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c -Hydroxyalkyl(benzyl)furazans and c -hydroxyalkyl(benzyl)furoxans 
Synthesis and reactivity 
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A general and simple preparative method for the synthesis of ct-hydro×yalkyl(benzyl)fumzan 
and -fllro×an derivatives is proposed The method involves reduction of acyl or ethoxycarbonyl 
substituentsin these heterocyclic compounds with NaBH 4 in ethanol Based on the alcohols 
thus prepared, a number of previously unknown functional derivatives (c,-nitro×yalkyl-, 
ct-haloalkyl-, and a-azidoalkylfurazans and -furoxans) have been synthesized 
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Until  recently,  the set of  known flmctionally substi- 
tuted furazans and fl~roxans, which permit  target -di -  
rected syntheses of  various derivatives of  these heterocy- 
clic compounds  as possible biologically active materials,  
has been quite l i m i t e d  Compounds  with substituents 
conta ining a carbonyl  group in the a -pos i t ion  could 
serve as suitable objects for extending the range of  
accessible furazan and furoxan derivatives. The develop-  
ment  of  convenient  methods  for the preparat ion of  t h e s e  
compounds  I -3  al lowed us to begin a systematic study of  
their  reactivities. Previously,  b romina t ion  4 and nitrosa- 
t ion 5 of  acetylfurazans and acetylfl~roxans have been 
studied. The present  paper  is devoted to the investiga- 
t ion of  the reduct ion of  the acyl and ethoxycarbonyl  
s u b s t i t u e n t s  in these  h e t e r o c y c l i c  c o m p o u n d s  to 
~:t-hydroxyalkyl and cL-hydroxybenzyl groups and to the 
synthesis of  various functional  derivatives of  furazan and 
furoxan based on the compounds  obtained.  

Only a few examples  of  the reduction of carbonyl-  
conta in ing groups in the derivatives of  furazan and 
furoxan have been reported;  in all cases, NaBH 4 was 
used as the reducing a g e n t  For  example ,  t reatment  of  
3 ,4-dibenzoylf l l roxan ( l a )  with NaBH 4 in ethanol  led to 
tile reduct ion of  both carbonyl  groups in this compound  
to hydroxyl groups and gave 3 ,4-bis(c t -hydroxyben-  
zyl)fllroxan (2a) in 75% yield. 6 When the mixed anhy-  
dride obtained in situ from 4-phenyl t i l r azan-3-carboxy-  
lic acid and ethyl ch lorocarbona te  was reduced with the 
same reagent, 3 -hydroxymethy l -4-phenyl fura lan  was iso- 
lated in 9 1 %  yield. 7 The carbonyl  group was reduced to 
an a lcohol ic  group in 60 % yield when 5 -b romo-4 ,4 -d i -  
m e t h y l - 6 - o x o c y c l o h e x a n o f u r o x a n  was t rea ted  with 
NaBH4 in dioxane.  8 However,  no examples  of  reduction 
of  a lkoxycarbonyl  groups m furazan and furoxan deriva- 
tives have been reported.  Data on the reactivities of  
hydroxy l -con ta in ing  derivatives of  these heterocycl ic  
compounds  are also l ack ing  

Based oil this inforntatiom we decided to study in 
more detail the reduclion of acetyl and benzyl groups in 
furazan and furoxan derivatives to the corresponding 
~-hydroxy-derivat ives through the action of  NaBH 4 and 
also to study the possibility of  using this reagent for the 
reduction of the ethoxycarbonyl groups in these hetero- 
cyclic derivatives to hydroxymethyl groups. NaBH 4 is 
known to be usually relatively ineffective for the reduc- 
tion of  ester groups; therefore, this reduction is normal ly  
carried out using LiAIH4 .9 However, the furoxan ring is 
unstable in the presence of LiAIH4. t° At the same time, 
4-ni t ro-  and 2,4-dinitrophenyl esters of  al iphat ic  car- 
boxylic acids are known It to be successfidly reduced with 
NaBH 4 to their hydroxymethyl derivatives, which has 
been explained by the strong e lec t ron-wi thdrawing effect 
of n i t roa ,omat ic  compounds.  Since both furazan and 
fl~roxan rings exhibit clear-cut  e lec t ron-wi thdrawing ef- 
fects, 11 it might have been expected that a lkoxycarbonyl-  
furazans and -furoxans would be reduced with NaBH 4 to 
the corresponding a-hydroxymethyl  der ivat ives  

In |1rot, we found that this reagent in e thanol  is 
effect ive for the t r ans fo rma t ion  of  both  acyl  and 
e thoxycarbonyl  groups in furazan and furoxan deriva- 
tives to the corresponding ~x-hydroxyalkyl or a - h y d r o x y -  
benzyl  subs t i tuen ts  (Scheme  I). The  r educ t i on  of 
e thoxycarbonyl  groups in furoxans was lk)und to require 
merely a somewhat  greater amount  of  the reductive 
ageht than the reduction of  acyl derivatives It should be 
noted that to isolate the final react ion products ,  alcohols  
of  the furazan and fl~roxan series, the react ion mixture 
needs in all cases to be treated with excess HCI,  which is 
necessary for the hydrolysis of the borates  of  the ob- 
tained alcohols.  The position of tile N-oxide  oxygen 
atom in the furoxan ring has no effect on the abili ty of 
the acyl and ethoxycarbonyl  groups to be reduced.  For 
example ,  in tile case of  3 ,4-diacetylfuroxan ( Ib ) ,  both 
ca rbonyl -con ta in ing  fragments are reduced,  The  reduc- 
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tion of both the 3- and 4-ethoxycarbonyl substituents in 
4-amino-3-e thoxycarbonylfuroxan ( lh)  and 4-ethoxy- 
carbonyl-3-methylf i l roxan ( l i )  (Scheme I) also occurs 
success fu l lyo  

Scheme 1 

O OH 
II C~HR3 R 1 CR R 2 
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lb - - i  2b--i 

Corn- R R I n Corn- R 2 R 3 n 
pound pound 

Ib Me MeCO 1 2b Me(OH)CH Me I 
Ic Me 4-NH 2 I 2c 4-NIl 2 Me I 
Id Ph 4-Nt-|~ I 2d 4-NH 2 Ph 1 
le Me McC(9 0 2e Me(OH)CH Me 0 
if Me 4-NH 2 0 2f 4-NIt 2 Me 0 
lg Ph 4-NH 2 0 2g 4-NIt 2 Ph 0 
Ih OEt 4-NH 2 I 2h 4-NH 2 H I 
li OEt 3-Me I 2i 3-Me H l 

The large number  of hydroxy-derivatives 2a-- i  ob- 
tained made it possible to study their reactivities. For 
example, using the hydroxymethyl derivative 2i as an" 
example we showed that the hydroxy group is readily 
nitrated by a mixture of HNO 3 and H2SO 4 to give the 
corresponding nitroxymethyl derivative (3i). We also 
found that the amino group in amino-derivatives 2c and 
2h can be oxidized.bY peroxide oxidants to a nitro group 
(the hydroxyl fragment remaining unaffected), thus yield- 
ing nitro derivatives 2j and 2k (Scheme 2). 

Scheme 2 

HOCH 2 Me O2NOCH 2 Me 

N N H2SO 4 N N 
~0 ~ ~ " 0 "  "~ 

0 0 
2i 3i 

OH OH 
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2 c :  R 3 = Me; 2j: R 3 = Me; 
2h:  R 3 = H 2k:  IR 3 = H 

In addition, the hydroxyl group in the alcohols syn- 
thesized is successfully replaced by a chlorine atom 
through the action of the SOCI2--pyridine complex in 

CH2CI 2 or in dioxane to give previously unknown ct- 
chloroalkyl or a-chlorobenzyl  furazan and furoxan de- 
livatives (4a- -c , f - -k)  in preparative yields (Scheme 3 )  

Scheme 3 

OH CI 
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a Ph I Ph(OH)CH PhCH(CI) 
b Me I Mc(OH)CH McCH(CI) 
c Me 1 4-NH 2 4-NH 2 
tr Me 0 4-NH 2 4-NH 2 
g Ph 0 4-NH 2 4-NH 2 
h H I 4-NH 2 4-NH 2 
i H I 3-Me 3-Me 
j Me I 4-NO 2 4-NO 2 
k H I 4-NO 2 4-NO 2 

The development  of a fairly convenient  method lbr 
the synthesis of ct-chloroalkyl and ct-chlorobenzyl de- 
rivatives of furazan and furoxan makes it possible to 
substantially extend the set of accessible functional deriva- 
tives of these heterocyclic compounds.  Scheme 4 shows 
several examples of replacement of the chlorine atom by 
various nucleophiles (I, N3, NHPh) .  It is obvious that 
these transformations by no means exhaust the possibili- 

Scheme 4 
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Table 2. IH NMR spectra of the fllroxan and filrazan derivatives 

x 

(~HR ~ "r-( 

Com-  Solvent 6, . / /Hz 

pound R X R 3 Me [Phi CH [CH21 Off [NH21 

2b CDCI 3 4 -MeCH[OH]  

2c CD3COCD~ 4-NI12 

2d CD3CN 4-NH 2 

2h CDCI 3 + 4-NI l?  
CF~COOD 

2i CD~COCD 3 3-Me 

2j C D 3 C O C D  ~ 4-NO? 

2k CD3COCD 3 4-NO~ 

3i CD3COCD 3 3-Me 

4a CD3CN 4-PhCHCI  

4b CD3COCD 3 4 -MeCHCI  

F u r o x a n  s (n = I) 

OH Me .42 d {3j = I 0). 
43  d (3j = I 0), 
~53 d (3./ = 65 ) ,  
55 d (3./ = 6 5 )  

Ott Me 4 7  d 

OH Ph 738--7.51 m 

OH fl 

OH tt 201 s 

OH Me 156 d (37 =: 35} 

Otl  It 

ONO 2 H 2.17 s 

CI Ph [ 7 3 3 - 7 4 8  m] 

CI Me 1 73--1~83 m 

4c CDCI 3 4-Nt12 CI Me 1082 d (3j = 4 5 )  

4h CD3COCD 3 4 -NH 2 CI H 

4i CD3COCD 3 3-Me CI H 2.24 s 

4j CDCI 3 4 -NO 2 CI Me 189 d (3j = 34)  

4k CD3COCD 3 4-NO? CI H 

5i CDCI 3 3-Me I 1t 220  s 

6c CDCI 3 4-NH? N 3 Me 1~50 d (3d =: 26} 

F u r a z a n  s (n := O} 

2e CD~COCD3 MeCII [Ot t ]  OH Me 1,61 d (3j = 33)  

2f CD3COCD 3 Ni t?  OH Me 15 d (3j = 22 )  

2g CD3COCD 3 NH 2 OH Ph [ 7 3 4 - - 7 5 4  m] 

4f CDCI 3 CDCI 3 NH 2 CI Me 

4g CDCI3 N It 2 CI Ph 

6f CDCI 3 NH 2 N 3 Me 

7g CDCI 3 NH 2 NHPh Ph 

488  q (3j = 10),  

489  q {~J = I 0), 
4.92 q (3j = 6.5), 

497  q {~J = 6 5 )  

497  q 

5.90 s 
[510 brs]  

[457 s] 

[463 s] 

5 2  q ( ;J  = 3.5) 

[477 s] 

[5.52 s] 

6.20 s, 626  s, 
6.30 s, 6.33 s 

5.65 q (2 H, 3j  = 6.3), 
&04 q (3j  = &9), 
6 1 0 q  (?J = 6 9 )  

508  q (3j = 4.5) 

[468 s] 

[477 s] 

554  q (3j = 3.4) 

[5.09 s] 

[426 s] 

479 q, 

522 q (3j = 3~3) 

512  q (3/ = 22)  

6 2 0  d (3y =~ 23)  

194 d (3j = 23)  

[ 7 . 4 2 - 7 4 8  m] 633  s 

195 d (3/ = Z5)  539  q (3/ = 2.5) 

[ 6 7 3 - 7 4 8  m] 587  s 

4.48 bns  

5.16 s 
[553  b r s l  

4 8 5  b r  s 

5 3 4  br s 
[Ot t+NH21 

4.68 b r s  

4 8 0  br.s 

441 b r s  

[482  brs] 

[5.95 brs] 

[4 88 s I 

4 2 0  b r s  

505  br.s 

557  d (3.1 = 2.3) 
[5.37 b r s l  

539  q (3j = 23)  
1464 sl 

[416  br.s] 

[561 br.s] 

4 5 2  br.s 
[NH2+NH1 

t ies  for the  s y n t h e s i s  o f  n e w  f u n c t i o n a l l y  subs t i tu ted  
furazans  and  f u r o x a n s  o p e n e d  by this  study.  

It s h o u l d  be  n o t e d  tha t ,  a c c o r d i n g  to  N M R s p e c t r o s -  
copy ,  c o m p o u n d s  2b  and  2e,  o b t a i n e d  by t h e  r e d u c t i o n  
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Table 3. 13C NMR spectra of the fllroxan and furazan derivatives 

x 

R (~HR a 
"-F----N / 

Com- ~ 8, J /Hz  

pound R R I R 2 CH3 [Phi CHICHi]  Cn,,g-3 Cri,,g-4 

2b" 4-MeCH(OH) OH Me 

2d a 4-NH2 Ott Ph 

3i b 3-Me ONO? H 

4a a 4-PhCHCI CI Ph 

4b t' 4-MeCHCI CI Me 

4c c 4-NH~ CI Me 

4h b 4-NH 2 CI H 

4i a 3-Me CI H 

4k ° 4-NO 2 CI H 

5i c 3- Me J H 

6c c 4-NH 2 N 3 Me 

2e c MeCH((~q) 011 Me 

2I ¢' NH 2 OH Me 

2g b N H  2 Ott  Ph 

4f" NH~ CI Me 

4g c N H 2 CI Ph 

61 q~ NIt~ N 3 Me 

7g c NH 2 NHPh Ph 

F u r o x a n s  (n = I )  

1938, 1950, 
19081, 20.13 

[117.60, 126.14, 
128,84, 128.90, 
138.931 

7.46 

[128.23--136.191 

61,49, 61,71, I17.79, 15956, 
62.39, 62,41 11796 159.67 

67.37 I I I .99 156.72 

163.611 

51.68, 51.72, 
53.70, 53.82 

20.00, 20.23, 46.27, 46,29, 
21.66, 21.72 4762, 48.01 

21 I I  4601 

132741 

778 135.071 

13316 
(IJI3c_IH = 

= 160)1 

793 [_- 13.25 
(IJI3c_IH 
= 133) = 155)1 

1586 51~22 

F u r a z a n s  (n = 0 )  

21~49, 2151 61.46, 6160 

22.17 6237 

I127.16, 128.67, 
128.95, 129.44, 
129.731 

II 56 

1535, 
18,20 

1533 
1551 

11.21 

I09.23 

96.60 

11023 
2JI3c_ itt(CH2) = 

= 5 . 2  

I 11.85 
2JI3c_IH(CH3) = (2JI3c_IH(CH3)= 

69.17 

2ZI7 4661 

1127.28, 12Z73, 52.51 
129.06, 129.47 I 

2260 47 17 

[114,20, 119.68, 54048 
127.00, 12876, 
129.27, 129,36, 
137.95, 145 931 

= 7.4) 

11063 

15618, 156.35 

151.03, 
156 40 (Cn.g-- N H 2) 

150.19, 
156 37 (Cring--N I 12) 

14757, 
15427 (Crmg--N tl 2) 

14644~ 
15413 (C, ,g- -NH?)  

14934, 
15579 (C tm( -NH 2) 

147099, 
154065 (Cnng--N H 2) 

15102 

15668, 
15692 

15747. 
157 54 

15549 

15719 

15561 

15880 
(IJi3c .IH(NO2) = 

= 181) 

155.53 
(2JI3c_IH(CH2) = 

= 48)  

155.32 

Note Solvents: "CD3CN, t 'CD3COCD> ¢CDCI> 

o f  d iace ty l f l l roxan  and d iace ty l fu razan ,  as well as the 
p roduc t s  o f  the r e p l a c e m e n t  o f  the hydroxyl  groups in 2b 
and ill 3 , 4 - b i s 0 t - h y d r o x y b e n z y l ) f u r o x a n  2 a  by ch lor ine  
( c o m p o u n d s  4b and 4 a )  are mix tures  o f  d i a s t e r e o m e ~  
cons i s t ing  o f  r acema te s  and m e s o - f o r m s .  

E x p e r i m e n t a l  

IR spectra were recorded on a UR-20 spectrometer for 
pellets or for thin fihns between pieces of KBr glass. IH, 13C, 
14N, and 15N NMR spectra were obtained on a Bruker AM-300 
instrument operating at 300, 75.5, 21.5, and 21.5 MHz, re- 
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spectively. Chemical shifts were measured relative to internal 
tetramethylsilane (for tH and 13C NMR) or to external MeNO 2 
(for 14N and 15N N M R )  Mass spectra were obtained on a 
Varian MAT CH-6 instrument at an ionization energy of 
70 eV. TLC was carried out on Silufol UV-254 plates; the 
eluents used are listed below Table I The main characteristics 
of  the compounds synthesized, including data of their IR 
spectra, mass spectra, and 14N and 15N NMR spectrm are 
given in Table I, and the IH and 13C NMR spectral data are 
presented in Tables 2 and 3, respectively~ 

General procedure for the preparation of hydroxy-derivatives 
by the reduction of furazan and furoxan carbonyl derivatives 
(2b--2i). A cartxmyl derivative (10 mmol; or 8 mmol for com- 
pounds lb, le, Ih, and li, or 20 mmol for ld) was added at 10-- 
15 °C to NaBH 4 (0.23 g, 6 retool) in 30 mL of anhydrous 
ethanol (in the cases of comlx)unds Id. Ih, and li, the reactants 
were mixed in the reverse orderL The reaction mixture was 
stirred at this temperature for 10 rain (or |or I h in the case of 
c o m ~ u n d  lh), concentrated HCI (07 mL) was added, and thc 
mixture was stirred for an additional I--2 h at ~20 °C  Ether 
(60 mL) and then powdered MgSO~t (I g) were added, and the 
mixture was stirred for 10 min and filtered The filtrate ~as 
concentrated using a rotary evalx~rator to afford a reduction 
product, which was additionally purified by recrystallization or 
reprecipitation in those cases where it was a solid. 

3-(I-ttydroxyethyl)-4-nitrofuroxan (2j). A 90% solution 
of  H?O ~ (40 mL) was added to anhydrous CH?CI 2 (60 mL), 
and at a temperature of  no more than 20 °C, trifluoroacetic 
anhydride (25 mL) was added dropwise At -20 °C, 4-amino- 
3-(I-hydroxethyl)furoxan 2c (29 g, 20 mmol) was added in 
one portion to the resulting solution. The reaction mixture was 
stirred for 2 h at 20 °C, diluted with water (50 mL), and- 
extracted with CH2CI 2 (3x50 m L )  The extracts were washed 
with water (3× 100 mL) and dried with MgSO4. Evaporation 
on a rotary evaporator gave compound 2j  

3- Hydroxymethyl-4-nitrofuroxan (2k). 4 -A mi n o -  
3-hydroxymethylfuroxan 2h (I.0 g, 76 mmol) was added in one 
portion to a mixture of 90% H?O 2 (7 mL) and cone  M2SO 4 
(7 mLL while the temperature was maintained below 18 ° C  
The mixture was stirred for I h at 20 °C. Then water (33 mL) 
was added dropwise at a temperature of no more than 10 °C  
The mixture was extracted with EtOAc (3×25 mL), and the 
extracts were washed with water (2x50 mL) and dried with 
MgSO 4 Evaporation on a rotary ev'~porator gave compound 2k 

3- Methyl-4- nitroxymethylfuroxan (3i). 4 -Methy l -  
3-hydroxymethylfuroxan (2i) (1.0 g, 77 retool) was added 
d ropwiseove ra  period of 5 nun t o a  mixture of finning HNO? 
(2 mL) and c o n e  H?SO 4 (2 mL), while the temperature was 
maintained below 0 °C. The reaction ntixture was stirred tbr 
15 min at 5 °C, and water (20 m [ )  was added dropwise at a 
temperature of no more than l0 ° C  The reaction mixture was 
extracted with CHCI 3 (3 x 10 mL), and the extracts were washed 
with water (3x20 mL) and dried with MgSO 4 Evaporation on 
a rotary evaporator gave compound 3i. 

General procedure for the preparation of chloro-derivatives 
by the replacement of the hydroxyl groups in furoxan and fur~.an 
derivatives (4a--c,  f--k). A hydroxy-dcrivative (4 mmol of com- 
pounds  2a- -2c .  2f, or 2g, 9 mmol of  c o m p o u n d s  
2i--2k. or 12 mmol of compound 2h) was added with stirring 
and cooling with ice (at a temperature of no more than 12-- 
15 °C) to a solution ofpyridine (2 43 mL, 30 mmol) andSOCI 2 
(216 niL, 30 retool) in 15 m L o f d r y  Ctt?CI 2 (compounds 2a, 
2b, 2i, 2j, and 2k) or in 15 mL of dry dioxane (comlxmnds 2c~ 
2f, 2g, and 2h)  The reaction mixture was stirred for 15 rain, and 
05  mL of water (compounds 2c, 2f--2k; method A) or 15 mL 
of  water (compounds 2a, 2h; method B) was added dropwise 
with stirring. In method A, the reaction mixture was concen- 
trated on a rotary evaporator to a small volume, and the residue 

was extracted with EtOAc (6x 20 mL) and filtered through a thin 
SiO 2 layer. Evaporation on a rotary evaporator afforded a 
chloro-derivative, which, in some cases, was additionally puri- 
fied by recrystallization. In method B, the organic layer was 
separated, washed with 15 mL of water, dried with MgSO4, and 
concentrated on a rotary evaporator The residue was dissolved 
in a I : I ~xrtroleum ether--benzene mixture and then the prod- 
uct was isolated as in method A 

4-1odomethyl-3-methylfuroxan (5i). 4-Methyl-3-chloro-  
mcthylfilroxan 4i (030 g, 2 mmol) was added with stirring to 
a solution of Nal (060 g, 4 mmol) in anhydrous acetone 
(4 mL) The reaction mixture was stirred for 30 rain and 
concentrated on a rotary evaporator. The residue was washed 
with ether (2×10 mL) on a filter, and the ethereal layer was 
filtered through a thin SiO 2 layer. Evaporation on a rotary 
evaporator gave compound 5i 

General procedure for the preparation of azido-derivatives 
of furoxan and furazan (6e, 60.  Sodium azide (I.95 g, 
30 retool) was added to a solution of I-chloroethyl derivatives 
4 c a n d 4 f ( 1 0  retool) in MeCN (4(i) m l . )  The reaction mixture 
was stirred for 10 h at 65--70 °C :rod poured into 60 mL of 
wirer Extraction with CHCI 3 (4×45 mI ) ,  drying with MgSO4~ 
and evaporaLon of the solvent on a rotary evaporator gave the 
azido-derivatives 

4-Amino-3-[~-(phenylamino)benzyl]furazan (7g). Aniline 
(037 g, 4 mmol) was added to a sohltion of 4-amino-  
3-(ct-chlorobenzyl)fllrazan (4g) (042 g, 2 retool) in benzene 
(5 mL). Fbe mixture was stirred for 72 h at 20 C until 4g 
disappeared, according to TLC and concentrated on a rotarT 
evaporator~ The residue was treated with water and allowed to 
stand until the oil crystallized. The solid product was filtered 
off, washed with water, triturated with hexane on a filter, and 
dried in air. 
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