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PHCTIREZDUCTION OF SUBSTITUTEZ ARENES WITH BCRATES AND BORCHYDRIDE:
T

AN ELECTACN TRANSFIR MECHANISM

7 <
s R

¥Yisha2l Kropp and Gary 8. Scnustert

Department of Chemisiry, Roger Ac2ams Ladoratory, University of Iillinois

P P

Urbara, Illinois UsA 63501

ZAr D

K
X
Q sw“a"y Elecrr~nically excited aryl nitriles and halides react with bBerohydride or with
pAA t 2s by an electron transfer resction path to give reduction products.
®
> \,
,“.’, The phctcreduciion of corganic compouncs with inorganic metal hydrides is a topiz of
§ ' lcng-standing interest and recently recognized importance. Early, pioneering work by
. . + - . . s \ "
: ?ssitcvi::h,"f Ear‘ltrop,z Le:singer3 and OnashilI showed that the irraciation of aromatic
‘N
W hydrocardens, nitriles, nitro compounds, or halides I{n the presence of NaBHf gives produrts
4 , . ; .
from formal substitulion of hydride onto the aromatic nucleus. More recently, Epling and
:‘ A Florio re-examined these reactions and established relative rates for a group of related aryl
=N
" >, "'r.lor'.ies,ja and Apeywickrema and Beckwith r‘apor' ed photo-dehalogenation of arenes {n the
~= “ =
e presance of NadHy and di-tert-dutyl peroxice.>®  _ )AVZS ’ 3
A
[ ‘\-:‘ There is consiceradle {nterest in celining the mechanism for photoreduction of arenes by
‘lt
: Na3H,. Three pathways have been advanced that are supported by experimental observations, In
T 21l cases the reaction {s initiated with the excitation of the arene by abscrption of light.
5 .
‘ o In the first postulate (29 i), the excited arene undergoes bond homolysis to form an aryl
-“ radical and a halogen atom. These radicals apstract hydrogen atoms from BHQ giving BH3 .
‘,1’ which initiates an Sy, 1-1ixe® chain reaction to form the observed products. Alternatively, it
o8 RN y
LY has been propesed that {n some cases the the excited arene {tself reacts directly with
. a4,” either b a direct hydride transfer rocess f{eq 2) or by a single electron
W) Hy
¥
i transfer-hydrogen atom transfer seguence (eq 3) to give the isolated products.

)
Iy . BH, ArCl 8
: ArCl Are 4+ Cl» ArH + HCl + BH, 7 —5——-R 3 Are 4 CIT 4 Hy (1)

. . Hydri -
' AC 4+ BH, —Cide | am o+ O o+ BH, (2)
,::s Transfer

) - lect H . -
!::I act’ 4 B —c2GrOn [ArCl Br | HYd0%en st 4 BH, 3)
s Transter Transter
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we repcrt herein investigation of tne reducticn of elecironically excited areres by WaEH,

ard by alxylil(triphenyliborates {[R(Ph). :] Analysis of these reactiors with isotcpe tracer

cechnigues and vy laser transient a.-orpyion spectroscopic methcds supports the single

electren transfer hypothesis,
Irrzc¢iaticn (350 nm, Reyonet Reactor) of 'l-brornc-u-:yanonaph:halene7 (BCN, 0.011 M) in
e/water (9/1; v/v) containing NaBHy (0.06 ) gives exclusively i-cyancnzphihalene
in %% vield, eq 4. Irrac¢iaticn of 2CN under these conditions withcut added HNaBHy
reacticn; 3CN is recovered unchanged in ©3% yieid, Similarly, there {s no reaction

[
cetween BN and NeZH) in the absence of light. Ceuterium {s not significently Iincorporated in

D
“he CYN when tre photoreduction with Ng24, is carried out in CD.CN/D50. 3But the CYN formed by
4 3 2
b irredisticn of 3CN in ~'3'::‘/.-’ -0 contzining NeED, is primarily mono-ceuterated (cetermined by
:‘ ) mzs5 specirometric enalysis). The gphotoreduction rezcticn is slowed bdut nct steopped wren
Ly . . )
L sorylonitrile (0.03 M), a free-radical chain inh::;i:or,2 is accded to the reaction mixture
R
:::“ tefore irrzZiation, Precisely analcgous resultls zre cbtained when these experiments are
[}
~.""’ repeated with i-cghlorc-i-cyanonezphthalene (CCN).
»
{
o CN CN
«
o CH,.CN, hv
L - + NaBH, - 4
:’r H.0
LN
ey
:e Br H
1 BCN CYN
T = CH.CN. hv
RAY BCN + I:CHE—B(Pn)J — .~ CYN + Ph—Ph (5)
"
’\}' MTB
' 1
::_.’ we have shown recently thet organoberates function as cne-electreon donors in their
B
% reagctions with electreoniczlly excited cyamarosnes.8 Irradiztion of an acetonitrile solution
of 3IN contzining methyl(triphenyl borate (M7B, &s its tetramethylammonium salt, 0.01 M) gives
-
e . oy O C .
o CYN and bizrenyl (the latter from cxidstion ¢f ¥T2),7 eq 5. <Significantly, when this reacticn
v
':, s czrried cJt in CD.CN solution, the CYN formed is mono-ceutereted., The same resulls are
3
D
N ~.; chtzined when tetrzphenylborate (s the electron denor or when the arene is CCN.

,k-Zieyancnzphthalene (DCN) in the presence of

N

2oN) and 1,U4-cdicyanc-%,8,7,8-tetrahydre-

e
»

:, guantiteztive cverall yield (DN : DTN ca. 3:1), eq 6.'0 zcth oom
s: zn¢ TN zre primery photochemicszl products; DN s rnot cenverted to DTN by irradietion, and
»' treir yield retio is onn nt throughout the rezciicn, Whan this experiment is repeazted with

49 ]

. Ne:zd. , ine LIN wontaing cre deuterium at pesition § end TTN is dicdeuterated with one deaterium

4" g} -
® 2t pesiticn 6 and cne &t pesiticn 7 (the extert end pesition of cdeuteraticn was delermined by

1. - ; 4 . :

KX, ; Irrzsisticn of OCN in a CTHiCN/D,0 soluticn zontaining NaBDy gives

\ g €
> :

‘:5 TiZesterated TIN (:csi’.icr‘.s 5 and £) ard tetradeuterated DTN (positicns £,6,1 ano 8).

)
W
[

a

Ly
>

C

h
c. ‘7 X !.

D A AN OO0
nhnhY ". ": Wy m m Wdehint ‘tu*! e hnhntalnt el us ittty OIS DDA R DA IR AN



Y Y YV Y W S W W e ——

0
~
“4’
W
N
NHOY -
N 5297
he
M
)
,l'a.
;."'n' CN Hs CN CN
'l'. \ H;
‘¥ CH,CN/H,0 ~
,!n‘.‘ 4+ NaBH, /32T 27 _ + (6)
W] )
v HG
)
° CN Hs CN CN
‘s,
! DON DTN
P )%
S‘-, Trne radical anion of DCN is readily obtserved with transient abscrption technijues on a
! Y nandsecond timescale H Pulsed 1laser irradiztion (2 rnm, 13 nm, 7 m)) of DN ia an
( az2tonitrile/water salution containing rnaphthalene as an electron donor gives a transient
w species absorting strongly at 292 nm.  This spectrum is identical with the one assigned to
) -
:)"' DIN . previously In a relsted experiment run with MT3 as elzciron doncr in the absence of
’
:j ua:er‘.g Wren the laser atsorpticn experiment {s repeated witn Na3Hy, as donor instead of
v&" nazphthalene, the DCN radical anion can not be observed, but a puny absorption at 440 nm
E
® assigns2 to residual triplet DCN is detected
. Trese experiments provide information 2bout the mechanism of the photoreduction of arenes
U
R with borates and borchydrides. The findings are consistent with a general scheme whose
z ,(n\; specific outcome is detzrmined by the exact nature of the reagents, Scheme 1. In all cases,
; 'r'! the excited singlet state of the arene reacts by accepting an electron from the borate or the
aa.w berohydride, This is the predicted outcome from the usual weller treatment since AG-y is
. ET
B negative for all these reactions.’? The radical anion of BCN or CIN formed in this reaction
} . - . N . . .
py ] (i.e. X = 8r or Cl) dissociates rapidly to ferm the halide ion and the cyanonaphthyl radical.
N ﬁ‘;}.‘ Tnis process s well-precedentad in the electrochemistry of related species13 and evidently
» g
;." ] cceurs on too fast a time scale to permit cdetection of the radiczl anion by nancsecond laser
L)
K techniques. When the electron donor is borohydricde (R = H), the cyanonaphthyl radical rapidly
) atstracts a hydrogen atom from the borohydranyl radical {[38H,].} to form CYN and (presumably)
,P*: 2.-{3. Wnen the electron donor is a borate, the boranyl radicel [[RMS].] does not contain an
e
-(‘n'j easily transferable hydrogen atom, and the cyanonaphthyl racical abstracts a hydrogen atom
;Q from the sclvent.
1 \‘j
i ae Scheme 1
. Y
L4 - en ! N CcN CN
L] .
» fast - R¥H
C ——— RA,B —
e | + RSB + l: ‘:I X =Br,Cl * X CHeN
[P .
) *': X X H
~
‘.
"
X=CN
A=H Ra=H | [In-Cage]
W
)
P X H CN H HCN CN
*"‘/: + H +
s 1HH H
' DTN + DDN + BHy
., 2) Thermat
[ reduction

Yy
. Yy D
' o NN KRN 'l afm’_i + 1,» '\l At "s‘ N ‘t XA ."u' 's‘.‘u"'i g't 's ;'a L 'A‘ “9 ol 'i “' " " ;c,}:a.‘l:l.f‘.'.i't "l 0'

“d.!.“ "'.g' “ .."‘Q\ l.. ',“ t

o‘} i(f‘ ohpbn



Y
i
o~

Gyl
‘,.‘ 3298
Y
LY
‘, ~ne reazcticn fcllcows a modified course when X = CN ($.e. DIN). Trhe DIN racdiczal anicn
.' : rormed in the eleciron transfer step does not frzgment O the cyanonephihyl radicel. wren

' roronydrice (R = ¥) is <ne electiron doncr, & hyvdrogen (s transferred [rom ilrhe LorohyZrarnyl
k ‘-' re¢icel to eitner the 5- or the § pesitien of the DCN radical ..nion. The first opticn gives
:“ ~ny after pretonztion, tne secend cheoice gives DTN after protenation and a second (presumed
.,,-: s-erral) recucticn, This gerera]l sequence w2s consicered earlier and ruled out beczuse the
A&U orolucts €0 not correspond to those odtained In the classical Eirch reduction, which also
'\": srcceels threugh a rzcicsl arnion intermeci .2 However in the photoreducticn, transfer of
":;' tne hydreogen ztom Lo the redical anion ozccurs before it (s reduced a second time to a clanien
" ' zs it is under Birch ccnditicrns), and thus no similarity in the products obtained should
( recessarily Te expected,
[\ : :
-.:- In sum, the chemiczl and spectircscopic evidence reported herein supperts a sequentis
*"' eleciron-hycdregen atom transfer mechanism for photorecduction of the examined cyzne-subtstituted
! (o arenes Ty crganchorates. 3y anelcgy, the related recucticns of other &areres by ey
‘&"‘ follew the szme route if energeticslly permitied (AGET<°)' This offers the interesting
® rrcspect ¢f a generel reaction procedure to give products unobtainable by ccnventicnal,
-)'._ thermel rcutes.
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