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PREFACE 

It has been sixteen years since Ian and Shuyen Harrison first published 
the Compendium of Organic Synthetic Methods to facilitate the search for 
functional group transformations in the formidable body of the original liter- 
ature. In Volume 2 this concept was expanded to include difunctional com- 
pounds. Louis Hegedus and Leroy Wade carried on this important compilation 
in Volume 3 and Wade continued with Volumes 4 and 5. Volume 6 is intended 
to continue the Harrisons’ stated purpose of “a comprehensive one-volume 
listing of synthetic methods as an intermediary between the chemist and the 
literature.” 

Compendium of Organic Synthetic Methods, Volume 6, presents the func- 
tional group transformations and difunctional compound preparations of 1983, 
1984, 1985, and 1986. The classification schemes of the first five volumes 
have been followed but a new chapter has been added. Each literature 
citation now includes all authors and the text concludes with an Author Index. 
The new Chapter 15 classifies the oxides of nitrogen, sulfur, and selenium 
with section headings identical to Chapters 1-14. The difunctional com- 
pounds now appear in Chapter 16. The experienced user of the Compendium 
will require no special instructions for the use of the new oxides chapter or 
the complete volume. 

Author citations and the Author Index have been included to facilitate 
literature searches and to follow the current work of a particular author. The 
citations should not prove obtrusive and will hopefully assist the synthetic 
community . 

I wish to express my gratitude to Professor Michael Edwards who first 
suggested this project to me. I also wish to thank Professor Leon Ghosez 
who provided the facilities for a pleasant sabbatical leave, which allowed 
completion of the research for this text. My thanks to Tae Woo Kwon, Jennline 
Sheu, Royce Menezes, Chung Jen Wang, Paul Keusenkothen, and Young 
Chan Son who proofread parts of the manuscript and offered many helpful 
suggestions. I want to thank my wife Sarah and son Steven for their patience 
and moral support throughout this work. 

MICHAEL B. SMITH 

Storrs, Connecticut 
June 1987 
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Cerric ammonium nitrate = (NH,),Ce(NO,), 

Catalytic 

Carbobenzoxy = -COCH,Ph 
1,5-CycIooctadienyl 
Cyclopentadienyl 
Cyclohexyl 
1,4-Diazabicycl0[2.2.2]octane 
Dibenzylidene acetone 
1,2-Dibromoethane = BrCH,CH,Br 
1,8-Diazabicyclo[5.4.O]undec-7-ene 
1,5-Diazabicycl0[4.3.O]non-5-ene 
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INTRODUCTION 

Relationship between Volume 6 and Previous Volumes. Compendium 
of Organic Synthetic Methods, Volume 6 presents about 1 100 examples of 
published methods for the preparation of monofunctional compounds, up- 
dating the 7000 in Volumes 1 through 5. In addition, Volume 6 contains about 
900 examples of preparations of difunctional compounds and various func- 
tional groups, updating the sections introduced in Volume 2. For Chapters 1 
through 14 the same systems of section and chapter numbering are used 
as in previous volumes. Chapter 15 is new and classifies the preparation of 
oxides of nitrogen (nitro compounds, nitrones, N-oxides, etc.), sulfur (sulf- 
oxides and sulfones), and selenium (selenoxides and Se dioxides) according 
to the scheme used for all other monofunctional compounds. Therefore, 
“Oxides from Acetylenes” appears as Section 21 1 and the chapter concludes 
with “Oxides from Miscellaneous Compounds”, Section 225. The difunctional 
compounds now appear in Chapter 16 (Chapter 15 in Volumes 2 through 5) 
but the section numbers remain the same. 

A minor change from previous volumes is the inclusion of thiols with all 
alcohol classifications and sulfides (thioethers) are classified with ethers. Both 
of these changes are reflected in the chapter titles, section titles, and citations. 
These changes do not alter the fundamental organization. 

Each literature citation follows the notation used in previous volumes but 
is accompanied by a complete author list. The principal author(s) are denoted 
by an asterisk (*). Following Chapter 16 is an alphabetical listing of all authors 
(last name, initials). 

Classification and Organization of Reactions Forming Monofunc- 
tional Compounds. Chemical transformations are classified according to 
the reacting functional group of the starting material and the functional group 
formed. Those reactions that give products with the same functional group 
form a chapter. The reactions in each chapter are further classified into 
sections on the basis of the functional group of the starting material. Within 
each section, reactions are loosely arranged in ascending order of year cited 
(1 983-1 986), although an effort has been made to put similar reactions 
together when possible. Review articles are collected at the end of each 
appropriate section. 

The classification is unaffected by allylic, vinylic, or acetylenic unsaturation 
appearing in both starting material and product, or by increases or decreases 

xv 



xvi INTRODUCTION 

in the length of carbon chains; for example, the reactions t-BuOH + 
t-BuCOOH, PhCH20H + PhCOOH, and PhCH=CHCH20H + 
PhCH=CHCOOH would all be considered as preparations of carboxylic 
acids from alcohols. Conjugate reduction and alkylation of unsaturated ke- 
tones, aldehydes, esters, acids, and nitriles have been placed in category 
74 (alkyls from olefins). 

The terms hydrides, alkyls, and aryls classify compounds containing re- 
acting hydrogens, alkyl groups, and aryl groups, respectively; for example, 
RCH2-H + RCH,COOH (carboxylic acids from hydrides), RMe + RCOOH 
(carboxylic acids from alkyls), RPh + RCOOH (carboxylic acids from aryls). 
Note the distinction between R2C0 + R2CH2 (methylenes from ketones) and 
RCOR’ + RH (hydrides from ketones). Alkylations involving additions across 
double bonds are found in Section 74 (alkyls, methylenes, and aryls from 
olefins). 

The following examples illustrate the classification of some potentially con- 
fusing cases: 

RCH=CHCOOH + RCH=CH2 
RCH=CH2 + RCH=CHCOOH 

ArH + ArCOOH 
ArH --j ArOAc 

RCHO + RH 
RCH=CHCHO + RCH=CH2 

RCHO --j RCH, 

RCH,COR + R,CHCOR 
RCH=CH2 -+ RCH,CH, 

RBr + CH CH + RC=CR 

R&H, + RZCO 

ROH + RCOOH-, RCOOR 

RCH=CHCHO + RCH&H&HO 
RCH=CHCN + RCH,CH,CN 

Hydrides from carboxylic acids 
Carboxylic acids from hydrides 
Carboxylic acids from hydrides 
Esters from hydrides 
Hydrides from aldehydes 
Hydrides from aldehydes 
Alkyls from aldehydes 
Ketones from methylenes 
Ketones from ketones 
Alkyls from olefins 
Acetylenes from halides; also 

acetylenes from acetylenes 
Esters from alcohols; also esters from 

carboxylic acids 
Alkyls from olefins 
Alkyls from olefins 

How to Use the Book to Locate Examples of the Preparation or Pro- 
tection of Monofunctional Compounds. Examples of the preparation of 
one functional group from another are located via the monofunctional index 
on p. xiii, which lists the corresponding section and page. Thus Section 1 
contains examples of the preparation of acetylenes from other acetylenes; 
Section 2, acetylenes from carboxylic acids; and so forth. 

Sections that contain examples of the reactions of a functional group are 
found in the horizontal rows of the index. Thus Section 1 gives examples of 
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the reactions of acetylenes that form acetylenes; Section 16, reactions of 
acetylenes that form carboxylic acids; and Section 31, reactions of acetylenes 
that form alcohols. 

Examples of alkylation, dealkylation, homologation, isomerization, and 
transposition are found in Sections 1, 17, 33, and so on, lying close to a 
diagonal of the index. These sections correspond to such topics as the 
preparation of acetylenes from acetylenes; carboxylic acids from carboxylic 
acids; and alcohols, rhiols, and phenols from alcohols, thiols, and phenols. 
Alkylations that involve conjugate additions across a double bond are found 
in Section 74 (alkyls, methylenes, and aryls from olefins). 

Examples of name reactions can be found by first considering the nature 
of the starting material and product. The Wittig reaction, for instance is in 
Section 199 (olefins from aldehydes) and Section 207 (olefins from ketones). 
The aldol condensation can be found in the chapters on difunctional com- 
pounds in Section 324 (alcohol, thiol-aldehyde) and in Section 330 (alcohol, 
thiol-ketone). 

Examples of the protection of acetylenes, carboxylic acids, alcohols, phen- 
ols, aldehydes, amides, amines, esters, ketones, and olefins are also indexed 
on p. xiii. 

The pairs of functional groups alcohol, ester; carboxylic acid, ester; amine, 
amide; and carboxylic acid, amide can be interconverted by simple reactions. 
When a member of these groups is the desired product or starting material, 
the other member should, of course, also be consulted in the text. 

The original literature must be used to determine the generality of reactions, 
although this is occasionally stated in the citation. This is only done in cases 
where such generality is stated clearly in the original citation. A reaction given 
in this book for a primary aliphatic substrate may also be applicable to tertiary 
or aromatic compounds. This book provides very limited experimental con- 
ditions or precautions and the reader is referred to the original literature before 
attempting a reaction. In no instance should the citation be taken as a com- 
plete experimental procedure. Not to refer to the original literature could be 
hazardous. The original papers usually yield a further set of references to 
previous work. Subsequent publications can be found by consulting the Sci- 
ence Citation Index. 

Classification and Organization of Reactions Forming Difunctional 
Compounds. This chapter considers all possible difunctional compounds 
formed from the groups acetylene, carboxylic acid, alcohol, thiol, aldehyde, 
amide, amine, ester, ether, epoxide, thioether, halide, ketone, nitrile, and 
olefin. Reactions that form difunctional compounds are classified into sections 
on the basis of the two functional groups of the product. The relative positions 
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of the groups do not affect the classification. Thus preparations of 1,2- 
aminoalcohols, 1,3-aminoalcohols, and 1,4-aminoaIcohok are included in a 
single section. Difunctional compounds that have an oxide as the second 
group are found in the monofunctional sections for the nonoxide functional 
group. Therefore, the nitroketone product of oxidation of a nitroalcohol is 
found in Section 168 (ketones from alcohols and thiols). Conversion of an 
oxide to another functional group is generally found in the “Miscellaneous” 
section, so conversion of a nitroalkane to an amine is found in Section 105 
(amines from miscellaneous compounds). The following examples illustrate 
the application of this classification system: 

Difunctional Product Section Title 

RCEC-C~CR 
RCH(0H)COOH 
RCH=CHOMe 
RCHF, 
RCH(Br)CH,F 
RCH(OAc)CH,OH 
RCH(OH)CO,Me 
RCH=CHCH,CO,Me 

RCH(OMe)CH,SO,CH,CH,OH 
RCH=CHOAc 

Acetyleneacetylene 
Carboxylic acid-alcohol 
Et her-olef in 
Halide-halide 
Halide-halide 
Alcohokster 
Alcohokster 
Ester-olefin 
Ester-olefin 
Alcohol-ether 

How to Use the Book to Locate Examples of the Preparation of Di- 
functional Compounds. The difunctional index on p. xiv gives the section 
and page corresponding to each difunctional product. Thus Section 327 
(alcohol, thiol-ester) contains examples of the preparation of hydroxyesters; 
Section 323 (alcohol, thiol-alcohol, thiol) contains examples of the prepa- 
ration of diols. 

Some preparations of olefinic and acetylenic compounds from olefinic 
and acetylenic starting materials can, in principle, be classified in either the 
monofunctional or difunctional sections; for example, RCH=CHBr + 
RCH=CHCOOH, carboxylic acids from halides (Section 25, monofunctional 
compounds) or carboxylic acid-olefin (Section 322, difunctional compounds). 
In such cases both sections should be consulted. 

Reactions applicable to both aldehyde and ketone starting materials are 
in many cases illustrated by an example that uses only one of them. 

Many literature preparations of difunctional compounds are extensions of 
the methods applicable to monofunctional compounds. Thus the reaction RCI 
+ ROH can be extended to the preparation of diols by using the corre- 
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sponding dichloro compound as a starting material. Such methods are not 
fully covered in the difunctional sections. 

The user should bear in mind that the pairs of functional groups alcohol, 
ester; carboxylic acids, ester; amine, amide; and carboxylic acid, amide 
can be interconverted by simple reactions. Compounds of the type 
RCH(OAc)CH,OAc (ester-ester) would thus be of interest to anyone pre- 
paring the diol RCH(OH)CH,OH (alcohol-alcohol), 





CHAPTER 1 
PREPARATION OF ACETYLENES 

SECTION - 1 :  Acetylenes - frau Acetylenes 

1 .  2 - i o d o t h i o p h e n e  

P d [ P P h 3 I 4 ,  C u I  

H C  s C - C - O H  B n E t 3 N C 1 / O H - / R T  * Ph-C Co I 
2 .  P h B r ,  8 0 ° C ,  5 0  h C H 3  

8 0 %  

* 
Carpita, A . ;  Lessi, A . ;  Rossi, R. Synthesis, (19841, 571 

[ P P h 3 I 2 P d X I 2  

t P h - C S C - P h  P h - C E C H  t P h - X  

N E t 3  

C H C 1 3 - C u I ;  X = I ;  X '  = P h ,  1. 9 7 %  

Bunagin, N . A . ;  Ponomarev, A.B.;  Beletskaya, I . P .  ---- M l  Acad Sci USSR, (19841, 33, 1433 

DMF; X = T f ;  X '  = C1,  C1 91 % 
* 

Chen, Q-Y. ; Yang, Z-Y. Tetrahedron - Lett, (1986), 2, 1171 

Ph, 5 %  P d [ P P h 3 I 4  

Ph' 
C=C=O t HCEC-nPr Ph2CHC C-EPr 

THF,  1 2 0 ° C  

8 1  % 

* 
Mitsudo, T.; Kadokura, M . ;  Watanabe, Y .  

Tetrahedron Lett, ( 1  985), 26, 3697 



2 COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 1 

2 L B u - C l  

M e 3 S i - C s C - S i M e 3  * - t B U - C s C - L B u  
A1 C1 

i H 2 C 1 2 ,  - 1 7 ° C  

7 0 %  
* Capozzi, G. ; Ottana, R.; Rcineo, G.; Marcuzzi, F. 

Gazz Chim Ital, ( 1985) , 115, 31 1 --- 

1 .  - n B u L i ,  RT 
Et 

2 .  1 2 ,  - 7 8 ° C  / 
t n B u - C S C - C ,,,,, n B u - C  =CH - 

.Et L 
- 

P H  Me 
Me 

3 .  R 2 B - C  

4 .  N a O H / H 2 0 2  
<4\ 

R =  

5 7 7; 

( 9 5 % e e , R )  
* 

Brown, C.A. ; Desai, M.C.; J a d h a v ,  P . K .  
J Org Chem, (1986), - 51, 162 --- 

1 .  M e L i ,  T H F - E t 2 0  

O " C ,  1 5  m i n  

H C E C C H 2 0 T H P  2 .  " C 1 0 H 2 5 B r  _?C1 O H 2 5 C  S C C H 2 0 T H P  

3 .  D F I S O ,  0- R T ,  3 h  
4 .  HOH 8 4 %  

* Chong, J.M. ; Wong, S. Tetrahedron - Let t ,  (19861, 3, 5445 

1 .  L i C s C C  H 0 ° C  4 9 '  

* C 8 H 1 7  C % C C 4 H 9  
2 .  I2 OMe 

7 5 %  3 .  o x .  

* 
Sikorsk i ,  J.A.; Bhat, N.G.; Cole, T.E.; Wang, K.K.; Brown, H.C. 

J Org Chem, (19861, - 51, 4521 --- 



SECTION 4 A C E T Y L E N E S  F R O M  A L D E H Y D E S  3 

SECTION 2: Acetylenes f m  Acid Derivatives -- 

0 1 .  L i / H g ,  T H F  
II 

P h - C - C 1  t P h - C  = C - P h  

51 % 

-- Chem Ber, (1983), - 116, 1615 

2 .  L i / H g  

* 
Homer, L. ; Dickerhof, K .  

1 .  2 I B u L i  

+ - 2 .  E t C - C 1  
2 P h 3 P E t  B r  1 ______j E t - C s C - E t  

8 0 7: 3 .  F V P  ( 7 5 0 ° C )  

* 
Aitken, R . A .  ; Atherton, J.I. JCS Chem C a m ,  (1985),  1140 --- 

SECTION 3: Acetylenes f m  Alcohols and Thiols - - 

No Additional Examples 

SECTION - 4: Acetylenes from Aldehydes 

1 .  - n B u L i ,  T H F ,  - 7 8 ° C  

2 .  P h C H O  
P h C H 2 S 0 2 P h  b P h - C I  C - P h  

3 .  A c 2 0 - P y  

4 .  t B u O K / T H F  8 6 %  

Mandai, T,; Yanagi, T . ;  A r a k i ,  K . ;  Morisaki, Y . ;  Kawada, M . ;  
Otera ,  J. 

J Am Chem Soc, (1984) , 106, 3670 ---- 



4 COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 8 

SECTION 5: Acetylenes from Alkyl, Methylenes, and Aryls - 

No Additional Examples 

SECTION 6: Acetylenes from Amides - 

No Additional Examples 

SECTION 7: Acetylenes from Amines - 

No Additional Examples 

SECTION 8: Acetylenes from Esters - 

HCECCH2 
AcOy'%/Ph H CnC CH S nnB u 

* 
c a t .  Pd[PPh3I4, T H F  

Br Br 80% 

* 
Keinan, E. , Peretz, M. J Org Chem, (19831, 3, 5302 - 

, CH2Br2, T H F  
CH2Ph 
I -78°C 

1 .  42- 
CH2Ph ti 
I 
CH2C02Et * CH,CaCOSi ( i  Pr)3 

2 .  (iPr)2SiC1 
6 6 7; * 

Kowalski, C.J. , Lal, G.S., Haque, M.S. 
J Am Chem Soc, (19861, 108, 7127 ---- 



SECTION 12  A C E T Y L E N E S  FROM KETONES 

SECTION - 9: Acetylenes fmm Ethers, Epoxides, and Thioethers 

No Additional Examples 

SECTION - 10: Acetylmes from Halides and S u l f O M t e s  

2 P h 2 P - L i  

TH F 

P hCH-  C H 2 B r  * P h - C  CH 
I 

7 1  % 
B r  

* 
Gillespie,  D.G.; Walker, B . J .  --- JCS Perkin I, (1983), 1689 

SECTION - 1 1  : Acetylenes fmm Hydrides 

No Additional Examples 

For examples of the reaction RClCH -* RC~C-CICR '  see section 
300 (Acetylene - Acetylene) 

SECTION - 12: Acetylenes fmm Ketones 

1 .  P h S e B r  

2 .  2 1 0 o c  0 
I1 

2 P h 3 P = C H C P h  * P h - C E C - C H 3  
3 .  n B u L i / T H F  

4 .  C H 3 1  

4 5 %  o v e r a l l  

* 
Braga, A.L.; Ccinasseto, J . V .  ; Petragnani, N .  

Synthesis, ( 1  984), 240 

5 



6 COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 1 4  

1 .  L D A ,  T H F  

0 
0 I I  2 .  C 1 P ( O E t ) 2  

P h - C - C H 3  P P h - C S C H  
3 .  2 . 2 5  LDA 

4 .  HOH 8 0 %  

* 
Negishi , E. ; King, A.O.:  Tour, J.M. Org Syn, (1985) , 64, 44  

SECTION - 13: Acetylenes from Nitriles 

No Additional Examples 

SECTION - 14: Acetylenes fnrn Olefins 

P d [ O A c I 2 * O P T A  

C H 3 C H 2 C H = C H n B u  + E t - C = C - f i B u  

a a .  E t O H ,  7 0 ° C  

9 8 %  OPTA = o l i g o - p - p h e n y l e n e t e r e p h t h a l a m i d e  
3c 

C u m ,  G .  ; Gallo, R . ;  Ipasli, S . ;  Spadaro, A .  
JCS Chem Caun, ( 1  9851, 1571 --- 

1 .  2 n B u L i  

2 ,  HOH 

HOOZ, J. ; Calzada, J . G . ;  McMaster, D .  

* C H CH - C = C H  C H 2 = C = C H 2  7 1 5  2 

* 8 8 %  

Tetrahedron - Lett, (1985),  26, 271 



SECTION 15 P R O T E C T I O N  OF A C E T Y L E N E S  7 

N a N 0 2 ,  A c O H  

M e 2 C = C H ( C H 2 ) , 4 C H 3  C H 3  ( C H 2 ) ,  4 C  S C C H  3 

0 - 6 0 ° C  

6 7 %  

SECTION 15: Acetylenes fran Miscellaneous CanpomdS 

N - N H 2  C u  ( OAc ) 
II 

P h - C - C - P h  * P h - C  E C - P h  

II 0 2 - C H 2 C 1  2 :  Py N - N H ,  
L 

9 7 %  

* 
T s u j i ,  J. ; Kezuka, H . ;  Toshida,  Y . ;  Takayanagi, H. ;  Yamamoto, 
K .  

Tetrahedron, (1983),  3, 3279 

SECTION - 15A: Protection of Acetylenes 

No Addit ional  Examples 



CHAPTER 2 
PREPARATION OF CARBOXYLIC ACIDS, 
ACID HALIDES, AND ANHYDRIDES 

SECTION - -  16: Acid Derivatives from Acetylenes 

1 .  " B u L i ,  THF 

2 .  PhSSPh 

3 .  H O H  

4 .  H g S 0 4 ,  H 2 S Q 4  

AcOH 

2 C 6 H l 1 - C E C H  + - nC6H1 CH2C02H 

6 7 %  

* 
Abrams, S.R. Can J Chem, (19831, - 61, 2423 --- 

SECTION 17: Acid Derivatives from Acid Derivatives - -  -- 
c 1  
I t 

0 Me2N-C=NMe2 C1-  
I t  

2 PhC02H * P h C - ) 2 0  

N E t 3 ,  - 3 0 '  + 0°C 
88% 

Fujisawa, T.*; Tajima, K.: Sato, T. 
--- WiLl Chan Soc Jpn, ( 1  983), 56, 3529 

0 1 .  KOTMS, E t 2 Q  0 

P h C C l  b Ph:O-K+ 
bL 

( a n h y d r o u s )  

Tetrahedron Lett, (19841, - 25, 5831 

2 .  KQTMS 

* Laganis, E.D. ; Chenard, B.L. 



SECTION 19 A C I D S  F R O M  A L D E H Y D E S  9 

2 5 ° C  
9 0 %  

* * Kobayashi , Y. : Itabashi , K. Synthesis, (1985), 671 

SECTION 18: Acid Derivatives from Alcohols and Thiols - -  - -- 

No Additional Examples 

SECTION 19: Acid Derivatives from Aldehydes - -  - 

S P h  
I C r 0 3  - H 2 S 0 4  

I 
OMe 

- nC, 4 H 2 5 - C H  * "'14 H 2 9  CO 2 H 

0 ° C  

7 8 %  

* 
Mandai, T.; Hara, K.; Nakajima, T.: Kawada, M.; Otera, J. 

Tetrahedron Lett, ( 1  9831, 2, 4993 - 

1 .  L D A ,  T H F ,  T M S - C 1  

0°C * n P r C H 2 C 0 2 H  - 

/CHzCrnN 
P h - N  

2 .  " P r C H O ,  0 ° C  \ 

3 .  1 0 %  a q .  T H F  4 4  % 
C H 3  

* 
Takahashi, K. : Shibasaki, K.; Agura, K.: Iida, H. 

- J Org Chem, (19831, 3, 3566 



10 COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 20 

1 . N a C l  0 2 - H 2 0 2 ,  

C H 3 C N ,  a q .  nC H 
- 3 7 \ / p  

“3 7 dpcH N a H 2 P 0 4  * C 0 2 H  

N a 2 S 0 3  3 .  a q .  HC1 8 8 %  

* * Dalcanale, E. ; Mantanari, F. - J Org Chem, (1986), 51, 567 

0 K M n 0 4 ,  1 0  r n i n  0 

H k! c H  2 < ~  - t B u O H  t i  0 !! CH 2< 

0 5 -  04- 
\ 5 %  N a H 2 P 0 4  ‘ 9 8 %  

* 
Abiko, A.; Roberts, J.C.; Takemasa, T.; Masamune, S. 

T e t r a e o n  Lett, (1986) , 3, 4537 - 
1 . T r C l  0 4 ,  LBuOOTFlS 

C H 2 P h  C H 2 C 1 2 ,  - 4 5 ° C  C H 2 P h  

CH,CHO 2 .  p i p e r i d i n e ,  HOH, 9 0 ° C  C H 2 C 0 2 H  

Mukaiyama, T.; Miyoshi, N.; Kato, J.; O h s h i m a ,  M .  

I > I 

3 .  a q .  HC1 7 3 %  

Chem Lett, (1986),  1385 -- 
Related methods: Carboxylic Acids from Ketones (Section 27) 
Also via: Esters (Section 109) 

SECTION 20: Acid - -  Derivatives from Alkyl, Methylenes, and Aryls 

* 
Chakraborti , A.K.; Ghatak, U.R. --- JCS Perkin I, (1985) , 2605 



SECTION 23 

$ 
c 1  

A C I D S  F R O M  E S T E R S  

3 N a O C l ,  R u 0 4  

B u 4 N B r ,  pH 9 ,  25OC 

C1CH2CH2C1 
* 

* * 
Sasson, Y .  ; Zami, G . D . ;  Neumann, R .  _ _  . 

. --- J Org Ch&, (1986), - 51, 2880 

SECTION 21: Acid Derivatives from Amides - -  -- 

No Additional Examples 

SECTION 22: Acid Derivatives from Amines - -  -- 
t - 

c a t .  C O ~ ( C O ) ~  > +OoH 

PhH,  a q .  NaOH \ 

C O ,  65OC, h v  

8 5 %  
Y 

Brunet ,  J . J . ;  S i d o t ,  C . ;  Caubere, P .  
--- J Org Chem, (19831, 9, 1919 

SECTION 23: Acid Derivatives Prom Esters - -  -- 

M e S i C 1 3 ,  N a I  

C H 3 C N J  r e f 1  u x  
M e C H C 0 M e > M e C H C 0 H 

7 0 %  
Y 

Olah, G . A .  ; Husain, A . ;  Singh, B . P . ;  Mehrota, A . K .  
J Org Chem, (19831, 48, 3667 --- 

11 

C 0 2 - N a t  

Q 
c 1  

8 4 % 



12 COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 25 

0 
II - 

e 

P t  e l e c t r o d e s  

B u 4 N B r ,  a q .  C H 3 C N  

9 4 %  

Kimura, M.; Matsubara, S.; Sawaki, Y. 
--- JCS Chem Cam, (1984), 1619 

0 T e / N a B H 4  0 
II II * P hCOCH2CH =C t i 2  PhCOH 

E t O H ,  AcOH, 2 h  

9 5 %  
r e f 1  u x  

* 
Shobara, N.; Shanmugam, P. Ind J Chem B, (1986), z, 658 

Other reactions useful for the hydrolysis of esters may be found 
in Section 30A (Protection of Carboxylic Acids). 

SECTION 3: Acid Derivatives from Ethers, Epoxides, and 
Thioethers 

No Additional Examples 

SECTION 25: Acid Derivatives - from Halides and SulfOMteS - -  

t_BuOH c 1  
/ 

\ 
c 1  

CH2=C + t_BuCH2C02H 

a q .  H 2 S 0 4 ,  2°C 

9 0 %  * 
Randriamahefa, S.; Deschamps, P.; Gallo, R. 

Synthesis, ( 1  985), 493 



SECTION 25 A C I D S  FROM H A L I D E S  13 

P M ( C O ) , ,  1 a t m  C O  

PhCH * P h - C H - C 0 2 H  

B r  
\ 

a q .  b e n z e n e ;  R=H; M = F e ;  n = 5  7 5 %  

* 
Tanguay, G.; Weinberger, B.; des Abbayes, H. 

Tetrahedron E, (19831, 2, 4005 

E tOH/NaOH;  R=Me; M=Co; n = 4  8 0 %  

Francalanci, F.; Gardano, A.; Foa, M. 
- J Organomet - Chem, (1985), 282, 277 

Bu4NC1 O 4  
7 8 %  

Sock, 0.; Troupel, M.; Perichon,,J. 
Tetrahedron - Lett, (19851, 26, 1509 

c a t .  P d [ P P h 3 I 4 ,  PPh3  

P h I  e - ,  P t  e l e c t r o d e  P h C 0 2 - K t  

9 2 %  

w 
DMF, E t 4 N O T s ,  C 0 2  

Torii, S.* ;  Tanaka, H.; Hamatani, T.; Morisaki, K.; Jutand, A . ;  
Pfluger, F.; Fauvarque, J.-F. -- C h a o  Lett, (19861, 169 



1 4  COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 27 

Br 

Q 
0 M e 

1 .  L B u L i ,  T H F ,  - 6 0 ° C  

2 .  S O 2 ,  - 6 0 ° C  

~ -- 

3 .  S 0 2 C 1  2 / h e x a n e  

s o 2 c 1  

Q 
OMe 9 5 %  

Hanada, T.*; Yonemitsu, 0. Synthesis, (1986),  852 

SECTION 26: Acid Derivatives from Hydrides - -  - 
n 

C O C l  2 / A l  C 1  0”c5H11 C H 2 C 1  

5 5 %  
Neubert ,  M.E.; F i s h e l ,  D . L .  O r g z ,  (19831, 3, 8 

SECTION 27: Acid Derivatives from Ketones - -  

0 1 0  3 0 %  H 2 0 2  
II 

P h C C H 2 N E t 2  * P h C 0 2 H  
E t O H ,  O ° C  

8 9 X * 
Wenkert, D. ; Eliasson, K.M.; R u d i s i l l ,  D. 

--- JCS Chem C u m ,  (19831, 392 

1 .  H C ( O M e ) 3 ,  H 3 0 t  

T 1  ( N 0 3 ) 3 * 3 H 2 0  

2 .  a q .  NaOH 

3 .  a q .  H C 1  \ 

8 9 %  

$ 
t 

t 
F u j i i ,  K . ;  Nakao, K.; Yamauchi, T. Synthesis, (19831, 444 



SECTION 28 ACIDS F R O M  NITRILES 

4 8 %  

* 6 0 H  

1 .  ZnBr2 ,  MeOH, R T  

2 .  1 1 5 " C ,  4h 

3 .  O H -  

4 .  H +  

s 
* 

Ciordano, C. ; Castaldi, G.; Uggeri, F.; Gurzoni, F. 
Synthesis, ( 1985) , 436 

15 

Me0 

1 .  KOAc, H O C H , C H , O H  

e o a <  --L c o  
O H  

8 0 %  
3 .  HC1 

* 
Castaldi, G. ; Ciordano, C.; Uggeri, F. Synthesis, (1985), 505 

1 .  N a B r 0 2 / N a B r  

a q .  NaOH, 0°C 
0 
II 

Me2CHCH2CCH3 * Fe2CHCH2CO2H 

95% 

Kajigaeshi, S. ; Nakagawa, T.; Nagasaki, N.; Fujisaka, S. 

+ 
2 .  H30 

* 
Synthesis, ( 1  985),  674 

SECTION - -  28: Acid Derivatives from Nitriles 

+ 

CH2C02H 

' '  H O  A o H ,  MeOH, H 
CH2Br 

2 .  Mg, T H F  i * ( C H 2 ) 5  
I 

( C H 2 ) 3  

I 3 .  CH3CH0 1 
C E N  , C H C H 3  4 .  a q .  H 2 S 0 4  

3 7 %  H O  

* Voss, C.; Gerlach, H. --- Helv Chim Acta, (1983), 9, 2294 



16 COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 30 

H C  ' *  C C g H 1 3  NaBH4 

n C  H C=N a q .  CH2C12,  20°C 7 \ 3  
+ /CHCH2c02H 

- 3 7 ,  / c=c, 
c C 6 H 1 3  4 5 %  2 .  a q .  H 2 S 0 4  CZ" 

1 8 0 ° C  
* 

Giese, B. : Harnisch, H.; Lachhein, S. 
Synthesis, (19831, 733 

SECTION 29: Acid Derivatives from Olefins - -  

A 1 .  B H B r 2 . S M e 2 ,  CH2C1 

2 .  L iSCH2CH2SLi  

3 .  L i C C 1 3 ,  T H F .  - 1 0 0 ° C  u C O O H  

4 .  a q .  NaOH 6 7 %  * Brown, H.C. ; Imai, T. J Org Chem, (19841, 3, 892 

a q .  NaOH 
C1 2C=CHS02"Bu H 0 2 C C H 2 S 0 2 ~ B u  

8 0 %  

Mirskova, A . N . ;  Kryukova, Yu.1.; Levkovskaya, G.G.; Guseva, 
S.A.:  Voronkvo, M.G. 

- J Org -- Chem USSR, (19841, M, 545 

SECTION - -  30: Acid Derivatives from Miscellaneous Canpounds 

1 .  L i A l H .  
C P  
I 

,- F e, 

Me 3 p"' I "-- 
C O  

4 

2 .  CO/Ag'/THF 

3 .  4 B H 3 - T H F  
* 

c o  4 .  r e p e a t  2 - 3 ,  t w i c e  

5 .  a q .  Br, 

- n B u C 0 2 H  

4 2 %  
* L  

Brown, S.L.; Davies, S.G. JCS Chem Cam, (19861, 84 --- 



SECTION 30A P R O T E C T I O N  OF A C I D S  17 

Review: "Synthesi s of Di thi ocarboxyl i c Aci ds" 

Ramadas, S.R.: Srinivasan, P.S.; Ramachandran, J.; Sastry, 
V.V.S.K. 

Synthesis, ( 1  9831, 605 

SECTION 3OA: Protection - of Carboxylic Acid Derivatives - 

9 -  f 1 u o r e n y l  met h a n o l  

B'o c - O C O O H  D C C y  D M A P  6 0 %  

I 
B o c  

D E A  , R T  

* Kessler, H. ; Siegmeier, R. Tetrahednxl - Lett, (19831, 2, 281 

- 
c 0 2  I .  

M e 2 C H C H  

I t  
N H 3  

(:>CH20Hy A 1  0 

7 8 %  

N H 2  
1 .  H 2 0 2 ,  

( N H 4 )  2 M o 0 4  - 
2 .  H O H ,  P h  8 8 3 %  

* Kunz, H. ; Waldmann, H. ---- Angew Chem Int Ed x, (19831, 22, 62 

tl 
/ N H B o c  C 1  C H 2 C N H 2  / N H B o c  

* 
C H 2  0 \ II 

C 0 2 C H  * C N H  

C H  2 
\ 

c o 2 - c s t  

* 85% Martinez, J. ; Law, J.; Castro, B. 
Tetrahedron Lett, (1983), 2, 521 9 



18 COMPENDIUM OF ORGANIC SYNTHETIC METHODS VOL 6 SECTION 30A 

1 .  S 0 C l 2  

2 .  N E t ,  

H O C H ~ C H = C H C H ~ T M S  

2 %  P d [ P P h 3 I 4 ,  CH2C12 

9 0 %  
* 

Mastalerz, H. J Org Chem, (1984), 2, 4092 

P E T - O H ,  D C C  * 
8 5 %  / c o 2 p E T  

/ C O O H  - t B u O K  

P h C H 2 C H  P h C H 2 C H  

NHBoc 
1 .  3 M e I ,  C H 3 C N  \ 

N H B o c  f 
\ 

2 .  E t 2 N H ,  C H 3 C N  9 2 %  

P E T  = 2 ( 2 - p y r i d y l ) e t h y l  
* 

Kessler, H.  ; Becker, G . ;  Kagler, H.; Wolff, M .  
Tetrahedron Lett, (1984), 25, 3971 

1 .  NaH 
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Other reactions useful fo r  the protectio of carboxylic acids are 
included i n  Section 107 (Esters from Carboxylic Acids and Acid 
Halides) and Section 23 (Carboxylic Acids from Esters) .  


