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Abetraot. Sulfonyl isocyanates attaok the arylaldehyde N,N- 
dialkylhydrazones l- 
methine funotion 16a 3 

at the nitrogen or oarbon of the azo- 
ing to the formation of the hexahydro- 

1,3,~triazine-2,4-diones 4-6 or arylglyo llc acid sulfon- 
amide-N,N-dialkylhydrazone~ - - 
perimental conditions the pos 14 

(scheme 1 'Q; . Under equal ex- 
t on of the eleotrophilio 

attaok deoends on the oontribution of the dlpolar structures 
I~*I" determined by the eleotr n withdrawing or donating 
ootential of the substituents R !f and NRo. The normal reacti- 
;ity of the 7&N-funotlon Is desorlbed By eq.?, the ump'l$gg 
by eq.2. These different reaotlons correspond to the 
chemical shifts of the azomethine carbon atoms. 

Dependent on the substituents NR2 reap. R' arylaldehyde N,N-dialkylhydrazones 

can reaot like enamlnes: as aza-enamines they are attacked in an umpolung 

reaotion e.g. by sulfonyl isooyanates at the carbon of azomethine group forming 

the glgozyllc acid sulfonamide hydrazones 2-2 (eq.2). Otherwise arylaldehyde 
N,N-dlalkylhydrazones like Schiff bases can be attacked by sulfonyl isocyanates 

at the nitrogen atom: via a not Isolable dipolar intermediate the reaotion with 

a second moleoule of sulfonyl isocyanate yields a 5-amino-hexahydro-?,3,4 
triazine-2,lcdione lt3,' 2-5 (eq.?). 

This paper describes the oourseof the electrophilic reactions of the 15 hydra- 
zones la-e 2a-e and s-2 with p-tolylsulfonyl lsooyanate under equal experi- -_*-, 
mental conditions (molar ratio 1-J / tosNC0 = 1~2.5, in ccl, at same times) 

to find out the scope of the reaations according to eq.1 or eq.2. 

Although in most cases the reaction had been completed after some hours all 

reaction mixtures were allowed to stand over a period of 28 days, since only 

after this time the hydrazones 2 and 2 had reaoted oompletely. 2 reacted 
even more slowly and only a small portion was converted after five months. 

Since most of the reaction products crystallized very well yields were deter- 
mined gravimetrically. 
The results are summarized in table 1. The majority of the aldehyde hydrazones 
shows a selective reaction, Thus the synoptlo table may be subdivided into 

three limited regions. The hydrazones Iq-c, 3 and 2: in the upper left section 
are preferentially converted to the oompounds 2 and 5; the hydrazones 2, $J 
and 2e_ and 22-5 standing at the bottom and on the right side are converted to 
the compounds 2-9. In most cases, the yields are considerable higher than 5Q%. 
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is the transition regioni here the compounds 4d/7d and -- -- 
well in comparable quantities from l_d or from 22. 

Table la) Survey of reactive behaviour and the 13C- 

chemical shifts of the azomethine carbon 

atoms of the aldehyde hydrazones 4e l-2. 

I 
+R'rCH30 =R': H &R1:N02 

NR2 N C N C N C 

74 W ppm %5 F ppm %&6_ 969 ppm 

a> N 76.. or C %.. are the ieolated yiel& of the corres- 
ponding compounds 4-6 or 2-2 obtained by attack of 
the isocyanate on %hz nitrogen or carbon of the azo- 
methine group (mean values: cf.experimental part); 
+ the yield was not exactly determined. 
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For the hydrazones I, the dipolar canonical structures I’ and I” can be formu- 

lated, the normal polarization of an imlne struature is described by I’, the 

umpolung of the imine structure by I”. 
In the anisaldehyde hydrazones !:-_B the methoxy group as an elsatron donor 
substituent R’ delocalizes the formal positive charge on the azomethine carbon 
of I’ and thus favours the imine like reactivity. The donor potential of the 
morpholino, piperidino and dlmethylamino residues NR2 is not sufficient to 

overcome the opposite influence of R’ =OMe. Thus the electrophilic attaok takes 
place at the nitrogen of the azomethine group. However the pyrrolidlno and the 

dicyclohexylamino substituents NR2 as strong electron donors cause umpolung and 
thus an attack on carbon. 

Umpolung is favoured in the reactions of benzaldehyde hydrazones ,2 lacking the 

influence of the metho= substituent. 
The strong electron acceptor aubstituent NO2 in the hydrazones 2-2 increases 

the contribution of the dipolar structure 1” and thus favoura umpolung i.e. the 
aza-enamine reactivity. According the table 1 only the C-acyl products &,a-B 

were isolated. 

The great difference in the electron donor potential of the cyclic six membered 

morpholino and plperidino substituents NR2 resp. the five membered pyrrolidino 
substltuent NR2 in the anisaldehyde hydrazones 12 and j& resp. 3 repeatedly 

was explained by steric effects 5,6,7,8, 

The remarkable difference in the behaviour of the hydrazones 2 reap. 5 with 

non cyclic amino substituents RR2 can be explained by different eterio hindrance 
caused by the methyl resp. the bulky dicyclohezyl groups. 
Scheibe 9 attributes the different resonance interaction between the amino 
groups and the double bonds in open ohain cyanine dyes to the state of hybri- 

dization of the nitrogen atom which depende on the bond angles at the nitrogen 

atom. They might be larger in 12 than in ic because of the great bulk difference 

of the residues R. 
Furthermore, it is possible that a loose addition complex 2 Oi.r,N-tos 
is formed between the hydrazone and the isocyanate, by whloh C 

I 
the normal imine resonance structure I’ is favoured due to 

blocking the lone pair and the strong -I-effect caused by 

the ammonium group. Corresponding to the results obtained in 
this study, the formation of 12 should be sterically hindered 

to a greater extent in 3 than in 2. 

N+ 12 

R 
/ :\ 

RY 
H&R2 

-----------_- 

* In some cases, imiyzolidine diones ‘l_Ol2, not specified in table 1, are 
formed additionally . Since it could not yet be elucidated whether the com- 
pounds 2-9 are intermediates in the formation of the imidazolidine diones this 

reaction is not included in the following considerations. It should be mentioned 
that 2b gave rise to a mixture of $& and Ilb with a total yield of 71% which - 
could be separated with yields of 22g6 2 and 3% 9, respectively. In the 

same way, the reaction of 3& gave rise to a mixture of an average of 5Q of 2 
and 3s of 12b. In the reactions of > and lb, a small amount of a substance 
could be detected or isolated which had the two charaoterletio C=O bands of 

the imidazolidlne diones in the ir spectra. 
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Finally, it can be assumed that not only the nitrogen of the substituent NR2 
but also the adjacent nitrogen of the azomethine group is much more shielded by 

the bulky oyclohexyl residue R than by the methyl group R, so that the carbon 
becomes the preferred point of attack. 

Bending of the amino moiety NR2 out of the &N-plane and therefore reduced re- 

sonance interaction between RR2 and the adjacent C=N 5,7” seems to be of 
little account, since this effect should result in opposite behaviours of the 

two aldehyde hydrazones > reap* 2. 
In the product determining eleotrophilio step the hydrazones in the upper left 

section of table 1 preferentially are attaoked at nitrogen, whereas those on 
the right and below at the carbon of the azomethine groups. Thls can be cor- 

related with the 13 C-chemioal shFfts of the azomethine carbons in table 1; the 
13 C-values deorease from top to bottom and from the left to the right side. 
This decrease oorresponds to an increase of the V-electron densities at the 

azomethlne carbon atoms of the hydrazones, which means an increasing contri- 

bution of the dipolar struoture I”. 

EXPERIMENTAL 

Ir spectra: lr speotrophotometer UR 20 made by VEB Carl Zeiss, Jena. Thin 
layer ohromatographyt Merck plates (silica gel 60, F-254), mobil solvent: 
toluene/methanol gOrIO or 96r4 vol.%. Preparative layer chromatogra hyr plate 
size 20x20 cm, 30g of Merck silica gel G according to Stahl Type 6 5 + 0,2g of 
fluorescent indloator F-254. Column chromatography: silica gel 60 from Merck, 
granulation 0.063 - 0.2 mm. 
General rocedure for the reaction of the aldehyde hydrazones l-2 with 
K~~%&i~?i~Ia?iIionyl lsocyanate and work up of the formed przduots 4-q (for 
variations, concerning reaotion and work up, details are given with tile numbers 
of the starting hydrazones). 
2 mm01 of aldehyde hydrazone I- was suspended 
with 5 mm01 of 4-methylphenylsE l.S 

3,40,10 or dissolved together 
onyl isocyanate In 2 ml of CC1 (cleaned by 

boiling for 20 h over hosphorus pentoxide and subsequent dlsti’llation) and 
allowed to stand for 2 S d at room temp. in the absence of moisture. In general, 
the hydrazones dissolved quickly, at the latest during the following hours. The 
reaction product usually crystallized from the solution after some hours or 
days. - 
After 28 d the solvent was removed by decanting and the crystalline residue 
washed with 2 ml of Ccl,, and then triturated with 2 to 5 ml (depending on the 
solubillty of the reaot’Con product) of alcohol-free ethyl acetate (first 
crystallizate). To obtain a further yield, some water was added to the combined 
filtrates in order to decomoose excessive sulfonsl isocsanate. solvents and 
water were removed by evaporation and the residue was dissolved or suspended in 
the lowest oossible amount of ethslaoetate (in neneral. 0.2 to 0.5 ml), After 
standing ovsrnlght at a temperature of +6”C, the second crystalllzate mostly 
precipitated and was separated from the solution and washed with a small amount 
of ice cold ethyl acetate. The yields Riven below (1st and 2nd orsstallizate. 
vacuu&l.ried at 60%) were determined after the purity test proved by thin ’ 
layer chromatography and ir spectrum (in KBr). Yields of at least 2 up to 5 
experiments refer to the starting hydrazones. 
Results. I--- 

aldehyde-N,N-(B,E’-oxy-diethylet&ydrazone 12 I’ l.O2g= 
were formed. 

From 0.437g 4-methoxj%enzaldehydeT$ 
resp. 1 .O&g=85% reap. ?.Og=82$ 4b 

,N-pentamethylene hydrazone 2 ” l.O5g=86$ 
were formed. 

From 0.356g 4-methowbenzalde& 
0.802g=7@% reap. O.Slg=fl% 4c 

8&N,N-dimethylhydrazone k” 0.764g=67% resp. 
were formed. 

From 0.409g Icmethoxybenzal%hyde-N,N-tetramethylene hydrazone z_d” 0.406g=51% 
0.42Og=5296 reap. 0.455g=5% resp. 

izFPd?4-methvlohenvl-sulfonamide )N .N-tetramethylene hydrazone 7d 
0.463g=585& (4-methoxyph~~yl)glyoxylic 

were formed. 
As an increasing resin formation the reaction-mixture was worEgd up not after 
2t3d but already after 3d& because of high solubility the crystallizate was 
washed not with 2-5 ml but only with 0.6ml ethyl acetate. To isolate two further 
substances the solvent of mother and washing liquors of a IQnmol batch was eva- 
porated and the residue chromatographed with toluene as eluent on a 25Omm 
column (diameter 23mm). After recrystallization from F-propanol the first frac- 
tion yielded O.@lg 6-(4-methoxypheny1)-1,3-di(4-methy1 
pyrrolidino-Fexahydro-1,3,5-triazln -2,ledione 4dt m.p. s 

he@-sulfonyl)-5- 
31 

and 1757 cm- 
C( ir (XBr) vo=1733 

both strong and sharp; m/e=2C4 '-(M+ minus tosNC0 
197 (tosNCC+):155,lj4 (characteristic values of the compounds ‘c-5 
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cabs. C,56.1'7; I&5.05; N!9.36; found C.56.23; H,4*94i N,9.31. The 2.fraction was 
recrgst~llized from glacial acet+c acid; m.p. 
7749cm' very strong and 18OOcm' 

249 C to 251 Ci ir (KBr) vcb 
weak, both sharp (characteristic of 

compound tgp l+lz'I 
From 4-metho&enzaldehyde-N,N-dicyclohexylhydrazone le 

11 

did not crystallize from the reaction mixture within zd. 
was formed. 7e 

erefore CC1 wag" 
removed at 20 C. the residue susoended in 5ml of acetonitrile+ 2 dross 'b f water 
and the separated product recryssallized from the amount of ethyl acetate 'ust 
necessary. Because of high solubility of 22, the yields referrdto 0.629g d e 
were only 0.636g=6?% resp. 0.638g=62% resp. 0,664g=6yk. A further yield war 
isolated from the first-noted batch by means of prep. layer chromat. of the 
evaporated filtrates (6 plates, eluent toluene/methanol 93:7 vol%). After ex- 
traction with 140 ml of methanol further 0.146=14% 7e resulted after recrystal- 
lizing and washing with 0.3ml of iae-cold ethyl aceWte. Total yield: 0.782@;= 

,'z?rn-'a:38g benzaldehyde-N N-(13 2'-oxy-diethylene)hydrazone 2" 
c~;;5%3'@ resp. 0.354g=3& 5.9 were formed. 

0.531g=45% resp. 

(benzaldehyde-N,N-pentamethylene bYdraZOne) a crystallizate was 
the basis of the general procedure consisting Of a mixture of 
Two tests from 0.3779 2b yielded 0.769g=66% Sk+= resp. 

were separated by pyzp. 
0.83 

layer chromat. (eluent toluene/methanol 
2 had the higher Rf value and,was completely extracted with hot 

dimethyl formamide, lib with methanol at 20 C. 0.192g of the mixture of the 
second batch yieldehE058g=n.% b and 0:lg=3'i% Ilb and 0.144g of the same 

6 mixture resulted in 0.@+5g=22.3% 5_ and 0. 
From benzaldehyde-N,N-dimethylhydrazone 2c 

87g=33.wAlb. 
a mixtureaf 2 I2 

oxylic acid(4-methylphenyl-sulfonamide)N';m-dimethylhyd.razone 8c 
qyd phenylgly- 

was formed. 
The reaction products did ngt always crystallize, therefore tEg solution was 
evaporated to dryness at 20 C and the residue chromatographed on a column of 
8Og of Silasorb 600, granulation 3Opm irregular, 
eluent 0.05O.lvol% of methanol in CH C12, 

length 18Omm, diameter 25mm, 

product dissolved in Iml of solvent, g 
I atm.overpressure, 1Omg of raw 

Omg each applied per passage. Yields 
referredto 0.2966; 2c: fraction 2: 
at first of three ziibstances 

0,07Og=6.59g 2s; fraction 4t 0.22g consisted 
the subsequent prep.layerchromat.(one plate, 

eluent toluene/methanol 9Otlh vol%) yielded O.O7Og=lO$ s. 
From 0.348g benzaldehyde-N,N-tetramethylene hydrazone 2d" 0.635g=85% resp. 
0.617g=83% p~~nylglyoxylic acid(4-methylphenyl-sulfonamide‘Jm,N-tetramethylene 
hydrazone g_d were formed. In addition to the 0.617g further O.O33g=4% w~as 
obtained by preparative layer ohromatography of the mother liquor residues on 
two plates (mobile solvent: toluene/methanol 85~15~01%); the substance was ex- 
tracted from silica gel with 15Oml of methanol, the solvent evaporated and the 
residue recrystallized from 0.3ml of ethyl acetate.._ 
From benzaldehyde-N,N-dicyclohexylhydrazbne 2e" 8e12 was formed. 8e did not 
always crystallize from the reaction mixture ';-thesfore CC14 was rziiioved at 20°C 
and the residue dissolved in 2ml of ethyl acetate; 8e crystallized overnight 
at +6Oc and was washed with 0.3ml of ice-cold ethyl-iicetate. The combined mother 
liquors were evaporated to dryness, the residue was dissolved in 0.5ml of ethyl 
acetate, crystallized at +6OC, and the separated product recrystallized from 

of CH2Cl 
2 

(because of too low solubility of la in O.lml of water was 
added an the mixture was evaporated to drynegs. 
residue 0.03Og 2s remained undissolved. The ir spectrum of the residue of the 

d methanolic olution did not show the C=O bands in the range between 
which are characteristic of the ructures 4-6. 

a mixture i&s formed 

4-nitrobenzaldehyde-N,&tetrsmethylene hydrazone ;Ldll 0.73@;=88% resp. 
)glyoxylic acid(lemethylphenyl-sulfonamide)N,N-tetra- 
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