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The '3C and '*N-NMR spectra of 2,3,4-pentanetrione 3-phenylhydrazone, dimethyl 2-phenyl-
hydrazonopropanedioate and ethyl 2-phenylhydrazono-3-oxobutanoate have been measured
in deuteriochloroform at 30°C. The carbon and nitrogen signals have been assigned, and the
chemical shifts and coupling constants 'J(CH) have been determined. Ethyl 2-phenylhydra-
zono-3-oxobutanoate has been measured first as the (E) isomer and then as a mixture of the (E)
and (Z) isomers. This compound has also been prepared with one or two '*N atoms enabling
determination of absolute values of the coupling constants “J(**N'3C) and 'J(*3N' N), res-
pectively.

Coupling products of benzenediazonium salts with methylene group of 1,3-diketones
and 3-ketoesters have been studied so far by means of 'H-NMR, IR and electron
spectroscopies. Yao' observed two *H-NMR signals for the COCH, groups of 2,3,4-
-pentanetrione 3-phenylhydrazone, The chemical shift of the NH group was 14-68
ppm, which corresponds to a hydrogen bridge to one carbonyl group. Ethyl 2-phe-
nylhydrazono-3-oxobutanoate? exists as two geometrical isomers in deuteriochloro-
form (8(NH) = 14-83 and 12-61). Existence of hydrazo forms of these compounds
was proved unambiguously by measurements of the coupling constant 'J(**N'H)
of the suitably '*N-labelled compounds by means of "H-NMR (refs”>~*). Absolute
values of these coupling constants are within 94-7 to 96-1 Hz and are typical of hydra-
20 compounds®. Charactetization of geometrical isomers of arylhydrazones of tri-
ketones and substituted diketones by means of 'H-NMR, IR and electron spectro-
scopies is given in a report® by Courtot and coworkers. The same authors described
photochromism of such compounds due to isomerization’. The aim of this work
is to characterize 2,3,4-pentanetrione 3-phenylhydrazone (I), dimethyl 2-phenyl-
hydrazonopropanedioate (II) and ethyl 2-phenylhydrazono-3-oxobutanoate (III)
by means of '3C and *>N-NMR spectra.
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EXPERIMENTAL

2,3,4-Pentanetrione 3—phenylhydrazone’ (1), dimethyl 2~pheny1hydrazonopropancdioatea ury
and ethyl 2-phenylhydrazono-f!«(:xobutanctate8 (11I) were prepared according to literature.
The 'SN-labelled compounds /I were prepared from !SN-labelled aniline (948% 15N) and
Na!’NO, (96-2% ' *N) (Isocommerz, Berlin).

The '3C and '’N spectra were measured at 25:047 and 10-095 MHz, respectively, using
a JNM-FX 100 apparatus (JEOL) equipped with a multinuclear tunable probe, quadrature

Fic. 1
!3C-NMR Spectra of (E)-Ethyl 2-Phenyl-
hydrazono-3-oxobutanoate (top) and of Mix- | g9 ! oo y—
ture (E) and (Z)-Ethyl 2-Phenylhydrazono-
-3-oxobutanoate in Deuteriochloroform

Fic. 2
'"*N-NMR Spectra of (E)-Ethyl 2-Phenyl-
hydrazono-3-oxobutanoate (left) and of Mix- [q.‘ " W W ’\"“ %
ture (E) and (Z)-Ethyl 2-Phenylhydrazono- |

-3-oxobutanoate in Deuteriochloroform for 0 § -0 0 ¢ -1
N
p
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detection, and working in the FT mode. The spectra were recorded for 25% (w/v) solutions
of the compounds 7, II and (E) isomer of JII in deuteriochloroform at 30°C. The (Z) isomer
of 11T was measured in a mixture with (E)-ZII in the ratio 3 : 2. The 15N.labelled compounds 71
were measured as 3—5% (w/v) solutions. The measured solutions were placed in 10 mm NMR
test tubes, and deuteriochloroform was used as lock. The carbon chemical shifts were referred
to internal tetramethylsilane, and the 1SN chemical shifts were referred to external neat nitro-
methane® (25% *3N). The following parameters were used to obtain the 13C chemical shifts:
spectral width 5000 Hz, 16 k memory, pulse width 7 ps (23 s ~90°), pulse repetition 3 s, the
proton noise decoupling; for obtaining L J(CH) the same parameters were used but with pulse
repetition of 6 s and gated decoupling. Values of the coupling constants "J(*>N'3C) were mea-
sured with the !SN-monolabelled compounds using the digital resolution of 0-26 Hz/point
and the proton noise decoupling. For obtaining the 1SN chemical shifts the following para-
meters were used: for —N== spectral width 4000 Hz, 8 k memory, pulse width 7 ps (30 ps ~90°),
pulse repetition 30 s, inverse gated decoupling’® (the proton noise decoupling during the period
of the signal acquisition); for —NH— spectral width 4000 Hz, 8 k memory, pulse width 7 ps,
pulse repetition 5s, the proton noise decoupling. The xJ(”‘N‘SN) coupling constants were
measured with the digital resolution 0-1 Hz/point and with the proton noise decoupling (Figs 1
and 2).

RESULTS AND DISCUSSION

The proton chemical shift of NH group in 2,3,4-pentanetrione 3-phenylhydrazone (I)
is 14:68 ppm (ref.!), with diethyl 2-phenylhydrazonopropanedioate (II) the shift
of the same group being 12-8 ppm. Bose and Kugajevsky? observed two chemical
shifts of NH group with the **N-labelled 2-phenylhydrazono-3-oxobutanoate (I11)
(1483 and 12+61 ppm) with the signals split by !°N into doublets (|*J(**N'H)| =

TaBLE T

13C Chemical Shifts (5 Scale, 4-0-05 ppm) of the Compounds I—III in Deuteriochloroform

Carbon I bi (E)-III (2)-111
1 141:30 14135 141-38 14138
2 115:98 11542 116:15 11518
3 129-38 12918 12919 129-24
4 12561 124-61 125-44 124:56
5 132:94 118-64 125-68 12675
6 19663 163-59 16469 163-40
7 197-53 16335 19663 193-93
8 31-44 51-98% 30-54 60-97
9 26:39 51-857 60-65 13-85

10 — — 1416 26:52

“ The assignment can be opposite.
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= 947 and 961 Hz) which were not univocally assigned. From comparison it fol-
lows that the signal at lower field and *J(**N'H) = 94-7 Hz corresponds to the (E)
isomer. The coupling product from benzenediazonium chloride and ethyl 3-oxo-
butanoate, precipitated almost immediately after addition of the diazonium salt
and subsequently water, was measured by 'H-NMR in deuteriochloroform. The spec-
trum only contained the absorption at 14-8 ppm corresponding to the (E)-III isomer.
On standing for several days at room temperature this solution gave a mixture of
(E)-III and (Z)-111 (about 2 : 3). The remaining coupling product isolated after 24 h
contained 10—15% (Z)-II1 isomer.

The *3C chemical shifts of the compounds I —III are given in Table I. The carbon
chemical shifts of the phenyl group were assigned according to the typical pattern
of decoupled and coupled spectra of monosubstituted phenyl group. The assignment
of the '3C chemical shifts of CO and alkyl groups was carried out by mutual com-
parison. After isomerization of (E)-III to a mixture of (E)-III and (Z)-1I1 the chemical

I, R' = C(g)H;, R? = Cio)3H

II; R' = OC(g)H;, R? = 0Cq)Hy
(E)-1I; Rl‘ CgyH3, R? = 0Cg)H>C10)Hs
(Z)»-1I R' = OC(g)H,Cg)H;, R* = C(10)H;

[

shifts of carbonyl and ester groups of (Z)-III were shifted downfield, those of methy-
lene group being shifted upfield. This presumption allowed to assign the 13C chemical
shifts of carbonyl carbons and carbons of methylene groups of the compound I

TaBLE II
Coupling Constants L J(CH) (Hz) of the Compounds /—III in Deuteriochloroform

b b b
Compound  C()” Cizy” Cay’ C(sy C(oy C10y

I 161-2 161-2 162:5 129-0 128-2 —
1 161-0 160-6 161-5 1471 1481 —
(E)-11 161-9 161-7 162:4 129-0 1471 127-0
(Z)-111 161-9 161-7 162:4 128-4 148-3 127-2

9 4£09 Hz; ® 4-0-4 Hz.

Collection Czechoslov. Chem. Commun. [Vol. 45] {1980]



3358 Lycka:

and those of ester and methoxy carbons of II. The coupling constants *J(CH) are
given in Table II. The **N-labelled compounds were prepared for determination
of the coupling constants *J(*>N*C). Ethyl 2-phenylhydrazono-3-oxobutanoate was
chosen, because it contains both carbonyl and ester groups both free and hydrogen-
-bonded. Absolute values of the coupling constants "J(**N*3C) (Table III) of catbons
of phenyl nucleus and C(5) ate the same for both (E)-III and (Z)-I1I within experi-
mental error. The values of "J(**N*'3C) of C(g7—C,0, are less than 0-5 Hz. Absolute
values of the coupling constants >J(**N'3C) of the carbons C,5, are always less than
those of C in contrast to the coupling constants of the geometrically corresponding
positions *J(**N*3C,) of pyridine'! (3-85 Hz) and 3J(**N'3C(s)) of quinoline'?
(~0Hz). 2J(*N*3C) of C,, are substantially less than those of C(, which cor-
responds to the interactions in the compounds type IV (ref.!?)

Sc=N"
CH,0CO
w

TasLe IIT

Absolute Values of Coupling Constants *J(*3N'3C) (Hz, 4-0-3 Hz) of the !SN-Monolabelled
Compounds (E)-III and (Z)-11I in Deuteriochloroform

Labelled

Compound abelle Ci1y C2y Cay Cay Cs) Csy Ci7y
atom

(E)-I Ng 66° 24°  <03' <03° 347 03 10s°

(2)-111 N 66" 2:4° <03!  <03° 37, 10 12:6°

(E)-1I N, 18-7° 20 2-1¢ 0-3¢ 1:3% 1-0° 3-4¢

(2)-111 N, 19-7° 2.0 2:1¢ 03¢ 13° 0-9° 37°

alj;sz;c3j;d4j;551.

TaBLE IV

!5N Chemical Shifts (+0-1 ppm) Referred to External Neat Nitromethane (25% '3N) for the
Compounds I--1II in Deuteriochloroform

Compound I /4 (E)-1II (Z)-111
d(Ng) — 54 — 85 — 51 —8-8
J(Ny) —203-7 —209-4 —202'1 2109
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where 2J(**N'*CN) ~ 1-22Hz and 2J(**N'*COOCH,) ~ 10-5 Hz, Hence the
values of 2J(**N*'3C) agree with the assignment of the carbon signals of the (E) and
(2) geometrical isomers of the compound II1.

Values of the **N chemical shifts (Table IV) were obtained at the natural abundance
level of the SN isotope. The upfield shifts are taken as negative. The assignment
corresponds to characteristical difference of chemical shifts of the groups —N=
and —NH— (ref.'*), and it was confirmed by measurement of the 1*N-monolabelled
compounds III which were used for determination of "J(**N*3C). The influence
of five- to eight-fold dilution is small (§((E)-IlI) = —4-8, —202-2; §((Z)-I1I) =
= —82, —211-1; see Table IV). The both !N chemical shifts of the compounds
having a hydrogen bond to the ester carbonyl group (II and (E)-III) are shifted
upfield as compared with the nitrogen shifts of the compounds having a hydrogen
bond to acetyl carbonyl group (I and (E)-III). Compared with phenylhydrazones
of aromatic aldehydes'® the '*N chemical shifts of the compounds I —III are shifted
downfield, this trend being more marked for Nf. With the !*N-double-labelled
compound III the following values of coupling constant *J(**N'*N) were found:
111 4+ 0-1 and 10:8 + 0-1 Hz for (E)-III and (Z)-I1I, respectively. Thus the value
of YJ(**N'SN) of (E)-III is greater than that of (Z)-III in contrast to the value
'J(**N'H) which shows an opposite trend.

The author is indebted to Dr D. Snobl for useful discussion.
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