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Abstract-In the **C NMR spectra of 5-hydroxy-1,4-naphthoquinon-4-imines pla@a-quinonimineform is
characterized by the presence sifnalsfrom C in the region 160162 ppm and from & at ~115 ppm
whereas typical signals of the ana-quindmm are those of C in the region 169170 ppm and € at
110-11 ppm.

13C NMR spectroscopy is widely used in the the effect of position of tautomeriequilibrium on the
studies of tautomeric transformations of organic comchemical shifts in thé*C NMR spectra of 5-hydroxy-
pounds,among them also of quinoid systems-8l.  1,4-naphthoquinon-4-imine derivativeg{XV) taken
We showed formerly that 5-hydroxy-1,4-naphtho-in CDCl; (see table).
quinon-4-imines dissolved in organic solvents were
present as a mixture gfara- and anatautomerg4].
The effect of substituents and solvent character o
the position of the tautomeric equilibrium was in-

vestigated by means ofH NMR and electron ab- . L .
sorpt?on spet):/troscopy [4, 5]. No publish&C NMR quinonediimine K ) suggested the assignments of the

; - A ignals in the spectrum of compouhdThe chemical
Zpge_%tifmiﬁ)él_si[ 5t%;p%1}ig§£2t§r?§sumon 4-imines and:hift of carbonyl carbon atom ipara-quinoniminel

(185.49 ppm) is close to the valué- 184.9 ppm
In the presents study by comparison with theobserved in 1,4-naphthoquinorié], the signals of
spectra of model compoundsIV was investigated carbon atoms in the C=N bondi55 ppm) are some-

As a model of para-quinonimine form A was
elected N-(p-tolyl)-1,4-naphthoquinon-4-imine I.
he comparison of3C NMR spectra of 1,4-naphtho-
quinone [68] and N,N'-di(p-tolyl)-1,4-naphtho-
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R= GH,u-p, R = H(V);R= Ph,R= H(\VI);R= GH,NO,-p, R = H(VIl); R= Bu,R= H(MVII);R=
Ph, R = SOPh(X); R= Ph, R= NHPh X); R= Ph, R= NHBu (XI); R= Bu, R = NHBu Xll); R =
Bu, R'= NHPh (XIIl ); R = Bu, R = 1-piperidino KIV); R = Me, R = NHMe (XV).
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Table 6. Chemical shift §;, ppm) of carbon atoms in 1,4-naphthoquinoniminesX{/) and 4,8-dibutylamino-XVI)-
and 4,8-diphenylamino-XVII )-1,5-naphthoquinonimines

Compd.no| C! c? c? c* c® (o c’ ct c? c™ Other carbons

| 185.49 |133.80 (133.10 154.89 |125.36 130.43 |131.22 |125.98 |131.69 |134.13 20.84, 120.78, 129.78, 135.39,
147.58

Il 155.62 |130.40 (130.40 155.62 |124.82 125.39 |125.39 (124.82 |134.15 |134.15 20.53, 120.44, 129.40, 133.54,
147.92

1 181.55 |151.13 (97.46 155.01 |125.26 |130.336/133.386|126.24 |130.03 [135.66 120.56, 123.81, 123.94, 128.62,
129.27, 132.55, 139.76

v 181.87 |142.72 (91.37 154.63 |124.49 129.16 |132.88 |125.59 [129.66 |136.92 13.66, 13.96, 20.18, 20.80,
30.37, 33.49, 41.99%1.33

\ 184.86 |135.02 [132.75 ([159.46 [160.57 |[123.48 |130.07 |118.07 [131.40 |115.69 |20.86, 122.18, 129.68, 136.36,
142.90

VI 184.53 |135.16 [132.78 159.63 |160.49 123.41 (129.88 |118.05 |131.37 (115.47 121.93, 126.12, 129.88, 145.43

VI 184.21 |136.64 |133.94 |160.59 |160.8Ff |124.04 |129.60 [118.99 [131.54 |115.08 122.35, 125.00, 145.65, 151.40

VI 184.92 |135.34 (132.22 160.31 |162.29 124.20 |126.94 (117.44 |131.06 |115.25 13.66, 20.41, 32.98,49.11

IX 178.47 (144.23 |134.15 157.32 (160.59 124.32 (132.29 |119.10 |131.26 [115.60 122.50, 127.75, 128.92, 129.31,
129.62, 133.57,138.70, 145.02

X 181.14 |146.20 [95.78 160.95 (161.35 |[124.49 |131.86 |118.53 |130.21 |115.30 121.15, 122.51, 125.12, 125.30,
128.32, 129.39,138.11, 141.15

Xl 183.09 |146.23 (92.01 161.18 |161.88 |124.93 |131.56 |118.10 |130.41 [115.30 13.54, 19.98, 30.26, 41.85,
122.60, 125.23,128.91, 147.04

XIl 180.26 |146.58 [87.65 161.86 |170.63 |130.96 [131.97 |116.32 |129.66 [110.02 |[13.54, 20.06, 20.21, 30.10,
31.43, 42.1644.53

Xl 180.54 (143.12 |91.31 161.61 [169.03 132.06 (137.62 |117.14 |129.71 (111.77 13.60, 20.23, 31.91, 45.46,
122.35, 125.39,129.95, 137.62

XV 182.49 |153.14 [97.99 161.39 |169.17 |128.58 (132.14 |116.45 |132.49 (111.38 |13.62, 20.25, 24.08, 25.53,
31.65, 44.9550.27

XV 180.24 |147.64 (87.28 163.18 |170.64 131.15 |132.10 [116.58 |129.58 [111.50 |29.12, 31.45

XVI 176.63 |137.82 (124.08 ([150.68 [176.63 |[137.82 |124.08 |150.68 [109.12 |109.12 |13.53, 20.04, 31.75,42.60

XVII 175.87 |135.63 [125.96 149.24 |175.87 135.63 |125.96 [149.24 |110.43 |110.43 124.64, 126.43, 129.38, 139.80

ab No exact assignements, thg marked with the same letters are interchangeable.
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what shifted upfield as compared to th8C NMR  of the signal from the carbonyl carbon' CTherewith
spectra of N-aryl-1,4-benzoquinon-4-imines 8{ the introduction of an electron-withdrawing substitu-
157.14 ppm) [9]. ent (SQPh, compoundX) caused a slight downfield

The C=N group as also the carbonyl group due tcshift of the signal from € atom, and theelectron-
the combined effect of anisotropy and electron-with-donor substituents PhNH and AIKNH in theame
drawing character induce upfield shift of located inposition (compoundsX, Xl) gave rise to a strong
peri-position & and €&, and downfield shift of & upfield shift of atom C signal (A& 37-40 ppm) as
and C as compared with the signals from the cor-was observed for 2-substituted derivatives of
responding atoms in naphthalerspectrum. 1,4-naphthoquinone [6, 8].

An arylamino group introduced into positio? It should be noted that in all the above 5-hydroxy-
(compoundlll ) causes a large downfield shift of the 1,4-naphthoquinon-4-imines/£XI1) which according
signal from C and an upfield shift of signals from to electron absorption spectra in organic solvents
cl and G, as is observed in 2-amino derivatives ofincluding chloroform are present predominantly in the
1,4-naphthoquinone [16]. The comparison of spectrgara-quinonimine form A [4, 5, 10] the range of
belonging to N-phenyl-2-phenylamino-1,4-naphtho- chemical shifts of signalérom c* and C is narrow
quinon-4-imine (1) and to N-butyl-2-butylamino- (~4 and~2 ppm respectively). A characteristic feature
1,4-naphthoquinon-4-imine I\{) showed that for of their 13C NMR spectra is the presence of signals
2-amino-substituted 1,4-naphthoquinon-4-imines thdrom C° in the region 160162 ppm and those from
chemical shift of & carbon in the C=N bond is C!° at 115.08115.69 ppm; theposition of these
weakly affected by the substituent at tmétrogen signals is virtually the same as in the spectra of
atom @ ~155 ppm).Besides the substituents in the 5-hydroxy-1,4-naphthoquinones [6, 7].
quinoid part of the molecule virtually do naffect the
position of signals from carbon atoms of the aromaticS
ring (cf. spectra of compounds Il , andIV).

The strongest variations in the carbon chemical
hifts were observed in the spectra of 5-hydroxy-1,4-
naphthoquinon-4-imines  X(I -XV) containing

The comparison of'3C NMR spectra of com- simultaneously an amino group at?@nd N-alkyl
pounds!l and V showed that a hydroxy group i group at the quinonimine carbatom. According to
position as should be expected causestrang de- the data of electron absorption afhid NMR spectra
shielding of theipsocarbon A8 +35.21 ppm) and these compounds in chloroform are predominantly in
an upfield shift of signals from atoms®CC8 and the anaquinoid form B [4, 5, 11].
c!® A downfield shift by 4.57 ppm of thesignal
from C* atom is apparently due to formation of an
intramolecular hydrogen bond between thton of

As models ofanaquinoid form B wechose4,8-di-
butylamino_— ®VI) and 4,8-diphenylamino-1,5-
the hvdroxvy group and the nitrogen of theeri- naphth(_)qumonesX(VII ) [12, 13]that are characteriz-
Iocate)é C:yN %ontljo. A similar dow?]field sh}iﬁ?by ed by signals of carbonyl carbons-at76 ppm and of

5.2 ppm of the signal from the carbon atom in theC®, C'* atoms at 109110 ppm.
carbonyl group forming an intramolecular hydrogen BuEN O PLHN O

bond with theperi-located OH group is observed at
going from 1,4-naphthoquinone to 5-hydroxy-1,4-
naphthoquinong7].

The comparison of spectra of a seriesNehlkyl- O NHBu O NHPh
(aryl)-5-hydroxy-1,4-naphthoquinon-4-imines VA XVI XVII
VIII ) showed that the change in the character of a
substituent at the nitrogen atom from alkyl para-
nitrophenyl group slighthaffected the chemical shifts ~ Unlike the spectra of compounds-XI existing in
of carbon atoms in €4 bonds and also of the atoms the para-quinonimine form A in the"’C NMR spectra
c* and C&; the position of signals from the atoms,C  of compoundsXIl -XV the signals from €atom are
C® and C° remained virtually intact. The introduc- considerably displaced downfield (to 180 ppm)
ing of substituents intd® position of 5-hydroxyN- and by the absolute value are located between the
phenyl-1,4-naphthoquinon-4-imine (compount$-  resonance regions of-© bond (168 ppm) [14] and
X1) resulted in significant deshielding of2Catom that of a carbonyl group in the 4.8-diamiama
(AS 9-11 ppm) and depending on electronic effectnaphthoquinones~(76 ppm); the signals from €
provided more or less notable{@ ppm) upfield shift atoms are notably shifted upfield (to 210 ppm)

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 6 2002



854

and are close in the chemical shift values to those of
c®, c!%atoms in the modedna-naphthoquinones.

EXPERIMENTAL

IC NMR spectra were registered on spectrometers8.

Bruker DRX-500, AC-200, andAM-400 from solu-

tions in CDCI; with complete decouplingfrom 9.

protons in theJ-modulation mode, chemical shifts
were measured with respect to the solvent signa
(76.9 ppm).

The compounds studied were synthesized by thei.

following procedures: 1§ [15], (1) [16], () [17],
(V) [18], (v-VII) [10], (vHI), (XII), [11], (IX)
[19], (X) [20], (XI), (XHI') [21], (XIV) [4], (XV)
[21], (XVI) [12], (XVII') [13].
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