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measures of substituent effects in this regard. 
Log k , ,  where h,, is the rate constant in the absence of sur- 

factant, is well Correlated by the polar substituent pa rame teP  
ro (different from the ordinary Hammet,t u in that uo is derived 
for use with system$; in which a saturated group is interposed 
between the benzene ring and the reaction center). A least- 
squares fit yields p = -0.175 with correlation coefficient 0.9820 
and F test" 1%. This correlation is expected on the basis of 
earlier results. : ~ 1 4  

Log h, .  where h,,, is the rate constant for reaction within 
the micelle, is not correlated by no and is only roughly corre- 
lated by  K. 

Experimental  Sect ion 
I'henplacetohydroxamic acid and sodium dodecylsulfate have been 

described previously.2 'The substituted phenylacetohydroxamic acids 
were prepared according to the general procedure'* described before. 
The IR and 'H NMR spectra are consistent with the indicated 
structures. The acids were crystallized from water or aqueous ethanol. 
Analyses were performed by Galbraith Laboratories, Inc., Knoxville, 
'I'enn. p-Methylacetohydroxamic acid, mp 158-159 "C. Anal. Calcd 
for CgHllN02: C. 65.43; H, 6.71; N, 8.48. Found: C, 64.87; H, 6.85; N,  
8.30. m-Methylphenylacetohydroxamic acid, mp 127-128 O C .  Anal. 
Calcd for CgHIINOn: ( 7 .  65.43; H, 6.71; N, 8.48. Found: C, 65.58; H, 
6.87; Yj, 8.37. p-Ethylphenylacetohydroxamic acid, mp 164-165 "C. 
Anal. Calcd for C10H13N02: C, 67.01; H, 7.31; N, 7.82. Found: C, 67.21; 
H,  7.41; N ,  7.82. p-Bromophenvlacetohydroxamic acid, mp 157-158 
I C .  A.nal. Calcd for CbHHBrNO?: C, 41.76; H, 3.51; N,  6.09. Found: C,  
41.67; H,  3.76; N, 5.79. 

Sodium 1-dodecanesulfonate was prepared by reflux of aqueous 
sodium sulfite with l - l~romododecane .~~ It was purified by two ex- 
tractions with hot petroleum ether, crystallization from methanol, 

followed by two recrystallizations from 95% ethanol. IR and 'H NMR 
spectra of the surfactant were the same as published spectra.I6 Anal. 
Calcd for C12H&03Na: C? 52.91; H, 9.25; S, 11.77. Found: C, 52.91; 
H, 9.26; S, 11.89. 

The kinetic measurements were obtained by the method used 
previously.2 

Registry No.-Sodium dodecylsulfate, 151-21-3; sodium 1-do- 
decanesulfonate, 2386-53-0. 
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Very recently Stenberg:] reported the photochemical oxi- 
dation of aliphatic alcohols by FeCI:+ Similar oxidation reac- 
tions are also known .with ferric pe r~h lo ra t e .~  We report here, 
for the first time, that Ag+ and Cui+ ions can photochemically 
oxidize alcohols and that these ions are better oxidizing agents 
than the reported Fe:'+ ions. We have successfully oxidized 
aliphatic and aromatic alcohols, cyclic alcohols, and terpene 
alcohols with these metal ions in very high yields. K:jFe(CN)e 
also oxidizes these al'cohols. The reactions with Ag+ ions are 
very dean, fast, and convenient for workup. Table I gives the 
results. 

The irradiations were carried out in a Rayonet photo- 
chemical reactor using 350-nm lamps under a nitrogen at- 
mosphere in Me!ZSO--water mixture. The oxidation does not 
proceed in the presence of air. Reactions do not proceed in the 

* Address correspondence t o  this author at Greaves Foseco Ltd., Chinchwad, 
Poona-411 019. Ind i s .  

dark. The isolated yields of the products range from 78-96%. 
The products are identified as the corresponding 2,4-dini- 
trophenyl hydrazone derivatives and are characterized in 
comparison with the reported melting point. The solvent 
Me2SO by itself does not oxidize the alcohols and also does not 
get itself oxidized. The completion of the reaction in the case 
of K,{Fe(CN)6 was marked by the formation of an intense blue 
precipitate (Turnbull's blue) by adding FeCl,; in the case of 
reactions with Ag+ ions by the total precipitation of Ago and 
in the case of Cu2+ ions by the formation of a white precipitate. 
The nature of this white precipitate is not known. However, 
further studies are planned to determine it. In all these reac- 
tions, the completion was also checked by the absence of al- 
cohols in IR and GLC. Stenberg{ reports a minimum of 5 h of 
irradiation with FeC1, whereas Table I shows that even lesser 
times of exposure to light are sufficient for the total oxidation 
of alcohols. 

Earlier reports of Brealeyjze and the recent report of 
Stenberg' both suggest ketyl radicals as intermediates in the 
photochemical oxidation of alcohols. As our reactions exhibit 
radical characteristics such as inhibition by oxygen, possibly 
similar ketyl radicals are involved in these reactions as well. 
We have questioned ourselves the nature of the excitation 
process in the Ag+, Cu2+, and Fec3+ ions and the species of 
photoexcitation, viz., inorganic cation, ion pair, or alcohol-salt 
complex. We do have some interesting preliminary results to 
these questions. However, our studies are still in progress and 
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Table I. Photochemical Oxidation of Alcohols by K3Fe(CN)G, AgNOJ, and CuS04* 

time of 
registry registry irradiation, 

No. aicohol no. oxidant no. h productsC 

1 isopropyl alcohold 

2 benzyl alcohol 

3 benzhydrol 

4 phenylmethylcarbinol 

5 cylcopentanol 

6 cyclohexanol 

7 cycloheptanol 

8 norborneol 
9 borneol 

10 menthol 

11 benzoin 

12 1,4-butanediol1f 

67-63-0 

100-51-6 

91-01-0 

98-85-1 

96-41-3 

108-93-0 

502-41-0 

1632-68-4 
507-70-0 

1490-04-6 

1 19 - 53  - 9 

110-63-4 

13746-66-2 4 
7761-88-8 2 
7758-98-7 2 

4 
I 
1 

2 
5 
4 
2 
5 
2 
3 
1.5 
4.6 
1.5 
2 
4 
5 
2 
6 
2.5 
4 
1 
5 
2 
1 

acetone (85) 
acetone (88) 
acetone (89) 
benzalehyde (86) 
benzaldehyde (82) 
benzaldehyde (80) 
benzyl alcohol (89) 
henzophenone (78) 
I ~ e n ~ o p h e n o n e  (84) 
acetophenone (92) 
acetophenone (96) 
c)clopentanone (90) 
cyclopentanone (87) 
cyclohexanone (85) 
cvclohexanone (90) 
cvclohexanone (95) 
( yclohexanol (93) 
cycloheptanone (85) 
cycloheptanone (87) 
camphor (86) 
camphor (88) 
methone (90) 
methone (95) 
benzil (92) 
benzil (96) 
butane-1,4-dial (91) 

0 The solvent is a mixture of MeZSO and water in a 2:l (v/v) ratio, unless otherwise specified. The  ratio of concentrations between 
alcohol and oxidant is 1: 1.5 unless otherwise stated. The  number in parentheses indicates the percentage of the product; the product 
is identified as the corresponding 2,4-DNP derivative and characterized by its melting point with the reported ones; the  yields are 
also based on the  amount  of 2,4-DNP derivative formed. The  reactions were carried out  in the presence 
of oxygen. 

T h e  solvent is water only. 

our results will be communicated once a reasonable conclusion 
can  be arrived at. 

From the s tandpoin t  of organic chemistry, t h e  information 
and the knowledge that pr imary alcohols a re  oxidized only to 
the a ldehyde  and n o t  t.o the acids in quant i ta t ive  yields a re  
useful. Run numbers 2 and 12 prove this. It is also evident 
f rom our  studies that t h e  excited Cu2+ and Ag+ ions a r e  
s t ronger  oxidizing agents  t h a n  the excited Fe:'+ ion as indi-  
ca ted  b y  the i r radiat ion t ime.  F u r t h e r  research on the oxida- 
tion of diols with two electron oxidants  are under  investiga- 
t ion.  

Experimental Section 
A. General  Procedure  for Photostimulated Oxidation Keac- 

tion. A water/MezSO mixture in the ratio of 1:2 ( v h )  is used to dis- 
solve both the oxidants and alcohols. The reactions are carried o\i t  
in a quartz vessel using 350-nm lamps in a Rayonet photochemical 
reactor under nitrogen atmosphere. The completion of the reactions 
was checked by the formation of both the oxidized product from the 
alcohols and the reduced ions from the metal ions. The quantitati1.e 
estimations of the products were done with 2,4-DNP by the precipi- 
tation of the derivative of the corresponding ketones. The melting 
points of these compounds were checked with the reported ones and 
the products were thus characterized. The presence of the reduced 
oxidants was checked qualitatively. The ratio of concentrations be- 
tween alcohol and oxidant is 1:l.S and for the diol the ratio is 1:3. 

B. Oxidation of Benzhydrol by FeC13 in  Aqueous MelSO. I n  
a typical reaction, 0.15 g (0.000 815 3 mol) of benzhydrol was dissolved 
in 10 mL, of MezSO. Anhydrous FeCI:, (0.1982 g = 0.001 223 mol) was 
dissolved in 5 mL of water. The aqueous FeC13 solution was added to 
the alcohol dissolved in Me2SO. To the homogeneous solution, pure 
nitrogen, was passed for 10 min. The reaction mixture, taken in a 
quartz vessel, was irradiated with a 350-nm lamp for about 3 h. 

After irradiation, the product was identified as the corresponding 
2,4-DNI' derivative. The formation of a deep blue color by the addi- 
tion of &Fe(CN)G showed the presence of Fez+. 

C. Oxidation of Isopropyl alcohol by K3Fe(CN)G in P u r e  

Water. Isopropyl alcohol (0.008 333 mol) was dissolved in 20 mL of 
water. Exactly 3.137 g of K3Fe(CN)6 (0.0125 mol) was added to the 
above solution. Nitrogen gas, free from moisture, air, and other in- 
gradients, was passed through the solution for about 13 min. The re- 
action mixture was irradiated with the 350-nm lamp in a Rayonet 
photochemical reactor for about 4 h under N2. 

After irradiation a brown colored precipitate was thrown out of the 
reaction mixture and that was filtered and tested for the presence of 
ferrous ion using FeCI:+ The product was characterized by the melting 
point of the 2,4-DNP derivative in comparison with the reported one 
for acetone. 

D. Oxidation of Cyclohexanol by AgN03 in Aqueous Me2SO. 
Silver nitrate, 1.275 g (0.007 501 mol), was dissolved in 5 mL of con- 
diictivity water. Cyclohexanol (0.5 g; 0.005 mol) was dissolved in 15 
mL of MezSO. The aqueous silver nitrate solution was added to the 
alcohol in MeZSO. Nitrogen gas free frtim oxygen and moisture was 
bubbled through the sohition for 15 niin. 'I'he irradiation was carried 
out using the 350-nm latnp for 1.5 h rnider Nz. The oxidized product 
was characterized as the corresponding 2, l - I lNP derivative. Silver 
was precipitated after irradiation. 

E. Oxidation of Phenylmethylcarbinol by CuSOd. In a typical 
reaction, 1.5350 g (0.006 148 molj of c'uSO4.5H~O was dissolved in 
10 mL water. Exactly 0.5 g of (0.004 099 mol) (1-phenylmethylcarbinol 
was dissolved in 20 mI, of Me2SO. The aqiieous copper sulfate was 
added to the alcohol in MeZSO. The resiiliant homogeneous solution 
was irradiated under nitrogen atmosphere in a Rayonet photochern- 
ical reactor using 350-nni lamps for 3 h. 

After irradiation, a white insoluble pret,ipitate was thrown out. It 
answered the test for Cu+. The chemical nature of the precipitate was 
not known. The product was identified ah the corresponding 2,4-DNP 
derivative and characterized by the melting point with the reported 
one for acetophenone. 

F. Oxidation of 1,4-Butanediol with Silver Nitrate .  1,4-Bu- 
tanediol, 0.5 g (0.005 556 mol), was rliswli ed i n  30 mL of (conduc- 
tivity) water. Silver nitrate (1.417 g, 0.003 mol) was added. Pure ni- 
trogen gas was bubbled throiigh the reaction mixture for about 13 min. 
The irradiation was carried out a t  350 nni in a Rayonet photochemical 
reactor for about 1 h under NZ. The format i r r n  o! the black precipitate 
(Ago) indicated the completion of  the reaction. The product 1,4- 
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butanedial was ident.ified as the corresponding 2,4-DNP deriva- 
tive. 

G. Preparation of 2,4-DNP Reagent. Powdered 2,4-DNP (10 g) 
was suspended in 30 mL of methanol under stirring. To this was added 
cautiously 20 mL of concentrated HzS04. The solution was filtered 
while it was warm and the filtrate was cooled. 

Reactions under oxygen and air were done similarly. 
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An earlier Ir,N NhilR study' of several series of para-sub- 
stituted N-(arylmethy1idene)amines 1 and 2 has shown tha t  

1 L 

3 
4 

the  nitrogen shifts are sensitive to the electronic influence of 
the ring substituents (X), as reflected by the Hammett (r 

substituent parameters. Reasonable linear correlations could 
also be obtained for the nitrogen shifts of compounds in each 
series and the @-carbon shieldings of 4-substituted ethenyl- 
benzenes 3, with the changes in the I5N shifts generally being 
about twice tha t  of the 1°C shifts with respect to the substit- 
uent effects. T o  determine whether the  greater sensitivity of 
the  nitrogen shifts arises predominantly from a substituent- 
induced perturbation of the  nitrogen unshared pair of elec- 
trons, we have measured lrjN chemical shifts of a series of 
para-substituted N - (  arylmethy1idene)cyclohexanamine hy- 
drotrifluoroacetates .1. 

T h e  natural abundance 15N spectra were recorded on a 
Bruker WH-180 spectrometer operating at 18.25 MHz. The  
optimum conditions for observing imino nitrogens in N -  

Table I. Nitrogen-15 Chemical Shifts of N-  
(Arylmethy1idene)cyclohexanamines 2 and Their 

Hydrotrifluoroacetates 4 a 

4 chemical shift 
registry chloro- trifluoroacetic acid - .  x no. form ('JIsN~-H, Hz) 

OCHz 68051-12-7 38.5 187.7 (91.1) 
CH3 68051-13-8 33.9 181.4 (92.0) 
H 68051 - 14-9 30.2 177.4 (90.3) 
C1 6805 1 - 15-9 28.1 175.7 (88.5) 
NOz' 68051 - 16- I 14.7 164.1 (92.0) 

a All chemical shifts are given in ppm upfield from an external 
1.0 M D15NO:3 capillary. Measured as 20 mol 96 solutions in 
chloroform and trifluoroacetic acid. Data from ref 2. l ' d  
I5N(N02) = 6.8 ppm in chloroform; no signal observed in triflu- 
oroacetic acid. 

(arylmethy1idene)cyclohexanamines were a 70' pulse angle, 
a repetition rate of 30 s, and gated proton decoupling (no 
NOE). The  conditions employed to obtain spectra of their 
corresponding hydrotrifluoroacetates were a 27' pulse angle, 
a repetition rate of 2 s, and continuous broad-band proton 
irradiation. The chemical shifts and one-bond I5N-H coupling 
constants are summarized in Table I. 

T h e  Is5N shifts of N-(arylmethy1idene)cyclohexanamines 
2 in chloroform cover the range 14.7 to 38.5 ppm. When these 
compounds are dissolved in trifluoroacetic acid, there is a very 
large diamagnetic shift (-150 ppm) of the nitrogen resonances 
as expected for protonation of the nitrogen unshared electron 
pair, with the  I5N shift range becoming 164.1 to 187.7 ppm. 
Formation of the  hydrotrifluoroacetate salts 4 is assured by 
observation of one-bond l5NN-H coupling constants which are 
of the magnitude expected for hydrogen attached to nitrogens 
which are sp2 hybridized." No trends are evident for these 
couplings with Hammett substituent parameters. No two- 
bond I5N-C-H couplings were observed, and this is in accord 
with a previous investigation of structurally similar com- 
pounds which suggests that  these two-bond couplings should 
probably be small (<1 HzL4 

The large upfield protonation shifts for the change 2 to 4 
are best accounted for by changes in the paramagnetic 
screening contribution ( a*Para), which appears to dominate 
the total screening of nitrogen nuclei.' The paramagnetic 
expression depends, in part, on contributions from the average 
electronic excitation energy, Sav.fi Thus, for the specific case 
of a nitrogen atom in a C-N double bond as in 1 ,  mixing into 
the ground-state wave function in an external field of an 
electronic configuration corresponding to a low lying n -+ K* 

transition is expected to lead to a paramagnetic circulation 
of electrons around the  nitrogen and thereby decrease the 
shielding of the nitrogen nucleus. Because there is no unshared 
electron pair in the protonated imines, the A E a >  term corre- 
sponding to this effect will be much less important. The extent 
of this paramagnetic contribution to the shielding of nitrogen 
nuclei in compounds containing C--N double bonds can be 
seen by comparing changes in 'SN and T shieldings for the 
structural  change C6H5CH2Y* (H),  R - C,;H5CH= 
Y*(H),-lR, where * denotes the nucleus undergoing the NMR 
transition. The shift to lower field (-250 ppm) for Y = 15N for 
this change is about twice tha t  for Y = T . 7  However, when 
the  imines are protonated and become isoelectronic with the 
corresponding phenylethenes, the downfield shifts of 1;7N and 
I T  nuclei associated with this change are then quite simi- 
lar. 

As we have said, the 15N shieldings of N-(arylmethyli- 
dene)cyclohexanamines 2 correlate quite well with Hammett 
cr parameters, yet the 15N shifts appear to be twice as sensitive 
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