dramon drscovenes where the functronal groups used for stab&anon are erther carbonyls or 

sulfur-corltanlmg. 

1,2Cyclohexanedrone dramons undergo the aldol reaction 111 lugh @O-99%) three preference 

and good overall yield.‘s3 Presumably, a charr-hke transrtron state accounts for the enhanced three 

selectrvrty 

Remote duuuons of carboxamtdes have been used to construct heterocycles Kende and co- 

workers took advantage of sequentml condensatron onto an ester by an armde-based remote dramon m 

route to neooxazolomycm w A structurally stmrlar remote dramon was oxrdatrvely cyclrzed by Hryama 

to afford p-lactams r~ 

0 0 

RO OR 

f 

CO,tBu 

7 

9 
f 

CO,tBu 

Base+ I L e CU(OAC)~ 
R NAR R 

^r( 
NLR or NIS 

(40-80%) 

0 0 

0 0 

2 Base RO 
) 8 JVI 8 

OR R1C02Me 
* 

Seebach and co-workers mvestrgated y,&unsaturated carbonyl brs-deprotonattons that yreld the 

z-delocalized dianions shown below Reactron with electrophtles yrelds &y-unsaturated products 

makmg these dmruons d’-synthons 15’ 

R&$5 -R+“RLo, 2 Base 

Sulfur-based stabrhzmg groups are a favorite among C-C remote dramon investigators Hirat et 

al have reacted the dramon o 2-propargylthrothmzolme wrth alkyl hahde?’ and carbonyls”* in route 

to squalene Drthroesters also may be bu-deprotonated and reacted wrth electrophrles at the p-Is9 or 6- 
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posttion’60 (when an alkene is present). 

Thtoacetal-based diamons were used as cyclobutanone’61 and tnthrocarbonatesl’n precursors 

9 8 

(PhS)2-C-CH2CH2-C-(SAr)2 

PhS ‘SAr PhS ‘SPh Ars ‘SAr 

81% 12% 9% 

TSUJI and co-workers took an mtngumg approach to then unluauon of a sulfur stabthzed 

dtamon. In this study, a benzyhc carbamon, addmonally stabthzed by a phenyl thtoether, was 

generated [as part of a dtamon] to control favorably the side cham orientanon 163 The phenylthto 

group also served to block free rotatton of the side chant needed for effective mtramolecular 

cychzation 

Alkylatton of the dtamon of (allylthto)acetate occurs readtly and, after tsolatton and subsequent 

LDA treatment to mduce a [2,3]-stgmatroptc rearrangement, a dienoate 1s formed 164 The 01/y- 

alkylatton ratios ranged from 7 3 to 93 7. 

0 0 

1 2 Base 
b R 

OR ' RX OR + qsJOR 

li 1 LDA 
2 RT 

RF&OR 4i ::, 

E/Z . 9 1 

R+OR 

SH 

Remote dtamons stabthzed by a sulfoxtde moiety have been used to synthesize prostanotds 16s~166 

The last rematmng sulfur-contatmng remote dtamons are the sulfone stablltzed Hartman and 

Halczenko explotted the sulfone moiety for tts bidentate chelating abtlny,‘67 whereas Lansbury used 

thts dtamon type m an armulatton process ‘6~ 
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SO,Ph 
I 

SO,Ph 
\ 

I I 

SO,Ph 

I cf 1 2 Base 

2 
'*, 

(CH,),CN 
K 
I I 

20-25% 

Also notable remote dmmons are the 1,6-dlamons of azmes,16’ 1,8-dlamons of ethyl-bridged 

dlpyrazmes,lm and the diamon of dimethyl-2-carbomethoq glutarate that was used m the synthesis of 

deethylebumamomne “’ 

III. QC-bis-deprotonations 

Dlamon generation that proceeds through first deprotonatlon at an OH functional group has 

achieved considerable attention The attractiveness and advantages of this process mamfest pnmanly 

m clrcumventmg lengthy protection-deprotectlon sequences. Also, protected hydroxyls and carboxyl 

esters occasionally appear precanously positioned and may undergo an ehmmatlve pathway intended 

for carbamon-type reactions Thus, alkoxlde- and carboxylate-based dmmons may have grown m 

apphcatlon systematically from both economy and strategy 

III.(a) Alkoxide and oxime-based dianions 

The arrangement and mcluslon of specific dlamon types reqmres that diverse structures unthm a 

group be Justified Whereas bls-deprotonatlons of 8-hydroxy carbonyls and sulfonyls/sulfinyls, phenols, 

and related (remote and vlcmal) hydroxy-contammg intermedlates are obvious choices for this sectlon, 

we also include oxlme-based deprotonatlons Notably, a previous rewed assembled these species wth 

other amme-contalmng dlamons However, we make an orgamzatlonal dlstmtion m this review 

between deprotonatlons occurnng at mtrogen (N-H) and oxygen (O-H) functional groups We hope 

that this slight departure from the previous remew does not conceal any important dlamon 

contnbutlons 

Herrmann and Schlessmger were among the first to report a successful alkylation of dlamons 
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derived from fl-hydroxy esters. lt2 Further stu&es investigating the stereochenncal outcome showed 

that better than 90% stereoselectlvlty of three products was obtamed.‘%” The observed 

Qastereofaclal preference was attnbuted to mtramohxular chelation.” 

threo erytbro 

Hydroxy lactone dlamons have been mampulated to provide 2,3-trans-onented alkylatlon 

products 1781W Recogmhon of these alkylated cychc versions as the correspondmg acychc, erythro 

isomers furmshed an inventive alternative in the preparation of this antipode 179 

odR CH31 ) .xR R1oH FRio+R erythro - 90% 

Me OH 

Hydroxy-lactone dmrnons also condense mth aldehydes and ketones to gwe a range of 

stereoselectlvltles dependent largely upon the stenc component.178S180 

E R -1 

H t-Bu- 
H Bn- 
H Ph- 

H n-G,H,r Me Ph- 
Me n-CIA7- 
Me H-CSC(CH,),C&- 

ervthro 

100 
13 
10 

: 
1 
1 

three weld(%) 

1 34 
1 45 
1 43 

1 1 ;: 
15 60 
2 72 
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Clnral @lkoxy ester diamons have also been utlhzed m Chusen rearrangements to pro-de 

stereocontrolled access to the correspondmg cu-ally1 matenals 181-183 Chau-boat translfion state 

selectlvlty was an important factor m the (E)-enolate enhancement Application of tlus process to the 

preparation of the mycotoxm, botryodlplodm has been described 182 

Me 
R-Me 81 19 (44%) 

R-1Pr 04 16 (39%) 

The dlastereoselectlve alkylatlon of fl-hydroxy lactams has also been reported ‘~4 

not detected 

Another type of alkoxlde-contammg, carbonyl stablhzed dlamon IS the “distal” enolate Bls- 

deprotonatlon of certam fl-hydroxy ketones furmshes kmetlc enolates (as proven by TMS trapping) 

opposite to the alkoxlde cham 185~1s6 The resultant sllyl [enol] dl-ethers were used to prepare 

tetrahydropyranones Distal dlamons had also been directly used wthout conversion to the enol ether 

m the preparation of qumolones ‘*’ 

“distal” “proximal” 

The synthetic utility of ol-alkoxy dlamons has been evaluated When deprotonatlon proceeds 

alpha to a carbonyl bearing a hydroxyl group, a class of mtermedlates known as the enedlolates are 

formed These dlamons react at the ol-positlon to furmsh dl-substituted cr-hydroxy carbonyls 188~189 
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Smnlar stabihxatron by an alme to produce an rr-alkoxy diamon was used m synthetic studies of 

mrlbemyc@’ and in the synthesis of oxoalkanemtnles.‘91 

The “umpohmg” drthmne moiety also may serve to stabrhxe the second deprotonatron sue m CX- 

hydroxy dianions Cham elongated saccharides were prepared by this process lRla 

A smnlar experimental vantage pomt has been achieved wrth fl-hydroxy sulfoxrdes and sulfones 

Unlike the carbonyl-contarmng o-alkoxy dramons, sulfur molettes impart umclue characteristics to both 

alkylatlon and condensatron outcomes. The dramons of fl-hydroxy sulfones and sulfoxrdes are 

generated by the addmon of 2 equivalents of n-BuLi than LDA smce they are not as sensitive to 

alkylhthmms 

Dmmons of fl-hydroxy sulfones react well wrth alkyl hahdes,‘N’%T’98 aldehydes,‘94V’W and a-halo 

carbonyls lw A noteworthy observation m the sample alkylauon reactions was that, as opposed to the 

carbonyl analogues, sulfonyl dtamons furmsh the more stencally demanding erythro products (So-100 % 

de)‘% In two instances,‘94*‘9s furanones were produced by subsequent cychxatlon, mcludmg an 

optically actrve synthesis that proceeded via a Bakers yeast reductton to furnish the precursor hydroxy 

sulfone?95 

OH 

A 
0- 

2 BuLi e 

r( 

s 
Ar-SO, OH 

H 
Ar-SO, R Ar-SO, R RI R 

t 

Ii Elz ervthm 

Me CHr = CH,CH,Br 
Me Me1 :: 
r-Bu Me1 78 
i-Bu CH, = CH,CH,Br 
Bn CH, = CH,CH,Br :: 

27 
49 

y&d 

83% 
98% 
72% 
78% 
69% 

Tamkaga and co-workers contributed an excitmg new addruon to p-hydroxy-based dmmons fl- 

Hydroxy sulfoxides, available via dr-rsobutyl alummum hydnde reductron of the correspondmg ketones, 

are alkylated m good yields and dlastereomenc excesses m threo/eythro ratios similar to those of the 

carbonyl compamons ‘W@I Direct comparison to the sulfone derrvauve further showed the anomalous 
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behavror of the aforementroned sulfone toward preferennal erythm products lgg In part, such outcomes 

are due to chelatron and stenc effectsm The addmonal chtral center at the sulfoxtde motety also 

rarses new and exutmg possrbrhtres for chiral molecule mampulatron. 

,Ll+ 
I ‘o- 

kfl,'"“. 

Me 

li 

Me- 
r-Bu- 
n-W*,- 
Bn- 

ervthro 

11 
: 

3 

Yield(%) three 

89 86 
96 96 
;: 70 

84 

Alkoxtde-contarmng dtamons m which the second deprotonatron occurs by abstractton of a 

proton from an allyhc (or allyhc-type) position have been mvestrgated Dmmons from methallyl 

alcoho1,202SM3 croty1,204 srlyl-subsmuted crotyl,lM and related*&% materials have been used m synthetic 

schemes Alkylatron and condensatton reactions followed by oxrdatron of a hydroql yrelded 

lactones 202W The present e of the allylic srlyl moiety estabhshes a conJunctwe reagent possessmg both 

nucleophrhc and electrophthc character 205 

Some representative alkoxide-based allylic dianlons 

Important to the productton and utrhty of these duuuons ts concern wrth vmyhc versus allyhc 

deprotonatton 207 Methallyl alcohol IS metallated at the vmyhc posrtton wtth n-BuLt/HMF’A m 

hexane2W but 1s deproto nated at the allyhc position wtth n-BuLr m ether or THF *lo 

A somewhat mdtrect but nonetheless mtrigumg route to an alkoxtde-contatmng allyhc dtamon 

proceeds vra a phosphate-phosphonate rearrangement *I1 Inttral methylene deprotonatron of an allyhc 

phosphate induces transposttton to the a-alkoqhosphonate A second equivalent of base then 

furmshes the allyhc dtamon 
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The dmmons of propargyl alcohol,‘t”” pyrrohne-3-methanol,2” and 4-brphenylmethanol*” have 

been mvestrgated. 

Dmmons contaming a phenohc group also may be first deprotonated at thrs sate Although such 

processes would seem commonplace only a pauaty of work has been reported Perhaps, such dnunons 

are not duly advertrsed by the mvestrgators avordmg reference collectron Phenohc-based dmmons 

deprotonated at enolate21&2” or benzylics*W1g postttons have been reported as has an evaluatton of 

cresol dtamons 220 

An mterestmg path to alkoxtde-based diamons uses hthmm-tm exchange reactions The 

regtochenucal installation of a vmyl carbamon provtded an effictent route to substituted 

tetrahydrofurans =* Smnlar transmetallatron-based dtamon creations prepared from alkanes have been 

reported”9w as well as hthmm-halogen exchange routes z~ 

Cohen and co-workers mvestrgated the umque properties of alkoxrde tmoacetal dmmons 225*u6 

It was postulated that o-alkoxy thtoacetal dmrnons behave as carbene-like= whereas more remote 

posmomng of the amon centers results m more tradtuonal reactrvny profiles. 

Last, we review some recent contributions utrhzmg oxrme-based dmmons Much of the 

prehmmary work conducted m this area has been reviewed ’ Contemporary addrttons to the field have 

focused pnmanly upon the preparation of isoxazoles/pyrazoles,ss’~ azetidines,ug and qumolmes,sM 

although interest contmues in alkylatton,u1z2 aldol,” and sulfenylanonu3 reacttons Importantly, only 

the Z-isomer of certam oxlmes forms a dtamon and the aldol reaction of these mtermedtates is not 

dtastereoselectlve zss Use of the furan aldoxime diamon to furnish the 2J-dtsubstttuted heterocycle IS 

a noteworthy addmon 24( 
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N/oH 
R2C(o)R3 ) R 

R 
1 

2 Base) LR 

R 
1 

8 

(E does not form dianion) 

III.(b).1 Carboxylate-containing dianions 

Because excellent revrews of cy-carboxyhc acid diamons already exrst,4’ssbD attentron m this 

sectron 1s given to those artrcles appearmg after 1982 or-Carboxyhc acid diamons contmue to be 

attractive intermediates for regtoselectrve C-C bond formatron, precursors for fl-lactone rmg formation, 

and other carbo- and heterocychc rmg-formmg processes 

OH 
2 Base 

o- f--) 
R R 

0 0 o- 

Sample ar-carboxyhc acrd dmmons (R=H, alkyl, aryl) appeared wrth new applications m the 

preparation of medrcmally active compounds such as serme protease macuvatorsu6 and 

hypohprdermcs 237 

Black and co-workers”&t12 made contmued use of alkyl carboxyhc acid dmrnons m studies of 

the dyotroprc rearrangement Condensatron of ahphatrc cr-carboxyhc acid dmmons wrth aldehydes 

affords, after cychzatron, /3-lactones Upon treatment wuh MgBrr rearrangement to butryolactones 

occurs 

Ry- R1CH2CHOb ho_ H+ ) Rso %Br,) ‘I$)@’ 

0 

Mulzer elucidated specdic stereochermcal aspects of a-carboxyhc acid dmmon addmons 243245 

Under kmetrcally controlled condmons, the dtamons add to aldehydes to provtde high threo/eythro 

product ratios when bulky substnuents were present and a correspondmg low threo/etythro ratio when 

a low charge/radius ratio of counterron (M+) was used t13 Such mfluences also were proved in 

addmons to c&unsaturated aldehydes and ketones, the former matenals being attacked 



Dramon chennstry 
4253 

o-M+ 

8 

/\I( 
o- 

B + qclio - /v co,-H+ 

Rl 5 

0 R 

three 

regiospecrfically, and reversibly 1,2, whereas ketones react trreversrbly by 1,2- and 1,4-processes 2~4 

These experiments were used to advantage in the synthesis of some natural productsx5 

Some recent examples that have expanded the reaction repertorre of o-carboxylate diamons 

include addrtron to mtro-olefins,246~7 diphenylmethylsrlyl chlonde,248 and azrndmes.249 

o-u+ 

+ 
R+co,-M+ 

i 
R 

erythro 

RICH-C(B2)N02 
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8 o- 
R /\I( 

Ph2HeSiC1 
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0 
0 

c-f 
N 

RI 

OH 

SiMePh, 
I 

“r, OH 
R 

0 

0 R 

RJHN/JKOH 
1 

0 

Two mterestmg reports descrrbe the d:merrzatron of the cr-cyclopropyl carboxyhc acrd dramon2s0 

and an ene-type cychzatron, zsl both of which are thermally mduced 

CH3 

185 'C CH, 

OH 

0 
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cr-Heteroatom-subsututed carboxyhc acrd dtamons also Increased m use Tanaka and co- 

workers found that a-methylthro based dramons react successfully wrth alkyl hahde?’ and carbonylszs3 

Oxrdatron followed by thermal ehmmatron of the sultinyl moiety affords or,,%msaturated lactones 

Brs-throether or-carboxyhc acid duuuons react wtth alkyl hahdes, epoxtdes and azrndmes 254Vzu 

Throacetal deprotectron affords the cu-keto acrds 

RS 0 
E Cl 

e H E-+ RS 0 

+ ti 

NBS 

* +f 

OH 
E 

RS 0- RS OB 
0 

Sumlar alkylations of cw-chloro and o,cr-drchlorocarboxyhc acrd dtamons have been 

reported rs6zs7 Reactron of either of these two specres wtth aldehydes proceed through Darzens-type 

condensatron to afford epoxrdes 256Y258 

Belletlre and co-workers umquely uubzed cu-carboxyhc acid Uons to form vrcmal drcarboxyhc 

acrds vra oxrdatrve coupling A vanety of substituents tolerate both dianion and oxtdatron steps 

makmg this approach ideal for the constructton of symmetncalzs9J60 and unsymmetncalX’ vlc-dtacrds as 

well as natural products m*261 Reacuon of an o-iodo carboxylate wrth the ar-carboxyhc acid dtamon 

was used m the constructron of hgnan prototypes 265 An adroit electrochenncal mvesugatron of dtamon 

oxtdatton and pqs (approx 30) has also been reported 266 
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R CO,H 
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) Rxco2H 

Rl CO,H 

Next, we will cover carboxyhc acid dmmons that react predommantly at posmons other than 

alpha (mcludmg alkene-contrumng dmmons) Drfficulty in classi@mg these latter materials emerge 

since many factors mfIuence the regroselecuvuy of theta reaction Such detarled coverage 1s beyond 

the scope of thrs revrew In general, selecttve o-alkylation may be obtamed from the hthro-dienolate 

and y-alkylauon with copper countenon. w7 Other examples that either alkylate or condense 

predommantly at the alpha position despite resonance delocahxation have been reported 268270 

III.(b).2 Remote Carhoxylic Dianions 

This sectton describes the utthty and reaction management of dmmons prepared by mual 

deprotonatron at a carboxyhc-OH followed by carbamon generation at a site other than alpha to the 

carboxylate These “remote” dmmons occur because either the o-carboxylate position(s) Is/are 

unavailable or a more acuhc proton appears elsewhere m the molecule These dlamons proved to be 

important tools m diverse structure manipulation as well as C-C bond formation Moreover, the 

carboxylate moiety is frequently smtably positroned for synchronous cychxatlon to yreld heterocycles 

Comprehenstve deuuls on spectfic dmmon species m thrs class through 1982 are available s Some 

duplication of reactions was necessary to illustrate certain examples 

Synthetic strate@sts have used a wide array of remote functional groups to serve as stabilizers 

for the second deprotonation site. As such, mdrrect information about the comparative [a-carboxylate 

to other] carbon acidities may be gleaned The placement of a second amomc center at a position 

distal to a carboxylate should be energetically more favorable than concentrating two negative charges 

However, or-carboxylate dmmons are easily formed forcing a remote stabihxmg group to furmsh a more 

enhanced C-H(o) acidity Although no systematic study has been conducted that evaluates competmg 

remote vs or-carboxylate deprotonations, we supply a variety of examples that will be mstructrve m 

illustratmg this competttion 

We wdl partition this next dlscussmn mto the choice of second stabthxmg moiety Examples of 

functional groups revrewed are a. aromatic and heteroaromatic systems (metallatton and lateral 

deprotonation), b alkene, c alkyne, d carbonyl/carboxyl, e. sulfinyl and sulfonyl, and f. nuscellaneous, 
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respecnvely. 

o,m,p-Tolmc acid dlamons have been generated, alkylated, and m the case of pura, oxldatlvely 

coupled 2nJn As expected, the ortho andpara isomer d1amons formed far easier than the metu due to 

decreased resonance stabilization of the latter 

Remote carboxylic acid dlamons tethered to five-membered heteroaromatlcs also have been 

mvesugated. Interesting re&ochemmal preferences for rmg deprotonauons have been observed In 

cases where the heteroaromauc nucleus bears an alkyl substituent, metallation or ‘lateral” (removal of 

an alkyl group proton) processes may predommate Specific examples of both are presented 

Unsubstnuted furan and thiophene 2-carboxyhc acids are metallated predommantly at the 5- 

posrt1on whereas the correspondmg 3-carboxylic acids are metallated at the 2-posmon 2739274 

/ \ 

% 

OH -A) J’\ 
% 

E+ O- - 
X X 

0 0 

&- 2 &O- E+. 

E 

0 

0 

OH 

x - 0,s E - RI, RCHO, RC(0)RI, TM-Cl, etc 
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Throphencarboxylic acid dramons were more reacttve than the furorc counterparts M Reacuon of the 

furotc acrd dianions with a vanety of electrophiles- proceeded smoothly as did the 

throphencarboxyhc acid dianions.- These model studies were used m the total synthesis of 

eudesmanolides- and wyerone.27% Furan rmg metallatron occurs in the presence of an alkyl 

groupm4 whereas alkyl substttuted thiophene carboxyhc acrds undergo alkyl (“lateral”)279 

deprotonatron.280 Snmlar lateral dtanion generatron methods have been observed for 

thraxoles/oxaxoles281 and isoxaxoles= and explorted m the preparatron of the guamne sesquiterpene, 

gmQdtone.uU 

only where X - 0 
I x-s 

Extension of this approach to benxofurancarboxyhc acrds leads to sole secondary metallatron of 

the heterocycle 2&1S285 The benxofuran-2-carboxyhc aad dramon rapidly reorgamxes to form 2-hydroxy- 

phenylpropynorc aud Lateral deprotonatron m the case of 3-methyl-2-benzofurancarboxyhc aad and 

2-methyl-3-benxofurancarboxylic acid overrides any benzene ring metallation.284 

fast 

0 

GC 
K OH 

a =I 
C/ 

OH 
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Certam compounds bridge the structural and reactrvrty gap of a-carboxylate and remote 

carboxylate dramon types. Dienolates denved from brs-deprotonatron of crotomc acid denvatrves serve 

as a useful starting example. For the most part, expert evaluations of a versus y attack m carboxylate* 

and the related ester enolate systems% have been covered m pertment revrews. It IS instructwe for 

thrs review to s ummanxe certain points of mterest to aid coverage of these related &amons 

A comprehensive mvestigatron of Qenolates derived from a&unsaturated carboxyhc suds 

showed that a-alkylatron predominated when the counterion was hthmm, but T-alkylatron occurred 

when the metals were exchanged for copper za’ Smular regoselectrvny reversals were reported wrth 

HMPT as an addmve 288290 Rrgrd attenuation of these condrtrons were required to synthesize 

malyngohde 289 Under specific condmons 3-methyl-2-butenoic acrd dmmon reacts with total 

dutstereoselectron at the y-positron leading to the Z-contlguratron.291 Carbon-13 nuclear magnetic 

resonance studies of this dramon suggest a delocalized structure wrth the metal located above the 

plane of the ConJugated system 292 

OH 

The &amons of trglic and crotomc acid successfully condense wrth aldehydes and ketones, but 

at elevated temperatures reversal of the a-condensation reactron occurs ;193 

A synthesis of butenohdes from 3-phenylthio-2-phenylthro-propenoic acrd dmmon was 

accomplished through y-condensatron 2w 

In summary, a variety of condmons (stencs, temperature, solvent polarity, countenons, and 

additives) has been found to affect the regiochermstry of a&unsaturated carboxyhc acid dmmon 

reactions. Thorough consultation of the specrfic system under consrderation wrll greatly aid future 

investigations 

Carboxyhc aads contaimng an alkyne moiety that bear the second carbamomc site at either the 

alkyne termmus (propynoic acrd) or the propargyhc methylene (2-butynorc acrd) form dmruons 

Propynorc aud dmmons serve as acyl acetate eqmvalents m reactrons wrth epoxrdes to furmsh the S- 

hydroxyacetylemc acids 29592g6 Subsequent conlugate addmon of methanol or reductive cycllzation 

affords 5,6-drhydro-2H-pyran-2-ones that were further used successfully m the synthesis of pestalotm 295 
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The propargylic carboxylate dramon of 2-butynoic acrd reacts wrtb electrophlles to provide a 

2.21 nuxture of alkyne-allene alkylatlon products~~ss m a result not unhke that of the or&alkenotc 

actd dmmons Sumlar ratros were reported for condensatrons of this dmmon wrth aldehydes and 

ketones 2WW 

R 

0 

8 H,C-CCC 
3 

o- RI RrcEc 

r12c=c_ 

5= 
0 

HO 

A second deprotonatton sue may be Induced alpha to a carbonyl/carboxy moiety in the 

presence of the carboxylate. Esters, ketones, and anudes stabilize remote carboxylate dramon 

formatton. A few representauve reports are mcluded herem 

Monoesters of succrmc acrd are converted by bthmm amide into /3-carboxylate dianions that 

react readtly wrth a variety of alkyl hahdes and carbonyl compounds 111 modest to good yield 30’ 

Extension of the mtervenmg methylene cham to five carbons does not alter the success An 

e-carboxylate dmnion was produced and successfully condensed wtth a cyclobutanone soz A recent 

report explored remote carboxylate dtamons stabrhzed by ketones wrtb msulatmg methylenes 3o3 

Itacomc aad monoesters are deprotonated alpha to the ester morety x4 
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Cl 
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,SLactam chemrstry has also been pervaded by remote carboxylate dramon methodology 

Clever usage of the second amtde deprotonatron site rmtrated a carbon-carbon bond condensatron 

reqmred for the synthesis of threnamycm Notably, the armde stabrhzed dramons of both /3-m and y- 

dramonr? were achreved wrth very little destructron of the /3-lactam rmg 

OH 
OH 

Carboxyhc acids wrth a remotely posnioned sulfinyl or sulfonyl group are deprotonated adJacent 

to the oxrdrzed sulfur rather than alpha to the carboxylate In a comparrson of phenyl sulfenyl, 

sulfinyl, and sulfonyl propanorc acrd dlamons, Iwar et aL found that the suEmy and sulfonyl group 

assisted ol-deprotonatron whereas no evrdence of cr-phenylsulfenyl deprotonatron occurred (ehmmatron 

predommated) m The dmmons derrved from 3-phenylsulfmyl and sulfonyl propanorc aads were used 

m a butenohde synthesis 

n - 1,2 (40-70%), RI/R2 - aryl 
n-0, no dlanion formation 

or alkyl 
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In a fme extension of thrs work, (+)-(R)-3-[4-metbyphenyl)sulfinyl]propanorc acrd was converted 

to its dianion and condensed with aldehydes to furmsh chiral butanolides”s Pyrolyttc elimination 

removed the cbrral appendage to furmsh tbe requisite chrral butenolides. 

0 

+ 

3 2 (65-904) 

R - tBu, Ph 

A subsequent study from the same laboratory formed the diamon of a-methylene-y- 

(phenylsulfmy1)butyr-x acrd and reacted rt wrth aldehydes and ketones to afford o-methylene-b- 

lactones M9 

0 

ii 
0 

2 LDA 1 
0 v 
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,S - .s 
RlW)R2 

Ar 
+ 

OH Ar 
+ 

o- 
e 

CH2 CH2 
+ 

RI 

R2 

OGSLAr 

41-664 

Work m the authors laboratory has focused upon the structurally smnlar 4- 

(phenylsulf’onyl)butanorc acrd diamon Brs-deprotonauon affords the remote dnuuon A study of the 

effect of bases revealed that 2 equivalents of n-BuL.i were necessary for complete conversion to the 

duuuon 310 Reaction of this dnuuon wrth alkyl hahdes, 311 aldehydes and ketones (whrch yreld lactones 

after cyclization),310~312 activated immes (to afford prpendmones),313 and epoxtdes,314 have been 

effected The phenylsulfonyl lactones react with 6% Na/Hg amalgam to provrde y&unsaturated 

esters,3’0 the equivalent of four-carbon homologauon used successfully m the syntheses of a simple 

pheromone 315 The substrtuted prpendmones do not readily undergo reductive ring opemng,3*3 and 

have been applied to the synthesis of mdollzrdmes,316 and aza-spirocycles related to 

perhydrohrstrromcotoxm 317 
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In perhaps the largest distance between amomc sites, Julia and Badet reacted the dramon of ll- 

@henylsulfonyl)undecanoanolc acrd wrth alkyl hahdes m routes to exaltohde 318 

Last, although not strictly classified as a carboxyhc acid dramon, 1s cr-hthto trrmethyrsrlyl hthmm 

carbonate, which substrtutes as a methanol dtamon eqmvalent 31g Esters, armdes, mtnles, and acyl 

halides all serve as electrophrles for thrs mterestmg reagent 

0 

0 0 0 
set-BuLi 

-TX50 o- 
K 

RC02Et 

K 

R 

o- OH 

IV. N,C-bis-deprotonations 

An excellent revrew mcludes dramons m this classrfrcatron covermg the hterature through 1976’ 

We shall include only reports that have appeared smce 1976, or that were ormtted from that revrew 

These dmmons are generated by proton abstractron at mtrogen first followed by carbamon formatton 

As wrth O,C-dramons, the ease of deprotonatron or metallatton vanes greatly wrth the carbon and 

mtrogen substttuents It 1s most convement to group duunons of this type mto three categones a 

armde based dtamons, b amme based dtamons and, c carbamate based dnunons The armde subclass 

also includes thloarmde and sulfonarmde dtamons Agam, as this represents somewhat dtfferent 
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orgamzauon than a pnor revie\J, we regret any resultmg confusron 

IV.(a) Amide-containing dianions 

Amide dianions are of the general structure shown below. 

Zcn2(cq,C(O)WHI( 
Base+ 2 

Z-:H-(CH2)a-C(o)A-R - z-&-(CH2),-C-NR 
I 

Z-electron withdrawing group 0- 

The syntheuc use of vrcinal dmmons of amtdes has been the SubJect of many mvesugauons In 

1973, Koppel reported the dnect C-6 epmermatlon of a pemclllin via a drarnonm 

CO pe 

Regtoselectme alkylation of the dmmon of ethyl hrppurate was used to synthesrze some cr-ammo 

acrds 321 Acylauon of thus dmmon wnh acrd anhydndes forms a-ammoketones 322 The attempted 

acylatton of the dmmon wnh ace@ chlonde faded, but was later reported to proceed under improved 

reaction condruons wrth the dmmon of methyl htppurate 3w This latter report also asserts that other 

acid chlorides react m moderate yrelds when hthmm hexamethyldlsrlazrde IS used as the base. Yet, 

condensatton of the methyl htppurate dmmon wtth aldehydes and ketones (to produce cr-ammo$- 

hydroxy ester denvauves) proceeds m good yield and does not appear to be senstttve to the base used 

/. 

PhC(0)NHCHC02R 

R2C(OD 

C(OH)R3R/, 

2 Base R$(O)R4 
I 

PhC(0)NHCH2C02R- PhC(0)N&02R PhC(0)NHCHC02R 

- \ 
R5X 

R5 
I 

PhC(0)NHCHC02R 

Fmally, N-acyl-a-ammo ester dmmons have been used m the synthesis of subsmuted senne 

denvauves 3X 
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2 Base 

Another amide diamon is the &-type shmlar to that found m a-carboxylate Qamon systems 

(Sect III.(b).l). The regroselectrve alkylatron of a &la&am dramon led to &&tam prostaglandms 3z 

The y-alkylatton of protected prperazmones employmg a variety of electrophrles has been reported= 

as has the regioselectrve C-3 alkylation and 3,3-dialkylatlon of the dmmon of oxmdole Thrs latter 

transformation shows the remarkable selectrvrty of Qamons of this type worth almost no N- or O- 

alkylation 327 E 
8 - 7 E+ 

RI *\R 
2 + RI 

“Ir 
RRLR 

2 

0 0 

The dmmon of N-(trrmethylsrlyl)-acetarmde was reacted wrth a varrety of electrophrles to gave 

C-alkylatron and acylatron products m moderate ytelds 3zs The use of the tnmethylsllyl group lends 

solubrhty and stabrhty to the acetamrde m these transformattons 

S1Me, 
I 

H3C 

K 

NH 2 BuLl 

0 

NH 
R 'SlMe3 

0 

1 
R2zjq.( 

NH 
'SxMe 

OH 0 

R3~m\Sdie3 

0 0 

The ol,cr’-dmmon of acetamhde was utrhzed by Takahata and co-workers 111 the synthesis of 5-alkyl-y- 

lactams as The N-pyndyl- and N-thuuolyl-dertvatrves of thts dmmon have been employed m the 

synthesis of the antrarthnttc and analgesic 4-hydroxy-3-qumohnecarboxanudes 3M 

0 0 0 

HA= 
2 Base /Ax R .HO 

HN N 
8 _ 
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Domagala and co-workers have reported the generation and aqlatton of pyndone duuuons 

(cychc anudes) as a route to pyndones with functtonahzed side chams a1 The synthetic uses of 

pyndone dianions to mstall5-positional substituents have been mvesngated ssz The formanon of an 

atuon at the 5-position was facrlitated through a halogen-h&mm exchange at -1WC and provrded 

selectrve substitution upon reaction with various electrophrles 

Tm-hthmm exchange to form anude dtanions has been used m an analogous manner to that 

prevrously Qscussed (Sect. II.(d)) Duuuon reactions of N-phenyl- and N-methyl-3-(trr-a-butylstannyl)- 

proptonanude wrth electrophrles provrde subsmuted amides 3u However, a second repor?% indicated 

that a phenyl substrtuent at the 2-position of the propronanude induced a rearrangement to the more 

stable 3-phenyl subsmuted dramon This rearrangement was slow at lower temperatures (below -40°C) 

presumably proceeding vra a cyclopropane mtermedrate 

ph,NH~snBu 2 Base b P-,&v:H2 E+ ‘kNHLE 
3 

0 

-+ 

e 

Ph 
'N 

CH2 
rearrange 

Ph 

Reactions of the dlamons of c&unsaturated armdes wrth various electrophiles have been 

mcorporated mto many synthetic strategres. Fttt and Gschwend devrsed a synthetrc route to (Y- 

methylene lactones and ar-substrtuted acrylanudes from the duuuon of N-tert-butylmethacryhumde us 

Also, Tanaka and co-workers used the dramon of N-(o-methoxyphenyl)-2-methylpropenarmde in the 
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preparatron of substituted cu-methylene lactones.sx 

when E-R,C(O)R2 

routes to + 

Isomenzatron and alkylation of (IS)- and (Z)-2-formylammo4methoxy-2-butenoate were 

accomplished via the vminal dmmonsB7 

, 0 
8 

He ii 
(7-3 - -f 

H 

H co21Et H C02Et R C02Et 

The added stab&y of aromattc substttutton has played a role 111 the generanon of several N,C- 

dmruons The regtoselecttve C-alkylatton and C-acylatton of the dtamon of phenyl-(Z 

pivaloylanndophenyl)-methane has been employed m synthettc approaches to alkaloids 338 Ortho- 

hthtatton of N-phenyl armdes led to prpendmols from N-prvaloyl-4~chloroamhnessg and the synthesis of 

ebselen from benzanihde s40 The mam dtfference m the two ortho-hthlatton approaches hes m the 

formation of a carbon amomc center ortho to the mtrogen m the former case and ortho to the carbonyl 

carbon m the latter case The preferentml formation of the amon on the carbonyl-substmited rmg as 

opposed to the mtrogen-substttuted ring is presumably due to the electron-wrthdrawmg effect of the 

carbonyl and chelation of the enolate 

2 RLl 

As wuh prevrously discussed dtamons (Sect. II and III), sulfur and sulfone stabrhzatron of the 

carbamon of amide dmmons has been frequently Integrated into synthetic strategres The addmon of 

an cr-phenylthroacetamide (1,3) dramon to dnodomethane provrded substttuted /34actams 341 Remote 

sulfone stabihzatron of armde-based dtamons ytelded the reaction of N-monosubstrtuted-3- 
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@henylsulfonyl)-propananudes with carbonyl compounds to gwe y-hydroxyanudes (which were further 

%* elaborated to furanones). The dianion derived from N-phenyl-2-@henylsulfonylmethyl)- 

propenarmde was used 111 the preparation of Q-c&unsaturated armdes,w3 3,4-epoxy-2- 

methylenealkanolc acid derivatives,” or-methylene-/3Jactams,~ and cw-metbylenecarboxarmdes.346 This 

dlamon 1s very similar to the amide dlanion previously noteda although the presence of the 

phenylsulfonyl moiety lends added stab&y 

PhS 
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HN/ 
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a NHR 
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N- NH 
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OH 

NaBH& 
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Dlamons of thloanudes are depicted as the resonance structures shown below a,&-Dlamons of 

S 
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thus type have been the subject of numerous recent mvestzgatzons Set-thioarmde dmnions react wrth 

alkyl hahdes,” aldehydes,% ally1 hahdes,349 and condense with aldehydes m hrgh dmstereoselectzvny, 

gwmg zhreo products when the base was z-PrMgBr. The allylatzon reactron also proceeds wzth hrgh 

drastereoselectivrty, confirmmg the earlier assertion that these dianions exrst primanly m the Q-enohc 

form An cr-phenethylamme-denved throamtde dramon was reacted wrth acrolem to provide 

unsaturated 8-hydroxythroamides m a syntheses of N-protected statme 3~’ 

R 
I1 

NH e 
\R 2 B&1) N,R 

S S 

CH2-CH-CHO 

3-(Trr-zz-butylstannyl)-throproptonamrde was transmetallated3uT” and the dmmon reacted with 

aldehydes and ketones to provrde y-hydroqthroamtdes 3~’ Reactions wtth o&msaturated carbonyls 

gave lower yrelds, presumably due to some 1,Caddmon The throamtde dzazuon provrded higher yrelds 

of addrtzon product than the corresponding amtde dramon 

Rl,NHLsnBu 2 BuLi. Rl,,LCH; R2C(o)R3+ R~,NH+HR3 
3 

R2 

Sulfonamtde dzamons constitute the final sub-category of azmde dzamons and possess the basrc 

structure mdzcated below ‘Plus group IS further separated into dzamons of alkanesulfonamrdes and 

tosylhydrazones 
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The dumion of N-protected methanesulfonamide reacts chemoselectrvely wrth various 

electrophlles 1sz A subsequent mvestigation prepared /3-ketosulfonamides that were elaborated mto 

heterocycles 3s3 

2 Base 8 
-S-HN-Ph 

H3C II 

: 

H2C-fl-f-Ph 

E+ ) B&j-, 

0 0 

The unsymmetrical coupling of acylsulfonanude dlamons with lodocarboxylates provides a 

umque syntheses of lactones 354 These dmmons were used advantageously for the regtoselectlve 

alkylatlon of (camphorylsulfonyl)unme dtamon at the o-carbon 3~’ 

/ CO_Na 
e ii 

Ph ‘So; 
Ph ICH2C02Na 

0 

Generation of /3-sultam diamons and reaction with a variety of electrophtles formshed an efficient 

method for side cham mcorporatton m the synthesis of /3-sultam analogues of /I-la&m antiblotrcs ss6 

E 

2 BuLr 
rl- 

j--l" E+) 

HN -so, N-SO, HN-so, 

Investrgations of the synthetic utdtty of tosylhydrazone dramons have contmued. The Shapiro 

reaction,JS7 the thermal decomposition of tosylhydrazone dramons to form olefins, has been frequently 

employed. The diamons are reacted with electrophtles followed by treatment with another equivalent 

of base for dlamon regeneration and subjected to Shapiro thermal decomposttron conditions For 

example, the reaction of tosylhydrazone dlamons with aldehydes and ketones provided &(hydroxy)- 

tosylhydrazones that were converted mto homoallyhc alcohols 358 Shmlarly, Adhngton and Barrett 

reported the reaction of tosylhydrazone dtamons wrth aldehydes and ketones m a synthesis of CY- 
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methylene-y-lactones,j59 and ketene equivalents m a synthesis of dlmethylene tetrahydropyranone and 

furanone denvatives 36o 

Ts 

I 
Ts 
/N 

'N R1C(O)R2 R 

.,,A-+ 

Allyhc dlthlocarbonate tosylhydrazone dlamons were exammed for the re@oselectmty of alkylatlon 361 

The same group also reported the use of the tosylhydrazone dlamon to effect a 1,Zcarbonyl shift 3~ 

Under the Shapiro condltlons, the alkylatlon of tnsyl- and tosylhydrazone dmmons furmshed vmyl 

carbamons that were trapped by a variety of reagents 365 

Finally, the ortho-hthlated dmmon of benzophenone tosylhydrazone was generated via metal- 

halogen exchange and reacted wth several electrophlles 364 Subsequent mampulatlons provided 
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interesting heterocyclic compounds 

RN-Ts 
N' N’ 

ii -Ts HN-Ts 

IV.@) Am&-containing dianions 

Rcmal diamons of benzophenone am1 and related compounds have been the SubJect of many 

reports. Whde m&d studies proved that alkylation v&h alkyl hahdes occurred pnmanly at carbon,% 

later reports found that reaction with acid chlorides was accompamed by rearrangement from C-acyl to 

N-acyl products 36~~ This rearrangement was found to occur wth a vmety of acylatmg agents, yet 

metallatlon wth hthmm than sodmm resulted m clean C-acylation 367 Fmally, alkylation studies wth 

hindered alkylatmg agents gave evidence that the mechamsm for this transformation may proceed via a 

smgle electron transfer step 36g 

I RI ) Ph+(R)NHPh 

Ph2GNPh -b e 
t C(O)Y C(O)Y 

Ph 
ClC(O)Y 

I I 
Phd-NHPh or Ph+H-NPh -I- 
_ 

Ph 

Y-OEt, NM+ L 
L 

major at -6O'C or major at 25OC 
N-Ll+ 

One addltlonal dnnetallated substrate of the amme vlcmal dwuon type was reported by 

Mehrotra 370 Although tius interesting disodlo compound does not fit the classical carbon-mtrogen 

dlamon group, it IS included here for completeness Tbls dlamon was reacted wth carbon dlsulfide, 

ethyl chloroformate, and dlhaloalkanes to form oxazolines, oxazocmes, and oxazomnes 

0- 
0 

Ph 2 Na + 

NR RN* 

ClC02Et 

t 

/id R 
Ph 

Ph 

Cl(CH2),Cl 
(CH2)n 

Ph 
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The dmmons of phenylhydrazones contmue to be attrative as heterocychc btnldmg blocks 

Beam et aL added phenylhydrazone &anions to: a. htiated methyl sahcylate to provide hydroxy- 

phenylpyrazoles,” b. htiated ethy 1 benzoyl acetate to provide 5-phenacylpyrazoles,278 and c aromatic 

and heteroaromatic esters to provtde N-phenylpyrazoles 371 

Ar 

1 R$O$de ) 

R2 

R 

)$ 
N-Ph 

'N' 
Ar 

R 

The synthesis of C-4 substituted, cychc 1,3-diketones via the dlaNon of the mono- 

dlmethylhydrazone takes advantage of the ab&y to form regloselectlvely the rnonohydrazone 

denvatme, which m turn IS alkylated 37L 

+R 2Base+ &+fi E+ E&R 
HN\ 

NMe2 NLNMe 2 RN\NHe 2 

Another common group of amme dlanions exploits the relative acldlty of the pyrrolejmdole 

nitrogen proton These dmmons protect the mtrogen from alkyiatlon whde reacting at a remote 

carbon. Meyers and Loewe exammed the C-l alkylatlon of ,V-carbohne formanudme,373 fmdmg that C- 

l 1s inert to alkylatlon when the pyrrole mtrogen 1s hthlated, but 1s readily alkylated when the sodlo- OI 

potasno- salt IS used This mformatlon led to the successful synthesis of tetracychc systems when this 

dlaruon was reacted wth blfunctlonal electrophlles 
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Pyrrole dmmons have been uttlrxed to avoid lengthy protectton and deprotection of the pyrrole 

mtrogen durmg the synthesis of the B/C rmg system of CC-1065 n4 Thrs work yrelded 3-cyclopropane- 

substituted pyrrole acetomtnles and pyrrole acetrc aad esters 

Br 

R-H, OtBu, R1-C02Et, 

BrCH$X2Br 

bH3Ci&;Et?3C&~Et 

CN 

Inagakr et aL alkylated the dramon of 2-methylmdole 375 The method reqmres a large excess of 

base (3 eq BuLt and 2 eq t-BuOK) but provides exclusive C-alkylatton at low temperatures (below - 

70°C) At htgher temperatures, both C- and N-alkylatton were observed 

Varrous miscellaneous amme 

mayor at <- JO’C 

Qamons also have appeared The dramon of (-)-3- 

>- JO’C 

oxovmcadtfformine was used to install a double bond m the synthesis of tabersonine 376 Regtoselectwe 

dnunon formatron 111 B-(alkylammo)-c&unsaturated ketones has been mvesttgated 3~7 ‘Ihe latter 

report mdrcates that the regrochermstry of dtamon formatton and alkylatton depends upon the 

temperature, base, and reactron tune Cook and Weber cleverly carbonylated the dmmon of an 

aminoqumolme derrvatrve to form the 1,6-dnuaphenalene rmg system 378 

T 4 CH, B1 Rl 

T 
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Iv.(c) Carbamate-containing dianions 

Carbamate dtamons continue to be used, most commonly cited as carboalkoxy hydrazones 

Matsumura and co-workers added several carbonyl electrophrles to the 1,CQamon of acetophenone N 

ethoxycarbonylhydrazone to form /3-hydroxyketones, &unsaturated ketones, and substrtuted 

pyrazolesTr?’ The apparent advantag e of using the carboalkoxy hydrazone over the hydrazone hes 

mamly m the ease of hydrolysis of the derrvatrve into the correspondmg carbonyl functronahty Also 

reported was the reaction of the same dlamon wtth a-chloroketones to yield pyrazohne denvatlves 380 

0 OH 

OEt 
OEt 

Ph HN 2 BuL.i 

CH2 

H,C 
e 

0 

Acylatron of carboalkoxy hydrazone dlamons has been employed 111 the synthesis of substrtuted N- 

carboalkoxy pyrazolesm and 4-qumolmols 230 

0 

K 

R4C02Et 
OR, 

OR, OR, 

R2 R2 0 

The vrcmal dramon of tnmethylsrlylacetylene-N-carboethoxy glycmate was reacted wrth alkyl 
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hahdes and methacrylate to prepare acetylemc ammo auds.jsl The directing effect of the ester on 

alkylatmn sue was also exammed 382 

cozlrt 

TMS-ccc 
_( 

8 0 Bx_ 

N 
-4 

OEt 

The terf-butyl carbamate of amhne was dththtated (ortIm-hthtauon of the rmg) and reacted wtth 

a variety of electrophrles to yteld an array of o&o-subsmuted amhnes?83 

2 tBuL.i E+ 

The use of N-&v%butyl benzyhc carbamate dnuuons for the syntheses of secondary and tertiary 

beruyhc alcohols has been explored W 

_ N,tau 
E HN/tBU E 

' ' DIBAL) 

V. S,C-bis-deprotonations 

Since an excellent revtew IS already available on thts toptcy we shall summanze the recent and 

varied types of sulfur-carbon bls-deprotonattons that lead to carbon-carbon bond formatton 

Smtably subsututed thiols are converted to theu respectwe dnuuons and react wtth 

electrophtles Ally1 mercaptan (thtoacrolein, vtie z@z) and tsobutylene mercaptan, for example, are 

readtly converted to dtamons and successfully coupled wtth electrophtles Whereas the ally1 mercaptan 

duuuon gave greater than 3 1 mtxtures of 7 to o-attack, 385 the tsobutylene congener reacts pnmarlly at 

the a-carbon.% 

2 Base 

*A/ 
S- 

1 R1R2C(0) Y4e 
SH 

-. . 'e - 2 He1 

4 
HO R, 

R2 
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2-Mercaptoacetate was hs-deprotonated (2.2 equivalents of LDA) to afford a vrcmal, 

heteroatom dramon that reacted wrth alkyl halides and carbonyls m good yreld s8r Thnrane formatron 

OEt e 
2 LJIA OEt 1 El+ OEt 

HS 
2 E2+ 

0 n 

R1R2W) 
L-<qoEtx :qoEt _ry+ 

0 0 0 

and sulfur extrusron offer a new route to cr&unsaturated esters 38%389 The cychc homologue, (Y- 

mercapto-y-butyrolactone, also reacts wrth alkyl hahdes3W and carbonyls 391 As wrth the acyclic 

derrvatrve, treatment of the intermediate mercapto-alkoxtde carbonyl condensation product wrth ethyl 

chloroformate affords cr-alkyhdene butyrolactones 392 Aldehydes react to form the E-alkene 

major minor 

Seebach and co-workers described the formation of dtamons of throcarbonyl compounds 

Throcarbonyls are generally only stable as neutral compounds at reduced temperatures For example, 

the dramons of ally1 mercaptan and benzyl mercaptan are reliably generated These dmmons alkylate 

as synthetic eqmvalents to the homoenolate aldehyde3% and thtobenzaldehyde,W respectively 

Ph_SH 
2 Base 

b PhAs- = 

The throbenzaldehyde nucleophlle reacts wrth epoxtdes, carbonyls, and alkyl halides at the 

benzyhc posttron to grve good yrelds of adducts sas 
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VI. Conclusions 

The increase m the number of publicatrons dedicated to diamons and their application to 

synthesis over the past decade bears testimony to the fact that these species are no longer relegated to 

the specmhst Even wrth this dramatic surge in utility much room for further investigatron still exrsts 

For example, the recent entry of diamons mto stereospecrfic carbon-carbon bond formmg reactions 

seems particularly ferhle 
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