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Abatract -~ A mixture of alkyl phosphate esters (APE)
obtained from P“010 and alkanols taken in 116 mole
ratio is an excellent esterification reagent for

several classes of cardboxylic acids,

This new

reagent offers several advantages compared to
conventional reagents,

Recent pudblications in this
Journal1 and elsewhere ’Bconcorning
synthetic applications of phosphorus
reagents to effect esterification
of carboxylic acids, prompt us to
report our own results on a novel
application of organophosphoric
esters, obtained from the hitherto
poorly ntudied“ reaction of alkanols
with 96010’

The extensive applications of
organophosphorus reagents in
synthetic methodology are well
documented”, Among them, those of
polyphosphoric acid (P?A)6 and poly-
phosphoric esters (PPLE) have
generated a rich literature. Since
the first report concerning the re-
action of 9“010 with diethyl ether
was made several decades ago ,there
have been many studies addressed to
formatlone, structure "9 and syne

thetic applications of this versatile

**part IX of the series Reactions of
Cyclic Anhydrides.
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reagent, It has been used success-
fully for several conversions of
biochemical interest?®r 108 4q.
hydration of amidca1°b. Fischer
indole aynthesis1°°, Bischler-
Nepierlaski reactionec'ad'e.'11
Beckmann roarrangenont12, and
condensation reactions involving
1,2-bifunctional nucleophiles13'1“.
In contrast to such diverse appli-
cations of PPE derived froa P“010
and diethyl ether, the reagent
obtained from Ph010 and alkanols
singularly lacks detailed investi-
gations either of its structure

or its synthetic utility, Just a
handful of investigations refer to
its fornation“.’15,structure15°'16,
and synthetic uses, The reagent
obtained from ph910 and alkanol
(111,25-3,00) has been used for
efficient dehydration of oximes to
nitriles and secondary alkanols

to olcflna15.. With e 1:4 ratio of
9“010 end alkanocl, the reagent
brings about nitrogen and carbon

nlkyl.tion15c.17. In these early

investigations, neither any
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.specific structure is assigned for
the reagents formed nor are the
mechanistic details indicated.
¥ithout adducing any evidence, a
suggestion 1is nndo1 that this
reagent might be intermediate in
structure between PPA and PIE.
wevertheless the superior reactivity
of this resgent to effect alkyla~
tion over trialkylphosphates and
tetraalkylpyrophosphates appears
established ' >°,

In connection with oufr work
related to generation of hetero-
cycles18 from suitably ortho sub-
stituted anilic esters, we were in
need of a dependable method for
formation of anilic esters, After
the conventional direct esterifica-
tion methods for conversion of care
boxylic acids to esters failed in
our trials to provide acceptabdle
yields of the esters, we turned to
PPE for this purpose. The reagents
obtained from P“01o-diothy11othcr8°
or 9“010-chloroforl-e1knnol
caused either decoamposition or imide
formation of the anilic acids, In
the fewer cases where it worked,
the yield and purity of the product
were far from antiafucto:g. After
some trials, we realised that nitro
anilic acids obtained froa nitro-eni
line and maleic anhydride undergo
smooth conversion to the esters in
excellent yield when treated with a
mixture of 1 mole of 9“010 taken in
6 moles of alkanols, Encouraged by
these results, we made & systematic
atudy of the utility of this new re-
agent for esterifying other sensitive
anilic acids, and more generally mono
and dicarboxylic acids, The present
report describes our results,

V. BALASUBRAMANIYAN ¢! al.

We prepared the reagent by
careful portionwise addition of 1
mole of 9“010 to 6 woles ot anhy~-
drous methanol at 0-5°C, The re-
agent thus obtained is stabdble for
several days, Aliquots of the
reagent can be conveniently used.for
esterification of carboxylic acids by
refluxing thes with the reagent for
3 hours. Por liquid acids,
the best results were obtained by
using 9“010 and alkanol {n the ratio
116, With solid acids, a higher
ratio of alkanol was employed to
ensure \homogeneoussolution, when
necessitated by the poor solubility
of anilic acids, Even in the latter
cases, that the operative composi-
tion of the resgent wus neverthe-
less one portion of 9“010 to 6 of
alkanol, was clerified by running
the reaction with this reagent,
solution being effected by an inert
solvent such as dioxane., We there-
fore believe that the nature of the
species obtained froa interaction
of 9“010 with elkanol is critically
dependent on the stoichiometry of
the components., In the amounts
taker in this work, the reagent
formed presumably consists of an
equimolar mixture of monoalkyl and
dialkyl phosphates'®20, The

9“0100680H -—)
2(RO) P(0) (OH)ZQZ(RO)z P(0) (OH)

detailed studies on the hydrolytic
behaviour af mono and dislkyl
phosphates under acidic conditions
clearly point out their efficlency

as alkyl transfer reagont321. As

of now, we choose not to venture into

a more detailed discussion of the
precise nature of the active reagent;
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instead we report on the synthetic
potential of this reagent,

Table I contains details of
several successiul conversions of
acids into esters, The classes
examined include saturated amd un-
saturated aliphatic mono and di-
carboxylic acids, halocarboxylic
acids and an amino acid, *able II
lists similer conversions for a
large rumber of maleanilic (1) ,
fumarenilic (1T)and succinanilic(III)
acids, An examination of data of
these tables reveals the versatility
of this reagent, A few noteworthy

I X=._CHaCH-(®
ox)-CoaR
S

H ‘iu.‘
features of this reagent deserve
mention:1i) The amount of reagent
obtained from 1 mole of P“O1o
esterifies 6 moles of mono carboxylic
acids, As such, the transfer eff{-
ciency of this reagent is very high
compared to trinethgl phoaphatezz,
trimethyl phosphite®>, dimethyl
sulphate2 and the ‘rediscovered’
dimethyl sulphite?®, 11) Direct
esterification of carboxylic acids
using ROH/HZSO“ often fails to pro-
vide esters of higher alkanols., We
found this to be particularly true of
anilic acids, This difficulty was
overcome by using the alkylphosphate
reagents of the present work., i11) The
reagent has a good solvent action for
solid acids such as nitro-anilic
acids which otherwise are less soluble
in alkanols, 4iv) With dicarboxylic
acids, invariably the reaction resulted

in formation of diesters even when the
stoichiometry was deliberately

11X CHeCH«®)

Il Xm= -
f Tacnd CHZ-CHZ
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adjusted to cause only mono=-

esterification, In such cases, it
turned out that only half the initial
acid underwent diesterification,
the otherhalf being quantitatively
recovered, In the case of maleic
acid (entry No,104Table I) esteri-
fication was accompanied by isom-
erisation as well, the ZiE ratio
being 84316;however, the related
citraconic acid (entry No.11,Tablel)
furnished only the "2% isomer
(resisting isomerisation), v} This
reagent cuts down the reaction time
from 12-24 hours required to
esterify certain acids (entry 1,6,
7,8,12; Table I) to a uniformly
short period of three hours, the
yield in general being comparable
or better; the need to remove water
formed during the reaction by
azeotropic distillation can also

be avoided,

The present method of esteri-
fication is not without some limit-
ations, Thus the reagent failed to
furnish acceptable yields of some
aromatic esters for e.g., nitro
and amino benzoic acids; besides,
some of the maleanilic acids not
containing nitro function often
displayed a tendency to form imides
rather than the expected esters., A
similar problem was faced with
phthalenilic (Iv) curanilic-400(Va)
and curanilic-600 (Vb) acias.

COH
COR

CoM
COR

ve

oo

Rx ~NMAY

Vo
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The ready formation of imides in
the latter cases can be a conse-
Juence of the relatively higher
mucleophilicity of nitrogen and/or
the favourable proximity of the
interacting groups. In fact, the
latter systems IV-V have so far de-
fied our attempts at direct ester-
ification by variety of sethods,

In summary, the reagent obtained
froa 1 mole of P,‘O10 and 6 moles of
alkanol satisfactorily bringsabout
the direct esterification of a wide
variety of carboxylic acids in good
to excellent yields,
provides a technique complementary to
the available ones., Bven though the
precise composition of the reagent is
yet to be ascertained, its synthetic
utility appears promising. At this
stage mechanistic speculations are
premature ard must await the results
of atudies currently on hand in our
laboratories.
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thank Miss M,R, Gujar for experi-
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EXPERIMENTAL

Melting points recorded are
uncorrected. The IR spectra are re-
corded in nujol on a Perkin-Elmer
R27spectrophotometer(V,, in ca ",
PMR spectra in CDCls on Perkin-
Elmer Ry, spectrophotometer using
TMS as internal standard (chemical
shifts infppm ),

This new reagent

V. BALASUBRAMANIYAN ef al.

creparation of Alkyl phosphate re-_
-agent:

Anhydrous sethanol (240 ml,6m0l) was
cooled to 8=5° and phosphorus
pentoxide (284 gnm,lmol,calculated as
Pp0,) gradually added with constant

stirring (internal teaperature

less than 10(; higher temperature
caused decomposition of the reagent
resulting in a brown solution).

The addition was carried out pre-
ferably in an inert ataosphere(N,).
After the addition was over, the
reaction mixture was stirred for an-
other 20 minutes, The clear viscous
solution thus obtained can be stored
under seal to keepout moisture and
used in aliquots. Yhe hygroscopic
reagent is stable for periods upto
three weeks at room temperature,

Eaterification of liquid carboxvlic
Acida ¢

A typical reaction is described @
Glacial acetic acid (0.6 mole,

36,0 ga) was added to 0,1 mole equ~-
ivalent of the reagent prepared as
above, and the reaction mixture re-
fluxed for 3 hours on a water bath,
ice-cold wuter being circulated thr-
ough the condenser. The reaction
pixture was allowed to come to room
temperature, extractea with ether

(2 x 100 ml1), the orgsnic layer
washed (aq.haHCO} 2 x 100 ml) and
dried (N.zso“). After removal of
solvent, the residual liquid was
distilled through a fractionrating
c:lumn to yield 90% (39 gm) of methyl
acetate b,p. 54-56°,

Eaterification of solid acid :
Phenylacetic acid (82,2 gm, 0.6 mol)
was added to the reagent prepsred as
above, In this case, any required
alkanol was added to ensure homo-
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gensous solution, The reaction mix-
ture was refluxed for 3 hours, It
was then diluted with water (100 ml)
extracted with ether (2 x 100 al),
the organic layer washed (.q.MCOs,
2 x 100 =1) and dried (Ne,S0,), After
removal of solvent, the residual 1li-
quid was distilled off to yield 86
(85 gm) of ethyl phenyl acetate, b.p.
224-226°, Data concerning other ne -
thyl and ethyl esters thus prepared
are collected in Table I,

Identical procedure was adopted
for malesnilic (I) and fumaranilic(II)
acids., For succinanilic acids (III),
the reaction was brought about by
atirring the acid and the reagent at
rooa tesperature for four hours.

The products obtained from anilic
acids thus esterified are reported in
in Table II, In case of alkanols
immisgible with water, after conc-
entrating the solution by distilling
off most of the solvent, light petro-~
leus (60-80) was added and the mixture
allowed to atand, when the product
crystallised out, The spectral and
analytical data of the esters prepa-
red are furnished in Table III and IV,

REFERE.CeS

1) I.M.Downte, N.Wynne and (in part)

S.Harrison, Tetrshedron, 1962,
8 1457,

2) S.Hashimoto, I.Furukawa and T,
Kuroda, Iet.Letters, 1960, 21,
2857,

3) J.H. Adams, J.R.Lewis and J.G,
Paul, Synthesis, 1979, 429,

1479

4a) "Controlled experimentation re-

garding the reaction between
P00 and hydroxy cospounds (ROH)
is lacking in the usual scienti-
fic literature”, E.Cherbuliez in
Organo Phoaphorus Compounds Vol 6
ed.G .M Kosolapoff and L,Maier,
¥Wiley interscilence,1973,p 222,

b) Lack of studies on the reactions
of 9“010 with alkanols and their
synthetic utility has been lam-
ented in Copprehbenaive Organis

Chemiatry Vol g, Pergaman Press,
London, 1979, p 1272,

Organophoaphorus Reagents 1o
Organic Synthesis J.I1.G.Cadogen,

ed., Academic Press, hew York,

1980,

S,¥arren, Cham.lnd., 1980, ¢Q,

&“o

F.,D,Popp and W,E,McEwen, Cheg.

Reva., 1958, 28, 321.

F,Unlig and H.R.Snyder,Adv.0xg.

Ches., 1960, 1 , 35.

c) Reagenta for Organic Svntheals,
L.F.,Fleser and M. Fleser eds.,
John Wiley and Sons, New York
Vol.1+9, 1967-1981,

Sa)

b)

6a)

b)

7) K.mm'ld. m.. 1910. l-‘}.
1957; 1911, 44, 2076,

8a) B,Ritz and E.Thilo, Appalen,
1951, 22%, 173.

b) ¥.Pollmann end G,Schrasm,
Bioches.Biophya.Acta., 1964,
89, 1-

c) Y.Kanaoks,E.Sato,0,Yonemitau
and Y.Ban,Tet.letters, 1964,
2419,

d) Y.Kanaoka,K.Tanizawa,E,Sato,

O.Yonemitsu and Y,Ban,Cheg.
Pherw.Bull., 1967, 12, 593.



1480

e) M.P.Cava,M,V, Lakaimikanthes and
M,J. Mitchell J, Org,Ches., 1969,
34,2665,

9a) F,N,Hayes and E Hasbury,l.AR.Chem.
Sec., 1964, g6, W72,

b) G.Burckhurdt, M.P.Klein and M,
Calvin,J An.Chem.90c., 1965.81»
591,

¢) J.R.Van Vazer and S,Norval,J Ag.

_Chem,80c., 1966, §8, 4415.

10a) G.Schrasa,H.Grotsch and ¥.Poll-
mann, Angew.Ches.Int.Edn., 1962,
1, 1.

10b) Y.Kanmoks,T.Kugs and K,Tanizawa,
Chea,Pharm.Bull,., 1570, 1@.397.

c) Y.Kanaoka,Y.Bar,0,Yonsmitsu,K, Irie
and K. Mayashita,Chem,Ind., 1965,
473; ChemaPharm.Bull -» 1966,1%,
934,

11a) K.S.Soh and F.N.Lahey,Iot -lettera.,
1968, 19.

b) Y.Kanaoks,E.Ssto, and O.Yonemitsu,
Tetrahedron, 1968, g4, 2591.

¢) R.W, Doskotch, J.D,Phillipson,A.B,
Rey,and J.L.Beal, J,0rg.Cham.,
1971, X, 2409.

42) V,L,Nerayanan and L,Setescak, .
_Neterocyclic Chal., 1969, §, 445.
13a) Y.Kenaoka,E.Sst0,0,Yonesitsu and
Y.Ben, Ches,Phare,Bull., 1964,
12, 793.

») Y.Xenaoka,T.Hamada and O.Yone-
eitsu, Chem,Pharn.Bull., 1970,
18, 567.

14) F.Bahrand H,Rohent,Ger.0ffen.
2, 153, 055: Moo 1972,
11, 88550,

15a) T.Mukaiyama and T.,Hata. Bull.
Chem.Soc.Japan, 1961, 34, 99.

V. BALASUBRAMANIYAN ef al.

b) H.Schwartz, Fr.Pat., 1, 348,
767, ana 1, 348, 769(1963),
Chem.dbs., 1964, 69, 13192,

c) Y.Kanaoka, K.Miyashita and O,

Yonemitsu, Istrabedrop, 1969,

23, 2757.

F.A, Cotton and G, Wilkinson,

Advanced Iporganic.Chemistry,
(¥iley Eastern, New Delhi),

1972, p 382,

O.Yonemitsu, K Miyashita,Y, Ban

and Y.Kansoka, Tetrshedron,
1969, 25, 95.

16)

17a)

b) M.Oklobdzija, V.Sunjic, F.Kajifez
V.Caplar and D.Kolbah, Sygthesis

1975, 596.

M.V, Patel, P.Balasudramsaniysn
and V, Balasubramaniyan, Ipdisp
J.Cheg., 1979, 18B, 2645.

b) M.V Patel, P, Balasubramaniyan
and V,Balasubramsaniyan, Indian
S.Chem., 1979, 18B, 367.

¢) P.Balasubrasaniyan, M.V, Patel,
S.B,¥agh and V Balasutramaniyan,
Surrent Scisnce, 1982, 31, 279.

d) S.B.Wagh, P Balasubtramaniyan and
V.Balasulrsmaniyan, Indian J,
Ches., 1962, 21B, 0000.

19) S,.B,%agh,P,Balasubramaniyan and
V_Balasubramaniyan, Ipdiap J.
Chem., 1982, 218, 577.

20) E.Cherbuliez and H.Weniger.

Helv,Chim.Actg., 1945, 28, 1584,

Con.Bun ton, M.M.Mhala ,K,G,O0ldhar

and C.A.Vernon, J.Chea,.Sgc.,

1960, 3293,

22) M.M.Harris and P.K.Patel,Chen.
ind., 1973, 1002,

23) J.Szmuskovicz,
1972, 4, 51.

24) J, Grumiy, B,G.James and G.
Pattenden, Igt.letters, 1972,
757.

25) V,G.Bhatia, A.S. Shaikh, D.B,
Tongare and V,Balasubramaniyan,
Indian J.Chen,, 1982, 21B, 259.

21,

Pren P



Facile esterification of carboxylic acids 1481

Table I Esterification of Carboxylic Acids with
alkylphosphate esters (APt). Data concerning pethyl/ethyl esters.®

Methyl Ester Ethyl Ester
No. Carboxylic acid B.P,M.P. n:m B.P.M.P. Yield
1. Acetic 54-56 90 74-76 56
2. Propionic 74-76 86 96-98 66
3, Butyric 99-101 80 117-19 66
4, 1soValeric 114-16 70 131=33 72
Se Phenylscetic 250-52 89 22426 86
6. Oxal ic 54° 95 181-83 68
7. Succinic 19395 60 214=16 63
8. Crotonic 117-19 70 12224 68
9. Cinnamic 3P 78 136-41/12m 73
10. Maleicd 201-3 73 101-3/140m 70
11.  Methylmaleic? 98-102/14om 68 118-20/20ma 65
12. Fumaric 101-2° 72 134=36/19me 60
13. Chloroacetic 128-30 78 14143 90
14, Aminoacetic 17274 65 143-44° 90
15, Benzoic 191-93 70 209-11 24
16, 3,5-Dinitrobenzoic 111-12° 3% 89-90° 30
17. 3-Methyl-hexahydro-
phthalic 149-50/33mm 71 165=70/15em 85
18, 3-Methyl- A% tetrahydro
phthalic 155-60/20um 73 115-20/10am 79

a, Yields are not optimised, The m.p./b.p. of the esters were
checked against literature values. All new compounds were
characterised by elemental analysis and/or ir/pmr spectrs,

b. Solid esters;melting points sre reported,
c. For the hydrochloride,

d. For entry 10, mixture of esters (16 % E, 84 % Z); for entry
11, only Z-isomer,
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Table Il.Esterification of maleanilic, fumaranilic and succinanilic
acids with alkyl phosphate esters (APE)®

-— R!
R,_@ w(’g-coz" APE o '_@” m €Oz

(X)a=CHuCH-(5yb (X)=—CHaCH-(p\b (X)=LH,-CH,~

No R,
M.P. Yield M.P, ng M.P, Yi'm
%
1 2-CH, 72-74 c 143-45 68 78-80 50
2 4L<CH 149-50 c 143=-44 67 11416 68
3 2-0033 137=39 c 118-120 64 56-57 62
4 z.-oan 14245 c 174=75 65 1C8B.09 80
5 4Ll - - 178-80 70  142-45 68
6 2-NO, 74-76 85 123-24 85 124=5 50
(55-56) 78 (98-100) &
7 }-mz 125=26 87 174=76 84 139=40 72
(118-19) 7 (138-39) 78
8  4=NO, 130-3 89 250-51 87  140-41 66
80
(93-94) 78 (218-19)
9 2-NO_-4OCH 98-100 88 134=36 89 88-90 70
2 3 78 80
(83-84) (139-40)
10 z-mz-z.-cn3 103-4 87 119-13 85 84-86
(121=23) 78 80

a, Yields are not optimised. The m.pe. 0f the esters were
checked against literature values. All new compounds were
characterised by elemental analysis and/or ir/par spectra,

b. The first row relates to data on methyl esters, the second row
to ethyl esters.

c. In these cases, esters were not formed‘the data given are for
imides (see text)

d. For entry 6, the following higher esters in E-series have also
been prepared,

1) 1so-propyl ester - m.p. 81-833
11) n-propyl ester = m.p. 83-84,
ii1) n-Butyl ester - z.p. 7980
iv) cyclohexyl ester - m,p. 134-36.
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Table III Analytical and spectral data for representative esters,

Wo, Compound X Calc. Found. — PR ppa
1 I;Re2-NO,;RTaMe  C 52,80 52.85  3.82(3H,s,-0CH,);6.30(1H,d,J=13Hz,
H 04,00 04,02  vinylic H);6.56(1H,d,J=13Hz,vinylic H)
N 11,20 11,3 7.2-8,8(4H,m,Ar-H);10,7(1H,bs,exch,
(Cy 0N 0g ) D,,0=NH-CO-).
2 II;R-Z-M)Z;R =Ma C 52,80 53,10 3.82(33{,5.-0(:}13);6.95(1x,d,J-1saz. ‘
H 04,00 04,03 vinylic H),7.07(1H,d,J=18Hz vinylic H,
(c“awnzof,) N 11.20 11,01 7.1-8.8(4H,m,Ar-H);10,7(1H,bs,exch,
D,0-NH-CO-),
3 II;Re2MO0,5R%eB € 56,55 54,35  1.3(3H,t,<CHy)}4.3(2H,q,CH,)6.95(1H,
H Ob, 56 04,56 4,J=18Hz v1ny11c H);7.00{1K,d,J=18Hz2,
(c,,H,,805) N 10,60 09.95  vinylic H)}7.1-8.3(4H,m,Ar-H); 10.7
(1H,bs, exch,D,0, -Ni-CO-}.
4 IIRe-NO,iRTeEE  C 54,55 54,25  1.3(3H,t,-CHy))4.3(2H,q,=CH,);6.22(1H
H 04,54 04,50  d,J=18Hz vinylic H);6,44(1H,d,J=18Hz,
(c,zuwnzos) N 10.60 10,71  vinylic H)}7.7-8.3(4H,m,Ar-H),11,5
(1ﬂ,ba,exch,920, ~NH-CO=),
5 n;n-a-uoa'.a‘-«n« C 52,80 52.95  3.88(3H,s-0CH,);6.27(1H,d,J=18Hz,
NZO ) H 04,00 04,05 vinylic a);s,iﬂm,a&-wx: vinylicH),
€110 N 11.20 11,15  11,5(1H,bs,exch,D,0,-Ni-C0-),
6 II;R-Z-CHB;R1-M C 65,75 65.99  2.18(3H,s,Ar-CHy);3.17(3H,s,~0CH,),
H 05.93 06.11  6,78(1H,s,vinylic H),6.94(1H,s,
(coH,5 N, ) N 06,39 06,52  vinylic H)}7.04=7,08(4H,n,Ar-H);7.68

7 Batry 141«Tadle 1
Methyl ester

8 Entry 17-Table I
Methyl ester

9 Entry 18«Table I
Methyl ester

IR spectra of 1-6 diaplayed M bands at

at 1710 cn”!
respectively.

(1H,ba,cxch.020,-m-co-).
2.07(d,J=1.8 Hz long range coupling
with olefinic proton, 3H);3.7(s,3H),
3.8(s,3H);3.9(q,J=1.8 Hz).
1,05(d,J=9 Hz,3H),1,3-2.1(m,6H);
2.23(sext,1H),2.48(t,1H);2.88(m, 1H);
3.6(s,6H),

1.20(d,J=9 Hz,3H)}2,2-3,2(complex
m,5H)} 3.5-3.7(two close singlet,6H);
5,3=5,8{m,2H),

~3300 cn”', ester carbonyl

and aaideI and II bands at ~1670 and «~1630 cm™’
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Table IV

Compound

' 11;Re2 ~NO,, ~4=OMe

R1-Me

I;Ra=2 -NOZ -4QMe

2 RlaMe

10

1

12

II;R-Z-NOZ;
h1-n-r’r

III;Rab=OCH

3}
R1aMe

111;Rmb4=C1;RVaMe

III;Ra3N0, ;R e

III;Rab=NO,;

R1aMe

I;Ra2-Me( imide)

I;Rel4-Me; (imide)

V. BALASUBRAMANIYAN e/ al.

Aralytical and spectral data for anilic esters.

5

IO

>Xx

zZx0 zx0 zZx 0 ZX O ZIO

Z2x0

¢
I;Kel-0CH imide) g

I;Re2-NO,~4=CH
1
R '=Me

II;Re2NO, ~b=Me;
R1aMe

N

ZT0

zZx 0

Calc.

51.42
04.26
10.00

51,42
04,26
10.02

56.10
05.03
10.07

54,50
04,54
10.60

Found.

51,62
0“. ”
09.62

51.48
04,29
09.83

54.70
06,41
05.82

52.28
04,81
10.94

52,40
04,70
10. 59

70.69
04,71
07.19

07.36

06.67

54,50
04,50
10,52

54,35
04,50
10,40

-1
IR cm

3300, 1710, 1670.

3300, 1715, 1675,

3300, 1710, 1670.

3370, 1680, 1740,

3350, 1710, 1680,

3350, 1670, 1710,

3350, 1605,

1700.

1700.

1700,

3460, 1710, 1630,

3340, 1740, 1680,



Facile esterification of carboxylic acids

Table IV(Contd)

No Compound %

1311;Ra2-NO,, -4CH
R1=Et

ZXT O

3

"11;&.2-noz;a1.au

zZx O

uII;R-.’—.‘-l‘iO2
R1-Cyclohexy1

ZTO

~II;R;2-N02;
R =1soPropyl

zZx0

" I;R.a-nga1-st

Z2Xx0O

vg LiR=3-NO, ;R =Me

Z X O

I;R=4-NO ;R1-Mo
" 2

=IO

QQII;R-Z-NOZ-QOCH

3
R1-He

ZxT 60

c
III;Re2-Me;R =Ma
N

2 IIT;Rets-Ma;R wMe |}
N

CaIC.

56.11
05.03
10.07

57.53
05,47
09.62

60,37
05.66
08.75

53.07
04.76
09.52

65.15
06.78
06. 31

65.15
06,78
%. 31

Found,
56,09
09.91

09,41

65.05
06.91
06.16

65.19
06.93
06.20

R en

1485

3320, 1725, 1675, 1640,

3320,

3275,

3340,

3340,

3345,

3300,

3}25'

3280,

3320,

1720,

1660,

1715,

1620,

1680,

1650,

1650,

1680,

1655,

1680.

16795,

1680,

1&0.

1700.

1710,

1710.

1745,

1730,

1780,



