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XXVII.* I-HYDROXYVANAD(IV)ATRANE-3,7,10-TRIONIC ACID 

AND ITS DERIVATIVES 

M. G. Voronkov and S. V. Mikhailova UDC 547.89'258.81:541.49 

A method was developed for the preparation of the previously unknown heterocyclic, 

chelated mixed anhydride of aminotriacetic acid and vanadic acid- l-hydroxyvanad- 

(IV)atrane-3,7,10-trionic acid (H+[N(CH2COO)3V - O]- - based on the reaction of amino- 

triaeetic acid with V205, HVO3, and V203. A number of ammonium salts of l-hydroxy- 

vanad(IV)atrane-3,7,10-trionic acid were obtained. 

P r e v i o u s l y  one of us  and L a p s i n '  [2-5] d e s c r i b e d  1 - o x o v a n a d a t r a n e s  (I), wh ich  w e r e  f o r m e d  by the  
r e a c t i o n  of t r i s ( 2 - h y d r o x y a l k y l ) a m i n e s  wi th  v a n a d i u m  pen tox ide  v i a  the  s c h e m e  

~ (1) 
V2Os + 2 { I tOCI I2CI t2) 3 X'-+20~=V (OCI I,~CI I2) 3N + 3}I~O 

I 

The  a i m  of the  p r e s e n t  s tudy  was  the  s y n t h e s i s  of the  p r e v i o u s l y  unknown, s i m i l a r l y  c o n s t r u c t e d  1-  
o x o v a n a d a t r a n e - 3 , 7 , 1 0 - t r i o n e s  (II) s t a r t i n g  f r o m  a m i n o t r i a c e t i c  a c i d  (III): 

I (2) 
V20~ + 2 (I IOOCC112) 3N-+20~ V (OCOCH2) 3N + 31120 

III II 

tlVO~ + I l l-+I I + 2I-I~O (3) 

NI~I4V()3 + I l I--* I 1 + 2 H20 + N[ t3 (4) 

Up unt i l  now, only c o m p l e x e s  of III  w i th  V 3+ and  V 4+ tha t  s i m u l t a n e o u s l y  con ta in  Na o r  Mg ions  [6-9] 
and  have  s t r u c t u r e s  of the  [N(CI-I2COONa)2(CI-IzCOO)]3V , [N(CI-I2COO)2Mg(CH2COO)]3V , and [N(CH2COO) 2-  
Mg(Cl-I2COO)]2V=Otype,  o b t a i n e d  by hea t ing  aqueous  s o l u t i o n s  of a m i n o t r i a c e t i c  a c i d  wi th  Na2CO 3 o r  MgO 
wi th  the  a d d i t i o n  of  V203 o r  V204, w e r e  known. 

We t r i e d  to a c c o m p l i s h  r e a c t i o n s  (2), (3), and  (4) by hea t ing  a m i x t u r e  of the r e a g e n t s  in w a t e r ,  a f t e r  
w h i c h  the  w a t e r  was  r e m o v e d  by d i s t i l l a t i o n  in a r o t a r y  v a c u u m  e v a p o r a t o r .  

The  r e a c t i o n  of III  w i th  V205 and HVO a cou ld  a l s o  be c a r r i e d  out  a t  r o o m  t e m p e r a t u r e  by p r o l o n g e d  
m e c h a n i c a l  shak ing  o r  s t i r r i n g  of an aqueous  s u s p e n s i o n  of the r e a g e n t s  unt i l  they  d i s s o l v e d  c o m p l e t e l y .  
In a l l  c a s e s ,  h o w e v e r ,  the  r e a c t i o n  p r o d u c t  t u r n e d  out to be a s u b s t a n c e  of the  C6HllNOgV c o m p o s i t i o n  r a t h e r  
than  the e x p e c t e d  1 - o x o v a n a d a t r a n e - 3 , 7 , 1 0 - t r i o n e  (II); th i s  p r o d u c t  can be a s s i g n e d  the  1 - h y d r o x y v a n a d ( I V ) -  

a t r a n e - 3 , 7 , 1 0 - t r i o n i c  a c i d  d i h y d r a t e  (IV) s t r u c t u r e :  

*See [1] fo r  c o m m u n i c a t i o n  XXVI. 
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CH 2 

lt2C..~ /~ / C H :  

H + OC CO ] CO " 2H20 

OO 
IV 

Compound IV was obtained as blue c r y s t a l s  that  a r e  s tab le  on s to r ing  in a i r  and soluble in wa te r ,  
aqueous solut ions of ammonia  and amines  (best  above 40~ d ime thy l fo rmamide ,  dtmethyl  suifoxide,  and 
mono- ,  d i - ,  and t r i e t hano l amines .  Compound IV is insoluble  in the usual  organic  solvents  (hydrocarbons ,  
a lcohols ,  e t h e r s ,  dioxane, acetone,  ch io ro fo rm,  e tc . ) .  

Aqueous solut ions of IV give a s t rongly  ac id  r eac t ion  (pK a =3.9). The potentiometric t i t r a t ion  curve 
of IV (Fig.  1) is complex.  Three  d iscont inui t ies  with equivalence points at pH 4.3, 6.2, and 8.7 a r e  ob-  
s e r v e d  on it. The f i r s t  discontinui ty c o r r e s p o n d s  to the fo rmat ion  of a sa l t .  while the second and t h i r d a r e  
connected with sa l t  fo rmat ion  accompan ied  by d i s rup t ion  of the a t rane  s t r uc t u r e .  

The p r e s e n c e  of two molecu les  of wa te r  of c r y s t a l l i z a t i o n  in the IV motecuie  is conf i rmed  by d e r i v a -  
tography (Fig.  2). One of them is spl i t  out at 155 ~ the second is sp l i t  out at 195-290 ~ 

The mo lecu l a r  weight of IV, de t e rmine d  c r y o s c o p i c a l l y  in wa te r ,  is  233, while the mo lecu l a r  weight 
of anhydrous IV (C6HTNO~V) is 256.1. 

The s t r u c t u r e  of IV is conf i rmed  by the r e s u l t s  of IR and ESR spec t roscopy  (Figs .  3 and 4, r e s p e c -  
t ive ly) .  

In our opinion, the s t r e t ch ing  v ib ra t ions  of the (V =O)- group a r e  r e p r e s e n t e d  in the IR s p e c t r u m  of 
IV by the s t rong  absorp t ion  band at  995 em -1 (Table 1). The absence  of absorp t ion  at 1700-1750 cm-1 in-  
d ica tes  that  the IV molecule  does not contain un- ion ized  COOH groups  [10-12]. All  of the CH2COO groups  
in IV a r e  equivalent  and a re  bonded to the meta l  a tom, which is conf i rmed  by the p re sence  of only two very  
s t rong absorp t ion  bands at  1575 cm-1 (hydrated CO0-)  and 1620 cm- t  (COOV). 

As in the IR s p e c t r a  of HVO 3 and V204, the s p e c t r a  of IV and its sa l t s  contain an absorp t ion  band at 
560-580 cm- t  that  can be a s c r i b e d  to v V-O v ib ra t ions .  It can be a s s u m e d  that the band at 420 c m - i  is r e -  
l a t ed  to e i the r  the v ib ra t i ons  of the N ~  V bond or  to the v ib ra t ions  of the V Q  group.  The wa te r  of c r y s -  
t a l l i za t ion  in IV is  r e p r e s e n t e d  in the IR s p e c t r u m  by a b road  absorp t ion  band at 3400-3500 era-1. 

The ESR spec t rum*  of IV has a hyperf ine  s t r u c t u r e  (hfs) (Fig.  4). The hfs components  have different  
widths and a r e  a s y m m e t r i c a l  with r e s p e c t  to the cen te r  of the spec t rum,  which ind ica tes  ax ia l  s y m m e t r y  
of the env i ronment  of the pa r amagne t i c  p a r t i c l e s  [13, 14]. The hfs of the ESR s p e c t r a  has the shape c h a r -  
a c t e r i s t i c  for  t e t r a v a l e n t  vanadium with the 3d' conf igurat ion and is caused  ~" in te rac t ion  of the unpa i red  
e l ec t ron  with the nucleus of the vanadium a tom (V~l), the spin (i) of which is 7/2.  

The s t r u c t u r e  of IV is a l so  conf i rmed  by i ts  blue co lor ,  which is usual ly  pecu l i a r  only to t e t r ava l en t  
vanadyl  compounds,  and a l so  by the syn thes i s  of IV f rom III and V20 t (94% yield):  

V204 q-~2 (HOOCCIID aN~2IV + 2f120 (5) 

Thus, in the r eac t ion  of III with V205, HVQ,  and NH4VO3, V 5+ is r educed  to V 1+ by a m i n o t r i a c e t i c  
ac id ,  apparen t ly  via the scheme 

3 V20~ + N (CH2COO I-1) a-+3 V204 + N Ha + 3 CO2 + 3C H20 (6) 

S i m i l a r l y ,  HVO 3 and NHr 3 oxidize  III. Thus the fo rma t ion  of IV should be r e p r e s e n t e d  by the schemes  

3V205 + 7N (CHzCOOH) 3--.6IV + 3CO2 + 3CH20 + NHa + 6H20 (7) 

6HVOa + 7N (CH2COOI!) 3~61V + 3CO2 + N Ha + 12H20 (8) 

6NH4VO~ + 7N (CH2COOH) 3~61V + 3CO2 + 3CH20 + 7NH3 +9H20 (9) 

The fo rma t ion  of CO 2 and CH20 in r eac t i ons  (7), (8), and (9) ac tual ly  does occur .  

*The hfs constant  (a) for  the s p e c t r a  obtained is 114 Oe, and the s pe c t r o s c op i c  spl i t t ing  fac tor  (g) is 1.9855• 
0.0003. We thank R. A. Gavar  for  r e c o r d i n g  the ESR s p e c t r a .  
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Fig. 1. Potent iometr ic  t i t ra t ion curve of 1-hydroxyvanadatrane-  
3,7,10-tr ionic  acid for t i t rat ion with 0.4 N KOH. 

Fig. 2. Der ivatogram of 1-hydroxyvanadatrane-3,7 ,10- t r ionic  
acid (heating rate 12 deg/min):  T) heating curve;  TG) the rmo-  
g rav ime t r i c  curve; DTA) differential heating curve; DTG) der iv-  
ative curve.  

Fig. 3 

Fig. 3. 

Fig. 4. 
acid. 

Diphenyl.picrylhydrazyl 

J6 

Fig. 4 

IR spect ra  of 1-hydroxyvanad(IV)atrane-3,7,10-tr ionic  acid. 

ESR spect rum of 1-hydroxyvanad(IV) a t rane-  3,7,10-tr ionic 

The ammonia  fo rmed in react ions (7)-(9) reac ts  with IV to form its ammonium salt (V). The product 
of react ions  (7) and (8) is therefore  a mixture of IV and V (in a molecular  rat io of 5 : 1 if the react ion mix-  
ture is heated for 3 to 4 h), and only V is formed in react ion (9). Thus, in final form, the react ion of III 
with V205, HVO3, and NH~VO 3 should be represen ted  by the schemes* 

13V2Os § 7N (CH2COOH) ~5IV + V+3CO2 +3CH20 + 6H20 (10) 

6HVQ-t 7N (CIt2COOH) 3~5IV + V + 3CO2 +3CH20 + 9I-I20 (11) 

6NfI4VO:~-}- 7N (CHeCOOH) 3-~6V + 3CO2 + 3CH20 +NH3+9H~O (12) 

It is interesting that IV is also formed in the reaction of III with V203. Air oxygen or even the amino- 
triacetic acid itself is apparently the oxidizing agent in this case. 

Anhydrous IV was obtained in an attempt to prepare l-oxovanadatrane-3,7,10-trione (II) by the re- 

action of Ill with tri-n-amyl vanadate in dimethylformamide via the scheme 

OV(OCsltu)3+ (l IOOCCt I2) 3N--*I + 3CsHuOH (13) 

The IR absorption spectra of anhydrous IV coincide completely with the spectra of the dihydrate of 
IV. Only the band at 3450 cm -I, which is related to the stretching vibrations of aqueous hydroxyl groups, 

is absent. 

Compound I could not be obtained by the oxidation of IV with hydrogen peroxide. 

Crystalline ammonium salts with azure blue, or green colors are formed from IV and aqueous so- 
lutions of ammonia and amines (Table 2). They are hygroscopic and deliquesce in air. These salts can 
also be obtained by the reaction of Ill with NH4VO 3 (the method for the synthesis of V) or with V205 and 

*It must  be assumed  that the CH20 formed is also fur ther  oxidized by V205 or HVO 3. 
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T A B L E  1. F r e q u e n c i e s  a n d  A s s i g n m e n t  of t he  

IR A b s o r p t i o n  M a x i m a  of IV 

I V .  211 ( )  Assignment 

N~-V or V():~ 

IV 

420 ~ 425 S 
565 W 575 m 
63(1 m 635 m 
710 w 710 m 
765 m 780 m 
910 s 910 s 
995 s 985 s 

1085 w 1070 w 
1130 m 1130 m 
1220 w 1220 w 
1320 m 1320 w 
1355 m 1365 s 
1420 s 1430 s 
1470 m 1460 m 
1575 vs 1575 vs 
1630 vs 1650 vs 
3450 s 

Note: s is strong, w is weak, 

vs is very. strong. 

T A B L E  2 .  A m m o n i u m  S a l t s  o f  

COO- 
v ( V - O ) -  

C--O 
~,C--N 

v COO- 
v.~ ~hydrated C00-  

~=,~ COOV 
x, } 1,,() 

m i s  m e d i u m ,  a n d  

I V  [ R 3 N H I + [ N ( C H 2 C O O ) a V  - O ]  �9 n H 2 0  

i Fouud, % : Calc., % ! ~-~ 
Empirical . . . . . . . . . . . . . .  

NRa , Color formula i i i~2~ " 
i C I I  X V C I t l  N V ~3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i ~ i I I 
NHa Green C~ll,3N.e()~,V 2 3 1 : ! 5 1 ( i I 9 3 l  16 70i23 2314.87 903 16428(50 
%HsNH2 Blue CJI~ N,()~V '_78~i5; 5117~5 1492:28-8',538[83 15,1 900 
(C2Hs)2NII Blue C~,II~N.Ci-V 137.11 5.31 8,69 14.10 36,48 ! 5.51 8,50 15,47',83,(1 
(C2Hs)aN Dark- C~.,Ii:-N,():V .4048 ~i911770 15,65 4(1,3.1 6 20[78-I 14,2598,0 

blue - - - i I '~ I 
CstIsN Blue C~flI::N,O,V ;7.1Ii . ![73 i1395~3740 399 7.93 1442780 
CsH~0N[I Azure C,JI.,IN~O>V :; 721 ~917,55 I 703342 612708  1288'800 . . { 

HVO 3 in  the  p r e s e n c e  of a m m o n i u m  h y d r o x i d e  o r  t he  a p p r o p r i a t e  a m i n e .  (As  a l r e a d y  m e n t i o n e d ,  a m m o -  

n i u m  s a l t  V i s  p a r t i a l l y  f o r m e d  in t h e  r e a c t i o n  of  t h e  i n d i c a t e d  r e a g e n t s  in  t h e  a b s e n c e  of a m m o n i a . )  

C o m p o u n d  IV f o r m s  a p r e c i p i t a t e  of a g r a y i s h - b l u e  s a l t  w i t h  a q u e o u s  m e r c u r i c  a c e t a t e ,  w h i l e  r e a d  
a c e t a t e  s o l u t i o n  g i v e s  a b r o w n  s a l t .  

E X P E R I M E N T A L  

S t a r t i n g  R e a g e n t s .  A m i n o t r i a c e t i c  a c i d  (III) w a s  o b t a i n e d  by t h e  m e t h o d  in [15] a n d  p u r i f i e d  by r e -  

c r y s t a l l i z a t i o n  f r o m  w a t e r .  V a n a d i u m  p e n t o x i d e  a n d  t e t r o x i d e  w e r e  c h e m i c a l l y  p u r e  p r e p a r a t i o n s .  V a n a -  

d i u m  t r i o x i d e  w a s  o b t a i n e d  by t h e  r e a c t i o n  of NH4VO 3 w i t h  h y d r a z i n e  h y d r a t e .  

A n a l y s i s .  C a r b o n  a n d  h y d r o g e n  w e r e  d e t e r m i n e d  by  c o m b u s t i o n  in  o x y g e n  of a s i n g l e  w e i g h e d  s a m p l e  

b o t h  w i t h o u t  a c a t a l y s t  a n d  in  t h e  p r e s e n c e  of  c h r o m i u m  o x i d e .  T h e  m e t a l  w a s  d e t e r m i n e d  a s  t h e  o x i d e  
r e m a i n i n g  a f t e r  c a l c i n a t i o n  of  t h e  s u b s t a n c e  in  a s t r e a m  of  o x y g e n  a t  1000 ~ 

T h e  IR s p e c t r a  of  K B r  p e l l e t s  w e r e  r e c o r d e d  w i t h  a U R - 1 0  s p e c t r o m e t e r ,  T h e  ESR s p e c t r a  of  a 0.1 

M a q u e o u s  s o l u t i o n  of  IV w e r e  o b t a i n e d  w i t h  a n  Rt~-1301 s p e c t r o m e t e r .  A s a m p l e  of  p o l y c r y s t a l l i n e  d i -  

p h e n y l p i c r y l ~ d r a z i n e  (D = 2 . 0 0 3 6 )  [16] w a s  u s e d  to  d e t e r m i n e  t h e  s p e c t r o s c o p i c  g f a c t o r .  T h e  d e r i v a t o -  
g r a m s  w e r e  r e c o r d e d  w i t h  a d e r i v a t o g r a p h  of t h e  s y s t e m  in  [17].  

R e a c t i o n  of A m i n o t r i a c e t i c  A c i d  w i t h  V204.  A 1 .65 -g  (0 .01  m o l e )  s a m p l e  of  VeO 4 w a s  a d d e d  t o  a ho t  

s o l u t i o n  of  3 .82  g (0 .02  m o l e )  of  I I I  i n  200  m l  of w a t e r .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  3 h u n t i l  t h e  V~OI 

h a d  d i s s o l v e d  c o m p l e t e l y .  T h e  r e s u l t i n g  b l u e  s o l u t i o n  w a s  f i l t e r e d ,  a n d  t he  w a t e r  w a s  r e m o v e d  f r o m  i t  

i n  a r o t a r y  v a c u u m  e v a p o r a t o r .  T h e  r e s i d u a l  b l u e  c r y s t a l s  w e r e  w a s h e d  w i t h  a b s o l u t e  a l c o h o l  a n d  e t h e r  

a n d  d r i e d  in v a c u o  to  g i v e  2 .8  g (94%) of IV.  - F o u n d :  C 2 4 . 5 0 :  H 4 .29 ;  N 5 .12 ;  V 17 .32%.  C6HnNO~V.  C a l -  
c u l a t e d :  C 2 4 . 6 0 ;  H 3 .78 ;  N 4 .80 ;  V 17 .40%.  

R e a c t i o n  of  A m i n o t r i a c e t i c  a c i d  w i t h  VaO 3. A 6 .4 -g  ( 0 . 0 4 3  m o l e )  s a m p l e  of  f r e s h l y  p r e p a r e d  v a n a -  

d i u m  t r i o x i d e  w a s  a d d e d  to  a h o t  s o l u t i o n  of  16 .4  g (0 .086  m o l e )  of III  i n  2 l i t e r  of w a t e r .  T h e  m i x t u r e w a s  
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refluxed for 4 h until all of the V203 had dissolved. The resulting blue solution was cooled and filtered, 

and the water was removed from it in a rotary vacuum evaporator at 40 ~ The blue crystals in the residue 
were washed with absolute alcohol and ether and dried in vacuo or dissolved in water and precipitated from 

solution by the addition of alcohol and similarly dried to give 18.0 g (80.5%) of IV. Found: C 24.82: H 3.45; 

N 5.02; V 17.90%. CGHIINOgV. Calculated: C 24.60; H 3.78: N 4.80; V 17.40%, 

Compound IV was also formed by vigorous shaking of V203, V204, or V205 with Ill in water in the cold 
for 5 h until a homogeneous blue solution was formed. The water was then removed in a rotary vacuum 

evaporator. The yield of IV in this case was just as high (up to 98%). 

Reaction of Aminotriacetic A'cid with V205. A 1.81-g (0.01 mole) sample of vanadium pentoxide was 

added to a hot solution of 3.8 g (0.02 mole) of III in 200 ml of water. The mixture was refluxed for 6 huntil 

the V205 had dissolved completely. The resulting dark-blue solution was filtered, and the water was re- 

moved from it in a rotary vacuum evaporator. The residual shiny blue crystals were washed with absolute 

alcohol and ether and dried in vacuo to give 2.3 g (80.0%) of product. Found: C 24.52: H 3.28: N 5.12: V 

16.89%. C6HIINOgV. Calculated: C 24.60; H 3.78; N 4.80: V 17.40~0. 

Reaction of Aminotriacetic Acid with HVO 3. A 0.99-g (0.01 mole) sample of vanadic acid was added 

to a hot solution of 1'.91 g (0.01 mole) of III in 200 ml of water. The mixture was refluxed for 5 h until the 

HVO 3 bad dissolved completely. The resulting dark-blue solution was filtered, and the water was removed 

from it in a rotary vacuum evaporator. The residual blue crystals were washed with absolute alcohol and 

ether and dried in vacuo to give 2.6 g (90.0%) of product. Found: C 24.65; H 3.92: N 4.95: V 18.60%. 

C6HIINOgV. Calculated: C 24.60: H 3.78; N 4.80: V 17.40%. 

Reaction of Aminotriacetic Acid with Tri-n-amyl Vanadate. A 3.3-g (0.01 mole) sample of tri-n- 

amyl vanadate was dissolved in 15 ml of dimethylformamide, and this solution was added dropwise with 

stirring to a solution of 1.91 g (0.01 mole) of aminotriacetic acid in 40 ml of dimethylformamide. The mix- 

ture was heated on a water bath at 60-70 ~ for 30 rain, during which the solution turned blue. The temper- 
ature was then raised gradually to I00 ~ and heating was continued for 1 h with gradual raising of the tem- 

perature to 130 ~ . The resinous blue precipitate that formed was separated by suction filtration, washed 

with alcohol, and recrystallized from dimethylformamide-alcohol (2 : i) to give 2.2 g (86.0~I of blue crys- 

tals. Found: C 28.9; H 2.96; N 5.31; V 18.35%. C6HTNO7V. Calculated: C 28.2; H 2.68: N 5.46:V19.7~c. 

Ammonium Salt of l-Hydroxyvanad(IV)atrane-3,7,10-trionic Acid (V). A 0.99-g (0.01 mole) sample 

of HVO 3 was added to a solution of 1.91 g (0.01 mole) of Ill in 20 ml of 20% ammonium hydroxide, and the 
mixture was refluxed for 4 h. The resulting green solution was evaporated in a rotary vacuum evaporator, 

and the residual green crystals were worked up in the usual manner to give 2.6 g (86%) of product. 

Salts of l-Hydroxyvanad(IV)atrane-3,7,10-trionic Acid with Mono-, Di-, and Triethylamines. A 1.91-g 

(0.01 mole) sample of Ill was dissolved in 40 ml of a 10% aqueous solution of the appropriate amine, 0.99 g 

(0.01 mole) of HVO 3 was added, and the mixture was refluxed for 2 h. The resulting dark-green (yellow 

in the case of triethylamine) solution was filtered, and the solvent was removed in a rotary vacuum evap- 

orator. The residual dark-blue or green resinous mass was dried in vacuo over concentrated H2SO 4 for 

i0 days, after which it was suspended in absolute ethanol. The salt crystals isolated were purified by pre- 

cipitation from aqueous solution by the addition of ethanol. The yields and colors are presented in Table 2. 

Salt of l-Hydroxyvanad(IV)atrane-3,7,10-trionic Acid with Pyridine. A 1.91-g (0.01 mole) sample of 

III was dissolved in i0 ml of pyridine-water (i : 5), 0.99 g (0.01 mole) of HVO 3 was added, and the mixture 

was refluxed until the solid had dissolved completely. The solution became green in the process. Thewater 
and excess pyridine were removed in a rotary vacuum evaporator. The residual blue crystals werewashed 

with absolute alcohol and ether and dried in vacuo. The crystals were very hygroscopic and deliquesced 
in air. They were also soluble in water. (The resulting solution was greenish-blue.) The yield was 2.8 

g (78.0%). 

Salt  of 1 - H y d r o x y v a n a d ( I V ) a t r a n e - 3 , 7 , 1 0 - t r i o n i c  Acid  with P i p e r i d i n e .  A 1.91-g (0 .0i  mole) s a m p l e  
of III was  d i s s o l v e d  in 40 ml  of 20% aqueous p ipe r id ine ,  0.99 g (0.01 mole)  of HVO 3 was  added, and the m i x -  
t u r e  was  r e f l uxed  for  2 h. The l igh t -ye l low so lu t ion  that  f o r m e d  was evapo ra t ed  in a r o t a r y  v a c u u m  evap-  
o r a t o r ,  and the r e s i d u a l  d a r k - b r o w n  r e s i n o u s  m a s s  was d r ied  in vacuo  over  c o n c e n t r a t e d  H2SO 4. The l igh t -  
b rown c r y s t a l s  tha t  w e r e  i so l a t ed  were  suspended  in hot e thanol ,  s u c t i o n - f i l t e r e d ,  washed  with a lcohol ,  and 
d r i ed  in vacuo  to give 2.6 g (80.0%) of product .  
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