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Abatract.- d-Nitroveratrole INVT) is photoaubetitutsd with primary aminae, plperidine and 
hydroxide ion. Primary amlnea and hydroxide ion cauee replacement of the methoxy group 
In seta position with respect to the nltro group whereas plperldine photosub&ltutes the 
met= group in e to the nltro group. Photareactlona with piperidine and hydroxide 
ion involve attack of the amine upon a triplet excited state of NVT.3Nechanietlc evlden- 
tea fndlcate that the reaction with hydroxide ion le probably a Sh2 Are process whereas 
the reaction with plperldlne involves a radical Ion pair formed via eiectron transfer 
from the amine to a triplet excited atate. PhotoreactlonaIwlth primary amine6 Involve 
attack of the enine upon a einglst excited state of NVT (S 

ff” 
Ar* prooeaaf. These result43 

are discussed and justified in the context of nucleophlle onlxatlon potential conaldera- 
tions and ground state donor-acceptor complex formation abilities. 

INTRODUCTION 

Nucleophlllc Aromatic Photosubstitutions have been the abject of Intense research since their 

discovery in 19SS.I In upite of the important effort done, mechanistic studiea have been almoat 

restricted to photohydrolyaia reactlone. 
2 Recently Varma and coworkers have applied the Laser Flash 

Pbotolyaie technique to the study of the photohydrolysia of several nltrophenyl ethare (3,S-dinl- 

troanfsole3*4 and 3-nitroani801e41, proposing a general mechanistic acheme involving feat reaction 

betveen the nucleophile (hydroxide ion) and the nitrophehyf ethers triplet excited state which 

gives rise to a series ofe=ccxnplexes in the ground &ate. 

Van Riet 
5 

at have pointed out the existence of three kinde of pathways leading to nucleo- 

phiilc aromatic photosubstltutlone: 1) direct displacement (SN2Ar*f; 2) electron tranfer from the 

+u&aophlle'* to the aromatic aubatrate and 3) electron tranefer from the aromatic compound to an 

acceptor followed by attack of the nucleophlle on the aromatic radical-cation. In recent years 

several reeearch groups have directed their attention to these reactions. In connection with our 

proposal of nftrophenyl ethers as photoactivatable moietlee in pbotoaffinity labellingb, ve repor- 

ted7 in 1984 that the veil known meta-orientation of the nltro group In intermolecular nueleophllfc 

aromatic photosubstitutions (the reverse of the orientation In thermal reactions) only clearly 

holds for hydroxide ion a8 a nucleophlle since when amine6 are used the regioselectivlty depends 

upon the features of the nucleophile. The meta regloaclectivity ia observed for emines of high 

ionization potential, but It change8 Into para when amlnes of lower ionization potential are used. 

Ye have recently published% en explanation for these experimental result8 baaed on some qualitative 

mechanistic studies vlth 4-nftroanleole. Our evidence8 indicated that meta aubatltution ie produced 

through a SN2Ar* reaction whereas pare eubetltutlon arises from a radical lon-pair via electron 

transfer from the amine to a triplet excited atate of the aromatic partner. This explanation agrees 

veil with tha general orientation rules for nucleophillc aromatic pbotosubstltution reactions pro- 

poeed by Nutai et al. 
9 
and developed originally Iron their studies on photo-Smlles rearrangement 

reactional'. Almoat slmultaneoualy to the publication of our mechanlatic proposal8 a new example of 
change on regloselectfvity with the ionization potential of the amine nucleophlfea vaa 

11 
reported 

using l-methoxy-4-nitronaphthalene as the aromatic substrate. Nechaniatic studies on these reac- 

tions using flash photolysie and continuous irradletion technique8 led to the proposal of an 

explanation of the reported experlmental facte which vas nearly ldentlcal to that simultaneously 

given by us. 

In the present paper ve rant to report the results and the concluaione of a mechanistic study 

on the reaction8 of 4-nltroveratrole (NVT) vith primary aminea. pfpcrfdine and hydroxide Ion. 

2607 
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Herewith, a third previously non described (in intermolecular photosubstitutions) mechanistic 

pathway is propoeed, namely a SN2Ar* reaction through a singlet excited stats. Ite operativity is 

poesibly due to the existence of a complex in the ground state. This pathway occurs in addition to 

the previously proposed SNLAr* and electron transfer mechanisms through the triplet excited state. 

RESULTS. - 

Photohydrolysis of d-nitroveratrole 

In agreement with the reported facts 
la.12 the irradiation (4OOW medium preseura Hg lamp, Pyrex 

filter) for 2h of a solution of SOQng (2.19 mmole) of 4-nitroveratrole and 1.580 (0.034 nvnole) of 

NaOH in 0.91 of THP-water (1:9) affords 2-methoxy-5-nitrophenol. 1, (96% isolated yield baaed on 

consumed startiog materiaff. No 2-methoxy4-nitrophanol could be detected. Overall quantum yields 

for the production of 1 were measured at different nucleophils concentrations (Table 1). Quantum 

yieid increases by incrsaaing the nucleophile concentration and reaches a maximum at about 36-fold 

exces8 of nucleophile. This result is similar to that observed for the photohydrolysis of 3,5_dini- 

troanisole3 for which a bimolecular mechanism has been proposed. 

CW3 

+ OH- ” 

NO2 

The multiplicity of the reactive excited state was investigated using potassium eorbats as 

selective triplet quencher l3 (Table 2). There is a significant quenching effect which indicatea the 

participation of a triplet excited state. This result agrees with those reported for the photohy- 

drolysfs of 3,5-dinitroanisole3 and 
4 

J-nitroanisole . The results of Tablet! 1 and 2 confirm the 

aeeignment of our reaction to the SN23Ar* mechanistic claea. ae previously stated by Havinga & 

$&. 
5 

Our quantum yields (in methanol-water 5:95) are smaller than those reported by Stratenoue 
12 

for the same reaction carried out In THF-water (10:90). Moreover, our reaction shove an extreme 

sensitivity to the amount of methanol present in the ahlvent (Table 3) in contradiction to the wall 

established fact' that SN23Ar* reactions have a reduced sensitivity to eolvent polarity. We sttri- 

bute the resulta of table 3 to the operativity of a degenerate reaction: photosubetltution by 

methoxide ion. which redwca the photohydrolyeis quantum yield, 

Table I.- Overall quantum yield of production of 1 in the photoreaction of NVT fl~.lO”~M) with 

hydroxide ion in methanol/water (5:95 v.v) at different nucleophile concentrationa. 

cFOtf1 0.021 0.025 0.035 0.081 0.200 0.300 0.400 0.600 

P 0.025 0.027 0.023 0.032 0.033 0.035 0.035 0.035 

Table 2.- Overall quantum yield of production of 1 in the photorsaction of NVT (Ixld%~ with 

hydroxide ion (0.3 MI in methanol/water (5:95 v.v) in the presence of different concen- 

trations of potassium aorbate (Qf. 

co1 0 0.029 0.052 0.061 0.099 0.115 0.149 

H 334 0.035 0.034 0.033 0.033 0.032 0.031 0.030 
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Table 3.- Overall quantum yield of production of 1 in the photoreaction of NVT (1~10~~) with hydro- 

xide ion (0.08 M) in different mixtures methanol/water. 

Methanol/rater (v:v) 25/75 22/70 20/&I 10/90 5/95 l/99 water 

4 
334 

0 0.002 0.013 0.017 0.033 0.059 0.069 

Photoreactions of 4-nitroveratrole with primary aminea 

The preparative photoreaction between O-nitroveratrole end exceee methylamine in NeOH-water 

(2O:NO) (pH = 10, 4h irradiation with a 4OW medium preaaure Hg lamp and Pyrex filter) gave two 

ieomeric anilines: N-methyl-2-methoxy-5nitroaniline 
7.14 , 2, (61% yield based on conawned etarting 

material) and a amall amount of N-methyl-2-methoxy4-nitroeniline 
7.14 , 3. Theee iaomeric products 

were fully characterized by apectroacopic methods. 
15 

The evolution of this reaction with time as 

shown in figure 1 features a clear ieoebestic point. 

Fig. l.- W 8pectnm evolution with time in the reaction of NVT with methylamine. 

The photoreaction between 4-nitroveratrole and n-hexylamine rae carried out under similar con- 

ditiona (uncontrolled pH) giving a 22% yield of N-(l-hexyl)-2_methoxy-!5-nitroeniline. 4. end a 

minor amount of the iacmer N-(l-hexyl)-2-methoxy4-nitroeniline, 2, together with emall amounts of 

photoreduction products. Products 4 and 2 were identified by apectroecopic methode. Thue. the W 

spectra and the aromatic protons patterns in 
1 
H NNR are characteristic and different. The first 

assignment raa made by simple comparison of the 'H mR spectra with thoee of of the N-methyl anili- 

nea 2 and 3. - - The use of homonuclear NOE experiment8 confirmed our fir& aseignment. Moreover, iso- 

mer 5 was independently prepared by the thenaal substitution reaction. 

R-NH2 hv o 

2 (ma;W 
S @Nor) 

_3 (nlnor) 

5 (minor) 
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Qualitative experiments. In Table 4 the relative yields ($meta/#wra) of production of meta and 

pera isomers for several photoreactions of 4-nitroveratrole with methyl and n-hexylamine are repor- 

tad. The experiments with n-hexylamine have been previously reported and discussed. 
6 

It was preli- 

minary concluded that the mete photoaubatitution product. 4, is produced in a SN2Ar* reaction from 

singlet and perhaps partially from triplet excited states, whereas the para photosubstitution pro- 

duct, 2, arises from a radical ion pair via electron transfer from the amine to a triplet excited 

state. From Table 4 it can be deduced that the results with methylamine follow the aems Pattern. 

The sensitization of the production of 3 in front of 2 is noteworthy (reaction 7): even though it 

is small the result agrees with those obtained with triplet quenchers. Also interesting is the pH 

effect (reactions 1 and 10). A similar effect has been reportadfg for the photoreaction of 

4-nitroveratrole with n-butylamine although no explanation was advanced. The main effect of the pH 

variation consists in the change of the free amine concentration, being this concentration higher 

at higher pH values. The observed result is in agreement with the variation of bmeta/fipara with the 

concentration of amine at uncontrolled pH (Table 5). 

Table 4.- Effect of triplet quenchers, radical scavengers. solvents and pH on the photoreactions of 

NVT with methylamine and n-hexylamine' (Pyrex filter). 

Solution 

Entry Nucleophilab saturated with Solvent F!!! Additive 

1 
CH3gH2 Awon CH30H/H20(20:60) 10' -- 

L.r$ara 
. 

2 
C6H13NH2 

Argon CH30H/H20(20:60) d -__ 4.2 

3 
C6H13hH2 

Air CH30H/H20(20:BO) a --- 5.9 

4 
CH3NH2 

Argon CH30H/H20(20:BO) 10' Potassium sorbate )30 

5 
C6H13NH2 

Air CH30H/H20(20:90) fi Potassium sorbate >30 

6 
c6H13hH2 

Air CH30H/H20(20:BO) g 1,Zcyclohexadiene >30 

7 
CH3NH2 

Argon CH30H/H20(20:60) 10' Benzophenone 2.6 

6 
C6H13NH2 

Air CH30H/H20(20:60) d m-dinitrobenzene >30 

9 
c6H13m2 

Argon CH30H/H20(20/60) a Methylviologen >30 

10 
CH3hh2 

Argo.: CH30H/H20(20:60) 14 -__ 9.0 

11 
CH3NH2 

Argon i-PrOH/H20(95:5) 10' - >30 

12 
CH3NH2 

Argon CH30H/H20(75:25) 14 -- 730 

13 
C6H13w2 

Air I-PrOH a -- 22 

14 
'BH1JNH2 

Air Hexane d - d 
a.- The reactions with n-hexylamine have been previously reported in ref.8. b.- Large excess of 

nucleophile. c.- After free base liberation from the hydrochloride pH 10 was achieved by addition 

of HClaq. d.- Uncontrolled PH. d.- Very complex mixture of products. 

Table 5.- Variation of the #meta/flpara ratio with the concentration of nucleophile in the photo- 

reaction of NVT vith n-hexylamine (Pyrex filter). 

19/l 45/l 90/l 178/l 446/l 

1.61 1.82 3.03 4.20 5.75 

Quantum yield measurements. We decided to carry out the quantitative measurements with n-hexylamine 

due to the fact that the volatility of methylamine would introduce large errors in its concentra- 

tion values. 

Overall quantum yields for the production of 4 were measured at different nucleophile concen- 

trations (Table 6). Quantum yield increases by increasing n-hexylamine concentration. The multipli- 

city of the reactive excited state was investigated using potassium sorbata as selective triplet 

quencher (Table 7). The production of the meta isomer is independent of the triplet quencher con- 
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centration. This result suggests the involvement of a singlet as intemediatc excited state for the 

production of the mats isomer. In all the quantum yield measurement experiments ws have used a 

relatively narrow irradiation bsnd (1% 334n1a)~~ to sake sure that tha qusncher did not absopb 

right. Indeed, potassium sorbata has an W absortion that goes over 3OCNn. This prevfousiy unnoti- 

cod quencher absortion was responsible for the mechanistic pathway (singlet or trIplOt to the !!&? 

isomer being undefined in our preliminary note' where experiments were performed using only a Pyrex 

filter fA129Onin). 

Table 6.- Overall qusnttxe yields of production of 2 in the pbotorsaetion of NVT (lxlO-3l with 

n-haxylamine in methanolluater (20:60 v-v) at different nuclaophile concentrntfone 

@H WHJ" 
6 394 

0.051 0.120 0.167 0.2%4 0.364 0.475 

li 0.028 0.031 0.061 0.076 0.064 0.114 

a.- kine real concentrations ones subatr8cted the amount of uroniu cation produced by basic 

hydrolysis. 

Table 7.- Ovemll quantum yields of production of 4 in the pbotoremotion of WVT (1x10%) with 

n-hexylamine (0.3 X) in methanol/water @0:60 v.vf in the presence of different ooncan- 

tratfons of potassiu sorbate (01. 

fol 0.075 0.166 0.200 0.360 0‘44Xl 

6 334 0056 *O 0.163 0.132 0.066 0.114 0.166 

Photoreactions of 4-nitroveratroie with piperidins 

The preparative photoreaction betveen 4-nitroveratrole and pfperidine in WaOH-vater @6:601 (4b 

irradiation with a 46OW medium pressure Ug lamp and Pyrex filter) afforded only the para photo- 

substitution product: N-(2-methoxy4-nitropbeny~~piperidine, 2, (25% yield based on consumed atsr- 

ting material). No meta photosubstitution product was detected. Product f! was characterized by 

spectroscopic methods as previously described for 2. At the temperature at which the photoreaction 

was carried out (room temperature) no thermal reaction took place. 

CM3 

@ 

I;) 

c 
cH3 

+ Q 

H3 

k 

L c 

No2 
0” 

No2 
E 

When the pbotoreaction was carried out in faopropenol the yield of photosubstitution product 

dropped to zero. However. a glc analynis of the reaction mixture sbousd a ctxnplete conversion of 

the starting material. We attribute thia to competitive photo=duction processes,. It is wall 
kn_17,16.19 that the two eocepted mechanisms for photorsduction of aromatic nitrooompounds fnvol- 

ve hydrogen atom abstraction by the nitroaromatfc triplet state or by (I radical anion derived fm 

it. This abstraction is much more favoured in isopropanol than in aethanol. 

The reaction in methanol-water f20:60) and in the presence of +fnitrobensene was ccepietely 

quenched (~-dinttrobensene does not interact with WVT lovest triplet state26). #us supporting the 

operativity of an electron transfer step in the pathway leading to the para photosubstitution 

product. 
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Quantum yield measursm4nts. Overall quantum yields for ths production of 2 were measured at diffe- 

rent nucleophile concentrations (Table 8). Quantum yields increase by increasing the nucleophile 

concentration. The multiplicity of the reactive excited state was inveatigatad using potasaiwn 

sorbate as selective triplet quencher (Table 9). There is a significant quenching effect due to the 

potassium sorbate which indicates the involvement of a triplet excited state. 

Table 8.- Overall quantum yislds of production of 5 in the photoreaction of NVT (lxld3H) with 

piperidine in aethanol/uater (20:60 v.v) at different nucleophile concentrationa. 

fiipertding” 0.185 0.281 0.378 0.476 0.966 

# 334 0.007 0.011 0.016 0.025 0.066 

a.- Amine real. concentrations once substracted the amount of ammonium cation produced by basic 

hydrolysis. 

Table 9.- Overall quantum yields of production of 6 in the photoreaction of IWT (lx10~3Ml with 

piperidlne (0.55 MI in methanol/water (2O:SO v.vl in the presence of different concentra- 

tfOM Of pOtMSix#n sorbate (9). 

%=I 0 0.01 0.02 0.06 0.10 0.30 

& 334 0.026 0.009 0.005 0.002 0.001 0.001 

DISCUSSION.- 

@o the basis of the above results and those previotlsly reported by us6 ve suggest the overall 

kinetic scheme of Scheme 1 for the reactions considered in the present vork. 

Product Product 

SCHEME 1 

The photohydrolysis of d-nitmveratrole occurs through a triplet excited state to a complex Y, 

possibly in the ground state surface, and finally to the meta photosubstitution product in uhlch 

seems to be a typical SN23Ar* reaction. 
5 

The application of the steady-state approximation to the 

right part of the scheme in the absence of quenchers leads to the equation 1: 

eq. 1 
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and from eq. 1: 

eq. 2 

Therefore, if tha achame applies and tha photohydrolysis product comes from a single or-i&In a 

linear relationship between t-1 and @u)"' should be observed. Indeed, this is the caee, the refa- 

tionship bsing represented in Figure 2A. A regresion analysis of the dependence of Be1 upon @Ham-’ 

using the values of Table 1 gave a linear equation (c.c. 0.985): &-' = (28.ltO.4) + 

(0.23*0.02)t&}-1. From eq. 

k4/k3 r8.2x1O-3. 

2 wa have that k4/k3 equals the slope to intercept ratio, thersfore: 

Fig. 2.- Plot of the inverse quantum yield of production of the main photoaubstitution p-t=. 

Inverea nucleophfle concentrations. (A) Photohydrolysis of t4VT hmfsa isomw, 1, d&a from Table 1). 

(B) Photoreaction of NVT with pfperidine (para inutter. 6. data front Table 8). fC) Photoreaction of 
NVT with n-hexylamine fmeta isomer. 4. data from Table 6). 

According to the Stem-Volmer analyaie the dependence of the relative reciprocal quantum yield 

on the quencher concentration i!~ given by equation 3: 

$0 k 

-t l+ ' CO] eq. 3 

kg Nu + k4 

Using the values of TabIe 2 the figure 3 is obtainad and a least squares fit gave the follovfng 

equation (c.c. 0.990): go/d = (0.995*0.008) + 60.99930.063)[9~. Therefore, kq/k3[Nu]rl and consf- 

dering20 ($11 = 0,3x and kq ~0.6~10~ (See also ref. 4 for a discueaion on the low kp value of same 

aromatic nitrocompounds). the vaIue k3 9 l.QxlO' mol 
-1 

s-l can be determined. Since k4/k3 is now 

known, the value k4 * 1.6x10' s-l erieea. This value represent6 l rx6.4 lOa (I for the triplet 

state in our experimenta in the absence of nucleopbile and quencher. The decay rate constant for 

the 4-nitroveratrole triplet state has been meeaured 20 in acetonitrile-water (20:80) and dioxa- 

no-water (20:80) being k14 - 0.5 106. This discrepancy CM be attributed to the fact that in our 

cases k4 includes kkea@le(?]. The concentration of Me6 in a solution 0.3)1 in hydroxide ion in 

methanol-water (5:95) is 3.6x10%. From these values an eatimatfon of 

4.4xro9 II-1.-l, 
ho can be deduced, kg SO r 

in the difuasion control limit but of the same order than koH (k4 in our Schema). 

From the interception of the linear equation of 5-l 2 @H-)" feq. 2) an estimation of the 

efficiency of product production once the triplet has interacted with the nucleophila (kp/(kp+kd)) 

can be deduced. Ye have measured ths # 
ZfjC 

for NVT in methanol to be 20.3 (see the Experimental 

part). From figure 2A: (kp+kd)/kp)(&C) =28.1 and kp/(kp+kd)=0.12. Considering the relative high 



efficiency of the nucleophile-triplet productive interaction (k3/k4 = 122) we can say that the 

relatively low quantum yields observed in this photoreaction are due to the low efficiency in the 

other branching points. 

A parallel analysis considering the data for the reaction of pfperidine (Table8 6 and 9) could 

not be performed because data in Table 8 (Figure 2B) are not good enough to get confident equation 

parameters (least square enalysfs). Furthermore in Figure 4 a curvature of the graphic of #,/a ~8 

[Qlcan be observed at high quencher concentrations, probably due to the contribution of the thermal 

process once # gsta very emall. Therefore we can only treat our data in a qualitative manner. From 

Tables 8 and 9 and Figure8 28 and 4 we can atate that the pera photosubatitution product in this 

reaction 15 of single origin and it comes from triplet excited atate. From Table 9 at low quencher 

concentration8 (4 firat points) an estimation of (kQ/(k4+k3 Nu )) = 226f6 ia obtained (least square 

analysis. cc.O.999). what implies that piperidine interacts (productively) in a much lees efficient 

manner with the NW lower triplet excited state than hydroxide ion does. 

Fig. 3.- Plot of the mlatfve invares quantum yield of production of tha meta photosubstituted 

Prod=% 2, 2. quencher concentrations ~potassium sorbstsf in the photohydrolysia of NVT (Data 

from Table 3). 

x 

Fig. 4.~ P&t of the relative inverse, quantum yield of production of the para photosub@tituted 

Pilot 2 in the PhotoreaCtiOn of NVT with piperidine (Data from Table 9). 
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Qualitative experiments, reaction rtgioseltctivity. and parallel experiments carried out with 

n-htxylamint (vide infra) lead ua to the conclusion that the productive interaction between Piperi- 

dine and MIT triplet excited state ia carried out through single electmn transfer. being V (Scheme 

1) in the present catt a radical ion pair that can collapse to a aigM complex (Precursor of the 

photoeubetitution product), or diffuse away giving rise to photoreduction Producta or etartinp 

material. Recently txcipltxts have been postulated ae inttmtditttt prtvioua to the electron 

transfer step 
21 

in a related process. 

Qualitative experiments6 already indicated that the production of the meta-photoaubatitution 
ieomer in the reaction of NW with n-htxylamint is much less sensitive to the presence of triplet 

quenchers than the production of the para-isomer. Our present data confirm that prtliminar rttUlt 

for Pri~mY mints and the data in Table 7 indicate that the mtta isomer must come from a singlet 

excited state. we CM now apply the steady-state approximation to the left aide of the Scheme 1 

obtaining equation 4: 

k' 

#=P 

k2cd 

eq. 4 

k'p+k'd 
kiec+kl+k2@"~ 

and from eq.4: 

f=Z.$?[+ $$) eq.5 

Repr~atntation Zf 4-l ” [W]-l for the production of 4 (m&t itomtr) in tht reaction Of m 

with n-hexylamint is shown in Figure 2C. Least square analyaia of data from Table 6, producte a 

good strait lint (cc. 0.695) with empirical fomulat: 5-l = (2.Otl.O) + (3.41t0.16)[b]-1. From it 

(kl+kiac)/k2*l.7 . Lifetimea of 3.5-dinitroaninole 
22 

and P-nitronaphthaltne 
23.24 

have been mtttu- 

red by picosecond laatr flash photolyeia in several aqueous solvtnte being the Vthtt 1.2x10 
-ll* 

and 1.6x10-" s respectively. The corresponding lifetime for 3-nitroaniaolt has been studied only in 

acetonitrile and trifluoroethanol being the value 22 7~10~~~8 in both caata. Due to the extremely 
rapid deactivation of tit aingltt excited hate no big differences are expected in different nol- 

vents. Amraring a similar limiting value for 4-nitrovtratrole k +k 
10 -1 

3.5x10 Y a -1 
1 isc 2 6~lO'~a-', k2" 

ie obtained. This value is well above the diffusion control limit in our aolvtnt. 

Thie high value mugged a preorganization in the ground atate previous to excitation. Amints and 

nitroaromatice can interact in the ground state giving a loose donor-acceptor complex (no change8 

in the NVT U.V. apectrw art observed when the amine ia added), that on excitation products rtac- 

tion (primary aminea) or deactivation and intersystem crossing (secondary aminee). It ie well known 

that tertiary aminea quench the fluorescence of aromatics by electron tranaftr and fast back elec- 

tron transfer leading to faster non radiative decay and inttmyatem crossing. Recently bimolecular 

quenching constant6 exceeding tit theoretical diffusion control limit have been reported 25 . Seem- 
dary aminta may behave similarly with respect to NVT singlet excited state. A point that support 

this interpretation is the fact that hydroxide ion does not react via aingltt excited state. The 

reaction is very ainilar in its general featurte but it goes via the triplet excited state. IVO 

complex must be present in the ground state in thin caee and therefore hydroxide ion is unable to 

interact with the singlet excited state that decay6 or gives intemiatem crossing to fast. 

Analysis of the equation obtained from Figure 2C (Table 6) shows that the efficiency in the 

substitution reaction once 5 is reached (Scheme 1) is rather high, 

values for k 

ki/(k'p+ki)= 0.5 . Calculated 

2 and efficiency frua 5 should be conaidtrad an lower limite due to tit fact that wt do 
not txtctly know tht concentration of the ground-ate&e donor-acceptor complex between the amine and 

4-nitroveratrolt that on excitation givea rite to photosubstitution. 

The variation of the ratio fi_ta/dwa with the concentration of nuclsophile (Table 5) and the 

variation (Table 4) of this ratio with the pH of the solution (the pH will control the -unt of 

free amine in aohtion) also suggest the involvement of different excited states in the prcduction 
of both photosubstitution products. Steady -state approximation, applied to Scheme 1 lea& without 

considering the relative product efficiency from X and from y, to equation 6. 
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I meta k2k4 k2 
-o(-+ --@I] eq. 6 

# Para k3kiac kisc 

Therefore we should observe a linear relationship between $meta/$p_, and [Nu).Table 5 results 

show that such a relationship seems to exist. A good straight line is not obtained because the used 

conversion was too high and no corrections were performed for the internal filter effect. It must 

be remarked that in case both photoproducts would have come from the same excited state, a non 

dependence of the quantum yields ratio on the nucleophile concentration would have been found 

(providing there is no other further step in the two pathways where the nucleophile acts in a 

different ray). 

Qualitative experiments reported in Table 4. indicate that methylamine behaves similarly to 

n-hexylamine, and therefore we think the Scheme proposed for n-hexylamine is general for the pro- 

duction of meta photosubstitution product when the nucleophile is a primary amine. From this Table 

4 a parallelism is observed with respect to the production of the para isomer between those reac- 

tions end the reactions with secondary amines. Ye also believe the Scheme proposed for the piperi- 

dine photoreaction is general for the production of the E-isomer. This general Scheme agrees 

with the explanation given in the literature 
9 

for the observed change of regioselectivity in 

photo-Smiles reactions upon change of the amine type. In our case, and probably due to the fact we 

are dealing with intermolecular reactions, the electron transfer ocours to the triplet excited 

state. 

CONCLUDING REMRKS.- 

The photochemistry of methoxynitroarcmetic compounds with nucleophiles has received renewed 

attention recently. A competition between SN2Ar- mechanism and electron transfer has been esta- 

blished recently in different cases 
8.9,10.11 

. Our work shows that this competition exists in the 
3' reaction of NVT with hydroxide ion (main SN2 Ar 1 and secondary amines ( main electron transfer to 

the triplet excited state), but we have also demonstrated the existence of another previously non 

considered pathway for intermolecular reactions. namely SN21Ar: photosubstutution on the singlet 

excited state, specialy feasible for primary amine nucleophiles. Future mechanistic studies should 

consider this third pathway that must be operative in some other reactions of nitrophenyl ethers. 

Thus, it has been reported 
26 

that m-nitroanisole reacts with liquid ammonia giving m-nitroaniline 

in a good SN2Ar* reaction but that on sensitization a different product, 2-methoxy-4-nitroaniline 

is obtained. This could be in agreement with our results. the unsensitized reaction being possibly 

SN21Ar* and the sensitized one a reaction through electron transfer from the amine to the triplet 

excited state of m-nitroanisole. 

Our results indicate that nucleophile ionization potential determine the reaction being of 

SN2Ar* or electron transfer class. The differentiation between SN23 Ar* and SN21Ar* seems to be 

related with the donor-acceptor complex formation ability in the ground state. Finally, photosubs- 

titution through electron transfer compites with photoreduction in intermolecular reactions. 

EXPERIMEHTAL.- 

General information. 

All melting points are uncorrected. PNMR and CtMR spectra were recorded at 60 and 20 MHz on a 

Trucker YP6OSY spectrometer using TMS as internal standard. IR spectra vsrs recorded on s Perkin- 

-Elmer 1310 spectrometer. U.V. spectra were recorded on a Perkin-Elmer 550 W/Vi6 spectrophotome- 

ter. Mass spectra were recorded on a Hewlett-Packard 59658 mass spectrometer. The GC analyses were 

performed on a HP-569OA Cass Cromatograph using a HP-Crosslinked dimethylsilicone Gum 12m x 0.2mm x 

0.33 n film thickness capillary column. Quantum yield measurements were performed on a Applied 

Photophysics QYR15 merry-go-round apparatus. 4-Nitroveratrole was prepared by nitration of veratro- 
27 

le . 
Preparative reactions. 

Reaction mixtures were irradiated in a 11 Pyrex inmersicm well reactor. A 4OOU medium pressure 

Hg lamp was used as light source. The solutions were irradiated for 4h. Photohydrolysis of 4-nitro- 



veratrole 10.400 g, 2.19 z~&) in $00 ml of a solution 0.044 M of NaOH in TRF/Vater fl:9 v:v) 
5.28 afforded 2-methoxy-4~nitrophenol , I_, (96% yield baaed on the consumed starting material). 

Photoreaction between d-nitroveratrole 10.233 p, 1.27 mmol) and methylamine (0.93 mols) in metha- 

nol/water (2:8 v:v) afforded 0.187 g of N-methyl-2-methoxy-6-nitroanillne , 
14 2, (81% yield , based 

on the amount of consumed etarting material). 

N-(l-hexyl)-2-methoxy-5-nitroaniline, 4.- Irradiation of a solution of 0.69 g (3.8 mmol) of 

4-nitroveratrole and n-hexylamine (3.78 mm011 in 700 ml of isopropanol afforded as a major product 

$* (0.206 g, 22% yield), m.p. 34-36°C isolated by column chromatography through acid alumina usin0 

hexanc as a eluent. IR 1KBr): 3420, 1680, 1510. 1330 cm -l. PNMR (CDC13): O.S(t.3H), 1.3-1.8(m,8H), 

3,2(dd,2Hf, 3,9fe,3R), 6,7(d,J=&7Hz,lH), 7.4(d,J=2.6Bx,lH). 7.6(dd,J=8.7Hz,J=2.6Rz,lH). Irradia- 

tion at 3.9 (OMe) gives NOK enhancement (14.4%) at 6.7. C~R~CDC13): 13.85, 22.48, 26.74, 29.13, 

31.51, 43.40, 55.91, 103.41, 107.81, 112.60, 138.72, 142.64, 151.41. W fEtOHf, _ (nm): 203(log 

37411, 263(log 4.050). 3G8(log 3.416), 378tIog 3.276), 397(log 3.329). MS: m/e(%), 252(M.38), 

181(100), 135116). 43(11), 41(23). Calculated for C13H20N203: C.61.88: H.7.99; N,ll.lO. Found: 

C.61,80; H,7.96; N,11.12. 

N-fl-hexyll-2-methoxy-4-nitroanilfnt, 5.- A solution of 1.05 g (5.76 mm011 of NYT and 20 ml fl51 

mmol) of n-hexylamine in 70 ml of methanol was heated to 13O*C in a sealed reactor for 4 days, 

After conventional work up and a column chromatography through acid alumina using benzene as eluent 

a mixture of NVT and 2, was obtained. N-(l-hexylj-2-methoxy-4-nitroaniline, 2, was further purified 

as hydrochloride. Liberation of the free base afforded 0.275 g of 5, (20% yield). m.p. 67-8lVC. XR 

(KBrf: 3390. 1585, 1525, 1490, 1310 cm-l. PNnR (CDCL3): 0,9(t,3H), 1.2-1.8(m,8R>, 3.2(dd.2H), 

3.9(s,3H), 5.GflHf. 6.4(d,J=8.7iiz,lH), 7.6(d,3=2.5Hz,lH), 7.9fdd,J=8.7Hz,J=2.SHzrlX), Irradiation 

at 3.9 fGMe) gives NOK enhancement (20.9%) at 7.6. CNMB fCDC13): 13.78, 22.41, 26.60, 29.03, 

31.40, 42.97, 55.76, 104.64, 106.3, 119.84, 136.81, 144.42, 145.03. WV fEtOH). msx fnm) : 207flog 
3.839). 265tlog 3.479). 4OO(log 4.0981. MS: m/e(%), 262(H,27), 182(10), 18lflOO1, 135(16). Calcu- 

lated for C13H20N203: C,61.88: H.7.99; N.11.10. Found: 0.61.66; H,8.15: N.11.10. 

N-(2-methoxy-4-nltrophenyl)piperidine, 5.- Irradiation of a solution of 0.657 g (3.6 mm011 of NVT 

and 16.79 g (197 mmol) of piperidine in a mixture of 140 ml of methenol and 560 ml of water affor- 

ded after conventional work up and purification through an acid alumina column chromatography, 

using hexane as 8 eluent, G-208 g (26% yield baaed on consumed starting material) of N-(2-methoxy- 

-4aftrophanyl)piperidine, 2, m.p. 74-7VC. IR (K8r.l: 3070. 2980, 2920, 1570, 1480, 1430. 1370, 

1330 cm . -1 
PRRR fCDC13f: 1.716R). 3.2(4H). 3.95(8,3H), 6.85(d.J=8.7Hz,lH), 7.7(d,J=2.5Hz,lH), 

7.9(dd,J=8.7Hz,J=2.5Hz,lH). Irradiation at 3.95 ((Me) gives NOE e~~eement (17%) at 7.7. CRRR 

(CDC13): 24.24, 25.94, 51.32, 55.85, 106.78, 116.51, 117.82, 141.40, 148.57, 151.14. W (EtOHf 

mBy (nmf: 207flog 4.228), 388t4.056). MS: m/e(%). 2361M,lGO), 235(92), 189(15), 175114). 150(14), 

91(17), 78(17), 63(14), 41f211. Calculated for C12H16N203: C.61.00; 8.6.83; N.ll.86. Found: 

C.61.03; H.6.80; N.11.80. 

Qualitative experfments and semipreparative reactions.- 

Reaction mixtures ware irradiated in a 100 ml Pyrex inmeraion well reactor. A 126V high 

presaure Rg lamp uas used as light source. The solutions were irradiated for lh. The amounts of 

photoproducts and unchanged starting material were determined by C.C. analysis. 

Quantum yield measurements.- 

Quantum yields for the photoproducts were measured using a merry-go-round apparatus. The irra- 

dlation source was a 2% medium pressure Rg lamp. The wavelenghth of excitation (334 nm) via8 
29a selected using an appropiate filter solution . The amounts of photoproducte were determined by 

G.C. analysis aa wall as by W absorbtion spectroscopy when possible. Actinometry was performed 
30 

using potaasium ferrioxalate , and conversion was kept around 5% in all the cases. Care was taken 

that ,984: of the light were absorved by the sample and the actinometer. No precautions were taken 
11,31 with the presence of oxygen . All the values are the result of five measurements eliminating 

the two extrems and averaging the other three. 

Triplet quantum yield sfsc of RVT was determined by means of the comparison between the sensf- 

tized E-E iaomerization of E-3-phenyl-I-hydroxy-2-propens, and E,E-2.4-hexadienoic acid (sorbic 

acid) by benxophenone (#lsc=l) and NVT32, in the absence of oxygen. A simple window glass fstan- 
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dardIzgb filter ( x>SlOnm> was used in this case to assure that both NVT (Amax 350 nm) and benzc- 
phenone ( Xmax 366 Nnf were excited without parallel excitation of the substrate (especially, 

sorbic acid abaorbtion reaches 300 nm). Values in between 0.27 and 0.34 were obtained in several 

experiments. For this method to be valid the rate constant for the decay of the unperturbed triplet 

State Of the MIT must be neglegible in front of the rate constant of energy transfer between NVT in 

Its triplet state and substrate. Reaults reported and discussed in the present work suggest that 

this is just the caee. 
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