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Am- A mixture of alkyl phosphate ester. (APE) 

obtained from P40q0 ard alkanols taken in 1:6 ~010 

rat10 is an excellent l sterlflcatlon reegent Sor 

several classes OS carboxyllc l clda. This new 

reagent ofSers several advantages cooperad to 

conventloml reagents. 

Recent publication8 in this 

Jourm? and elsewhere 2g3concernlng 

synthetic appllcatlom of phosphorus 

reagents to effect l sterlflcatlon 

of carboxyllc acids, prapt UI to 

report our own results on a novel 

application of organophosphorlc 

esters, obtained from the hitherto 

poorly studled reaction of alkanols 

with P/&,. 

The extensive applications of 

organophosphorus reagents in 

synthetic methodology are wll 

documented'. Among them, those of 

polyphosphorlc acid (PPAj6 arxl poly- 

phosphoric esters (PPLIk have 

generated a rich llterature. Slrxe 

the first report concerning the re- 

action of P40010 with dlethyl ether 

was made several decades ago 
7 
#there 

have been many studies addressed to 

formatlon8, structure~Vg and syn- 

thetic applications of this versatile 

-Part IX of the series Reactions of 

Cyclic Anhydrides. 

reagent. It has been used mcceae- 

fully for several converslona of 

blocheUca1 interest'"* lti, de- 

hydration of amldee'Ob, Flecher 

lndole synthesis'OC, Blschler- 

Kaplerlaskl reactlon8c*8d*ge*" 

Beckmann rearrangement'2, and 
, 

coulenaatlon reactions involving 

1,2-blfunctional mcleophlles 13,14 

Xn contrast to such diverse appll-' 

cations of Pm derived from P 0 
4 10 

and dlethyl ether, the reagent 

obtained from P40,0 and alkanols 

singularly lacka detailed lnveatl- 

gatiON either Of its 8tNCtUre 

or its synthetic utility. Just a 

handful of lnvestlgatlons refer to 

its forPation~~15,structure1~C'6 , 
and synthetic wea. Ttm reagent 

obtained frcs P4O,O and alkanol 

(lr1.25-3.00) has ken wed ror 

l fflclent dehydration of 0x1~s to 

nltrlles and secondary alkanols 

to ol.fln&I'5a. With 8 114 ratio of 

P40,0 and alkanol, the reagent 

brings about nitrogen and carbon 

alkylatlonl3c,17 
. In these early 

lnvestigatlon.9, mlther any 

1475 
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.SpeClflC structure 1s assigned for 

the reagents formed nor are the 

mcchanlatlc details indicated. 

Without 8dduclng an 

auggestlon la made 
Jce$d:"t;8' 

reagent might ba lnterrubiatiln 

rtructure bet-en PPA ati PHL 

l*verthelessthe superior reactivity 

of this reagent to effect alkyla- 
tion over trlalkylphosphates and 

tetraalkyl~rphoaphatea appears 

establlahed . 

In connection with ou+ uork 

related to generation of hetero- 

cycles 
18 from suitably ortho sub- 

atltuted anl1Ic entera, m yIre in 

zmed of a dependable method Sor 

formation of anlllc l 8ter8. After 

the convention81 direct eaterI.flCa- 

tion methods for converalon of car- 

boxyllc acids to erters failed In 

our trials to provide acceptable 

yields of th e8ter8, we turned to 

PPE for this purpore. Tb reageng 

obtained from P,,Oio~ethyl ether 

or P40,0-chlorofor8-alkanol 
1% 

caused either decomposltlon or tilde 

formation of the 8nIlIc l cId8. In 

the fewer ca8e8 ubere It ulorked, 

ths yield 8nd purity Of the product 

wre far Srom satInfact Aftor 

some trials, we reallred 
3. that nItr0 

anIllc acids obtalned from nltro-eni 

lin snd aralelc anhydride undergo 

smooth conversion to the eaters in 

excellent yield when treated wlth a 
oixtur~ 0r 1 8ole of P40,0 taken In 

6 M1e8 of alkano18. Encouraged by 

these nsults, we -de a 8ysteMtlc 

study of the utility of this IUW IV- 

agent iOr e8terifying Other 88MitiVe 

anlllc acids, and more genenlly 801~) 

and dlcarboxyllc acids. The present 

report describes our results. 

we prepared the reagent by 
careful portionvise 8ddItIon of 1 

mole of P40,0 to 6 moles 02 8nhy- 

droua ethanol at 0-5'C. The re- 

agent thus obtalrrd Is btsble for 

several days. Allquots o: the 

reagent can be conveniently used.for 

l rbrlflcatlon of carboxyllc acids by 

refluxlng them with the reagent for 

3 hours. *or llquld acids, 

the best result8 were obtained by 

u8lng P40io and 8lkanol in the ratio 

lr6. with eolid 8clds, a higher 

rstlo of alkanol was employed to 

l M~\h~Og~n~OU88OlUtiOn, when 

necessitated by the poor solublllty 

of anlllc acids. Even In the latter 

ca8e8, that the operative compoai- 

tlon of the reagent was neverthe- 

less one portlon of PIOlo to 6 of 

alkanol, ~08 clarISled by ~nnlng 

the reaction with this reagent, 

solution being effected by an Inert 

solvent such a8 dloxane. we there- 

fore believe that the nature of the 

specie8 obtaLned from Interaction 

of P40,0 with elkanol Is critically 

dependent on the stolchlometry of 

th8 components. In the amounts 

takec In this work, the reagent 

foxmed presumably consists of an 

l qulmlar mixture of monoalkyl and 

dlalkyl phOSph8te8 16,20 . The 

qp,(p~ -_) 

2(RO) P(O) (OH)2*2(RO)2 P(O) (OH) 

detailed studies on the hydrolytic 

behavlour ef mono and dlalkyl 

phosphates under acidic conditions 

clearly point out their l fflclency 
as alkyl transfer reagents 21 . As 

of now, we choose not to venture Into 

a more detailed dI8cussIoc of the 
prcclse 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 successlul conversions 0r 
acids into esters. The classes 

examlr.ed include saturated atM un- 

saturated allphatlc mo~y) and di- 

carboxyllc aclda, halocarboxylic 

acids and an amino acid. iable II 

lists slmllar conversions for a 

large number of aaleanlllc (11 , 

fumaranlllc (II)and succlnanlllc(III) 

acids. An examlnstlon of data of 

these tables reveals the versatlllty 

of this -agent. A few noteworthy 

feature, of thla reagent deserve 

mentlon:l) The amount of reagent 

obtained from 1 mole of P40,0 

esterlfles 6 moles of mono carboxyllc 

acids. As such, the transfer effl- 

clency of this reagent 1s very k$gb 

compared to trimeth 1 phosphate , 

trlaethy;4phosphlte $3 , dlmethyl 

sulphate and the 'rediscovered' 

&methyl sulphlte25. 11) Direct 

esterlflcatlon of carboxyllc acids 

using ROWH2SOG often rails to pro- 

vide esters of higher alkanols. Ue 

found this to be particularly true of 

anlllc acids. This difficulty was 

overcome by usln(z the alkylphosphate 

reagonts of the present work. 111) The 

reagent has a good solvent action for 

solid acids such as nltro-anlllc 

acids which otherwise are less soluble 

adJusted to cause only mono- 

esterlflcatlon. In such cases, it 

turned out that only half tht initial 

acid undervbnt dlesterlflcatlon, 

the otherhalf being quantltatlvely 

recovered. In the case of Mlelc 

acid (entry b.lO,Table I) esterl- 

flcatlon was accompa3led by lsom- 

erlsatlon as well, the ZtE ratio 

being 84;16;howbver, the related 

citraconic acid (entry Ko.11 ,TableI) 

furnished only the "2' isomer 

(resisting lsotnerlsatlon). V) This 

reagent cuts down the reaction time 

rrom 12-24 hours required to 

esterlfy certain acids (entry 1.6, 

7,8,12; Table I) to a unlfoxmly 

short period of three hours, the 

yield in general being comparable 

or better; the need to remove water 

formed during the reaction by 

areotroplc dlstlllatlon can also 

be avoided. 

The present method of esterl- 

flcatlon 1s not without some limlt- 

atlona. Thus the reagent failed to 

furnish acceptable ylelds of uooe 

armatlc l 8ters for e.g., nltro 

and amino benzolc acids; besides, 

awe of the maleanlllc acids not 

contalnlng nltro function often 

dlaplayed a tendency to form imldes 

rather than the expected esters. A 

slmllar problem vas faced with 

phthalanlllc ('IV) curanlllc4OO+(Va) 

and curanillc-600 (Vb) acids. 

in alkenols. iv) Vlth dlcarboxyllc VL Vb 

acids, invarlablytha reaction resulted 

in formation of dlestcrs even when the 
stolchloaetry was deliberately 



ebb ready formation of imidee in 

the latter caeea can be 8 conee- 

puenco or the rel8tivelY Nehrr 
1xlci80phlilcity of nitrogen 8Mor 

tb favoumblo proximity of tow 

ir.toractlng group8. In f8ct. the 

18tter 8yat8MN-V hve 80 f8r de- 

fled Our 8tteEpt8 at direct l 8ter- 

lflc8tlon by variety of mothOd8. 

~nsu8m8ry,there8gentobt8lti 

fra 1 mole of P,,O,o 8nd 6 mole8 of 

81kanO1 aatiafactorlly brlrrgrabout 

the direct csterlflcatlon of a ride 

variety of carboxyllc acids in good 

to excellent ylelda. Thin Tyu reagent 

provides a technique complaenw to 

the available or~38. &en though the 

pmclae Co~~altlOn Of ths reagent la 

Yet to b ascerklned, its 8ynthetlC 

utility appears yroollalng. At this 

stage mechanlstlc apeculatlona are 

premature ard must await the reaulta 

of l tudlea currently on hand ln our 

laboratories. 
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EXPNUJG~TAL 

Xeltlng points recorded am 

uncorrected. The IR spectra are re- 

corded In nuJo1 on a P8rkln-Elwer 

R:78pectr0photometer(Y,V_ln cd'), 

& spectra in cDc13 on Perkln- 

El-r Ry apectrophOtOPleter using 

TMS 8a lnterrnl stindard (chemical 

shlfta in&pm ). 

~reparatlonof Alwlhc8_ehate re- _--_--_---_----- -----__ - 
868 ntr __ ____ 

Anhydrour rsthano1(240 m1,6001) w 

cooled to @-5' 8nd phosphohl8 

pentoxld8 (284 gm,lmol,calculated 8s 

P,O,,) gradually added with constant 

stirring (lnkmalt8apentum 

less than 10: higher Nrature 

caused deCOapO8ltiOn of the reagent 

maultlng in a brown solution). 

Th 8ddltlon #a carried out pre- 

ferably in an inert atmosphere(+). 

After th addltlon was over, the 

reaction rlxture was stirred for an- 

other 20 mlrutes. The clear vlacoua 

8olutlon thus obtained can be stored 

under seal to krepout oolstura and 

used in dllquoia. 'l'he hygroscoplc 

re8g8nt la stable for periods upto 

three m8k8 at room teqMr8tUr-3. 

A&A* 

A typical reaction la descrlkd t 

Glacial acetic acid (0.6 mole, 

36.0 gm) wa added to 0.1 mole mu- 

lvalent of the reagent prepared as 

above, and the nactlon mixture re- 

fluxed for 3 hours on a vater bath, 

ice-cold wter belnc~ circulated thr- 

ough the condenser. The reaction 

mixture was allowed to come to roocn 

temperature, extractea with ether 

(2 x 100 ml), the orgarlic layer 

washed (8q.p.8E03 2 x 100 ti) and 

dried (b2s0,,). After removal of 

solvent, the residual liquid was 

distilled throu& a fractlor:atlng 

c:lumn to yield 90% (39 gm) of methyl 

acetate b.p. 54-56'. 

Phenylacetlc acid (82.2 gm, 0.6 1~01) 

~8s added to the reagent pmpnred as 

above. In this case, any required 

alkanO1 wad added to ensurbhomo- 
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gomoua8olutlon. The reaction mlr- 4a) 

Quo lms reflwud for 3 hours. It 

was then diluted with #tar (100 l l) 
extracbd with l ttmr (2 x 100 ml), 

the organic layer wished (aq.W03, 

2 x 100 ml) oral dried (v4). After 

removal of solvent, the realdual ll- 

quid ms distilled off to yield 8@ 

(85 g8) of ethyl phenyl aCetat8, b.p. 

224426’. 

b) 

Den concorning otberw- 

thy1 aml ethyl eaters thus prqared 

are collected in Table I. 

Identical procedure wms adopted 

for uleanlllc (I) and S marenll1c(11~ 

acids. For succlnanlllc l clQ(III), 50) 
the reaction wa bro4@A about by 

stlrrlng the acid and the -agent at 

room temperature for four hours. 

The products obtained from anillc 
b) 

acids tbuaoaterlfled are reported in 

in Table II. In case of alkanola 

imlsglble with water, after co=- 6e) 

entratlng tin solution by distilling 

ofi most of the solvent, light petro- 

leu (60-80) uaa eddedandtherlxture 

aIlowed to staml,r&nthe moduct 

cryshlllsed out. Tbaapectraland 

analytical data of the eaters prepa- 

red are furnished in Table UIad IV. 
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Table X Estorlflcatlon of Carboxylic Acids with 

slkylphosphnte esters (kE).Data concerning methyl/ethyl esters." 

Methyl Ester Ethyl Ester 
No. Carboxyllc acid B.P./U.P. Yiyeld B.P./H.P. Y ld 

v 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 

10. 

Acetic 

Proplonlc 

htyrlc 

1soValerlc 

Phmylacetlc 

Oxalic 

Succlnlc 

Crotonlc 

Clnnamlc 

nal.lcd 

n.thylmal.lcd 

Fwlc 

Chloroacetlc 

Aulnoacetlc 

BRnzolc 

3,5_Dlnltrobenzolc 

Enothyl-bxahydro- 

phthallc 

3-n.thyl-A4-tetrahydro 

phthallc 

54-56 90 
74-76 66 
99-101 80 

114-16 70 
250-U 89 

54b 95 
193-95 60 
117-19 
32b ;: 

201-3 73 
98-lo2/lbar 68 
1012 72 
128-Y.J 78 
172-74’ 65 
191-93 70 
111-12b 36 

149-5oo/33m8 71 

74-76 56 
96-98 66 

117-19 66 
131-33 72 
224-26 a6 
181-83 68 
214-16 63 
122-24 68 
136e_41/12m 73 
101.3/14rmn 70 
118-20/2O~ 65 
134-?6/19m 60 
141-43 90 
143-d 90 
209-l 1 24 
89-90b 30 

165-70/l% 85 

15540/2(k 73 115-2O/lom 79 

a. Yleldr are not optirimd. The m.p./b.p. of the esters vmn 
checkad l g8lnat llterat~ Values. All now compounds uers 
characterlwd by elemental analysle and/or */par spectra. 

b. Solid l aterstmeltlng points are reported. 
c. For the hydrochloride. 

d. For entry 10, mlxtun of eaters (16 % E, 84 WZ)J Sor entry 

11, only Z-laomer. 
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Table II.Eatarlficatlon of maleanllic, fu~aranlllc and aucclnanllic 

acids with alkyl phosphate esters (Amja 

No Rl H.P. Y l ld M.P. 
s 

Y l ld 
s 

7 

8 

9 2-K12-4CCH3 

10 2-m24-CH3 

2dH3 

4xH 

2a 2 

4aH; 

441 

2-N02d 

Frn2 

4-No2 

72-74 C 

149-50 C 

13-39 C 

14245 C 

- _ 

74-76 

(55-566) 

12546 

(118-19) 

lx)-31 

(93-94) 

98-100 

(83-84) 

103-4 

85 
78 

67 
7? 

89 
78 

00 
70 

87 

14345 

14344 

118-120 

174-75 

178-80 

123-24 

(98-100) 

174-76 

(138-399) 

250-51 

(218-19) 

134-36 

(139401 

119-13 

(121-23) 

68 

67 

64 

65 

70 

85 

83 

84 

70 

Ii! 

89 
80 

85 

78 

78-80 50 
114-16 66 
56-57 62 

lCQ9 80 

14245 68 

124-5 50 

1399-60 72 

14041 

88-90 

66 

70 

84-86 

80 

b. 

C. 

d. 

Yields are not optlmlsed. The m.p. of the esters were 

checked against literature values. All new compounds were 

characterlsed by elemental analysis and/Or lr/par spectra. 

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

to ethyl esters. 

In these cases, esters were not formedbthe data glvcn are for 

tildes (see text) 

For entry 6, the following higher eaters in E-series have also 

been prepared. 

1) lso-propyl ester - n.p. 8143: 

11) n-propyl ester - m.p. 83-84o 

111) n-tkrtyl ester - e.p. 7940 o 

iv) cyclohexyl ester - m.p. 134-36. 
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Table III Analytical end spectral date for representative esters. 

1 X;R=2-N02;R’-He 

ww2%~ 
2 IIlR-2-M2;R1-Me 

w&05) 

3 If~R.2-I02;R1-Et 

$2Ri2%05) 

4 II;R=4-ND2 ;A’-Et 

( Ci2Hi2%0r) 

5 LIylt4-m)2;R'&4e 

W+O%OS~ 

6 II~R-2-CH3~R1-Me 

' C12Hi3H03) 

7 &try i?-T8ble I 
Methyl ester 

8 Entry I?-Table I 
Methyl ester 

9 Rntry 184able I 
)kthyl. ester 

C 52.80 52.85 

Ho4.00 04.02 
N 11.20 11.32 

C 52.80 53.10 
H 04.00 04.03 

N 11.20 11.01 

c 54.55 54.35 
ii 04,54 04.56 

N 10.60 09.95 

C 54.55 54.25 
H 04.54 04.50 
N IO.60 10.71 

c 52.80 52.99 

H 04.00 04.05 

N 11,20 Il.15 

C 65.75 65.99 
H 05.93 06.11 

N06.39 06.52 

3.82~3H~s,-OCH3);6.~JO(iR,drJ-i3Hxr 

vlnylic H);6.%ttH,d,J~i3H~,vfny~~~ H: 

7.2-8.8(~,m,Ar-H~;l0.7~1R,b~,ex~b~ 
D20-NH-CO-). 
3r82(3H,s,dCH3);6.95(tH,d,J-iBRx, 
vinyllc H);7.07(1H,d.J-IESHz vtnyllc H: 

7,1-8.8(4H,m,Ar-H);10,7(lR,bs,exch, 
D20-NH-CO-), 

1.3(3H,t,-CH3);4.3(2R,q,CH2;6.95(iH, 
d,J-18Hz vtnylfc H)f7.#(1H,d,J-18Hz, 

vinylic H);7. t-8.3(4R,a,Ar-H); 10.7 

(lH,bs,exch,D20,-BOO-). 

l.3(3H,t,-CW3);4.3(2H,q,-CH2);6.22(iH 
d,J-18Hr vinylfc H);6.44(lH,d,J-18Hz, 

vlnylic H~;7.7-8.3~4H,m,~r-H~;ll.5 

(iH,ba,exch,D~O,-NI-CO-). 

3.88(3H,s-CCH );6.P7(iR,d,J-lSHt, 

vlnyllic H);6. i 7(iH,d,J=l8Hz vlnylfdtf, 
ii.3(lH,bs,exch,D20,-~41_CO-). 

2.i8(~,s,Ar-CH3);3.i7(3N,s,-OC~); 
6,78(1H,s,vlnylic H);6.94(lH.s, 

vlnylic H);7.04-7.oel4H,m,Ar-H);7,68 

(lH,bs,exch,D20,-~-CO-). 

2,07(d,J-1.8 Hz long ran&e coupling 

with olefinic proton, 3HH);3.7(sr3H); 

3.8(~,3HH);3.9(q,J-i.8 Hz). 
1,03(d,J-9 Rx,3H);1.3-2.i(m,6@; 
2,23~sext,iH);2.48~t,lH)~2.88(m,lH~; 

3.6(s,6@. 
1,20(d,J-9 Hz,3H);2.2-3,2(complex 

m,5H);3.5-3.7(tuo close slnglet,6H); 

5.3-5.8(m,2H). 

m spectra of l-6 dlap&yed P2-f bands at -3300 cn”, ester carbony 

at ,I710 CC1 and abidc1 am3 IX bands at -1670 and -1630 an-’ 

respectively. 
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Table n ar.alytlcal and spectral data for l nlllc esters. 

No. COl7DOUnd 7J . Calc. 
51.42 
04.26 
10.00 

Fouml. IR cm 
-1 

51.62 

g*iz . 

3300, 1710, 1670. 

C 
I~R12'.W24& H 

51.42 
04.26 

2 R'-H, h 10.03 

II:R=2-NO;,; C 56.10 

' h'mn-i'r :: . %:? 

4 C 
III;R=4&H3$ H 

R'lU, 
K 

51.48 
04.29 
09.83 3300, 1715, 1675. 

56.00 
04.91 
09.60 3300, 1710, 1670. 

t-ix? 
05:82 3370, 1680, 1740. 

5 III;R4dl;R'& 
54.70 
06.41 
05.82 3350, 1710, 1660. 

6 III~R-3~2;R1=He ; 
52.38 52.28 
04.76 04.81 

3350, 1670, 1710. 

N 11.11 10.94 

C 
7 III;R-4-N02; 

52.38 
H 04.76 

R'& h: 11.11 

52.40 
04.70 

10.59 
33500, 1605, 

C 
8 I;R.2-Me(lmid~) H ix 

N 07:48 
1700. 

I;R=4Me;(imlde) E i?E 
9 N 07:4a 07.36 

,. I;k-4-KHJ(imlde)~ 
65.02 

xi N . 06.67 

1700. 

1700. 

C 54.55 
" I;H.2-N024dH ; h 

R'& 
3N . %% 

54.w 
04.50 
10.52 

3460, 1710, 1630. 

i 
54.30 

12 II;R=2N024*; N 

R'lbl, 

7i.g 
. 

54.35 

%%z . 
3340,1740,1680. 
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Table IV(Contd) 

f&l Compound. # Calc. 

@)SI;Rm2-W2-4CH3 i 
56.11 

R’-a 
05.03 

N 10.07 

C 
’ 11;R-2-W32;R1’h H 

57.53 
05.47 

N 09.62 

UIs:R-2-N02 
C 60.37 
H 

R'lCyclohexyl N 
OS.66 
08.75 

crII;R-2-No2; 

R'-isoPropy1 

‘T X;R=3-W2 ;R’=Et 

,, I;R-3-N02;R1-He 

* 
I;R~4-N02;R1sMe 

C 56.10 56.32 
H 05.03 05.09 
N 10.11 10.58 

C 54.54 
H 04.54 
N 10.60 

E-6” 
10:41 

C 52.80 52.71 
H 04.m 04.01 
ti 11.28 11.52 

C 52.80 52.60 
H 04.00 04.10 
N 11.20 11.35 

@qII;R=2-N02-40CH3; 
53.07 

R’=Me 
04.76 

N 09.52 

C 
*111;R-2+;R1-b H 

65.15 

Found. IR eB-’ 
56.09 
05.60 
09.91 

57.39 
05.46 
09.33 

a.31 
05.84 
08.314 

52.91 
04.96 
09.41 

b5.05 
06.9’ 
06.16 

65.19 
06.93 
06.20 

3320, 1725, 1675, 1640. 

3320, 1720, 1680. 

3275, 1660, 1675, 17a. 

3340, 1715, 1680. 

3340, 1620, 1680. 

3345, 1680, 1700. 

3300, 1650, 1710. 

3325, 1650, 1710. 

3260, 1680, 1745. 

3320, 1655, 17%. 


