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ABSTRACT - The reaction [I] of triethyl phosphite (1) with tetrachlomsethahe (2) has been studied 
Fran a mechanistic point of view. 
( 
A 

) 
1 reacts at 60°C hth 2 to Form diethyltrich&anethanephosphonate 

(85-90% yield) and chloroethan~ (4) (80x yield). Se&al results hint at a radical chain mechanism 
ike Sal). Trichloranethyl radical ?a trapped by 2,6-di-t-butyl-l(-cresol (BHT), the reaction amy 

be initiated with W radiation (254 mn) and a charge transfer caaplex (CTC) is Famed between$ and 
2 ; Furthemore, the reaction is inhibited by 7,7’,8,8* tetracyanoquinodlmethane (TQQ). Tris(cyole 
propylmethyljphosphite @al and trill-hexene-6-yl) phosphite (7a) are wad as potential radical 
clocks in these reactions. The First leads inter alia to 3_chlosl-butene (17) and the second to 
5-chlor+l-hexene Cz), the First therefore suggests a radical mechanism but%ot the semd.Rowever 
in this particular case even the results obtained with the tris(cyc1oprcpylmathyl)phosphit.e my be 
rationalized also by an ionic mechanism. For the photostimulated reaction [l] , the overall quahtun 
yield is 0.1. The electrochemical oxidation of 1 with added CC1 does not account For a radical chain 
process as the main pathway. Purthemore, the i~plicatim of Ma#cus analysis to reaction 111 viewed 
as an electron transfer leads to a calculated rate constant in the range of lo-20 14m1s-1. The synerrzy 
of the techniques that we used lead us to cohclude that the thermal reaction is in Fact an S#l 
substitution. The radical intermediates would mainly be derived Fran the electron-transfer reaction 
between CC13- and CC14 the Importance of which increases when special conditions such as h3 activa- 
tion are applied. Reaction [l] therefore provides ah example where the observed pammagnetic species 
during a D/A interaction could deceptively suggest ah electron-transfer between D and A whereas 
they originate Fran an interaction between A and an electron donor Fotmed after or during the First 
step of the reaction. 

I - INTRODUCTION 

Trialkyl phosphites react with tetwchloranethane to give dialkyltrlchlormethylphosphohates 

and haloalkanesl. 

RO RO RO . 

ROkP: + 
i 

cl- 
/ 

cl-ccl3 - no-P Cl cc$- q 
/ 

ItO\- P- cc+ Ill 
/ 

no RO no 

RO l RO 

Cl- RO~P-CC13 _ RCI 
/ 

RdP-cCI~ + 
II 

RI 

RO 0 

When the alkylgroups are different., it is the least hindered haloalcane which is Fonnad2. 

This result supports equation 2 as ah SR2 displacement. Kamai and Kharrasova3 put Forward a radical- 

chain mechanism For the reaction of triethyl phosphite with tetrachlormethane because the reaction 

is accelerated by light or benzoyl peroxide and because plots of concentration versus time display 

a silgnoid shape4. 

‘CCIJ l IE10t3P: _ IEtOl,- i-Ccl, (31 

. 

lEtOl,-i-Ccl3 l cc14 ___c (EtOIJ-P-Ccl3 Cl- . 'Ccl3 I41 
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Then the products would result either fras SW2 attack [2] or fraa radical 
as advanced by Walling et a1.5 

f hwlytic cleavage 

EC+ 
Et-yi-tClj - Et’ * (EtOly P - Ccl3 

II 
Et-O 0 

c51 

Et’ * CClq - EtCI l ‘CCIJ Cal 

Cadogan and Foster’ proposed another mechanistic scheme which involves simultaneous ionic 

and radical pathwsya? They reached the conclusion that the thermal reaction between Ccl,, and 

MO)3P is ionic but becomes psrtly haaolytic under W irradiation or when azobisiaobuty~nitrile 

is added as initiator. These different propositions show the difficulty of rationalizing these 

type3 of reactions. Beaides the two wchsniama proposed earlier (ionic Sh2 or radical chain), are 

there other scenarios possible? In particular, if the chain mschanism operates, how is ‘Ccl3 

formed? We initiated this work with the idea that this coexistence of experimental data hinting at 

both radical and icnic machsnisna could be indicative of the operation of sn SRNl type of mechanism 

(Ccl4 displays a good elactron affinity’). Several reports indeed indicated that in SPWl processes 

the +%‘I’ pattrway may coexist with SW2 me&iniamag. The following results ahou tnat the atartirlg 
idea (i.e., S,l) was wrong but led to interesting insights into the intricacies of the reaction 

and brought new informations on the origin of ‘CC13. 

II - DISCUSSIDN AND RESULTS 

Triethyl phoaphite (L) reacts at 80°C with tetrschloranethane (2) and leads to diethyl 

triohloraaethanephoaphonate (3) in &-9U$ yield and chloroethane ($1 in 80% yield. Dietbyl chloro- 

phosphate (21 .f < 1%) and 1 ,~~l-tri~hlo~p~~e (6_) ( < 1%) were formed as very minor by-products. 

(EtOIJP * CClq - IEtOl$ CC+ * EtCl 

1 2 z” 4 

[?I 

. fEtO12;-Cl e EtCc15 

5 O 6 

Canpounds 2 andknviy result frue the earlier proposed nucleophilic attack of phosphorous On 

positive” chlorine followed by an Arbusov raarran&ement : 

-CL t 
LEtOI?IP : Cl-c-CIS - IEtOlj- P.CI cc15 - 

+n r- 
IEtO)2P-O-Et 

&I 

CCIJ - IEtOb2r;-Cl * EtCCIS 

0 
5 6 

u 
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k radical chain process may also operate Following Walling's hypothesis5 * 

ccl; + 
. 

(EtOBJP - (EtO+PCCI 3 - (EtO)2PCC13 l Et' 

ii (93 

Et' l ccl4 ____t ElCl + ccl; 

One possibility For 'CC13 generation is Ccl,, hcmolysis under UV radiations or BH2 reaction of 

(CH3)2-C-CN on Ccl,, when azobisisobutyrcnitrile is used as an initiator . 
IF we remind the classical criteria of an electron transfer induced chain reaction we can attempt 

to confirm this later mechanism. 

11 - 1. Trlchloranethyl radical trapping 

The results of Meyers et al. 
11-12 

showed that the anion of the 2,6-di-t-butyl-Lcresol 

(BHT) is a good tray,For 'CC13 with which it leads to the Formation of a trichloranethylcyclo- 

hexadienone product . Meyers et al. also showed with the trap that 'CC13 is not Formed in a 

mixture of potassi~an hydroxlde-t-butylalcoti-tetrachlorwnethane at 20°C. When CHCl 
3 
was used instead 

of Ccl,, they easily trapped the Formed :CC12 as its adduct with BHT anion, the dichloranethylcycl+ 

hexadienone product " bSc. With Ccl,, and CHC13 present, both the trichloranethyl and dichlorcmethyl 

derivatives were formed (C13C- + Ccl,, t 2 C13C' + Cl- 1. With CBrC13 + BHI anion, the 
trichlorcmethyl derivative was Fonned 

11 . They concluded that CBrC13 but not Ccl,, easily accepts an 
electron fran BHT anion to generate 'CC1 

3' 
We have now Found that when (EtO13P was added to a mixture of KOH-t-BuOH-Ccl,, containing 

OH , 0 0 

t-Ru 

+ cc+ (Et0J3P 
KOH-t-&OH 

CH3 CliClz 

BHT, the cyclohexadienone adduct of 'Ccl3 as well as :CC12 (as reported by Meyers et al.) were Forme 

as major products. 

Nevertheless the experiment does not specify hew 'Ccl3 is 

CCla 7 Formed in the interaction between (EtOJ3P and Ccl,, Or Fran 

and CCL,,: 

formed. It may originate Frcm 

electron transfer between -Ccl3 

- ccl3 + ccl4 h 2 'CC5 l cl- II II 

II - 2. Activation of the reaction by UV light 

In contrast to the thermal reaction which requires heating at 80°C, irradiation with a 

254 MI UV lamp leads to the same transformation at 20.C. The rate of Fonmtion of (Etd2P(0)CC13 

(2) does not depend on the reactants concentration. Moreover a charge transfer canplex (CT0 is 

Formed between tricthyl phosphite (11 and tetrachlorcmethane (2). 

The Formation of a charge transfer canplex between ethylphosphonites and Ccl,, has been 

also shown13. In our case the CX absorbs in the same region as CCl,,,so its association constant 
14 cannot be determined by the Benesi-Hildebrand method . Two possibilities exist for the activation 

of the reaction : 

a) The CTC is activated by light and leads to an ion pair. The ~otochenical initiation step 

is an electron transfer : 

IEtOIJP . . . . . . ..CClq h" > IEtOtJ'p . CC14Y Cl 21 
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b) Under irradiatictl the C-Cl band of Ccl4 is h~olytically cleaved. This process actually 

occurs when CCl,,is photolyzed in heptane as testified by HCCl3 and Cl C-CC1 isOlatiot% 
3 3 

ccl4 hll 
P- ‘ccl3 * 'Cl Cl 31 

Whatever photoinitiation is, the quantun yield value is 0.1 for? formation. It agrees either with 

a chain mechanism where the primary photochemical act would be inefficient and coupled with a short 

chain or with an ha&olysis followed by no chain at all. Wrightcn*s recent results show that sane 
15 electron transfer initiated chain reactions may display quantum yields lower than unity . 

II - 3. Inhibition of the reaction by addition of 7.7’,8,8’ tetracyanoqulnodimethane TU$ 

The use of redox inhibitors as a criterion of SRNl mechanism was proposed by KornNun . 
Amcmg the gocd electron acceptors which can be reduced by the donor and could therefore canpete 

with the fonation of CClbT, 7,?‘,8,8’-tetracyanoquinodimethane (electronic affinity EA = 2.8 eV)17 

is suitable (for CClli, EJA = 2.1 eVf . Moreover it does not react with_3 under our experimental 

catdltions. Adding small amounts of TCNQ ( Z’ 9%) doss not inhibit reaction [l] ; however the 

addition of 44% of TcNq decreases the rate of formation ofz. These results may be accounted for 

either as indicative of a short SRNl chain or as a reaction between ‘ENQ and Cl- slowering therefore 

reaction(21 

11 - 4. Existence of a phosphoranyl radical as lntemediate shown wlth suitable 

radical clocks 

Suitably designed substituents can be used as a mechanistic tool or kinetics standard ‘18 . 

Thus a mechanism involving the formation of free radicals may be confined by introducing 

cyclopropylmethyl or l-hexene-6-yl groups as R in P(OR) since the formation of free radicals, 3 19 via intramolecular rearrangement, leads to 3-butenyl or cyclopentylmethyl radicals . 

. 
L 

k25* - I05 s-1 
l - 0 

Et 41 

If a phos~o~nyl free radical intenaediate with such substituents is formed during the 

reaction, it could generate rearranged haloalkene and haloalkane provided that no alternative 

faster reaction of the phosphoranyl free radical is available. 

4. 

1-hexene-B-y1 

could be that 

ii!& 
A-RhI3 - II’ + 

/ 
IIIO12P; ccl3 Cl51 

R-O 0 

II* l CC14 - RCI l ‘ccl3 Cl61 

a) Reaction of trill-hexene-6-yl) phosphite with tetrachloranethane 

In this case, no products indicative of a cyclization of an intermediate like the 

radicals were identified. This result does not support an kl type mechanism but it 

this free radical clock is too s&w, we therefore prepared a faster one. 
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(CH*~CH1EH2fq-atJP + CCfq _c) ~cH,=cH~cH,I4*0~,~cc13 * (CH2=CH~CH*~4-Of3P-O 

7s (15%) E D (321 2 
I CI 7; 

I 
I l ICH2=CHICH214’0)21yl + CH2-CHlCH213CH2CI 

I 
(~H2=CH(CH2)4-O~3-~-CCt3 

ii 
t-1 2 (78%) !.J 

4. b) Reaction between tris(cyclopropyWthy1) phosphite xnd tetrachloranethana 

The reaction uas performed in toluene to have a dilute medium so that the Uni- 

molecular g-cleavage followed by the regrrangancnt [IQ] would becane canpetitive with the 

bimolecular electron transfer reactions . 

D- CH2-O-+3 - 
* 

D- 
l Cl 81 

. D- d”l-/’ 093 

/A/ l CC14 __3 m Cl + ICI3 (201 

Moreover toluene allows secondary reactions like radical-radical coupling. 

I [)CH2013P l cc14 c6H5cH3 f I I)CH20121; CC13 l I [)CH2013P=0 

I20 0 
N 

(80%) 

(2%) z 

I ‘E 

1 
. 

l ~CH20~3i-CC13 

( J=Z.CH2012[-H * [)CH2CI * A&l 

(2%) E0 
(64%) ‘A 

(16%) E 

12b 

Aotong the identified products, the formation of ti-chioro-t-butene (17) suggests 72b as one of the 

intermediates. 

Two mechanisms could bs involved however with these specific substrates: one involves 

radical species whereas the second involves only ionic intennadixtes. 

a) p -cleavage of 12 

_[ 
D- 

CH2-0L2-[-Co3 t221 

C4H7-0 0 

c2ll 

D- CH; v Ai’ CEl4, mc, l ‘CCI 
3 [231 

b) Nucleophilic attack of Cl- M the phosphoniun cxtion 
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Denney has foltnd that the same products 1,6 and lo form in the chlorauethylcyclopropane 

synthesis by .SN2 attack of Cl- on the triphenyl alkoxy phoaphoniun cation 21 19 . 

In contrast with Denney’s proportion of li/tYJ ratio of 1.2#, our result added to the forma- 

tion of the coupling product 1Lin toluene favors at least scme contribution of the e cleavage 

of ‘2, 

Let u9 now examine other experimental results nhich go against the mechanistic radical-chain 

possibility and rather favour the ionic mechanism for reaction [l] . 

II - 5. Action of oxygen 

Solutions of triethyl phoaphite (v and tetrachloranethane (s), if not demsaed, form at 

80°C triethylphosphate as a byproduct (10% yield). 
22 It has been~claimed that oxygen is an efficient ‘CC13 trapping agent - By bubbling oxygen 

into the solution we observed an increase of triethyl phosphate formation, but the relative yields 

of the other products were not modified. 

II - 6. Overa quanta yield 

The overall quantwn yield value measured at 254 m is 3 = 0.1 “, O,Go2 and 1s Independent 

Of the concentration of triethyl phosphite., 

II - 7. Electrochemical study of the reaction 

Xt is knoun23 that the eleotmhemical reduction of polyhalogencznethane does not lead to 

‘CX3 formation but to anionic species. The electrochemical inducement of the reaction would corres- 

pond to a scheme other that the radical one, proposed by Kamai and Kharrasova 294 . On the other 
hand the electrochemical oxidation of trivalent phosphorus canpounds is a convenient tool for 

24 generating ~osphini~ cation radicals . 

With the three solvents (INF, THF or acetcnitrile) end the two ty=pes of electrodes 

(platinum or mercury pool) that we used, we never observed any modification of the intensity- 

potential curves corresponding to a Ccl4 reduction wave in presence ofJ. On the other hand we 

determined that the half-wave oxidstion potential of triethyl phosphite (1) is 2.1 V (vs 3.X). 

We ass-d that i, = KDC uith 1, current at the limit and C = phosphite concentration; 

i, cas obtained fras the recording of the intensity-potential curves. The proximity of the discharge 

current of the solvent leads to ill defined diffusion-plateaus. Nevertheless, one can estuMte the 

1, value at the intercept of the tangents to the plateaus and to the ascendant waves. 

Table 1 -__-__- - Difference between the introduced and measured concentrations Of (gtC)3P when 
Ccl,, uas added to the medium. 

current at 

5 0 216 4.99 

4.86 1 204 4.72 

4.73 1.97 196 4.53 

4.60 2.87 192 4.M 

4.48 3.73 184 4.25 

4.37 4.55 180 4.16 

3.89 8.10 156 3.61 
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The increasing difference betueen the calculated and the true concentration of !, may 

correspond to a low conaunption of 1 rather than a dilution. Nevertheless these variations are 

toos~all to ba due to an electrochemically induced SRNl Process. 

We thank Dr Crcnchi for fruitful discussions and experimental support during this electro- 

chemical study. 

II - 8. Free energy of the electron transfer step 

If we retain the results going in the sense of a SRN 1 scheme, this latter would k lnrluced 

by electron transfer between l_ end 2 with the possible aid of a CTC viewed as an inner sphere 
25 electron transfer without bridge . Moreover a catalytic cycle (or a chain) as proposed by Griffin3 

or Kamai end Kharreaova’ would follow the initiating electron transfer step. 

If we retain the electron transfer as first step, several acenerii are possible for the 

radical anion-radical cation pair formed in the solvent cage 11,26 . 

. _ 
[ElOl3P: l ccl4 _ LEtOl3’P kl, [26) 

1. Hawlytic subatittiton SR2 of radical cation on Ccl,,’ (i.e. R.A.R.P.)‘l 

. 

.- 7 
l 

IEtOl3P Cl-CC13 - IEtOl3P Cl + cc13 - 

2. Cleavage of CC14’ 

ccq - ‘ccl3 l Cl- 

+ 
If (EtO)$ is stable enough it nay recanbine with the frsgmenta: 

(271 

l t 

al (ElO)3i l SC13 - IEtOl3P- CC13 

l 

b) IEtOl3i l Cl- - 

The’CCL, radical is as good electron acceptor 

” + CEtO,jz-CC’3 + EtCl (291 

Rrbusou 0 

(EtO,,i Cl (301 

as CC1t7. Thus, one could+auppoae also an 
_ 

electron trana?er between’CC13 and (Et0)jT.l which may lead to CC13-and (EW)3PC1 (3a) : N 

. 

(EtO13i’ Cl l -Ccl, __t (EtO13P-Cl l ccl3 - 

IEtO)jP-Ccl3 l CI- - IEtO12-$-Ccl3 l EtCl 

30’ Rrbusou 0 
N 

Such an electron transfer is possible within the encounter of two radicals with different 

electronegdtivitrea2*. 

Finally the coupling of (Et0J3kl snd’CC13 cannot be excluded. It would give the pentava- 

lent @oaphorua intermediate 2. 
. 

(EtO13i Cl l kl, - (EtO13(-Ccl3 e lEtOb3P Ccl3 . Cl- t3n 
Cl 

If we would rest on this series of arvnta, we would ccnclude that reaction [l] is an 

electron tlhMfer induced one. Nevertheless a problem arises when one looka at the thermodynamic 
29 feasibility of the electron transfer . 

The E ) value of (EtOJ3P allows anapproximate calculation of the rate constant which could 

be. expected applying the k!arcua approach 30. In this approach, one calculates the AC+ of 



508 S. B.ox.a.9 et al. 

activation for uncharged reactants as : 

In this expression u is negligible29a and the main tems needed are AGo and 1 . x is the average 

reorganization energy associated with the reaction 

D+A + D? +A’ 

Taking3’ ~CC!l,KCl,’ as 70 kcal, x (EtO13P/(Et0)3Pf as 30 kcal.. x = 50 kcal/mol. I 
The Ef value for CC14 reduction is -0.9 V, but it corresponds to an irreversible electron transfer32 

and if one adopts the correction proposed for a similar situation by Eberson 29a (for E) R-X : -2 v, 

E” R-X = -0.7 VI one finds E”,CC14 = 0.2 V. 

These values lead to : 

&Ga = 41.5 kcallinol. &G*= 41.8 kcalimol., keetS = 6.7 x 10’*O 

with kD + 2 x ,D’O M-is-’ 
(diffusion constant at 25OC) 

This 10~ value clearly shows that an electron transfer between (Eto13P and CC14 is highly impro- 

bable even uhen one takes E* (CC141CC145) as a stronger oxidant than its experimental Ei value 

would suggest. 

We must however recognize that if these calculations discard outer sphere type electron transfer, 

one possibility still remains (because CTC observation between l_ andzsee section II.21 that an 

inner sphere type of electron transfer without stun 33 transfer take place. At this point not much 

is kno+a~ about this type of electron transfer mechanism except that it is sensitive to sterzc 

effects and that its rate constants cannot classically been predicted with the foregoing M?rCUs 

equation. 

Ii - 9. General scheme 

SNCI* 
Thermal A. [E1013P + ccl4 7 IEtO~jP’Ci CCIJ - 

actlus(lon 1 2 

8. IE1013P*CI l CCI3- e (~tOl3~CCl3 e (ElOf3P’CCi3 

30 Cl 

3b 

1 3& 

~EtOl,$CCl3 

0 

3 

F. 

6. 2 fEtO13iCC13 l 2 ccl+ - 2 [Et013PCC13 -ci l 2 kl, 

cull- l ccl4 - cl- * P’CCI3 

(EIO13P’CI * c1- = [Etll13~- Cl 

Cl 

[E1013P*CI + CI- - IE1012p I*) * EtCl 

0 

5 

2 ‘ccl3 l 2 IEtOt3P - 2 IEtOt3iCC13 

+ lx- 

. LtCl 

% 

I.1 Ttlls product may also originate from : 

(Et013P+CI l CC13_ F tE1012PCl + 
II 

EtCC13 

0 
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Photocftemlcst 

+ EtCl 

I341 

wt thus retain a scheme uhich reconciles the duality of ionic and radical inttnnediates. 

we propose that the first step of the reactfor, is not an electron transfer but an ionic displacfnmnt 

on Cl+ by triethyl phosphite (leaving Group Cl3C- ). Meyers et al. ‘“bAmwed elsewhere that Cl C 

anion may tansftr its electron to CC14 34a and tie confirmed these results34b. Thus for the thzrmal 

version of reaction (1 J th ore could be caPpetition between reactioh[33-B] and electron transfer 

ti Cl3C to CC14 eq. 33-C. If the second channel occurs, a short chain could develop following 

the mechanism Riven under the photochemical stimulation (eq. 34 1. 

Finally the electron transfer frun Cl,C- to CC14 deserve sane camtents. The rtdox potential 

of the C13C’IC13C- couple is not known and it was not possible to check its value by polarography 

since one could not obtain a sufficient concentration of Cl,C* in the mixture. Its theoretical 

value was calculated35 ahd found equal to -0.83 V (vs SE). If we retain the -0.73 V (vs .ZCE) 

value of Meyers ‘Oa for the CC14/CC14’ couple the reaction Is thermodynamically allcwed but with a 

less negative value of PC = -0.10 tV. 

he second step of the chain is possible but the lar quantum yield value 9 observed 

(section 11-6) and its independence on the tritthyl phosphitt concentration do not agree with a 

long chain reaction which is usually characterized by 9 > 1 and $ proportional to the concen- 

tration of the nucleophile36. Tne low * value could be the result of a lcu primary quantum yield 

(e.g. 0.01) followed by a short chain (e.g. 10 cycles). This low chain efficiency may originate 

from a unfavourable campetition for C13C- between in cage (path 33-W and out of cage (path 34 or 

33-C) reactivity. 

III - CONCtUSION 

The reaction between triethyl phosphite and tetrachloronethsne was the object of keveral 

mechanistic proposals in the literature. kit studied this reaction using a variety of techniques. 

Several classical criteria of tlectrcn transfer ilAced chain reactions were positive and could 

have led to a wrong conelusion if fbrther experiments and thtnuodynami.c considerations of redOX 

potential had not been carried out. The overall set of experimental results that we mthered leads 

us to propose that the thermal reaction of trtethyl phosphitt with tetrachlorcmmthant which displays 

9ane experimental mks of an SRRl reaction is in fact an SRC1+ substitution. The radical inttr- 

mediates observed in the mediun would mainly result from an electron transfer between Cl,C- and 

CC14. Depending upon the relative concentration of’ other reagents this trichlorc~tthyl radical may 

or may not initiate a radical chain reaction whose final products arc the same as those obtained in 

the ionic emchaniso.Under usual conditions, the ionic channel is the main one but when special 

conditions are applied (hv , AIBN) the radical pet&hay participation increases. These conclusions 

precise and confirm a previous study perfonoad by Cadogan and draw the attention to the risk of 

jmPiW to CordUtionS when incanplete studlaa are prfonned on reactions which include both 

diamagnetic and wetic intermediates. 



The UV spectra were recorded an a Beckmann 26 spectrcmeter 
Cell. Gas chranatographic analysis were performed on an Interat __ 

fitted ufth 0.5 cm pathlength 
IGC 121 FL chranatograph fitted 
colunn packed vith 1oY silicone _ ulth a flame ionizaticn detector. A 2 m x l/B in. stainless steel 

UCCW 390 on &%mmsort~ WAW DMCG, 8OllOG mesh was used with helium as carrier gas. The chrcmato- 
graph wae cpupled with a Belsi Instzwnent Bnica 10 integrator-recorder. 

The B-NlR speotra were obtained dn a Varian EN 360 A spectraneter with deuterated benzene 
as a solvent and tetramethylsilane l?4S as internal standard. The chemical shifts are in pptn. The 
abbreviations are as follows : s : singlet ; d : doublet ; t : triplet ; q : quartet ; 
81 : multipl t. 

The Ii fP-~-spectl-a were recorded cn a Bruker AM 200 spectraneter, in C6B6 as a solvent. 
Phosphoric acid 85% in a capillary tube was the internal standard. 

Mass spectra were obtained by Cc/MS with a Ribermag 10-10 instnment fitted uith a silica 
capillary colcmn (CP Sil 5 ; 25 m x 0.32 ma). The carrier gas was helium. Ihe tension was 70 eV. 
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GENERAL HEftiODS 

S. BAKKAS et nl, 

fXPERSMENlA~ SECTION 

The electrochemical sat was ccapsed of a Taaussel PRT 30-0.1 potentiostat regulated by a 
Tacussel UAP 4 unit. The curves were recorded on a Sefram Luxytrace recorder, The working electrode 
was a rotating platinum disk (2 am diameterlTacusse1 EDI, the auxiliary electrode was a platinm 
thread. The potentials were controlled with respect to a saturated calcmel electrode. 

MATERIALS 

solvents : aoetonitrile (Merck), d~e~ylfo~ide (BJJH), tet~hydro~ne (BDH), toluene 
(Herckl were dried on 4 A0 molecular sieves, distilled and stored on molecular sieves. 

Triethyl phosphite (Janssen Chimica) was purified as in ref (71, dlstilled under argon and 
kept on 4 A* molecular sieves. 

Tetrachloranethane (Merck 
kept co 4 A* molecular sieves. 

- Spectrosol) MS distillated on P205 with argon bubbling and 

2,6-Diterttobutyl-4-cresol Bf$I (Flu& purum) 
(Fluka, purum) , I-hexane (Fluka, purua) 

; 7,7’,8,8* te~racyan~uin~~et~ne 
; 6-hexanol (Fluka) , hyd~thylcycl~ro~ne (Fluka, 

pun&, tris(dimethylanino1 phosphine were cmrcial and used without further purification. 

Synthesis of tri(~yclo~ropylmethyl)phosphite (12) 

fn a 50 ml flask fitted with a water cooled condenser, one introduces 3.22 g (0.02M) tris(d~~thyl- 
amino) phosphine and 4.36 g (O&M) hydroxymethylcyclopropane. The mixture was heated to 100% 
until dimethylamine no longer evolved. The residual phosphitei&as then distilled under vacua 
(BP = 96-9&W and obtained with 92% yield. RMN 1~ (CBCl 
~.G??@I (6 Hl, d-d J 

I?%% 0.5 ppa (12 Hl 1.25 ppn (3 Hl 

found C : 58.85, H : It- 
H : 6 HZ - Jp_H : 8 HZ. C12H21O3P (%4.27) talc. C : 59.00, H : 8.66 ; 

.50. 

Syntheses of trill-nexene-6-yl~phosph~~e (7& 

The phosphite was synthesized as 
tris(dimethylamino1phcaphit.e. Bp 

12 by mixing 9 g (0.09 Ml S-hexeq-t-ol- and 4.5 g(0.028 141 
ran = 10+llO°C. 8% yield. RMW H (CBC13, T%Sl 1.5 ppn 

(12 H, ml 1.9 ppn (6 H; iol 3.7 p$fE5(6 H, d) 4.75 ppn (3 H, d) 4.95 ppn (3 H, d) 5.3-5.7 PPR 
(3 H, m). C,aH3303P (328.41) Calc. C : 65.83, H : 10.13 ; found C : 65.90, H : 9.98. 

Reactton of (Et.0j3P (3 with Ccl,+ 

In a typical experiment 2 g (0.012 Ml (Et01 P and 6 g (0.038 !!I freshly distilled CC14 were 
introduced into a two necked flask fitted w 1 th a condenser supplied with a mercury t=P. The 
solution was de&ass&i with argon for 15 min. and heated at 800~ under argon for 4 h. The reaction 
mixture was then analyzed by G.C. and G.C.fM.S. (EM) PO CC13 (2) M = 255,5 ; m/e : 131 (0.74) ; 
123 (0.021, 121 (OX%!), $19 (0.6) ; 109 (1) ; 81 (0.6%) ; 65 (0.30). 
(E~)2~ C1 Cs M = 184,5 ; m/e : 147 (0.19) ; t45 (0.621 ; 1'19 (50.31) ; 117 (1) ; 109 (0.13) i 
81 (0.25) ; 65 (0.17) (relative intensities). 

Trapping by 2,6_ditertiobutyi-4-cresoi 

A 50 ml two necked flask fitted with a magnetic stirrer a condenser and a needle crOsSi& througtl 
a septum was blown out with argon. CC14 (8ml1, tertlobutanol (5 ml), 2,6-ditertfobutyl-4-cresol, 
2.2 8 (O.Ot Ml, KOH, 4 g &wder) were succesively introduced. Then (EtO>3P 0.67 8 (0-m bi) Ma 
injected with a syringe. ‘he mixture uss stirred for 3 h at p~cm tgoperature and diluted with water. 
The organic layer was separated. The aqueous phase was acidified by Hs4, washed three folds with 
10 ml ether. The ether fraction was joined to&ether with the orkmic one, dried over Wa so4 and 
concentrated. The crude extract was analyzed by GC/US : 2,6_ditertiobutyl-4thyl-4-tr chloranethyl- $ 
cyclohexadien%e M t 336. mle : 336, 303 (O.orll ; 301 (0.091 ; 219 (0.31) ; 51 (1) ; 41 (0.431. 
2,6~~~rtiobutyl-4~~yl~ich~or~~ylcycl~e~~i~e M = 302. mle : 304 (0.06) ; 302 (0.01) ; 
269 (0,021 ; 267 (0.081 ; 219 (0.24) ; 57 (1) ; 41 (0.41 (relative intensities). 

Activation by light 

me mcmt,a were inttoduoed in a quartz tube closed with a eeptm and degassed wfth argon bubbling 
for 1 h. The tube r~as irradiated by a 10~ pressure mercury lamp (M 15G-Hanaul for 4 h. Then the 
same process as for thermal activation was used- 
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Activation by azobisisobytyronftrfle (AIBN) 

'Ibe procedure was as for general technique but 20% AIBN was added. 

InhIbition by 7,7!,8.8’ tetracyanoquinodimethane (TCNQ) 

The reactants were introduced as for the general case together with a 10-4s ratio of TCNQ in a 
Pyrex tube, sealed under vacuum and heated at 80% for 4 b. The mixture was then a~lyz@ by CC. 

Reaction of tris(cycIopropy~thyl)phosphite (12) with CC14 

The reaction was conducted as for the standard procedure. The products were separated by prcpara- 
tive CC and identified by 31P m. (C H80)2po CC13 (13) : 5.5 ppn ; (C4H80)3P0 (13 : -0,8 ppn ; 
(c4H80)2~H (lE$ : 6.3 pp~ ; Jp_H : 683-685 Hz. 

Reaction of tri(~-he~~-6-y~)phosphite (7$ with CC14 

The procedure was the same as for I&. 31~ nr (c~H,,O)~W ccl3 t$ : 5.3 ppa ; (C6H1,0)3P0 
(2, : -0.6 ppn ; K6Hl,0)+'OH (12, : 6.5 ppn. 

Electrochemical measurements : 
The cell (25 ml), fitted with the three electrodes, uas purged with a dry argon stream purified by 
successive passes over silicagel, 4 A0 molecular sieves, oxygen absorber "Alttech associated 4005", 
P 05. The solution was introduced into the cell with a tight syringe and degassed with argon for 
$&~;.2~;ehe impulsional voltampemgrarns were recorded with the following parameters : impU1~ 

., impulse interval : 1 s, rotating disk speed : 150 r.p.m. 

QUANTW YIELD MEASURENENTS 

The quanttrm yield determinations were 
flEi 

rfomed in a %erry-gc+roundl~ apparatus 37 using potassium 

ferrioxalate as a chemical actinmeter . The 254 rm light MS obtained fran a lcu pressure 
mercury lamp Hanau TQ 150. The actinaneter tubes were randaoly irradiated by 10 fractions of 1 
minute. The f’errioxalate concentration was adjusted to lo-2M so that its optical density was > 2 
after irradiation. The disappearance of the substrate was obtained by C.C. analysis with dodecane 
as standard. Since the consunption ratio was mall (2-5%) the absorption band of triethyl phosphite 
at 260 ~1 remained well resolved and unmasked for all the time. 

1. a) 
b) 
C) 

2. 

3. 

4. 

5. 

6. 

7. 

8. a) 

b) 
c) 

g. abf 
c) 
d) 
e) 
f) 

10. 

11. a) 

bl 

C) 

d) 
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