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Abstract - The stereochemical behaviour of t-acyl and I-aroylhydrazones of 
aromstic aldehydes, of pyruvates and of acetone, in polar and less polar 
solvents, has been studied by HPLC and by NYR techniques. Z/E Geometrical 
isomers and cisjtrans amide conformers have beei found for 
i-acylhydraaonesxifor N-aroylhydrazones only geometrical isomers ware 
detected. Energy barriers of-is-r6 are reported, and solvent effects are 
discussed with regard to hydrogen bond interactions. 

I-Aroylhydrarones of methyl pyruvate and of aromatic aldehydes show considerable chelating power 

with transition metals 112 , and cao be used in analytical chemistry to recover and analyse metals 

selectively as hydrasone complexes 314 . We recently found, by chromatographic techniques, that 

several hydrasones of methyl pyruvate exist in solution as mixtures of E/Z geometrical isomers, -- 
whose ratio depends on the nature of the solvent and influences their chelating capability’. On 

the other hand ye also found, by NMR studies, that N-acylhydratones of aromatic aldehydes exist in 

solution as a mixture of the conformers I and II because of the hindered rotation on the C-N amide 

bond’ (Scheme 1) . This picture was 
sthsme 1. confirmed by X-ray structural analyses 

II 
carried out on two crystalline 

N- R’ R-c-,,/ -C- _, materials obtained from alcoholic 

A k <- 
,F_,-n=,-R- ;I: 

;I A solutions of 2-formylthiophene-N- 

acetylhydrazone (R’ = CH3, R” - C4H3S) 

I. lrra II , cri (7) and identified as the isomers I 

and II. 

However, during the same investigationb, we ascertained that the aroylhydrazones of the same 

aromatic aldehydes possess only the less hindered trans form I. 

In continuation of this research, we now report definitive results, obtained by NHR and RPLC 

techniques, on the behaviour of N-acyl- and N-aroylhydrazones of methyl pyruvate, which exhibit 

both configurational (E/Z) and conformational tcis/trans) isomers. -- -- 
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3650 G. PALLA ‘3 d. 

The correrponding hydrazones of acetone have nlso been rtudied, under the same conditionr, 

for comparison. Moreover, we will atart by discussing the behaviour in solution of 

pyridine-2-carbaldehyde-H_acetylhydrarone (R’ l CH3, R” = C584N1, which gives the same 

iaomeriration pattern as the methyl-pyruvste derivatives and differs from the other 

acetylhydrazoner of aromatic aldehydea by alao exhibiting E/z geometrical iromerr. 

RESULTS AND DISCUSSION 

It has been pointed out’ that hydrarones derived from aldehydea and substituted hydrazider 

are present in solution in the 5 form. This is true in the case of C,H5C(O)NH-N-CHR with R = 

phenyl or 2-thienyl, but when R - 2-pyridyl the 2 form can be stabilized in leer polar solvents by 

an intramolecular hydrogen bond and can be detected by reversed phase RPLC. The isomerieation ia 

induced by light, but can also be obtained thermally by warming the solution over 40°C. The 

equilibration rate is rather low, and the E/Z ieomer ratio can be easily quantified by -- 

chromatography and by NMR techniques. Thus a chloroform solution of 

pyridine-2-carbaldehyde-@cetylhydrazone, after E/Z isomeriration, ahovs the four iaomers III-PI, 

all distinguishable on the NIR time 

sctNmm2. scale (Scheme 2). Geometrical 2 

isomers V and VI, carrying 

9 H intramolecular hydrogen bonds, are 
,-@+kC’ 

more lipophilic than E ieomers III and 

A..... 

13 
,I IVY 

in agreement with their higher 

retention volumes on reversed phase . 
v fm?s.z HPLC. The ratio of amide conformers 

III/IV and V/VI can be obtained only 
11 In, 

by 1 H NMR as they interconvert too 

fast to be detected by HPLC. The 

?3 H 
relative percentagea of these isomers, 

O’, 
C-R’ -C’ N- thermally equilibrated in polar and 

A.... , 

6 \’ 

less polar solvents Ichloroform and 

dimethylsulphoxidel, are reported in 

IV 0;z.E VI ni. 2 Table 1 together with ‘ll NMR chemical 

ahifte. 

Table 1. 1 H NkfR chemical ehifte (6, TMS) and percentages of hydrazones III-VI after thermal 

equilibration in CDCl3 and in DRSO-dba. 

Ironer x 
CB3 

-CH- arom NH 80 lvent T°C Notes 

III 6 2.16 8.23 7.2-8.7 10.67 CDC13 25 - trans E 

IV 34 2.42 8.07 7.2-8.7 10.43 CDC13 25 cio E 

V 15 2.19 ---b 7.2-8.7 14.40 CDC13 25 - trans 2 

VI 45 2.38 7.12 7.2-0.7 14.02 CDC13 25 tie 2 - 
__^_____________________________~~~~~~~~ ________________________________~~~~~~~_~~~~~~~~~~~~~~---- 

III 24 2.02 g.23 7.1-8.7 11.61 DMSO-db 30 trans E 

IV 76 2.25 8.08 7.1-8.7 11.47 DHSO-d b 30 - cis E 

* The signals of the more hindered 2 forms in DMSO were not detected. 
b . 

Signal not assigned as it was covered by other aromatica. 
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In deuterated chloroform a strong intramolecular hydrogen bond CtOlNH+Nlpyr), producing a 

lox-field shift of the NH lines (6 * 14.40, 14.021, rtabilixer the more hindered z forma V and VI. 

In direthylsulphoxide, vhich forms competitive intermolecular hydrogen bonds (and also in 

chloroform when R” = phenyl inateed of 2-pyridyl) only the lea8 hindered forma III and IV have 

boea detected by both NNR and HPLC techniques. 

The ‘H- signal of CH3 in III (e, 6 = 2.16) falls upfield of the corresponding signal of 

IV &a, 6 - 2.42), uhereaa the singlet due to N-CH- show a reverse pattern, vith a line at 8.23 

for form III itranr) and at 8.07 6 for form IV I&l. The correctnena o,f the assignments vas 

confirmed, for I and II, by monitoring the inteneity ratio of the tvo signals of N-CH produced by 

introducing R’ groupa vith increasing bulk (R’ - methyl, ethyl, iropropyl16. The structure I 

t-1 vaa assigned to the form whose lines increased vith the steric hindrance of R’, i.e. to 

the one with the N-CB line at higher field and methyl group at lover field. 

The rate of g-z isomeriration of 2-pyridylhydrazone III in chloroform has been folloved by 

‘H NMR at several temperatures (20, 30, 40°Cl in order to evaluate the energy barrier8 of E-z 

conversion. The increasing intensities of ‘H signal.9 at 2.19, 2.38, 14.40, and 14.026 have us 

alloved measurement of the isomerization rate conatante, from which the AC’ value hae been 

calculated by considering the reaction as unimolecular and revereible. 

The Ad value of 24.5 Kcal/mole, found for III, falls in the range previously observed for 

E-+2 isomerization of aroylhydraronee of methylpyruvate (22-25 Kcal/molc). 5 On the other hand - - 

the AC+ values of cis/trans amide conformers in 2-foraylthiophene-y-acetylhydraxone (I: R’ = CH -- 

R” = C4H3S), calculated by dynamic NUB CT, of 79’C in DUSO-d61, vere 18.1 and 18.3 kcallmole 
9’ . 

Even lover values of A& have been obtained for cis/trans conversion of pyruvate hydrazones -- 

VII-VIII, reported in the Scheme 3. 
!Meme3. 

R” 

I7 
\ 

N= C< 

C-N’ R- 
4 \ 

0 Ii 

AC+ Values of 15.3 and 15.9 kcelfmole were found by dynamic NMR in the cane of methyl 

pyruvate N-acetylhydrazone VII (R’ = methyl), ueing the well known coalescence-temperature 

method ‘. Coalescence of methyl groups of VII and VIII conformers dissolved in a DMSO-d6/CDC13 

eolvent mixture (5/2, v/v), occurred at 30°C. The lover Tc value8 exhibited by the amide 

conformers of pyruvate hydrazones with respect to those of aromatic aldehyde hydrazones could be 

explained in term.9 of electronic effects. The greater electron withdrawing power of pyruvate, 

compared vith that of aryl groupa, can reduce the contribution of polar structures such as 

R’-C~O-l=N+H-N=CtCH3)-C~O10CH 3 in favour of 8tructura.a such aa R’CtOl-N’H~N-C(CH3)-C(O-)OCH3 

reducing the double-bond character of the amide C-N linkage and favouring rotation. 

The pyruvate conformers were more successfully reaolvcd by 13C NMR than by ‘H NMR, owing to 
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the greater resolution of the carbon signals and to our ability to examine both C-0 and C-N- 

lines, which differ greatly in cis and trans conformers. The more informative lines of - 
13 
C-spectra, recorded for a series of selected compounds, are sumnarired in Table 2. The temperature 

was sometimes lowered to avoid coalescence, and the low solubility of products in chloroform was 

increased, vhan necessary, by adding DMSO; however, in many cases it was not possible to assign 

all the carbon lines. 

Table 2. l3 C Wna assignments for tj-acyl and H-aroylhydrazones of methyl pyruvate (VII-I, Scheme 

3) in polar and less polar solvents (RIS as internal standard). 

Isomer R' gH3CO -CH2- N-C-O N-C- c-cll3 o-C-0 OCH3 Xd T'C solvent(v/vl, notes 

VII Cl3 21.17 ---- 168.0 142.5 12.8 165.1 52.6 20 - 6 CDCl3/DkiSO-d6 15/11 

VIII CH3 20.7 ---- 174.5 139.3 12.3 165.1 52.6 80 

____________________________________________________~______________________________________~_~~~~~ 

VIII CH3 20.6 ---- 174.8 140.1 11.9 164.9 53.1 100 -10 CDC13 

______________-____________________________________________________________________________- ______ 

VIII CH3 20.2 ---- 173.9 138.9 11.4 165.0 52.1 65 +20 CDC13 after thermal 

x CH3 20.4 --- n.a. n.a. n.a. n.a. 51.7 35 isomerisation of VII5 

______________________________________________________~~~~~~~~~~~________________~_~~~~~~~~~~~~~~~ 

VII-VIII CH3 20.sa ---- 173.2a 139.0a 12.5 164.7 52.1 -- +30 DUSO-d6 

_______________________________~~__________________~~~~~~~~~~~~~~______________~~~~~~~~~~~~~~~~~~~ 

VII CH2C6H5 ---- 40.6 168.1 142.7 13.1 164.7 52.2 30 + 0 CDC13/DMSO-d6 15/l) 

VIII CH2C6H5 ---- 39.1 173.9 138.8 12.5 164.7 52.2 70 

______________________________________________________________________________________~~~~~~~~~~~~ 

VIII CH2C6g5 ---- 39.5 175.2 139.8 11.9 164.9 52.9 100 -10 CDC13 

__________________________________^_____________~~~~~~~~~~~~~~~~~~~~~ _^_____________________~~~~~~~~ 

VIII CH2C6H5 ---- 38.9 175.0 140.0 11.7 164.9 52.7 50 + 0 CDC13 after thermal 

I( CH2C6H5 ---- 43.0 173.8 140.0 20.4 162.3 52.4 50 isomerisation of VII 
__________________________________________________________~_~~~~~_______________~~~~~~~~~~~~~~~~-- 

VII-VIII CH2C6H5 -- n.a. b 173.6a 139.1 12.6 164.7 52.1 -- +30 DhSO-d6 

_______________________________-_________________~-_~~~~~~~~~~~~~_____-_~~~~~~~~~~~~~~~~~~~------- 

VII C6H5 ---- ---- 165.3= 144.1 13.0 164.7 52.1 82 +30 DMSO-d6after thermal 

IX C6H5 ---- ---- n.a. n.a. 20.1 n.a. 52.5 18 isomerization of VII 

____________________________________^_____________~~~~~~~~~~~~~~~~~ __________________________~~~~~~~ 

VII C6H5 ____ ____ n*a. n.8. 11.6 n.a. 52.7 16 +30 CDC13 after thermal 

IX '6ll5 ____ -___ 164.3' 137.3 20.0 163.3 52.5 84 isomerisation of VII 

n.a.: not assigned. a Broad lines due to coalescence. b Covered by DMSO-d6 carbon lines. ' The 

broader line of carbonyls was assigned to the amide carbonyl. d The relative percentage of E/Z -- 

isomers VII-IX and VIII-X was determined by HF'LC. 

According to the assignments made for the hydrasones of aromatic aldehydes6, the upfield 

lines of C-0 and the lovfield lines of methyl and -C-N have been assigned to conformer VII 

(transl. Moreover it is known that steric hindrance in acctamides shifts the methyl group upfield 

and the carbonyl downfield. 
9 The benroyl hydrasone of methyl pyruvate apparently shows, both in 

polar and less polar solvents, only one amide conformer, to which the form VII itransl has been 

assigned, as only this one was found in the purified solid state and identified by single-crystal 

X-ray ana1ysis.l' 
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The rolvcnt polarity dramatically influencer the ratio of cie/trans amide conformers and E/Z -- -- 
geometrical iaomera. In polar aprotic solvents (DHSOl, which are able to form strong 

intermolecular hydrogen bonda with ND groupa , & and trana amide conformers are present in about 

the same amount with the cis form (IV, VIII) prevailing slightly, while the unfavoured hindered - 

geometrical z isomer.3 are present in small amounts (IX, Xj5 or not detected at all IV, VI). In 

leas polar solvents ~CDCl3) intramolecular hydrogen bonds play a major role and stabilize the more 

hindered z forms V-VI and IX-X, which consequently are usually more favoured than the 

corresponding g isomera. Hydrogen bonding interactions could also explain the greater stability of 

cis amide conformers (IV,VIIIJ in respect to trana ones (III, VII). Cis amide conformers are - - 
probably associated a8 diners (Scheme 3, XI1 by formation of pairs of hydrogen bonds, 88 has 

previously been reported for amides. 11 

The conformational behaviour of E-acyl and I-aroylhydrazones in solution and the effects of 

polar and leaa polar solvents on amide conformers were confirmed by a 1 H and 13 C NhR study on a 

series of hydrazones of acetone, vhich shov simpler spectra, aa they lack the possibility of E/Z -- 
geometrical isomers. Chemical shifts and percentage of conformers in DMSO-d6 and in CDC13 are 

summarized in Table 3. 

Table 3. -- ‘H NMR and 13C NMR assignments for N-acetyl , l-phenylacetyl and l-benroylhydrarones of 

acetone in polar and less polar solvents at ZO’C (TMS aa reference). 

Isomer Confor. NhR cH3C0 -CH2- N-C-0 H-N-C- CH3a CH3b X Solvent 

H- 2.03 ---- _____ 9.80 1.80 1.87 
ci8 60 

C$_&+l 

c- 20.5 ---- 171.9 149.5 16.8 25.0 DMSO-d6 

r& 

0 H ‘%b 
H- 1.87 ---- _____ 9.80 1.80 1.87 

trams 40 
, A c- 21.3 

DHSO-d6 
---- 165.4 154.0 17.3 24.8 

’ j f&V1 I : 
* 8 H- 2.22 ---- _____ 9.25 1.88 1.95 

~‘C_h/N=C’ 
M5’ 

cis 86 c- 20.4 ---- 173.9 149.8 16.5 25.4 CDC13 

ck, ‘H ‘CH3b H- 2.05 ---- _____ 8.85 1.88 1.88 
trras 14 c- 21.7 ---- 166.5 154.8 16.8 24.8 CDC13 

____________________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_~_~____~~~~~~~~~~~_~~___________________ 

H- ---- 3.82 __--_ 10.12 1.83 1.90 
ci8 

c- 

H- 
trans 

c- 

_--- 3.50 ____ 10.02 1.83 1.90 
48 

42.7 166.3 155.4 17.4 24.8 
D&GO-d6 

---- 

H- ---- 3.92 ___-_ 9.30 1.75 1.95 
cia 80 

c- ---- 39.4 173.6 149.8 16.3 25.4 
CDC13 

H- 
trrna 

c- 

H- 

52 
38.9 172.2 150.0 16.9 25.1 

DUW-d6 
---- 

---- 3.58 _____ a.55 1.55 1.95 
20 

---- 42.5 167.6 155.6 17.8 24.8 
CDC13 

.____________________~~~~~~~~~~~~________~~~~~_______________ 

---- -___ _____ 10.33 1.83 1.86 

aga 
6wAF “&A=,/ 

tr8ns 100 C_ ____ ____ 163.2 160.1 17.9 25.0 DMSO-d6 

,-& \ ‘%b H- ---- ---- ___-_ 8.27 1.88 1.96 trana 

C _ 
100 CDC13 

-- - - ^ ___ 164.4 156.9 16.9 25.4 
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The prevalence of cia conformer (C-0 z to NH) in less polar rolventr is evident. Moreover, - 
in the caee of the other N-oroylhydrarones previously studied, the N-benzoylhydraeone of acetone 

apparently shows only one conformer (e), ae even spectra recorded at low temperature always 

show only one carbon line for each of C-0, C-N and methyl groups. 

EKPBRIlIENTAL 

1 H and 13C NMR spectra of N-acyl and N-aroylhydrarones were recorded on a Varian XL-100 
instrument. The carbon spectra ofhydrazonesof acetone (Table 3) were recorded on a Varian CPT-20 
instrument at 20 MHz. HPLC vaa carried out on a Waters instrument using a U6K aeptumleeo injector, 
a LOO0 A pump and a dual wavelength (254, 280) UV detector. 

General procedure for the synthesis of hydraeonea. N-acyl and N-aroylhydraridea were prepared by 
refluxing overnight the commercial methyl esters of aliphatic and aromatic acids (0.1 mol) 
dissolved in ethanol (100 al) in presence of hydrazine hydrate (99X, 0.11 ~11. After cooling, the 
rolid hydratide was recovered by filtration in almost quantitative yield, then diseolved in 
dichloromethane (100 ml), mixed with 0.1 molea of acetone, aldehyde or pyruvate and gently warmed. 
The hydrarone crystallized in few hours. The identification was made by IR, NMR, and ma.se 
spectrometry. All the compounds gave satisfactory C, H, and N analyees. 

B-w z Iaomerization of the pyridine-2-carbaldeh de-N-acet lh drazone III. Kinetic experiments 
were carried out ln duplrcate III the dark at 20 "39 and 40yvC ‘,n 1 BI solutions in CDC13. The 
conversion of e to z was periodically checked by H NMR (Varian A 601, following the change of 
pea 
AC t 

intensity of -CH CH- and -NH lines. The iaomerization at 40°C required few hours. 
Valuea were calc3ilated from kinetic constants, coneidering the iaorerication aa a first 

order, revereible reaction and applying 
isomerization of methyl pyruvate hydrazonea. 

ghe Arrhenius equation a8 previously reported for 

HPLC. Acyl and aroyl hydrazones were dissolved in CHCl 
2 
or DHSO (1% solution) and injected (10 Ul) 

Into a 5 pm RP 18 column (25 x 0.4 cm, Merck). Elut on was carried out with a methanol/water 
mixture (7/3, v/v), working at 1.0 ml/min and at about 2000 psi. The percentage8 of e and z 
isomers were ca culated 

f 
from the ratio of UV absorption peaks recorded at 254 and 280 nm, a6 

already reported. 
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