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Abstract - Esters of oxalic acid, 3,4-dihydroxy-3-cyclobutene-1,2-dione 
(squaric acid), and oxamic acid, are reduced cathodically at modest 
potentials. In aprotic solvent, and on the cyclic voltammetric time scale, 
the esters are cleaved to the corresponding alkane. For oxalates, the 
mechanism of cathodic cleavage was investigated thoroughly by voltammetry, 
coulometry, and detailed product analysis. On the time scale of controlled 
potential electrolysis the rapid electrogenerated base-catalysed hydrolysis 
of the esters by adventitious water competes with cathodic cleavage. 
Similarly, rapid base-catalysed transesterification involving oxalates and 
added alcohols is observed which provides a practical method of reductively 
cleaving alcohols to alkanes by co-electrolysis of a mixture of alcohol and 
readily available oxalate (e.g. diethyloxalate). The leaving group in such 
cathodic fragmentation is the half-ester anion and the efficiency of reaction 
depends on the stability of the other, radical, fragment. 

The direct reduction of alcohols to alkanes is difficult. In the attempted electrochemical 

cleavage of alcohols it has been established1 that only at extreme cathodic potentials can 

hydroxyl be cleaved, from benzylic positions. Furthermore, in some cases (e.g. pinacols), 

cleavage of carbon-carbon bonds is the preferred reaction; 
2 

even when the hydroxyl group is 

part of a highly electro-active structure, such as the absiscic acid ester cl), the reduction 

product (2) retains the hydroxyl function.3 The poor nucleofugality of the hydroxyl group is 

modified by its conversion into esters, e.g. tosylates, 
4 

methane sulphonates, 
5 

diethyl- 

phosphates,6 and acetates. 
7 

Although such derivatisation allows efficient cathodic cleavage, 

the potentials required are still very negative and likely to cause reduction of other functional 

groups in polyfunctional systems. Vosa and his co-workers8 observed that oxalate esters were 

easily reduced in aprotic solution and that dlallyl and dibenzyl oxelates underwent rapid 

chemical reactions following electron transfer. We have reported9 on preliminary experiments 

which illustrated the use of oxalate esters as both electrophores and leaving groups in a 

reaction which showed promise as a useful low-potential method for the preparative scale cleavage 

of carbon-oxygen bonds. The mechanism of that reaction was not obvious and we describe herein 

experiments which resolve the mechanistic problem and extend the synthetic application of the 

method. 

959 
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RESULTS AND DISCUSSION 

Earlier work8’9 established that many oxalatea shored quasi-reversible behaviour in cyclic 

voltamoetric experiments and, through e.8.r. apectroacopy, 
10 

it was confirmed that for 

diethyloxalate (2) and dibenzyloxalate (a) the initial producte of cathodic reduction were the 

corresponding radical anions. Their eetimated ltfetimea in DMF solution at 293K were, 

reepectively, t 1,2 = 1.5s and 0.78. The products of preparative-ecale reduction were known9 

to be alcohols and alkanes; the overall poaaibilitiea for fragmentation are given in Scheme 1. 

In attempting to delineate the mechaniem in greater detail a thorough voltarmnetric and 

coulometric examination of many oxalates of the general formulae (3) and (4) has been carried 

R’O.COCO.OR’ R'R2C(OX)C(OY)A'R3 

(3) (4) 

x OR 

0 OR 
R1NHC0.C02R2 

(6) 

(6) 

out. The principle of combining electrophore and leaving group has been applied to other esters, 

notably those of aquaric acid (51 and oxamatea (61. In several caeea preparative electrolyeee 

with careful product analysis has been neceaeary and the reeults have been accommodated in a 

consistent mechanistic rationalieation. 

1. 

(a) 

Single sweep cyclic voltanxnetry and controlled potential coulcmetry 

Oxalatee of monohydric alcohols (3): Theee esters are reduced at relatively low potentiale 

and in each case voltannnetry wa8 diffueion controlled aa ahown by linear plots of i 

112 
pvB. 

” . The benrylic esters are reduced at slightly lower potentiala than the others (more anodic). 

Controlled potential coulometric experiments gave linear plots of i ve Q. The results of 
P- 

the cyclic voltammetric experiments are sumnariwd in Table 1. Compounds (Aaa)-(2e) gave 

quasi-reversible reduction at a modest wan rate (0.235 Vs -l) but for compounds (z).,-(a) 

reduction was irreversible at C ca . lo-15 Vs 
-1 

. Controlled potential coulometry ehowed - 

that in each case, whether quasi-reversible or irreversible, n I 1; in several cases addition 

of proton donor caused a doubling of i 
P 

at the firat reduction potential. 

The experiments involving compounds (z)-(J) are especially important and the relevant 

voltammogram for (3i) is given in Figure 1. In these casea three reduction peaks are - 

observed and the third ia quasi-reversible. For compounds (3h) and (2) the third reduction - 

peak was ahown to be that for a product, 4-phenyltoluene. In comparison the cyclic 

voltamnetry of 4-phenyltoluene (7.7 x 10m3 mol dm -3, 0.35 Ve-‘1 indicated quasi-reversible 

reduction at E 
P,C 

I -2.2OV, E 
p,a 

= -2.07 V, and la/i’ = 0.9. Similarly, cyclic voltammetry 
P P 

of 4-phenylbenzyl chloride, which would be expected readily to cleave to 4-phenyltoluene, 

gave at 0.235 Ve -’ E = -1.62 V (irrev.) and a quasi-reversible couple at E 

= -2.07 V with $;i; = 0.88. 
P,C 

E -2.20 v, 

E 
p,a 

The quasi-reversible couple for (3h) and (2) ie therefore - 

indicative of cleavage to 4-phenyltoluene. 



Electra-organic reactions-27 

II 

2 

1.32 1.21 0.M 

1.39 1.24 0.16 

1.42 1.26 0.66 

1.52 1.35 0.55 

0.95 0.62 0.60 

1.14 - 
(1.36 1.10 0132 

1.23 
(1.29 - - 1.10 0.2+ 

1.26 

1.W - (2.16 2.06 o:7Nc 

1.16 

1.66 - - (2.19 2.03 o.66)c 

1.16 

I.65 - - (2.24 2.03)* 

l.2Sb 

l.2Ob 

b @a..,-r.mr.ibl. (q.r.1 .t 10 V.-l; irr...r.ibl. rich ip do&l. Is 

pr...nc. of mk. 

= 1.t .,,d 2nd w.v., ,rr.r. .t <15 Ys 
-1 

: 3rd ..v. q.r. .t 15 V. 
-1 

. 

d 1.t .md 2nd . ..a. irrw.. 3rd a.. q.r.i I p .t 1st r.n do&lad ia 

pt.,.nc. of qnind. 

\ 

(b) 

,“\ 
I ’ ,-l.%V C. 

I 1 

I \ 
; ‘. 

I 4 i ? 
I I i .’ 

I ,’ i .I 

IF\ -1.35T 1 1 ; ! 
\ 1.;. ’ ! 

/ 

\ \ 
‘\ 

I ,‘, 9 .’ ! 
\ 1 .‘I -t./ ! 

*- ._ --e-e/ ‘ !I ! 
*. /I 

-* _. /‘I 
! 

c _- - - _ -_-,‘,’ ! 
.- -., 

-.um 
.-.-._.-.-._.- 

II \.,/--I 

961 

Qlaurs 1. cyclic *01tmmosram or di-~4-ph~nYlbsoxYl~ox~lat~ (31) Yit.h cwoep 

rewarma at: (a) -1.351 (y*_ A&IAsI); 
(b) -1.951; (0) -2.3OV. 

[I& bead catho&. DWQ-BuqHI (O.l)o, 0.235 ~a-‘] 



962 N. ISLAM er al. 

The second reduction peak, at E 
P*C 

= -1.86 V, conmion to (3h) and (21, ie probably due to - 

reduction of PhCH20.CO.C02-. There ia further strong evidence that the half-eater aniona are 

leaving groupa in theee cleavage reactiona (eection 3b). There ia no indication that on the 

cyclic voltanmetric time scale the alternative product, 4-phenylbenzyl alcohol, ia formed 

although the alcohols are significant product.9 in preparative scale experiments. 4-Phenyl- 

benzyl alcohol ie reduced at E 
P,C 

I -1.95 V under comparable conditions and there is no sign 

of such a reduction peak, e.g. in Figure 1. 

(bl The role of rapid traneeaterification: The realieation that rapid traneesterification was 

poseibly important came from an attempted controlled potential electrolyaia of 4-phenylbenzyl 

ethyl oxalate (3h) in dichloromethane solution containing Bu4NBF4, at -1.60 V. After paesage 

of 0.25 F mol 
-1- 

di-(4-phenylbenzyl) oxalate Clf) we8 fortuitously precipitated. Thie 

observation raised the poaaibility of in eitu formation of the required oxalates by reaction -- 

between alcohols and more readily available oxalatea, e.g. the dialkyoxalatea. Proof of 

such reaction was obtained by cyclic voltammetry and preparative ecale electrolyeia (see 

section 2a). 

The characteristic cyclic voltamnogram of diethyl oxalate (3J) wae changed upon addition of 

4-phenylbenzyl alcohol to the solution; the quasi-reversible couple at E 
P,C 

I -2.20 v, 

associated with 4-phenyltoluene, also appeared. At relatively high ecan rates (> 7 Ve -l1 

the diethyl oxalate queei-reversible couple reappeared. On the time-scale of alow weep 

cyclic voltannnetry, therefore, it appear8 that formation of other oxalate eater8 (e.g. & 

and 311 ia rapid and that they cleave to the alkane. Similar changes in cyclic voltarrmograms - 

were observed for the addition of 4-phenylbenzyl alcohol to solutions of the dialkyloxalatee 

(3a) and (3c)-(3e). - - - 

(c) Oxalate of vicinal diole (4): The electrochemical behaviour of the diol dioxalatea ia 

significantly different from that of the eetera of the monohydric alcohols. In particular: 

(il reduction is exclusively irreversible; (ii) controlled potential coulometry indicates 

2 F mol-’ reduction. AS for compound8 type (3) the reduction potentials for eaters of 

benzylic alcohola are slightly lower than for the others (e.g. k and s1. The cyclic 

voltamnetric and controlled potential coulanetric reeulta are sunxnariaed in Table 2. 

Cyclic voltannnetry was alao used to establish the products of reductive cleavage, results 

which were confirmed by preparative electrolysis. For compounda (4d) and (&) the - 

irreversible first reduction peak lieted was followed by a quasi-reversible couple at 

E = -1.72 V, E = -1.59 v. 
P,C p,a 

Cyclic voltammetry of trane-stilbene under the came 

conditions gave a redox couple at E 
P,C 

= -1.72 V, E For 
p,a 

= -1.60 V, ia/iC - 1.0. 
P P 

compound (&I the reeult raa qualitatively eimilar with the quasi-reversible couple at 

E 
P,C 

I -1.78 V, E 
p,a 

I -1.70 v, ia/ic I 1.0. 
P P 

In comparison, 1,2-difurylethene (7) gives in 

cyclic voltammetry reversible reduction, E 
P,C 

= -1.82 V, E 
p,a 

= 1.76 V, ia/iC = 1.0. 
P P 
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Furthermore, the production of alkcne ie directly related to the dieappearance of starting 

material as followed by the diminution of current at the first peak; for 1,2-difurylethene 

its formation was ahown in a controlled potential electrolysis to be linearly related to 

the disappearance of starting material. 

hbh 2. Cx.1.t.s (4): C,oliO Volt.-.trio 4"d coUh..trlo ."u,d 

Clt.r (n’n2C(OXwOxd~ 
p.’ It* r? -pound 

X I mrbw -I 
P.C n 

n I* lb cc. co*rr W.CO*EL tib 1.37 1.5 (1.7JC 

I* )* nr OC.CO*Et OC.CO2EL b 1.40* - 

H Ph Ph oc.rn*EL H I-2 (HW) 1.2, 1.1 -- 

” Ph Ph oz.m2et oc.m2Er U IUrn) 1.20. 2.0 

(21 1.20’ 2.0 

H Ph Ph w.m2eh oC.Q)*Ph 5 (Urn) 0.97. 1.6 - 

H Ph n oc.m2eh oc.m2eh K 1.00 1.6 

The formation of oxalate esters of diole through rapid tranaesterification was proved by 

cyclic voltanmetric experimenta similar to those described in section lb. I” .9 typic.91 

experiment, addition of meao- or (f)-1,2-diphenylethan-1,2-dial, (which is not itself 

reducible at < -2.30 V), to the electrolyte containing diethyloxalate (3b) caused the - 

quasi-reversible couple at -1.37 V to become irrevereible with the concomitant appearance 

of the quasi-reversible reduction couple for stilbene et Eb c I -1.72 V, E * -1.59 v. 
P,a 

Similar behaviour ~88 observed for cyclic voltanrnetry of m&urea of diethyloxalate and 

1,2-di-e-methoxyphenylethan-1,2-dial; in each case the quasi-reversible peak for diethyl- 

oxalate reduction was restored at > 7 Vs 
-1 . The furan enalogue (meso-1,2-difurylethan-1,2- 

dial (8)) wae ehown by the fame method to participate in rapid trenaeaterification with the 

oxalatea (&a)-(g), with production of (7). 

(d) Esters of squaric acid (5): Squaric acid (3,4-dihydroxy-3-cyclobutene-1,2-dione) ia .a 

strong acid (pK,(l) - 1, pKa(2) - 2.2)11 because of atabilisation of the anion and dianion 

by extensive delocalisation. The came factor should c.awe the anion to be a good anionic 

l&Wing group. Furthermore, the adjacent carbonyl functione should confer l .see of 

reduction upon ite esters, by analogy with oxalatee. 

Cyclic voltamwtric experiments (Table 3) confirm that the aquarate esters are easily 

reduced, end in the c.sae of (&) there ia good evidence for cleavage to 4-phenyltoluene 
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(Table 3, footnote r,. The acid itself (21 ie even more readily reduced; in aitu -- 

neutrslisation with triethylamine revealed that the anions are not eaeily reduced. 

*.t.r (1) %.c 

II 2 l.lzb 

Ha b 1.d 

at Ir 1.50e 

9Y x l.bIC’d 

‘.Ph_c68p* k l.LZ’ 

1.92 

2.222 

b Irr.v.rs,bl., dd‘tion of Et,” .Li.Ln.r.d r.ducrlaa p.k. 

= “o r.-ox,d.~ia, oba*rr.d .t UP 10 100 V.-l. 

d Carro1l.d por~ari.1 coularcr9 I.“. n - 0.83. ,acr...in, to 

n I 1.30 I” pr.s.n.3 of q”lllol (21). 

l D - 0.24. incr...in9 to n - I.20 in pr...ne. Of qu*no,. 

* Qu.,i-r...r.ibl.. Ep .I -2.07 9, t;/i; I 0.88 

(e) kaunates (6): For comparison with the oxalates two oxamatee, ethyl oxamate (Et02C.CONll2, (&)l 

and benzyl-N-phenyloxamate (PhCH202C.CONHPh, (e)) were examined by cyclic voltawetry. In 

each caee irreversible reduction was observed at ~100 Ve 
-1 ; under the conditions described for 

Tables l-3 E for (6a) was -1.63 and for (e), -1.29 V. 
P,C - 

Controlled potential coulometry gave 

” I 1; addition of hydrofuroin (8) to the ethyl oxmate eolution gave cyclic voltmmetry 

characterietic of rapid traneesterification and cleavage to (1) (cf. section &I. - 

2. Preparative male controlled potential electrolyees 

For the purpose of establishing mechanism only 8 representative aelection of preparative-male 

experiments will be described. Synthetically ueeful aspects of these reactions will be dealt 

with in eubsequent papere. 

(a) The electrolysis of pre-formed estere: It ia only for the vicinal, benzylic, diesters (%I 

that preparative ecale reduction givea ueeful conversion; in thia caee good yielda of trana- 

stilbene were obtained from both diestereoisomers. Thie is compelling evidence for a atep- 

wise reductive elimination, a point which will be diecuaeed later. 

Although alkanes are obtained in lpw yields from the other esters, (see Table 41, the 

correeponding alcohol is always .a prominent product. This contrasts with the indications 

by cyclic voltamnetry that, e.g. for esters (2) and (k), conversion into the alkane is 

efficient and no alcohol ia detected. The difference arise8 from the different time sceles 

of preparative v.9. cyclic voltananetric experiments and from the relative wetness of eolventa - 

uaed for preparative electrolysee (see below). 

The cyclic voltanrmetric evidence for rapid tranaesterification is reinforced by the 

preparative electrolysis of 4-phenylbenzyl ethyl oxalate (21, during which the lese soluble 

di-(4-phenylbenzylloxalate precipitated from the electrolyte. 
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Rapid tranaesterificaiton offers the possibility of re-conversion of the unwanted alcoho 

1.30c 

1.30= 
I .60d 

I .60* 

1.60’ 

PhQ(3 (7); PhCH2W 16) 

Phai20” (341 

4PhC6H4CH3 (6); CPhC6H4Q(20H (9) 

r-i~,,, (40) 

~“m:mPh (801 

t_PhCn:CnPb (75) 

cPkC6H4CH3(321; 4-P,C6H4CH20H (16) 

PhM) (19); PhQ(2OH :75> 

OlVldd c.11s; r.r.r.nc. )s,4gI: 1 Pa-’ .xc.pt (2) 

np ‘.1X. .IYl,Sl~. or ‘II n...r. spctm4copp rlrh l”Ulvml *t.a*rd 

IQ cathad.; c4mu4nclo4 (0.1 “I 

Ha Utbod.; Cn*C12-“4”‘4 (0.2 II) 

Pb ~thod.; C”,Cl,-Eu,“W, (0.2 “, 

HI cathod.; a12a2-“4n co.1 “> 

1. Et 

2. Et 

3. Et 

4. Et 

5. Et 

6. et 

7. m 

8. Pri 

9. But 

10. Ph 

11. Et 

PbQ(2 

CPh.C6H4.CH2 

Ph2CIi 

Ph2M 

P%ol 

4-Ph.C6H4.CH2012Ct12 

m2rn 

phza 

Ph2CW 

Ph2CH 

mw.sPhMC”Ph - 

1.60’ 

!.60* 

1.6OC 

1.60’ 

1.6# 

1.55” 

1.55” 

1 .65h 

1 .75h 

1.40” 

r.55l 

PhcH3 (73): Pncl$.on (20)’ 

CPh.C6H4.M3 (63)’ 

Ph& (70)' 

Ph2CH2 i7Gle 

Ph2CnOH (971. 

wh.C6H4.M*cn2CH*oH (9( 

Ph2C”2 166). 

Ph*aQ 172). 

PhZCnZ :511' 

Ph2Q12 1791. 

C_PhCH:CHP? (U61’ 

PhC”20(2?b (91 

biri*.* c.11: r.r.nnc. A&4gI; 21 .xc.sa or R2OpC212; 

u_ 1.1-1.2 r .w1-’ based on R202C.W*112 

6.1.0. l xl,.i.. 

Pb e.thod.; CW-Ea4”I (0.1 “1 

xso1atad ,i.ld 

A4 ror h, but 3X .xc.” of Et02C.C02EL 

(b) Electrolyses via transeaterification: The resulta collected in Table 5 show that efficient 

conversion of benzylic alcohols into the corresponding hydrocarbons is achieved by 

co-electrolysis of the readily available dialkyl and diphenyloxalates with alcohol. There 

are two experiments (entries 5 and 6) in which alkane ia not obtained; in one case water 

(5% w/v) was deliberately added to the electrolyte and in the other a non-benzylic alcohol 

(g-biphenyl-3-propanol) was used. The mechanistic inference is that rapid hydrolysis of 

the oxalate can compete with transesterification and that stabilisation of the leaving group 

(benzylic radical?) is important. 

3. Miscellaneous experimente; test8 for evolution of CO, and CO, end the nature of the 

leaving group 

(a) co* end CO evolution: Should the oxalate ester radical-anions cleave to give either 

R02C.CO*‘, (by 1088 of R- and -OR respectively), then rapid decarboxylation and 

decarbonylation would be expected. 
12 

These possibilities were excluded by the attempted 

detection of CO2 and CO in e nitrogen stream passing through en l lectrolyeing solution of 

diethyl oxalate. None was detected. 
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(b) The leaving group: It is conceivable that should RO2C.CO' be e product of radical-anion 

cleavage that it would react by hydrogen abstraction rather then by decarbonylation. 
13 

This 

wes shown not to be the csse by g.1.c. analysis of the products of electrolysis of diethyl 

oxalate; direct injection of s portion of the electrolyte, and comparison with authentic 

samples, showed that no detectable Et02C.CHO wss formed, whereas EtOH was. 

The most convincing evidence for the nature of the leaving group was obtained by the 

preparation of Bu4N02C.C02Et (by phase-transfer exchange between Et02C.CO2K and Bu4NBr) and 

a comparison of its 
1 
H n.m.r. end i.r. spectroscopic properties with the residue following 

electrolysis of diethyloxelate or co-electrolysis of Ph2CHOH and diethyloxalste. In each 

case the ethyl group CH2 signal wss centred at dcDcl , 4.20 ppm, ". 64.38 in diethyloxalate 

Characteristic vc. absorption W(LI also observed at 9 720 and 1630 cm 
-1 

cf. 1740 cm 
-1 

for - 

diethyloxalate. 

Finally, the products of complete electrolysis of diethyloxelate, (believed according to 
1 
H n.m.r. and 1.r. spectroscopy, to contain Bu4N02C.C02Et), were hydrolysed with 2N NaOH 

solution. Subsequent treatment with C&l2 gave a precipitate of calcium oxalate 

corresponding to 60% of the diethyloxalate electrolysed. Monoethyl potassium oxalate gave 

no precipitate with C&l2 under comparable conditions. 

4. The Mechanism 

The experimental observations to be accommodated are: (a) cleavage to alkane is efficient 

only for benxylic systems; (b) 1 F mol-1 is consumed; (c) vicinal diesters give reductive 

elimination wtih 2 F mol 
-1 

reaction; (d) in preparative scale electrolyses in reagent grade 

solvents hydrolysis competes with cleavage - even for electrolysis with transesterificstion, 

addition of only 52 w/v H20 causes hydrolysis to predominate; (e) no CO or CO2 is evolved; 

and (f) the leaving group in the cleavage step is the half ester anion, R02C.C02-. These 

facts sre acconxsodated in the mechanism given in Scheme 2. 

The crucial dependence on stabilisation of the departing radical has good precedence l2 in 

thermolytic reactions; diphenyloxalate is stable at up to 35O'C whereas the corresponding 

benzhydryl oxalate decomposes readily et 2OO'C to give products derived from the benzhydryl 

radical. The fate of the radical is probably hydrogen abstraction (step 7) - further 

reduction and protonation would involve 2 F mol 
-1 

reduction. 

The rapid transesterification and hydrolysis reactions are also to be expected. During 

electrolysis the cathode compartment becomes progressively more basic; trensesterification 

is therefore catalysed es described in Scheme 2 with steps 1 and 2 being initiation reactions 

consuming little current. Alkaline hydrolysis will occur either during aqueous work-up or 

during electrolysis through reaction with adventitious water. The leaving group, R02C.C0 -, 

will survive such conditions. For hydrolysis in aqueous alkali, et 25'C, relative rates 
14 

are: CH3C0214e (1.0); Me2C.C0 Me 
,2 

(1.7 x 105); 14e2c.co2- (8.4). 

The reductive elimination of vicinal dioxalates, either pre-formed or formed in situ by -- 

transesterification, probably proceeds according to Scheme 3. In the light of recent 

mechanistic work on cleavage reactions 
15 

a homogeneous second electron transfer is suggested, 

although ECE reaction is also possible. The stepwise nature of the reaction is supported by 

the identical behaviour of meso and (i) diastercoisaners - a concerted process would favour 

formation of trans-stilbene from the meso isomer and cis-stilbene frcnn the (i:) isomer. - 
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I! l ‘02c.co2R2 

%7 
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‘0 OR 
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0 OR 0 OCH2Ar 

1). no- l ArCH20R = ROH . ArCH20- 
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5. RO 0 

H 2 - 
0 0CH2Ar 

6. 110 0- 

X - - 
‘0 OCl$Ar 

Twmlnatlon 

7. ArCH; 9H, 
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H - 
.o 0CH2Ar 

sctwme 2 

1. Ro.co.co.o Ar 

H 
At- 
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4 Ar' 02c.cog 

RO 0 
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. ArUt 

0 O_ 
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9. Al- Ar 

+-O,C.CO,R 

2C.C02R 

Scheme 3 
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EXPERIMENTAL 

oxalates (3); vicinel-di-oxalates (4); equaretee (5) 

Oxalates. Oxalyl chloride, ethyl oxalyl chloride, or phenyl oxalyl chloride, ae appropriate, 

were added slowly at room temperature to an equivalent amount of the alcohol and pyridine, 

dissolved in ether. Dry, pure, materials were eaeential for efficient reaction. The mixture 

waa heated under reflux for ca. 12h, - except for the preparationa of f&), (2) and (48) where - 

reaction at roan temperature sufficed. The precipitate of pyridinium hydrochloride wae removed, 

the filtrate washed (2. NaRC03, H20), dried (MgS04), and the eolvent removed. The esters were 

purified by distillation of recryatallieation (EtOH or C6H6). Yields were in the 60-907. range. 

Squsrates. These were prepared by reaction between diailver squarate 
16 

and the appropriate acid 

chloride, in dry ether. Reaction typically took two days at room temperature. After removal of 

eilver chloride and solvent, the crude products were purified by recryatelliaation [EtOAc or 

petrol (b.p. 40-60?1. Compound (Se) was purified by column chromatography [eilica, petrol - 

(b.p. 40-600)1 to remove unreacted 4-phenylbenxoyl chloride and 4-phenylbentyl alcohol. 

Phyeical data relating to new compounds are collected in Table 6. 

Electrochemical Experimenta. Solvents, electrolytes, apparatus, and methods were as deecribed in 

earlier papera in the eeriea. Conditions for the experiments are given aa footnotes to the 

relevant Tablee. 

Ethyl tetrabutylamnonium oxalate was prepared by continoue extraction with dichloromethane of an 

aqueoue eolution of ethyl potassium oxalate and tetra-n-butylanxnonium bromide. The dichloromethane 

eolution wae dried (FigSO and solvent removed to give a viecoue liquid; 64.2 ppm (9); v, 1720, 

1630 cm-l. 

Tests for CO2 and CO formation were carried out by electrolyeing diethyl oxalate in a closed cell 

and analyaing the emerging etream of nitrogen either directly by bubbling through barium hydroxide 

solution (for CO21 or by similarly testing for CO2 after paseing the gas stream over I205 heated 

at 145%. Carbon monoxide ia oxidised to CO2 under these conditiona and control experiments 

showed that CO or CO2 formed during electrolysis would easily be detected. 
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a tls”cl13 I) 
1 

n n...r.: 61.36 [12n. d. JlHz. OC.0CH,CH3)21. 5.Ob CD, m, J1Wx. -te”3)& 
YIX, (09. llbo d’; .,f 116 cn’, 320). 159 ,=-a30 93%) 

x IO-11% e1.5a CldH, ‘, oC.oC(M I I; Y, mo. 1lbo Q -1; ,,x ,do2c.C02. 1oo0) 

3% 13bldC 61.20 [,a+, 8, MI]; y, ,155. 780. LOO d’; .I.. 242 ,M*, 1001). 21@ W-Q). 9%). 

110 wcsm2. 23%) 

2L ,9&98%/0.4 I, 61.31 OH. L. J7”t. CO~CH~O(~), 4.33 (2~. q. J~Hx. CO~M~‘=~). b.2’ (2”._:. 

PhCH202C,, 1.2-1.4 (5”. “. WI): v, 1115. 1150. 1310, 1185. 1lhO. 700~ 

3!L w-90% (,,,u,,,j: c, 71.63; H, 5.14’1; C,lH,bO, P.~u,P.. C. 11.82; W. 5.b%: 61.35 ,)n. t. 

Jwz, CO~CH~CH~). 4.35 ,ZH. q. .VHZ. c02cn~a(~l. 5.3b ,M. ., ArCH2). 7.33-7.73 

(9”. . . AI-“); .,r 294 tn.‘. 119.4~. 193 ,rOC.CO~E~; WLI. 161 h-Kt02C.W2. lOOlh 
-1 

v, 1160, 160. 100 C. 

I.& 2Ol-203% ,,w,,d: c, 79.51; H, 5.29,; C28”2204 roquin. C. 19.W; H. 5.29W;65.9 ,I. . . 

Ml12,, 1.33-l.bO IleH. m. Lml; .,r 422 UP. 1Wl. _I;3 (*lrcn202c.w. 9%). 

lb, (,lrC"202C.CU2 l"O7.1; ", 1755. 760. 725. )w c= . 

21 lo2-lo3°c a.92 ,a”, d. JbHz, HC:CHQ(2CW, b.lO-b.U ,I”. . . HC:C”‘X20.C0,. 6.11 ,tH. d. 
-I 

Jib”., Pt,C”:CHI. 7.23-1.48 (IOH, . . AdI); Y. limo, 1180. 19. 700 U 

a!! 12e”c/o.5 I ,,oud: C. 53.08; H. 6.78% c9”,o~, ~.PUIPN c. 55.S5: “. 5.0591; 61.25 (#. t. 

JIM, CO~CH~CH~), 6.35 ,2M. P. JlHz. C02M2a(3), 5.30 ,2H. ., &rM202C’. b.2Lb.59 

(2~. . . ~~“1, 7.30-7.50 ,IH. . . Ed); .I= 190 ,I(*. 21s). 97 (~9to2c.m. aw. 

81 ~KBLI~~C.Ct;,.lom; Y, 1765. 174cl. 1015. 920. llI3. 82o u-’ 

1 bl-62% e5.23 (4~. . . rrcn202C~. 6.366.55 ,4n. . . MI). 7.40-1.U l2H, . . ArH); Ws 250 

tn , 7%). 01 ,I+-lrcH,O,C.CO., 1an,; w, 11~8. 1012. 920 992. 821 d’ 
. 

cc L 

5 ,10*101%0.05 I, ,,o,,,,d: c, 49.88; H, b..(I,; C,2H,8~g r.qulr... C. 49.66; H. 6.211): 0, 1.38 ,WH. d, 

I.38 ,P”. a, JIHZI. (ZH, l I; 5.19 ./. 290.102 01.. 2.4s). 

Y, 1170, ,750, 1310. llb5. 1015 a-’ 

c12”,808 npuirv 29o.wo; 

!!! If17°C .,, 1.35 (6". L, Jl"r), I.69 ,12H, al. 4.33 (Ml. 9, JlHz); “0 “WV ‘3’5. “*I “35, 

,020 d’ 

s 96 loo% (round: C, 69.93; n, 6.011; ClsHls05 r.qulr... C. 68.18; Il. 5.17%; 0. 1.33 (3”. t. 

J~HI,. 2.31 (I”. broad. exch.ys. in 020l. 4.21 (2~. 9, JlHz). 5.04 ,W. d. JbW. 

5.93 ,I". d, J6Hzl. 7.2 IlOH. ml; .IL. 314 04'. 

1165. 1315. 1215. 110 c.-' 

lb%). l8O ,~Kt02C.W2-CW; ", 35b5, 

ld ,ma01 9.-96% -- IPound: C. b3.93; “. 5.2711; C22 22 9 H o r.quin.. C. 63.11; H. 5.31s); 6. 1.34 ,C. t. 

J,Hz), h.29 ,4H. q, JlHz). 6.23 (2". a). 1.M ,tOH. I): dr. ,mM*).2OT lM'l2,. 

180 ,&2rO2C.m2Lt,; Y. 1165. 1320. 1180. 1155. loo d’ 

* ,f) 93-95% lrwnd: C. 63.81; W. 5.43%); b. 1.36 ,bH. t.. JlHr). 4.31 ,W, p. JlHt), 6.13 ,298. a). 

1.2 ton. a,; l t. 414 d. 
-1 

2w. Ml d/2. 2391, lea tre2~02c.m,~r); “, l?Y). llrn, 

1155. loo C. 

h* ,Iuo) I2b 130% -- (round: c. 10.11; H. 4.17; C30W22~s r.qu~ns. C. 10.59; II, a.31)); 6, 6.33 ,2H. 9). 

1.0-7.5 ,2oH. 9); 9/z.,nn M’). 180 ,mtllbmm, 539.1. 94 ,phmol, mI?u; y, 1140, 

12OO. 1160. 11W. 130 c.-' 

1L Il~ldC ,R,u,,,: C, 65.63; H. 4.31%; C24H,808 r.wLr... C, 66.36; n. @.15X); % 4.69 

(1”. d_ JSHz,. 4.70 ,I”. d. J7Hd. 6.29 ,I”. dd. 57”~. J5Hr). 7.061.50 (Wt. 8); 

Y, 17*,, 1150. 1335. 1300. IlbO. IQ5 u-’ 

4J ISI 9UOP (round: c. 5a.99; n. “.9R: c,dQ30,0 raquire.. c. 54.83; n. C.boa): b 1.33 ,bw. t. 

Jl”z), 8.28 ,ZH. q. J7Hz). 6.23-6.60 ,W. =). 6.55 ,2H. a). l.U-1.49 Ml. l ); D/X. 

394 cd. 3%. 211 ,KE~o~c.~o, 2.91). 160 W2r02C.C02Kt. 25s); Y, 1145. 1015. 

932. 092. 811 c.-’ 

bSbb% 8. 5.65 ,W, . . PhCH2). 7.40 ,1d(, ., ArtI); n Iz, 294 W*‘. ll!U. 266 ,WXJ. 2lU. 

238 ,~czxco. 241); “, 1805. 1716. 159,. 150, loo em-’ 

103-105% ,hmd: C. ~‘4.54; H. 5.051; C II 0 ngulr.. C. W.b9; “. h.9bW; 6, 5.13 (III. m). 
22 4 

1.35-1.73 IlbH. .,; n/r. (non p I. lb.9 1358.); v. 1810, 11300. 1595. 7M). 135. 100 d’ 
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