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The Periodate Oxidation of Nitrones 

By A. K. Qureshi and B. Sklarz 

The periodate oxidation of some Af-pyrroline 1 -oxides with two substituents at C-5  but unsubstituted a t  C - 2  leads 
to a series of 4-nitrosopentanoic acids. Evidence is adduced for the course of the reaction. An N-alkylhydroxy- 
amino-compound is oxidised in chloroform to the nitroso-compound by tetraethylammonium periodate, a potentially 
useful reagent soluble in various organic solvents. 

AN earlier study of the dimers of 5,5-dimethyl-A1- 
pyrroline l-oxide (Ia) had shown that these could be 
distinguished from each other by oxidation with sodium 
periodate. It was found at that time that the nitrone 
(Ia) itself was rapidly attacked by the reagent giving 
4-methyl-4-nitrosopentanoic acid (IIa) as a colourless 
dimer which crystallised from the blue reaction mixture. 
Total periodate uptake was 1-7 mol. in 24 hours, a t  a 
rate increasing slightly with pH. The nitrones (Tb-d) 
were similarly oxidised to the nitrosopentanoic acid 
(IIb-d) dimers. The infrared spectra of their blue-green 
melts all showed a band at  1555-1565 cm.-l character- 

istic of the nitroso-group.3 The ultraviolet absorption 
at  293-298 mp, which was observed for three of the 
dimers, indicated the more stable tram-configuration, 
but the spectra of the compounds before recrystallisation 
were not recorded. The solids were rather unstable, 
particularly to light. 

By contrast, 5-carboxy-5-methyl- Al-pyrroline l-oxide 
(Ie) instantly afforded iodine in an exothermic reaction, 
from which lzvulinaldehyde was isolated as its bis-2,4- 
dinitrophenylhydrazone. 

The nitrones2 (IIIa and b) and (XI) were attacked 
very slowly by periodate. 

The oxidation is thought to take the following course 
shown in Scheme 1,  for which some experimental 
evidence is presented below. 

The Al-pyrroline 1 -oxides are rather hygroscopic sub- 
stances, (Ia) being obtained on occasion as a low- 
melting solid hydrate, but there is no evidence for the 
formation of the adduct (IV) in bulk. The intensity 
of ultraviolet absorption of (Ia) was not decreased in 
water, weak hydrochloric acid, or 2~-alkali. Likewise, 
there was no significant difference in the appearance of 
the n.m.r. spectrum in deuterochloroform, water, or 
very dilute hydrochloric acid. Nevertheless, nucleo- 

V. M. Clark, B. Sklarz, and Sir A. Todd, J .  Chem. Sac., 1959, 

R. Bonnett, R. F. C. Brown, 17. R I .  Clark, I. 0. Sutherland, 
2123. 

and Sir A. Todd, J .  Chem. SOC., 1959, 2094. 

philic additions to the aldonitrone double bond are well 
known,2 and a small amount of (IV) probably exists in 
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Scheme I 

equilibrium with (I) (step a) .  This addition of water is 
exemplified by the colourless crystalline hydrate (IX) 

dil. 
P h*CO*CH : N*P h + P h-COCH (OH)*N(OH).PH I HzSO, 

0- (W 
(VI I I )  

obtained from the yellow nitrone (VIII) with dilute 
acid. These compounds were prepared and their relation- 
ship confirmed by their infrared spectra. 

The adduct (IX) was oxidised by periodate almost 
instantaneously, irrespective of pH. In  contrast, the 
oxidation of the nitrone (VIII) was considerably slower 
at  pH 4.5 and 6.5, although at pH 2-9 and 9.2 the rate 
increased owing to the presumed catalysis of the hydr- 
ation step (see Table 2). Nitrosobenzene and benzoic 
acid were isolated as reaction products. It is, however, 
surprising that the total uptake of periodate by the two 
compounds was not the same. The hydrate was not 
oxidised by tetraethylammonium periodate (see below) 
in dimethylformamide. Retardation or failure of the 
hydration step (a)  may be the bar to the oxidation of 
nitrones (IIIa and b) and (XI),  for these compounds are 
less susceptible to nucleophilic addition.2 

A fast periodate oxidation of the type 

H-&--N(OH)R __t L=N 1 (R1-o- 

is involved in the oxidations described previous1y.l 
Similarly, the X-hydroxypyrrolidine (X) was oxidised 
instantly to the nitrone (XI),  characterised as its picrate. 
The alternative to this very fast oxidation (step b)  
would be a cleavage step (e) of the glycolysis type, which 

I I 

B. C;. Gowenlock and W. Liittke, Quavt. Rev., 1958,12, 321. 

F. Krohnke and E. Borner, Bev. ,  1036, 69, 2006. 
.1 J. Thesing and W. Sirrenherg, Chem. Bev . ,  1959, 92, 1748. 
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Me2 N M e , U  N E t  

I A H  ('1 0- (XI) 

would give the nitroso-aldehyde (VII). However, as is 
well known, aldehydes are only oxidised very slowly by 
periodate, so that an accumulation of (VII) might be 
expected. In  experiments with limited amounts of 

(X11: R = NOz) Me L-J- OH 
(XIII: R = NHkOH) H02C 

(XIV:  R = NO) OH (XV) 

periodate in the presence of chloroform, no aldehyde could 
be detected (negative 2,4-dinitrophenylhydrazine test). 
I t  is considered unlikely that the y-nitroso-aldehyde 
(VII) can cyclise sufficiently quickly to the hydroxamic 
acid (VI), since, in an analogous case 6 in the bornyl 
series, this reaction was shown to be photochemical 
rather than thermal. 

Rapid tautomerisation (step c) gives the hydroxamic 
acid structure (VI), established for the known compound 
by the infrared band at 1690 cm.-l. 

The rapid oxidation of hydroxamic acid (VI) by 
periodate has already been described,l and the reaction 
has since been shown to be generaL8 

In an attempt to prepare the aldehyde (VII), the 
nitro-dioxolan (XII) was reduced with zinc dust and 
ammonium chloride to the hydroxyamino-compound 
(XIII) ,  a colourless liquid giving a strong tetrazolium 
test.g It was oxidised instantly by excess of aqueous 
sodium periodate,1° when the colourless crystalline 
dimer of the nitroso-compound (XIV) was precipitated 
from the blue solution. All attempts to hydrolyse 
the dioxolan ring in (XIV) failed. O-lN-Acid at  50" 
destroyed the compound, while other mild conditions 
such as toluene-p-sulphonic acid in acetone l1 or ethanol l2 

had no effect. 
It is of interest that the oxidation of the hydioxyl- 

amine (XIII)  even proceeded instantly in chloroform 
solution with tetraethylammonium periodate, which is 
very soluble in that solvent. The reagent is a white 
crystalline solid prepared by neutralising tetraethyl- 
ammonium hydroxide with the calculated amount of 
paraperiodic acid. It is recrystallised from t-butyl 
alcohol, and we found that in contrast to the experience 
of other workers,13 it is stable in the desiccator for 
periods of weeks and can be comfortably handled in the 
air. Its great solubility in water makes it useful in 
oxidations where the relative insolubility of the sodium 
and potassium salts is troublesome. Being soluble in 
various common organic solvents, it may also find use as 
co-oxidant in homogeneous organic phases.14 

6 P. Kabasakalian and E. R. Townley, J .  Org. Chem., 1962, 
27, 3562. 

7 R. Bonnett, \'. M. Clark, and Sir A. Todd, J .  Chenz. SOC., 
1959, 2102. 

T. E. Emery and J. B. Neilands, J .  Amer. Chrm.  Soc., 1960, 
82, 4903; J .  Vrg. Chem., 1962, 27, 1075; H. Sklarz and A. F. 
A1-Sayyab, J .  Chem. SOC., 1964, 1318. 

G. A. Snow, J .  Chenz. SOC., 1954, 2558. 

The anomalous oxidation of the nitrone acid (Ie) can 
be rationalised as follows. Preliminary hydration as 
before gives an a-hydroxylamino-acid (XV) . Simple 
a-hydroxylamino-acids have been shown 97 l5 to undergo 
rapid oxidative decarboxylation with periodate : 

R.CH.(NHOH).CO,H R C H O  + C02 + [HNO] 

&H,N202 + N20 

The oxidation of (XV) to lzvulinaldehyde is closely 
analogous. 

EXPERIMENTAL 

Preparations.-Tetraethylarnrnonium Periodate. Paraperi- 
odic acid (7.72 g., 0.034 mol.) in water (20 ml.) was added 
in portions to cold 25 yo tetraethylammonium hydroxide 
(20 ml., 0.034 mol.). Evaporation under reduced pressure 
left a crude solid which was extracted with hot t-butyl 
alcohol. The compound was precipitated with di-isopropyl 
ether and recrystallised from t-butyl alcohol, (8.5 g., 
82%), m. p. 176-177'; n.m.r. signals (CDCl,), T 8-62 
(triplet, J = 7 c./sec.), 6.67 p.p.m. (quadruplet, J = 7 
c./sec.) (Found: C, 30.05; H, 6.25; N, 4.05; 104-, 61.1. 
C,H,,INO,requires C, 29.9; H, 6.3; N, 4.35; 104-, 59-50/,). 
Approximate minimum solubility at room temperature 
in the following common solvents (g./lOO ml. of solvent): 
water (130), acetic acid (loo), acetone (SO), pyridine (70), 
dimethylformamide (60), nitromethane (50) ,  methanol 
(30), ethanol ( lo) ,  ethyl acetate, ether, benzene (insoluble) 
In  chloroform two clear layers are obtained with 22 g./ 
100 ml. Complete miscibility is not attained at 2.3 g./lOO 
nil. but the dense lower layer is very small and the main 
layer contains much periodate. 

The nitrone was 
prepared as described earlier; A,,, (EtOH) 234 nip 
(E 7500); (in water, N/lOOO-hydrochloric acid, and 2 ~ -  
sodium hydroxide) 226 mp (E 7500); n.m.r. signals (CDCl,), 
8.55(s), 7-78(d), 7*48(d), 3-17(t); areas 6 : 2 : 2 : 1 .  The 
last peak appears at 2.8 in D,O, 2.5 (H20), 2.8 (~/1000-HC1) 
without changes in area or appearance of new peaks. 

Phenylglyoxal N-phenyloxirne (VIII) .5 The nitrone was 
prepared as a yellow solid, m. p. 109-llO", A,,, (mull) 
1580, 1600, 1645 cm.-l. 

In  a slight 
modification of Krohnke's p r ~ c e d u r e , ~  the oxime (VIII) , 
(1.8 g.) in ice-cold ethanol (25 ml.) was stirred with 0 . 1 ~ -  
sulphuric acid (40 ml.) for 1 hr. Extraction with ether gave a 
yellow-white residue which on recrystallisation from chloro- 
forni-light petroleum gave the colourless hydrate, m. p. 
88', which became yellow on standing in the air (Found: 
C, 70.05; €3, 5.2; N, 6-15. Calc. for C,,Hl,NO,: C, 69.15; 
H, 5.4;  N, 5.75%). 

2-(3-EIydroxyurnino-3-rnethylbutyZ)-1,3-dioxolun (XIII) . 
The nitro-dioxolan (XII) (10 g.), suspended in 5% 
aqueous ammonia chloride (60 ml.) a t  10' was reduced by 
the addition of zinc dust (14 g.) during 20 min., with 

10 Cf. H. Tanabe, J .  Pharm. SOC. Jupun, 1956, 76, 1023 (Chenz. 
Abs., 1957, 51, 2598) ; T. E. Emery and J. B. Neilands, J .  Awzer. 
Clzern. SOC., 1960, 82, 3658. 

l1 R. E. Beyler, F. Hoffman, L. H. Sarett, and M. Tishler, J .  
O Y ~ .  Chem., 1961, 26, 2426. 

l2  F. Sondheimcr and Y. Klibansky, Tetrahedvon, 1959, 5, 15. 
l3 C. A. Bunton and V. J. Shiner, J .  Chenz. SOC., 1960, 1593. 
l4 H. Nakata, Tetrahedron, 1963, 19, 1959. 
15 J.  B. Neilands and P. Azari, Actu Chem. S c a d ,  1963, 17. 

s 190. 

5,5-0irnethyZ-A1-pyrroZine l-oxide (Ia) . 

Phenylglyoxal N-phenyloxirne hydrate (XI). 
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vigorous stirring. Ice was added to keep the temperature 
below 15". After filtration and repeated washing of the 
inorganic solids with hot water, the aqueous filtrates were 
concentrated under reduced pressure. Extraction with 
chloroform gave an  oil which, on fractional distillation 
under nitrogen (air condenser), gave as the main fraction 
the dioxoluvz (XIII)  (6 g., 65y0), b. p. 100-110"/0~5 mni., 
freezing in the refrigerator to a colourless solid (Found: 
C, 54.65; H, 9.65; N, 7.95. CSH1,NO, requires C, 54.85; 
H, 9.8; N, 8.0yo); n.m.r. signals (CDC1,) (8-9(s), 8.38(s), 
6.05(d), 509(t), 4.4(s) ; areas, 6 : 4 : 4 : 1 : 2. 

The 
hydroxylamino-compound (XIII)  (1.6 g.) in ethanol 
(10 ml.) was added dropwise to a stirred solution of sodium 
periodate (3 g., 1.5 mol.) in water (10 ml.). After 1 hr. 
the precipitate was filtered and the blue filtrate extracted 
with chloroform. The residue from this, combined with 
the solid, was recrystallised from acetone-hexane to give 
colourless dimeric 2- (3-nitvoso-3-methyZbutyl) - 1,3-dioxolan 
(XIV) (1.4 g., 93%), m. p. 60-62" (blue melt) (Found: 
C, 55.25; H, 8.5; X, 8.2. C,H,,NO, requires C, 55.5; 
H, 8.75; N, 8.1%). 

(b) Non-aqueous Ytzethod. The hydroxyamino-compound 
(1.0 g.) in chloroform (10 ml.) was added dropwise to tetra- 
ethylammonium periodate (2.8 g., 1.5 mol) in chloroform 
with magnetic stirring. A blue colour appeared im- 
mediately, but iodine was also slowly formed. After 1 hr., 
the mixture was washed with sodium thiosulphate solution, 
and water, dried and evaporated to give a blue-green semi- 
solid residue, which, on recrystallisation from acetone- 
hexane again gave the nitroso-dioxolan (XIV), ni. p. 60- 
62". 

Periodate Estimations.-Samples (ca. 1-26 x lov3 niol.) 
were weighed and dissolved in water (50 ml.), and aliquot 
portions (10 ml.) of this stock solution diluted to 100 ml. 
with water (50 ml.), 0-25~-sodiurn periodate (10 nil.), and 
buffer solution (30 ml.) of the composition given below. 
Aliquot portions (10 ml.) of the reaction mixture were 
added a t  intervals to saturated borax (10 ml.) containing 
solid boric acid and 15% potassium iodide. The iodine 
was titrated after 2 min. with standard 0-Oh-sodium 
arsenite. The pH's were pre-determined on blank solutions 
made up as above with the following buffer solutions (30 
ml.) : 

The Nitvoso-dioxolan (XIV) .-(u) Aqueous method. 

pH of total blank .........,..... 2.9 4-5 6.5 9-2 

0.2hi-Acetic acid (ml.) ......... 30 16.5 0-0 - 
- 1.1 

0.2&1-Sodium acetate ( i d )  ... 0.0 13.5. 30 - 

2~-Sodium hydroxide (ml.) ... - - 

The rate and extent of periodate oxidation are shown in 
Tables 1 and 2. For the aromatic oxime (VIII) and its 
hydrate (Table 2 ) ,  the estimations were carried out as 
above but with half the quantity of oxiiiie and of periodate 
solution. At full strength, the oxidation of wen  (1911) 
was too fast to be followed. 

PYefiavative Oxidations.-5, 5-Dimethyl-A'-pyrroline 1-oxide 
(Ia). The nitrone hydrate (0-4 g.) in water (2 nil.) was 
mixed with sodium metaperiodate (1 .5  g., 2-8 mol.) in 
water (12 ml.). The solution soon turned blue and crystall- 
isation of a white compound commenced. This was 
filtered after being left overnight, and combined with the 
resiude obtained from chloroforni extraction of the blue 
filtrate and evaporation of the extract. Recrystallisation 
from water containing a little ethanol gave 4-niethyl- 
4-nitrosopentanoic acid (IIa), (0.3 g., 68%), m. p. 109- 

l l O o ,  identical with the compound already described; 
A,,,. (EtOH) 295 mp (E 4640) ; vnlax. (mull) 1720 cm.-l. 

4,5,5-Tri~zethyl-A1-pyrvoline l-oxide (Ib). The freshly 
distilled nitrone (0.4 g,) was oxidised as above with sodium 
metaperiodate (1.4 g., 2.8 mol.). The white solid was 

TABLE 1 
Uptake of periodate (mols./mol. substrate) 

Time 
(hr.) (Ta) (IIIa) (1lIb) (X) (XI t) (XIIT) 

0.067 0.53 0.7i  
0.1 0.17 0.86 
0-2 0.12 

0.S5 0.5 
1.0 0.24 0.33 0.93 0.57 0.88 
2.0 0.36 0.51 0.93 0.59 0.90 
4.0 0.56 0.87 

24.0 1-70 0.17 0.29 0.93 0.61 0.16 0-90 

p1-I 4.5 9.2 * * 4.5 9.2 4.6 4.5 

0.91 0.55 

* Unbuffered. Crude material. 

TABLE 2 
Uptake of periodate (mols./mol. substrate) 

Nitronc (VIII) Hydrate (I X) Timc 
(hr.) r--~- k - r -  7 

pH 2-9 4-5 6.5 9.2 2.9 4.5 6.5 9.2 
0.05 1.78 0.36 - - 2.56 - 3.10 2-04 
0.1 1.84 0.6 0.40 1.92 - 2.56 -- - 

0.5 1.90 1.58 - 2.27 2.78 2.88 3.10 
1.0 1.96 2.16 1.54 2.58 - 3.00 - 4.68 
1.25 - 

0.2 1.88 0.91 0.68 - 2.78 __ - __ 

2.3 - - - - - - 

1.5 2-02 2.33 1.66 - - - 3.10 6.20 
24 2-02 2.44 2.18 * 2.78 3.00 3.10 * 

* Precipitation. 

collected after 18 hr., washed and recrystallised with 
difficulty from water-ethanol, to give the dimer of 3,4-di- 
nzethyZ-4-nitroso~entanoic ncid (Ifb), m. p. 116-1 18" 
(Found: C, 53.0; H, 8.5; N, 8.8. C,Hl,NO, requires C, 
52.8; H, 8.2; K, 8.87;); v,,,. (mull) 1699 cin.-l; (melt in 
chloroform), 1708, 1565; no U.V. maxima. 

3,3,5,5-Tetrameti'zyl-A1-PyYvoline l-oxide (Ic) . Oxidation 
as above and recrystallisation from water gave 2,2,4-tri- 
nzetlzyl-4-nitvosopental.zoic mid (IIc) diwaev, rn. p. 106- 
106" (Found: C, 55.4; H, 9.0; N, 8.1. C,H,,SO,requires 
C, 55.5; H,  8.7;  N, 8.10/0); A,,,. (EtOH), 298 nip, de- 
creasing with time; vmsU. (mull) 1715 cm.-l; (melt in chloro- 
form), 1696, 1560 cm-l. 

5- E thoxycavbonyl- 5-m ethyl- Al -pyvvoZine 1 -oxide (Id) . The 
nitrone (1.8 g.) was treated with aqueous sodium periodate 
(4 g., 1-8 mol.) a t  0" and kept a t  this temperature for 3 
days. The organic crystals were separated from a deposit 
of oil and inorganic material and recrystallised from 
aqueous ethanol to give the divner of 4-ethoxycarbonyl- 
4-nitvosofientaizois acid (IId), m. p. 113-1 14" (Found : C, 
47.5; €1, 6.5; S, 6.6.  CsHl,KO, requires C, 47.3; H, 6-5;  
N, 6.9%); A,,l3,, (EtOH) 293 nip ( E  6400); v , , ~ ~ .  (mull) 1743, 
1700 cm.-l; (melt in chloroform) 1725, 1640, 1650 cni.-l. 

5 - C a i . b o , ~ y - 5 - i e ~ ~ ~ ~ l - i l ' - ~ y v ~ o l i n e  l-oxide (re). The acid 
(0.1 g.) in water (4 ml.) was miscd with sodium periodate 
(0.6 g., 4 mol.) in water (4 nil.) with external cooling, when 
iodine was liberated. After bzing left overnight the (now 
colourless) solution was extracted with ether to give an  
oil (0.1 1 g.) . Treatment with 2,4-dinitrophenylhydrazine 
in methanolic sulphuric acid gave laevulinaldeliyde bis-2,4- 
dinitrophenylhydrazone which was recrystallised from 
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dimethylformamide, m. p. 230' l6 (Found: C, 44.8; H, 
4.0; N, 24.3. Calc. for C,,H,,N,O,: C, 44.4; H, 3.5; N, 
24.2 yo). 
Phenylglyoxal X-phenyloxivne (VIII). The oxime (0.75 

g.), in ethanol (25 ml.), was added dropwise during 2 hr. 
to sodium periodate (2.1 g., 3 mol.) in water (25 nil.), with 
constant stirring. Free iodine was destroyed with sodium 
thiosulphate, the solution made mildly alkaline (NaHCO,) , 
and extracted with chloroform. Drying and evaporation 
gave crude nitrosobenzene m. p. 66-67'. The aqueous 
layer was acidified, iodine again removed, and the solution 
extracted with ether to give benzoic acid, recrystallised 
from hot water, m. p. and mixed m. p. 121". 

The oxime hydrate (IX) was oxidised in a similar manner, 
giving the same products. 

5-Ethyl-l-hydvoxy-2,2-dimethyZpyrvoZidine (X) . The 
N-hydroxypyrrolidine (1 g.) in water (10 ml.), was trcated 
dropwise with aqueous sodium periodate (1.5 g., 1 mol.) 
neutralised with a little potassium carbonate. The 
mixture was stirred for 1 hr., and extracted continuously 

with chloroform, the extracts giving crude Z-ethyl-5,5-di- 
methyl-A1-pyrroline l-oxide (XI) (0.75 g., 75%), AImx, 
(EtOH) 234 mp (E 8100). The picrate was prepared in 
ether and recrystallised from ethanol, m. p. 71-72" (Found: 
C, 45.45; H, 4.6; N, 15.4. Calc. for C,4H,,hT',0,: C, 45.4; 

Part of this work was carried out  at Cambridge under 
the guidance of Sir Alexander Todd, F.R.S. and Dr. V. M. 
Clark, and during the tenure of a studentship from the 
D.S.I.R. Their assistance is gratefully acknowledged 
(B. S.). We also thank Professor D. H. R. Barton, F.R.S., 
for facilities and encouragement in the continuation of the 
work at Imperial College. 

H, 4.9; N, 15.1y0). 
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l6 C. L. Wilson, J .  A m e v .  Chew. SOC., 1948, 70, 1313. 
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