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ABSTRACT 

Various compounds related to the antlbactenal, sulfarulanude drugs have been 
prepared from dehqdro-r-ascorbic acid or Its D-e/ r~tho analog by reactton \\lth 

hydrnzmes related to sulfamlanude sulfadlazme sulfarneraz~ne, sulfamethazme, and 
suIfametho\ydlazme \\ hereby the ?-mono- and 2,3-bls-(11) drazone) ~5 ere Isolated 
After openmg of the lactone rmg m the bls(h>drazones) nlth alhall, nucleophllrc 
attack, on the carbonyl group, of the unmo nitrogen atom of the 3-h> drazone residue 
afforded 3-(L-r/xeo-glycerol-l-~l)-l-phenyl- and -I-(p-sulf~mqlphenql)-4,5-pyrazole- 

dlone 4-(p-sulfamylpl~enylhydrazone) and the related 3-(~2-0 whoa-glycerol-I-yl) 
compounds Whereas acetylatlon of L-~/U c~-2,3-he~od~ulosono-l,4-lactone 2 3-b&p- 

sulfamylphenylhydrazone) (9) and 3-(L-tlI/eo-glycerol-I-yl)-l-(p-sulf~mylphenql)- 
4,5pyrazoledIone 4-(p-sulfamylphenylhqdrazone) (15) ga\e the O-acetyl den\atlves, 
benzoylatlon of 15 gave the dx-X-benzoyltn-U-benzoyl compound ReactIon of 9 
k\lth cupric chlollde gave S,6-anhydro-3-(p-sulfnmylpi~enylazo)-r_lo-3-l~e~ulosono- 
1,-i-lactone 2-(p-sulf~n~ylplzen~lhydrazone) The 3-(L-~/II eo-glyccrol- 1 -yl)-I -(p-sul- 

famyiphenyl)fiavazole (35) \\r~s prepared by the rearrangement of 3-[( 1-p-sulfamyl- 
i~l~enyl)l~ydrazono-r-tl~reo-tr~hydrouybutyl]-~-qu~noval~none (33) Perlodate oxldatlon 
of 15, 33, and 35 ,oave 3-formyl-1 -(p-sulfamylphenyl)-4,5-p> razoledione +(p-sulfamyl- 
phenylhydrazone), 3-i l-[(l~-sulfamylpl~ec~ l)hydrazono]glyo~al- 1-yl)-2-qumoxalmone, 

and 3-formyl- I-(p-suIfamylphenyl)fla\ dzole, respect11 ely The 1 r and n m r spectral 

data for some of these derwaw es dre reported 

INXRODUCTION 

Sulfamlanude antlbactewl drugs’, noi\ m then- fifth decade, contmue to be 
used because they are effect11 e, mexpensl\ e, and free From the supermfectlon problems 
associated with the broad-spectrum antlblotlcs They have proLed to be quite safe, 
e\en when wdely used m ambulatory patients, an apphcatlon m \\ hlch they are often 

*Part VIII of ‘The Scope of the ReactIon of H)drnzmcs .md Hjdrazones”, for P 1rt VII, see ref I 
Part IX oF”HeterocycIes from Carbohvdrate Precursors , for Part VIII, see ref 2 
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preferred Most of the ongmal problems of toxrcrty have been resolved, and, dunng 

the past two decades, the sulfamlamrde drugs have wthstood crltrcal evaluatron 

alongsrde the antlbxotrcs, which have problems of then- own Dunng thrs perrod, 

actrve compounds prowdmg a wde range of chorce m all of the pertment pharma- 
colog~cal propertres, and havm, = lower toulcrty, have been synthesrzed, and a wade 

spectrum of actrvrty has been estabhshed For example, Fanastl, a new entry m the 
field of the anttbactenal, sulfamlanude group, possesses both a wde spectrum of 

actwty and a long duratron of actron 

Smce Its discovery as a brologtcally mlportant molecule, dehydro-r-ascorbrc 

acrd (1) has attracted attentron m studies of Its products of reactton \vrth other 
chemotherapeutrc agents, for example, because of Its acrdrc propertres, formatron of 

Its salts ~11th ammes has been exammed Some sulfamlanude drugs have been 
studredS - m thus respect, and for the adducts formed, a lower towcrty and enhanced 

therapeuttc properttes m comparrson wth those of the free sulfamlanude dertvattves 
have been reported III connectron \\rth a program concerned \\rth the reactron of(n) 
hydrazmes related to sulfamlamrde drugs6, and (b) dehydro-r-ascorbic acrd7-’ ‘, 

thus prompted us to study therr condensatron m thus way, products consrstmg of 
derrvatrxes of the heterocychc rmgs bearmg carbohydrate moretles and stall possessmg 
the actrre part of the sulfamramrde drugs ha\e been synthesrzed for studv of therr 
potentra actwty as sulfamlamtde-related, antrbacterral agents 

RESULTS A&D DISCLSSIOh 

The reactron of hydrnzmes 2-6 (dewed from sulfamlanude, sulfadrazme 

sulfamerazme, suifamethazine or sulfamethoxydrazme) \\rth L-t/z/w-2,3-he\o- 
drulosono-1 4-lactone (dehydro-r-nscorbrc acrd 1) was studred (see Scheme 1) When 
the reactron was conducted ~rth 2 or 3 m aqueous alcoholrc solutron at room 
temperature, wrth eqmmolar amounts of both reactants the correspondmg 2-mono- 

hydrazones (7 and 8) \\ere obtamed Whereas the 2-(n-sulf~~m~lpl~enylhydrazone) (7) 
of dehydro-r_-ascorbrc acrd ~~1s amorphous, the 2-[p-(pyrmudmylsulfamyl)phenyi- 
hydrazone] (8) was crystallure On the other hand, when the reactron of 1 was 
conducted wrth t\\o molar equrvalents of hydrazmes 2-6 under the mfluence of heat, 
the correspondmg 2,3-brs(p-substnuted sulfamylphenylhydrazones) (9-12) were 

obtamed m crystalhne form The 2,3-brs(y-sulfamyIphenylhydrazone) (9) could also 
be prepared from the monohydrazone 7 by reactron wth (p-sulfamylphenyl)hydrazme 
(2) Both the 2-mono- and the 2,3-brs-(hydrazone) were readrly drstrngurshed by therr 
color, as well as by theu Infrared (I r ) spectra, the Zmonohydrazones showed a 

carbonyl band m addrtron to the lactone band, whereas the brshydrazones showed 

only the lactone band The mono- and brs-hydrazones were formulated m the 1,4- 

iactone structures 7-12, analogous to the prewously estabhshed structures for srmrlar 
compounds The n m r spectrum of 9 showed, u-r addltron to the aromatrc protons at 
S 7 3-S 0, peaks centered at 6 4 9-5 6 and 3 5-4 3 due to H-4, H-5, and H-6 6’, 
respectrvely, of the sugar resrdue 
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by rearrangmg rt into the pyrazoledione 14 Penodate oxrdatron of 15 afforded 
3-formyI- 1 -(p-suIfamylphenyl)-4,5-pyrazoledrone 4-[(p-sulfamylphenyl)hydrazone] 
(US), that gave the correspondmg hydrazones (20-25) The structures of the pyrazole- 
drones 14-18 were characterized by then I r spectra, which showed the OCN band 
at 1680-l 660 cm- 1 

The n m r spectrum of 15 showed the tnhydroxypropyl srde-cham at 6 3 9, 
4 7, and 5 3, and the aromatrc protons at 6 7 6 The n m r spectrum of 1t.s acetate 16 
showed three smglets, at 6 1 88, 2 00, and 2 13, due to the three acetyl groups The 
side cham appeared as two multrplets centered at 6 4 24 and 5 68, due to H-3, 3’, and 
3 and a doublet centered at S 6 12 due to H-l, the aromatrc protons appeared as a -9 
multrplet centered at 6 7 2 

Reactron of 9 wrth cupnc chloride afforded a crystalhne, yellow denvatrve (19) 
which was formulated as bemg snmlar to the reactron product of the bu(phenyl- 
hydrazone) Its n ru r spectrum showed peaks centered at S 4 3, 5 2, and 5 8 (due to 
the sugar resrdue) and 6 7 6 (due to the aromatic protons) 

An analogous senes of compounds related to the sulfa=-ulamrde drugs was 
obtamed from D-et-~ tlzro-2,3-hevodmlosono-I ,4-lactone (dehydrorsoascorbrc acid, 
26) Thus, reaction of 26 with the hydrazmes 2-6 (related to sulfamlanude, sulfamer- 
azine, sulfamethazme, and suIfamethoxydtazme) gave products that proved to be 
difficult to crystalhze and were therefore converted directly mto the pyrazoledrones 
(28-31) which contam a o-m ITJZI o side-&am 
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When the reactlon product (32) of o-phenylenelamme with dehydro-L-ascortnc 
acid (1) was allowed to react wvlth (p-sulf%mylphenyl)hydrazme (2), It gave 3-[(l-(p- 
sulfamylphenyl)hydraono-~-t/zteo-2,3,4-~r~hydroxybutyl]-2-q~unoxaI~none (33), 
whch, upon periodate oxldatlon, gave 3-(l-[(p-sulfamylphenyl)hydrazono]glyoual-l- 
yl)-2-qumoxahnone (34) Rearrangement of 33 with alkali gave 3-(L-tllreo-glycerol- 
I-yl)-1-Cp-sulfamyIphenyl)fla\azole (39, characterized by Its yellow color, which, on 
penodate oadatton, gave the aldehyde 36 
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EYPERIhfENTAL 

Gmeral nzetlzods - Meltmg pomts were determmed with a Kofier-block 
apparatus and are uncorrected I r spectra were recorded with a Umcam SP-200 
spectrophotometer, and n m r spectia (for solutions m MelSO-&) with 2 Jeol-100 
spectrometer Chenucal shifts are gven on the 8 scale, \ath tetramethylsllane (6 = 0) 
as the standard Elemental analyses were performed m the MIcroanalytIcal Laboratory, 
Faculty of Science, Umverslty of Cairo, Cau-o, E,gypt 

L-three-2,3-Hexodrrlosorro-1,blactone 2- (2-[p-(2-p~~rz~zzz~z~i~lst~Ifaizz~ I)phefzl I]- 

hydrazone) (8) - A solution of dehydro-L-ascorbic acid, obtamed by the o\ldatlon 
of L-ascorbic acid (0 01 mol), m water (50 mL) was treated with 4-hydrazmo-IV- 
(2-pynrmdmyl)benzenesulfonanude (3) (0 01 mol) The rmxture was kept overmght 
at room temperature, whereby a yellow, crystalhne product separated out (yield 65%) 
It was recrystalhzed from ethanol m yellow crystals, m p 180-l ST, ~2:“’ 1750 (COO) 
and 1670 cm- 1 (CO) 
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Anal Calc for C,,H,,N50,S C, 45 6, H, 3 6, N, 166 Found C, 459, 
H, 3 5, N, 170. 

L-threo-2,3-Hexodudosono-I,Clactone 2,3-bts(p-sulfamylphenylhydrazone) (9)-- 

A solution of dehydro-L-ascorbic acid (9 g) m water (200 mL) was treated with 
(p-sulfamylphenyl)hydtazme (19 g), and the nuxture was heated for 30 mm The red 
product that separated out (yreld 70%) was filtered off, successively washed with water, 

ethanol, and ether, and recrystalhzed from ethanol; m p 267-270”, I~:~?’ 1720 cm- ’ 

(COO) 
Anal Calc for C18H,,N60& C, 42 2, H, 3 9, N, 16 4, S, 12 5 Found 

C,423,H,42,N.l67,S,121 
L-threo --7,3-He_~odruioso~10- I,4-iacro11e 2$- bts(p -substrtuted-suIfanz~v’pJtenyI- 

hydrazones) (10-12) - These were prepared sm-ularly to 9 (see Table I) 
S,d-Dr-O-acetyl-L-theo-2,3-Jte_~odt~t~osorto-I,4-iactone 2,3-bts(p-srtlfatttyIpJtet1~ !- 

/zjdra=one) (13) - A solution of compound 9 (0 5 g) m pyndme (15 mL) was treated 

\\lth acetlc anhydrIde (5 mL), and kept overmght at room temperature The nuxture 

was poured onto crushed Ice, and the product (yletd 60%) was recrystalhzed from 
chloroform-ethanol to gve red needles, m p 162-165”, VERDI 1725 cm- I CC00 and 

OAc) 
Anal Calc for CzZHzAN60, ,S, C, 44 3, H, 4 1, N, 14 I Found C, 44 6, 

H, 43, N, 144 
3-(L-threo- GIjcerol- I --PI)-i-plretqi-4,5-p~razoled,one 4-(p-sulfartl~lpltettyi- 

Jtj dt azotze) (14) - A solution of dehydro-L-ascorbic acid was treated with one molar 
equivalent of (p-sulfamylphenyl)hydrazme as for the preparation of 8, whereby an 

amorphous product was obtamed whch upon treatmg its solution with phenyl- 

hydranne, gave a product that, on dlssolutlon m alkah and aclchficatlon, afforded an 
orange preclpltate (yield 40%) that was recrystalhzed from ethanol, m p 300’ 

(dec ) , VIRGO’ 1665 cm- ’ (OCN) 
Anal Calc for C18H19N506S C, 49 9, H, 44, N, 16 2 Found C, 50 2 

H,47, N, 166 

3-(L-threo-GIJ cerol-I-~l)-I-(p-srrtfan~~~lpJtett~I)-4,5-pyra=oIedtotte 4-(p-suifatnJ I- 

pJtettJi/tJ drazotte) (15) - A suspension of compound 9 (1 g) m 41 aqueous sodium 

hydroxide (50 mL) was heated until dlssolutlon was complete, and then cooled, and 
acldlfied with acetic acid The orange product (yield 75%) that separated was filtered 

off, washed with water, and recrystalhzed from ethanol, m p 270-273”, I~~~~’ 3450 

(OH) and 1675 cm-’ (OCN) 
Anal Calc for C18H,,N,0& C, 42 2, H, 3 9, N, 16 4, S, 12 5 Found 

C,423, H. 36, N, 165, S, 122 

I-(p-Srrlfatnz~~iplen~C)-3-(L-three-I,2 3-trr-0-acetylgijceroI-J’I)-4,5-pyrazole- 

c/tone 4-(p-srrlfamjipfterz) IJtydrazone) (16) - A solution of compound 15 (0 5 g) m 

dry pyrldme (20 mL) was treated with acetlc anhydrIde (5 mL), and kept overmght 
at room temperature The nuxture was poured onto crushed Ice, and the product 
( yield 75%) was filtered off, washed with water, dried, and recrystalhzed from ethanol, 
to sve orange needles of 16, m p 213”, I$!!!!’ 1740 (OAc) and 1680 cm- 1 (OCN) 
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Anal. Calc for C2,H,6N,0,,S, C, 45 I, H, 4 I ; N, 13 2, S, 10 0 Found 

C,453,H,43,N,129,S,96 
I -(p-N- Be?zzoyZsLr~~ny~JienyZ) -3- (L- threo- tn - 0 -benzoyZgZyceroZ- I -yZ)-4,5- 

pyrazolenlone 4-(p-N-benzo~~ZsuZfamyZpJze~zyZJzyc?razotze) (17) - A solution of com- 

pound 15 (0 5 g) m dry pyrxdme (20 mL) was treated with benzoyl chlorxde (2 n&), 
and kept overmght at room temperature The mxture was poured onto crushed Ice, 
and the product (yield 50%) was filtered off, washed w&h water, dried, and recrystal- 

hzed from ethanol, m p 160” ; Y:$’ 1720 (OBz) and 1660 cm- ’ (OCN) 

Anal Calc for CS3H40Nb013SZ C,616.H,39,N,SI,S,62 Found 
C,615;H,42 N,77,S,61 

3-FornlyJ-i-@-srrn~?JpJler?l I)-4,5pyrazoiedlone 4-(p-su~a~?~yipJ~e~~~ ZJIJ drazone) 

(IS) - A suspensron of compound 15 (1 g) m a solutlon of sodmm metaperlodate 

(0 9 g) m water (50 mL) was stlrred for 2 h, and kept overmght at room temperature 
The product (>leld 60%), after the usual processm g, gave 18 as an amorphous 

poi\der, L::?’ 1700 (CHO) and 1660 cm- ’ (OCh? 

AtzaZ Calc for C16HIaN606SZ C,427,H,31,N,IS7 Found C,431, 
H,29, N, 190 

Ii) drazotle dematrc es of 18 - A solution of compound 18 (1 mmol) m IVJV- 
dlmethylformanude (20 mL) was treated wth the respective hydrazme and bolled 
under reflux, to gl\e compounds 20-25 (see Table II) 

TABLE II 

\lICROX’.AL~TICAL DATA FOR H\ DR-\LO\E DERIL AT-l\ ES (20-x) OF 18 

Cotrlpotrnd 
NO 

20 
21 
22 
23 
24 
25 

275 s5 
270 90 
263 so 
2so so 
276 85 
x3 93 

Molectdm 
Jiirmnla 

Calclrlared (%) Fomd (%) 

C H N C H N 

402 34 249 404 33 24 6 
390 33 24 1 394 35 238 
40 3 36 277 403 32 275 
489 37 20 7 457 34 20 9 
426 35 204 428 35 20 2 
44s 33 32 1 446 36 213 

3,6-AnJ1y~~o-3-C-(p-s~tlfanryZpJlet~~Za-_o)-~-~ylo(o, lyxo)-2-J~e_wlosot~o-l,4-Zacto~~e 

2-(p-srrZfatrl2~~lpJ~et2~ZJ~~cZra=one) (19) - A suspension of compound 9 (0 5 g) m a 10% 

soluuon of cupric chloride m ethanol (50 mL) was boiled under refluv for 15 mm The 

product that separated out on coohng was filtered off, and recrystalhzed from 

ethanol, to gwe yellow needles of 19, m p 195-197”, vE;1:0’ 3400 (OH) and 1735 cm- ’ 

(COO) 
Anal Calc for C18H18N608SZ C, 42 4, H, 3 7, N, 16 5, S, 12 5 Found 

C,422,H,40, N, 163, S, 122 
3-(D-er~thro-GI~ceroZ-I-yl)-I-(p-substrtrlted-srrlfai?~ylpl2etL~J~-4,5-pyra=oJedtone 

4-(p-substrtrtten-slIlfa~2~?ZpJ2er2~~lJ2ydr~o}2es) (28-31) - A solution of dehydrolso- 
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ascorbx acrd (26) m water was treated wrth two eqmvaIents of the kubstrtuted 
sulfamylphenylhydrazme (2-6) as for the preparatron of 9, and the resultmg products 

were heated wth M aqueous sodmm hydroxide, followed by aadtficatron, whereby 
orange products Lvere obtamed that were recrystalhzed from ethanol (see Table III) 

TABLE III 

\lICROAWALYTICAL A\D hERARED ABSORPTIOV DATA FOR 3-(D-c~I~WO-CLYCEROL-~-\ L.)- 

~-(p-SUBSTITUTED-SULFA’.lYLPHENYL)-‘t,~-PYRAZOLEDIOVE -F-[(p-SUBSTITUTED- 

SULFAhlYLPHEYYL)Ht DRAZOhES] (28-31) 

conrporrnd 1t1 p Yrcld ~folechr Ccrhhted (%) Found (%) NuJol 
V,.¶, 

h’o (degrees) (‘?A) fornda (cm - ’ ) 
C H N C H N 

28 767-XS 65 C18~~20~608SL 42’ 39 164 420 4-I 16 8 1660 
29 209-210 70 CLSHZBNLOO~SL 4s 3 40 20 I -1s7 39 19 s 1665 
30 >300 70 C30H32h100tS1 497 44 19 3 501 47 192 1660 
31 >300 60 C_sHz8NL,,0,,,Sl 46 2 3 S I9 2 464 42 19 5 1660 

3-[(l-p-S~lIfnfi2~~lp~~etl_~~I~i~~ A nzoizo-I_-three-tf I/I> A-0 uy.!mtJ I]-2-gum0 u2lmoile (33) 

- A nurture of r_-ascorbrc acid (S S g) andp-benzoqumone (5 9 g) m ethanol (SO mL) 
was strrred for 90 mm, the resuhmg nurture \\as treated \\rth an ethanohc solutron of 
o-phenylcnedramme (5 9 p), and then drluted nrth uater (250 mL) and heated for 
5 mm to gwe 32 An ethanohc solutron of (p-sulfclmylphenyI)hydrazme (9 5 g) was 

added, and the nurture \$as boned for 5 mm, \\ hereby an orange product separated 

out (yreld S5%) \\hxch was recrystalhzed from ethanol, m p 236-23s” ,h’u~ol mu, 

1665 cm- ’ (OCN) 
Allal Calc for C,,H,,N,O,S C, 49 9 H 44, N 16 3 Found C, 49 6, 

,H,45, N, 159 

i 
3- [I-[(p-Sulfa/q Iphetl~ l)lz~dr a=mo]g[t oxal-I-1 1)-2-r/u~ilo\alrlrone (3-l) - A 

suspensron of 33 (0 4 g) m \\ater (10 mi_) \vas treated 11 rth a solutron of sodrum 
metaperrodate (1 1 g) in ~atcr (10 mL) The nurture was stu red for 3 h, and then 
hept overmght The product (yreld 75%) iias recrystalirzed from ethanol, to gi\e 
orange needles, III p 30%305’, ,zU,y’ 1650 (CHO) and 1665 cm- * (OCN) 

Anal Calc for C16HL3N,0SS C, 51 7, H, 3 5 N, IS 9 Found C, 51 5 
H, 3 6, N, 1s 9 

.?-(L-threo-GIJ ccro/-I-J I)-I-(p-srr(frrt~rl /phct~~ I)fl arcrxle (35) - A suspension of 

compound 33 m 0 01~ sodmm hydrolrde (25 mL) and a few drops of I-butanol w\‘ds 

boned under refiux for 1 h The nurture \\as then cooled, and acrdtfied \\rth ace% 

acid, whereupon the product (yield 50”b) separated out It nas recrystalhzed from 
ethanol, m p 250”, \“,U,,’ 3450 cm- I (OH) 

Anal Calc for C18H17N505S C 520, H, 4 1 N, 16 9 Found C 52 4. 

H, 42, N, 17 1 
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3-Formyl-I-(p-srrlfanzylphen_~l)jlavazo~e (36) - A suspension of 35 m water was 
treated wth sodmm metapenodate as fat the preparation of 18 The product was 
recrystallized from ethanol, m p 323-325”, I~~~* 1695 cm- ’ (CHO) 

AnaZ CaIc for CIeH,,NSO,S C, 544, H, 3 1, N, 19 8 Found C, 54 1, 
H, 2 9, N, 20 1 
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