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ABSTRACT 

The lead tetraacetate oxidation of aldoximes and ketoJCimes 

has been studiedo Oxidation of aliphatic and aromatic syn aldoximes 

affords nitrile oxideso Aliphatic anti aldoximes lead to l-acetoxy­

I-nitrosoalkanes and secondary products 9 notably N-acetoJCyhydroxamic 

acids. Aromatic anti aldoximes afford arylaldazine-bis-N-oJCides 

which decompose on heating to nitrile oxides and aldoJCimes. Oxidation 

of sterically hindered ring lcetoximes leads via ring cleavage to 

N-acetoxyhydroxamic acids. For sterically hindered, but not very 

strained ketoximes, the cleavage proceeds via formation of a nitrile 

~xide and a carbonium ion. For strained, but not particularly 

hindered ketoximes, cleavage appears to involve the rearrangement of 

rul intermediate geminal nitrosoacetate. Mechanisms are proposed 

which require irninoxy radicals as interrnediates in the oxidation of 

anti aldoxirnes and ketoximes. Oxidation of syn aldoxirnes appears to 

proceed by a concerted rnechanisrn. The oxidation products obtained 

suggest that irninoJCY radicals do not participate in radical displace­

ment reactions.95 
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INTRODUCTION 

IminoJ~ radicals have bean detected recently by electron 

spin resonance techniques (ESR) as transient species in the oxid-

t " f " 1 a 10n 0 OX1mes. These radicals, though varying greatly in stab-

ility, exhibit three common and interesting featureso Firstly, 

their nitrogen coupling constants are large and characteristic, 

ranging from 28 to 33 gauss and are thus considerably gr'eater than 

the coupling constants of nitroJCides (10 to 16 gauss), a related 

class of stable free radicals. 2 Even though a significant portion 

of the unpaired electron density must reside upon the oxygen atom, 

the measured coupling constants are comparable to those estimated 

for unit electron density on nitrogen in azine anion radicalso3 

Calculations4 based on the data for the radical from dimethyl­

glyoJCime5 indicate that about 45?6 of the unpaired spin is on nitro-

gen in an orbital whose p:s ratio is 6.6 : 1. A second interest-

ing aspect of iminoJ~ radicals is the detection of cis and trans 

isomers.1 For example, oJcidation of syn-or anti-benzaldoxime gives 
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rise to the same 1:1 mixture of trIo radicals, \'/hich indicates 

isomerization in the oxidation reaction: 

Ph Ph 

"- "C:=N C N" 
'> 

H/ OH / '" H 0 

1 l 
Ph OH Ph ;/0 

''"C==N/ "'-» /C_N 
H/ H/ 

Thirdly, coupling occurs to nitrogen and, as was demonstratej 

for benzophenone iminoxy (!) and fluorenone iminoxy radicals (~)~ 

only to the ortho hydrogen atoms (Ho) on the aromatic ring: 

Ph 

1 2 
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This suggests that the unpaired electron is not delocalized over 

the 11 -molecular orbital of the aromatic ring, and that the 

coupling to the ortho hydrogen atome is probably due to a 176-inter­

action through spaceo 6 

These results are incompatible I.'/ith the description of 

iminoxy radicals as rr-radicals 9
7 and they are best represented 

as hybrids of structures ~ and ~: 

R~/R 
c 

1\ ~-------,;;;,. 

(0 N",,-/) 
G-~· 

4 

The unpaired electron is contained in a 91-type orbital which is 

derived from a nitrogen sp2- and an oJCygen p- orbital. This ne", 

molecular orbital lies in the nodal plane of the carbon-nitrogen 

?f-bond, so that the radicals are termed ~-radicals.8 Implicit 

in this description is the understanding that the unpaired electron 

cannot be delocalized over the carbon-nitrogen bond, and energy 

dissipation of this radical would, therefore 9 most probably occur 

either by reaction at the nitrogen or at the o)~gen atomo 
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Iminoxy radicals are prepared most conveniently by oxidation 

of oximes rJÏ th lead tetraacetate (Pb( OAc) 4) in methylene chloride 6 or 

benzeneo 9 Free radicals have also been ob"tained in the lead tetra-

t t "d'" f h l 10 d t d "t d" t Il " ace a e OXl. a"Gl.on 0 p enD s, an are sugges e l.n-erme l.a es l.n 

the oxidative cyclization of aliphatic primary and secondary alcoholso 

The latter reaction leads mainly to tetrahydrofurans (~) and has been 

formulated as proceeding via alkoxy radicals: 

R-()<, 
-Pb-(-O-AC-)-r.'~~ ()<:, 

0<:' + Pb(OAc)2 + ROAc 

• 
Pb(OAc)3 
----=:~ 

An extension of this reaction to oximes would provide an 

additional valuable method of functionalizing carbon atoms suitably 

disposed for an intramolecular free radical displacement reaction. 

This reaction, ~owever, would afford heterocyclic compounds which 

contain oxygen and nitrogen. It is the objective of the present in-

vestigation to gain sorne understanding of the chemistry of iminoxy 
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radicals and in the light of this lcnowledge, to assess the possibil-

ity of an oxidative cyclization of oximes as shown: 

? 

R" 

R 
O---tC 
J ~R' 
N 

Rtl 

The oxidation of oximes has been the subject of many 

publications, especially at the turn of this century. Aromatic 

aldoximes and ketoximes when treated with conventional oxidizing 

reagents (N203' K3(Fe(CN)6)' Na2C03jI2' etc. ) \'Jere shown to 

lead to complex reaction mixtures containing,among other secondary 

reaction products" furoxans and so-called "oxime peroxidesn •
12,13 

Aliphatic aldoximes were shown to react with peracids to hydroxamic 

acids in low Yield,14 while aliphatic ketoximes when treated with 

conventional oxidizing reagents (H202' KMn04' Cr03) afforded 

mainly the parent ketoneo 15 Oxidation of aldoximes and ketoximes 

wi th peroxytrifluoroacetic acid ViaS reported to lead to nitro com­

pounds in useful yields.16 



The lead tetraacetate oxidation of aliphatic ketoximes 

\'jas shown to afford unstable geminal ni trosoacetates (§) :17 

Pb(OAc)4 
RR'C=N-OH 

NO 

RRVC( 
OAc 

6 

6 

Under comparable conditions, aliphatic aldoximes could be converted 

to dimeric nitrosoacetates (1), while aromatic aldoximes led to 

aldoxime anhydride-N-oxides (~).18 The sarne compounds have been 

obtained by different routes and Viere respectively assigned the 

structure of oxime peroxides (2),19 and aldazine-bis-N-oxides (10):20 

o 
1 + 

RCH(OAc)-N== N-(OAc)CHR 
+ 

1 

1 

ArCH==N-O-O-N=CHAr 

o 

1 

ArCH=N- 0 -N= CHAr 
+ 

8 

o 
1 + 

ArCH== N-N==CHAr 
+ 

1 

still other structures have been proposed but appear rather unlllcely 

in the light of modern structural theory. 
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No information could be found that \"lOuld gi ve any indic-

ations about the abili ty of imino~cy radicals (vlhich could have been 

intermediates in the reported o)ddation studies) to undergo normal 

radical displacement reactions: 

+ H'J 

Oxidation of oximes with lead tetraacetate appeared to 

provide the most promising approach to study the chemistry of iminmcy 

radicals, because this oxidizing reagent can be used in a variety of 

solvents over a fairly Vlide range of temperature; and, if proper pre-

cautions are taken, high selectivity in its reactions can be anti­

. t d 21 
c~pa e • 

Oxidation of oximes with lead tetraacetate is a rapid re­

action even at 00 •
17 This indicates that the conditions used for 

oxidative cyclization of alcohols (reflux in benzene with lend tetra­

acetatell ) are not applicable. To achieve high selectivity and avoid 

secondary reactions, it appeared advisable to study the lead tetra-

acetate oxidation of oximes at 10\'1 temperature. The choice of model 

compounds was dictated by stereochemical considerations, which should 

favour a radical displacement reactiono In practice, this narro\7ed 

the choice to sterically hindered aldOJdmes and ketoximes containing 

methyl groups suitably disposed for a five- or six-membered ring 
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RESULTS 

CHAPTER I. PREPARATION OF OXIMES 

Aldoximes and ketoximes \'lere prepared according to standard 

procedures22 ,23 generally from commercially available aldehydes and 

lcetones. In agreement \',i th reported results, unhindered aliphatic 

aldmcimes \'lere obtained as mixtures of their syn and anti isomers:24925 

syn anti. 

Sterically hindered aliphatic aldehydes afforded mainly the syn isomer 

as was also observed for aromatic aldehydes in general. Aromatic syn 

aldoximes could be converted to their less stable anti isomers via the 

oxime hydrochlorides. 23 Reaction of n-heptanal \Vith hydroxylamine 

hydrochloride and sodium bicarbonate as base, instead of the usua122 ,23 

sodium hydroxide, afforded anti-n-heptanaldoxime as the sole reaction 

product; it isomerized readily in carbon tetrachloride solution (1 day, 

room temperature) to the reported 1:1 mixture of syn-and anti-n­

heptanaldoximeo 24 Sterically hindered ketoximes were obtained by 

reaction of the ketone with hydroxylamine hydrochloride in the presence 

of sodium acetate in refluxing methanol. Reflux times of up to 48 hours 

were required for quantitative conversion. 
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AlI aldOJdmes t"lhich \'lere prepared are listed in Table l 

(po 10)? and their spectral data are sho\"m (NMH) in Table 2 (po Il),, 

The lcetoximes are given in Table 3 (p. 12), and their spectral data 

(NMR) in Figure l (pp. 13,14). 

Configurational assignments for aldoximes are based on the 

2J~ 25 chemical shift position of the "aldehydic" proton 9 9 for lcetOJdmes 

on the chemical shift position of the 0, -substituents ( H- or CH3- ) 0

26 , 27 

In agreement \"Iith reported data, it \'Jas noted that the "aldehydic" 

proton in syn aldOJcimes absorbs at lower field than the corresponding 

anti proton (ds - da = 0 .. 6 ppm). Only benzaldoxime constituted 

an exception in that the "aldehydic" proton of the syn and anti isomer 

had approJcimately the sarne chemical shifto IR28 
and melting point 

data, however, permitted certain assignment of the respective iaomers. 

The NMR spectra of hindered ketoximes indicated only one isomer, vizo 9 

the one \.'Jith the oxime hydroxy group in the less hindered position. 
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Table 1 

A1iphatic and Aromatic A1doximes 

mopo (b.p.) Oc al y 

A1doxime 70 

found lit. syn 

Aceta1doxime (112-114) (112-114) 41 

Isobutyraldoxime (141-14105) (140) 74 

Trimethy1acetaldoxime 40-41 41 100 

n-Heptanaldoxime 56-57 56-57 

0-Hethy1podocarpinaldoxime 143 100 

Benzaldoxime (syn) 35 35 100 

Benzaldoxime (anti) 130 130 

Hesitaldoxime 119-121 89 

p-Hethoxybenzaldoxime 45 45 100 

p-Nitrobenzaldoxime 126-127 129 100 

p-Hydroxybenzaldoxime 115 115-116 100 

m-Hydroxybenzaldoxime 90 90 100 

anti 

59 

26 
.-

100 

100 

11 

Reference 

29 

30 

31 

32 

33 

23 

23 
34 

35 

36 

37 

38 

Remarks 

a 

a 

b 

c 

c 

d 

e 

e 

f 

a) 760 mm; b) recryste from pentane at -78°; c) procedure given; d) moposyn= 1250, mopoanti! 179°;34 

e) vacuum sublimed, 95%02 mm; f) vacuum sublimed, 80%02 mm. 

'" NNR estimate. 

i 

/-J o 



Table 2 

IMR Data of Aldoximes 

N N R 

( RCH'NOH ) 
Chemical Shift, cf ppm 

Aldoxime Solvent 
HI H'aw OH syn 

Acetaldoxime 7.30 6.70 9.4 b 

Isobutyra1doxime 7.09 6.30 9.5 b 

Trimethylaceta1doxime 7.27 9025 a 

n-Heptana1doxime Q 6.54 10.0 b 

0-Hethylpodocarpina1doxime 7.54 9.1 

Benzaldoxime (syn) 8.10 906 a 
7.94 11.0 c 

Benzaldoxime (anti) ** 8019 8.7 a 

Hesi taldo:dme 7.81 7018 10.9 c 

p-Hethoxybenzaldoxime 8.14 9.6 a 

p-Nitrobenzaldoxime 7.83 11..5 c 

p-Hydroxybenzaldoxime 7.87 905 or 10.6 c 

m-Rydroxybenzaldoxime 7.98 9.5 or 11.0 c 

(' Converts on standing (1 day) in CC14 solution to a 1:1 synjanti mi~~ure with signaIs Wqr.ri: 7.23 

H'anti: 6.54 ppm; a) CDC13; b) CC14; c) (CD3)2S0 • 

** IR in CS2 shows bands at 756 and 690 cm-l, typica1 of anti-benzaldoxime. 28 

f-J 
f-J 
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Table 3 

Ketorimes 

Ketoxime rn.po (bop.) Oc 
found lit o 

Cyclohexanone orime 90 90 
2-Hethylcyclohexanone orime 44-45 43 

3-Methylcyclohexanone oxime (115-118) (115-118 ) 

2,2,6-Trimethylcyclohexanone oxime 103-104 102.5-103 

2,2,6,6-Tetramethylcyclohexanone oxime 151.5 151 

Camphor oxime 118 118 

Fenchone oxime 162 165 

Isophorone orime 100-101 102 

a) Procedure given in the experimental section. 

Reference 

39 
l~O 

41 

42 

43 

44 

45 

46 

Remarks 

760 mm 

a 

1-' 
1\) 
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Figure 1. NMR Data and Configurationa1 Assignments of Sterica11y 

Hindered ICetoximeso 26 ,47 

2-Methylcyc1ohexanone oxime 

a = 1.09 ppm (D 9 3 II, J = 7 cps) 
H (b) 

b = 2.16 ppm (M, 1 H) 

H (c) c = 3.13 ppm 
1 

(14 9 1 H, J bc = 12 cps) 
\ 
1 

d 9.9 (S9 1 H) 1 = ppm 
-0 

'-H(d) 

2,6,6-Trimethy1cyc1ohexanone oxime 

al) = 1.12 ppm (S) 

~~~~(b) 
bo;. = 1.14 ppm (D, J = 7.5 cps) 

c" 1.16 ppm (S) 
4-~ V(d) 

= 

d = 3.5 ppm (M, 1 H) 
CH? \ : 
(c -0 e = 9.9 ppm (s, 1 H) 

"'H (e) 

2,2,6,6-Tetramethy1cyc1ohexanone oxime 

a = 1.16 ppm (S, 6 H) 

b = 1.33 ppm (S, 6 H) 
H3 (b) 

9.6 (S, 1 R) c = ppm 
CH3 ~N-O Ca) "H Cc) 

1) Total integrated area corresponds to 9 H. 



Camphor oxime 

J yn = 0 cps; J xn - 19 cps 

Fenchone oxime 

aO = 0.79 Cs), 0.91 CS), 1.00 (S) ppm 

Hn = 2028 ppm CD, 1 H) 

Hx; 2.56 ppm CQ, 1 H) 

b = 8.7 ppm (s, 1 H) 

L~8 
J yx = 3 cps. 

a = 1024 ppm (S, 3 H) 

b**= 1.32 (S), 1.35 (S) ppm 

c = 8.3 ppm (S, 1 H) 

~. Total of 9 H 00 Total of 6 Ho 
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CHAPTER 110 OXIDATION OF ALDOXH1ES 

A. O~ddation of Hindorod Syn Aldoximes. 

O-Methylpodocarponitrile oxide. As n convenient modol for 

the preliminaI'y study of the lond tetraacetate oxidation of aldmdmes, 

syn-o-methylpodocarpinaldoxime (11) \"Jas chosen. Reaction of this 

compound vIi th lead tetraacetate in methylene chloride (5 min? room 

temperature) afforded the nitrile oxide 12 in 91.7& yield: 

o 
OH 

k H 

~-
'+ N 

4:d'" 
11 12 

The IR spectrum of compound 12 showed an intense band at 2270 cm-l 

which is typical for nitrile oxideso 49 Horeover, elemental analysis 

data as v/ell as the NHR spectrum (Figure 2, po 19) 'l/ere fully consis-

tent with the assigned structure. Sodium borohydride reduction of 12 

afforded a quantitative yield of the starting aldoxime Il. Unlike 

other Imo\'Jn nitrile oxides,50 O-methylpodocarponi trile oxid.e is stable 

at room temperature and thus represents the first example of a stable 

aliphatic nitrile oxide. rts shelf life at room temperature is weIl 

in OJccess of one year, though heating above its melting point (132°) 
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converts it slm'lly to the corresponding isocyanate. Under no conditions 

50 can i t be made to dimerize to the furoxan. It does, ho\'/ever, react 

slonly \"JÏ th acetic acid and vinyl acetate in a 1,3-dipolar addition51 ,52 

* to an N-acetoxyhydroxamic acid and an isoxazoline acetate, respectively. 

Reaction of aldoxime Il with lead tetraacetate in acetic acid 

(5 min? room temperature) also leads predominantly to the nitrile 

oride 12 (8CY,'~). As a side product, the N-acetoxy-O-methylpodocarpo-

hydroxamic acid i8 formed. Conversion to the latter product was also 

observed when treating the aldoxime in methylene chloride with lead 

tetraacetate over extended periods of time; formation of the N-acetoxy-

hydroxamic acid 1,'/as virtually quantitative after about 2 days. 

Mesitonitrile oxide (13). Reaction of 2,4,6-trimethy1benzaldoxime 

(Mesitaldoxill)e, 8976 syn and 11% anti isomer) with lead tetraacetate :i.n 

methylene ch10ride at -780 1ed to a mixture of two compounds. The 

major (more soluble) component \'las iso1ated (8796) and identified as 

the 2,4, 6-trimethy1benzonitri1e oxide 0-3> (mesi tonitri1e oxi de), while 

the minor (less soluble) component appeared to be the 

2,4,6-trimethylpheny1aldazine-bis-N-oxide (14) (identified by IR only, 

\1 CHC13: 1580(s), 1450(s), 1380(s), 1340(s), 1090(6), 1072(6), and 
max 

915(m) cm-l).20, 51 

* RCONHOAc. This name has been used in preference to the more correct 
name, acetylhydroxamate, because it is more descriptive in locating 
the aceto:lC"J group 0 
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Ar. 
, '-.......C==N 

+ 

H/ ""OH 
(9 parts) Ar-C.=N-O (9 parts) 

13 

+ Pb(OAc)4:;:. -1-

0 
Ar, /H + .,/' 

ArCH==- N '--... 
'C==--N (1 part) /.N===CHAr CY2 part) 

H/ _0 

14 

Ar ;:>, Lf ,6-trimethylphenyl. 

Oxidation of mesi taldoxime at room temperature in methylene chlorid,e 

also led to nitrile oxide 13 and aldazine-bis-N-oxide ll~, but under 

these conditions more aldazine-bis-N-oxide and less nitrile oxide was 

formed. 

Elemental analysis, IR (v CC14 : 2290(s) and 1360(s) cm-l ) , max 

and NMR data unequivoca11y established the identity of the oxidation 

product of syn-mesitaldoxime as mesitonitrile oxide. Purification to 

constant melting point gave as the highest value 111.5-1120 

(lit.?l 114°). As reported,5l mesitonitrile oxide does not dimerize 

to furoxan and appears to have a shelf life weIl in excess of one year. 

Contrary to its reported inertness towards pure acetic acid,51 it was 

found to react readily with this acid at room temperature to form 



) 

the N-acetoxymesitohydroxamic acid (15) (negative ferric ch10ride 

test)~ The reported51 acid cata1yzed (H2S0L~) addition of acetic 

acid 1eading to acety1mesitohydroximic acid (16) (positive ferric 

ch10ride test) cou1d not be confirmed. 

16 
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B. Oxidation of UIDlindered Syn Aldoximes. 

The formation of stable nitrile oxides from sterically 

hindered syn aldoximes suggested that oxidation of syn aldoximes in 

general, irrespective of their sterie hindrance, might lead ta nitrile 

oxides. By worldng at very Iml temperature, i. t was hoped that the 

very reactive nitri.le oxideo50 could be isolated or tra~ped. Since 

the oxidation leads to the formatjon of two moles of acetic acid per 

mole nitrile oxide; 

+ -
syn - RCH==NOH + Pb(OAC)4 --> R- C==N-O ... 2 HOAc + Pb (OAc)2. ' 

reaction between these two components could be reasonably expected 

to oeeur. This, in fact was observed. Reaction of a number of 

aliphatic and aromatic aldoximes with lead tetraacetate in methylene 

chloride at -780 for 10 to 30 minutes gave N-acetoxyhydroxamic 

acids (RCONHOAc) in 60 to loa;6 yield. These compounds do not give 

a positive colour test for hydroxamic acids immediately upon 

admixture with a methanolic ferric chloride solution. Prolonged 

stantljng at room temperature (hours to days), however, causes slow 

formation of a mauve colour, thus indicating hydrolysis to free 

hydroxamic acid. 

As already pointed out, sterically hindered syn aldoximes 

reacted at low (-780 ) and room temperature to nitrile oxides or 

their derivatives. In this connection, it is of interest to note 

that aldoximes epimeric to O-methylpodocarpinaldoxime (11) at 
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carbon atom 4 did not afford stable nitrile oxides at room temperature, 

but only the corresponding N-acetoxyhydroxamie acids. Evidently, the 

equatorially disposed nitrile oxide r:;roup, as derived from dehydl'o­

abietinaldoxime (17) and abietinaldoxime (18),53 is sufficiently 

reactive towards acetic acid at room temperature and learis quantitati.ve-

1y to the N-acetoxyhydroxamic acid.* 

Pb(OAc)1t 
---.... Po 

HOAc 
5 min 

Il 12 

(8OJG isolated) 

~ 
~/Pb(OAC)t 

~HOAC cl 5 min AcONHCO 

(none isolated) 
17, 18 

'fhe oxidation of syn-trimethylacetaldo:xime revealed a second 

mechanistic path to the formation of N-acetoxyhydroxamic acids. 

Reaction of this aldoxime vii th 1ead tetraacetate in methylene chloride 

~.. Partial structures are shawn only. 



~t -200 afforded a mixture of the gemina1 nitrosoacetate 18 

(intensely blue) (25%) and the N-acetoxytrimethy1acetohydroxamic 

acid (75%). The ni trosoacetate 18 \'/as found to rearrange, ei ther 

on standing in solution, or better by refluxing in ether \"/i th a 

catalytic amount of triethylamine, to N-acetoxytrimethylaceto-

hydroxamic acid. 

Pb(OAC)4 

+ -
~ (CH3)3CC==N-O l HOAc 

\l' 

(CH3)3CHCONHOAC 
~ 

syn- ( CH 3) 3CCH= NOH 

(CH3)3CCH (NO)OAC J 
18 

This nov el rearrangement appears to be general for 

l-acetoxy-l-nitrosoalkanes and will be taken up in more detai1 

in the context of the anti aldoxime oxidation (p. /10 ). Formation 

of compound 18 could be virtual1y suppressed by oxidizing syn­

trimethylacetaldoxime at -780
, which led in higr. yield () 8~~) 

to the N-acetoxyhydroxamic acid; no (blue) nitrosoace'cate was 

detected under these conditions. 

Reaction of unhindered a1doximes in acetic acid at room 

temperature gave rise to product mixtures containing the parent 

22 
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aldehyde and possibly (IR evidence only) the aldoxime acetate besides 

ni tric m{ide, but no N-acetoxyhydroxamic acids (benzaldoxime, 

isobutyraldoxime and acetaldoxime \'lere tested). 

Reaction of aliphatic syn aldoximes in methylene chloride 

at room temperature afforded blue solutions which have been shown, in 

'd dt' t' t' 18 t t' b t t' ] t f an ln epen en l.nves l.ga -1 on, 0 con· aJ.n su s an la. amoun S o. 

l-acetoxy-l-nitrosoalkanes. 

Acetaldoxime (41% syn, 5<J?6 anti isomer) Vlhen treated with 

lead tetraacetate in methylene ehloride at _780 led to a mixture 

whi.ch contained not more than 3(J}6 of N-acetoxyacetohydroxamic acid 

(IR estimate on1y). No attempt was made to isolate this compound. 

AIl N-acetoxyhydroxamic acids which were obtained as 

analytically pure materia~are listed in Tables 4 and 5 (pp. 26, 27) 

together with supporting evidence for their identity (m.po,elemental 

analysis, IR, and NMR spectral data). In addition, cheminal evidence 

for the identity of N-a.cetoxytrimethylacetohydroxamic acid \'IaS 

provided by independent synthesis using known procedures:14 

1. SOC12 
2. NH20H 

---C> (CH3)3CCONHOAC 
3. AC20 

Pb(OAC)4 
<l syn- ( CH 3) 3CCH= NOH 

Two of thé listed N-acetoxyhydroxamic acids are Imown (N-acetoxybenzo­

hydroxamic acid54 and N-acetoxymesitohydroxamic acid51 ) and their 

melting points \'Iere found to be in agreement with those reported. 
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The IR spectra of N-acetoxyhydroxamic acids ShOVl as typical 

features bands at 3370(m), 1780(6), 1720(s), and 1198(s) cm-1 • These 

bands \'Iere assigned to stretching modes of the bonds indicated: 55 

H------O 
.3370 cm-1 -c> 1 11-0-1780 cm-l 

R~c~N~O~_C"CH3 
1720 cm-1 -> Il 1 

~ 1198 cm-1 

Hydrop;en bonding, as shown, was obvious from the absence of a free 

N-H stretching frequency in the IR spectrum, and was corroborated by 

the observation that acetylation shifted the N-acetate carbonyl band 

from 1780 cm-1 to 1820 cm-l (formation of a trisubstituted hydroxylamine 

deri.vative). Little variation in band position or intensjty Vias 

observed for the various compounds. 

The NMR spectra show as characteristic features two signaIs, 

one et 2.2 ppm CsingIet, OAc) , the other at 9 to 10 ppm (singlet, N-H, 

exchangeable)0 

The IR and NMR spectrum of N-acetoxytrimethylacetohydroxamic 

acid are shown in F'igure 3 (p. 25) as a representative example. 
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Table 4 

N-Acetoxyhydroxarnic Acide Obtained from Aldoximes 

RCONHOAc Yield 
Anal 0 ~~ 

rn.p. 
C H 

R QI 
70 Oc ca1cd. found calcdQ 

(CH3)3C- 80 116.5 52.81 52.92 8 .. 23 

16-Nor-O-methyl- 100 150 (dec.) 69054 69 .. 22 7.88 podocarp-4f3 -y1-

C6H5- 63 126.5 a 60.33 60.32 5006 

b 
Hesity1- 100 13905-140 (dec.) 65.14 65023 6.83 

n-Hexy1- 14 82.5- 83 57.73 57.68 9.15 

a) lit.,54 rn.p. 125-126°; b) lit.,51 rn.p. 136-138° (dec.). 

found calcd. 

8.23 8.80 

7 .. 73 4.06 

4091 7082 

6078 6.33 

9.18 7.48 

N 

found 

8094 

4.28 

7.76 

6026 

7.38 

N 
(j'. 



RCONHOAc 

R 

(CH3)3C-

16-Nor-0-methyl-
podocarp-4 (3 -y1-

C6H5-

Ne5ity1-

n-Hexyl-

·Table 5 

NMR and IR Data for N-Acetoxyhydroxamic Acid5 

Obtained from Aldoxime5 

N M R l R 
Chemical Shift, cf ppm "V cm-1 

max 
Solvent 

N-H OAc 

9.8 2016 c 3370(u-m), 1780(5)~ 1720(5), 
1198(5) 

9.3 2.18 c 3370(r/-m), 1780(5), 1715(s), 
1198(5) 

10.4- 2.17 c 3360(m), 1790(5), 1705(5) 

9.3 2.36 2) c 3380(m)t 1800(s), 1710(5) 

9.8 2.18 c 3360(m)9 1795(5), 1735(5) 
1200(s) 

a) CC14 ; b) CHC13; c) CDC13 ; 1) KBr pellet: 3160(m), 1800(5), 1660(8), and 1204(5) cm-l; 

2) or signal at 2.27 ppm (1). 

Solvent 

a 

a 

b 1) 

b 

a 

i\) 
~ 



c. OJddlltion of Syn Aldoximes o.nd Trapping of the Intermediatc 

Nitrile Oxides nith Vinyl Acetateo 

28 

The l'ecogni tion Qf trIo mechanistic path\'Iays for the formation 

of N-acetoxyhydroxamic Ilcids CIlSt some doubt on the proposed general 

nature of nitrile oxides as the necessary and only intermediates in 

the lend tetrallcetate oxidation of syn aldoximeso It is conceivable 

that nitrile oJcides are formed by a 1,1-elimination of acetic acid 

from the geminal nitrosoacetate in analogy to carbene formation: 56 

Base ~ 

li 

1 
R- C- N==O 

Base 
t> 

+ -
R-C-N-==O ~ R-C·=N-O 

1 
OAc 

HO\'Jever, the formation of nitrile oJddes by a l,l-elimination. could 

be eJœluded on the basis of the following observation. When l-acetoxy-

I-nitroso-2,2-dimethylpropane ~aB treated with triethylamine in a 

large exceS6 of vinyl acetate only N-acetoxytrimethylacetohydroxamic 

acid, but no isoxazoline acetate could be isolated: 

(CH3)3CCONHOAC 

+ -
( CH3)3CC=N-O 
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Nitrile oxides under these conditions are known to give iSOJŒzoline 

acetates,52,57 and the formation of such derivatives is therefore 

diagnostic for nitrile oxides as intermediates .. 

A general procedure \'1as \7orked out for high yield conversion 

of syn aldoximes to isoxazoline derivativeso The aldoxime rJas 

dissolved in methylene chloride and a large molar e::ccess () 100) of 

vinyl acetate rIas added. This solution rJas cooled to _780 and a 

co1d solution of lead tetraacetate in methylene chloride \"las added 

over a period of one minuteo For high yie1ds efficient cooling \'1as 

important. After one hour, a solution of triethy1amine in methy1ene 

chloride was added to neutra1ize the acetic acid liberated in the 

mcidation reaction. Depending on the solubility of the a1doxime, 

oxidation times varied, but one hour was general1y found satisfactory. 

Reaction times of up to tuo and a ha1f hours still produced the same 

resu1tso Even when using reasonably large quantities of solvent most 

aldoJeimes precipitated to some extent at -78°, yet redisso1ved as 

they reacted with 1ead tetraacetateo 

Triethy1amine uas found to act mere1y as an acid scavenger 

since the oxidation in its absence a1so proceeded to isoxazo1ine 

acetates, although in 10\'1 yie1ds g the main product of the reaction 

being the N-acetOJcyhydroJCamic acids. The common1y employed acid 

scavenger in lead tetraacetate oxidations, calcium carbonate,58 
\"/a6 

found to be ineffective (Na2HP049 NaHC03, and IC2C03 fai1ed simi1arly)o 
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It could be demonstrated that an anhydrous ethereal solution of acetic 

acid does not evolve cOl~bon dioxide upon addition of a carbonate 

(CaC039 NnIIC039 or K2C03); only after ndding a small quanti ty of \.,at~r 

can evolution of agas (C02) be observed~ 

Triethylamine could be replaccd by pyridineo In fact, the 

oxidation could be carried out in the presence of pyridine. The samo 

products \"Jere obtuined, yet \10rk-up \"/as more tedious :.md losses \"lere 

higher., especially nhen rencting lorI molecular \/eight aldOJcimeso 

The OJddation could a1so be conducted in methylene chloride 

alone with subsequent addition of vinyl acetate/triethylamine; this 

approach gave purer products t but lo~er yields (40-50%). Further, the 

reaction could be carried out in the presence of ethanol. The rate 

of oxidation \'las higher than in methylene chloride/vinyl acetate as 

deduced from a sudden temperature rise upon addition of lead tetra­

acetate to the aldoxime. This approach also gave 10wer yie1ds (40-5~6)o 

The reaction \'las found to be limited to syn aldoximes which 

do not bear a phenolic hydroxy group, and would probably a1so fail in 

the presence of aromatic primary and secondary aminesQ It could be 

estab1ished that phenolic hydroxy groups reuct faster rrlth lead tetra­

acetate th an oJdme hydrOlcy groups. ]'or instance, olcidation of parn­

and meta-hydrolcybenzaldoldme (100% syn) afforded tarry products, 

containing no detectable amounts (IR, NMR) of isoxazoline acetates .. 
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Interception of nitrile oJCides by 1,3-dipolar cycloaddition 

i6 not Iimited to vinyl acetate and other dipolarophilic compounds 

should be equally suitableo The choice of vinyl acetate in this 

investigation \'las prompted by the follot'Jing considerations: L vinyl 

acetate is inexpensive and therefore economical since it has to be 

used in a large eJcceSSj 2. it i6 volatile and easily removed in the 

1.'/ork-up; 3. it leads to highly crystalline derivatives; 4. it is a 

very reacti ve olefin \'Jhich reacts readily \'/i th lead tetraacetate at 

room temperature; it thus served to demonstrate that this reactio!l 

can be carried out on oximes bearing reactive double bonds; 

5. 5-acetoxy-2-isoJcazolines can be readily converted to preparatively 

use fuI 2-isoJcazoles59 by simple acetic acid elimination. 60 

The oxidation of acetaldoxime (41% t,yn and 59% anti isomer) 

gave a mixture of products which by IR estimate contained not more 

than 30% of 5-acetoxy-3-methyl-2-isoxazoline. No attempt was made 

to isolate this compound, since for preparative purposes it can be 

obtained more conveniently from nitroethane.57 

AlI data which were obtained for characterization and 

identification of the isoxazoline acetates are compiled in 

Tables 6 and 7 (pp. 35,36). Of the compounds listed only 5-acetoxy-

3-phenyl-2-isoxazoline has been described, and its physical 

properties (mop •• UV absorption) \'lere found to be in satisfactory 

agreement \'Ji th litera ture values. 60. 61 The reported divergence in 
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melting points - 88_89°61 and 107060 - \'Jas resolved by showing that 

recryatallization from heJcanejethano1 1eads to material me1ting at 

90.5°, and vacuum sublimation afforde a material melting nt 106°. 

I,Phe t\10 (crystal) forms are interconvertib1e and arise from the sarne 

compound (IR, mm, Anal., identical). The other isoxazoline acetatee 

\'lere identified by their IR and Nr1R spectre. and e1emental analysie 

data. Characteristic IR features of the isoxaz01ine acetates are the 

bands at 1770(e), 1750(shoulder), 1225(8), 1163(6), and 960(s) cm-l, 

l'/hich ïlere aesigned to the stretching modes as shown: 

---
- 1163 cm-1 

- 1770, 1225 cm-l 

Variations in band position for the variouc substrates (R) were found 

to be smal1 ( < t. 7 -5 cm~~. The NMR spectra of the isoJCazo1ine acetates 

sho\'Jed in al1 cases a characteristic set of signaIs arising from an 

ABX system of protons. A set of three quartets was observed, respect-

ive1y centered at (R -= alkyl): 2.8 pprn (HA)' 3.3 ppm (HB), and 

6.7 ppm (HX) with coupling constants JiI.B = 18 cps, JAX = 6 cps, and 

,TBX == 2 cps. When R = aryl, the signaIs for HA and HB \'Jere shifted 

dovmfield by ca~ 004 ppm and for HX by 001 to 002 ppm.. The nature of 



the substituent FI had no effect on the coupling constants. Since 

the signaIs for protons HA' HB' and HX fe11 normally well out of 

the region of proton signals urising from the substituent R, an 

easy means vias provided ta estimate relative amounts of isoJwzoline 

acetates in crude reaction mixtures. 

As a representative exemple, the IR and NHR spectrum of 

)-acetoxy-3-t-butyl-2-isoxazoline are shorm in Figure 4 (p. 34 ). 
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Table 6 

3-Substituted 5-Acetoxy-2-isoxazolines 

R~\ Anal. % 

Q Yield rn.p. Rernarks 

C H N 
OAc 

R % Oc calcd. found cal cd. found calcd. found 

Recryst~, from 
(CH3 )2CH- 97 33.5- 34 56.12 56.18 7.65 7.61 6.16 8.19 pentane. Yield based 

on syn aldoxime. 

(CH3)3C- 78 51.5 58.36 58.45 8.16 8.19 7.56 7.57 

16-Nor-0-methyl- 100 52-54 Crude yield. podocarp-4 f3 -yl-

C6H5- 81 90.5 1) 64.38 64.39 5.40 5.35 6.83 6.83 rn.p. 106°, vac. 
sublimed. 

p-CH3OC6H4- 78 140-141 61.27 61.47 5.57 5.81 5.96 6.03 

P-N02C6H4- 86 150 52.80 52.76 4.03 4.31 11.20 Il.24 Oxidation time 
IJ-2 hr. 

v.. 
i.~ 

1) lit., 59 rn.p. 88-89°. 



'rable 7 

NMR and IR Data for 3-Sub6tituted 5-Acetoxy-2-isoxazolines 

R '-::;::N 

:r2AC 
N M R l R 

Ghemica1 Shift 1 d ppm So1vent V max cm-1 
.301vent 

Ex 

R HA 
1) 

HB 
1) 

HX 
1) OAc 

(CH3)2CH- 2.74 3023 6.53 2.02 a 1770(6), 1750(m), 1225(6), a 1163(6), 960(s) 

(CH3)3C- 2.82 3.33 6.78 2.06 b 1770(s)t 1755(m), 1225(6), a 1168(s), 962(s) 

16-Nor-O-methyl- 2.84 3·32 6.61 
1.95 2) 

b 
1?70(s)i 1750(m)i 1225(6), 

podocarp-4~-yl- 2.02 1168(s), 963(6) a 

C6Ht;- 3.28 3.67 6.84 2.04 b 
1770(6), 1745(rn), 1220(s), 
1166(s), 958(s) a 

./ 

P-CH30C6H4- 3·31 3.68 6.88 2.08 b 
1770(s), 1745(m), 1230(6), 

a 1171(6), 967(s) 

p-N02C6H4- 3.31 3.72 6.87 2.07 b 
1775(s)? 1750(m)? 1220(6), a 1169(s), 958(6) 

VI 

1) Bach signal is split into a quartet: J AB = 18 cps, JAX = 6 cpa, J BX :: 2 cps. 
C]\ 

2) 1:1 mixture of diastereomers. a = CC14; b = CDCly 
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U. Preparation of 3-Substituted 2-Isoxazolea. 

'-l'he reaction of o-methylpodocarponi trile o;,dde (~) wi th 

vinyl acetate (reflux in benzene) afforded a 1:1 mixture of the 

diastereomeric 15-acecmr,}"-3- (16-nor-O-methylpodocarp-4 f3 -yI) -2-

.iso)cazoline (19) as sho\'Jn by the NNR spectrum. Separation of the 

.. 
trIo isomers \las not possible as chromatography (TI.C : one spot) ~ 

crystallization, and vacuum sublimation i"ailed to produce uny 

resolution. '.rhe mixture t'IaS therefore converted by refluxing in 

60 acidic (Hel) ethanol to the corresponding 2-isoxazole (20) (8~6, 

based on ni tri1e o~c.ide 12): 

OAc 
o 
1 
N+ 

;bdll 
C 1 

h ~CH2--CHOAc 
, l 'i> 

~-- 1 
1 

HCl/EtOH 
;> 

12 19 20 

While t.he IH spectrum of 2-isoxazole ~.2 was not partic-

ularly informative, the NMR spectrum showed a characteristic set 

of t\'JO doublets at 6.32 i3.nd 8.31 ppm, \'/hich \'Iere respectively 

assigned to protons HA and HB (J AB :::: 1. 7 cps). 

Thin Layer Chromatography. 



As shown in the preceding section 9 3-t-butyl-5-acetmcy-

2-isoxazoline can be prepared from trimethylacetaldoxime. When 

rccording an Nr-1R spectrum of this iSo:lmzoline acetate immediately 

atter dissolution in deuterochloroform, a set of signals rJas 

obtained consistent \'/i th the ossigned structureo Honever, \'Jhen 

recording a second spectrum of the sarne solution after one dey, 

the isoJCazo1ine acetate rias converted to about one ha1f to t\'lO ner; 

compounds (ratio 1:1). Tao days later this conversion \'Jas complete. 

Analysis of the spectrum clearly indicated the presence of acetic 

acid (2.07 ppm, OAc; 1106 Ppm9 COOH) and 3-t-butyl-2-isOJcazole 

(1.34 ppm, t-butyl; 6 .. 25 ppm, HA-C==C- 8.29 ppm f -C==C-HB). 

Apparently, the acetic acid e1imination l'las catalyzed by hydrochloric 

acid which is present in chloroform in small quantities. 

Under comparable conditions, isoxazo1ine acetate 19 did 

not e1iminate ace tic acid, but required more vigorous conditions. 

This Buggests that the rate determining step is the proton remova1 

by the ch10ride ion.. which probab1y is much a10wer in the more 

hindel'ed isoxazo1ine acctate 19. 

The IR and Nt-m spectrum of the 1:1 mixture of acetic acid 

and ~;-t-butyl-2-isoJCazo1E: are shown in FiguI'e 5 (po 39). 
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E. Oxidation of Anti-n";Heptanaldoximeo 

In the oxidation of syn aldoximes it became apparent that 

the reaction has sterochemical requirements t fol' oxidation of syn/ 

anti aldoxime mixtures led to mt\ch 10\"/er yields of ni trile OJddes~ 

The yields obtained corresponded apprmcimately to the amount of syn 

isomer in the aldmd.me mixture indicating that anti e.ldmcimes react 

differentlyo To further substantiate this point, pure anti-n­

heptanaldoJdme cras treated oith lead tetraacetate in methylene 

chloride at -780 • A hazy ye1loo solution resulted ahich on raising 

the temperature shor/ed the following changes: at -700 formation of 

a green colour accompanied by precipitation of lead diacetate; the 

green colour reached an intensi ty mmcimum at -55 to -500 , then 

slowly faded to a grey/yel1ow at -25 to -20°. A different green/ 

blue colour began to form at. -100 which intensified to a deep 

greenjb1ue at room temperature. The last colour uas reversib1e: 

it turned to pale yellow at -780 and reappeared on raising the 

temperature above -100
0 An intermediate green coloul:' in the range 

of -70 to -250 could not be observed again. The srune sequence of 

colour changes was noted for the oxidation of acetaldoxime (41% syn 

and 5~~ anti isomer). 

NMR and IR spectral analysis of the cru de reaction product 

from the anti-n-heptanaldoJcime oxidation revea1ed a comp1eJc mixture, 

\'Ihich contained five or more different componentso The NMR spectrum 



shO\"led as notable fentures tt/o, partly overlapping, triplets at 

6 .. 60 and 6965 ppm of approximately the same intensity and coupling 

constant (J = 5 cps). Comparison of the joint integrated area of 

the trIO signaIs \'Ii. th the area of the terminal methyl group indic-

ated the presence of approximately 38 mole % of a 1~1 mixture of 

components ~ and ~: 

21 

H 
\ 

CR3(CH2)5-C -~ 
1 

X 

22 

41 

Component ~ \'las later shown ta be a geminal nitrosoacetate and 22 

appeared to be the corresponding nitroacetate.. Further~ thare were 

four major singlet signaIs in the range of 108 to 2.2 ppm, suggest-

ing methyl groups attached to fairly electronegative groups 
1 1 

( -N-; - C =-0). Between 2.2 and 6 .. 6 ppm there \'lere no signaIs. 

Comparison of the integrated areas between 1.8 to 202 and 0 to 1~7 ppm 

suggested ca. 40 mole 96 of material which cannot be assigned to 

compounds bearing a methyl group attached to an electronegative group 
1 1 

(-N- CH3; 0==C-CH3). These data are consistent \"lith the 

spectral characteristics of an aldazine-bis-N-oxide. HO\'lever, other 

formulations cannot be eJccluded at this point. 

'ft. 

""'1 
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The IR spectrum revealed as notable features bands at 

18IW(m), 1820(m-s), 1770(s)9 1730(m-a), 1295(m-s), 1205(s), and 

ll28(s) cm-lN Removal of volatile material by pumping at 100 and 

0.1 mm Hg permitted collection of a liquid fraction in a cold trap. 

This fraction \'las sho\ïn to contain acetic anhydride and acetic acid. 

Reinspection of the crude residue by IR spectroscopy indicated the 

absence of the bands at 1840» 1730, 12959 and 1128 cm-1 t"lhich \"Jere 

thus shot"ln to arise from acetic anhydride and acetic acide> It 

should be noted that the cr.ude oJcidation product \"Jas \'Jashed acid 

free \1i th sodium bicarbonate solution before the first spectral 

inspection. Therefore, the acetic acid must have been formed after 

work-up, i.e .. , on standing at room temperature. 

Lo\'1 temperature recrystallization (-780 ) from pentane 

permitted isolation of 9 to 14% of l-acetoxy-l.-nitroso-n-heptane. 

This material accounted for component 21 \1ith a triplet signal in 

the NMR spectrum at 6.65 ppm. The mother liquor of the recrystalliz­

ation showed enhanced intensity of the other triplet at 6.60 ppm in 

addition to other \'Ieak and poorly resolved signaIs in the sarne region. 

Interestingly. the IR spectrum of the mother liquor shoved now El. 

medium intense band at 1550 cm-1 which could be shown not to arise 

from the nitrosoacetate ~9 but rather suggested the presence of El. 

nitro compound (~)o 
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Semi-quantitative IR analysis indicated approximately 101b 

of acetic anhydride in the crude (not evacuated) oxidation product. 

The band at 1820 cm-l was shorJn not to arise from acetyl peroxide 1

62 

but is most Iiltely due to a trisubstituted hydroJCylamine (23 or 24): 

r 3 

BeON CH3 (1) 
\ / o-c 

'" o 

24 

In another eJCperiment, it could be shown that the oJCidation 

,las not affected by the presence of oxygen. Since free radicals are 

probable intermediates in this reaction, interaction of these with 

oJCygen could have conceivably led to diffel'ent products. 

The isolated nitrosoacetate 21 is a colourless, crystalline 

compound which melts at 84 to 850 • When dissolved in chloroform, it 

gives a blue solution showing only a very \'/eak band in the IR 

67, spectrum at 1570 cm-l, which ia indicative of monomeric nitrosoacetate. ~ 

On heating the solution,the blue colour and the band at 1570 cm-1 

become more intense; on coo1ing (-78° h a colourless solution results 

which turns blue again only on raising the temperature above -100 • 
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These observations in conjunction rJi th the UV spectrum 

(À cyc10hexane ;~93 mM (f, 3050), trans bis-nitroso configuration64 ) 
max ! 

indicate a predominant1y dimeric structure for the nitrosoacetate in 

solution. Confirmation for this conclusion is provided by the solid 

state IR spectrurn (Figure 6, p. 45 ~ \"1hich also indicates a trans bis­

nitroso configuration63 <v KBr : 1660(m) and 1192(s) cm-1 ) in addition max 

to the presence of an acetate group (V KBr ; 1775(s) and 1220(6) cm-1 ). mruc 

This structure proposaI is substantiated by the NMR spectrum (Figure 6, 

p. 45) which permitted to make the fo11owing assignments: 

e 

a ::. 0.90 ppm (T, 3 H, J ? cpa) 

b .:c 1.31 ppm (M, 8 H) 

c := 1.8J+ ppm 0.1, 2 H) 

d - 2.12 ppm (S, 3 H) 

e _. 6.65 ppm (T, 1 H, J :0 508 cps) 
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f. Rearrangement of l-Acetmcy-l~nitrosoalltô.nes. 

As pointed. out onp. 2.2 t l-açetoxy-J.-nitroso-~;~ ,2-dilIIethyl-

propane can be easily r-earranged to the correspond.i..ng N-acetoxy-· 

h:ydroxandc aC:l.d, ei ther by prolonged standing in solution or ~\V 

addi t.:i.on of t.l"tl~thylam:ine. ln an analogous ma.nner, ni trosoacüta tl' 21 

wa .• s found t.o rearrange La N-ewetoxyheptanohy<Ü'oxamic acid (.~5):' 

7 1 100X 

'T'he teaction l therp.fore, appearEl to be generaJ for l-acetoxy-.L .. 

nitrosoalkanes. Addition of triethy.lamiue merfù.y accelerates t:ht:1 

t'earrangement as does gentle heating of the n:i.trosoacetate as él 

601id or in solution. Similarly t rearrangement OCCUI'G ~/her; t-r;y .ing 

to chromatograph n:Ltrosoa.cetate solut:i ons on either alumina or 

silica gelo When storing crys"talline nit!'osoacetate d at _,0 :i.n 

the clark, no changes \"Jere observed after two menth5. 

Elemen.tal analysi6 and spectral data for t.he N-acetoxy-

heptanohydroxamic acid. a.re compiled :in '.llables il and ':> (pp . .26. 27). 



G. Oxidation of Anti-Benzaldoxime. 

(Preparation of Phenylaldazine-bis-N-oxide) 

'Preatrnent of ant:L-benzaldoxime at -780 ïll th an equimolar 

,-;\llIount of lead tetraacetate in methylene chloride produced a hazy, 

Jello\'l solution \'Ihich turned .intensely green on raising the 

r,emperature above -700 • 'Phe formation of the f5re'~n coloul' oas 

4,; 

accompanied by precipitation of lead diacetate. On further raising 

the temperature, the green slo\"1ly .faded to Golourles6. Work-up at 

lot'l temperature (-20 tü 0° )produced a \',hi te crystalline compound 

which \'Jas found to be identical \'Ji th phenylaldazine-bis-N-oxide (lOa) , ~~() 

ldentity \'las established by comparieon with reported IR spectral 

data (Figure 7, p. 52) and the melting point (found, 109-110°; 

reported, l08_109o ).12a, 18 Compound 10a caf) a160 be prepared hy 

oxidation of benzaldoxime (syn ~ anti) wi th a number of convent:i.onal 

19 12a 6~ 19 
oxidizing agent..s (N2Û3," N204' Nél2COyI2' ~ Ky-e(CN)6' and 

Pb(OAC)4
18), as well as by l"eaction of phenyldiazomethane \'Ji th nitric 

"'0 oxid.e. c.; Oxidation of aromatic aldoximes in general leads to thifi 

type of compound and both the syn and anti aldoxime give the same 

18 19 65 product ~hen the reaction is carried out at room temperature. t ,. 

A numbel" of proposa1s for the structure have been put forward, and 
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those mos! acceptable - in t,he .l.ight of modern theory - are the 

follo\"Jing: 

lOa 

structure 9a can be excluded because the compound does not behave 

like a peroxide,66 Le., an acidic iodide solutionis not oxidized 

to iodine. 'rh€: choice between structures Ba and lOa is a more - -
18 

difficult one and is presentIy debated. .Formation of compound lOa 
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by reaction of phenyldiazomethane \'Ii th ni tric oJcide rIas convincingly 

rationalized by proposing the follo\'Jing mechanisru: 20 

PhCH -N=N 

~ 
'N:::=O .. ~ 

Ph (N=N /-"\-. 
/' ""'. fi '\ ,N-ü 

~. 

10a 

• N·, 
C' 

H 

4a 

'rhis mechanistic proposal \'Jas aubstantiated by detection of iminoxy 

radicals 4a (ESR) and measurement of the stoichiometric amount of 

nitrogen liberated during the reaction. Further, mild reduction of 

10a with triphenylphosphine afforded phenylaldazine (26) and 

triphenylphospine oxide: 20 

PhCH==N ·r -
10a 1- 2 (Ph) 3P ----':> '" 

"'N==CHPh 
+ é' ( Ph )31'- () 

,~6 
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A.dditional evidence for the correctness of structure 10a is provided 

by the observation of iminoxy radicals 40 in the oxidation of 
l benzaldoxime.- These radicals show appreciable spin densit;y at the 

nitrogen atom t 1 9 6,9 \'lhich \'Iould suggest preferential energy dissipation 

by dimerization at the ni trogen atoms leadi.ng to compound 10n: 

10u 

h ·b ,18 th t b 'ld' . (·'7) \;' j-h l d t t 'l' e 0 servatl.on a· enz~ lOXl.me ~ reaC"8 vaç ea ;era-

acetate to diphenylfuroxan (.?~) does not invalidate the aldazine-

bis-N-oxide structure,because formation of the four-membered :ring 

azine-bis-N-oxide 29 l'Iould be highly unfavoured for star.ie reasons. 

Ph Ph 
\ / 
G-C 

1/ \\f. 
N. N'-.... _ 
"'-0/ 0 

28 

Ph Ph 

'- / C-c 
JI 11+ 
N-N 

/ "--0 "0 
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These resu1ts suggest strongly that oxidation of aromatic a1dœdmes 

leads to o.ldazine-bis-N-oxides and the product of the 10\7 temperature 

mddation of an"ti-benza.1doxime ni th 1ead tetraacetate is 

phenyla1dazine-bis-N-oxide (10a)0 
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Ho Thermal Decomposition of Phenylaldazine-bis-N-oxide. 

Aldazine-bis-N-oxides are rather uns table compounds and de-

compose easily on e2~osure to light or heat. In particular~ heating 

12a of pllenylaldazine-bis-N-oxide (~) in chloroform has been reported 

to lead to 3~5-diphenyl-294-o:Kadiazole (30) and water~ \7hile heating of 

the same compound in benzene65 gave predominantly 3~5-diphenyl-2?4-OJm-

diazole-4~N-oJCide (31) and benzaldo:ldme: 

Ph 

CHC13 
\C-N 

H20 Il \\ + 
:> 

1::::. N C 
"0/ ............ Rl 

0'-

1 
PhCH==:N+ 30 

\ 
N~CHPh 

t 
0 Ph -0 

\ / 
10a C6H6 C--N 

""'~ ~ \~ + PhCHNOH 

~ "" / ............ 'Ph 0 

31 

No mechanistic interpretation for the formation of compounds 30 and 

31 has been given so far. 12 An attempt to generate and observe (ESR) 

free radicals in the thermal decomposition of cOnlpound 10a led to 

negative resultso 20 It \'Jas therefore decided to study the thermal 
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decomposition by IR spectroscopy in the hope of gaining sorne under-

standing about the formation of the Oi~adiazole derivatives 30 and 310 

This approach indeed provided a satisfactory ans~ero It could be 

observed that heating of compound 10~ in carbon tetrachloride (50°) 

led to a mi:cture of benzonitrile oxide and benzaldOidmeo In n 

subsoquent reaction nll of the benzoni trile mdde and Iilost of the 

benzaldmdme \1ere consumedo In a second eJq>eriment compound ~ uas 

briefly refluxed in vinyl acetate \1hich afforded a semi-crystalline 

mixture of 5-acetoxy-3-phenyl-2-isoxazoline (1 mole)? benzaldmdme 

(3 moles), and a compound (or compounds) containing ooly aromatic 
(1 

protons (Ph-?-Ph, l mole)o These results clearly indicate that 

phenylaldazine-bie-N-oJdde undergoes thermal decomposi tion to 

benzonitrile oJCide and benzaldoJdme, probably via a transition state 

as shown: 

Ph OH 
\ / 

C===N 
---1::> / - + 

H + O-N_C-Ph 

In a subsequent step benzonitrile oxide reacts with any dipolarophile, 

\7hich is present in solution 9 to a fi ve-membered ring heterocycle 0 

Thus, reaction of benzonitrile Oidde with benzaldoxime \1ould lead to 

(1 mm estimate. 
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oxadiazo1e 30 and rmter (Equation 1) 9 reaction rd th pheny1aldazine­

bis-N-oxide ta oxadiazole-N-mcide 31 and benza1doxime (Equation 2) 9 

and reaction TIith vinyl acetate ta isoxaza1ine acetate 32 (Equation 3)0 

Equation 1: 

Ph 

"'-C't- N-OH 

/1 :--11 
N /->' C-Ph 
'0- 1 

H 

Equation 2: 

Equation 3: 

CHPh 

Th (j ~+ 
\ \ +/~,-
C-N v 0 

-cu /1 \\ ( 
N C-H 
"0/\ 

Ph 

Ph 

'\ 
C-CH2 

1/ \ 
N, ..... CH .......... 
,,/ OAc o 



The observation that thermal dec:omposition of compound ~ 

in chloroform leads predominantly to the oxadiazole 30, suggests that 

traces of hydrochlo~ic acid - a decomposition product of chloroform -

promote fast and complete formation of benzonitrile oJcide and benzald-

oxime v and may also assist in the indicated (Equation 1) natel' 

e1imination from the intermediate oJmdiazolineo Decomposition in the 

absence of hydrochloric acid is appreciably slo\'/ero (1 The ini tially 

formed nitrile OJcide \'/ill therefore add to the more reactive dipolaro-

phile - phenylaldazine-bis-N-OJcide - leading via an OJcadiazoline-N-

OJdde to oJCadiazole-N-OJcide 31 and benzaldoJcime 0 Though nei ther 

benzaldorime nor aldazine-N-oJcides have been shown to undergo 

l,3-dipolar cycloadditions with nitrile oxides, they can be expected 

to do so on the ground of recent studies on other compounds bearing 

carbon-nitrogen double bonds (Schiff bases, e.go).5l 952 

Another eJcample of this type of reaction is found in the 

formation of the oxadiazole-N-oxide 31 from benzohydroJcamic acid chloride:52967 

Ph-C:=N-OH 
of- _ 

- Ph-C-=.N-O HCl 
1 
Cl 

N-OH 
Il + HCl C-Ph 

1 
Cl 

.;. catalysis of decomposition by hydrochloric acid has been demonstrated.18 
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Lastly, the recently68 discovered conversion of p-bromo-

phenylnitronic acid ester 33 to the oxadiazole 34 finds also a 

national e~~lanation by assuming intermediate formation of a nitrile 

OJdde and an aldOJdme, follor/ad by a 193-dipolar cycloaddition: 



CHAPTER Illo OXIDATION OF KErOXIMES 

Exploratory experiments nith hindered ketoximes of type Il: 

Rt R' Il l :. a ty 

JI. 

and lead tetraacetate in aprotic solvents, ranging in dielectric 

constant from one to fort y , led to colourless or pale green product 

mixtures. These mbctures \Vere shown by TLC to consist of turo major 

and eight or more minor components. 

Reaction in a protic solvent - acetic acid - however, led 

to essentially one product (TLC) and was therefore investigated in 

detail. 

Il. OJcidati ve Cleavage of Methylated CycloheJcanone Oximes. 

2,2,6,6-Tetramethylcyclohexanone oxime (35). As a first 

convenient model, 2,2,6,6-tetramethylcycloheJCanone OJdme vias chosen. 

Its reaction with an equimolar runount of lead tetraacetate in acetic 

acid at room temperature (10 min) led to Il pale green oil. 
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NMR spectral analysis and titration of the amidohydrogen indicated 

90 ± 5~6 of the hydroxamic acid derivative 360 Compound 36 could not 

be made to crystallize and chromatographic separation (Si02 ? A1203) 

as creIl as vacuum distillation led to decomposition (isocyanate 

formation '?) 0 Only molecular distillation ut or belorl 500 gave 

an oily distillate \'Ihich rias practically pure compound 360 This 

approach rias not used for preparative scale rJOrk sinee mild hydrolysis 

ruth methanolie potassium carbonate solution converted the crude 

product 36 in good yield to the crystalline hydro}camic acid 37: 

HOAc 

OAc 

'(fCONHOAC K CO 
2 3 t;:'. 

l1eOH/H20 

Pb(OAC)4 
-----'\)Jo 

The hydrolysis had to be carried out under carefully controlled 

conditions to avoid Lossen rearrangemento 69 Compound 37 \'las fully 

characterized by elemental analysis and spectral data (Tables 8 

and 9, ppo 64, 65, Figure 8, po 63) and shown ta be 6-acetoxy-2,2,6-

trimethylheptanohydroxamic acido The compound gave a strongly 

positive test for hydroxamie acids with ferric chloride, and it 

could be titrated furnishing the expected neutralization equivalent. 

yield 
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Reaction of oxime 35 in trifluoroacetic acid rrith lead 

tetratrifluoroacetate (Pb(TFA)4) also effected ring cleavage, leading 

to 6-trifluoroaceto}~-2,296-trimethylheptanohydroJcamic acid (38)0 

HO" 
N 

1\ 
ç 

TFA 
CONHOH 

The probable intermedtate corresponding to diacetate 36 could not 

be isolated as it oas hydrolyzed in the oork-up. The comparatively 

low yield of hydroxami.c acid 38 can be ascribed to the follooing 

reasons: 1. unlike diacetate 36, hydroJcamic acid 38 reacts readily 

with eJccess oxidizing reagent, probably to carbo~lic acid and 

nitrogen oxides; 20 hydroxamic acid 38 decomposes in trifluoroacetic 

acid as demonstrated by NMR spectroscopy; 30 hydroxamic acid 38 

loses easily the elements of water and trifluoroacetic acid either 

on heating or mild hydrolysis; l~isolation of 38 by recrystallization 

afforded a mother liquor which by spectral inspection still contained 

substantiel amounts of hydroxamic acid 38, yet a second crystal crop 

could not be obtained. It can thus be safely assumed that cleavage 

in trifluoroacetic acid is also the predominant reaction, but 

secondary effects reduce the yield of (isolable) hydroxamic acid 380 

o 
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As nas noted, hydroxamic acid 38 is sensitive to mi1d 

hydro1ysis, nnd it rIas found that brief boiling in \"/ater produced 

the 6-hydroJCy~2,296-trimethy1heptanohydroJCamic acid (39). Simi1ar-

1y, methano1ysis afforded 6-metho,cy-2, 2 9 6-trimethy1heptanohydrOJtamic 

acid (40) in addition to undefined olefinic hydroxamic acids: 

CONHOH 

TFA 

CONHOH 

CONHOH 
MeOH 

40 

Al1·hydroxamic acids (37 t 38, 39, 40) gave a positive 

test with ferric chloride and showed as common feature in the UV 

spectrum an n-o- 'i"( Q transition at 211 mjA (é: ~ 1500) simi1ar to 

the one observed for the amide group70 (cf., appendiJc for 

comparative data, p. 151). The IR spectre shoned bands et 3450(m), 

3250(m), and 1660(s) cm-1 which are typical for the hydroJCamic acid 

71 group, -CONHOH. Further confirmation for the presence of the 

hydroxamic acid group nas obtained from the NMR spectra nith two 

signals, respectively centered at 8.3 ppm (N-H) and 10.3 ppm (N-OH) 



in deuterodimethyJ.sulphœcide solution. These assignments m'.:re 

verified by recording spectra of authentic hydroxamic acids (cfo, 

appendiJc, po 151) 0 

AlI data \:/hich \'/ere used for the characterization of 

compounds 36, 37, 38, 39, and ltO, together \'/ith yields in \"/hich 

they crere obtained, are compiled in Tables 8 and 9 (pp. 6L., 65)p 

62 
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trOOMŒ2 

No. RI R2 

36 OAc OAc 

37 OAc OH 

38 TFA OH 

39 OH OH 

40 OHe OH 

Table 8 

2,2,6-Trimethylheptanohydroxamic Acids and Derivatives 

Analo ?~ 

Yield rn.po 

C il 

a' ,0 Oc calcdo found calcd", found calcdo 

90 liquid 5B.51 60002 B077 B.99 4087 

B4 74"!'75 58.75 59.07 9045 9046 5071 

30 Bl05-B2 4Bo17 48.57 6074 6071 406B 

94 112-113 59.oB 59.60 10040 10051 6089 

24 122.5 60.80 610 oB 10067 10069 6045 

N 

found 

5045 

6022 

4080 

6077 

6001 

Reœarks 

crude product 

~~ F 
calcdo found 
18090 19025 

0'1 
-+::-



U COmffi2 a a . 

b c 

Table 9 

NHR and IR Data for 

2,2,6-Trimethylheptanohydroxamic Acids and Derivatives 

NMR l R 

Chemical Shift, cf ppm V cm-l 
Solvent ma;: Solvent 

Noo RI R2 a b c R1 R2 

36 OAc OAc 1036 1.20 905 1.90 2.17 CDC13 
3350(m), 1790(s)9 1740(s), 

CC14 1720(s), 1248(s), 1198(s) 

37 OAc OH 1041 1.18 9.0 1098 9.0 CDC13 
3450(m), 3290(m-s), 1730(s) CC14 1660(s), 1252(s), 1010(m) 

38 TFA OH 1.53 1.18 9.0 9.0 CDC13 
3450(m), 3250(m), 1780(s)9 CC14 1660 (s), 1220(s), 1170(s), 1143(s) 

>:: 
603 3605(m-s), 3455(m), 3300(m) 

39 OH OH 1020 1020 603 6.3 CDC13 1655(s) CHC13 

40 OHe OH 1.17 1.12 9.0 3018 900 CDC13 
3455(m), 3270(m), 2830(m) 

CC14 1620(s), 1080(s) 

>:: The three-proton peak was reso1v~d in (CD3)2S0 solution into three signa1s: 3095 ppm (terto OH), 

8043 ppm (N-H), and 10.23 ppm (N-OH); ana1cgous reso1ution vas achieved for the NHOH-group in 

compounds 37, 38, 39, and 40. 

0'\ 
\J'1 
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2,2,6-Trimethylcyclohexanone OJcime (4!) 0 Oxidation of 

oxime 41 VIi th lead tetraacetate in acetic acid led predominantly 

to geminal nitrosoacetate, and only very little ring cleavage 

occurredo Reaction in trifluoroacetic acid, hov/ever, afforded 545~ 

of 2,6-dimethyl-6-trifluoroacetoxyheptanohydroxamic acid (42): 

/OH 

N 

Il 

41 

CONHOH 

H 

42 

Side-products of this reaction ITere nitric oxide, 2,2,6-trimethyl-

cyclohexanone, and other undefined compounds& As indicated in the 

above equation, cleavage occurred on the side of the potentially 

more stable carbonium ion (tertiary carbon). Evidence for this \'las 

obtained from the NMR spectrum which shoITed a doublet (J = 607 cps) 

at 1.14 ppm cOr'i'esponding to ~ methyl group, and a singlet at 

1.54 ppm correspc,nding to t\'lO methyl groups. This clearly satisfies 

the following assignment: 

1054 ppm (S)~ 
TFA 

~1.14 ppm (D) 

CONHOH 

Signals arising from the remaining protons were found at the expected 

positions and are indicated in Figure 9 (p. 67). 
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2-Methylcyclohexanone oxime (!t~)a Reaction of oxime 43 

~ith lend tetraacetate in acetie acid led to the geminal nitroso-

acetate besides other minor products: 

HO, 
N 

Il 

() 
_07y 

Pb(OAC)4 - V x + y .... 

68 

This result appears to be general for unhindored ketoximes72 and has 

17 18 been reported. ' 

When treating oxime" 43 with lead tetratrifluoroacetate in 

trifluoroacetic acid sorne ring eleavage occurred, affording approx-

imately 30 to 4~~ hydroxamic acid (IR estimate, positive ferric 

chloride test), besides a substantial amount of 2-methylcyclohexanone 

in addition to other undefined produetso Isolation of the hydroJcamic 

acid by crystallization ~as not possible and chromatographie separation 

failed because of decomposition. Treatment of the crude oxidation 

product with 2,4-dinitrophenylhydrazine afforded the hydrazone of 

2-methylcycloheJconono, accounting for 60% of the erude producto This 

result does not necessarily mean that all the hydrazone arose from 

2-methylcyclohexanone alone, because geminal nitrosoacetates also 

convert to hydrazones via hydrolysis to the parent !tetone. It can 

therefore be concluded that ring cleavage occurred to the extent of 

about 4096 or lesso 
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B. Oxidative Cleavage of Camphor OJCime~ 

Camphor oxime (44) is a highly strained bicyclic leetoxime 

and \'/as expected to undergo oxidati ve cleavage readily. rt was 

found that treatment with lead tetraacetate in acetic acid led first 

to a blue solution whicb dud ng \'forle-up t.urned colourless. The 

resultant, oily reaction prod.uct contained approximately 7a;~ of 

compounds deri vable from a ring cleavar;e reaction. On the assumpt:i on 

that no rearrangements occurred during this reaction, spectral 

analysis (NMR, IR) of the mixture suggested the probable presence 

of the N-acetoxyhydroxamic acids 45, 46, and 47, whose relative 

amounts were estimated by comparison of suitable signaIs in the 

fllMR spectrum. Hydrolysis of the crude product with potassium 

carbonate led to a crystalline mixture (rn.p. 84-870 ) which probably 

cantains the hydroxarnic acids ~~, 49, and 50; their relative amounts 

were again estimated by NMR spectral analysis! 

JJ:::::N Pb(OAc)4 
\ ----­OH 

44 

OAc 

è8<Oa%) 
CONHOAc 

(44%) + 

CONHOAc 

Il r>< (21%) 

LCONHOAC 

46 

CONHOH 

48 
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OAc 

+ + 

CONHOH 

Recrystallization purified the crude hydrolysis product rd th respect 

to non-acidic (non-polar) by-products, but did not effect resolution 

of the three hydroxamic acids o Separation by paper chromatography 

\'las possible t but proved impractical for preparati ve scale \.'Jorlco 

r' , 
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C. Interception of Nitrile OxidGS by 1 9 3-Dipo1ar Cyc1oadditiono 

The preceding resu1ts of the ketoxime oxidation are suggestive 

of a mechanism proceeding via carbon-carbon bond fission to El nitrile 

OJcide and a stabi1ized carboniulil ion v fo11ot"/ed by solvation t7ith acetic 

acid and product formation (Scheme 1)0 Yet g the obsGrved rearrange-

ment of l-acGtOJcy-l-nitroaoalkanes to N-acetoJCyhydrOJCDfllic acids (po 46) 

indicates the possibi1ity of an a1ternate mechanistic routeo This 

route nou1d invo1ve formation of a gemina1 nitrosoacetate t7hich then 

cou1d undergo rearrangement to an N-acetoxyhydrOJcamic acid ruld El 

carbonium iono Subsequent solvation of the latter ~ith acetic acid 

t"Jou1d 1ead to ei ther acetate or olefin formation (Scheme 2) 0 

Scheme 1: 

H~ 
N Il Pb(OAc) 

R~ 
te 

Scheme 2: 

HOAc 

RCONHOAc + ~ 
R 

J HOAc 
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Both mechanistic proposaIs are plausible and eJ'plain the 

products obtained. The reaction could conceivably also proceed 

through both pathcrayso A decision betveen these alternatives could 

be reached, at least in part, by careful observation of colour 

changes during the reaction t and by interception of the proposed 

intermediate nitrile oxide \"Iith vinyl acetateo IdeallY9 reaction 

according to Scheme 1 t"Jould involve formation of only ~ colour t 1oeo, 

a green (or blue 7) arising from the intermediate :l.minoxy radicaL 

If vinyl acetate and a base (to neutralize ace tic acid) are present, 

the nitrile O:ldde should be diverted in a subsequent step to an 

iSO:lcazoline acetate: 

+ 
RC==N-O + ------'';;1>0 

R 

b-OAC 
Reaction according to Scheme 2 Vlould require formation of two different 

coloure: a green (or blue 7) arising from the intermediate iminoJ~ 

radical and a second, more stable greenjblue as the result of 

nitrosoacetate formation. The latter colour would eventually also 

fade to colourless indicating final product formation. 

For an eJcperimental test of the above proposals a number 

of preliminary studies were required. The oJddation of lcetoximes ia 

a fast reaction o To follow its various steps by visual observation 
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requires 10\'lering of the rate of oxidationo This can be done most 

conveniently by 10\"/ering the temperature, but this eJccludes the use 

of acetic acid as solvent because it solidifies at 170
0 Moreover~ 

acetic acid cannot be used if one hopes to intercept effectively a 

nitrile oxide by l,3-dipolar cycloaddition rIith vinyl acetateo For 

the se reasons 9 the oxidation l'las studied in methylene chloride at 

lorI tempera ture (-780 to room temperature) to ascertain \7hether 9 and 

to nhat extent 7 cleavage occurSo 

I).'reatment of 2,2 9 6 9 6-tetramethylcyclohe:lCanone oxime (35) 

nith lead tetraacetate in methylene chloride at room temperature 

produced a green oil. Spectral analysis (IR, NMR) indicated the 

presence of geminal nit.rosoacetate 51 and hydroxamic acid derivative 

36 in a ratio of 6:4; other minor components \'Iere also present. one 

possibly being the trisubstituted hydroJCYlamine 52 and/or 53 

(V (C==O): 1820 cm-l ): 

ON OAc 

CONHOAc 

CON(Ac)OAc 

and/or 
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\'Jhen adding lead tetraacetate to mdme 35 at _780, a yello\'l, hazy 

solution resul ted \"lhich turned green on raising the temperature 

above -700
0 The green colour \'Ient through an intensi ty maJdmum 

at about -500 and then faded to a grey/yello\'l at -300
0 A quite 

different shade of green emerged nt -200 and intensified to a 

blue/green at room temperatureo This colour persisted on rechi11ing 
(. 

to -780
0 At room temperature it persisted for one and a half days, 

then slorIly fadedo Worle-up ut temperatures not eJcceeding +50 

afforded a blue oil \7hich contained by IR estimate ni trosoacetate 51, 

hydroJcamic acid derivative 36, nitrile oxide 54, and 2,2,6 9 6-tetra­

methy1cyc10hexanone in a ratio of 10:1:2:2, besides other products9 

notab1y 52 and/or 53. 

OAc + 
C=N-O 

"(CND): 2280 cm-1 

Evidently, 10wering of the temperature reduced the yie1d of c1eavage 

products, but permitted direct observation of the suspected intermediate 

nitrile oxide 54. 

NeJct the effect of acetic acid VIas studied. The above 

10\"/ temperature experiment \"Jas repeated, but an equimolar aniount 

J) Becnuse of steric hindrnncc, dimerization (co10urless product) 
is not favouredo 



75 

of acetic acid \7aS added (AcOH:mcime = 1:1) 0 The same co10ur changes 

were observed, although the final colour at room temperature \'laS not 

as intense as in the preceding caseo Spectral analysis of the 

reaction product indicated approximately 4(J}6 of compounds derivable 

from ring c1eavage (36 9 54) 0 These observations permit the follO\"1ing 

conclusions: oxidation in methylene chloride gives rise to some ring 

cleavage 9 the extent of rlhich depends on temperature and acetic acid. 

concentrationo The relative amount of ring cleavage products de­

creases rlith decreasing temperature and increuses with increasing 

acid concentrationo Ring cleavage leads to an intermediate nitrile 

oJdde. 

In 8ubsequent ej~eriments the acetic acid concentration cras 

raised (CH2C12:HOAc = 8:2, v:v). This led. as anticipated, to still 

more ring c1envage ut the eJcpense' of nitrosoacetate formationo The 

t;;tudy \Vas then extended to camphor oJCime, cyclohexanone oxime, and 

fenchone oJeime. Reaction of camphor oxime gave rise to the follOïJing 

sequence of colour changes: at -780
, pale yellor! and hazy; a pale 

green bagan to form at -700 \'Ihich intensified slightly tO\"1ards -55°, 

but was much less intense th an in the tetramethylcyclohexanone oxime (35) 

oxidation; at -350 this green faded to a pale yello\', which intensified 

towards -20°, then faded again; at +5°, a blue/green coloUl' emerged 

\'1hich turned fairly intense at room temperature. On coo1ing to -780 , 

this colour persisted (no change over four days). When the solution 

\'Jas kept at room temperatul'e, the coloul' faded to a pale yello\'l within 

), 
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three quarters of an hour. On account of the fairly high acetic 

acid concentration in the reaction solution, no precipitation of 

lead diacetate occurred during this experiment. Work-up led to a 

colourless oil whir.h. contained about 70% of cleavage products 

(hydroxamic acid acetateG, NMR and IR estimate). A repeat of this 

experiment, usinr; pure methylene chloride as solvent and conducting 

work-up belo\'l +5°, yielded a green/bIlle oil. An IR spectrum of 

this material showed bands characteristic of nitrosoacetate, 

acetic anhydride 1 a trisuhsti tuted hydrmcylamine, and N-acetoxy­

hyrlroxamjc acids. No nitrile oxide \'Jas detectable. 

Oxidation of cyclohexanone oxime in methylene chloridel 

acetic acid (8:2) again showed formation of a green colour upon 

raising the temperature above -70°. With increasing temperature 

this colour intens:i.fied while slowly changing to a blue/green. 

No intermediate yelloVi phase could be observed. 'fhe blue/green 

col our persisted at room temperature for over four days and then 

noticeably began to fade. At -780 the blue/green colour appeared 

to be stable (over three weeks no change). 

Lastly, fenchone oxime was investigated. This ketoxime 

i6 severely strained (hicyclic) as we11 as providing substantial 

steric hindrance e.t the oxime group. Reaction, as before, produced 
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a green solution at -700 , this colour intensified slightly tooards 

-550 7 then faded to a faint yellocro This latter colour persisted up 

to room temperature 0 The experiment \"]as repe8.ted \,,]i th pure methyll~ne 

chlol'ide as solvent and the same sequence of colour changes crus 

observedo This time, formation of the green colour cras accompanied 

by extensive precipitation of lead diacetateo t'Jork-up at temperatures 

not exceeding +50 led to a product mixture containing about 509~ of 

nitrile oxide(a) + - l (V(C_N-O): 2275 cm- ) and other cleavage 

products (IR estimate). Addition of acetic acid converted the nitrile 

oxide(s) at room temperature to N-aceto:>cyhydroxamic acid(s) 0 

The experiments so far suggest that nitrile oxide formation 

occurs in situations of severe steric hindrance but little strain 

(2,2,6 7 6-tetramethylcyclohe:lcanone OJcime), and severe steric hindrance 

and mu ch strain (fenchone o:>eime), while a merely strained7 but not 

particularly hindered ketoxime (camphor oxime) prefera ring cleavage 

via molecular rearrangement of the intermediately formed geminaI 

nitrosoacetate. To confirm further the intermediacy* of nitrile 

oxides, scavenger experiments \'Iith vinyl acetate \"Iere conducted .. 

A solution of 2,2,6,6-tetramethylcyclohexanone oxime (1 equivo) 

in methylene chloride/vinyl acetate (50 equiv.)/acetic acid (5 equivo) 

\'las treated with lead tetraacetate at _78°~ The reaction mixture was 

slowly warmed (1 hl') to -100
7 then aIl the acetic acid was neutralized 

\"Jith triethylamine, follm/ed by normal \"/ork-upo A product mixture rIas 

~ Intermediate existence of. 
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obtained \'Ihich by spectral estimate contained ca. 50)6 isoxazoline 

acetate, ca. 20'}6 regenerated ketone~ and other products. Vacuum 

distillation afforded a crystalline residue which vIas not further 

purified, but unequivocally shown (NMR) to contain approximately 

80% of the expected 3-substituted 5-acetoxy-2-isoxazoline (55): 

HO 
"-N 

Il 

<= 

OAc 

Analogous interception in the oxidation of fenchone oxime (56) 

led to a product mixture of four major components (TLC) which were 

not separated, but spectral analysis of the crude product provided 

evidence for the presence of isoxazoline derivatives accounting for 

most of the crude product. The subsequently given struct.ures 57, 58, 

59 and 60 appear reasonable on mechanistic grounds, provided no re­

arrangements occurred, and are in accord with spectral data (NMR, IR) 
obtained from the mixture. 

1. Pb(OAC)4 
-----~t>-
2. CH2_CHOAC 

~OAC 
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p-0P.C + 

, 
Cr0AC + OjYAc 
<- /" 

60 

On account of extensive overlap of proton signaIs in the NHR spectrum 

no quantitative molar ratio for compounds 57 to 60 can be giveno 

Interception of a nitrile oxide in the camphor oxime oxid-

ation was not possible. A complex reaction mixture rIas obtained 

\7hich contained no (or Iess than 5%) iso::!cazoline acetate(s) (N14R, IR 

estimate) • 

) 



DISCUSSION 

CHAPTER II. OXIDATION OF ALDOXIMES 

The lead tetraacetate oxidation of oximes involve~ in 

the majority of examples investigated,the intermediacy of nitrile 

oxides., Before proceeding, therefore, to the actual discussion 

of the experimental results, a brief revie\'150 of relevant aspects 

of nitrile oxide chemistry is appropriate. 

The nitrile oxide is a dipolar molecule and can be 

represented by the following resonance structures: 

80 

+ + 
R-C=N-QI <l-'l> R-C==N==O ~ 

+ 
R-C=N-OI 

+ 
<>--<> R-C == N - 01 - -

1 ~ 
R-Q.-!i==O ~ R-C==.!i-QI oQ--t> etc., 

where structures la and lb represent the ground state, structures lc 

and Id the sextet or 1,3-dipolar reactive state, le the carbene state, 

and If etc. diradical states. Host of the known chemistry of nitrile 

oxides is rationalized in terms of canonical contributions ra to Id. 
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As a result of their dipolar nature v nitrile o,ddes are 

very reactive compounds and cannot usually be isolated and stored 

at room temperatureo The reaction most typical for nitrile mddes 

i8 the l,3-dipolar addition to a double or triple bond: 

a 

Il 
b 

In the absence of a sufficiently reactive dipolarophile (a==:b) 

nitrile oxides dimerize to furmcans: 

y R R 
R \ / 'C+ C 8-~\ Il + 111+ l>-

N W+ N, _ N 
" ,,/ ---0-0 1 0 

0-

It i6 this reaction which limits the lifetime of nitrile oxides at 

room temperature to a fe\7 minutes (aliphatic nitrile OJcides) or 

hours (aromatic nitrile oxide), unles6, as could be shorm in this 

and in another recent investigation,5l the substituent R is made 

sufficiently bullty to prevent close approach of two nitrile mcide 

moleculeso 



Apart from 1 9 3-dipolar cycloadditions, nitrile oJddes 

have been shonn to react nith a great number of nucleophilic re­

agents leading to derivatives of hydroxamic acids: 51 

R 

"Col-
Il + 

x 
1 -!;> 

Il 

R-C-J{ 

Il 
N-OH 

Nitrile oxides can be prepared by two main routes: one 

82 

involves the chlorination of aldOJdmes (syn and/or anti) follot'/ed 

by 1,3-elimination of hydrochloric acid with a base (Equation 1);51 

the other route starts from primary ni troalkanes \'lhich are 

dehydrated with phenyliaocyanate in the presence of a base 

(Equation 2)057 

Equation 1: 

RCH=N- OH ~ RC=:N-OH Et3~ RC=~-O 
~l 

Equation 2: 

RCH2N02 PhNCR RC=~- 5 + PhNH2 + CO2 
Et3N 



A recently discovered third route employs bromine in allcaline 

solution and is closely related to the first method. 5l The oldest 

and most frequently used preparation is the one depicted in 

Equation lo Tt works \'Iell as long as the substituent R does not 

itself react ,"Ii th chlorine. The bromine reaction is similarly 

limited, but permi ts preparation of allcylated benzoni trile oxideso 51 

Dehydration of primary nitroallcanes to nitrile oxides57 presents a 

mild and efficient mode of preparation. rts application i6 

restricted by the limited availability of primary nitro compounds, 

especially polyfunctional ones. 

The present investigation has shown that the lead tetra­

acetate oxidation of ayn aldoximes leads in one step to nitrile 

oxides in high yields ( > 80',,6). The limitations of the reaction are 

fe\"I. Starting from readily available aldoximes, the dehydrogen.ation 

is effected under extremely mild conditions (-780 ). Aromatic and 

aliphatic aldoximes containing functional groups which would not 

permit use of conventional preparative methods, can be converted to 

the correaponding nitrile oxideso Thus, oxidation can be carried 

out in the presence of olefinic double bonda (vinyl acetate, e.g.) 

or aliphatic alcohols (ethanol, e.go). Further, reaction of 

methoxybenzaldoxime as weIl as trimethylbenzaldoxime leads in good 

yields to the respective nitrile oxides. 

The preparative limitations of the reaction found so far 



are not very serious. First, the mcidation has stereochemieal 

requirements, ioe0 9 only syn aldoximes ean be dehydrogenated to 

ni t-r:ùe o:Jddes, \7hi1e anti a1doximes afford different productso 

For m'omatie and hindered a1iphatie aldoximes this presents no 

prob1em, because for these the syn isomer is the more stable? and 

thus the predominant product in the o:lt:Ïmation of the parent 

a1dehydeso Unhindered a1iphatic a1do)cimes are usua1ly obtained 

84 

as 1:1 miJctures of the syn and anti isomers. HorJever v chromatographie 

methods are avai1able nor:?3 rlhich permit separation of these and 

thus malte the pure syn isomers availab1e for conversion to nitrile 

oxides. Moreover, the isomeric mi)cture can be converted as such; 

the nitrile oxide formed (40 to 5œ6) is intercepted in situ by a 

suitable reagent 1eading to the desired product, which can then be 

isolated by chromatography. 

A second limitation arises from the high reactivity of 

phenolic hydroxy groups. Aldoximes \'Jhieh contain these, afford 

intraetab1e tarry produets upon oJcidation with 1ead tetraaeetate 

at -780
0 Evident1y, the phenolic hydroxy group reacts faster with 

lead tetraaeetate th an the oxime hydroJ~ group. It ean be eJ~eeted 

that functional groups of similar reactivity (primary and secondary 

aromatic amine groups, enolic hydroxy groups), unless suitab1y 

protected, \'Jou1d a1so limit the usefulness of this reactiono 

By-products of the 1ead tetraacetate oxidation of syn 



aldoJdmes are acetic acid and lead diacetate: 

syn-RCH=NOH + Pb(OAC)4--:> RC=N-O -1- 2 HOAc -1- Pb(OAc)2 

If no special precautions are talcen 9 the nitrile oxide reacts nith 

acetic acid in a subsequent step to an N-acetoJcyhydroJCamic acido 

Formation of this product probably involves the conjugate acid of 

the nitrile oJcide (61).. Addition of an acetate ion to 61 t"/ould 

lead to the acetylhydroximic acid (62). In a third step this 

compound rearranges to the more stable N-acetoxyhydrOJcamic acid (63) 0

74 

The conversion 62--D 63 can be rationalized as proceeding through 

a five-membered ring transition state: 

+ - HOAc OAC RC=N-O -";"';"-1> 
+ 

RC=N-OH ---'';> RC=N-OH 
1 

OAc 

61 62 

R 
\ b:=N C==N 

/ \ 1 \ 
0\ ~OH t> 0 OH 

'-.,/ ... ~ 
C C CU; "0-iff -- CH

3 

62 

\ ~~H R J" \ .... 
C-N ...... 0 

/ ~ \ ;;:a. Il \ Il o 0 o O-C 
"C/ \CH /,~ 

Cl5 0-

63 

"" 

3 
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If the oJCidation of syn aldoximes is carried out in the 

presence of a dipolarophile like vinyl acetate 9 and follm7ed by 

neutralization of acetic acid \'lÏ th a base (Et3N) 9 the intermediate-

ly formed nitrile oJCide is di verted to a 3-substi tuted 5-acetoJcy-

2-isoxazoline (64): 

CH2 

Il ----:> 
CH 

"OAC 

64 

Reaction in vinyl acetate without subsequent neutral-

ization of acetic acid (at -50 to _780
) leads to a miJcture of 

N-acetoxyhydroxamic acid 63 and isoxazoline acetate 64, even when 

using a large molar excess of vinyl acetate. This clearly 

indicates that the rate of acetic acid addition is appreciably 

higher than that of the cycloaddition of vinyl acetateo 

Unhindered aldoximes can only be dehydrogenated to nitrile 

oxides at -780 in high yield. The yields decrease uith increasing 

reaction temperature. At room temperature practically no products 

derivable from an intermediate nitrile oxide are obtainedo This 

restriction does not apply to severely hindered aldoximes which 

afford nitrile oxides at lot'! and room temperature in good yields. 

Pl'ovided steric cro\'lding in the vicinity of the nitrile oxide group 

is great enough to prohibit dimerization to furoxan~ the nitrile 
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mcide is stable and can be stored at room temperature. Trio examples 

of this Idnd \"lere obtained in the aliphatic O-methylpodocarponitrile 

mcide (12) and the aromatic mesitonitrile oxide (13)" 

12 

Apart from dimerization to furoxan~ these nitrile oxides 

behave like other (unstable) nitrile oxides in undergoing 

1,3-dipolar cycloadditions (e.g., isoxazoline and isoxazole 

formation) and other addition reactions (e.g., N-acetoxyhydroxamic 

acid formation). They, therefore, provide valuable model compounds 

for studies of nitrile mcide chemistry t'/hich Vlould be difficult or 

impossible to conduct \'Ii th nitrile oJcides prepared in si tu. 

Oxidation of aldmcimes at or slightly belo\'! room 

temperature (oto 200 ) leads to different products v and syn as weIl 

as anti aldoJdmes give rise to the same results. These results 

are also obtained \'/hen oxidizing anti aldoximes at -'180
0 Moreover 9 
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the nature of the products depends on \7hether the aldoxime is aromatic 

or aliphatico 

Low temperature o:lddation of anti-n-heptanaldoxime led to 

El compleJc mixture of four or more componentso The instabili ty of the 
~, 

products prevented chromatographic separation (TLC or GLC)o Low 

temperature crystallization and vacuum distillation permitted isolation 

of nitrosoacetate ~9 acetic anhydride, and ace tic acide Spectral 

analysis of the crude reaction product further suggested the presence 

of the nitroacetate ~9 the trisubstituted hydroJ~lamine(s) 23 and/or 

24, and other undefined products: 

Q Gas Liquid Chromatography. 

o 
RCH(OAC)*+ N(OAc)CHR (9 to 14%) 

. 1 
0-

21 

+ AC20 + AcOH + [RCH(OAC)N02 

22 

+ RCON(Ac)OAc and/or RCON(CH3)OAC 

24 

+ X -1- Y + 000 ] 



Similar results iJere obtained for anti-acetaldoxime 9 but 

no product analysis \'las attempted. An independent ç concurrent 

study has shown that geminal nitros()acetates of type 21 are general-

ly obtained when oxidizing aliphatic syn and/or anti aldo:ldmes rri th 

lead tetraacetate at 0 to 50
9 Yields of over 5œ~ have been reportedo 18 

LorI temperature oJcidation of aromatic anti aldoximes leads 

to essentia.lly one product v the arylaldazine-bis-N-oxides (10): 

2 

10 

These compounds have a1so been obtained by lead tetraacetate oxidation 

of syn and/or anti arylaldoJCimes at 0 to 50, and an account of this 

\'Jork will be published shortlYol8 In contrast to the 10\'1 temperature 

oxidation, where only anti aldoximes convert to aldazine-bis-N-oxides 10 

requiring one mole lead tetraacetate per mole aldoxime, oxidation at 

o to 50 of syn and/or anti aldoximes requires only one half mole lead 

tetraacetate pel' mole aldoxime to afford aldazine-bis-N-oxides 100 

Obviously, this divergent mode of preparation requires different 

mechanistic explanationso 
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Hechanism of the Aldoxime Oxidation. 

The resul ts of the load tetraucetate OJddation of ald-

OJdmos are consistent rri th the observed intermediacy of iminoJCY 

radicalsol~699 When oxidizing aldoJdmes at temperatures above -700 

a passing intense green colour can be obsorved; occurrence of this 

colour uas usually accompanied by precipitation of lead diacetateo 

Though mere observation of a transient green cololw is no proof 

for the presence of iminOJcy radicals, i t does serve to corroborate 

the results of recant ESR studies. l ,9 At temperatures belor! -700 no 

green colour can be noticed and only in the case of ~ aldoximes 

is substantial precipitation occurring (Pb(OAc)2)o This observation 

seems to indicate that syn aldoximes possess a 10Vier energy barrier 

to product formation than anti aldoximes. It is proposed that the 

initial attack of lead tetraacetate on the orime leads to El. lead 

organic compound in analogy to accepted views for related substrates 

(alcohols):21 

----it ... RCH==N- OPb(OAC)3 + HOAc 

..., 
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The formation of the lead organic compound 65 can be envisaged as 

proceeding through a siJc-membered rin~ transition stateo The 

intermediate 65 is believed to be stable et -780 if derived from an 

anti aldo:lCime, but decomposes readily to nitrile oxide, acetic acid, 

and lead diacetate if formed from a syn aldoximeo In the latter 

case a conformation 11. can be \'1ri tten \"Jhich should provide a 10\7 

energy pa th to product formation: 

il 

~==N , \ 
. / 
O-Pb(OAc)2 

ri 
A (65) 

1-780 

Rc=rt-o-

+ HOAc + Pb(OAc)2 

B (65) 

Conformation ! represents a high degree of orde~ and 

appreciable equilibrium concentration would only be expected if 

molecular motions, especially rotation about the R~C bond in 

intermediate 65, i5 greatly reduced, either by lo~ering the 

temperature (unhindered aldoximes) or increasing the steric require-

ments of R (hindered aldoximes). The actual collapse of conformer A 
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can occur either by homolysis or heterolysis of bondso One mode 

1.'1Ould produce the nitrile o:lCid('J in a clirac1ical~ the other in a 

1~3-dipolar Be:J~tet state: 

+ 

+ 

Since bond breakage above -700 leads to (green) iminoJCY radicals, 

it appears reasonable that collapse of conformer !! occurs also by 

homolysiso Little can be said about the timing of this collapse: 

the electron shift is probably concerted, yet might be initiated 

at the weakest (?) bond, viz., the bond joining the "oxime-oJCygen" 

and the lead atome 

No product formation will occur through conformer ~ at 

a temperature belou -700 , but, since ~ is in equilibriwa with 

conformer !' it I.'Ii11 be consumed to the extent as the latter 
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collapses to productso If formation of the lead organic compound 65 

truces place at temperatures above -700
9 molecular vibration 

(rotation) appears to be violent enough to effect homolysis of the 

IImdme-oxygenll/lead bond \"lithout assistance from a siJc-membered ring 

transition stateo This ~ould lead to free iminoxy radicals besides 

sorne nitrile oxideo The amount of the latter \'lould be eJcpected to 

decrease \'Ji th increasing temperature because of decreasing equilibrium 

concentration of conformer Ao 

Anti aldoJdmes v \'1hen treo.ted \"li th lead tetraacetate at -780
9 

probably also form a lead organic compound of type 65; since no 

precipitation of lead diacetl:lte can be observed, the compound appears 

to be stable under these conditions. A conformational equilibrium 

analogous to the one for the syn isomer does not provide a Iocr energy 

path to product formation. On raising the temperature above -700 , 

unassisted homolysis oeeurs leading to iminoxy radicals, which can 

also be obtained by homolysis of conformer B. 
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~O-Pb(OAC)2 
\ 

H 0 

.> 
\ / 

C-N 

1 

A 

These iml.noxy radicals are quite stable at -550 ('rV2.> 5 min.) t but 

are rapidly consumed at highar temperature. Aroma tic iminoJCY 

radicals react to gi va arylaldazine-bis-N-OJddes \"Ji thout formation 

of any additional intermediate colours. Aliphatic iminoxy radicals 

appear to dissipate their energy by forming a number of rœoducts in 

the temperature range of -55 to -300
• Further raising of the 

temperature leads merely (1) to dissociation of dimeric nitrosoacetate 
(a new blue/green colour emerges). A fully satisfactory explanation 

for the different behaviour of aliphatic and aromatic iminoJCY radicals 

could not be found although the products formed can be rationalised. 



ESR studies have shm'ln that iminoxy radicals exist in a configur-

1 ational equilibrium at room temperature~ 

RCH=N", 

o 

and the results of the present investigation indicate that this 

equilibrium also exists at lo\'! temperature (belOt"J -250 ), for syn 

and anti benzaldoxime give the same phenylaldazine-bis-N-oJCide 9 

whièh is therefore probably an isomeric mixtureo The large 

nitrogen coupling constant of iminoxy radicals1 ,6 v9 indicates 

substantial unpaired electron density7 at the nitrogen nucleus. 

since the unpaired electron can only be delocalized over the 

nitrogen and oxygen atom (s'-radical), reactions with 10\'1 energy 

requirements can be anticipated to occur either at the oxygen or 

2 at the nitrogen9 preferentially though at the latter: 

Since radical-radical recombinations require little or no energy 

of activation,75 product formation by this process should be 

preferred over radical displacement reactions, unless the latter 
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are of the intramolecular type (higher probability of interaction). 



Formation of iminOicy radicals by lead tetraacetate oxidation should 

also lead to simultaneous production of aceto)~ radicals: 

+ 

. 
"" OAe 

\"/hich then decompose to methyl radicals and carbon dioxide 9 etc.: 76 

• CH3COO 

AcetoJ~ radicals cannot be trapped at room temperature 9
77 but it is 

reasonable to assume that they are sufficiently stable at -55 to -300 , 

so that recombination with iminoxy radicals can occur. For reasons 

already mentioned, the folloïung recombinations are most probable: 

---po. 

RCH===N-6-0 + ACO· 

2 ACO" -----:> AcO-OAc 

Evidence for this reaction has been obtained recentlyo97 
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Product analysis gave 110 evidence for the presence or intermediate 

participation (in product formation) of acetyl peroxide (equation 3) 

and its formation, therefore 9 appears to be unfavoured. Aldazine-

bis-N-oxides (equation 1) \7ere the products obtained from aromatic 

aldmdmes, \"Jhile the unstable miJted nitronic acid anhydride (equation 2) 

is a Iikely intermediate in the formation of geminal nitrosoacetates: 

RO 

1 
R-C-H dimer 

1 
..q",- - --

CAc 

68 78 Nitronic acids and their derivatives are known to be unstable 9 

and their isolation is possible only in exceptional cases. 79 Theil' 

intermediate existence has been proposed for the formation of 

nitrile oxides57 and hydroxamic acid derivatives, the latter forming 

"t d 80 v~a n~ rose compoun s. 

QJCidation of aromatic aldoximes does not lead t.o stable 

18 geminal nitrosoacetates as has also been noted elsewhere. T\"/o 

plausible explanations come to mind to account for this divergent 

behaviollr. Either, aromatic iminoxy radicals dimerize directIy to 

aldazine-bis-N-oxides (equa.~:i..ü:n. 1); or, a geminal nitrosoacetate i5 

formed but is too unstable for eJnstence at room temperature. 
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Such a labile, dimeric nitr060acetate could conceivably couvert to 

an aldazine-bis-N-mdde by loss of trIo acetOicy radj.calso The 

driving force for this reaction could be derived from the gain in 

resonance cnergy by establi6hing extended conjugation over trIO 

m'omatic rings: 

ArCH==N--' 0 
-1- ArCH==N-'- 0 
-------~ 

1 
- 2 AcO' 

H H 0-

1 
Ar -C- NO 

bAc 

<IIC: -.-.-

1 1 
Ar-C -Ni" 't0AC 

~Jl0~rl N-C-Ar 
OAc 1 1 

0- H 

Presently available evidence permits exclusion of neither route 

and possibly both are operating concurrently. A summary of the 

above suggested mechanisms i6 outlined in Figure 10 (po 99). 



(ACO)3 lb 
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R 0 /0 ° 
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. C=N l:> 

" 1 ---- Il Il / \ --.... 

R/C'H·····O'AC 
C C 

H OH 'R./ 'H w/ 'H 

1-780 ~ 
0" yO 0" 

N/ Pb (OAC)2 N N 
+ - /1 + Il = fi R - C =N -{) <:l.--!l'-

C· /0, 

(t\cO) 2 ra/O, 
1 N 

Ps;O Il C 
R/"'--H 

~ 
V 

--------~ 

OH R 
\ / 

N=C 
\ 

o 
RCH=JLN+-CHR 

1-o 

H 

IY"C'H R/~ R/ H Ac 
R = aryl 

[- 2 AcO' 

R = alkyl, aryl 

li 0- OAc 
1 1 1 

RC-N~N~CR 
l ,_ 1 
OAc 0 H 

R = alky1 

-
----.,. 

+ Pb(OAc)2 + ACO· 

t 
AcO 0- O~+/OAC ON OAc "'--N./ ON OAc 

"C/ 
N '\./ --"'-

c:o.-- Il + Il --D C 
/"- R/ "H 

-----
R H C C 

R/'H R/'H 

H 0- OAc 

1 1 1 
RC-N!:=:.HLcR 

1 1 1 
Q~c 0- li 

Figure 10. Oxidation Mechanisms for Aldmdmes \.0 
\.0 



100 

Aliphatic l-acetoxy-l-nitrosonllcanes in the solid state are 

dimeric and stable at room temperatureo In solution they are dissoci-

ated only to El. very small extent and only stable if kept at lOt'1 

temperature (.( -300 ). At room temperature rearrnngement to N-acetoxy-

hydroxamic acids occurs. This rearrangement is greatly accelerated by 

a catalytic amount of triethylarnineo Reactions of a related nature 

involving geminal chloronitroso compounds and leading to hydroxamic 
'd hl 'd l 81 acl. c orl. es are mOrIn: 

---1> 

By analogy, the conversion of geminal nitrosoacetates to N-acetoxy-

hydroxamic acids could proceed first to the acetylhydrox:imic acid (62), 

followed by a second rearrangement as discussed for the formation of 

N-acetOJcyhydroJCamic acids (63) from nitrile oxides (p. 85) 0 

R OAc "'/ C 
/'--. 

il N==O 

62 

R- CO- NHOAc 
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Alternativelyv a mechanism involving base assisted proton transfer 

is equally plausible: 

+ 

--;:> --> R - CO - NHOAc 

The great ease with which this rearrangement oocurs 

suggests that a nitrosoacetate, initially formed in the oJddation 

of an aliphatic anti aldoxime, partly rearranges during \"1ork-up to 

an N-acetoJCyhydrOJcamic aeid. Sinee, as riaS pointed out before 9 

acetie anhydride is a side produet of the oxidation t reaetion of 

these two eomponents can lead to the detected trisubstituted 

hydroxylamine (V (C = 0): 1820 cm-l ): 

o 
Ii 

1 
R-C-NO 

1 
OAc 

R-C-NHOJ\.c 

Il o 

Il 
/C-CH3 

R-C -N"" + 

Il 0-C-CH3 
o Il 

AcOH 

o 
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This reaction sequence is partly substantiated by the presence of 

acetic acid after initial alkaline (NaHC03-r/ash) r/ork-upa 

The formation of acetic anhydride and the geminal nitro-

acetate remains to be e~cplaineda The latter type of compound rIas 

isolated and chal'acterized in the lead tetraacetate oxidation of 

pregnenolone-oJCime-3-acetateo 82 Its presence in the cru de oJCidation 

product of heptanaldoxime was suggested by spectral analysisa 

Nitroso compounds are Imorm to be efficient radical traps,83 

and it is conceivable that monomeric nitrosoacetate (p. 97) scavenges 

still unconsumed acetoxy radicals faster than iminoxy radicals: 

H 00 H h-
R-b_Nf/ AcO 

. 
R-~- ! AcO· 

r ... t> 

JAC dAC 
1 
OAc 

66 

H o- H 0-
1 1 1 4-

R-C-N-OAc P>o R-l-N~ + AC20 
1 1 

OAc OAc 'Ac 0 

67 22 



Addition of one acetoJ~ radical to the geminal nitrosoacetate 

\"JOuld lead to a. diacetoxyni troxide (66) r/hose transient presence 

in the lead tetraacetate oxida.tion of o:ldmes has been made likely 

by ESR stl1dieso 84 Recombination r/ith a second acetœcy radical 

t70uld lead to a tl"iacetoxy compound (67) \ïhich can be expected85 

to be unstable, and to convert to geminal nitroacetate 22 and 

acetic anhydrideo The conversion 67~~ finds an analogy in the 

lead tetraacetate oJcidation of enol-acetates to acetOJcyketones 

a.nd acetic anhydride via an ullstable (not isolated) triacetOJ~ 
86 compound: 

R' R" RI Rit 

1 1 
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"'-c==c/ .f< R-C-C-OAc 1>-

R/ "'-OAC 1 1 
OAc OAc 

R' 
1 

R-C-C-R" + 

1 Il 
OAc 0 

Though the formation of acetic anhydride has as yet not been 

explained,86 it can be rationalized by invoking collapse of Il 
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siJ~-membered ring transition stata (shoun for conversion 67--r..>22): 

H 

1 ;l 
R-C-N+ 

1 \ -
OAc 0 

22 

A recant detailed study of secondary radicals in the lead tetra-

acetate oxidation of oximes indicates the presence of radicals 68, 
69, and 70: 87 

CH3 

J~ -R-!'1--0 
o _ 

R-N-O 

o 
L-R-N-R . 

68 70 

which may be precursors to compounds accounting for undefinen 

material in the oxidation mbctureo 
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CHAPTER 1110 OXIDfl.TION OF KErOXII-lES 

The lead tetraacetate oJddation of keto:ldmes has been the 

subject of a l1w:lber of recent publications~ and the fer} product 

analyses carried out sho\"Jed the geminal nitrosoacetates to be the 

only isolable producto17918 These results found confirmation in 

the present investigation for the oJddation of unhindered lcetoximes. 

sterically hindered ket<?ximes, however, took a different course of 

reactiono 

Reaction in aprotic solverls led to complex mixtures 

containing ten or more components. The product distribution 

apparently \"Jas independent of the dielectric constant of the 

reaction medium. Reaction in a protic solvent, e.g., acetic acid, 

led mainly to products arising from a carbon-carbon bond cleavage 

of the ketoxime: 

H\. 
N NIIOAc OAc 

~i: 
1 Y ... C==O + 

R/ 1 
R R' 

RI 

71 



These compounds could also be obtained by oxidation in methylene 

chloride; their respective yields increased ~ith increasing 
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acetic acid concentration and decreased \'li th decreasing temperature 0 

Also o yields \"lere greatly affected by the steric requirements of 

substituents Rand RO as rIell as by their ability to stabilize an 

intermediate carbonium ion. The direction of cleavage t"las a 

reflection of the stability of the carbonium ion formed. The 

latter aspect also determined \'lhether intermediate 71 converted 

to a tertiary acetate and/or olefinic material. 

The present study coneerned i tself \'li th hindered aliphatic 

ketoJcimes which contained a cyclohexane ring as the basic structural 

unit. Thus, methylated cycloheJranone oximes and bieyclie oximes of 

the carnphor series \'Jere found to reaet as outlined aboveo Since 

this reaction \'Jas found to be restrieted to hindered ketoJcimes, its 

preparative usefulness is of limited importance. The mechanistic 

aspects of the carbon-carbon bond cleavage, hO\"leVer, are interesting 

and warrant El more detailed discussion. 

Mechanism of the ICetoxime Oxidation. 

The oxidation of ketoximes is a fast reaetion, though not 

as fast as the aldoxime oxidation. When the reaction was initiated 

at 10\"1 temperature (-780 ) and the progress of product formation \'las 

observed with increasing temperature, the sarne phenomena as in the 
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anti aldo::lCime (aliphatic) oxidation \7ere observed: iminoxy radical 

formation (green), commencing at about -700 1,7i th simul taneous 

precipitation of lead diacetate; fading of the initial green to 

a nondescript greyish yello\'l, stable up to about -250 for steric­

ally hindered, but not particularly strained ketoximes (eogo, 

2,2,6,6-tetramethylcyclohexanone oxime), and persisting up to +50 

for very strained, but not very hindered ketoximes (eogo, camphor 

oxime). Further raising of the temperature led to a blue/green 

eolour \'Ihose intensity \'las inversely proportional to the sterie 

erowding in the ketoxime, and the acetic acid concentration in the 

reaction medium. This colour is thought to arise from monomerie 

geminal nitrosoacetates, and it could be shown that these eompounds 

when derived from ketoximes remain to a large extent monomeric in 

solution, even ê.t temperatures as 10\'1 as -780
• By contrast, 

l-acetoxy-l-ni"trosoalkanes are dimeric (colourless) at _780
• 

The above data are suggestive of a mechanism similar to 

the one proposed for the anti aldoxime oxidation. First, a lead 

organic compound (72) i8 formed which subsequently suffers homolysis 

to an iminmcy radical, an ucetoxy radical, and lead ùiacetateo 

This is followed by a radical recombination to the nitronic acid 

mixed anhydride 73. Intermediate 73 can then deeompose in two ways, 

depending on steric erowding in the oxime substrate and proton 



conccntration in the reaction medium: 

RR'C==N-OH ----'""""> RR' C=N-OPb(OAc)3 

72 
o 
OAc 

---0(> RR'C=N-o-O + Pb(OAc)2 

RR'C=N-!......O • 
+ AcO 

Scheme A: steric requirements of R(R') large; acetic acid 

concentration important. 

----0::. + 
R'C==N+-O 

Scheme B: steric requirements of R(R') small; acetic acid 

concentration unimportant. 

OAc 

1 
-----'t> R--C--NO 

1 
RO 

HOAc 

loB 



Scheme C~ substituents R(R') constitute a highly strained, but 

not particularly hindered substrate; acetic acid 

concentration important: 

-----;::> 

RI-CO -NHOAc 

Mode of cleavage as shown provided R+ 
is more stable than R'+ • 

The three possibi1ities of reaction for nitronic acid mixed 
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anhydride 73 represent formaI, limiting caseso Most probably, aIl 

three modes of reaction are operating concurrently, but depending 

on the ketoJeime substrate, one or the other is preferredo 
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For instance, in the oxidation of 2,2,6,6-tetramethylcyclohexanone 

mdme substantial amounts of nitrile mdde could be trapped by 

ismcazoline formation ni th vin.yl acetatc. This indicates that the 

nitronic acid anhydride 73 reacts mainly according to Scheme A. 

Schemes Band C ure unfavoured because of steric hindrance for a 

concerted acetate addition leading to nitrosoacetate. Although 

this reaction does occur if the acetic acid concentration in the 

reaction medium is lori. Apparently, cleavage according to Scheme A 

is greatly assiôted by a hydrogen-bonded six-membered ring 

transition state, as shorm. 

Reaction according to Scheme B is probably general for 

all unhindered ketoximes affording geminal nitrosoacetates. 

A third mechanistic path\'/ay was required to explain the 

colour changes observed in the camphor mcime oxidation as weIl as 

the failure to trap a nitrile oxide. lnitially an intensely blue 

solution was obtained, but this colour did not persist (it faded 

at room temperature \'/i thin ~ hr) and \'1ork-up afforded about 7CYYo 
of cleavage products. This behaviour is best explained by 8ssuming 

initial nitrosoacetate formation (the camphor substrates should 

offer little steric resistance to its formation according to 

Scheme B), followed by an intramolecular rearrangement causing ring 

cleavage (Scheme C). The driving force for this rearrangement is 

probably relief of strain in the bicyclic system. 
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If the substrate is highly strained and hindered (fenchone 

oxime), no nitrosoacetate is formed and cleavage occurs via free 

nitrile oxideso The fate of the nitrile oxides has been discussed 

in the context of the aldoxime oxidation. The fate of the 

intermediate carbonium ion, ho'lever, requires sorne comment. An 

open chain tertiary carbonium ion leads to only ~ compound, a 

tertiary acetate (eogo, oxidation of 2,2,6,6-tetramethylcyclohexanone 

mcime) 0 A tertiary carbonium ion \'lhich is contained in a fi ve­

membered ring affords mainly olefinic material and also sorne acetate 

(eog., oxidation of camphor oxime). 

In closing this discussion it should be pointed out that 

spectral inspection of crude oxidation products (aldoximes and 

ketoximes), and fractions thereof, gave no indications of compounds 

which could have possibly arisen from an intramolecular radical 

displacement reaction, i.e., nitrogen and oxygen containing 

heterocyclic compounds. 
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CONCLUSIONS AND CONTRIBUTION TO ICNOWLEDGE 

Lend tetraacetate oxidation of syn aldoximes provides a 

mild method of preparation for nitrile oxides vlhich is competi ti ve 

and in certain respects superior to eJcisting50 procedures~ 

OJeidation of anti aldoximes affords products arising from 

radical-radical recombinations, leading to aldazine-bis-N-oxides 

for aromatic and geminal nitrosoacetates for aliphatic substrates. 

In the latter case other products are also formed as a result of 

seeondary reactionso 

l-Aeetoxy-l-nitrosoalkanes rearrange to N-acetoxyhydroxamic 

acids. This rearrangement can be catalysed by base. 

OJcidation of aliphatic, sterically hindered ketoximes 

1eads via carbon-carbon bond cleavage to N-aeetoxyhydrOJcamic aeids. 

In cases of severe sterie crowding about the oxime function, nitrile 

oxides ean be deteeted as intermediates by spectroscopy; trapping 

them by 1,3 dipo1ar cyc1oaddition is a1so possible. High1y strained, 

but not very hindered ketoximes apparent1y form N-acetoxyhydroJcamic 

acids by rearrangement of an intermediate geminal nitrouoacetate. 
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Oxidation of unhindered lt:etOJcimes affords geminal nitroso-
18 19 ace ta tes as reportedo ' 

All mddation reactions can be rationalized by invoking 

intermediate existence of reportedl ,6,9 imino:::cy radicalso No 

evidence for an ionic oxidation mechanism could be obtainedo 

Intramolecular radical displacement reactions') as 

projected at the outset of this investigation, \"lere not found 'to 

occur. The apparent inability of iminoxy radicals to undergo 

these reactions, is probably associated with the delocalized nature 

of the unpaired electron. Energy dissipation of iminoxy radicals 

occurs preferentially by radical l"ecombination, a process \'Jhich 

requires little or no energy of activation. In this respect iminoxy 

radicals behave like their closest analogues: °t °d 2 n~ rox~ es. The 

observation that iminoxy radicals apparently do not react over 

the oxygen atom is consistent with the large nitrogen coupling 

constant (ESR) found, which indicates a substantial concentration 

of unpaired electron spin density at the nitrogen nucleus. l 

Though nitroxides have appreciably smaller nitrogen coupling 

constants, they also react preferentially at the nitrogen atom 

and do not undergo radical displacement reactionso This point is 

particularly well illustrated by the recent preparation of a stable 



ni trmcide by o:ddation of norpseudopel1etierine: 88 

H 
1 

Â 
Il 
o 

[0] 
--_.-Je> 

This nitroxide neither dimerizes nor abstracts hydrogen: 

;,--0 
N 

~ 
Il o 
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EXPERII1ENTAL 

GeneraL AlI chemicals used in this study r/ere reagent 

grade unless other\'Jise stated in the individual experimentso 

l1elting points vere measured in a capillary tube in Et sulphuric 
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acid bath, and are corrected to the nearest degreeo Analyses t'/ere 

performed by BelIer l1ikroanalytisches Laboratorium, Gottingen, and 

Bernhard Mikroanalytisches Laboratorium, MÜhlheim, Germany~ The 

NMR spectra oere recorded on a Varian A-6o spectrometer, mostly in 

deuterochloroform, but also in other solvents ( (CD3)2S0, C6H69 

CC14). Tetramethylsilane served as internaI standard. IR spectra 

were recorded on Perkin Elmer "Infracord", "337" 9 and "521" spectro­

met ers in carbon tetrachloride, chloroform, and KEr-pellets as 

individually noted. Reported band positions oere corrected oith 

respect to the polystyrene band at 19lt6 cm-l • UV spectra were 

recorded \Vith a Beckmann "DK" spectrophotometer. Solvents used, 

unless reagent grade, were distilled before use. 

Lead tetraacetate. This reagent \'Jas purchased in 100 g 

quantities from Canadian Laboratories Supplies (Matheson, Coleman, 

and Bell); it contained 4-7% acetic acid as stabilizer and was used 

as such for aIl oxidations. Samples recrystallized from acetic acid 

and washed acid frae with petroleum ether gave identical results .. 
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Apparatuso AlI lorI temperature oJCidations rrere convenient­

ly carried out in a "Mini-Lab Basic Assembly" (ACE Glass, Inco), 

consisting of a reaction vessel fi tted t"Ji th amuI tineck adapter to 

accommodate one to three pressure equalization dropping funnels 9 a 

lOri temperature thermometer (pentane), and a connection to a mercury 

blorl-off trap. The reaction miJcture could be stirred magnetically, 

and cooling rJas provided by Il dry-iceli-propanol bath (-780 )., 
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CHAPT ER 1. PREPARATION OF oxums 

The oximes listed in Tables 10 20 3 (ppo 10, 11, 13) \"Jere 

prepared according to literature procedures22 from commercially 

available aldehydes and ketones (suppliers: Aldrich Chemicnls o 

Fisher Scientific o Canadian Laboratories Supplies)o Only those 

preparations are subsequently gi ven \',he1"e a modification of existing 

procedures rias desirable, or \'1here no procedures have been desc1"ibed 

as yet. 

Anti-benzaldoxime. The e:>cisting procedure23 does not 

sufficiently stress the fact that all operations - conversion of 

syn-benzaldOJcime to the hydrochloride 9 neutralization \'Ji th base 7 

and solvent removal - have to be carried out fast « ~ br), and 

in the cold (0 to 200 ) 0 If this is not obser,red 9 very 10\"1 yields 

of anti-benzaldoxime are obtainedo Recrystallation of the crude 

product is best carried out with ~ hexane; addition of ether 

promotes isomerization to syn-benzaldoximeo 

Anti-n-heptanalda~o A sample of pra.cJ~.ical heptanal I7Jas 

distilled aver a short VigreuJc column.. The fraction distilling at 
.:. 

310;5 mm was collected and identified (IR, NMR) as the pure aldehydeo 

All pressure data refer ta mm Hg • 
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This material (49 g, 0043 moles) \'JaS dissolved in ether (200 ml); 

hydrOJcylamine hydrochloride (32 g, 0046 moles) tIas added, follor/ed 

by slor] addition of an aqueous saturated solution of sodium 

bicarbonate (200 ml), then solid sodium bicarbonate rias added (25 g9 

003 moles) 0 The trIO-phase system rIas thoroughly stirred et room 

temperature for 4 hro The aqueous phase l'las saturated t7ith sodium 

chloride and the ether phase \"]as separatedc The aqueous phase \'Jas 

extracted t'Ii th ether (2 :Je 25 ml), and the combined ether extracts 

\"/ere dried (~1gS04) and frced of aol vent (360 /760 mm) 0 Vacuum 

distillation of the liquid residue afforded a major fraction (30 ml), 

disti11ing at 83-840/5 mm (bath: 1200
) \'Jhich \'Jas recrysta11ized from 

heJCane at _780 (30 g, 0.23 moles, 54~6); mop. 56-570 (lit. ,52 56-570 ) 0 

An NMR spectrum of this materia1, recorded immediate1y after preparing 

a carbon t.etrachloride solution of it, sho\"/ed only anti-n-heptana1d-

oxime; after one day of standing at room temperature this solution 

contained a 1:1 mixture of syn- and anti-n-heptanaldOJcimeo 

2,2,6,6-Tetramethylcyclohexanone oxime (35). The parent 

ketone rias prepared according to a modified literature procedureo 89 ,90 

2-Methylcyclohexanone (72 g, 0 .. 64 moles) was dissolved in anhydrous 

ether (250 ml). Sodamide (80 g, 2.05 moles) VIas slow1y (005 hr) added 

to this solution \'ti th stirring and cooling (dry ice/i-propanol bath). 

When the initial violent reaction had subsided, the mixture VIas 

refluxed on the steam bath (1 hr). Then ammonia and most of the 



119 

solvent nas removed (200 /20 mm); this rras follo\'Jed by slo\1 addition 

of methyl iodide (290 g, 2005 moles) in anhydrous ether (100 ml) 

\'/hile stirring and cooling (dry ice/i-propanol bath). Then the 

reaction mixture rras refluxed on the steam bath (1 hr) follor/ed by 

standing at room temperature over night. Ice rlater \'/as added, 

follor/ed by citric acid until the reaction mixture \'Jas ncidic (pH 

paper). The iodine liberated rias reduced rrith an aqueous solution 

of sodium thiosulphateo Subsequently, the reaction mixture rIas 

extracted t'Ii th ether (100 ml, 6 x 25 ml). An aliquot of the 

combined (and dried) ether extracts rias freed of solvent and 

&~alysed by IR spectroscopy. A slight asymmetry in the carbonyl 

band at 1700 cm-l indicated that the methylation rIas not yet 

complete. Rather than attempt separation by distillation, the 

methylation procedure \'las repeated with the crude product (60 g 

sodamide, 200 g methyl iodide). The resultant oil (112 g) gave an 

IR spectrum \'Ji th a perfectly symmetric carbonyl band, and was also 

identical in all respects with a spectrum of a sample of 2,2,6,6-

tetramethylcyclohexanone obtained previously by methylation to 

"constant IR spectrum". The crude product contained ca. 8&;6 of 

the desired ketone as indicated by calculationo This purity was 

considered satisfactory for direct conversion to the oximeo 

The crude 2,2,6,6-tetramethylcyclohexanone (50 g,~0.3 moles) 

\'Jas dissolved in methanol (300 ml) together with hydroxylamine 

hydrochloride (56 g, 0.8 moles) and anhydrous sodium acetate (72 g 

0.9 moles). After reflmdng for one day, white lumps floated in 
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the reaction miJ~ture (oJCime ?) t"lhich \"lere dissol ved by addition of 

methanol (100 ml) 0 RefluJCing rJaS continued for another day (total 

reflux time: 48 hr)o Then~ most of the methanol nas distilled, 

\7ater (100 ml) rias added, follot"Jed by ether extraction (100 ml, 

6 il: 25 ml) 0 The combined and dried (HgS04) ether eJctracts afforded 

after solvent removal (30ù/20 mm) crystalline material (4405 g, 

0026 moles, 9l9~9 based on 2-methy1cycloheJcanone) 0 Recrystallization 

from methanol gave t"Jhite platelets, me1ting at 15L5° (2102 g, 

lst crop; 1204 g, 2nd crop); (lito,43 mopo 151°)" AnaL calcdo 

CIOH19NO: C, 70096; Ii, 11032; found: C, 70086; H, 11037" 

IR, V ~~;4: 3590(s), 3300(m) 9 3240(m), 963(m), 943(s), and 920(m) cm-1 " 

mm, cf ppm (CDC1.3): 1016 (s, 2 CH3) 9 1033 (s, 2 CH
3

) t 1 .. 57 (M, 3 CH2) , 

and 9.64 (s, OH)o 



CHAPTER II. OXIDATION OF ALDOXINES 

A. Oxidation of Hindered Syn A1doximes. 

0-Methy1podocarponitrile oxide (1&). Solid 1ead tetra­

acetate (264 mg, 0.59 mmo1es) aas added to a stirred solution of 

syn-0-methylpodocarpina1doxime (11) (146 mg, 0.508 mmo1es) in 

methy1ene ch10ride (4 ml). White precipitate formed and the 
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solution turned faint1y green. After standing at room temperature 

for 5 min, the l'eaction mixture rJas poured into crushed ice (50 g). 

The resu1tant slurry was extracted with ether (5 x 20m1); the 

combined extracts were washed acid free with saturated sodium 

bicarbonate solution (2 x 5 ml), then dried (NgS04) and freed of 

solvent (30°/20 mm). A v/bite crysta11ine mass .(152 mg) \'1ith a 

slight ye110w tinge was obtained, m.po 123-125°0 Recrysta11ization 

from methano1 gave white crysta1s (136 mg, 0.478 nuno1es, 9496) , 

rn.p. 127-128°. A second recrystal1ization raised the melting point 

to 131.5-132°. Anal. calcdo for C1BH23N02: Ct 75.75; H, B.12; 
- CC14 1 

N, 4.91; found: C, 75.79; H, B.39; N9 5.oB. IR \J : 2270(8) cm-
max 

(-C:::N+--O-). NMR, d ppm (CDC1
3

): 1.30 (S, CH3 ), 1.42 (S, CH3 ) , 

2.B7 (D, J = 6 cps, Ar - CH2), 3.74 (S, CH30), 6.B (N, 3 aromatic H). 

- §~~!~~_~~~?~~~!~~_~~~~~~~~~_~!_~~~~!~_~~~~~_~: sodium 

borohydride (40 mg, 0.B5 mmo1es) in anhydrous methano1 (5 ml) was 
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added \"/ith stirring to a solution of nitrile oxide 12 (22 mg, 

00077 mmoles) in anhydrous methanol (5 ml)o 1I.fter ~ hr, the 

reaction mixture rIas diluted \7i th nater (50 ml) and extracted vi th 

ether (5 :Je 20 ml) 0 The combined extracts, after drying (HgS04) 

and solvent removal 000/20 mm), afforded crysta11ine materia1 

(23 mg, rv 00077 mmoles, 100";6) \7hich shor/ed the same Rf value 

(Si02/airdry)? melting point and IR spectrum as aldo:ldme 110 11. 

mixed me1 ting point \.,as not depressedo 

Mesitonitrile oxide (l~)o 11. co1d solution of lead tetra­

acetate (3.456 g, 7.8 mmo1es) in methy1ene chloride 00 ml) \'las 

added with stirring to a cold (-78°) solution of mesita1doxime 

(1011.og, 7.00 mmoles, 89~6 syn, 11% anti isomer) in methy1ene 

chloride 00 ml) 0 The cold bath \.,as lcmoved and the reaction 

mixture \'las allor/ed to come to 0 0
0 Then ether (20 ml) \7aS added, 

follo\"Jed by stirring (5 min). The resultant suspension \'Jas 

transferred \'Iith ether (100 ml) to a separatory funne1 and V/ashed 

rd th ice-co1d water (25 ml), followed by washing VIi th ice-co1d 

saturated sodium bicarbonate solution (4 x 5 ml). The ether extract 

rJas dried (MgS04)' and concentrated by evaporation to about 1/3 of 

its original volume with a stream of dry nitrogen at 0 0 • 11. fine 

precipitate appeared \'/hich rias co11ected by filtration (80 mg) and 

identified by IR as a mixture of mesitylaldazine-bis-N-oxide (14) 

and nitrile oJdde 13 (ratio, 2:1)0 The filtrate was freed of solvent 
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\'lith Il stream of dry nitrogen at 0°, affording \"Jhite needles of 13 

(978 mg, 6.08 mmo1es, 8796; or based on syn a1doxime only, 979~) 9 

m.p. 107-109°. Recrysta11ization from methanol/crater gave crhite 

need1es (lst crop: 900 mg), m.p. 11105-112°. Repeated crysta11iz-

ations and vacuum sublimation (35%005 mm) did not raise the 

melting point (lit.,5l m.po 114°)0 Anal. calcd. for C10H1lNO: 

C, 74.51; H, 6088; N, 8.69; found: C, 74.29; H9 6.65; N9 8.790 

IR, 'V ~~~4 : 2290(6) and 1360(s) cm-1 (-c =N-0) 0 NMR, cf ppm 

(CDC13): 2.31 (S9 CH3), 2.38 (S, 2 CH3), and 6095 (S, 2 aromatic H). 

- r40dification: Lead tetraacetate oxidation of mesitaldoxime ------------
as above but at room temperature gave 10wer yie1ds of nitrile 

oxide 13: e.g. 9 1·.372 g of a1doxime (8.42 mmoles) yie1ded 600 mg of 

nitrile oxide 13 (3.73 mmo1es, 46%). The maj~r side product formed 
_ CHC13 t'Jas identified by IR as mesity1a1dazine-bis-N-oxide (14): V : 

- mruc 

1580(s), 1450(s), 1380(s), 1340(s), 1090(6), 1072(s), and 915(m) cm-l. 

B. Oxidation of Unhindered Syn A1dmcimes. 

N-Acetoxytrimethy1acetohydroxamic acid. Solid 1ead tetra­

acetate (5.403 g, 1201 mmoles) was added at room temperat~re to a 

solution of syn-trimethy1aceta1doxime (825 mg, 8.20 mmoles) in 

methy1ene ch10ride. The stirred mixture first turned sky-b1ue, then 

faded to a light green/blue and white precipitate formedo Stirring 
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\"Jus maintained until the mixture rIaS colourless (9 hr) 9 then. ether 

vias added (60 ml), followed by magnesium sulphate (1-2 g). After 

stirring for 5 hr, the resultant suspension rias filtered, \'Jashed 

\'Ji th ice-cold eaturated sodium bicarbonat.e solution (3 x 5 ml) 9 

dried (HgS04)? and most of the solvent rias distilled over a short 

Vigremc column (600 /760 mm) 0 The la st 5 to 10 ml of solvent \"Jere 

removed with a stream of dry nitrogen until constant \"Jeight \'laS 

uchieved (101 l.0 g) 6 The crystalline residue, m.p. 112-1140
9 \'/as 

redissolved in pentane/ether and stored on dry ice. A crystal crop 

(10054 g, 6061 mmoles, 8(96) of white needles resulted, m.po 115-116°. 

Repeated crystallization or vacuum sublimation (50%.1 mm) raised 

the melting point to 116-116.50 • The material gave initially a 

negative ferric chloride test. However, on standing at room 

temperature (> 4 hr), a deep mauve colour developedo The sarne 

observation was made for the subsequently described N-acetoJCY­

hydroJCamic acids. 

- ~~~~!~~~~~~~: Reaction of syn-trimethylacetaldoxime 

with lead tetraacetate in methylene chloride at _780 afforded a 

colourless solution, which on warming to room temperature remained 

colourless and gave an 80% yield of N-aceto)~trimethylacetohydroxamic 

acid. 
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N-Acetmcy-O-methylpodocarpohydroxamic acid. Nitrile 

oxide 12 (135 mg, 0.l.71+ mmoles) was dissobred in freshly distilled 

acetic acid (5 ml) and \7armed ta L}OO for 2 hr, then allo\"Jed to stand 

at room temperature over night. Acetic acid \"Jas removed (250/0.2 mm) 

until cûnstant neight \'1as achievedo TL~ residue consisted of rlhite 

crystals (163 mg, 00473 mmoles, 100j~) melting nt 1500 (dec .. ). Re-

crystnllization from hexnne/ether did not raise the melting point. 

N-acetmcybenzohydroJcamic acido IL cold (-780 ) solution of 

lend tetraacetate (20691• g, 6.0 mmo1es) in methy1ene ch10ride (20 ml) 

was added to a co1d (-780 ) solution of syn-benza1doxime (664 mg, 

5049 mmo1es) in methy1ene chloride (20 m1)0 The resu1tant hazy, 

yel10w mixture was stirred at _780 for ~ hr, then the co1d bath t'laS 

removed. Ether (60 ml) and magnesium su1phate (1-2 g) were added 

when the reaction mixture had come to rooUl temperature. The resultant 

suspension was stirred (20 min) 9 then fi1tt.~red, \"Jashed rJith ice-co1d 

saturated sodium bicarbonate solution (3 :le 10 ml), dried (Mgs04) 9 and 

freed of solvent with a stream of dry nitrogen. White crysta1s with 

a ye110\'J tinge were obtained (714 mg, rn.p. 124-125°) \7hich after 

recrystal1ization from hexane/ether gave ana1ytica11y pure materia1 

(620 mg, 3.47 mmo1es, 63%), m.po 126050 (lit.,54 125-126°)0 The 

materia1 can be sub1imed (95%.2 mm). 



N-acetoxymesi tohydro~Œlmic <lcid (15.,) 0 Hesi toni tri1e 

OJcide (13) (161 mg g 1 mmole) t'laS disso1ved in fresh1y distil1ed 

acetic acid (005 ml, 808 mmo1es) and anhydrous ether (10 ml) and 
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set aside at room ternperatureo Crysta1s began to form after 10 hr. 

After L.8 hr the Bolvent t"Jas removed nith a stream of dry nitrogen 9 

fol1o\7ed by evacuation (100 /001 mm) unti1 constant t"Jeight t'lUS 

achieved (221 mg, 1 mmole, 100%)0 t'Jhite p1atelets resulted 9 

mopo 13905-1400 (deco) (lito,51 136-1380 (deco»o Recrystalliz­

ation from hexane/ether did not raise the melting pointa NHR 9 cf ppm 

(CDC13): 2027 (S, CH3 ), 2.36 (S, 3 CH3)' 6092 (S, 2 aromatic H), 

and 9.3 (S, NH). 

Oxidation of dehydroabietinaldoxime (abietina1doxime)0 

- !!_~=E~~~~!~~_~!_~~~~~~~~!~~~~!~~~!~~_i!Z2o A solution 

of diazomethane at 00 \'las added to a solution of dehydroabietic acid91 

(230 mg, 0.767 mmo1es) in anhydrous ether (15 ml)o After normal 

work-up, the resultant crude methyldehydroabietate \'las reduced in 

ethereal solution with lithium aluminium hydride (120 mg) at room 

temperature (24 hr). Excess reducing agent \Vas destroyed by slow 

addition of ice water (1 ml) followed by neutralization \"lith ice-

cold dilute sulphuric acid (10 ml, 1096 H2S0L.). Ether extraction 

afforded a pale yellot'l foam (202 mg, rv 007 mmoles) 'ohich by IR and 

TLC consisted of essentially dehydroabietinolo The total amount 
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of crude dehydroabietinol t'Jas dissol ved in freshly distilled 

acetone (10 ml), cooled to 00 , and a cold solution of Jones re­

agent (1 ml, Cr0
3 

in diL H2S04)92 in acetone (5 ml) t"Jas slot"Jly 

added t"lith stirringo After 10 min, i-propanol (2.5 ml) t'TaS added 

to destroy eJccess oxidizing agent 0 The reaction mbcture \"Jas 

diluted \'Jith \'/ater (15 ml) and extracted \7ith ether (6 " 10 ml). 

The extract rIas t"/ashed rli th nater (2 x 5 ml) 9 saturated sodium 

bicarbonate solution (2 Je 5 ml), and rlater (5 ml). Drying O'lgS04) 

and solvent removal (600 /20 mm) afforded a viscous oil (216 mg), 

t7hich \"las shorm to consist of dehydroabietinol « 5%), 

dehydroabietinal (60-80%), and dehydroabietic acid (20-30%) (by 

IR and TLC). This crude mixture was treated vdth hydroxylarnine 

hydrochloride (185 mg, 2.7 mmoles) and sodium acetate x 3 H20 

(506 mg, 307 mmoles) in methanol (25 ml) at reflux for 1 hr. 

Then, the reaction miJcture was left to stand over night 0 Work-up 

\'las conducted by first distilling most of the methanol, then 

diluting with \"Iater (30 ml), followed by ether extraction (6 x 10 ml). 

The combined extracts were washed with 5% sodium carbonate solution 

(2 x 5 ml) and water (5 ml). Drying (MgS04) and solvent removal 

(300 /20 mm) gave a v/hite foam (137 mg), V1hich was sho\'Jn by IR and 

TLC to consist of 80-9096 of dehydroabietinaldOJcime (17) 0 This 

product t'laS used for the subsequent oxidation eJcperiment, 

- ~!_Q~~~~~~~~_~f_~!~~~~~~_!Z. Solid lead tetraacetate (304 mg) 

'\Jas added to the cru de aldoxime 17 (137 mg) in acetic acid (5 ml). 
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After stirring for * br, the reaction mixture oas diluted uith icc 

\7atcr (laD ml) and e:>rtracted rli th ether (6 x la ml). The combined 

extracts were \7ashcd rli th \'Iater (2 Je la ml) 9 aaturated sodium 

bicarbonate solution (l. JC 5 ml) v and \7ater (5 ml) 9 thcn dried (HgS04) 

and frecd of solvcnt (600 /20 mm and 200 /0.2 mm).. A yellcrl foam 

resulted (151 mg)v \7hich by TIJC consiated of one major component .. 

The IR spectrum ahor/cd all the bands characteristic of an N-acetoJCy­
_ CClI. 

hydrmcand.c acid: V : 3350{m) 9 1785{s) v 1715(a) 9 1200{a) 9 and mmc 

1122(s) cm-1 o No nitrile oride (band at 2270 cm-l ) rIas detectableo 

O-MethylpodocarpinaldoJcime (oxime function axial) gave undcr 

identical rcaction conditions 8œ6 nitrile oxide. 

- 2!_~~~!l~~~_~!_~:~~~~~~l~~~~~~~~~~~~~~~~~~~_~~~~· 

Hydrolysis of the cru de oxidation product of aldoxime 17 (for 

procedure cf., po 139) afforded after usual \'Iork-up crude, crystal1ine 
_ CHC13 

material, whoae IR spectrum indicated hydroxamic acid, V : 
max 

3440(m-a), 3250(m), and 1645(s) cm-l. A ferric chloride test gave 

an intense mauve colour. 

~:~~~~2~~~~~~2~l~2~~~~_~~~~. A mixture of resin acids 

(= techn.. abietic acid) \'las converted to the corresponding aldoximas 

and oxidized as described aboveo Again, N-acetoxyhydroxamic acida 

\'Iere obtained. 
_ CC14 

IR, \) max: 3370(01), 1790{a), 1720(s), 1200(a) and 

1122 (m-a) cm-l. No nitrile oxide \'laa detectable. 



C. Oxidation of Syn Aldoximes and Trapping of the Intermediate 

Nitrile Oxides \Ji th Vinyl Acetate. 
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A general procedure rias \7orked out for the 10t7 temperature 

oxidation of unhindered syn aldoximes and trapping of the intermediate 

nitrile o,dde \7ith vinyl acetateo This procedure is illustrated by 

the OJcidation of syn-benzaldoJeimeo Variations in reaction time and 

rlOrlc-up for other aldoximes are noted in Table 6 (p .. 35) 0 

A cold (-780) solution of lead tetraacetate (20458 g, 

505 mmoles) in methylene chloride (20 ml) ~as added during 1 min to 

a cooled (-780) and stirred solution of syn-benzaldoxime (569 mg, 

4070 mmoles) in methylene chloride (10 ml) and vinyl acetate (20 ml, 

freshly distilled. 71-73°/760 mm fraction). While maintai.ning 

efficient cooling (-78°), the reaction mixture ~as stirred for l br. 

At the end of this period, a pale yello\'l solution was obtained which 

contained a substantial am ou nt of white precipitatc (Pb(OAC)2)0 

Triethylamine (11 mmoles) in methylene chloride (10 ml) \'las added 

for neutralization of ace tic acid. The reaction mixture oas allowed 

to come to room temperature, then ether (100 ml) \'las added, followed 

by magne sium sulphate (1 to 2 g, to as si st precipitation of lead 

salt), stirring for ~ hr, and filtrationo The yellow filtrate ~as 

washed with ice-cold saturated sodium bicarbonate solution (5 x 5 ml), 

which removed remaining lead salts and sorne of the triethylamine­

acetic acid adduct. After drying (MgS04), the filtrate rias 
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concentrated by distillation over a short Vigreux column (70-75°/ 

760 mm). The concentrate (ca. 20 ml) rias freed of remaining solvent 

\"1i th a stream of dry nitrogen, yielding a yello\"Jjbro\7n crystal mass 

(1.32 g). Recrystallization from hexane/ethanol (95:5, v:v) at -78° 

afforded vhite crystals vith a faint yellow tinge {78l mg~ 3.81 mmoles, 

8156)9 m.p. 87-89°. Spectral analysis (IR, NHR) indicated pure 

5-acetoxY-3-phenyl-2-isoxazoline. A second recrystallization raised 

the melting point to 90.5°. Vacuum sublimation (65% .l mm) gave 

\"1hite crystals of m.p. 106°, \"Jhich upon recrystallization from hexanel 

ethanol again melted at 90.5° (lito,61 88-89°)0 The trio (crystal) 

forms Vlere found to arise from the same compound (IR, NHR, UV, 

elemental analysis identical). 

(lit.,60 254 mfA (! 14,300) ) .. 

UV À EtOH 
, max 254 ml" (l 24,300) 

- Hodifications: 1. The oxidation could be carried out 

in methylene chloride alone, followed by addition of vinyl acetate 

and triethylamine. This approach gave lower yields (ca. 50%). 

2. Ethanol was used as solvent instead of methylene chloride. This 

approach also gave lower yields (40-50%) and the reaction appeared 

to be more rapid as deduced from a 6udden temperature rise (10°) upon 

admixture of lead tetraacetate and aldoxime. 3. rrriethylamine could 

be replaced by pyridine. In fact t the oxidation could be carried 

out in the presence of pyridine; however, work-up was more tedious and 

yields were low. Oxidation without subsequent addition of base led 

to mixtures of isoxazoline acetates and N-acetoxyhydroxamic acids. 



5-Acetoxy-3- (16-nor-0-methylpodocarp-4;8 -yI) -2-ismcazo­

line (19). Freshly distilled vinyl acetate (2 ml, 32 mmoles) \"JaS 

added to a solution of nitrile oxide 12 (356 mg, 1.25 mmoles) in 

benzene (15 ml). The mixture \'las r.eflmced for 1 hr \'Ihen TLC 
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indicated complete conversion to a ne\'l producto After solvent 

removal (300 /20 mm), a \'/hi te foam rIas obtained (468 mg 9 10 26 mmoles 9 

100?6), m.p. 52-540
0 Spect.ral analysis (IR, NMR) indicated the 

presence of the isoxazoline acetate 19Q The Nt~R spectrum sho\'J0d 

t\'lO isomeric compounds in equal proportions. Attempts to separate 

these by chromatography and fractional crystallization \'Iere fruit-

1ess. NMR, cf ppm (CDC13): 1.07 (s, ~ CH3 ) , 1.18 (S, Yi! CH3 ) , 

1~ (S, ~. CH3) , 1.27 (S, ~ CH3 ) , 1.95 (S, * OAc), 2.02 (S, ~ OAc), 

2.84 (M, 2 H), 3.14 (M, 2 H), 3.75 (S, OCH3)' 6.61 (M, 1 H), and 

signaIs arising from methylene and aromatic protons. 

D. Preparation of 3-Substituted 2-Isoxazo1es. 

3-(16-nor-0-methy.1podocarp-4 fi -yl)-2-isoxazole (~.9) 0 A 

solution of isoxazoline acetate 19 (410 mg, 1.1 mmoles) in ethanol 

(15 ml), containing hydrochloric acid (1 ml conc. HCl/50 ml EtOH), 

\'las refluxed for 2 hr \"/hen TLC indicated complete conversion to a 

ne\'l product. Upon solvent removal (400 /20 mm and 20%.2 mm), a 

whi te semi-crystalline mass rIaS obtained (344 mg) which \'Jas re­

crystallized from acetonitrile/water/ether, affording white 
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long needles (275 mg~ 0.886 mmoles, 8~b based on nitrile oxide), 

mopo 104°0 AnaL calcd. for C20H25N02: Cg 77013; Hg 8009; 

N, 4050; found: Cg 76063; Hg 8021; N, 40740 IRg no out standing 

features can be assigned to isoxazole. NMR g cr ppm (CDC13): 0077 

(Sg CH3)' 1030 (Sg CH3)g 2087 (Mg 2 H), 3076 (s, OCH3)' 6032 (Dg 

J = 107 cps, 1 H), 6083 (Mg 3 aromatic H), and 8031 (D, J = 1~7 cps, 

l H)CJ besides signals arising from methylene protonso 

3-t-Butyl-2-isoxazo1e. Adequate description for the 

preparation of this compound can be found on p. 38 

spectrum showed bands typical for isoxazo1es. 96 

Eo OJCidation of Anti-n-Heptana1doxime. 

Its IR 

1-Aceto:>cy-l-nitroso-n-heptane (&1). A co1d (-780 ) solution 

of lead tetraacetate (3.755 g, 8.4 mmo1es) in methy1ene chloride 

(20 ml) was added to a cooled (-78°) and stirred solution of anti­

n-heptanaldoxime (951 mg, 7.38 mmoles) in methylene chloride (20 ml). 

After 3 min at _780
, the mixture was yellow and hazy; bn raising the 

temperature above -70°, a green colour appeared accompanied by white 

precipi tation~ o:t The green colour \ïent through an intensi ty maximum 

at -550 to -500 , then slowly faded to a greyish yellow at about -250 • 

Lead diacetate, verified by: Pb(OAC)2+2K1 ---\:>PbI2~'" 2 KOAc 
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A different kind of greenjblue appeared at _10° (this temperature 

point \7aS found to vary somewhat from one e:l~periment to another) 

and intensified towards room temperatureo The formation of the 

latter col our rJas reversible: it disappeared on lonering the 

temperature to -78°9 and reappeared on raising it ab ove -10°0 
To the greenjblue reaction solution, ether (60 ml) and magne sium 

sulphatc (1-2 mg) nas added with stirringo After 10 min9 the 

resul tant suspension was fil tered g the fil trate rIas \7ashed acld 

free (pH paper) uith ice-cold saturated sodium bicarbonate solution 

(4 x 5 ml) '1 dri ed (r~gSO/f) and freed of sol vent rlÏ th a stream of 

dry nitrogen at 0° •. A green oil resulted (1.616 g) which by semi-

quantitative IR analysis contained acetic anhydride (lœ~)t acetic 

acid (~1096)o and other productso Extensive pumping (100 /0.2 mm) 

permitted collection of a volatile fraction in a cold trap. IR 

analysis of the trap residue indicated acetic anhydride, acetic 

acid, and sorne solvent. Upon addition of a drop of dilute sulphuric 

ncid (,5D~) and brief warming, all acetic anhydride \"/as converted ta 

acetic acid (IR evidence). The oily residue, after pumping (1.15 g), 

was analyscd by NMR and IR (for details cfr, p. 40), then dissolved 

in pentane (10 ml) and stored on dry ice for 3 days. The resultant 
(1 white crystals (180 mg, 0.481 rnrnoles, 1301% ) \'Iere filtered and 

analysed: rn.p. 84-850 (not raised upon repeated crystallization). 

Q Yields varied from 9 ta 14%. 
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Anal 0 calcd o for C9H17N03: C, 57073; H, 9015; N, 7048; found: 

Cv 57.41; H, 9016; N, 70460 

F. Rearrangement of l-Acetoxy-l-ni trosoallcanes to N-AcetoJCy~ 
hydroJcamic (lcids. 

N-AcetoJcyheptanohydroiCamic acid. Freshly distilled 

triethylamine (7.2 mg, 0.07 mmoles) in ethereal solution (2 ml) 

VIas added to a solution of l-acetoxy-l-nitroso-n-heptane (21) 

(157 mg, 0042 mmoles) in anhydrous ether (8 ml). The resultant 

blue mixture vas set aside at room temperature. The solution 

\"lias colourless after 8 br.. Solvent riaS removed \7ith a stream 

of dry nitrogen and pumping (00 /0.1 mm, 5 min). A croystalline 

residue resulted (158 mg, 0.42 mmoles, 10(96), m.p. 82,5-83°. 

Recrystallization from pentane did not raise the melting point. 

Anal. calcd. for C9H17N03: C, 57.73; H, 9015; Nt 7.48; 

found: Ct 57.68; H, 9.18; N, 7.38. 

N-AcetoJCytrimethylacetohydroxamic acid. Sol id lead 

tetraacetate (1.056 g, 2.38 mmoles) was added to a cold (-20°) 

solution of syn-trimethylacetaldoxime (217 mg, 2015 mmoles) in 

methylene chloride (5 ml). A \'/hite precipitate formed and the 

solution turned slowly blue (5 min). The temperature was raised to 

0°, ether was added (30 ml), followed by magne sium sulphate (1 g) 
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and stirring for 10 mino Then the suspension nas filtered; the 

filtrate (00
) vIas rTashed \'Jith ice-cold saturated sodium bicarbonate 

solution (3 x 3 ml) and wa.ter (3 ml), dried O'1gs04), and freed of 

sol vent rli th a stream of dry ni trogen at 00
0 A rlhi te crystal mass 

with a blue tinge resulted (262 mg)o Analysis by NMR and IR 

spectroscopy indicated 75?6 of N-acetoxytrimethylacetohydroxamic 

acid (for analytical details cf., po 12l.) and 25?6 of l-acetoxy-

I-nitroso-2,2-dimethylpropane (18). Isolation of the latter 

compound (rli thout eJCtensi ve rearrangement) could not be achieved, 

but its spectral data permitted structure assignment and quantitative 
estimation: IR, \) CC14: 1760(s), 1560(s) (verified in CHC13)' max . 
1212(s), 1189(m-s), 1168(m), 1087(s), 1043(m), and 960(m) cm-l. 

NMR, cl ppm (CDC13): 1.07 (s, 3 CH3)' 2.16 (S, OAc), and 6.92 (S, 1 H). 

The yield of nitrosoacetate amounted to 17% (0.403 mmoles, based on 

trimethylacetaldoJCime). Upon dissolving the crystalline mixture in 

ether and adding a catalytic amount of triethylamine, quantitative 

conversion to N-acetoxytrimethylacetohydroJCamic acid was effected. 

- ~~~~~~~~~~~~~_~!_~~~~~~~~~~~~~~_!ê_~~_!~~~!_~~~~~~:· 
A mixture of nitrosoacetate 18 (25%) and N-acetoxytrimethylaceto-

hydroxamic acid (75%) (262 mg), prepared from trimethylacetaldoxime 

as shown above, VIas dissolved in freshly distilled vinyl acetate 

(10 ml) containing triethylamine (2.1 mmoles). The solution was 

heated to 750 and the solvent \'Jas distilled over a short Vigreux 



column until the volume of the reaction solution rias reduced to 

1 to 2 mL Remaining solvent rIas removed \'Jith a stream of dry 

nitrogeno A crystalline residue resulted(250 mg) ~hich consisted 

of N-acetoxytrimethylacetohydroxamic acid (> 9~fo) 0 No isoJCazoline 

acetate could be detected (IR, NHR)o 

G. Oxidation of Anti-Benzaldoximeo 

(Preparation of Phenylaldazine-bis-N-oJCide)o 

A cold (-780 ) solution of lead tetraacetate (10440 g, 

3.24 mmoles) in methylene chloride (15 ml) ~aD added to a cold (-780 ) 

solution of anti-benzaldoJCime (390 mg, 3024 mmoles) in methylene 

chloride (20 ml). After stirring for 1 min, a pale yellow and hazy 

solution was obtained, which turned green with simultaneous 

precipitate formation on raising the temperature above -700 • The 

green colour rIent through an intensity maximum (at approJCo -600 ), 

then gradually faded to a greyish yellowo Ether (100 ml) and ice­

cold water (25 ml) were added at room temperature, followed by 

vigorous stirring for 10 min. The aqueous phase ~as separated; 

the ethereal layer rias washed \'IÎ th ice-cold saturated sodium 

bicarbonate solution (3 x 5 ml), ~md concentrated to a volume of 

15 ml by evaporation with a stream of dry nitrogen at -20°. A 

white crystalline precipitate resulted which was filtered and 

washed with cold (-50°) ether, then dried over anhydrous calcium 



su1phate (220/001 mm). This materia1 (228 mg 9 1005 mmo1es 9 65%) 

me1ted at 109-1100 (dec.) and shoved the same IR spectrum 

120. 18 <Xml' pellet, cf 0, po 52 ) as the reported ' phenyla1dazine-

bis-N-mcide, mopo 108-1090 (dec.). 

H. Thermal Decomposition of Phenyla1dazine-bis-N-oJCide. 

A co1d saturated carbon tetrach10ride solution of 
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pheny1a1dazine-bis-N-oJCide sho\'led a strong and characteristic band 

at 1575 cm-l (verified in CllC!5). Upon warming the solution to 500 

for 2 min, the 1575 cm-l band became \7eaker, while nen bands 

appeared at 3590(m), 950(m) (benza1doxime)t and 2290(s) cm-l 

(benzonitrile oJeide). The solution was th en set aside at room 

temperature. After one day, another spectrum was recorded which 

showed no bands at 2290 and 1575 cm-l, and the oxime bands \'Iere 

appreciably r'educed in intensityo This indicated that 0.11 of the 

benzonitrile oxide and phenylaldazine-bis-N-mcide, and most of the 

benza1doxime were consumed. 

- !!:~~~~~E~~~!:_~!_!:~~~~;~=_~~~~_~!~~_~!!:~~_~~~~~~~· 

Phenyla1dazine-bis-N-mcide (117 mg, 0.487 mmoles) I.'Jas refluxed in 

freshly disti11ed vinyl acetate (1 ml, 16 mmoles) for 15 min. 

The resu1tant, ye110w solution was freed of solvent with a stream 

of dry nitrogen, affording a semi-crystal1ine residue (148 mg). 



Spectral analysis (NMR, IR) indicated the presence of isoxazoline 

acetate, benzaldoJCime 9 and Ph-?-Ph in a molar ratio of 1:3:20 

Compound(s) Ph-?-Ph is(are) probably oxadiazole(s)065 The same 

resul trIas obtained t"/hen oxidizing anti-benzaldmdme \'li th lead 

tetraacetate in the presence of vinyl acetate (cfo, po 129 )0 

Isolation of the isoxazoline acetate could be achieved by re­

crystallization from hexanejethanolo 
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CHAPTER III. OXIDATION OF IŒTOXlMES 

A. OJddative Cleavage of Methylated Cyclohexanone Oximes. 

Oxidation of 2,2,6,6-tetramethylcyclohexanone oxime (~) 

in acetic acido Solid lead tetraacetate (60036 g, 13.6 mmoles) \"1o.s 

o.dded nith stirring to a solution of 35 (2.000 g, 1108 mmo1es) in 

acetic acid (10 ml). After 5 min, acetic acid rIas removed by vacuum 

distillation (200/0.1 mm), affording a pale green oi1 and lend 

diacetateo The oi1 \7aS extracted t'Ii th ch10roform/ether (1 :2, v:v) 0 

The fi1tered extract was washed with ice-co1d saturated sodium 

bicarbonate ~olution (4 x 5 ml), dried (MgS04) and ireed of solvent 

(400/20 mm). A pale green oi1 resulted (3.390 g, 1108 mmo1es)o 

Spectral analysis (NHR) and titration \"li th 0.1 N sodium hydroxide 

(pheno1phtha1ein) indicated 90 : 5% of 6-acetoJ~-292,6-trimethy1-

heptanohydroJmmic acid N-acetate (36). This materia1 gave a negative 

ferric chloride test. 

Hydrolysis of diacetate 3,g. A methanolic solution (25 ml) 

of 36 (341 mg) uas neutralized at room temperature with 2 N aqueous 

potassium carbonate solution (phenolphthalein). After stirring for 

24 hl', solvent was removed (20%.2 mm) and the residue \'Jas 

dissolved in water (10 ml) and ether (50 ml), then acidified with 
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a drop of dilute acetic acid. The aqueous phase rIas separated and 

extracted \'li th ether (5 :Je 10 ml). The combined ether e:Jctracts 

\'Jere dried (300 /20 mm), affording slightly yelloIT, crystalline 

material (320 mg) 0 Recrystallization from heJcane gave t"Jhi te 

crystals (2l }5 mg 7 100 mmoles? 849b), m.po 74-750 0 Vacuum sublim­

ation (600 /001 mm) or repeated recrystallization did not raise the 

melting point. The material gave a positive ferric chloride test. 

Analytical data (pp. 64, 65) identified this compound as 6-aceto:Jq-

2,2,6-trimethylheptanohydroJcamic acid (7). 

Oxidation of oxime .3~ in trifluoroacetic acid. Lead tetra­

acetate (21 g, 47.4 mmoles) was dissolved in trifluoroacetic acid 

(210 ml) and stirred for J, hr. This reagent was added in a closed 

system (exclusion of air moisture) to a solution of oxime 35 (7.20 g, 

4205 mmoles) in trifluoroacetic acid (35 ml). Addition of each drop 

of oxidizing reagent caused formation of a transient (5-10 sec), 

intensely yellow colouro After completing the addition, the reaction 

mixture waa stirred at room temperature for Yz hr, then diluted \'Ii th 

ice \'Jater (1.000 ml), followed by extraction \'Ii th ether (2 x 100 ml, 

10 x 50 ml). The combined extracts were washed with ice-cold \'later 

(2 x 25 ml), ice-cold saturated sodium bicarbonate solution (10 x 50 ml), 

and water (10 ml), then dried (l-1gS04) and freed of solvent (400 /20 mm). 
A yellow oil resulted (9.386 g), which crystallized to a solid mass 

on standing. Recrystallization from hexane afforded white crystals 
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(3.B2 g, 120B mmoles, 3~b), mop. 79-Blo; repeated crystallization or 

vacuum sublimation (600/0.1 mm) raised the melting point to Blo5-B20 e 

The material gave a positive ferric chloride test. uv Â EtOH 
, max 

Q 

211 m? (E 9 1550); molecular neight: 299 (mass spectrum) 9 ca1cdo 

for C12H20N04F3: 299. In conjunction nith other ana1ytical data 

(pp. 64, 65), the compound rIaS identi fied as 6-tri fluoroacetmcy-

2,2,6-trimethylheptanohydroxamic acid (38). 

Hydrolysis of hydroxamic acid 3]. A solution of 38 (36 mg, 

0.1204 mmoles) in water (2 ml) \'Jas boiled for 10 min, th en cooled to 

room temperature and saturated with ammonium sulphate. Ether 

eJctraction afforded white, crystalline material (23 mg, 0.1134 mmoles, 

94%), mop. Ill-113°. Recrystallization gave an anlytically pure 

sample, m.p. 112-113°. uv Â EtOH 
, max 212 rnf! (t: t 1520). Tho ma terial 

gave a positive ferric chloride test and its ana1ytica1 data (pp. 64, 65) 

identified it as 6-hydroxy-2,2,6-trimethylheptanohydroxamic acid (39)0 

Methano1ysis of hydroxamic acid 3Ji. A methanolic solution 

of 3B (761 mg, 2054 mmo1es) was refluxed for 24 hr, then aIl BoIvent 

was removed (40°/20 mm), yielding a uhite crystalline residue (394 mg, 

mop. 112-113°). This material \'las dissolved in water 000 ml), \'Ihich 

.;0 The parent peak was observed at 167; in the process of measurement 
CF3COOH (114) and H20 (lB) was 10st (167 + 114 '1- lB = 299). 



contained 5 ml of methanol, and then extracted with ether (6 x 30 ml). 

The combined ether eJ~tracts r/ere washed rd th saturated ammonium 

slùphate solution (2 x 10 ml), dried (r1gs04) and freed of solvent 

(40°/20 mm). The crystalline residue (206 mg) melted at 105-106°. 

The rmsh-\7aters and the aqueous phase of the ether extraction l'fere 

combined, saturated ni th ammonium sulphate, and eJctracted wi th a 

1: 2 mixture (v: v) of chloroform and ether (8 ~c 15 ml). The combined 

extracts, after drying (MgS04) and solvent removal (40°/20 mm), 

afforded white, crystalline material (130 mg, 0.600 mmoles, 24~6), 

m.p. 121-122°. Repeated crystallizations from hexane or vacuum 

sublimation (100% .5 mm) raised the melting point to 122.5°0 

UV, À.. EtOH 212 m Al (€., 1510)" The ma terial gave a posi ti ve ferric max .r 

chloride test and was identified (pp. 64, 65 ) as 6-methoxy-

2,2,6-trimethylheptanohydroxamic acid (40). The more ether-soluble 

crystal fraction, m.po 105-106°, could not be further purified by 

recrystallization (hexane) or vacuum sublimation (80% 05 mm). Its 

analytical data indicated a mixture of olefinic and other hydroxamic 

acids. Elemental analysis, best fit for CIOH19N02' calcd.: C, 64.83; 
H, 10.34; N, 7.56; found: C, 63.58; H, 10.47; N, 7.64. 

uv Â EtOH 211 m LA (ê, 1800). IR, V CC14: 3460(m), 3260(s), 9 max r max 

1660(5), 1080(m), and 890(m) cm-ID NMR, cr ppm (CDC1
3): 1.12 (S), 

1.17 (S) (no. of H uncertain), 3.16 (S, 1/3 CH30), 4.70 (S, 1 H), 

5.07 (T (?)~ ~ = 6 cps, 0.6 H), and 9.0 (S,2 H), resolved in 

(CD3)2S0: 8.43 (1 H) and 10~25 (1 H) ). The material gave a 

positive ferric chloride test. 



Oxidation of 2,2,6-trimeth,ylcyclohexanone mcime <il) 0 

Lead tetraacetate (670 mg, 1052 mmoles) rIaS dissolved in trifluoro~ 

acetic acid (10 ml) and stirred for 1 hr~. This rengent cras added 

in a closed system to a solution of oxime 41 (180 mg, 1016 mmoles) 

in trifluoroacetic acid (2 ml)o In addition to the colour changes 

observed in the oxidation of oxime 35, the formation of a COlO1.lr­

less gas rIaS noticed, \"Ihich turned bronn upon e:Kposure to air (N02) 0 

After complete addition of oxidizing agent 9 sol v'ent t"las removed by 

vacuum distillation (200 /005 mm)o Ice-cold saturated sodium 

bicarbonate solution (10 ml) wos added to the oily distillation 

residue, followed by ether (50 ml). The two-phase system was 

stirred in an ice bath for 5 min, then the ether layer was separated 

and the aqueous phase was extracted with ether (5 x 5 ml). The 

combined ether extracts were washed with ice-cold saturated sodium 

bicarbonate solution (2 x 5 ml) and water (2 ml), then dried (MgS04) 

and freed of solvent (200/20 mm)o An almost colourless oil (247 mg) 

was obtained which, upon recrystallization from pentane, afforded 

white crystals (180 mg, 00631 mmoles, 5496), mop. 78-800 • Vacuum 

sublimation (500 /0.05 mm) gave an analytical sample, m.p. 7905-80050
• 

Anal. calcd. for CIIH18F3N04: C, 46030; H, 6036; N, 4.96; found: 

C, 46.52; H, 6027; N, 40920 This material gave a positive ferric 

chloride test and \'Jas identified (pp. 66? 67) as 2,6-dimethyl-6-tri­

fluoroacetoJ~heptanohydroxamic acid (42)0 
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Oxidation of 2-methylcyclohexanone oxime (43)0 A solution = ~ 

of lead tetraacetate (20643 g, 5.95 mmoles) in trifluoroacetic acid 

\Vas added to oxime 43 (689 mg, 5.43 mmoles) in trifluoroacetic acid 

as described in the preceding procedure. Work-up \Vas analogous, 

affording a yellorl oil (6l~1 mg) which by IR spectroscopy contained 

hydt'oxamic'acid and 2-methylcyclohexanone in a ratio of 4:6, besides 

other undefined compoundso A ferric chloride test TIas positive. 

Isolation of the hydroxamic acid by 10\'1 temperature crystallization 

(-780, pentane) rJas not p6ssible. A portion (310 mg) of the crude 

oxidation product \'13S treated with 2,4-dinitrophenylhydrazine93 

which produced the 2,4-dinitrophenylhydrazone of 2-methylcyclohexanone 

(533 mg, rv 60% leetone in the crude product), rn.p. 135-1370 (lit.,93a 

B. Oxidative Cleavage of Camphor Oxime (44). 

Solid lead tetraacetate (3.450 g, 7.8 mmoles) was added 

with stirring ta a solution of 44 (1.125 g, 6.73 mmoles) in acetic 

acid (20 ml). rrhe solution tUl'ned greenjblue.. This colour faded 

with 14 hr to a pale green. Ice \'Iater (200 ml) \'las added, followed 

by ether extraction (6 x 20 ml). The combined ether extracts \'Iere 

washed wi th ice-cold \'Jater (4 x 10 ml) and ice-cold saturated sodium 

bicarbonate solution (4 Je 10 ml), then dried (MgSOL~) and freed of 

sol ven t (300/20 mm). The oily, pale green residue (1 .. 440 g) \'JaS 
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~ CC14 analysed by spectroscopyo IR, \J : 3350(rJ-m) 9 30L,O(rJ), 1790(s) 9 mru~ 

1735(s), 1650(u), 1190(S), and 882(m) cm-Io The NMR spectrum 

indicated 0. mixture of trjo major and trJO or more minor componentso 

Chemical shift assignments (and quantitative estimates) could be 

made for the three components 45, 46, and 47: 

structure 

d a = 0083, 1003 (s) 
b = 1.65 (s) 

(44%) c = 2021 (S) 
d e = 5026 (Q?) 

CONHOAc e = 9.4 (s) 
c 

45 

H c 
0.87, 1.05 (S) \ ........ H a = 

Il b = 2.21 (S) 

C(O~OAc 
(21%) c = 4~84 (D, J = 2 cps) 

d - 9.4 (s) 

b 

46 

c 

AcO .. b a = 1.00, 1023 (s) 

. ~O:hOAC 
b = 1.43 (S) ( < 10?~) 
c 2.00 (S) = 

d = 2.21 (S) 

d e = 9.4 (S) 
L~7 
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- g~~~!~~!~_~!_~~~_~~~~~_~~!~~~~~~_~!~~~~~_~~l_~§l_~l_~2· 

A methanolic solution (4 ml) of mixture (45, 46 9 47 9 +) (421 mg) was 

neutralized vdth l N aqueous potassium carbonate (phenolphthalein)o 
r.. 

The resultant pink solution rIas stirred at room temperature for 24 hr t 

then acidified \7Ï th a drop of dilute acetic acid and freed of solvent 

(200 /20 mm). The resultant residue rias dissolved in \'/ater (10 ml), 

saturated rJi th ammonium sulphate and extracted \'Ji th ether (5 x 20 ml). 

The combined ether extracts were dried (MgS04) and freed of solvent 

(300 /20 mm). A fa.int yello\'1 oil (298 mg) rias obtained \'/hich 

crystallized on standing. Recrystallization from pentane/ether 

afforded white crystals (189 mg), m.p. 84-870 • Repeated crystalliz-

ation as vieIl as vacuum sublimation (700 /0.02 mm) did not raise the 

melting point. A ferric chloride test was positive. 
_ CHC13. 

IR, "\) max • 

3420(m), 3310(m), 1730(m), 1660(s), 1600(w-m), and 880(m) cm-l. The 

NMR spectrum indicated a mixture of one minor and two major components: 

structure J ppm (CDC13 ) 

c 

H 

(6796) 
a = 0.'15, 0.98 (S) a 
b = 1.58 (S) 

CONHOH 
c - 5.18 (M) 

.......,.." d = 9.1 (S) d 

48 

Work-up immediately after neutralization afforded > 80";6 starting 
materia1. 
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H b 

\ ........ H 
00U2, 1005 Cs) /1 a = 

C(:O~OH 
b = 4073 (Dg J = l cps) 

(26~G) 
901 CS) c = 

---c 
49 

c 

AcJJ b a - ? (superirnposed) 

~O~OH 
b = 1037 (s) 

(79~) 
1097 (s) c -

d = 901 Cs) 
c...,....... 
d 

50 

C. Interception of Nitrile Oxides by l,3-Dipolar CycloadditionG 

Preliminary experimenta which led to the successful inter-

ception of nitrile oxides were discussed in eufficient detail in the 

RESULTS section (pp. 7l~77). 

~l~~§!§:~~~~~~~~l!~l~!~~~~~~~~~_~~!~~_i~lo A cold (-780
) solution 

of lead tetraacetate (2.201 g, 4.9 mmoles) in methylene chloride 

(20 ml) and acetic acid (0.5 ml, 8 mmoles) \'Jas added to a cold (-780 ) 

solution of oxime 35 (755 mg, 4046 rnmoles) in methylene chloride 

(15 ml) and freshly distilled vinyl acetate (10 ml) ~ which contained 

sorne acetic acid (1 ml, 17 mmoles) 0 The reaction mixture \1aS stirred 



148 

et _78° for 20 min, th en the temperature ml.S slor/ly raised (1 hr) 0 

At -10° a precooled amount of triethylamine (5 ml? 36 mmoles) \7aS 

added and the reaction mixture \",as allo\ïed to come to room 

temperatureu Ether (60 ml) and magnesium sulphate (2 g) vere added, 

follom~d by stirring for 20 min. The resul tant suspension rIas 

fil tered; the filtrate 'rJaS \"/ashed rd th ice-cold saturated sodium 

bicarbonate solution (8 Je 5 ml) 9 then dried (MgSOl~) and freed of 

solve nt (10 bath: 80°/760 mm 9 VigreUJc column, 2. stream of dry 

nitrogen). A pale green oil resulted (10080 g) \"Jhich by IR and NMR 

estimate contained approximately 50% isoxazoline acetate 55, and 

10-2~6 2,2,6,6-tetramethylcyclohexanone, besides gemina1 nitroso-

acetate 51 and other undefined compoundso The crude material was 

distilled (80%.1 mm), affording a pale greenjb1ue oi1 as 

disti11ate (220 mg) and a ye11ou, crysta11ine residue (702 mg, 

IV 2025 mmo1es, N 5~6). The disti11ate was identified as a mixture 

of gemina1 nitrosoacetate (major) 51 (l) CC14: 1770(6) and 1208(s) cm-1 ) 
- max 

6 6 ( ) (v CC14: 1705(s) cm-1 ). and 2,2, , -tetramethy1cyc10hexanone minor 
max 

The crysta11~.ne residue contained ca. 8~6 of isoxazo1ine acetate 55. 

IR, \J ~~4: 1770(s), 1735(s), 1225(s), ~170(s), and 963(s) cm-1 • 

NMR, cf ppm (CDC13): 1025 (S, 2 CH3' lIall ) 9 1042 (S, 2 CH3 , "b") , 

1097 (S, OAc, "Cil), 2004 (S, OAc, "d"), 2.84· (Qg 1 H, "HA"), 

3.26 (Q, 1 H, "HB"), and 6070 (Q, 1 H, "HX"); J AB ::: 18 cps, 

J BX = 2 cps, JAX = 6 cps. 
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c 

d 

- ~~~~~E~~~_~~~~~~~E~~~~_~!_~~~~~!=_~~!~~_!~_~~=_~~!~~~~~~ 
of camphor oxime (44). Oxime 44 was treated as described above in ------------------QD-
the oxidation of oxime 350 A green oil was obtained which by NMR 

and IR contained no (or less th an 5%) isoxazoline acetateG 

- !~~=~~=E~!~~_~!_~!~~!!=_~~!~=_!~_~~=_~~~~~~!~~_~f 
f~~~~~~=_~~!!!!=_~~2o OJCime 56 (716 mg, 4 .. 29 mmo1es) \'Jas treated as 
described in the preceding procedure, but no extra acetic acid was 

required. The amount of triethy1amine needed for neutralization of 

acetic acid was according1y reduced. A co10ur1ess oi1 was obtained 

(917 mg) which consisted of four major components (TLC). No attempt . 

at separating these \'Jas made, but spectral inspection clear1y 

indicated the presence of four different isoxazo1ine acetates 

(compoulld6 57, 58, 59, and 60, po 78). IR, V ~~~4 1770(6), 174o(m-s), 
1650(\"I-m), 1630(m) 9 1225(6) , 1168(s), 962(s), and 918(rl-m) cm-1 • 
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- NHR 9 cf pprù (CDC1
3 ): 1 to 2 (iI'nrious sing1ets) 7 5-acetOJ~-2-iso::razo1ine: 

200L~ (St OAc)9 2088 (Q9 '" 1 H), 3027 (Qg IV 1 H), and 6071 (Qg IV l H)9 

JAB = 18 CPS9 J BX = 2 CPS9 JAX = 6 cps (cf 09 structure 55); olefinic 

material: 4 0 80 (Hg eJco-methylene) 9 5027 (t1 9 endo-methylene) 0 



fl.PPENDIX 

UV und NNR Data of fl.1iphatic HydrOJcamic Acide 

fl.1iphatic hydrOJcamic acids \"Jere prepared by standard 

procedures14 ,94 and their UV and NMR spectre \'lere recorded. 

À EtOH ! ppm (CD3S0CD3) Compound max 
fI 1) 

A HB2) 

+ CH3CONHOH 211 1300 9.45 - 1.54 

CH 3CH2CONHOH 212 1250 8.72 10.39 

CH3(CH2)4CONHOH 211 1400 8 .. 63 10.32 

151 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

BIBLIOGRAPHY 

J .R. 'l'hornas, J. Arno Chern. Soco, 86, 1446 (196L~) 0 

R.-M. Dupeyre and A. Rassat, ibid., 88, 3181 (1966); 

152 

A.K. Hoffmann and A.T. Henderson, ibido, 83, 4671 (1961); 
J.C. Baird and J.R. Thomas, J. Chem. Phys:-;- 35, 1507 (1961); 
H. Wieland and K. Roth, Ber. 9 53Bv 210(1920)-0 

E. W. stone and A.H. Hald, Jo Chem. Phys., 39., 1635 (1963). 

H.C.R. Symons, Jo Chemo Soc., 1963, 1189. 

10 Hiyagawa and W. Gordy, J. Chem. Physq 30, 1590 (1959)0 

B.C. Gilbert and R.O.C. Norman, J. Chem. Soc. (B), 1966, 86. 

H.C.R. Symons, Adv. Phys. Orgo Chem., !' 283 (1963). 

M.C.R. Symons, J. Chem. Soc., 1965, 2276. 

M. Bethowc, H. Lemaire, and A. Rassat, Bull. Soc. Chim. 
France, 1964, 19850 

G.N. Bogdanov, M.S. Portnikova, and N.lL Emanuel, lsv .. Akad., 
Nauk. SSR., p. 173 (1963); ci.ted by R. Criegee (21) p. 289 • 

., v """" , 
Mo Lj. Mihailovic, J. Bosnjak, Z. Malt:simovié, Z. Cekovic, 
and Lj. Lorenc, Tetrahedron 22, 955 (1966); K. Heusler and 
J. Kalvoda, Angew. Chem., 76~518 (1964). 

L.C. Behr in A. VJeissberger, "The Chemistry of Heterocyclic 
Compounds," Five- and Six-Membered Compounds with Nitrogen 
and OJcygeIl, Wiley, New York, 1962, p .. 249; (a) J.H. Boyer 
and H. Alul, J. Am. Chem. Soco, 81, 4237 (1959); J.L. Smith, 
Chem. Reva, ~, 239 (1938) --

R.A. Barnes in R.C. Elderfield, "Heterocyclic Compounds," 
Wiley, New York, 1957, Vol. 5, po 452. 

H. Henecka and P. Kurtz in E. HÜ11er, "Methoden der organischen 
Chemie (Houben-Weyl) 9" G. Thieme, Stuttgart, 1952, VoL 8, 
p. 684; E. Bamberger and T. Scheutz, Ber., 34, 2023 (1901). 



(15) Smirnorl and Sch1jaruk, J. Gen. Chem. (USSR), 16, 78, 1693 (1946); Chem. Zentro, 1951, 4560 

(16) W.D. Emmons and A.S. pagano, J. Am. Chem. Soc., 77, 4557 (1955) 0 

(17) J.W. Lorm, J. Chem. Soc., 1966 (B), 441 and 644; 
D.C. Iffland and G.X. Criner, Chem. Ind., 1956, 176. 

(18) H. Kropf and R. Lambeck, Anno, 1966, in press. 

(19) E. Beckmann, Ber., 22, 1588 (1889). 

(20) O.L. Chaprnan and D.C. Heckert, Chem. Corron., 1966, 2lt2; L. Horner, L. Hockenberger, and W. Kirmse, ci'i'ëin:' Ber., 94, 290 (1961). 

153 

(21) R. Criegee in ILB. Wiberg, "Oxidation in Organic Chemistry," Academic Press, New York, 1965, po 278. 

(22) E. Hansen in E. Müller, "Methoden der organischen Chemie (Houben-wey1)," G. Thieme, stuttgart, 1953, Vol. 2, p. 446. 

(23) A. I. Voge1, "Practica1 Organic Chemistry," 3rd ed, Longman, London, 1961, po 719. 

(24) W.D. Phi11ips, Anno New York Acad. Sci., 70, 817 (1958)0 

(25) I. Pejkovié-Tadic~ M. Hranisavljevié-Jakovljevic~ S. Ne~ié, C. Pascual, and W. Simon, Helv. Chim. Acta, 48, 1159 (1965). 

(26) G.J. Karabatsos, R.A. Taller, and F.M. Vane, J. Am. Chem. Soco, 85, 2327 (1963); R.H. Mazur, J. Org. Chem., 28, 248 (1963);-G. Slomp and W.J. Wechter, Chem. Ind., 1962, 410 

(27) E. Lustig, J. Phys. Chem., 65, 491 (1961). 

(28) W. Lüttke, Ann., 668, 184 (1963). 

(29) H. Wieland, Ber., 40, 1677 (1907). 

(30) M.P. Grammaticakis, Compto Rend. 9 22l., 1568 (1947). 

(31) A. Richard, Anno Chim., [8], 21, 371 (1910); Beilstein~ Vol. l, I, 354. 

(32) E. Bamberger and F. EIger, Anno, 475, 305 (1929). 



(33) A gift of o-methylpodocarpina1doxime from Dru C. Leznoff, r1cGill Uni versi ty, 1964, is gratefu1ly acknorJlodgedo 

(34) ll.. Hantzsch and A. Lucas, Ber., 28, 744 (1895)0 

(35) Shriner, Fuson, and curtin, "The Systematic Identification 

154 

of organic Compounds," l}th ed, Wi1ey., NerI York, 1960, po 283 .. 

(36) O.L. Brady and G.P. r1cHugh, J'. Chemo Soc. 9 1924, 547 .. 

(37) Ao Kjaer and Ko Rubinstein, Acta Chemo Scando, ~, 600 (195l~) 0 

(38) O.L. Brady and F.P. Dunn, J. Chemo SOCo, 1914, 8210 

(39) ref. (35) p. 3160 

(40) o. Wallach, Anno, 329, 376 (1903). 

(L~l) A. Skita, Ber., 56,1014 (1923). 

(42) C.L. stevens and A.J. VJeinheimer, J. Am. Chem. Soco, 80, 4072 (1958). 

(43) R. Cornubert, Bu110 Soc. Chim. France, 1927, 541. 

(44) W.L. Semon and V.R. Damerel1, J. Am. Chem. Soc., 46, 1292 (1924). 
(45) M. De1épine, Bull. Soc. Chim. France, 1924, 1330. 

(46) G.A.R. Kon, J. Chem. Soco, 1921, 8110 

(47) J.R. Dyer, "Applications of Absorption Spectroscopy of Organic Compounds," Prentice Hall, EnglerJOod C1iffs, N.J., 1965, P9 78; N.S. Bhacca and D.H. Williams, "APplication of NMR Spectroscopy in Organic Chemistry," Holden-Day, San Francisco, 1964, po 167. 

(48) J.C. Davis Jro and T.V. Van Aucken, J. Am. Chem. Soc., 87, 3900 (1965). 

(49) R.H. Wi1ey and B.J. Wakefield, J. Orge Chem., 25, 547 (1960). 
(50) C. Grundmann in E. r1ül1er, "r1ethoden der organischen Chemie (Houben-Weyl)," G. 'l'hieme, Stutt-gart, 1965, Vol. 10, pt. 3, p. 841. 

(51) C. Grunrlmann and H.D. Fromme1d, J. Orge Chem., 31, 157 (1966); c. Grundmann and J.M. Dean, J. Orge Chem., 30,2809 (1965). 



(52) R. Huisgen g Anger/. Chem., 75, 604 and 633 (1963). 

(53) L.F. Fieser and M. Fieser, "Topics in Organic Chemist.ry," Reinhold, New York, 1963, po 192. 

155 

(54) A. Van Raoulte, Reco Travo, 18, 393 (189~j Beilstein, 2, 303. 
(55) O. Exner and H. Horal~, ColL Czecho 9 249 2992 (1959). 
(56) VI. Kirmse, "carbene Chemistry," Academie Press, NerI Yorlc, 1964, Chapt 0 8, po 1450 

(57) To Hukaiyama and T. Hoshino, J. Am. Chem. Soco, 82, 5339 (1960). 
(58) R.E. Partch, J. Org. Chemo, 30, 2498 (1965), and references cited thereino 

(59) G. Casnati, A. Quilico, A. Ricca, and P. Vita Finzi, Tetrahedron Letters, 1966, 2330 

(60) R. Paul and S. Tchelitcheff, Bull. Soc. Chinl. France, 1962, 2215. 

(61) G. Stagno d'Alcontres and P. Grunanger, Gazz. Chim. Ital., 80, 748 (1950). 

(62) W.H.T. Davison, J. Chem. Soc., 1951, 2456. 

(63) B.G. Gowenlock and W. Lüttke, Quart. Rev., 12, 321 (1958). 
(64) W.D. Emmons, J. Am. Chem. Soc., 79, 6522 (1957). 

(65) P. Robin, Anno Chim., [91, 16, 77 (1921). 

(66) W.D. Emmons, J. Am. Chem. Soc., 78, 6208 (1956). 

(67) H. Wieland, Ber., 40, 1667 (1907). 

(68) N. Kornblum and R.A. Brown, J. Am. Chem. Soc., 86, 2684 (1964). 
(69) D.C. Berndt and H. Shechter, J. Orge Chem., 29, 916 (1964). 
(70) J. Phillips, "Spectra Structure - Correlation," Academie Press, New York, 1964, p. 101. 



(71) 

(72) 

(73) 

(74) 

(75) 

(76) 

(77) 

156 

O. Exner and B. Kalcac, Co11o Czecho, 25, 2530 (1960); R. West 
and R.H. Baney, J. Physo Chemo, 64, tl22 (1960); D. Hadzi and 
D. Prevors~c, spectro Chim. Acta--, 10, 38 (1957); J. Navech, 
li'. Hathis, and R. Mathis-Noë1, Compto Rend., 244, 1913 (1957) 0 

Cyclohexanone oxime, 3-methylcyclohexanone mdme, isophorone 
oxime, cholestenone mdme, and testosterone o:ldme \'Jere 
investigatedo 

,.,. , V'. ,. 
I. Pejkovic-Tadic, H. Hranisavljevic, and S. Neslc, J. Chromato, 
21, 239 (1966). 

A. t'lerner and H. Buss, Bero, 27, 2198 (1894), reported a similar 
rearrangemel1t of benzoylbenzohydroxamic acid, CbH5COO(HON)CC6H5' 
to N-benzo:lcyb enzohydro:lr.amic acid, C6H5CONHOCOC6H50 

E.S. Gould, "Mechanism and structure in Organic Chemistry," 
Holt, Rinehart, and V/inston, New York, 1959, po 677. 

Ch. Walling, "Free Radicals in Solution," Wiley, New York, 1957, 
p. 491. 

A. Rembaum and M. Szwarz, J. Am. Chemo Soc., 77, 3486 (1955). 

(78) A. Hantzsch and O.W. Schultze, Ber., 29, 699 (189~; J.U. Nef, 
Ber., 29, 1218 (1896). 

(79) A. Young, O. Levand, N.K.H. Luka, and H.O. Larson, Chem. Comm., 
1966, 230. 

(80) W.E. Noland, Chem. Rev., 55, 137 (1955). 

(81) E. 14iiller and H. Metzger, Ber., 87, 1282 (1954); D. C. Iffland 
and G.X. Criner, J. Am. Chem. Soë:", 75, L.047 (1953). 

(82) G. Just and O. Chin, McGill University, 1966, unpublished results. 

(83) A.K. Hoffmann, A.M. Feldman, and E. Gelblum, J. Am. Chem. Soco, 
86, 646 (1964), and preceding papers; W.J. Hei1man, A. Rembaum, 
and M. SZ\'Jarz, J. Chem. Soc., 1957, 1127; B.E. Gingras and 
W.A. Waters, ibid., 19511" 3508-.-

(84) J .VI. LO\vn, ref. (17) p. 441. 

(85) F. K1ages, R. Heinle, H. Sitz, and E. Specht, Chem. Ber., 96, 
2387 (1963)0 

(86) R. Criegee, Anger/. Chem., 70, 173 (1958). 



(87) B.C. Gilbert, OJcford University, England, 1966, private 
communication; also cfo, refo (8l~), po 644 .. Radical 70, 

o -
1. can also be obtained by irradiation of geminal 

R-N-R 

157 

nitrosoacetates rlith red light: A. Mackor 9 'l'ho A.J .\'J. Wajer 9 

and Th. J. de Boer, Tetrahedron Letters, 1966, 21150 

(88) R.H. Dupeyre and A. Rassat, cio, ref. (2)0 

(89) K. t'junderlich and F.G. Fischer, Ber., 74, 1546 (1951). 

(90) F. Bohlmann and K. Kieslich, Ber., 87, 1363 (1954). 

(91) A gift of dehydroabietic acid from Hr. Anderson of Hercules Inc., 
VJilmington, DeL 9 U.S.A., is gratefully aclmm'1ledged. 

(92) K. BOï'lden, LM. Heilbron, E.R.H. Jones, and B.C.L. Weedon, 
J. Chem. Soc., 1946, 39. 

(93) Ref. (35), p. 219; (a) p. 316. 

(94) Y. Inoue and H. Ywtawa, Bull. Ag. Chem. Soc. 9 Japan, 16, 
100 (1940). 

(95) For a preliminary account of this work cf., G. Just and K. DabI, 
Tetrahedron Letters, 1966, 2441. 

(96) A.R. Katrit:rJty and A.J. Boulton., Spectre Chim. Acta, 17, 
238 (1961). 

(97) J.W. Taylor and J.C. Martin, J. Am. Chem. Soco f 88, 3650 (1966). 


