
Tamhfb Vd 33. pp 2913 lo 2919 
papmPmsud.1979. hddmGmr&itia 

SPECTROSCOPIC STUDIES OF TAUTOMERIC 
SYSTEMS-III 

2-AKYLHYDRGONES OF 1,2$-TRIKETONES 

Bpprtwnt Of M, Paisley College of Technology, paisley, t3cathl 

DEREK C. NONHDN?L* 
Department of Pun aad Apphcd Cbemtstry, University of Strataclyde, Glasgow Gl IXL, scotlad 

(Rccdoed in UK 24 Nooarrber 3978) 

-‘Ik IR ad NMR spectra of a rppoe of 2-arylbydraxmcs of 1.2sQiarbwyl compouds have been 
r0uwdd. Compound3 coatah@ dit?aent 00d grwps in t& 12f-tricarbonyl system can exist in hvo didercnt 
tudomaic f0nns. n10 i0thca~e of ektronic ad stwic factors 00 the saturc of the wefed taaomer is 
di.umd. 

Reaclions of aryldiaxonium salts with &dkarbonyl 
compounds lead to l#triu&nyl-2-arylhydnuones~ 
Sncb compounds have been shown to exist as the in- 
tramolecularly H-bmK&d arylhydrazone mutomem (1 
and/or 2) rather than in any of the other ahemative 

tautomeric forms. Thus the NhfR spectra of these com- 
pounds are characterixed by a very low-5eld signal 
diagmAc of an intramolecularly H-bonded proton.+’ 
IRstudieshuhcatethepresenceofafreeCOgroupas 
well as a H-bonded CO group.*‘.’ Parallel IR studies on 
the suuctumhy related 2-arylhydra7.ottes of l&diketones 
im%catethatthesecompoundsexistinthearylhydrazo 
form (3) and Dot the alternative tautomerk forms (4 and 
9. NMR studies on Schist bases derived from B- 
diketones and amines indkate they exist as the keto- 
amine tautomer (4) rather than the enol-imine tautomer 
(7). or the ketotautomer (8), i.e. there is a preference for 
an N-H-----O H-bond rather than the O-H-----N 
H-botKl.e’* 

3 4 

pDiketom with difheot end pmps and /Ueto- 
esterscouldgivetisetotwodistinctintramoh?cular~y 
H-bonded hydrazone tautomers. i.e. 1 and 2. In a preli- 
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minary communication we reported the isolation of the 
two possibk tautomeric hydrazoncs for the pchloro-, 
p-brome and p-etboxycarbonyl-phenylaxo derivatives of 
l-phenyRnltan-1J-dione.‘3 The individual tautomers 
could be rapidly equiliirated by treatment of their deu- 
teriochloroform solutions with a drop of cone bydro 
chloric acid. JZqtiliin of the tautomers was also base 
catalysed. In each case the predominant form in the 
cquihbratcd mixture was (1; R’ = Me, R* = Ph) in which 
the acety1 rather than the benzoyl group was involved in 
the H-bonded system. Both possibk tautomers have also 
been detected (but not isolated) for the phenyiaxo 
derivatives of acetoacetaldchyde5 and methyl 
acetoacet&.’ We now report a detailed spectroscopic 
study on 2-arylhydraxones of a number of lJJ-tricar- 
bonyl compounds with particular reference to the factors 
which enhance the stability of one or other tautomerk 
form. 

The arylhydraxones reported in this paper were all 
prepared by coupliqg the “p~“priate diaxonium salt with 
a &dkarbonyl compound.’ The arylhydraxone isolated 
from reactions using acylbenxoyhnethanes normally 
~tedofthetautomer();R=AUryl,Ar=Ph)though 
in certain instances (Experimental) the alternative tau- 
tomer (H; R-AU& Ar=Ph) was obtained. In those 
cases where this latter tautomer was isolated it was 
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readily converted into the other tautomer by BUblbtUition 
followed by crystallixation from a hydrocarbon solvent 
with rigorous exclusion of traces of acid or base. It has 
heen observed tbat irrespective of the nature of the 
subntituent in the anyone a solution of either 
tautomer in deuteriocbloroform containing a trace of 
acid or base equiliirated rapidly to give a mixture of the 
two tautomers. The composition of this mixture of mu- 
tamers was examined spectroscopic&y to determine tbe 
inOuence of electronic effects, steric effects and solvent 
effects on tbe relative proportions of the two tautomers. 
We have previously discussed tbe mechanism of inter- 
conversion of tbe tautomers.” 

Table 1 (Compounds 16-28 and JO-33) indkaks that 
arylbydraxones derived from acylbenxoybnetbanes 
preferentially exist in tbe tautomeric form 9 (tbe 
“low6eld” form) in which the benxoyl group rather than 
tbe acyl group is excluded from tbe intmmolecubuly 
H-bonded system. 

The IR CO &ret&in9 frequency of a henxoyl group is 
lower than tbat of an acetyl group. Consequently the 
charge density would he expected to he greater on the 
oxygen of a henxoyl group than of an acetyl group. One 
might thus expect that tbe benxoyl group would he 
preferentially involved in the intramolecularly H-bonded 
system to give the tautomer 10 (R= Me, Et, Pf or P+, 
Ar = Pb). Tbat tbis is not so is attriited to steric effects 
as is also tbe case for diacetylbenzoyhnethane.” Models 
indicate that the phenyl group and tbe H-bonded system 
cannot be coplanar, due to steric interaction between the 
pbenyl group and the free acyl group, Apparently steric 
effects are less in tbe case of 2-aryJhydnuones of 12s 
triketones than in diacetylbenxoylmethane as hotb tau- 
tamers are obtained whereas only a sir&e tautomer can 
he detected in the case of ~~1~~~~. This 
is perhaps wt surprising 8s in this latter case the free 
acyl group would he subject to steric interactions from 
the two alkyl or aryl residues of tbe intramolecularly 
H-bonded system. 

lke k@ke.ncc of dcctmic e&cts. AccordinO to the 
above argument the proportion of the less favoured 
tautomer (10) derived from acylaroybnethanes should he 
increased by electrondonating suhstituents in the aroyl 
residue as tbis would increase the electronegativity of 
the oxygen of the aroy group- Tbe results in Table 1 
(compounds 2&28) indicate that the proportion of the 
tautomer 10 is greater for a series of arylbydraxones 
derived from p-nitrohenxoylacetone. Similarly the only 
tautomer detected from tbe reaction of l,l,l-tri- 
fluoroacetylacetone witb benzene diazonium salts was (1; 
R’ = Me, R2 = CF,) in which the acetyl group rather than 
the tritluoroacetyl group was involved in the H-bonded 
system. This is again consistent with the foregoing 
argument as tbe oxygen of the acetyl group is ~~1~ 
more electron rich than tbe oxygen of the trifbroro- 
acetyl group. The predominant tbougb not exclusive 

tautomer of I-pbeny14,4&trifIuorohumne- 1,2,3&one-2- 
methoxypbenylhydraxorte was that in which the 
trifbmroacetyl group was excbrded from the H-bonded 
system IR (10; Ar = Ph. R = CF,). The analo9ous tau- 
tomer 10 (Ar = C&S, R = CF3) was also the major form 
in the case of 1-tbienyl-4,4,4-triOuorobutane-l,2,3-trione- 
Z-pbenylbydraxone w&teas the major tautomer from the 
pbenylbydraxone derived from l-thienylbutane-&bone 
was 9 (Ar = C&S; R = Me). No clear cut efkcts could 
be obtained from pbenylhydrazones of Gdiaryl- 
propane-lJ&riones. Approximately equal proportions 
of the two possiMe tautomers were obtained from aryl- 
hydrazones derived from dmethyl- and 4-metbuxy- 
~~~e~. Tbe pbeny~y~~ derived from 
benzoyhroylmethane was tentatively assigned the 
stnmture 1 (R’ =Cs130, R2 = Pb) in which the more 
electron rich fury1 group was involved in the in- 
tramolecularly H-honded system. 

Similar trends also occur in aryRtyd.raxone derivatives 
of /&toesters. Botb possible tautomers are obtained 
from methyl and ethyl acetoacetates (1 and 2, R’ = Me, 
R2 = OMe or OEt) whereas the ester group seems to he 
more or less excbrsively involved in tbe H-ho&d sys- 
tem in derivatives of etbyl henxoybuMate and ethyl 
trhIuoroacem& much as would he anticipated from the 
ahove results. 

Electron-releasinO suhstituents in the aryl group of the 
~~y~~ residue incEase the proportion of the 
low-&Ad tautomer (9) in derivatives of henxoylacetone 
(compounds 16-23, p-methoxybenxoylacetone (com- 
pounds 23-w), and 4-methyl-l-pbenylpemane-lJ-dione 
(compounds u-38). This e&t is possibly related to the 
hdbmnce of the suhstituents on the strength of tbe H- 
bonds. Rkctron-releasing effects in tbe arylbydraxone 
residue result in increased deshielding of the bydraxone 
prMon.Thiscanbeinterpretedasindicatingamore 
symmetrical and hence stronger H-bond (see Ref. 16). 

T7u inj&furce of stuff &ircrs. Tbe bdbrence of steric 
effects on the equiliium proportion of tbe two possible 
tautomers was studied by examination of tbe pbcnyl- 
hydrazones of a series of acetykyimetbanes and acyl- 
ber~~ylmethanes with acyl pups of different sixes 
(Table I). Tbe results indicate that unless tbe two a&y1 
groups arc of very disparate size as occurs in derivatives 
of acctylpivaloylmethne tbe two tautomers are present 
in ~p~~~ly quaI amounts. However, the preferred 
tautomer derived from acetyIpivaloylme&anc is Il. 
Models indicate that steric interaction between the t-Bu 
groupandtbcacetylgroupislessthantbatbetwccntbe 
Me group and the pivaloyl group in 12. Shnilariy for 
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arylhydrazones derived from benxoylpivaloylmethane, 
there is a much greater proportion of the tautomer 10 
(R = Bu’, Ar = Pb) in which the pivaloyl rather than the 
bemoyl group is exclud$ from the H-bonded system. 
J&her we suggested that 9 was the preferred tautomer 
for arylhydrazoncs dezived from bfznz0ylaCetOne and 
~~~y~i-p~n~~l~ because Of St& irk 
tcracthn between tbe pbcnyl group and the acyl group ia 
the alternative tauto*r 10. In arylbydrazones derived 
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from bcnxoylpivaloylmethane there is also very 
sign&ant steric interaction in the tautomer 9 (R = Bu’, 
or = ~b). This results in both tautomers being obtained 
in approximately a 1: 1 ratio from this diketone. 

Factors inpvcncing the chcmid Aft of the in- 
tmmolccnlady hya?vgen-bonded ptvton 

Electronic efects. The chemical shifts of the in- 
tramolecularly H-bonded proton in the phenyl- 
hydraxones derived from acetylacetone, tritluoroacetyl- 
acetone and hexatluoroacetylacetone, i.e. 1 (R’ = R2 = 
Me), 1 (R’=Me, Rz=CFs) and 1 (R’=R’=CFa) are 8 
14.65, 15.1 and 14.45 respectively. These results indicate 
that a substantial downfield shift is effected by replace- 
mcnt of the free acetyl group by a trifluoroacetyl group, 
whereas an upfield shift is brought about by increasing 
the electron-w&drawing character of the alkyl group 
attacbcd to the CO involved in tbe H-bonded system (cf. 
the phenylhydrazones derived from trifluoroacetyl- 
acetone and hexathroroacetyla&one. The ekctron- 
withdrawing trilhroromethyl group would make the 
oxygen of the adjacent CO group less electron rich and 
hence the H-bond to the proton of the hydraxone group 
would be weaker. This would have the effect of moving 
this proton slightly out of the deshielding environment of 
the CO group thus giving an upfield shift. Similar uptleld 
shifts of the enolic proton are observed in the NMR 
spectra of @liketones and p-ketoesters comaining elec- 
tron-withdrawing substituents.‘6’7 

Comparison of the chemical shifts of the in- 
tramolecularly H-bonded protons in the lowfield tau- 
tomers of arylhydrazoncs derived from substituted 
acylbenxoylmethanes 9 indicates that a slight down6eld 
shift is induced by electron-withdrawing sub&rents on 
the free benzoyl group (compounds 16, 29, 22-28). 
Similar downfield shifts have previously been reported 
for diacylaroylmethanes umtaining electron-withdraw- 
ing groups: the aroyl group is also not involved in the 
H-bonded system in these compounds.” Electron-with 
drawing sub&rents in the benxoyl group involved in the 
H-bonded system however induce substantial downfield 
chemical shifts on the H-bonded protons. This contrasts 
to the effect of replacement of the Me group by the 
electron-witbdrawing trilluoromethyl group. The reason 
for this ditference in behaviour is not understood. 

The chemical shifts of the intramolecularly H-bonded 
proton in both tautomers of the arylhydrazones derived 
from substituted benxoylacetones and from 4-methyl-l- 
phenylpentane-Gdione and also from the arylhy- 
drazones from acetylacetone all show an uptkld shift if 
the aryl group of the arylhydraxone moiety possesses an 
electron-withdrawing group. This contrasts to the situa- 
tion with SchiB bases derived from aromatic amines and 
@diketones: these compounds have been shown to 
prefer the ketoenamine tautomeric form with an N- 
H -----0 H-bond? Electron-withdrawing substituents in 
the aromatic amine fragment of salicylaldehyde-anils do, 
bowever, result in an upfield shift of the intramolecularly 
H-bonded protons. These compounds exist in the alter- 
native enolimine form (18). In the compounds under 
study in this paper there seems to be no evidence what- 
socver for the enolazo tautomers analoeous to the enol- 
imine form of the salicyldehyde-anils (13). A major dis- 
tinction between the arylhydraxones of this study and 
theSchiflbasesisthatinthelatterthelone_paironthe 
nitrogenattachedtothearomaticringisindirectcon- 
jugation with the CO group: this type of interaction 

cannot occur with the arylhydrazones because of the 
polarity of the C=N system. These results can be ac- 
counted for by electron-withdrawing groups resulting in 
shortening of the N-H bond (IR studies of aromatic 
amines indicate that the N-H stretching frequency is 
increased and hence the bond length is decreased by 
electron-withdrawing substituents). Shortening of the N- 
H bond would bring the enolic proton out of the 
deshielding cone of the CO group thereby resulting in an 
uptleld shift. 
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Steric e@cts. ‘Ike chemical shift in the p-&lore 
phenylhydraxone derived from dipivaloylmethane (1; 
R’ = R’ = Bu’, Ar = p-ClGH.J is shifted upfield by over 
4 ppm compared to the p-chlorophenylhydrazone derived 
from acetylacetone. This is attributed to the large steric 
interaction between the t-Bu and pivaloyl groups 
attached to the H-bonded system causing so much out of 
plane distortion that the &elate ring is twisted and the 
H-bond weakened. Models support this explanation. 
Previous work on tripivaloylmethane had indicated that 
steric interactions were so severe that this compound 
existed exchtsively as the ketonic tautomer.‘* A sub 
stantial upfield shift was also noted for the “downtleld” 
tautomer of arylhydraxones derived from benxoyl- 
pivaloyl-methane (9; R= Bu’, Ar= Ph) so that the 
hydraxo protons in this tautomer were further upfield 
than in the tautomer 19. The chemical shifts of the 
hydraxo protons in the tautomer 10 for these compounds 
were, bowever, normal. 

Steric effects in the aryl group of the. arylhydraxone 
moiety seem to be unimportant as the chemical shift of 
the 2,4,6-trichlorophenylhydraxone of acetylacetone is as 
expected purely on the basis of electronic effects. 

The chemical shift of the H-bonded proton of the 
phenylhydrazone of benxoyl-a-naphtboylmethane is at S 
14.2. This is very signi6cantly lower than the chemical 
shifts of the arylhydrazones of other diaroyhnethanes. 
This downfield effect may be a result of steric com- 
pression leading to a shorter H-bond but not of such a 
mag&ude as to cause buckling of the enolic ring as 
encountered in pbenylhydrazones from dipivaloyl- 
methane. 

Eddishmcnt of stlnctms 
(i) Lkhtives of acylbenwylmethanrc and 

diacyhethne~. The IR spectra of “ylhydraxones 
derived from acetylacetone (1; R’ = R = Me) and 
diiylmethane (1; R’ = R2 = Ph) were characterized 
by CO absorption at co 1680 cm-’ and 1640 cm-’ due to 
the free acetyl group and bcnzoyl groups respectively. 
The lowtteld and hightleld tautomers of bcnxoylacetone. 
substituted benxoylacet~s and other acylbenxoyl- 
metbanes with the exception of benxoylpivaloylmethane 
were characterixed by IR absorption at ca 1640 and 
168ocm-’ respectively thus establishing that tbcse tau- 
tomers have the shuctures 9 and 10. The chemical shift 
of the lowtield tautomers of these systems is similar to 
that obtained for derivatives of acetylacetone as would 
be expected as the H-bonded ring system is similar in 
both cases. From analysis of the NMR spectra of 
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Spcc&scopic studies of tautomcrk systembIll 2019 

Tabk 3. Arylhydrazoncs for which both tautomcrs were isokted 

compoulMJ M.P. Recryst. &and (%) Cak. (%) 
No. w) Crystals from C H N Pormnk C H N 

17 (I) 106 Yellow ?&OH 67.6 55 www4 67.4 5.4 8.3 
17 0 120 Pak yellow Hexanc 67.4 5.3 
18 (l) 123 Yelkw &OH 55.6 3.8 C,&BrN& 55.7 3.8 8.1 
18 0 143 Pale yellow Hexane 55.7 3.9 
19 0 110 Yellow MeOH 63.9 4.55 9.4 C,JI,,ClN& 63.9 4.4 9.3 
19 (II) 148 Yellow Hexane 64.0 4.4 

native tautomer 2 (R’ = Me, R’ = CFG) would have been 
expected to have the hydraxo proton signal less 
downfield. A characteristic of the ‘? spectra is that the 
signal due to the free tritluoroacetyl group is a doublet 
(J = 1 Hz) whereas the signal due to the tritluoromethyl 
~poup attached to the CO group involved in the H- 
bonded system is a singlet. 

Analopous arguments enabk the structures of the 
arylhydraxones of benzoyltritluoroacetylmethane and 
thknoyJtriSuoroacetylmethane to be assigned. Again the 
‘9 spectra of the free tritluoroacetyl groups appear as 
doublets. 

(iii) JMufltiW.r of /Merocsterx. The free ester 8roups 
have CO absorptions at co. 1715 cm-’ and ca 1700 cm-’ 
in derivatives of methyl and ethyl acetoa&ates and 
ethyl benxoylacetate respectively. These assignments are 
unequivocal. It is however, very much more dithcult to 
make an unambi8uous structural assignment to the 
phenyIhydraxone from ethyl hitluoroacetykcetate as 
both a free ester and a free triftuoroacetyl group would 
be expected to have similar CO absorption. This com- 
pound is assigned the structure 2 (R’ = CF,, R’ = OEt) 
rataathanl(R’=CF~,Rz=OEt)asthecbemicalshih 
of the enolic proton is at 813.4. This is about 0.6ppm 
further downtield than the cb&cal shift of the anak- 
8ou.s proton in 2 (R’ = Me, R’= OEt). A similar 
downfield shift was encountered on replacement of a free 
acetyl group by a trifhroroacetyl group in other cases (cf 
compounds 29 and 22, and compounds 44 and 43). The 
chemical shift of the hydraxo proton in tbc othr tau- 
tomer would be expected to be about 0.6 ppm down&Id 
from 6 14.85-&e &micaJ shift of the anakgous proton 
of 1 (R’ = R2= CF>). One unexplained feature then 
remains in that though the chemic.aJ shift of the CF, 
group is what would be expected for a free 
hiftuoroacetyl group it is a singlet and not as before a 
doublet. 

(iv) Mouriue~ of &ruy/mdti. Assi8nment of 
structum are very uncertain in the cases of derivatives of 
diaroylmethanes as no information can be obtained from 
JR spectra and de-e information is ditlkult to arrive 
atfromNMRspbctrasincewehaveaheady.seenthat 
electron-withdrawing sub&tents in derivatives of sub- 
stituted benxoyl acetones exert a downfkld shift whether 
theyareattachedtotheH&mdedorfreeCOgroups. 
The splitting pattern of the protons in the furan ring in 
the phenylhydraxone from benxoytfuroylmethane is a 
somewhat d&rent from that of the phenylhy 
draxone from acetylfuroytmethane which has the stntc- 
ture 1 (R’ = Me, R2= C&O). Consequently the 
phenyihydraxone from benxoylfuroylmethane is ten- 

tatively assigned the structum 1 (R’ = C&O, R2 = Ph). 
Structmes of the other phenylhydraxones reported are 
assigned purely on the basis of analogy with the results 
mported: the more electron-rich carbonyl group is 
assumed to be involved in the enolic system. 

EmAL 
JR spectra were f&alai& on a Pefkio-Elma 157 spec- 

tropbotomcta citkr as dns in cDc& of in tetracbkroetb~; 
NMRsDectnfot1096sdnsiaCDClloaPaLiPElmerRlOorR14 
spectro-mctasoperatiBgat40or-100MHzusiQjTMSasml 
iatenul stand&. The NMR spectra were Dot sigaihauy 
depcadent on the concentration of the llolll nssd 

@-ZXcahony! compounds. T&se were prqmmd as pmvkusiy 
dcacrhdbycommezcklmatcrkkorwereprcparedbystaadud 
hramre p!vcedun?s. 

iJlQmmhojthe2-arylh~ofl~-td~y/ 
cornpod Asokofrbespproprrateamilte(0.011mol)iuasoln 
of 1MHC!l(6Oml)wasdh&izedatO-ybyadditkmofosat 
NaN& aq (0.011 mol). TIIC diazoniam soh was added drop 
wise to a shred sola of tbs dichonyi compound (0.01 mok), 
NaOAc (5 g) in 1: 2 MeOH-watcr (300 ml) at room temp. The 
arylbydmzonc WBI mtemd off, washd well with water aad 
mcrystalhdfmmt&appropPintesoivcntNMRandIRspc&a 
wem recorded on CD& solns of tbc amtcfkls prior to ciystal- 
Ii&on. New ar~lb~clrazoncs are Ii&d in Tabk 2 aad Tabk 3 
mportcd lbc p-lkomo, p4llom and pctboxy&~p&alyc 
by- derived from benzoykcctone for which both tau- 
tomen were isokted pure. 

RRSZRRNCIB 
‘Part II. D. C. Nonbebcl, Termhedm R6.4443 (1970). 
‘S. M. Palmer&, c&p. ReacrhJ 10, 1 (1959). 
‘J.~,RJIcquiu~O.Tanngo.BrU.Soc.~I;t; 
2781 (M6). 

‘H. C. Yao, 1.09. Chm. 29.2959 (1961). 
‘C. Rcii UKI W. him, Tumhedn~ LA?ttm 374s (1971). 
9. Rcichardl aad w. GraIla. Ch. Ea. 103.1065 (1970). 
‘A. K. Bose and I. Kuspievsky. Tumhedmn 23# 1489 (1967). 
‘E. M. Tanner. &cct~~himlro Acto 20 f19591. 
w. M. D. B&vi aad D. C. Nonbcbcl; Tt&ahezht~ 24.5655 
(1968). 

?i. 0. D&k artd R H. Helm, 1. Am. C’han. Sot. B&2099 
(1961); 84,269l (1962). 

“0.0. Dudck IUMI 0. Volpp. Zbii, 85.2697 (1%3). 
‘0.0. Dudek and E P. IMeL, hti 66.4283 (1964). 
“A. D. Mitchdl end D. C. Nonbebel, Temhednm Lcttns 38119 

(197s). 
“H. G. Gara and S. S. Josbi. I. Zti Chm. Sot. 37,626 (MO). 
“D. C. No&&cl, I. Ghan. Sot. 676 (l%Q 
‘9. C. Noabebcl. Trtmhcdmn 24.1869 (MU). 
“J. L Burrktt aid M. T. Rogeri, 1. in. C&m. Sot. II. 4682 
(1959). 

“D. C. N-1, I. Chem. Sot. (C), 1716 (1%7). 


