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Absfmk The macmcyclic crown-formamas 7ac. 121-g were prepared by the azc coupling of the 
appropriate bisdiazoaium salts 4a-c with pyruvic acid and a&ruvic acids 8~. The ready 
accessability of the latters e&m an easy access towards l,$-symnWically disubstihW4i-3-arylformazam 
e.g. 1Oa-g as well as their macmcyclic crown derivatives of expected valuable applications. 

INTRODUCTION 

The synthesis and diverse applications of formazans have been the subject of many reviewsla-o. Moreover, 

there is recent growing interest in the synthesis of macrocyclic crown-formazans 1 due to their useful 

applications in selective metal extractio&5 and determination b-15. Such applications depend mainly on the 
cavity size of the macrocycles 1 as well as the substituents R and Y. The present study describes new useful 
approach for the synthesis of a number of crown-formazans of expected useful applications. 

RESULTS AND DISCUSSIONS 

The known reaction of pyruvic acid with benzenediazonium chloride1617 to give l,S-diphenylfomqyl-3- 
glyoxylic acid 2 stimulated our attention to study the possible synthesis of macrocychc crown-formazylglyoxylic 

acid (1, R = COCOOH). To achieve this goal the coupling reaction ofthe bis-diaanium salts 41-c with pyruvic 

acid was now undertaken and the results are surnma&d in Scheme 1. Thus, the bis-diamines 3a-c was 

diazotized with sodium nitrite in hydrochloric acid to give the corresponding bis-diazotized bis(Z 

aminophenoxy)-1,3-propanes 4a,b and bis-diazotized 1.2~bii(2-aminophenoxymethyl)benzene 4c. Upon 

coupling of 4a with pyruvic acid in pyridine containing Cu+2 (as described for the synthesis of other derivatives 

of crown-f0 rmazans 7.1%20). we failed to separate (by TLC) any identifiable product from the dark brown 

reaction mixture (probably polymeric formazans 5a-c were formed). Similar results were obtained when the 

coupling reaction was performed in ethanolic sodium acetate solution. On the other hand, coupling of each of 

4a-c with pyruvic acid in aqueous sodium hydroxide solution afforded a deep red precipitate, the chloroform 
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Scheme 1 

soluble part of which was readily purified by preparative TLC to give pure crown-formazans 7a-c instead of the 

expected glyoxylic acid derivatives 61-c. Compound 7a obtained now as solid crystals mp. 1%16OoC, was 

reported by Dziomkoetal.l* as an oil by coupling of 4~ with malonic acid. By repeating this synthesis using the 

same errperimentaI conditions and purifying the product with preparative TLC, the same compound 7a was 

obtained as deep red crystals mp. 158-16OoC [identical wth our product (mixed mp., lR, 1~ NMR)]. It seems 

that Ddomko etal. &a&J impure fomxuan, since the lR of 7a contains the same reported bands for this 

compound. 

The previous findings directed our attention to study the behavior of arylpyruvic acids towards the action of 

diazonium salts as a route for the synthesis of formazans. Thus, treatment of arylpyruvic acids, namely, 

phenylpyruvic acid @a), p-methoxyphenylpyruvic acid (8b) and p-nitrophenylpyruvic acid (SC) with 
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arenediazonium chloride 9n-t (Method A) gave the corresponding 1,3.S-tkylformazan s lOP-g (Scheme 2). 

Compounds lOa-g were found identical with the same compounds repotted by coupling of aromatic aldthydt 

arylhydrazones lla-g with arenedituonium chlorid&-27 (Method B). Also, compound 10a was obtained by 

coupling of malonic acid with 3.3 mol of benzendiazonium chloride in DMFIpytidine mixture2B (Method C) 

(Scheme 2). Table 2 summarizes the yields of formazans obtained by different methods. 

The synthesis of 1,5-symmttrically disubstituted formazans 6om arylpyruvic acids were now extended for the 

synthesis of macrocyclic crown-fonnazans substituted with an atyl group in the formazyl carbon. Scheme 3 

ilhrstrates the synthesis of these macrocyclic formazans l&g. Thus, bisdiazonium salts 4a-c were coupled with 

the appropriate ~lp~~c acids ga-e in aqueous sodium hydroxide to give the corresponding cyclic crown- 

formazans 121-g in 4-6% yields. These macrocycles were p&i&d by preparative TLC. In an attempt to increase 

the yield of these macrocyclic formazans, LiOH was added to the reaction mixture. This was found to raise the 

yield of only componnds IZa-t to 10%. However, with compounds 12f,g L.iOH has no detectable effect upon 

the yield. This can be explained by the tempeiate e&ct of Li+ which is consistent with the formation of 1:l 

complex between 14-crown-formazan s and Lithium9. The Structure of ah macrocyclic fotmm were 

confirmed by mass spectra. 

The starting matds needed in this synthesis were prepared as outlined in Scheme 4. Thus, treatment of o- 

a~~dop~oi (X3) with 1,3~bromoprop~t in ethanoiic solution unrig sodium ethoxide gave the 

correspondiig 1,3-bis(2-acetarnidophenoxy)propane (14). On the other hand, dkylation of the potassium salt 15 

(prepared by treatment of o-acetamidophtnol with ethanolic KOH) with each of 2-chloromethyl3- 

chloropropene and a,a-dibromo-o-xylene in boiling DMF gave the corresponding 2-methylene-1,3-bis(2- 

acet~doph~o~)-propane (I6b) and 1~2-bis(Z-a~~dopheno~ethyl)~ene (16~) respectively. 

Hydrolysis of each of 14, Idb,c in ethanolic soiution containg HCI gave the corresponding diamine 
dihydrochlorides 3a-c. 

EXPEBIMENTAL 

Al1 melting points are uncorrected. Compounds prepared were characterized by mixed melting points. The IE 

spectra (KBr) were recorded with a Unicam SP 1200 infrared spectrophotometer NMR spectra were 

determined on a VARIAN GEMINI 200 Spectrometer (200 MHz). Mass spectra were determined on Finigan 

Mat 3 12, 70 eV or GCMS-QP 1000 EX. Microanalyses were carried out at the ~croan~~ic~ Centre, Cairo 

University. 1,3Dibromopropane, Z-chloromethyl-3-chloropropene and a,a-dibromo-o-xylene were used as 

purchased from Aldrich. Arylpyruvic acids l?a-c were prepared from the correspondmg arylaldehydes after 

reported procedures29$30. 

Polar&m o-acetamidophenoxide (15) 

A solution of o-acetamidophenol(1.5 g, 10 mmol) and KOH (0.56 g, 10 nunol) in ethanol (10 ml) was stirred 
for 10 min. The solvent was then removed in vacua. The remaining solid was triturated with dry ether, filtered 

and dried in air to give 1.7 g (ca. 90%) of 15 which was used in the next step without further put-on. 
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R CH2COCqH N=NCI (Method A) 

82, R =H 
,b, R zOCH3 

2, R=NOz 

a. R= H 
TV, R = CH3 

$, R= OCH3 

lla-g a H H 
b H CH3 
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d OCr, H 
e 0CH3 CH3 
f 0CH3 0CH3 

g NO2 Ii 

Scheme 2 

Table 1 

YlekFef- 

Methed 

A B c 
ComP 

1Oa 75 402’ 44= 

lob 60 N= 

llx 79 6@ 

led 75 N2’ 

1Oe 79 68x 

lo( a2 6228 

10s 66 4027 

The symbol N indite chat the yield was no1 given in the ref. 
A:‘fran at-ylpytwic aud and arenednzomum chbxide 
B- frcwn arylhydrazoces and arened~azonium chloride 
C from malonc aad sod drened~azon~um chloride 
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Scheme 3 

a. X: -(CH2f3- 

b. X: -CM$-CH~- 

true 
c x : -CyJcsyL*cnp- 
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I,3-Bis(2acetamldophenoxy)propane (14) 

To a solution of 13 (15.1 g, 0.1 mol) in ethanolic sodium ethoxide solution (prepared from 2.3 g of sodium 

and 30 ml of absolute ethanol) was added 1,3-dibromopropane (10.1 g, 0.05 mol). The reaction mixture was 

heated under reflux for 3 h. The solvent was then removed in vacua, and the remaining precipitate was collected, 

washed with water and crystallized from acetic acid to give 23.94 g (cc~. 70%) of colorless crystals of 14, mp 

192-3oC (lit.31 mp 193.5oC). 

2-Methyiene-I,3-bis(2-acetamidophenoxy)propane (16b) and I,2-bis(2aceta-midophenoxymethyl)benzene 

(16~) 
General Procedure: To a solution of 15 (3.78 g, 20 mmol) in DMF was added the appropriate dihalo 

compound (10 mmol). The reaction mixture was heated under reflux for 15 min. The solvent was then removed 

in vacua and the remaining residue was washed with water. 

Compond 16b crystallized from benzene to give colorless crystals (75%), mp lOO-2oC. 1H NMR (CDC13) 6 

2.06 (s, 6H, CH3CO), 4.27 (s, 4H, OCH2), 5.45 (s, 2H, CH2=C), 6,9-8.38 (m, 1OH, ArHs, NH) ppm. (Calcd. 

for C2OH22N 204: C, 67.78; H, 6.26; N, 7.90. Found: C, 67.6; H, 6.4; N, 7.7). 

Compound 16c crystallized from ethanol to give colorless crystals (70%), mp 138-4OoC. (Calcd. for 
C24H24N204: C, 71.26; H, 5.98; N, 6.92. Found: C, 71.1; H, 5.5; N, 7.1) 

Bis(o-aminophenoxylether dihyokochlotide 3a-c 
General oroce&re:To asolution of each of 14 and 16b,c (10 mmol) in absolute ethanol (2Oml) was added 

concentrated hydrochloric acid (16 ml).The reaction was mixture was heated under reflux for 1 h and the solvent 

was removed in vacuo.The remaining solid was collected and crystallized from the ethanol-ether mixture. 

Compound 3a pale yellow crystals (72%) mp 305-7oC (lit.32 306-8oC). 

Compound 3b pale yellow crystals (70%) mp 198-2000C. (Calcd. for C16H20N202Ci2: C, 55..99; H, 5.87, N, 

8.16. Cl, 20 66. Found: C, 56 1, H, 5.9; N, 8 2; Cl, 20 7) 

Compound 3c brown crystals (75%) mp 152~4OC. (Calcd. for C20H22N202Cl2: C, 61.07; H, 5.63; N, 7.12; Cl, 

18.02. Found: C, 61.3; H, 5.3; N, 7.4, Cl, 17 9) 

Synthesis ojmacrocyclic crown-jormazans 7a-c, 12a-g 

General orocedure: A solution of the appropriate d&nine dihydrochloride 3a-c (1 mmol) in water (5 ml) and 

cont. HCI (3 ml) was diazotized at -50C with a solution of sodium nitrite (0.23 g in 5 ml of water) during 112 h. 

Stirring was continued for 1 h at -50C and then added dropwise with stirring to a solution containing pyruvic 

acid or the appropriate arylpyruvic acids Sa-c (1 mmol) in water (10 ml) containing NaOH (1.2 g) over a period 

of 1 h. The reaction mixture was then kept in the freezer overnight. The solid precipitated was collected and 
purified on preparative TLC using silica gel (60 F254) with the proper eluent for each derivative 

16,17-Dihydro-5H,l 5H-dibenzo[b,i][l,l1,4,5,7,8]dioxatetraazacyclotetradecine (7a). 
With the use of the general procedure 3a was diazotized and coupled with pyruvic acid to give after 
chromatographic purification using a mixture of methylene chloride/petroleum ether (40-60) 2 1 as an eluent (Rf 

= 0.88, red spot) 17 mg (6%) of deep red crystals of’la, mp 158-1600C; Ms: m/z 296 (I&, lOO%), 145 (16%), 

120 (51%), 92 (27%), 65 (54%), 41 (95.5%), IR: 1600, 1503, 1466 cm-l. (Calcd. for C16H16N402 C, 64.58, 
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H, 5.44; N, 18.91. Found: C, 64.7; H, 5.3; N, 18.2). 
ibMethyl~e-l6,17~y~~SW, lSHdibenzo[b,i][t, 11,4,5,7,8Jdioe (7b). 
With the use of the general procedure 3b was diazotized and coupled with pyruvic acid to give after 
chromatographic purification using a mixture of methylene chloride@troleum ether (40-60) 2: 1 as an &rent (Rf 

= 0.88, red spot) I5 mg (5%) of deep red cry&& of 7b, mp 142-4oC; MS: m/z 308 (h@. 100%). X3 1(440/a), 91 
(29??), 79 (48%). (Calcd. for Cl6Ii16N402: C, 66.22; H, 5.23; N, 18.17. Found: C, 66.1; H, 5.1; N, 17.9). 

16,lFDihydro-1 lH-~~[b,i,m]~l,ll,4,S,7~8Jdioxatetr~~ycIotetrad~~e (7~). 
With the use of the general procedure 3c was diazotized and coupled with pyntvic acid to give after 
c~omatograp~c portion using a mixture of methykne C~o~d~pe~oI~rn ether (40-60) 2: 1 as an eluent (Rf 

= 0.94, red spot) 17 mg (5%) of deep red crystals of 7c, mp 172-4oC; MS: m/z 358 (M?, lOO%), 250 (loo/,), 
210 (47%) 195 (38%),181(43%), 164(270/a)), 134(30%~, l~(l~~), 78(1~~~. (Cakd. for C2lH1gN402: C, 

70.38;H, 5.06;N, 15.63 Found: C, 70.4;H 5.O;N, 15.1). 
16,17-Dihydro-5~ 15H-7-ph~yIdi~~~,iJ[ I, 11,4,5,7,8]dioxat~~ot~~d~ine (12a) 
a- With the use of the general procedure 3a was diazotized and coupled with phenylpymvic acid 8a to give after 
c~omato~ap~~ purification using a mixture of methylene ~~o~d~~~ol~rn ether (40-60) 1:3 as an ehtent (Rf 

= 0.94, violet spot) 14 mg (4%) of deep red crystals of 12a, mp 378-800C (lkL9 mp 176-8oC); MS: m/z 372 
(M+, 74%). 212 (23%), 148 (27%)), 133 (370X$), 120 (lOO%), 92 (49%). 77 (74%). 

b- With the use of the general procedure 3a was diazotized and coupled with phenylpyruvic acid 8a in the 
presence of 0.024 g (1 mm01) of LiOH in addition to the same reaction mixture using the general procedure to 
give after TLC purification 3 5 mg (10%) of X2r 

1617~Dihydro-SY lSH-7-p-metho~h~~dt~~~,i][ 1, I I ,4,5,7,8]~o~t~~~~otetrad~ine (12b) 
a- With the use of the general procedure 3a was diazotized and coupled with p-methoxyphenylpyt-uvic acid 8b to 
give after ~o~to~ap~c purification using a mixture of methylene c~o~d~~troleum ether (4060) 4:7 as an 
emem (Rf = 0.88, violet spot) 16 mg (4%) of deep red crystals of 12b, mp 159-610C ; MS: m/z 402 @I-+, 78%), 
212 (21%) 148 (32%) 133 G’S%), 120 (lOO%), 10s (27%), 92 (62%). (C&d. for C23H22N403: C, 68.64; H, 

S.Sl;N, 13.92. Found: C, 68.1;H 5.1;N, 13.0). 

b- With the use of the general procedure 3a was diazotized and coupled with p-metho~henylp~~c acid 8b 
in the Presence of 0.024 g (1 mmol) of LiOH in addition to the same reaction mixture usingthegeneral 
procedure to give after TLC purifi~tion 36 mg (9%) of i 2b 

16,17-Dihydro-SH, 1 SH-7-p-nitrophenyldibenzo[b,i][ 1,11,4,5,7,8]dioxatetraazacyclotetradec~ue (L2C) 
a- With the use of the general procedure 3a was diazotized and coupled with p-~tropheny~p~~c acid SC to 
give after chromatographic purification using a mixture of methylene chloride/petroleum ether (40-60) 2: 1 as an 
eluent (Rf= 0.94, brown spot) 25 mg (6OA) of 12c, mp 270-2oC (ht. I9 mp 256-286°C). 

b- With the use of the general procedure 3a was diazotized and coupled with p-ttitrophenylpyruvic acid SC in 
the presence of 0.024 g (I mmol) of LiOH in addition to the same reaction mixture using the general procedure 

to give after TLC purification 45 mg (11%) of 12c. 
~6-Methy~~e-16,17-dihydr~5~15~-7-ph~y~~~~,i][1,1 I,4,5,7,8ldioxatetraszacyclotet~d~~e (12d) 
a- With the use of the general procedure 3b was diazotized and coupled with phenylpyruvic acid 8a to give after 
~omatograp~c purification using a mixture of ~orofo~~~ol~m ether (4060) 1:3 as an eluent (Rf = 0.97, 
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violet spot) 23 mg (6%) ofdeep red crystals of l&l. mp 1957oC ; MS: m/z 384 (M+, 65%). 210 (17%). 160 

(31%), 145 (100%). 131 (86%), 120 (65%). 104 (32%), 92 (350/e)), 79 (82%), 65 (45%). (C&d. for 
C23H2ON402: C, 71.86; H, 5.24; N, 14.57. Found: C, 71.5; H, 5.1; N. 14.2). 

b- With the use of the general procedure 3b was diazotized and coupled with phenylpytuvic acid 8a in the 

presence of 0.024 g (1 mmol) of LiOH in addition to the same reaction mixture using the general procedure to 

give after TLC purification 42 mg (11%) of 12d. 

16-Methylene-16,17-dihydro-SH, 1 SH-7-p-methoxyphenyldibenzo~,i] [ 1,11,4,5,7,8]dioxatetracfotetradec- 

ine (12e) 

a- With the use of the general procedure 3b was diamti and coupled with p-methoxyphenylpyruvic acid 8b 

to give after chromatographic puritication using a mixture of methylene chloride/petroleum ether (40-60) 2: 1 as 

an eluent (Rf = 0.96, violet spot) 18 mg (4.5%) of deep red crystals of 12e, mp 148-5OoC ; MS: m/z 414 (M+, 

63%) 240 (12%), 160 (32%) 145 (lOO%), 131 (760/o), 120 (63%) 103 (25%), 91 (40%), 80 (530/o)), 65 (42%). 
(Cakd. for C24H22N403: C, 69.55; H, 5.35; N, 13.52. Found: C, 69.43; H, 5.1; N, 13.0). 

b- With the use of the general procedure 3b was diazotized and coupled with p-methoxyphenylpyruvic acid 8b 

in the presence of 0.024 g (1 mmol) of LiOH in addition to the same reaction mixtureusingthegeneral 

procedure to give after TLC purification 40 mg (10%) of 12e. 

5.21-Dihydro-1 lH-13-phenyhribenzo[b,jml[ I,1 1,4,5,7,8]dioxatetraazacyclotetradecine (12f) 

With the use of the general procedure 3c was diazotized and coupled with phenylpyruvic acid Sa to give after 
chromatographic purification using a mixture of chloroform/petroleum ether (40-60) 1:3 as an eluent (IQ= 0.79, 

violet spot) 19 mg (4.5%) of deep red crystals of 12f, mp 208-1OoC ; MS: m/z 434 (M+, 45%)). 210 (SO??), 195 

(72%). I81 (69%). 165 (35%) 152 (21%), 120 (28%) 
104 (lOO%), 91 (46%), 78 (96%). (Calcd for C27H22N402: C, 74.64; H, 5.10; N, 12.89. Found: C, 74.2; H, 

5.0; N, 12.5). 

5.21-Dihydro-1 lH-13-p-methoxyphenyItribenzo~,i,m][l,l 1,4,5,7,8]dioxatetraazacyclotetradecine (12g) 

With the use of the general procedure 3c wzs diazotized and coupled with p-methoxyphenyipyruvic acid 8b to 

give after chromatographic purification using a mixture of chlorofotm/petroleum ether (40-60) 2: 1 as an eluent 

@f = 0.93, violet spot) 23 mg (5%) of deep red crystals of 12g, mp 2384OoC , MS: m/z 464 (I&, 45%), 239 

(18%) 210 (38%) 195 (90%) 182 (82%), 165 (37%). 152 (18%), 133 (40%), 120(24%), 104(78%). 
91(33%), 78(100%) (Cakd for C28H24N403: C, 72.40; H, 5.21; N, 12.06 Found- C, 72.2; H_ 5.1; N, 11.9). 

Synthesis of 1.3.5-marylformazans lb-g 

General orocedure: A solution ofthe appropriate aromatic amine (10 mmol) m water (5 ml) and cont. HCl 
was diazotized at -50C with a solution of sodium nitrite (0.8 g of NaN02 and 5 ml of H20 ) during (3 ml) 

l/2 h. Stirring was continued for 5 min at -50C. The solution was then added dropwise with stirring to a solution 

containing the appropriate arylpynrvic acid 8a-c (5 mmol) in water (10 ml) containing NaOH (1 5 g) over a 

period of 10 min. The reaction mixture was then kept in the freezer overnight. The solid obtained was collected 

and crystallized from the proper solvent to give Ion-g. 

1,3,5-Triphenyforma 10a: With the use of the general procedure aniline was diazotized and coupled with 

phenylpyruvic acid 8a to give crude 10a which was crysmlhzed from acetone to give I. 1 g (75%) of red crystals 

mp. 170-2°C(lit.21 173-5OC) 
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1,5-Di-p-tolyl-3-phenylformazan lob: With the use of the general procedure p-toluidine was diazotized and 

coupled with phenylpyruvic acid 8a to give crude 10b with was clystrllizad 6om acetone to give 1.3 g (80%) of 

red crystals mp. 155-2oC (lit.22 166oC). 
1,5-Di-p-methoxy-3-phenylformazan 10~: With the use of the general procedure p-anisidine was diazotizcd and 

coupled with phenylpyruvic acid 8a to give crude 10~ wicb was crystallized from acetone to give 1.42 g (79%) 

of red crystals mp. 148-2oC (lit.24 165-6oC). 
1,5-Diphenyl-3-p-methoxyphenylformazan 1Od: With the use of the general procedure aniline was diazotized and 
coupled with p-methoxyphenylpyruvic acid Sb to give audc 10d with was uys~lhd from acetoneimcthano1 

(1: 1) to give 1.23 g (79%) of red crystals mp. 155-2oC (lit.24 154oC). 
1,5-p-Tolyl-3-p-methoxypheaylformazan 10e: With the use of the general procedure ptoluidine w8s diazxhzed 

and coupled with p-methoxyphenylpyruvic acid 8b to give crude 10e with was crynallized iiom 
acetone/methanol (1:l) to give 1.4 g (79%) of red crystab mp. 173-2oC (lit.25 172-5oC). 
1,3,5-Tri-p-methoqphenyiformazan 1Of: With the use of the general procedure p-anisidine was d&o&d and 

coupled with p-methoxyphenylpyruvic acid 8b to give crude 10f with was crystallized from acetonelmethanol 
(1: 1) to give 1.56 g (82%) of red crystals mp. 142-2oC oit.26 14oOC). 

1,5-Diphenyl-3-p-nitrophenylformazan log: With the use of the general procedure aniline was diazotized and 
coupled with p-nitrophenylpyruvic acid 8c to give crude log which was crystallized from ethanol to give 1.13 g 
(66%) of deep red crystals mp. 190-2oC (lit.27 204oC). 
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