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a--A ruw method for the preparation of nitriks by rct?uxing akioximes in HMPA is presented. 
In the sarm maction. almost quantitative yields of octatncthylpyropbosphoric amide arc form&. 
Reaction of oximcs of aromatic ketones with HMPA pmduccs Beckmann rcamngcment products. the 
corresponding amidines and some quite armnalolu products. Cyclohexanatc oximc gives no 
Beckmann r carrangcmnt but several products like octahydroactidincs. octabydmca&amks, OC- 
tahydrophentincs, phmazines. httidims and N.Ndimctbyl-anilims. 

INl’UODWYlWN 
Hexamethylphosphoric triamide (HMPA) has 
lately bocn used as a dehydration reagent” and has 
also played a vital role in difTerent types of 
substitution and fragmentation reactions.’ A recent 
note by Monson and Broline’ oo the Beckmann 
rearrangement in HMPA prompts us to publish our 
results on reactions of HMPA with some akioximes 
and oximes of aromatic ketones and cyclohex- 
anones. 
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in general. very high yields of the corresponding 
nitriles were obtained (Table 1). Besides of the 
nitriles 5, high yields of octamethylpyrophosphoric 
amide, 6, were found and also bis - (dimcthyl- 
ammonium)dihydrogen pyrophosphate, 7. was iso- 
lated from a gummy precipitate aa previously de- 
scribed.’ B&h the syn- and the anti-forms of 
bcnzaldehyde oxime have bctn studied. but no 
sign&ant difference in yields was observed. The 
following mechanism is proposed: 
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Aldoxbnes 
mst.iLTs After the initial formation of the phosphoro- 

diamidate. 2. different routes are imagined. 
Oximcs 1, derived from aliphatic and aromatic al- The ions 3 and 4 (free or as ion-pair) are 

dehydes, were heated at about 220” in HMPA, and formed after heterolytic ckavage of the N-O bond, 
and the nitrcne, 3, produces the nitrik after expul- 
sion of a proton. The anion, 4. will attack another 

‘Part VII: Perre&d, J.. Pcdcrsm. E. B. and Lswesboa. at&cuk of HKI’A to give octamcthylpyrophos- 
S.-O. Rec. Trot. Chim. in press phoric amide, 6. 
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A cis-elimination of 2 is also possible, but 
elimination studies on alcohols in HMPA’ seem to 
indicate that C-0 fission and proton-loss are not 
entirely concerted. 
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Oximes from alrylketones. In this series oximes 
of acetophenone. benzophenone. and Q- 
acctonaphthone have been investigated and the 
same reaction conditions as for the aldoximes have 
been used. 

All these ketoximes underwent the Beckmann 
rearrangement and in the case of acetophenone 
oxime both N-phenyl-acetamide and N-methyl- 
benzamide were isolated. N.N-dimethylamidines 
were formed from the primarily formed N-phenyl- 
benzamide and N-phenyl-acetamide (Tabk 2). In all 
three cases starting material was recovered, which 
could not be avoided as too long reaction time 
produced tarry materials. In the reaction of ben- 
zophenone oxime with HMPA. quite unexpectedly 
benzhydryldimethylamine and benzophenone+ 
methylimine were isolate4 

Oximes from cyclohuanones. Cyclohexanone 
oxime was refluxed in HMPA at about 220”. and in 
all I5 products have been isolated and character- 
ized (Scheme I). 

It was not possible to isolate all products from 
one experiment due to the instability and suscepti- 
bility of some of the compounds and therefore 
quite a few experiments were performed. The 
procedure. after the reaction was complete (fol- 

lowed by GLC and TLC), was to distil the mixture 
under reduced pressure and the main fractions 
were then subjected to redistiIla!ion and further 

Tabk I. The reacrion of akfoximes with 

HMPA at 220°C. RCH=N-OH 5 R-N 
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Table 2. The reaction of ketoximes with HMPA at 22OT ‘C=N-_OH E 

R,’ 

NaH 0 0 NMC, 

Reaction 
R’ R’ time (h) (%I (%) (%) (%) 

37 17 4 2 

42 27 - 5 
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‘C=NMe were fofmed in about 1% yield. 
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SCHEME I. 

chromatographic separation. The complexity of the In Table 4 is given the product distribution from 
reaction is illustrated in Table 3, where many ise the reaction of substituted cyclohexanone oximes 
latcd products are recorded after different reaction with HMPA. The products were characterized by 
times. comparison of spectroscopical data, R, values and 

The yellow crystals 21 were isolated from a very bpts with those obtained for the products from 
high boiling fraction, but the structure has not yet cyclohexanone oxime itself. It should be noted that 
been determined. the mixtures from all reactions of cyclohexanone 

oximes with HMPA were always very complex. 
Table 3. Yields (in 45) for reac- 
lion of cyclohexanone oximc in DISCUGQON 

HMPA st 22(pc In all reactions of oximcs with HMPA it is 

314 2 
reasonable to suggest a nucleophilic attack of the 

Compounds (h) 01) A 
oxygen of the oximc on the P atom, a subsequent 

8 71 32 7 
I@ 2 - - 

11 R 6 1 
I2 I 5 2 
I3 4 2 - 
14 2 7 5 
IS <I <I - 
16 I 5 7 
17 - - Cl 
18 1 2 8 
I9 - - 1 
1-3 5 

Tabk 4. Product distriiution for reaction of 

0 
-OH with HMPA at 220” (96) 

R 

R 11 12 13 14 IS 16 18 21 

~-MC 5 4<2-- 3-- 
SMC 6 5 2- 2 63 8 
&Me 6 5 3 9-13 3 8 
4-CMe, 5 6-ll- 5 4 9 
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expulsion of a dimethylamino group from the 
HMPA-mokcule. and the formation of a phos- 
phorodiamidate. In the reaction of cyclohexanone 
oxime 8 the intermediate 9 was formed. Compound 
9 may have undergone a N-O scission to the 
corresponding nitrenc. 22. which in theory would 
give a Beckmann rearrangement or a ring-opened 
product. However, no caprolactam and only a low 
yield of 10 was observed: 

dimethyl-cyclohexylamine. 12. and the hydroac- 
ridinc, 16.’ The formation of the N,N-dimethyl- 
aniline, 14, was accounted for by the aromatization 
of I3 and also compound 16 was expected to 
undergo an oxidative aromatization to give 17. 

In the reaction of benzophenone oxime with 
HMPA at elevated temperature there is evidence 
for the formation of the parent ketone. Thus ben- 
zophenone oxime produced the expected Beck- 

N-OH N-OP(NMez,: 

CEN C3N . 
-k( -“. 

-I k( 
R R 

10 

The pyridine 15 would be formed from 22 by 
ring-opening, hydride shift, Ritter-type reaction, 
and subsequent oxidative aromatization: 

mann product and the corresponding amidine. and, 
in very small yields, the same products were formed 
as in the reaction of benzophenone with HMPA:” 

Compound 18 was probably produced from 9 via 
the corresponding a-aminocyclohexanone (Neber 
rearrangement), dimcrization and subsequent ox- 
idative aromatization. Compound 19 would then be 
formed from 18 by oxidative aromatization. 

Also cyclohexanone 11 was isolated from the 
reaction, which can be accounted for by an 
autooxidation of cyclohexanonc oximc(cf Rcf 8) or 
by the presence of trace amounts of water in 
HMPA. But other alternative routes are possible. 
Thus when cyclohexanonc was formed during the 
reaction, its further reaction with HMPA produced 
the enamine, 13, already postulated by Monson’ 
and disproportionation of 13 gave N,N- 

Ph, maPA 7 7 
Ph 

,c=o- C=NMe 
1w.1. Ph 

JH-NMe, t 
Ph’ 

There are quite a few procedures known for 
dehydration of aldoximes” to nitriles. The method 
of heating the aldoxime in HMPA gives almost 
quantitative yields of the nitrile except for the 
oxime of furfural. The method may thus offer some 
advantages. 

As to the method of Beckmann rearrangement of 
ketoximes in HMPA WC have never been able to 
isolate more than half of the yields of amides 
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claimed by others.’ However, the main difference 

between these two investigations are that we dealt 

at all times with chromatographically pure com- 

pounds. In case of the acetophenone oxime we did 
observe both a Ph and a Me-migration, showing 
that both the anti- and syn-substituents can rear- 
range. Also the expected amidine was isolated in 
low yields. 

Cyclohexanone oxime does not give Beckmann 
rearrangement products when refluxed in HMPA. 

but abnormal Becktnann rearrangements have been 

observed. Also the Ncber rearrangement did occur 
and a series of different heterocyclic compounds 
have been isolated. 

RXPFRIMEMAI. 

Afdoximes. An aldoximc (IO g) in HMPA (60 ml) was 
refluxcd. The formation of nitrik was followed by IR. The 
nitrile was obtained by distillation (reaction times and 
yields of nitriles are given in Table I). Further distillation 
gave HMPA. b.p. 120”/10 mm, and octamcthylpyrophos- 
phccamide b.p. IM-122/0.5 mm, nK - 14608; litt.” b.p. 
lCW/O~2 mm, nz = 14612. 

Acefophcnonc oximc (IO 0) in 60 ml of HMPA was 
refluxcd at 2M” for 3 h. Starting material and HMPA was 
distilled off. This distillate was pound into water and 
subsequent extraction with ether gave 3.78 (37%) of 
acetophenonc oximc. The distillation residue was sub- 
jected to preparative TLC (silica gel PF,,., (Merck) and 
elution with ether/light petroleum ether (20: 80). Follow- 
ing compounds were isolated in this manner, acetanilide 
l.7g (17%). m.p. 112-115”: lit.” m.n. 113-114° and 
N-mcthylbcnzam~dc 0.4 8. and N.N-dimcthyl-N’- 
phenylacetamidinc 0.3 g (2%). b.p. W3”/0~05 mm, n:,’ = 
I 5741; lit.” b.p. 7%rP/O.O05 mm. n, - 1.5775. 

Benzophcnone oxime (IO g) was heated in 60 ml HMPA 
for 2 h at 2M”. Distillation at IOmm gave a fraction 
containing a mixture of bcnzophenone oximc. 4.2 g (42%). 
and HMPA. (The separation of starting material and 
HMPA was performed as above). Continued distillation at 
reduced pressure gave the second fraction, a mixture of 
HMPA and bcnranilidc. which was poured into water and 
cxtractcd with Et:O. The yield was 2.76 (27%) of 
bcnzanilidc. ‘Ihe distillation residue was subjected to 
preparative TIC (silica gel PF:,., (Merck) and elution 
twice with cthcrlhght petroleum ether (20: Wo)). Following 
compounds were ixolatcd: 0.6 g (5%) N.N. dimcthyl 
N’ - phenylbcnramidmc. m.p. 73”. lit.” mp. 70-72”. 
bcnzhydrykhmethylaminc, 0. I g. and bcnzopheno- 
none mcthylimme. 0. I g. b.p. 101’10~5 mm; lit.” 
126-12RD/2~5mm. (NMR (CDCI,) 6: aromatic 7.0-7.8. 
IN-MC: 3.21). 

Merhyl-I-nophfhyl ketoxime (log) was rcfluxcd in 
60 ml HMPA at 220” for 6; h. Distillation at IO mm gave a 
mixture of the starting material. 3.40 (34%) and HMPA 
(starting material and HMPA were separated as above). 
After all HMPA has been removed. the residue is 
subjected to preparative TIC (Glica gel PFzu.,,. (Merck) 
and elution twice with ether/light petroleum ether 
tIS:X5)). The only compound isolated was I-naphthyl 
acctamide. I,Sg (IS%) m.p. IS%IfWC: lit.” m.p. 159“. 

Cycbhexunone oxime (log) was rcfluxcd in HMPA 
tM ml) for I h at 2M”. The mixture was fractionated under 
diminished pressure and five main fractions A. B. C. D 
and E. Fraction A wa\ collected at IOmm. the lower 

boiling compounds were collcctcd in a freezing trap with 
liquid air. This fraction was rcdistilkd and three new 
fractions were cdlcctcd. No. I. b.p. IOO-IWO”, No. 2, b.p. 
150-180”. and No. 3. b.p. 180-190”. The first of these 
fractions, No. I. was subjected to a preparative TLC 
(silica gel as supprting material and clutcd once with 
ether/light pctrokum ether (I : 9)). The following three 
compounds were isolated: SCyano-I-pcntcnc. NMR 
(CDCI,) 6: 4X5-6.1 (typical ally1 system) and 1.4-2~1 
(multiplet). IR (CCL): 223Ocm ‘, GN stretching. Cyc- 
lohcxanonc. IR and N.MR spectra were identical with 
those of authentic sample. 2-Mcthylpyridinc, picrate m.p. 
165’. lit.” m.p. 165”. Fraction no. 2 contained N.Ndi- 
methylaniline and trace of cyck~hcxanone. IX and NMR 
~pcctra of N.N-dimcthylanilinc were identical with those 
of authentic sample. Fracuon no. 3 contains N.N-di- 
mcthylcyclohcxylaminc. (NMR (6) NMc: ~2.19. ahph. = 
I.O-1.X) and I-dimcthylaminocyclohcxcne. (NMR (S) 
NMe: 2.31. vinylic proton C’H 7 5.12 (tnplet). aliph.- 
1.0-1.9). Fraction B was HMPA collected at 
IOS-12tK/lO mm. Fraction C which was collcctcd over a 
b.p. range from l20-16tWlOmm. contains HMPA and 
octamcthyl pyrophosphoramidc. Fraction D was collected 
in the range 85-140”/0~03 mm, then the distillation was 
continued until a yellow oil distilled. Fraction D contains 
some octarncthylpyrophosphoramidc and octahydro- 
acridinc. the octahydroacridinc precipitates in the octa- 
mcthylpyrophosphoramidc after some time. m.p. 74-75’; 
lit.“, m.p. 69’. Fraction E was collected as a yellow oil. 
The yellow oil wad dissolved in Et,O. cooled to -70°C. 
and yellow crystals precipitated; NMR (CDCI,) 6: I.8 (m). 
2.4 (m) and 2.9 (m) with the relative proton ratio 7: 5 : 3; IR 
(CCL): 3480 (w). 2900 (s), 1430 cm). 1390 (m) and 1210 (m); 
LX (EtOH) A,: 224 nm; 289 nm and 310 nm (shoulder); 
MS. m/c: IKW and I75 (indicates a mokcular complex). 
The mother liquid was subjected to preparative TLC 
tsrlica gel as supporting material and clutcd twice with 
ether/light petroleum ether (I : I)). An examination of the 
separated bands gave the following comptmrmls: 1.2.3.4 
tctrahydroacridinc. m.p. 56”; lit.’ m.p. .54.5”. Octahyd- 
rophcnarinc tNMR (CDCI,): ahphatic: d - I90 and 2.89 
@H:8H). m.p. IW; lit.’ m.p. IW). Phenarinc (NMR 
(CDCI,): aromatic: 6 2 7.49-W. IS (4H :4H). the spectrum 
shows a A,B, system, m.p. 169’; lit.” m.p. 171’). N - 
methyl - octahydrocarbazolc (NMR (CDCI.): NMc: 6 - 
2.35, aliphatic: 6 = I .7>240. integration: 3 : 8: 8. m.p. 93”; 
lit.” m.p. 94-95”). 
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