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Ab6bM-Oxidative conversion of hydra&s of carboxylic acids to acids, esters and amides using Cu salts was 
studied. Acids were obtained in high yields by using a catalytic amount of Cu(OA& at room temperature by 
bubbling oxygen. Hydraxides were convcrtcd to esters by tbc treatment with CU(OR)Cl or Cu(ORh formed In sirv 
from CuCI, and sodium alkoxide. Amides were obtainal in high yields by the oxidation of hydrazidcs with CuC12 in 
the prese& of aminn. 

In our continuous effort to oxidise organic compounds, 
especially various nitrogen compounds, with oxygen 
under mild conditions using Cu salts as a catalyst, we 
found smooth oxidative conversion of o-phenylenedi- 
amine to cis,ci.r-muconitrile,‘~ and dihydraxones of a- 
diietones to acetyknic compounds.‘c These oxidation 
reactions proceed at room temperature with a catalytic 
amount of CuCl in pyridine pretreated with oxygen. 

Also we found that hydra&e of carboxylic acids can 
be converted oxidatively to acids by using Cu salts under 
mild conditions. Acid hydraxides are usually crystalline 
compounds and used for identification and puri6cation of 
carboxylic acids. In addition, acid hydraxides could be 
used as a protecting group of carboxylic acids, if there 
would be a suitable method to regenerate acids or esters 
from them under mild conditions without a&&g sen- 
sitive functional groups present in the acid molecules. A 
common method of hydrolysis of hydraxides using acid 
or base as a catalyst is achieved usually by heating for a 
long period of time, and the method can not be applied to 
sensitive molecules. Another method is oxidative 
cleavage reaction. For this puipose, lead tetraacetate~b 
ceric ammonium nitrate’ and manganese dioxide* are 
used. But these oxidising agents are too powerful to 
tolerate certain labile functional groups. Also more than 
stoichiometric amounts of the reagents are consumed. In 
this sense, the method for converting acid hydraxides to 
carboxylic acids descrii in this paper is the most 
convenient one because it utilises Cu salts as a catalyst 
and oxygen as an oxidising agent. The reaction proceeds 
smoothly in organic solvents at room temperature 
without using a strong acid or base to give corresponding 
carboxylic acids in high yields. Mild conditions and high 
yields make the method very useful for a synthetic 
purpose. In addition, the usefulness of the method is 
further augumented by the fact that not only carboxylic 
acids, but also esters and amides can be prepared 
directly from hydraxides in high yields under mild con- 
ditions, although stoichiometric amounts of Cu com- 
pounds are used in the latter cases. These transfor- 
mations are not posstble by other means. 

NZ T 
HP 

RCONHNHZ + Cu” -E 
RCWI 

ROW RC&R’ 
WrV 

RCOzNR: 

Prehminary accounts of these reactions have aheady 
been given,‘9 and the details of the method are presen- 
ted in this paper. 
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Formation of cahoxyiic a& 

(a) Stoichiomet~ oxi&tion to cahoxylic acids. We 
found that acid hyms are converted to carboxylic 
acids using several Cuz’ salts as an oxidisii agent. For 
this study, octanohydraxide and benxohydraxide were 
used as representative aliphatic and aromatic acid 
hydraxides. Among several Cu2’ salts tested, the highest 
activity was observed with Cu(OJQ and Cu(OH)Cl, 
which were prepared in sitw by the reaction of CuCl2 
with KOH in THE The oxidation was carried out in 
THF at room temperature in the absence of oxygen. The 
stoichiometric oxidation of octanohydraxide proceeded 
rapidly with four moles of Cu(OJQ in THF at room 
temperature under N2. Octanoic acid was obtained in 
!I096 yield with quantitative evolution of N2. Similarly 
henxoic acid was obtained in 9296 yield from benxo- 
hydraxide. It was confirmed that at kast four mdles of 
Cu” salt are necessary for the oxidation of one mole of 
hydraxides in the absence of oxygen. 

RCONHNH, + 4Cu(OJ& 

CuCO3 is less active ami the reaction proceed4 slowly 
atroomtemperature,butrapidlyat700.TJmreactionwas 
very slow with Cu(OA&.H20 at room temperature, but 
at 70” octanohydraxide was converted to octanoic acid in 
9096 yield by the reaction of four q oks of Cu(OAch in 
THF. The oxidation with Cu(OAch carrkd out in 
methanol gave octanok acid (5796) and methyl octanoate 
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(2%) at 70”. But the reaction with Cu(OAch proceeded 
at room temperature in THF under 02. Other Cu” salts, 
such as CuC&, Cu(?X&, Cu!301 and CuO, which have 
low solubility in THF or methanol were not active at 
room temperature and at 70”. CuCl in pyridine, 
pretreated with oxygen, was active. 

tb) Catalytic oxidation to cahoxylic a&is. A catalytic 
reaction is most desirable for preparative purpose. It is 
well-known that Cu’+ salts are oxidised to Cu*’ very 
easily with oxygen. Therefore, the possibility of catalytic 
oxidation of hydraxides to acids under oxygen using a 
catalytic amount of Cu’+ salts was investigated and we 
found that actually the reaction pro~&ed catalytically. 
Easily available Cu(OAch in THF or methanol was 
found to be the most convenient reagent for the catalytic 
oxidation. The reaction was carried out by adding a THF 
solution of hydrazide slowly into a THF solution of 
Cu(OAch in a flask by bubbling oxygen at a room 
temperature. When the addition of hydra& was too 
fast, N,N’diacylhydraxiue was formed in a considerable 
amount. 

amount of Cu(OAch was decreased to l/16 equivalent. 
But the yield somewhat decreased with l/32 equivalent. 
The method is applicable to both aromatic and aliphatic 
acid hydraxides. When the reaction was carried. out in 
methanol as a solvent without addition of water, free 
carboxylic acid was formed as a predominant product 
and methyl ester was obtained as a minor product. The 
effect of some sub&rents on aromatic ring of benxo- 
hydraxide was tested in methanol. As shown in Table 2, 
various substituted benxohydrazides were oxidixed 
smoothly to give corresponding acids as main products. 
However, the oxidation of p-nitrobenxohydraxide was 
abnormal. Although the oxidation took place, the main 
product was methyl p-nitrobenxoate and the minor 
product was free acid. 

Fomwtbn of cstcrs fmm hydmzides 

Cu(OAch 

RCONHNHz + 02 - RCOlH + Ns 

+ Ha + [RCONHNHCOR]. 

As shown in Table 1, the catalytic oxidation was carried 
out with different amounts of Cu(OAc), in THE As was 
confumed in tbe stoichiometric reaction, four moles of 
Cu(OAc)z are equivalent amount for one mole of 
hydraxide. The reaction proceeded equally well when the 

As described above, the catalytic oxidation with 
Cu(OAch-H& in methanol produced maiuly free car- 
boxylic acids, and methyl esters were formed only as the 
minor product. This result suggests that water formed by 
the oxidation attacks preferentially tbe acyl cation for- 
med as an intermediate even though a large excess of 
methanol is present. In order to pnpare esters directly 
from hydrazides, the reaction was carried out using CuCl 
in a mixture of pyridine and methanol under oxygen 
atmosphere. In this system, the formation of 
Cu(OCH3)C1 is assumed.” 

4CuCl t 4CH,OH + 02 •+ 4Py+ 
W’yCuCYOCH,112 + 2&O. 

Table 1. Yields of bcmic and octanoic acids by tbc catalytic oxidation of comspomling hydra&es with 
Cu(OAc~Hfi in THF 

Nenroic acid(t) 96 95 

a. concentration of the hydraaide - 2.5/20 @mol/ml of eolvent) 

b. The reaction was carried out at room temperature. 

T&k 2 Yields of subslih&d bcmoic acid3 by the catalytic oxidation of thcii hydmidcs ia methanol 

II 95 ( o)* 82 (trace)a 70 (trace)a 

C-Clig 89 ( 7) 73 (20) 61 (14) 

m-a3 82 (14) 74 (20) 63 (17) 

p-? 85 (14) 86 (14) 75 (13) 

p--3 90 ( 8) 94 ( 5) 68 (16) 

PC1 92 ( 7) 60 (16) 60 (16) 

p-NO2 40 (40) 20 (66) 19 (76) 

The numbera in parentheaea indicate the yield of methyl eatera. 
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A considerable amount of methyl ester (up to 50%) was 
formed, but simW formation of free carboxylic 
acid could not be minim&l due to the fo~ation of 
water during the oxidation, and this is not a satisfactory 
system for selective f~tion of the ester. Then we 
found that cu(OR)CI formed in situ from CuC& by the 
reaction of one quivalent of sodium a&oxide in THF 
for 3fJmin is a good oxkhzing reagent for the formation 
of ester. By using at least four moles of Cu(OMe)Ci 
formed in situ by the reaction of CuClz with sodium 
me&oxide in THP for oue mole of octauohydrazide, 
methyl octanoate was obtained in 86% yield with 10% of 
octanoic acid at room temperature with rapid evohttion 
of mtrogen. 

RCONHNH, t 4Cu@CH,)CI+ 

RCQzCHz + 4CuCI t Nz t 3CHsOH. 

As shown in Table 3, the reaction was carried out at 
room temperature with various Cu(OR)C!l and cor- 
respondin methyl (84%x), n-butyl #a%), cyclohexyl 
(77%) and t-butyl esters (‘77%) were obtained. At the 
same time free octanoic acid was formed as minor 
products. When a large amount of alcohols is a&able, a 
satisfactory yield of the esters can be obtained from 
hydrazides by carryiae out the oxidation using alcohol as 
the solvent instead of THF and alkoxide as the oxidisii 
agent, It should be noted that the stericaUy hindered 
t-butyl ester was obtained in 7‘7% yield. Then the 
d&rent amounts of ~t-BuO~l were used to oxidise 

octanohydrazide and the results are shown in Table 4. It 
is apparent that four moles of the oxidant are necessary 
for one mole of hydraSde to give esters in a high yield, 
Also the oxidation was carried out in DMF and pyridii, 
instead of THF, but the yields of methyl octanoate were 
54% and 46% respectively. 

In addition to Cu(OR)cI, satisfactory results were 
obtained with Cu(ORh formed from CuCh with two 
equivalents of sodium afkoxide. When ~~hy~de 
was oxidised with an equivalent amount of Cu(OR)CI, 
the yield of the ester was low. Satisfactory yields of 
t-butyl benzoate (83%) was obtained by using Cu(t-BuOh 
instead of Cu(t-BuO)CI. 

Formation of amides from hydmzides 
Then the transformation of hydrazides to amides was 

attempted. Ct$OAcX was found to be active in amines, 
but the best results were obtained by using C!ttCl~. The 
reaction of octanohydrazide was carried out in THF 
containing CuClz and pytx&hne (1:S:S) under nitrogen 
atmosphere at room temperature and the corresponding 
octanamide was obtained in nearly quantitative yield 
without forming free oetanoic acid. The oxidation was 
carried out with diierent amounts of amines in order to 
determine the minimum amounts of amine required. As 
shown in Table 5, about five moles of amine were 
necessary for one mole of hydrazide. Ptesumabiy, four 
moles of amine are consumed to neutrahse the Liberated 
hydrogen chloride. Not only pyrrohdine, but less basic 

Tabk 3. Yields of esters of octanoic acid by the oxidation with Cu(OR)CI 

R Nitrogen 
evolved(0 

Yield(\) 

Ester Acid 

=3 100 86 12 

n-Au 98 60 19 

cyclohexyl 99 77 16 

t-m 98 77 18 

Cu(ORIC1/4Wydraride 0 1.25 

Rate of addition of the hydraside = 1 (mmol/hr) 

Tabk 4. Yields of t-botyl octauoate formed with different amounts of Cu(O-t-Bu)C.l 

octanoate 

Rata of addition of the hydraxide - about 1 bml/hr) 

The concentration of the hydraxide - 2.5 mmo1/20 ml of TEF 



1314 1. Tsun d af. 

morpbolinc ad ammonia were used to give similar 
results as shown in Table 6. 

N 

It was found that only one equivalent of amine is 
enough when diazabicycloumkeoe (DBU) was used as aJ 

a iigand of CM%. As shown in Table 7, high yields of DBU 
amides were obtained by using one equivaknt of amine hydra&h with lead tetraacetate in amines to give 
in the presence of CuCl, and DBU (1: 1 molar). amides has recentIy been reported.” But the present 
As a related reaction, oxidative conversion of N-tosyl- method using CuCtz is simpler and gives better yields. 

Table 5. Yields of amides of pynolidinc from octanobvdrazik usiw CuCh 

PyroliUfne/Eydraride 

fmol/mol) 

Bttrogen 

evolved(i) 

- _ 

Yield(S) 

72.0 100 

5.0 100 

1.0 96 

3.0 so 

2.5 85 

1.25 77 

1.0 70 

Amide(%) Acid(%) 

99 0 

99 0 

94 0 

79 trace 

70 tEaa 

22 ' 44 

16 62 

CuC12/Eydratide = 5 fnmlbol) - 1.25 O&Q. 

Bate of addition of the bydrazide - ?Ibout 1.5 (mm~l/hr) 

The concentration of the hydrazide - 2.5 1mool/20 ml Of TEF 

Table 6. Yields of various amides by usb Cu’% 

tin8 

Yield(%) 

OCtiIUtid8 Benzamids 

Pyrrolidine 99 94 

Mwpholine 96 94 

Azmlloniah 93 89 

a. CuC12/BydraZid8 - 5 (mol/mol) 

Amine/Hydrarids - 5 (mol/mol) 

Rate of addition of tbe hydrazide = about 1.5 (maOl/hr) 

b. Ammonia was oaturated in TEF. 

Tabk 7. Yiiids of amides by using Cut&DBU complex 

Yield(t) 

Amine 
Octanamide Benramide 

Pyrrolidine 96 95 

Horpbolfne 93 95 

i-ButylAmino 92 93 

CuC12/Hydrazide - 5 (mol/mol~ 

DBU/Eydratfde - 5 0mllm01) 

Amine/Eydrazido - 1 (mol/molt 

Rate of addition - 1.5 (mm~l/hr) 
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Rt5cth mechanism 
The formation of acids, esters, and amides by the 

reactions of water, akohols and amines suggests the 
intermediacy of acyl cation. Nuckophihc attack of 
water, akohols and amines to the acyl catioa gives acids, 
esters and amides respectively, The formation of the acyl 
cation as the in- is explained by the stepwise 
four&&on oxidation of hydraxide. CUZ’ ion is one 
electron donor and hence four moles of CI?’ are 
required to form the acyl cation. Thus it is reasonable 
that four moles of Cu reagents were used in the stoi- 
chiometric oxidation. On the other hand, it is known that 
Cu’+ can be oxidised to Cua‘ state easily with oxygen. 
Therefore, it is possible to carry out the oxidation with a 
catalytic amount of CP ion by bubbling oxygen. In this 
case, the reoxidatioa of the reduced Cur+ to C3’ with 
oxygen takes place to fortn a catalytic cycle. 

RCONHNH, + XuXY + RCO + 3CuX + 3HY + N2 

RCO+CuXY+RCO++CuX+Y- 

RCO++Y-+RCOY 

Y= OH, OR,NRz 

-AL 

Mfltcriuls. Au cu salt.9 used ia the experiments wen corn- 
mercialprodoctsaodusedwitlmutp&kation. 

ExpatnmtolprocediueMoxidatiooswueperformedina 

?7fJ?'l%ereactionwaca&doutin-a3imxkedilaskwnncuul 
toa~a9AAsolnofCu(OHhwaspnpandins&ubytbe 
treatment of C!uC& (135g, 1Ommol) with powdered KOH (1.12g. 
#Immol)InTHF(ZSmt)atroomtempfor30min.Thenasdnof 
knzohy&azkk (0.34g 2.5 mmol) in THF (20 ml) was added 
dropwise in 1 hr. During the addition. rapid evolution of Nz was 
ohserved ‘lk mixtum was ncutralkt with 6N-HCl aad the soln 
was ctmcmtrated Thea CH$!& was added. The acidic corn-- 
wnent ti extracted with a sat NaHCo\ aa. from which the acid 
i~f~9~~h~t~d8gh~ithCH~d~~iidiii~~B~~0i~~id 

was obtaiaed as crystals after evaporation of c&c& (02.Q 
9296, mp. 1229). 

C&&tic oxidntfoa of octaaol#t&$e to octueofc i&d with 
Co(OAc~H@ in 77Z A soln of octanohydmzide (0396g. 
2.5 mmol) in THF @ml) was added dropwise to a soln of 
Cu(OAchH@ @.2Sg, 1.25 mmol) in THF (25 ml) at room temp 
ia2hr.I)uriagtheaddition.4arasbubMedMntinuously.Afta 
evaporatioa of the SolWIlt, the mixture was dissolved in etlsa. 
The ethereal solo was extracted with NaHCO,aq. The extract 

WartlCidiM~Wd~xtractsdWitbCH~.ThCorpanic 
layer was dried and the solvent was evaporated. AcGH was 
removed by aeon and c~~~~ puritkation of the 
nsidue &o&d octanoic acid (0.3s & 97%). 

oxtlotlon of octanohydn&e to nMhyl octanaatr cucl* 
(3.368, 25 mmol) was added sbwl~ to a sola of NaOMc (1.35 a. 
25~l)inTHF(fOml)nmkxN~aadthe~ln~stimdfi;i 
3Omia to menarv Cu(OCHXl. Tka a Jola of &anohvdrazide 
(0.79 g, 5 til) in niF (emI) was added slowly over ‘e &od 
of5br.TbedarkbrowncolorofIhesolnchangedtopakbrown 
~~~on*~~~~~t~~~lv~~ 
evaporated and the residue was extracted with CHG. The 
extract was drkd with N-4 aml evaporated. Chmmatographic 
purifkation of the residue alforded methyl octanoate (O.a8& 
sa%) and octal&& acid (O&9& 12%). The struchlre was 
~~by~rn~~~~~~~~~of~ 
authentic sampk. 

&iabtion of bauohphuia'e to ami& of mOQhohe by DBU 
compkx of CuCI2. In a SOml3-necked &ask. equipped with a 
magnetic stirrer, and a droppii fmmel, DBU OS g, 6.25 mm@, 
morpholii (0.11 g, 1.2SmmoI) and THF (12ml) were placed. To 
the mixture, CuCl~ (0.84 g, 6.25 mmol) was ad&d in several 
portions to form a green soln. Then, a soln of benzohydnuidc 
(O.l7g, 1.25mmol) in THF (1Oml) was added dropwise in lhr 
under Ni. Most of the solvent was eqoratal, and the residue 
wastrratedwith40mlof6NHCIat09Thenthemixhaewas 
extra&d with CHfi. The organic layer was washed with 
NaHCO, aq and drkd. Evaporation of the solvent gave the amide 
of morpholioe (0.227& %%I. ‘Ibe structure was determ&d by 
itslRandNMRspectra. 
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