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Visible light irradiation of a benzonitrile solution containingg@&nd an NADH analogue, tert-butyl-1-
benzyl-1,4-dihydronicotinamide-BuBNAH), results in efficient formation of théert-butylated anion t¢
BuC;o) accompanied by the oxidation 68BuBNAH to BNA™. The transient formation of £~ (Amax =
1374 nm) has been detected, accompanied by the decay of the-ttijp&tt absorption band 6fC¢* at 960

nm in laser flash photolysis of theBUBNAH-C7 system. The initial electron transfer frorBuBNAH to
3C7¢* to producet-BuBNAH*" and G¢~ is followed by fast G-C bond cleavage it-BUBNAH** to give
t-Bu* which is coupled with @~ to yield t-BuC;o~. The limiting quantum yield for formation afBuCyo~

(®. = 0.45) is significantly larger than the valué4 = 0.21) oft-BuCsy~ produced when & is replaced by
Ceo- Whent-BuBNAH is replaced by 1-benzyl-1,4-dihydronicotinamide (BNAH) or the dimeric form [(BINA)
the selective one-electron reduction ofy@® C;¢~ is attained through photoinduced electron transfer from
BNAH or (BNA); to the triplet excited state of & The limiting quantum yields for formation of€~ in the
photoreduction of & by BNAH and (BNA), exceed unity®., = 2.0 and 1.9, both of which are also larger
than the corresponding values for formation gf C(®P., = 1.3 and 0.80, respectively). The enhanced reactivity
of Czo as compared to §gis ascribed to a more localized unpaired electron and negative chargg irdGe

to loss of symmetry which facilitates the follow-up reaction in competition with the back electron transfer to
the ground-state reactant pair. In the case of 4-isopropyl-1-benzyl-1,4-dihydronicotinasRidBNAH), the
photochemical reaction withyields not only Go'~ but also the isopropylated anioirRrG;o).

Introduction We have recently reported that the photoinduced electron
. . . transfer from 4tert-butyl-1-benzyl-1,4-dihydronicotinamidé-
Buckmlnsterfullere_ne (69) is known to act as an eleqtrophlle_ BUBNAH) and 1-benzyl-1,4-dihydronicotinamide (BNAH) to
and thus much attention has been focused on its functionalizationy, , triplet excited state of &g (3Ce*) in benzonitrile leads to
with various nucleophiles via the thermal and photochemical formation of thetert-butylated Go anion ¢-BuCso~) and stable
reactions:® As the accessibilit)_/ of higher f_uIIerenes such aS e, respectivelyt®> The photoinduced electron transfer from
Cro and beyond has gradually improved, higher fullerenes, in o gimeric 1-benzyl-1,4-dihydronicotinamide [(BNo 3Ceg*
particular Go, have been functionalized in many w&ysLoss also yields Gy~ selectivelyls We report herein that the

of symmetry when going from, symmetry in Go to Dn photoinduced electron transfer frofBuBNAH to the triplet
symmetry_ln Golncr(_aasgs the number of different carbon atoms o ited state of & (3Cro*) yields thetert-butylated Go anion
from one in Gp to five in C;o and the number of chemically (t-BuCy) and that from BNAH and (BNA)to 3Crg* results

. . . o 6
different C-C bonds from two in & to eight in Go® This i, tormation of stable @ selectively. We also report that the
leads to a growing number of possible "’!dd“Ct ISomers derlVeo'photochemical reaction of &g with 4-isopropyl-1-benzyl-1,4-
from Cyo as compared to & The regioselectivity in the gy gronicotinamide i(PrBNAH) yields not only the isopro-
functionalization of higher fullerenes has now been explored pylated anion itPrGyo™) but also G¢. Determination of the

. 110 . A . . . ! . .

extensively:?However, it remains unclear whethefd® more . anium yields and direct detection of transient formation of

; yeve 1 :
reactive than &' since the larger aromaticity of % is Cr¢ by laser flash photolysis in this study provide an excellent

suggested to result in a lower reactivifybut §Iight!y lower opportunity to compare the reactivity of;£with Ceo in the
LUM.O'energles for Go than for Ggo may resglt inan mcregsed same series of photochemical reactions via photoinduced
reactivity of Go as compared to £5.1%14 A direct comparison electron transfer

of the reactivity of Go and Gy in the reactions with the same
series of substrates is certainly required in order to disclose the

effect of lowering symmetry on the reactivity of fullerenes. ~ EXPerimental Section

Materials. Cyo (>99.9% pure) was purchased from Science

:é‘;g‘k‘;rsut;’iv"é?;$ correspondence should be addressed. Laboratories Co., Ltd., Japan, and used as receivedidrhe
*Kansai University. b_utylated BNAH (-BuBNAH) and iso_propylated BNAH
8 Tohoku University. (i-PrBNAH) were prepared by the Grignard reaction with
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BNA*CI~.1617Preparation of 1-benzyl-1,4-dihydronicotinamide 397

(BNAH) and the BNA dimer was described previousht&19 ] t-BuCzy~
Benzonitrile (PhCN; 99.9% pure) was purchased from Tokyo 0
Kasei Kogyo Co., Ltd., and further purified by successive
distillation over BOs prior to use. Benzyl bromide (PhGBI)

and trifluoroacetic acid were obtained commercially from
Aldrich and Wako Pure Chemical Ind., Ltd., Japan, respectively.

Reaction Procedure.Typically, to a solution of @ (0.25
mg, 0.0003 mmol) in deaerated PhCN (3 mL) under an
atmospheric pressure of argon was adtd@®uBNAH (0.081
mg, 0.0003 mmol), and the solution was irradiated with a Xe N
lamp @ > 370 nm) equipped with Toshiba UV-37 cut filter for L . .

1 h. The successive reaction with £LFOOH (0.0003 mmol) in 400 600 800 1000
deaerated PhCN at room temperature yiéstsbutyldihydro- ) o m/z .
[70]fullerene -BuCroH). t-BuCroH along with unreacted 13 ;ggsu:f 1. Negative ion ESI-MS ot-BuC;;~ in deaerated PhCN at
was obtained. FAB-MS: Mass calcd forElo, 898.9: found ’

899'1'__ ) light absorption of the products, only the initial rates were
Addition of PhCHBr instead of CECOOH to the photolyzed  getermined for determination of the quantum yields.

P_hCN solution of G andt-BuBNAH gavetert—_butylbenzyl- Laser Flash Photolysis.The Gy solution (1.0x 1074 M)
dihydro[7Q]fullerene £BU(PhCH)C7q. The final product  \yas excited by a Nd:YAG laser (Quanta-Ray, GCR-130, 6 ns
was isolated and characterized by FAB-Mass spectrometry. fwhm) at 532 nm with the power of 7 mJ. A pulsed xenon flash
FAB-MS: Mass calcd for €iHie 989.0: found 988.8. lamp (Tokyo Instruments, XF80-60, 15 J, 60 ms fwhm) was
Electrospray Mass lonization Spectrometry.Electrospray used for the probe beam, which was detected with a Ge-APD
mass ionization spectrometry (ESI-MS) was used to identify module (Hamamatsu, C5331-SPL) after passing through the
RCo (R = t-Bu andi-Pr) and Gg~ in PhCN. Mass spectra  photochemical quartz vessel (10 mm 10 mm) and a
were recorded on a JEOL JNX-DX303 HF mass spectrometer monochromator. The output from Ge-APD module was recorded
or a Shimadzu GCMS-QP2000 gas chromatograph mass specwith a digitizing oscilloscope (HP 54510B, 300 MHz). Since
trometer. A sector-type mass spectrometer (JEOL-D300) con-Cyoin benzonitrile containing an NADH analogue disappeared
nected with a homemade ESI (electrospray ionization) interface by each laser shot (532 nm; 7 mJ), the transient spectra were
was used to obtain ESI mass spectra. The interface is similar torecorded using fresh solutions in each laser excitation. All
that of the ESI ion source designed by Féhithe sample experiments were performed at 295 K. The solution was
solution was sprayed at the tip of a needle applied at a currentdeoxygenated by argon purging for 10 min prior to the
3.5 kV higher than that of the counter electrode. This electrode measurements.
consisted of a 12 cm long capillary pipe of stainless steel. Heated Cyclic Voltammetry. Cyclic voltammetry measurements
N, gas (70°C) flowed between the needle and the capillary were performed at 298 K on a BAS 100W electrochemical
electrode to aid the desolvation of charged droplets sprayed.analyzer in deaerated PhCN containing 0.1 M NBID, as
lons entered the vacuum system through the first and the secondgupporting electrolyte. A conventional three-electrode cell with
skimmer to a mass spectrometer. The flow rate of a sample@ gold working electrode (surface area of 0.3 frand a
solution was +2 uL min—L. The voltage of the first skimmer  platinum wire as the counter electrode were utilized. The Pt
was 50 V higher than that of the second, and that of the capillary working electrode (BAS) was polished with a BAS polishing
electrode is 50 V higher than that of the first. For measurements alumina suspension and rinsed with acetone before use. The
of ESI mass spectra, all of the samples were dissolved in freshlymeasured potentials were recorded with respect to the Ag/
distilled PhCN to prepare a sample concentration of ca. 0.1 mM. AGNOs (0.01 M) reference electrode. All potentials (vs Ag/
ESI-MS: Mass calcd fot-BuCrg~ (Cr4Hg), 897.1; found 897. Ag™) were converted to values vs SCE by adding 0.29 V. All
i-PrGyo~ (Cz3H7), 883.1; found 883. &', 840.0; found 840. electrochemical measurements were carried out under an

Quantum Yield Determinations. A standard actinometer atmospheric pressure of argon.
(potassium ferrioxalaté) was used for the quantum yield
determination of the photochemical reactions af With NADH

analogues. Square quartz cuvettes (10 mm0 mm) which Formation of t-BuCyo~. Visible light irradiation of a ben-
contained a deaerated PhCN solution (3.0 mL) af @.0 x zonitrile solution containing & and 4tert-butyl-1-benzyl-1,4-
10* M) with NADH and the dimer analogues at various dihydronicotinamidettBuBNAH) results in efficient formation
concentrations were irradiated with monochromatized light of of the tert-butylated anion BuGyy), accompanied by the
A = 546 nm from a Shimadzu RF-5000 fluorescence spectro- oxidation oft-BuBNAH to BNA* (eq 1).

photometer. Under the conditions of actinometry experiments,

the actinometer and A4 absorbed essentially all the incident t-Bu
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Results and Discussion

ol
light of 4 = 546 nm. The light intensity of monochromatized ] ONH; . C hv | +\ NH2+ +BUC- M
light of 1 = 546 nm was determined as 1.4110°° einstein 7 N et

s 1 with the slit width of 5 nm. The photochemical reaction Bz 8

was monitored using a Hewlett-Packard 8453 diode-array t+BuBNAH

spectrophotometer or a Shimadzu UV-3100 PCUXis—NIR

scanning spectrophotometer. The quantum yields were deter-Formation of t-BuCzo~ was confirmed by the electrospray
mined from the increase in absorbance due to thga@ducts ionization mass (ESI-MS) spectrum as shown in Figure 1, where
at 472 nm or Gy~ at 1374 nm. To avoid the contribution of peaks appear clearly at the mass numbet-BtC;o~ (897).
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Figure 2. Electronic absorption spectra observed in the photochemical 0.08 | (b) Cxo
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Figure 4. Decay of the absorbance at 960 nm duéGa* (a) and the
rise of the absorbance at 1374 nm due tgC(b) observed in the
photoreduction of & (1.0 x 1074 M) by t-BuBNAH (2.0 x 1073 M)
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TABLE 1: Free Energy Change (AG%,) of Photoinduced
Electron Transfer from Electron Donors to 3Cy, Rate
Constants ke and Limiting Quantum Yields (®..) for the
Photoreduction of C;o by Electron Donors in PhCN at 298 K

Wavelength, nm

Figure 3. Transient absorption spectra observed in the photoreduction  glectron donor E’oxvs SCE, AG', a_1 Ket o
of Cro (1.0 x 1074 M) by t-BUBNAH (2.0 x 102 M) at 100 ns @) v kealmol™  M's
and 1us (O) after laser excitation in deaerated PhCN at 295 K.
. - tBu_ H CONH,
The natural isotope abundance patterns agree well with the @ 0.71 92 23 10° 0.45
simulated values and these are shown as histograms in the inset N 0.9° (@1x10%°  (021)°
of Figure 1. The visNIR spectral change observed in the Bz +BUBNAH
photochemical reaction of g with t-BuBNAH in deaerated HoNOG
PhCN is shovv_n in Figure 2, where a new absorption band at VAN, Vi VI 19.6 33 % 10° .00
777 nm is assigned as duett®uCyo. = H\= (203 (3.4x10%P 130°
The subsequent trap 6BuC;;~ by CRCOOH and PhCht CONHz (BNA), ' ' (1:30)
Br gave t-BuCy;H and t-Bu(PhCH)Cy;o, respectively (see .
Experimental Section) as reported for the reactionsBxiCsg~ CONHj 9
with electrophiles?® @ 0.57 (_-115.15)b (g.g ))(( :gg)b 1.88 )
The transient formation of £~ is detected as a reactive B, BNAH ' ' (0.80)
intermediate in the photochemical reaction ofpQvith t-
BuBNAH to yield t-BuC;y~ by the laser flash photolysis of a iPr, H
deaerated PhCN solution of,&in the presence dfBuBNAH fj/cowz ° 136
as shown in Figure 3. The transient absorption band at 960 nm N 0.72 9.0 b 25x 109 b 0 '68 b
appearing immediately after nanosecond laser pulse excitation Bz LPBNAH " (1.9x109 (0.68)

is attributed to the triplettriplet absorption band ciCy¢*.2223

The decay of the absorption band3@f;¢* is accompanied by
appearance of a new absorption band at 1374 nm which is

@ Obtained from the E°,, values of electron donors and the E°q
value of 3C,, (1.11 V vs SCE) by using equation; AG% = F (E°

diagnostic of G¢~.2324 The decay of the absorbance at 960 .
nm due to®C;¢* obeys pseudo-first-order kinetics, coinciding
with the rise of the absorbance at 1374 nm due#p Gs shown
in Figure 4. Thus, it is confirmed that the reaction 36f;o*
with t-BuBNAH occurs by electron transfer frotrBuBNAH
to 3Cy¢* to produce Gg.

The pseudo-first-order decay rate constariGyf* increases
linearly with an increase in the concentrationtedBuBNAH.
From the slope of the linear dependence, the rate consagnt (

Eored)_15,16

b values in parentheses are those of AG%, kg and @, for Ce.15

for electron transfer from-BuBNAH to 3C;¢* was determined
as 2.3x 1® M1 s twhich is nearly equal to the corresponding
Ket value for3Ceo* (2.1 x 10°® M~1 s 115in Table 1. The free
energy change of electron transfe&x@%,) is calculated from
the one-electron oxidation potentialteBUBNAH (E%x vs SCE

= 0.71 V)¢ and the one-electron reduction potentialPGf¢*
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Figure 5. Dependence of the quantum yieldson [t-BuBNAH] for Figure 6. Electronic absorption spectra observed in the photochemical
the photoreduction of £5 (1.0 x 107* M) (a) and Go (2.8 x 107* M) reaction of Go (1.0 x 107% M) with (BNA); (1.0 x 102 M) in
(b) by t-BuBNAH in deaerated PhCN at 298 K. deaerated PhCN under irradiation of visible light{ 540 nm) at 298

K.
(E%eq vs SCE= 1.11 + 0.03 V) which is obtained from the

E%eqvalue (-0.42 V5 and the triplet energy (1.58 0.03 eV¥® SCHEME 1

as—0.40 eV. TheAG%,; value of3Cgo* is essentially the same Photoinduced
as that of®C;¢*, since theE%.q value of Go (—0.43 V¥’ and Electron Transfer .
the triplet energy ofCgo* (1.56 eV} are nearly the same as hy L ke C%ﬂ/cor\mz
the value of Gy and 3Cy¢*, respectively?® Thus, there is no Cro —— %Cyo |G |'J|
difference in the reactivity betweelC;¢* and 3Cgg* for the U o B2

2

electron-transfer reactions.
The quantum yields®) for the photochemical formation of

C-C Bond Cleavage

. ) . -1 I ke. ONH
t-BuCyo~ were determined from an increase in absorbance due g ce D 2
to t-BuCyo~ under irradiation of monochromatized light o= Electron g
546 nm. The® value increases with an increase in the Transfer Bz

concentration of-BuBNAH to reach a limiting value®.,) as
shown in Figure 5. A similar dependenced®fon [t-BuBNAH]

has been reported in the case of the photochemical reaction of - . . . -
CsoWith t-BuBNAH as also shown in Figure 5 for comparisén. contalln |ntg (BNAdE arth Go \]fvgl e\gzn.gl ayllggt.results In efficient
The ®,, value (0.45) for Gy is significantly larger than the value one-electron reduction of&to Crg™ (€q 3):

of Cgo (0.21) as listed in Table 1. The reaction mechanism for Bz

the photochemical reaction of@with t-BuBNAH is essentially '

070 t'BUC70_

the same as that of ¢¢ as shown in Scheme 2. The , hv 5 mCONH2+ G @)
photochemical reaction is started by the photoinduced electron " PheN N 7

transfer fromt-BuBNAH to 3C¢* to give the radical ion pair
of t-BuBNAH** and Gg~. This is followed by the facile
C(4)—C bond cleavage of-BuBNAH*" by the nucleophilic (BNA),

radical reaction with @'~ to yield the final productttBuCyo~)

in competition with the back electron transfer (Scheme 1). The No reaction occurs in the dark. The formation ofsC is
lowered symmetry of &~ as compared to &~ may result in detected by the typical NIR spectrum as shown in Figur&x(

the more localized unpaired electron ingC, thus facilitating = 1374 nm)?324 The G¢~ generated in the photochemical
the nucleophilic radical reaction to give a largkt, value for reaction is stable in deaerated PhCN, and the stoichiometry of
Cro than Geo. the reaction is established as shown in eq 3, where (Blséts

By applying the steady-state approximation to the reactive as a two-electron donor to reduce two equivalents @f tG
species: 3C;¢* and the radical ion pair in Scheme 1, the Cy;¢~. Similarly the photochemical reaction of,£with the
dependence ob on [t-BuBNAH] can be derived as given by  monomeric NADH analogue, 1-benzyl-1,4-dihydronicotinamide

eq 2, (BNAH), occurs to yield Gy~ efficiently (eq 4).
O = @ _k a;[t-BUBNAH]/(1 + k,z[t-BuBNAH]) (2) M conms hv L CONH,
ﬁ + 2G5 =~ 1+, + 2C,~ +HY (4

N PhCN N

which agrees with the observed dependencedofon [t- L L

BUuBNAH] in Figure 5. The simulation based on eq 2 using the (BnAH)

71 (38 us for 3C7¢*) and ket values determined from the laser

flash photolysis is shown as solid lines in Figure 5, which ~ The quantum yields®) for the one-electron photoreduction
demonstrates excellent agreement between the simulation anaf C;o were determined from an increase in absorbance due to

the experimental results for bothdand Go. Such an agreement  C7¢~ under irradiation of monochromatized light df= 546

confirms the validity of Scheme 1. nm. The® value for the photoreduction of/gby (BNA), in
Selective One-Electron Reduction of & via Photoinduced PhCN increases with an increase in the concentration of (BNA)
Electron Transfer. When a dimeric NADH analogue [(BNA)) to reach a limiting value®.,) as shown in Figure 7. It should

is used as an electron donor, irradiation of a PhCN solution be noted that thé., value for formation of Gz~ exceeds unity;
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Figure 7. Dependence of the quantum yieldson [(BNA),] for the
photoreduction of & (1.0 x 1074 M) (a) and Go (2.8 x 1074 M) (b)
by (BNA); in deaerated PhCN at 298K.

SCHEME 2
Photoinduced v
Electron Transfer ™ 1t
foy HoNOC
Cro —— 3¢, —7—> o ONH,
Cro |

C-C Bond Cleavage
-1
T koo \ 5 @/CONHz
+
i
2
Electron Cro
Cro Transfer / Crno
2G5

®., = 2.0 which is even larger than the valud = 1.3) for
formation of Gg~ in the photochemical reaction ofgg&with
(BNA), as also shown in Figure 7 for comparisénSuch a
large quantum yield exceeding unity is consistent with the
stoichiometry in eq 4, where (BNAEan reduce two equivalents
of C7o. The dependence @ on the BNAH concentration was
also examined, and th®@., values for (BNA) and BNAH are
listed in Table 1.

The reaction mechanism for the selective one-electron pho-

toreduction of Go by (BNA), may be essentially the same as
for the photochemical reaction of,@with t-BUBNAH (Scheme

1) except for the final product as shown in Scheme 2. First
photoinduced electron transfer from (BNAY 3C¢* occurs to
give the radical ion pair: (BNA)* and G¢'~, followed by the
facile C(4)-C bond cleavage of (BNAY" by the nucleophilic
radical reaction with &~ to yield C;¢*~ and two equivalents
of BNA™ in competition with the back electron transfer (Scheme
2). In the case of-BuC;¢~ in Scheme 1, no dissociation of
t-BuCyg~ to t-Bu™ and Gg  occurs since the one-electron
oxidation potential E%y) of Czo*>~ which is equivalent to the
one-electron reduction potenticdt%ey of C;¢~ (—0.83 V) is
much lower than th&C.q value oft-Bu™ which is equivalent

to EC%y of t-Bur (0.08 V)3°In such a case, even if the dissociation
occurred to givet-But and G¢?-, the back electron transfer
from C;¢>~ to t-Bu™ should regenerateBuC;o~ which is stable

in benzonitrile. In contrast to this, ti&,y value of G¢?~ (—0.83

V) is higher than theE%¢q value of BNA™ (—1.08 V)8 when

J. Phys. Chem. A, Vol. 103, No. 30, 1999939

SCHEME 3
Photoinduced
Electron Transfer W H
hv N Ket e ONH;
Cro — 3Cy 7—' Crp U o+l
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H. H Bz
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~CONH;
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Electron

HC;o™ === C,> +H*
Transfer

Cn

2G4~

no adduct between BNAand G¢~ would be formed. In this
case, the facile electron transfer from¢€ to Gy occurs to
produce two equivalents of &~ (Scheme 2).

According to Scheme 2, the dependencebobn [(BNA),]
can be derived as given by eq 2, wherBUBNAH] is replaced
by [(BNA),], agreeing with the observed dependenc&bodn
[(BNA)] in Figure 7. Theke value for electron transfer from
(BNA), to 3Cz0* (3.3 x 1® M1 s71) obtained from the
dependence oP on [(BNA),] in Figure 7 is nearly the same
as the corresponding value 0£¢33.4 x 1® M~1 s71)15 as
expected from the similakG%; values in Table 1. The limiting
guantum yield®., is given by eq 5:

@, =207Ke_f(ke—c 1 k) ()

where @t is the quantum yield for generation of the triplet
excited state. Thus, the observ@d value (2.0) indicates that
the @+ value for formation ofCz¢* is unity3! and that the €C
bond cleavage in (BNAY" (kc—c) by C;¢~ is much faster than
the back electron-transfer process)kc—c > ky. In the case
of Cgo, the ®+ value for formation ofCgg* is also known to be
unity2®6 However, the rate of the ©€C bond cleavage in
(BNA)2** (kc-c) by Ceo~ may be slower than that by~
because of the more delocalized negative charge ¢ C
becoming comparable with the back electron-transfer process
(ko). In such a case, th@. value for formation of G~ in the
photochemical reaction ofggwith (BNA); is less than 2.0 as
listed in Table 1 ¢. = 1.3). The rate of back electron transfer
of C7¢~ may be the same as that of¢C, since theE%y values
of C;¢~ and Gg'~ (equivalent to theE%.q4 values of Gy and
Ce0) are essentially the same (vide supra).

The one-electron photoreduction ofd®y BNAH may also
proceed via photoinduced electron transfer from BNAFGg*,
as shown in Scheme 3. In this case, theHCbond cleavage of
BNAH*" by C;¢~ occurs to give Hg~ and BNA' instead of
the C-C bond cleavage in the case ttBUBNAH"" (Scheme
1) and (BNAY*" (Scheme 2). The subsequent facile electron
transfer from G¢?~ being in equilibrium with HGy~ to Cro leads
to formation of two equivalents of £g~. The ke value for
electron transfer from BNAH t6Co* (3.0 x 1® M~ s
obtained from the dependence®fon [BNAH] is also nearly
the same as the corresponding value gf 2.9 x 10° M1
s 115 as expected from the simil&dGP; values in Table 1. As
the case of-BUBNAH and (BNA), the limiting quantum yield
for the reduction of @ (®.. = 1.88) exceeding unity is
significantly larger than the corresponding value @ P, =
0.80)% in Table 1. This indicates that the rate of-@8 bond
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PhCN at 298 K.

cleavage of BNAF by C;¢~ is faster than the rate bysg~
due to a more localized negative charge ig"Cas compared
to the highly delocalized negative charge ig'C. 2C

C—C vs C—H Bond Cleavage in the Photochemical
Reaction of G with i-PrBNAH. When BNAH is replaced by
4-isopropyl-1-benzyl-1,4-dihydronicotinamideRrBNAH), the
photochemical reaction withgresults in efficient formation
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