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OFF SUBSS1TTUTE ARENES ,III BORA7TES AND BOROHYR:DE

AN EE.NTRANSFER MECHANISM

!'. chael Krocpp ant Oary S. Schuster*~

Deprtent of 'C!enistry, Roger Adarns Laboratory, University of 111ncis

Urbana, Illinois USA 61,501

Summary: Flect-;ca'ly excited aryl nitriles and halides react with tcrohydrite or with
,alkyl borates by an electron transfer reaction path to give reduction pr-oducts.

.ne phctcretuction of crgaic compounds with in~organi~c metal hydrides is a topic of'

lsng-starding interest and recently recognized ,importance. Early, pioneering work by

?as :ovitch; zT'arltrop, Letsinger 3 Iand Orash I, showed that the irradiation of aromatic

hyvdrocar-bcns, n~triles, nitro compounds, or halides in the presence of Na-BH -1 gives produrts

from formnal subs t!tution of hydrije onto ?he arormatic nucleus. M~ore recently, Epling and

£lrore-examined tnese reacticns and established relative rates for a group of related aryl

cn-or-idles,a and Aoeywickremna and Beckwith reported photo-dehalogenation of arenes In the -
presence of NaBH4 and di-tert-butyl per-oxide,. 5t? /

There is considerable inte~est in defining the mechanism for photor-eduction of arenes by

NaBH . Three Pathways have been advanced that are supported by experimental observations. In

all cases the reaction is initiated with the excitation of the arene by absorption of ight.

:n the fir-st postulate (eq 'I), the excited arene under-goes bond homolysis to fcr-m an aryl

radical and a halogen atom. These radicals abstract hydrogen atoms from BH4 giving BH 3
which lnitiates an S, I-I ikeo chain reaction to form the observed products. Alternatively. it

has been proposed that in some cases the the excited arene itself reacts directly with

BH either by a direct hydride transfer process (eq 2) or by a single electron

transfer-hydrogen atom transfer sequence (eq 3) to give the isolated products.

BIH; ArCI
ArCI~~ -r+C. - AHHI8a RNl Ar -+ CI + BH3 (1)

ArCI .+ BH,- Hde AM + Cl- + §H 3  (2)Transfer

Arl*+BH4- Eiecltron [Ar, aH.] Hydrogen AM+C+ H (3
ACI + Transfer jr i j Transfer AH+I+81 3

* 5295
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;e re _-rt nerei n invest Igation of tne reduction of electroni cally excited arenes by !;aB4H
and by al Kyiltri phenyll borates URPh)353f(. Ana ysis Of these reactions with isotope tracer

%ehnques and bIy lsrtransient absorption spectroscopic methodSspors hesge

electron tran~sfer hypothesi s.

rra d iaticr. (50 nn, Rayonet Reactor) of 1-bronrc- -oyanoraphth alene7 (SON, 0.011 M.) In

% ~acetcnitri'e/water (9/1; v/v) containing NaBH4 (0.06 M) gives exclusively 11-cyanonaphthalene

(b)in9E. yield, eq L. Irradiation of BON under these conditions without added NaEH4

cau;ses no reaction; BCN is recovered unchanged in 93% yield. Slimilary, there Is no reaction
-eween a-NadNE4. h bec flgi. ie~~ s not signifioantly Incorporated in

.,e CYN when the photoreducti on with NaSHi, Is carried out inl CD 3CN/D 2 0. But the CYN formed ty

'rradiation cf SON in C' 3C/2 ontaining NaED4 i"s primar".y mono- leutcrated (determined by

rass spectrornetric analysis). The photoreduotion reaction is slowed but not stopped when

acvonitrile (O.03 X), a free-radical chain inhioitor, 2 is added to the reaction mixture

before irradiation. ?recisely analogous results are obtained when these experiments are

repeated wt', -ch corc- '-cyanonaphthal ene (CCN).

CN CN

A.NBH CHsCN, h v (4)

Br H

BCN CYN

BCN + [CH3- B(Ph,1J CH5CN. h v _CYN + Ph-Ph (5)

MTB

.4We have show;n recently that organoborates ',unotion as one-electron donors in their

reactions wi th electroni cally excited cyanoarenes.5 Irradiation of an acetonitrile solution

of SON contai ning methyl Itriphenyl borate (MTB, as its tetramethylammonl ~m salt, 0.01 M) gives

-YN and bipheryl (the latter from oxi~dation of !MS),9 eq 5. Significantly, when this reaction

4s carried oujt in OD. ON soluition, the CYN iformed is mono-deuterated. The same results are

obtained whe n .etraphenyl borate is the electron do-nor or when the arene is CON.
7.raito ofa0-C/~ solu;tion of 1,L-ticyanonaphthalene (DCON) in the presence of

a EaH , givcs ,-d cyano- 5,E- i nytr naphthal ene ZN) an d 1,) -dcyanc-5,,7,8-tetrahydrc-

na cne -.'N in nearl.y quanti4tat ive overall y i e'd (DDN : DTN cas. 3: 1 ), eq 6. 10 Bot h 7CON

ad Nare prirary "notochemi~cal products; DON 's not converted to D7N by irradiation, and

'e'r ildratio is orrasta-t throughout the reaction. when this cxpermzent is repeated with

'.,e O-N -ntai ns o.ne deuteri.i at pcs~tion 5 and DON Is dideuterated with one deuteri um

at csti on 6 and one at pcsition 7 (the exten~t and position of deuteration was dete-r.ined by

x~et'cccpl.:rraciatirn of DONq in a "i.C.N/D20 solution oontain'ng NaD4 gives

rat --IN (;ositlcns 5 and 9)and traeeredDN(positions c,6,1 a nd )
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CN H, CN CN

+ NaBH4 CH3CN / H20 H) ++y (6)
(4hv H,

CN H, CN CN

DDN DTN

Tre radical anion of DCN is readily observed with transient absorption techniques on a

no-secon' tinescale. 1 1  Pulsed laser irradiation (337 nr, 13 nm, 7 cJ) of DN in an

acetonitrile/water solution containing napntalene as an electron donor gives a transient

species absorbing strtngly at 39 rm. This spectrum is identical with the one assigned to

DON. previously in a related experiment run with M7B as electron donor in the absence of

hater.
8  When the laser absorption experiment is repeated with NaBH4 as donor instead of

naphthalene, the DCN radical anion can not be observed, but a puny absorption at 4 O nm

assigne: to residual triplet DCN is detected.

Tnese experiments provide information about the mechanism of the photoreduction of arenes

with borates and borohydrides. The findings are consistent with a general scheme whose

specific outcome is determined by the exact nature of the reagents, Scheme 1. In all cases,

the excited singlet state of the arene reacts by accepting an electron from the borate or the

borohydride. This is the predicted outcome from the usual Weller treatment since AGET is

negative for all these reactions. 2  The radical anion of BCN or CON formed in this reaction

(i.e. X - Br or Cl) dissociates rapidly to form the halide ion and the cyanonaphthyl radical.

This process is weil-precedented in the electrochemistry of related species I3 and evidently

cccurs on too fast a time scale to permit detection of the radical anion by nanosecond laser

techniques. When the electron donor is borohydrlde (R - H), the cyanonaphthyl radical rapidly

abstracts a hydrogen atom from the borohydranyl radical ([BH4].} to form CYN and (presumably)

.1' When the electron donor is a borate, the boranyl radical (:RB].) does not contain an

.r easily transferable hydrogen atom, and the cyanonaphthyl radical abstracts a hydrogen atom

from the solvent.

Scheme 1

0~C CNh- % -_IC CN

HI

O X H C

RXCH R = H In-Cage]

H CN H CN

D TN 1) H+ H DN + SH3

2) Thermal
redC.on H 

CI

H CN H CN H

V,
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7te rEc OrfO-log a modified cours5e -when X - ON (i.e. DON). 7he X--N rad cel aricn

fcrned in *he electron transfer step does not fragment to the oyanonaphthyl radical. When

toohdride (R - H) Is the electron donor, a hydrogen is transferred from trne Lorohydranyl

radical to e~tner tne 5- or' the 6 position of the DCN radical .. r. The first option gives

INafter protonation, tesecond choice gives )7N after protcnation an~d a sec nd (presumred

-- r re7ton rhs general sequence was considered earlier and ruled out because the

T'-cducts Co not, correspond to those obtafned in the classical Birch reduction, which also

;-ccee-s through a radilcal anion 4ntermed~ate. 2 Hcwever- In the photoreduction, transfer of

e. ~ the h ydrogen atzm to the ra.-cal anion ccurs before it is reduced a second time to a dlanion

-s it i.s under Birch conditions), and t-us no similarity in the products ottained should

neoessari:y be expected.

% or. :n s.;,-, the chemical and speotroscopi;c evidence reported herein supports a seqaential

electron-hydrogen atom transfer mechanism for photoreduction of the examined cyano-substituted

arenes by srganoborates. By analogy, the related reductions of other arenes by NaEH4 may

follow -he same rou;te if energetically permitted C-OO<0). This offers the irterest~ng

* prcspeot of a general reaction procedure to give products unobtainable by conventional,

% ~ therral routes.
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