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TOSYIATE OF ETHYL 3 - A M I N O -  

2-PH ENYLIODON I O C R O T O N A T E :  

SYNTHESIS,  CRYSTAL S T R U C T U R E ,  

AND SYNTHESIS OF H E T E R O C Y C L I C  

C O M P O U N D S  BASED ON IT 

O. Neilands ~ and S. V. Beh'akov" 

Ethyl 3-amim)cromnate, when reacted with hych'o.vy(to,~3'/o.9")iodohenzene, /hrms lhr rosy/ate ~/ ethyl 
3-amino-2-phen.vliodoniocrotonute which cr~wtallizes well in tq~ m ,~'0",, viehl. .V-rm" anah'si.s" confirms the 
SII'ItCIttI'C 0[" the /gteny/iodonitun sah, revealing inlranmler and ltllltStlu[ inlermolecular hy~h'oL, en 
hond, s, slahili:ing the 6"ompottltd in the cta'.s'talline state. Reaction with l~vridine, its 4-suhstitttted 
derivatives, and 4,4'-hip3'ridine yield.s IO,~T/r r?/" 2-l~yridinio-.s'uhsliluled ~'llll'l 3-amim)crolonules. 
/H NMR am/ IR .~'/~vclrcl SUplmrt ./~rmalion OJ' an inlram+dt'cuhu" h.vdrogcn hmul /or the E-i.s'mm_'r. and 
iodonium ,~alts in the cu.se q[pyridinitmt ,sahs.[r)r the Z-isomer. The /_'l xpc~/ra of the pyridinium xah.s 
,',:how an inlrumtdc'cu/ur churge I1"r I~und. 

Key'+orals: aminocrotonatc ester, pyridinium salts, phenyliodonium salts, crystal structure. 

Alkcnyl(phenyl)- and alkynyl(phcnyl iodonium salts, synthesized and studied mainly in the past decade, 
have stimulated increased interest among synthetic chemists because of their high reactivity toward nucleophilic 
reagents [I, 2]. Mainly the alkcnyl(phcnyl)iodonium salts have been synthesized, containing alkcnyl groups 
without electron-donor (alkoxy, dialkylamino) substitucnts in the [J-position. These compounds arc not very stable 
and rapidly decompose during storage [2, 3]. 
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Fig. 1. Thrcc-dimcnsional model lbr the cation of  salt 3a 
with thcn'nal vibration ellipsoids for non-hydrogen atoms. 

--, II rCI8 

Fig. 2. Structure of the dimer of sail 3a with hydrogen bonds and numbering of atoms. 

Our group synthesized and studied the first stable cycloalkcnyl(phcnyl)iodonium salts, containing a 
carbonyt and also an alkoxy or amino group, or more precisely salts of" 3-alkoxy-2-phenyliodonio- or 
3-aminocyclohex-2-cnoncs {enol esters and imincs of dirnedone} [4-7]. Phenyliodonium derivatives of  acyclic 
enaminones had not been synthesized until we began our work. 
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Fig. 3. Stereoscopic reprcscntation of the dimcr of  salt 3a. 

With the objcctivc of obtaining phcnyliodonium dcrivativcs of 3-arninocrotonic cstcr (the imine of 
acctoacctic cstcr !, thc sirnplcst rcprcscntativc of  cnaminocarbonyl compounds), wc studied the rcaction of  ester I 
with [hydroxy(tosyloxy)iodo]bcnzcnc (2), which has bccn intcnsivcly studicd as an oxidizing agent and an 
intcnncdiatc in synthesis of phcnyliodonium salts [8]. Phcnyliodosyltosylatc 2 was obtaincd in 1969 in our 
laboratory lbr thc first timc [5] and subscqucntly was studicd in detail in thc groups of G. F. Koscr and 
R. M. Moriarty [8]. In our group, wc found that thc cthyl cstcr ofdimcdonc and thc irninc of dimcdonc casily rcact 
with compound 2, lbrming the corrcsponding phcnyliodonium salts [5-7]. Wc found that thc 3-aminocrotonatc i 
rcacts with phcnyliodosyltosylatc in acctonitrilc solution in thc prcscncc of  5~ methanol at 40~ unexpectedly 
casily, and thc purc tosylatc of cthyl 3-amino-2-phcnyliodoniocrotonatc 3a is crystallizcd in up to 80% yield. In 
1997, Papoutsis ctal. independently carried out an analogous rcaction with methyl 3-aminocrotonate in mcthylcnc 
chloride solution at room tcmpcraturc: the corrcsponding phcnyliodonium tosylatc was obtaincd in 73% yicld [9]. 

Compound 3a forms largc colorlcss crystals, which aftcr a singlc crystallization arc suitablc lbr X-ray 
study. Thcy arc unstablc in thc X-ray bcam and gradually dccomposc. Nevertheless, wc wcrc able to solvc its 
complctc crystal structure (Figs. I-3, Tablcs 1-3). Thc crystal structurc of the phcnyliodonium salt 3a is basically 
similar to thc structurc of thc ethyl ester of 3-arnino-2-cyanocrotonic acid [ I 0]. Phenyliodonium and amino groups 
arc Iocatcd in thc E-position and consequently an intramolccular hydrogcn bond is fonncd. An intcrcsting 
structural clcmcnt is thc dimcr crcated as a result of the two hydrogen bonds. One of  thc hydrogen atoms of  thc 
amino group lbnns two hydrogcn bonds (intramolccular and intcnnolccularl, whilc thc second forms an 
intcrmolccular hydrogcn bond with thc oxygcn atom of thc sullbnatc anion. All thrcc hydrogcn bonds, judging 
from their lengths, arc strong (especially thc intramolccular hydrogen bond). This strong intcrmolecular interaction 
in thc crystal probably stabilizcs thc phcnyliodonium salts with aliphatic residues, which arc usually not vcry 
stablc during storage. 

Tosylatc 3a is modcratcly soluble in water and vcry soluble in rncthanoi. It can bc crystallizcd from water, 
but boiling aqucous solutions causcs decomposition with libcration of iodobcnzcnc. Decomposition procccds 
rapidly with crystallization of samples that have bccn stored tbr a long time. Wc assurnc that dccornposition is 
promotcd by thc prcscncc of small amounts of  acids, causing hydrolytic clcavagc of  thc amino group. This also 
cxplains thc nccd to use completely anhydrous solvents in synthesis of the tosylatc, othcrwisc the rcaction leads to 
thc ammonium tosylatc and the targct product cannot bc isolatcd. The bromide 3 and the unstablc iodide 3e can bc 
precipitated from aqueous solutions of  the tosylatc by addition of potassium bromide or iodidc. 
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TABLE I. Coordinates of Nonhydrogen Atoms in the Crystal Tosylatc of 
Ethyl 3-Amino-2-phcnyliodoniumcrotonatc 3a 
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TABLE 2. Bond Lengths (1), Bond Angles (co) and Torsional Angles 1"0 in 
the Crystal o f  Tosylate of Ethyl 2-Phenyliodonium-3-aminocrotonate 3a 
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* 04  and H 1 atoms belong to the adjacent molecule. 

When hcatcd, tosylatc 3a easily reacts with pyridincs. The reaction products wcrc lbund to bc the 
pyridinium salts 4. So upon reaction with pyridine, the tosylatc of ethyl 3-amino-2-N-pyridiniocrotonate (4a) was 
obtaincd. This compound occurs as yellowish crystals, readily soluble in water and methanol. The less soluble 
pcrchlorate 4b is precipitated from aqueous solutions when treated with sodium perchloratc. Solutions of salts 4a 
and 4b have a yellowish color due to wcak absorption at 330-335 nm (the spectrum was taken ~br 4a, Tablc 3). 
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TABLE 3. IR and UV Spectra lbr Compounds 3 and 4 
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TABLE 4. ~H NMR Spectra of Compounds 3 and 4 
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This absorption probably is due to intramolecular charge translbr IYom the electron-donor aminocrotonate residue 
to the electron-acceptor pyridinium. Such a hypothesis finds support in the fact that the perchlorate of  ethyl 
3-amino-2-N-(4,4'-bipyridinio)crotonate 4c, containing a stronger electron-acceptor residue (the bipyridinium 
cation), has a deeper yellow color and in aqueous solution absorbs in the 360 mn region (Table 3). It" the 
4'-dinlethylaminopyridiniunl residue (a weaker electron-acceptor) is available in the molecule (compound 4d), then 
the charge transfer band has a hypsochromic shift and is hidden under the strong absorption band at 284 nm. We 
also observe a bathochromic shift of  the charge transt'er band as we go from a polar solvent (water) to a less polar 
solvent (acetonitrile and chlorotbnn). Compound 4c is obtained similarly to 4a by treatment of the iodomum 
tosylate 3a with 4,4'-bipyridine followed by precipitation of the yellow perchlorate from aqueous solutions. The 
iodonium tosylate reacts readily with 4-dimethylaminopyridine: the ahnost colorless tosylate of ethyl 3-amino-2-N- 
4'-(dimethylaminojpyridiniocrotonate (4d) is obtained. The 'H NMR and IR spectra of compounds 4 reveal 
significant differences compared with the spectra of the phenyliodonium derivatives. Thus the chemical shifts of 
the amino group protons undergo displaccmcnts from 9 to 8.2 ppm, and overlap with signals from the protons in 
the 3 and 5 positions of the pyridinium residue, which is observed during deutcration. The position of the signals 
from the methyl group of the crotonate residue changes from 2.41-2.47 ppm to 1.73-1.93 ppm (Table 4). In the [R 
spectrum of  compound 3a, we observed broad absorption with a maximum at 1600 cm -~" compound 4 in this 
region has 3 maxima (Table 3). 
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The data presented suggest a change in the molecular  configuration: in salts 4, the pyridinium residue and 
the amino group are found in the Z-position, where there is no intramolecular hydrogen bond. 

With the objective of  obtaining the corresponding pyrazolones based on the pyridinium derivatives 4, we 
carried out the reaction of  perchlorate 4b with hydrazine hydrate in methanol  or acetic acid solution. After 
treatment of  the reaction products, we were able to isolate a novel compound,  the correspondence of  which to the 
perchlorate of  N-[3(2H)-oxo-5-methylpyrazol-4-yl]pyridinium (5) we studied. 

EXPERIMENTAL 

The IR spectra were taken on a Spccord M-80 in a suspension with vaseline oil (1500-1800 cm ~) and 
hexachlorobutadiene (2400-3600 cliff). The ~H N M R  spectra were recorded on a Brukcr WH-90/DS, internal 
standard TMS: the UV spectra were recorded on a Specord M-40. 

X-ray  Diffract ion Analysis. Single crystals o f  compound 3a were grown from an acetonitrile solution with 

slow cooling. Crystals o f  3a are of  triclinic syngony, space group PI.  Z = 2. A single crystal (0.10 x 0.15 x 0.251 

was used to measure the intensities o f  2791 independent  reflections on a Syntflx-P21 four-circle automatic 
diffractorneter. The unit cell parameters of  the crystal were: a - 9 .835(I) ,  h - I 1.042(2), c = 11.038(2): ,~, 
ct = 72.63(1)~ i3 = 70.65(1)~ Y = 85.42(1)o: unit cell volume l ' -  1079.2(3) ~ :  F(000) = 504: ~.l = 1.608 ram-t: 
D, = 1.549(I) g/cm ~. The position of  the iodine a toms was determined from the three-dimensional Patterson 
function. Other non-hydrogen atoms were found by two successive Fourier syntheses. Tile structure was least- 
squares refined in the full-matrix anisotropic approximation.  The coordinates  of  tile hydrogen atoms were 
calculated geometrically. The final R lhctor was equal to 0.0747. All the calculations were performed using the 
program SHELXL-93 [ I 1]. 

Tosyla ie  of  Ethyl 3 -Amino-2 -pheny l iodon ioc ro tona i e  (3a). Phenyliodosotosylate 2 (4 g, 10.2 retool) 
was dissolved in a mixture of  anhydrous acetonitrile (50 rnl) and methanol (2.5 rnl) with heating up to 50-60~ 
The solution was quickly filtered, and at 40-45~ ethyl 3-aminocrotonate (1.5 g, 10.8 retool) was added to it. The 
material was dissolved, and alter a certain time crystallization of  the product began. The mixture was allowed to 
stand in a refrigerator for 24 h: large lustrous crystals were filtered and washed with ether. Yield 4 g (78'I,.): 
mp 109-111~ (decomp.). The compound did not require purification for all further operations. It was 
recrystallized from acetonitrile or water. When crystallized from water at a temperature no higher than 80-90~ 
the yield of  crystals was 50%, decomposition temperature 112-114~ Found, %: C 45.73: H 4.90: I 25.4: N 3.23: 
S 6.70. C~,,Hz21NO~S. Calculated, %: (" 45.34: H 4.41: i 25.21: N 2.78: S 6.37. 

Bromide of Ethyl 3-Amino-2-phenyliodoniocrotonate (3b). Tosylate  3a (0.2 g) was dissolved in water 
(15 ml) at 50~ and filtered: a solution of  sodium bromide (I g) in water  (3 ml) was added. The mixture was 
allowed to stand in a refrigerator. The colorless crystals gradually decomposed during storage. Found, %: C 35.00: 
H 3.63: I 30.68: N 3.60. CL, HtsBrlNOz. Calculated, %: C 34.98: H 3.67~ I 30.80; N 3.40. 

Tosylatc (4a) and Perchlorate (4b) of Ethyl 3-Amino-2-N-pyridiniocrotonate. Phenyliodonium 
tosylate 3a (0.5 g, 1 retool) and pyridinc (0.2 ml) in acetonitrile (5 ml) were boiled tbr 30 rain. A part o f  
acctonitrile (3 ml) was evaporated, and the residue was diluted with absolute ether (10 rnl). The oil separated upon 
cooling slow c~stal l ized.  It was recrystallized from a 5:1 ethyl acetate-ethanol  mixture and then dried at 80-O0~ 
Yield of  faintly yellowish, lustrous crystals o f  tosylate 4a 56%: mp 161-162~ Found, %: C 57.06: H 5.75: 
N 7.39. C~.~H,_zNzOsS. Calculated, %: C 57.13: tt 5.86: N 7.40. 

To obtain perchloratc, the oil which separated out after addition o f  the ether was dissolved in a small 
amount of  water and sodium pcrchloratc was added. Ahnost  colorless large crystals was obtained. The compound 
can be recrystallized from water: mp 147~ Judging from the IR spectra and the chlorine content, perchlorate 4b 
lbrms a crystal hydrate. Found, '%: CI I 1.65. C~HwCINO~. Calculated, %: CI 11.41. 

Pcrchloratc of Ethyl 3-Amino-2-N-(4,4'-pyridinio)crotonatc (4c .2H20) .  Phenyliodonium tosylate 3a 
(0.5 g, I retool) and 4,4'-bipyridine (0.16 g, I mmol) ,  and acetonitrile (2 rnl) were boiled for 10-15 min. The 
reaction mixture was cooled down and diluted with ether (20 ml). A yel low oil was tbrmed, which was then 
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dissolved in watcr (2 ml) and filtcrcd: sodium perchlorate was added to the filtrate. Thc yellow oil obtained upon 
cooling slowly crystallizcd, yicld 0.15 g (36%). The compound was crystallized from watcr, ycllow crystals; 
mp 168-170~ Found, %: C 46.15: H 4.85: N 9.95. Ct~,H22CIN~Os. Calculatcd, %: C 45.78: H 5.28: N 10.01. 

Tosylate of Ethyl 3-Amino-2-(4 '-dimethylamino)pyridiniocrotonate (4d.H,.O). Phcnyliodonium 
tosylatc 3a (0.5 g, 1 nunol) and 4-dimcthylaminopyridine (0.15 g, 1.2 retool) in acctonitrilc (2 ml) wcrc boiled lot 
5-10 rain. Aficr this was coolcd down, cthcr( 10 ml) was addcd, The oil tbrmcd slowly crystallizcd. Yicld ofcrudc 
product: 0.32 g. The product was purified by crystallization ['rom a 20:1 ethyl acetate-ethanol mixture. In a 
rcfrigcrator, thc compound crystallizcd vcry slowly, light bcigc crystals, yicld 0.15 g: mp 92-94~ Found, %: 
C 55.00: H 6.60: N 9.58. C_,~H_,,,N~O~,S. Calculatcd, %: C 54.65: H 6.65: N 9.56. 
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