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by R. B. Miller and L.  G .  Wade, Jr .  

1 2 
Reviews - Dimetalated h e t e r o s u b s t i t u t e d  o rgan ic  molecules ,  cyc lometa la t ion ,  
Cla isen  rearrangements ,  
0 - s i l y l a t e d  eno la t e s ,  
through s u l f u r  compounds8 have been reviewed. 
ox ida t ions  and r educ t ions  has  been publ ished .q 

ketene equ iva len t s  ,4 phase t r a n s f e r  c a t a l y s i s  ,= 
t i t an ium t e t r a c h l o r i d e  i n  s y n t h e s i s  ,7 and umpolung 

A u s e f u l  t a b l e  f o r  s e l e c t i v e  

C-C Bond Formations - Severa l  improvements i n  t h e  a l d o l  r e a c t i o n  have been 
noted.  Coupling of an a-bromocarbonyl compound wi th  another  carbonyl  com- 
pound v i a  dialkylaluminum chlor ide-z inc  produces the  a l d o l  r e g i o s p e c i f i c -  
a l l y  i n  h igh  y ie ld .1°  F luor ide  i o n  ca t a lyzed  r e a c t i o n  of eno l  s i l  1 e t h e r s  
and carbonyl  compounds prepares  a l d o l  products  r eg iospec i f  i c a l l y .  Aldol- 
type  products  are s t e r e o s e l e c t i v e l y  synthes ized  by Cla isen  rearrangement of 
s i l y l k e t e n e  acetals. 

1. 35" 

2. H+ 

1-Ethoxy-1-trimethylsiloxycyclopropane acts  as a homoenolate anion 
precursor  w i th  T i C l  l 3  

4' 

u C H 0  + Me3Si0 OEt  OH A a> e C 0 2 E t  

Nucleophi les  r e a d i l y  add t o  2-chloro- lY3-di thiane,  a formyl c a t i o n  
equ iva len t .  1 4  , 15 

An a l k y l  copper-boron t r i f l u o r i d e  complex g ives  complete y-alkyl- 

7" 
a t i o n  of y-subs t i tu ted  a l l y l i c  h a l i d e s .  

3 Ph-CH-CH=CHz BUCU oBF3 Ph- CH=CH-CHzCl 
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Tosylmethyl i socyanide  (TosMIC) can be used t o  prepare  both synunetri- 
c a l  and unsymmetrical a-diketones and ke tones .  1 7 9  l 8  

A n  a c y l  anion-t pe Michael add i t ion  can be achieved v i a  an organo- 
t e t r a c a r b o n y l f e r r a t e  . Y9 

phenyl su l fox ide  t o  aldehydes.  2g 

CH3 Na2Fe (CO) 4C02Et 0 

BuI > Buge (CO) > Bu-!!-CH2-LHC02Et 
2. H+ 

repared by add i t ion  of l i t h i o  chloromethyl Chloromethyl ketones a r e  

0 

> Bu-C-CH2C1 

0 L i  
1. Ph#-k.H-C1,-78° I I  
2. Xylene, A 

Addition of a-chloro-a-trimethylsilyl carbanion t o  carbonyl  compounds, 
however, genera tes  a,B-epoxysilanes which are conve r t ib l e  t o  t h e  homolo- 
gated carbonyl  o r  a lkene  compounds. 21 3 22 

(CH3)3Si- R C 1  0 > m S i ( C H 3 ) 3  

Organotin compounds o f f e r  an a t t r a c t i v e  rou te  t o  d i a l k y l a t i v e  enone 
t r a n s p o s i t i o n .  23 Tr ia lky l s t anny l l i t h ium adds exc lus ive ly  1,4. Alkyla t ion  
of t h e  r e s u l t a n t  eno la t e ,  methyl l i thium a d d i t i o n  and oxida t ion  a f f o r d  t h e  
t ransposed enone. 

B MejSnLl 

THF-NH3 ' 
C5H111 

1. CH3Li 

2 .  PCC > 
3 .  NaOH 

S t a b i l i z e d  carbanions add t o  simple o l e f i n s  and a l l y 1  m i n e s  and 
s u l f i d e s  through t h e  intermediacy of pal ladium complexes. 24 25 Addition 
occurs  predominately a t  t h e  more s u b s t i t u t e d  pos i t i on .  The r e s u l t i n g  
pa l ladocycle  
an ox ida t ive  

may be- reduced t o  the  hydrocarbon o r  transformed f u r t h e r  by 
addi t ion- reduct ive  e l imina t ion  sequence .4 

J 

Zirconium a lkeny l s ,  a v a i l a b l e  by hydrozirconat ion of ace ty l enes ,  add 
t o  a ,p-unsaturated ketones wi th  c a t a l y t i c  n i c k e l  (11) .  2 6  
a lkeny l s  a l s o  couple wi th  a r y l h a l i d e s  under n i c k e l  c a t a l y s i s .  27 
d i f f i c u l t l y  prepared aluminum a lkeny l s  and copper (I) a lkeny l s  are avail- 
ab le  by t ransmeta la t ion  of zirconium compounds. 28 9 29 

Zirconium 
More 
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1. Cp2Zr(H)C1, H E C  -/- & 2 .  N:(II) 

H2° 3. H , 
Mannich bases  can be prepared r e g i o s p e c i f i c a l l y  by employing dimethyl 

(methy1ene)ammonium t r i f l u o r o a c e t a t e  and an ions  der ived from ke tones ,  
esters and carboxyl ic  a c i d s . 3 0 , 3 1 * 3 2  

I n t e r e s t i n g  o l e f i n s  can be prepared by Michael add i t ion  t o  a r y l  v i n y l  
su l f  oxides followed by su l f  oxide e l imina t ion .  

1. Base p o 2  0 

( CH3) 2CHN02 + CH =CH-[-Ph -> (CH3) 2-C-CH=CH2 
2. A 

2 

Aromatic S u b s t i t u t i o n  - Arylamines a r e  d i r e c t l y  converted t o  aromatic  
hydrocarbons by a l k y l  n i t r i t e s  i n  DME'.34 
produced when cupr ic  h a l i d e s  a r e  added i n  a ~ e t o n i t r i l e . ~ ~  The a lky l -  
n i t r i t e  deamination method a l s o  provides  a convenient v a r i a n t  of t h e  
Meerwein a r y l a t i o n  r e a c t i o n . 3  
converted t o  phenols wi th  cuprous oxide-cupric n i t r a t e .  37 
process  avoids  t h e  problems of t h e  s t rong ly  a c i d i c  c l a s s i c a l  t ransformat ion .  

A l t e rna t ive ly  an a r y l  h a l i d e  is  

I n  a r e l a t e d  method diazonium ions  are 
This  r a d i c a l  

+2 qCH3 cu 0, cu wp + qcH: 2 

N2 H2° OH 

N02 N02 N02 
Phenols may a l s o  be converted t o  a n i l i n e s  v i a  a Smiles rearrangement 

t h a t  is  g r e a t l y  acce lera ted  by HMPA so lven t .  * 

NaH-HMPA > 0-C- C-NH 
loo",  l h  I 

CH3 CH3 
N-Acyl-N-arylhydroxylamines are converted i n t o  t h e  or tho-a lkyla ted  

benzamides v i a  a two s t e p  procedure.  39 
o r  amide func t iona l i zed  or tho-a lkyl  s u b s t i t u t i o n s .  

Var ia t ions  genera te  ke tone ,  ester 

0 0 &-OH CH d ike tene  

0 
CH3 

An i n t e r e s t i n g  an ionic  equiva len t  of t h e  Fr iede l -Craf t s  cycloacyl-  
a t i o n  has been demonstrated.40 
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o- (h inoa ry1)oxazo l ines  are prepared by a f a c i l e  methoxy d isp lace-  
e n t  wTth l i t h i u m  amides.41 

LiNEt2 > 
25' 

Trans i t i on  metal ca ta lyzed  aromatic  s u b s t i t u t i o n  cont inues  t o  be a 
f r u i t f u l  area. Aromatic palladium complexes of benzylamines and benzoic  
a c i d s  add enones t o  gene ra t e  v i n y l  s u b s t i t u t e d  a r y l  d e r i v a t i v e s . 4  2 3 4  344 

Direc t  a r y l a t i o n  and v i n y l a t i o n  of l i t h ium ester e n o l a t e s  i s  cata- 
lyzed by n i cke l .45  

Ph H 
Ph, / H 1. N i B r 2 ,  n-BuLi / 

H B r  2 .  LiCH(CH3I2CO2Et H 
,c=c, > >=$,CH3 

CH; k 0 2 E t  
Heterocvcles  - Two new d i r e c t  p repa ra t ions  of cvana ted . indo le s  and 
py r ro l e s  u t i l i z e  e i t h e r  triphenylphosphine-thiocyanogen o r  anodic  e l e c t r o -  
chemical s u b s t i t u t i o n  with methanolic cyanide s o l u t i o n  .4 

Indoles  are e f f i c i e n t l y  prepared from 2 - t o l y l  i socyanide  .4 

1. LDA, RX, -78" 

2 .  LDA, -78"-, r t  
3 .  H20 

Gassman and coworkers have extended t h e i r  [ 2 , 3 ]  s igmat ropic  re- 
arrangement of N-aryl-azasulphonium y l i d e s  t o  t h e  s y n t h e s i s  of i s a t i n s  ,4 
and N-methyl-2-quinolones .50 

SPh 

N '+ 

Subs t i t u t ed  2-pyridones are formed by base ca ta lyzed  condensat ion of 
secondary propargyl ic  a l coho l s  and 1-cyanopyrrol i d ine .  
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A general route to five-membered mesoionic compounds uses a-bromoacyl 
chlorides and monoprotonic 1,3-binucleophiles such as N-monosubstituted 
thioamides. * The 1,3-dithiolium and 1,3-oxathiolium systems were also pre- 

The Darzens condensation has been extended to the synthesis of 1,3- 
diphenylaziridines. 

Halogenations - Primary, secondary and tertiary alcohols can be converted 
to the iodides with trimethylsilyl iodide .54 

Primary amines can be converted into iodides with 2,4,6-triphenyl- 
pyrylium iodide. 

Aliphatic trifluoromethyl groups are prepared by reaction of amines 
with commercially available trifluoronitroso methane followed by photol- 
ysis.5 €I 

CF3N0 hv 

3 
> n-octyl-N=N-CF3 -2 n-octyl-CF 

- 2 n-octyl-NH 

a-Iodoketones are conveniently synthesized with silver chromate- 
iodine. 

AgCr03-I 0 1  

Ph-CH=CHCH20Ac > Ph-8-hH-CH20Ac 
Carboxvlic Acids and Derivatives - Esters are mildly converted to 
amides or r-butylthioesters by trimethyl aluminum and the primary or 
secondary mine or - t-butyl thio1.50,59 

Thiol and selenol esters are prepared from the corresponding thiol 
or selenol and the carboxylic acid-imidazolides. 

Procedures for phenylseleno and phenylsulphenyllactonization have 
appeared. 
useful phenylselenyl moiety into the molecule. Similarly cyclic ethers 
can be prepared from an appropriately positioned alcohol and alkene. a 

9 62, 63 The methods are mild and introduce , for instance, the 

0 

> PhSe @Hp 
PhSeCl 

Et 3N 

OTHP 
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Lactones a r e  cleaved by sodium phenyl s e l e n o l a t e  t o  t h e  w-phenyl- 
s e l e n y l  carboxyl ic  ac ids .  E s t e r i f i c a t i o n ,  ox ida t ion  and e l imina t ion  
genera tes  w-olef inic  esters. 6 9 6  6 

Nitr i les  can be prepared d i r e c t l y  from primary n i t r o  compounds us ing  
phosphorus t r i c h l o r i d e  . 67 

a c e t a t e s .  
8-Acetoxy ni t romethanes y i e l d  cyanohydrin 

lactam 
C a t a l y t i c  dimsylsodium induces a very  mild 0-alkyl imidate  t o  N-alkyl- 

conversion. The r eac t ion  a p p e a r s  t o  be both mild and g e n t l e .  
0 

CH3 m 3 3 3 f J  

OCH2 CH3 

CH 3!! CH,-Na+ 

THF-DMSO > 
r t ,  l h ,  100% 

N-Alkylamides a r e  formed by alkylaluminum reduct ion  of t h e  methylol .  69 

Oxidations - The use of ox idants  absorbed on alumina o r  s i l i c a  has 
blossomed. These r eagen t s  a r e  gene ra l ly  mi lder  and more s e l e c t i v e  and 
provide f o r  convenient r e a c t i o n  workup. Oxidat ions of cyclobutanol  t o  
cyclobutanone and 8-hydroxysulfides and se l en ides  t o  the  B-keto compounds 
are accomplished by t r ich loroace ta ldehyde  on alumina. 7n Y 7 '  

s i l i c a  g e l  conver t s  n i t r o  groups i n t o  ~ a r b o n y l s ~ ~  and chromyl ch lo r ide  on 
s i l ica-a lumina  ox id izes  a l coho l s  .73 

Basic d r y  

Pyridinium chlorochromate (PCC) w i l l  d i r e c t l y  oxid ize  c y c l i c  and 
a c y c l i c  enol  e t h e r s  t o  l ac tones  and esters.74 

PCC ox id izes  t e r t i a r y  a l l y l i c  a l coho l s  t o  t h e  t ransposed 3-alkyl 
a,B-unsaturated ketones.  7 5  

a-Keto s u l f i d e s ,  prepared by su l f eny la t ion  of e n o l a t e s  wi th  diphenyl  
d i s u l f i d e ,  are ace toxyla ted  by lead  tetraacetate t o  a f f o r d  mono-protected 
1,2-dicarbonyl compounds. 

Reductions - The experimental  d e t a i l s  and scope of alumina as a medium f o r  
carbonyl reduct ions  have been publ ished.  77 

Aldehydes a r e  s e l e c t i v e l y  reduced i n  t h e  presence of ketones and 
o the r  func t iona l  groups by e i t h e r  9-borabicyclo [3.3.1]  nonane-pyridine o r  
sodium borohydride modified by t h i o l s  . 7 8  9 79 
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Lithium t r ie thylborohydr ide  causes a number of u s e f u l  reduct ions .  
T e r t i a r y  amides are cleaved by carbon-nitrogen f i s s i o n  t o  a lcoholsB0 and 
a l k y l  methanesulfonate esters a r e  reduced t o  hydrocarbons. Addi t iona l ly ,  
LiEt3BH adds t o  s u b s t i t u t e d  s ty renes  i n  a Markownikof f manner. 

L I E  t 3BH 
Ph-CH=CH-CH3 > Ph- HCH2CH3 

THF, A i E t 2  

P ro tec t ing  Groups - Acetals are formed r ap id ly  i n  high y i e l d s  a t  room temp- 
e r a t u r e  us ing  t r imethylor thoformate absorbed on commercially a v a i l a b l e  
montmori l loni te  c l ay  K-10. 83 

Thios i lanes  r e a c t  with aldehydes and ketones under Lewis a c i d ,  anion 
o r  thermal c a t a l y s i s  t o  genera te  0-s i ly lhemi th ioke ta l s .  B4 An a d d i t i o n a l  
equiva len t  of t h i o s i l a n e  produces t h i o k e t a l s .  Exclusive 1,4-addi t ion t o  
a,B-unsaturated carbonyl compounds occurs.  

Ketals (except  e thylene)  can be converted t o  ketones under non- 
aqueous condi t ions  with t r i m e t h y l s i l y l  iod ide .  85 

Ketones are regenerated from hydrazones, oximes, semicarbazones and 
t h i o k e t a l s  by benzeneseleninic  anhydride.  6, 87 

Acylat ion of s t e r i c a l l y  hindered hydroxyl groups i s  f a c i l e  wi th  an 
anhydride and f l u o r i d e  ion .88  
rep laced  by an a c y l  group us ing  t h e  anhydride and tetrabutylammonium 
f l u o r i d e .  
r e s i s t a n t  f o r  an a l k a l i  s e n s i t i v e  p ro tec t ing  group. 

Addi t iona l ly  a s i l y l  group may be d i r e c t l y  

This t ransformat ion  permits  t h e  i n  s i t u  ,exchange of an a l k a l i  

0 MTrw TBAF MTrovT 
OSi (CH3) 2gBu 0 -CH3 ' 8  

Crotonyl esters are u s e f u l  a l coho l  p ro tec t ing  groups removable with 
d i l u t e  hydrazine i n  methanol-pyridine. 89 

The vinvloxy carbonvl  proup (VOC) appears  t o  be very  u s e f u l  f o r  
a lcohol  and amine p ro tec t ion  and an extremely mild reagent f o r  amine 
dea lkvla t ipn .  s g l  s 9  For example, one equiva len t  of v i n y l  chloroformate 
produces t h e  VOC ester (R1=VOC, R2=CH3). An a d d i t i o n a l  equiva len t  of VOC- 
C 1  i n  methylene ch lo r ide  a t  25' produces t h e  N-demethylated compound 
(Ri=R2=VOC). The ester can be cleaved i n  the  presence of t he  urethane wi th  
d i l u t e  base while  the  urethane can be cleaved i n  t h e  presence of t h e  ester 
by one equiva len t  of H B r  i n  methanol. Refluxing 5% methanolic-HC1 c l eaves  
both p ro tec t ing  groups. 
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Esters and e t h e r s  can be cleaved with t r i m e t h y l s i l y l  i od ide .93  y q 4  

Miscellaneous - Azides a r e  converted t o  amines i n  a non-reductive aza  
t r a n s f e r  r eac t ion  t o  ace ty lace tone  .95 

Thioe thers  are formed when an a l coho l ,  sulfenamide and tri-n-butyl- 
phosphine r e a c t .  

Nitrile oxides  a r e  converted i n t o  i socyanates  by c a t a l y t i c  s u l f u r  
d ioxide  i n  r e f lux ing  benzene.97 

Primary amines are transformed i n t o  acetates or  benzoates  v i a  a two 
s t e p  procedure by r eac t ion  with t r iphenylpyryl ium t e t r a f l u o r o b o r a t e  and 
subsequent py ro lys i s  of the  pyridinium s a l t  i n  t he  presence of acetate o r  
benzoate.98 

Alumina and s i l i c a  have been used a s  c a t a l y s t s  f o r  opening arene 
oxides  and v i n y l  epoxides us ing  weak oxygen and amine nuc leophi lesqq  and 
dry  ozonizat ion of amines t o  n i t r o  compounds.300 

Triphase c a t a l y s i s  a l lows conversion of a l k y l  h a l i d e s  t o  n i t r i l e s  and 
a l k y l  bromides t o  ch lor ides .  

Vinyl bromides, enol  acetates, enol  e t h e r s  and enamides can be 
prepared s t e r e o s p e c i f i c a l l y  from a, B-epoxysilanes . 
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