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Abstract  -The new m i l d  ox id i z i ng  agents, pyrazinium-N-oxide chlorochromate 

(PzOCC), t r i p y r i d i n i u m  hydrochlor ide chlorochrmate (TPCC), and naphthyr i -  

dinium dichromate (NapDC) have been prepared and character ized. A study o f  

t h e  ox ida t i ve  behavior of these new compounds r e l a t i v e  t o  pyr id in ium chloro- 

chromate (PCC) and b ipy r i d i n i um chlorochromate (BPCC) w i th  selected pr imary 

and secondary alcohols i s  reported. 

Since the repor t  by Corey and saggsl  of the pyr id in ium chlorochromate complex (PCC) and i t s  

a b i l i t y  t o  ox id i ze  alcohols t o  carbonyl compounds, many reports o f  new chlorochromate and 

dichromate complexes have appeared i n  the  l i t e r a t u r e . 2  The major focus of these i nves t i ga t i ons  

i s  concerned wi th  the preparat ion o f  ox id i z i ng  agents h i c h  ( i )  produce h igh y i e l d s  o f  the desired 

product, ( 2 i )  are s tereose lec t ive  f o r  a p a r t i c u l a r  alcohol func t ion  i n  a mul t i func t iona l  molecule. 

and ( 3 i )  are e a s i l y  separable i n  the  ac t ive  and i nac t i ve  forms from the desired product. Current 

approaches t o  achieving these goals invo lve  the use o f  d i f f e ren t  organic ca t ions  t o  p o t e n t i a l l y  

impart a greater degree of s te reose lec t i v i t y ,  the use of d i f fe rent  solvents t o  enhance des i rab le  

Solvent effects, and the use o f  polymer supported chromate complexes which provide f o r  easy 

separat ion of the  chromium species i r r espec t i ve  o f  t h e  solvent system used.3 A l l  o f  these 

Studies have cont r ibu ted t o  enhancing and d i v e r s i f y i n g  the a p p l i c a b i l i t y  and usefulness of 

hexavalent chromium species as ox id i z i ng  agents. 

We recen t l y  reported two new chlorochromate complexes, naphthyridinium chlorochromate (NapCC) and 

pyrazinium ch lorochrmate  (PZCC) .2a Both of these species, l i k e  PCC, are e a s i l y  prepared, q u i t e  

s tab le  *en s tored dry  and i n  t h e  absence of l i g h t ,  and are ac t i ve  as ox id i z i ng  agents f o r  t h e  

conversion of a lcohols t o  carbonyl compounds. 

I n  t h i s  paper we repor t  th ree new chromate complexes, pyrazinium-N-oxide chlorochrmate,  

(PzOCC)($, naphthyr id in ium dichromate (NapDC)m, and t r i p y r i d i n i u n  hydrochlor ide chlorochromate 

(TPCC)(k) ). 



As found fo r  the PCC, NapCC, and PzCC complexes, the th ree new chromate complexes are produced i n  

good y i e l d s  as orange c r y s t a l l i n e  p r e c i p i t a t e s  by the  add i t i on  o f  aqueous so lu t ions  o f  Cr03 t o  

the heterocycle; t h e  use of 6M HCI w i th  CrOl causes the formation o f  the  chlorochromate species, 

while t h e  dichromate species i s  formed hhen d i s t i l l e d  water i s  used. 

PZOCC 

Both TPCC and NapDC are s tab le  f o r  prolonged periods of t ime when stored dry  and i n  the  absence o f  

l igh t ,  wh i le  PzOCC i s  muCh less stable, decomposing slowly over a two month period. A l l  o f  these 

compounds are nonhygroscopic. 

S o l u b i l i t y  t e s t s  of PzOCC, TPCC, and NapDC i n  var ious solvents show t h a t  the  th ree complexes are 

moderately t o  h i g h l y  so lub le  i n  water and pyr id ine,  but are i nso lub le  i n  low d i e l e c t r i c  solvents, 

((CH3CHz)zO and CH2C12). These r e s u l t s  are i n d i c a t i v e  o f  the  i o n i c  nature of PzOCC, TPCC, and 

NapDC, and are i n  good agreement w i t h  the  r e s u l t s  obtained from u v l v i s  and ir spectroscopic 

studies. 

The ir absorpt ion frequency for  PzOCC at  939 cm-' i s  a t t r i b u t a b l e  t o  the  vas Cr=O s t re t ch ing  

mode, and the bands a t  901 and 437 cm-' are a t t r i b u t a b l e  t o  US,,,, Cr=O and v Cr-CI, 

respect ively.  TPCC shows absorpt ion frequencies a t  940, 899, and 431 cm-' a t t r i b u t a b l e  t o  

vas Cr=O, vsr, 0 - 0 ,  and v Cr-CI, respect ive ly .  For both PzOCC and TPCC, these values are i n  

good agreement w i t h  those found fo r  the Cr03CI- anion i n  ~ c 1 - 0 3 ~ 1 , ~  NapCC, o r  PZCC.?~  
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I n  add i t i on  t o  the  cha rac te r i s t i c  i r  frequencies due t o  Cr03C1-, TPCC has a broad absorpt ion a t  

2740 cm-' a t t r i b u t a b l e  t o  the  u NH-CI s t re t ch ing  mode.5 The ir spectrum of  NapDC shows an 

absorpt ion a t  930 cm-' a t t r i b u t a b l e  t o  vas Cr03. wh i l e  absorptions a t  902 and 883 cm-' are 

a t t r i b u t a b l e  t o  VSym Cr03. The bands at 785 and 751 cm-' are a t t r i b u t a b l e  t o  vas Cr-0-Cr, 

wh i le  the  bands a t  370 and 358 cm-' are assigned as S Cr03. These r e s u l t s  are i n  c lose 

agreement w i t h  t h a t  found f o r  the dichromate i on  i n  ( N H ~ ) ~ C P ~ O , . ~  

The u v l v i s  spectra of PzOCC, TPCC, and NapDC f u l l y  support the ir spect ra l  i n te rp re ta t i ons .  For 

example, s a l t s  conta in ing the Cr03Cl- anion t y p i c a l l y  show three d i s t i n c t  bands i n  the  v i s i b l e  

and u l t r a v i o l e t  regions between 450 and 300 Indeed, for PzOCC and TPCC, two o f  the  th ree 

bands are found i n  the  regions 454-455 and 359-357 mn. The t h i r d  band, which i s  overlapped by a 

l igand band, i s  broad and extends i n t o  the u l t r a v i o l e t  region. For PzOCC, TPCC, and NapDC the 

organic heterocycle i s  protonated and serves as the cation. 

A study was undertaken t o  determine the a b i l i t y  of PzOCC, TPCC, and NapDC t o  ox id ize  pr imary and 

secondary alcohols. The resu l t s  were compared t o  those obtained using b ipy r i d i n i um chlorochromate 

(BPCC), and the wel l  known pyr id in ium chlorochromate (PCC). The r e s u l t s  are presented i n  Table I, 

and show tha t  the  t ime required t o  reach 50% conversion (alcohol t o  respect ive carbonyl compound) 

i s  i d e n t i c a l  f o r  PzOCC and PCC, but t ha t  the  t ime required t o  accomplish the complete conversion 

i s  less  f o r  PCC. I n  general, our i nves t i ga t i on  shows that the order of decreasing ox id i z i ng  

strength i s  PCC - PzOCC > BPCC > NapDC >> TPCC. 

It i s  i n t e r e s t i n g  t o  note t ha t  PCC i s  a stronger ox id izer  than BPCC M i c h  i n  t u r n  i s  f a r  super ior  

t o  TPCC. It appears, i n  f ac t ,  t ha t  a l i m i t  i s  reached for TPCC i n  which the s t e r i c  requirements 

of the la rge t r i p y r i d i n e  l igand e f f e c t i v e l y  prevents electron t ransfer  and thus ox ida t i on  of t h e  

alcohol .  

A l l  o f  the  chromate complexes show some decrease i n  the  rate of ox idat ion  of the  alcohol  w i th  

time; f o r  NapDC t h i s  decrease i n  a c t i v i t y  i s  much more pronounced than fo r  the  chlorochromates 

PCC, PzOCC, and BPCC. This i s  t o  be expected i n  any heterogeneous react ion  as the  ac t ive  reac t i on  

Surface of the  s o l i d  reagent becomes increas ing ly  diminished w i t h  time, thus decreasing the 

react ion  ra te .  The 50% conversion times are intended t o  i l l u s t r a t e  a r e a l i s t i c  comparison o f  the  

ef fect iveness o f  the var ious ox id i z i ng  agents since i t  i s  l i k e l y  t h a t  a f a i r  number of ac t i ve  

surface s i t e s  remain a t  t h a t  point .  

Our studies have shown tha t  NapDC converts only 17% of i n i t i a l  menthol t o  menthone, and on ly  18% 

of cyclohexanol t o  cyclohexanone dur ing  the time i n  which 60% of i n i t i a l  benzyl a lcohol  i s  



converted t o  benzaldehyde. Furthermore, the  1' alcohol  heptanol i s  on ly  12% ox id ized dur ing  the 

time i n  which benzyl a lcohol  i s  53% converted t o  the aldehyde. The new dichromate complex, NapDC, 

therefore i s  a mi ld,  but  qu i t e  se lec t i ve  ox id i z i ng  agent f o r  the ox idat ion  of benzyl a lcohol  t o  

benzaldehyde. 

The recen t l y  reported 4-(dimethy1amino)pyridinium chlorochromate complex shows s i m i l a r  s e l e c t i v i t y  

towards benzy l ic  and a l l y l i c  alcohols, but  su f f e r s  t o  a l i m i t e d  degree from i t s  inherent ac id i c  

c h a ~ a c t e r . ~ ~  By analogy t o  the pyr id in ium dichromate complex,2d NapDC may be espec ia l l y  

useful f o r  ox id i z i ng  benzy l ic  alcohols which conta in  ac id  l a b i l e  subst i tuents.  Work i s  c u r r e n t l y  

i n  progress t o  determine i f  NapDC a lso  shows some s e l e c t i v i t y  towards a l l y l i c  alcohols, and t o  a 

wide range o f  benzy l ic  alcohols. 

PzOCC and NapDC f a i l e d  t o  ox id ize  the  aldehydes or ketones t o  acids, and also f a i l e d  t o  ox id i ze  

carbon-carbon double bonds. 

I n  addit ion, we have found tha t  pyrazine and chromium t r i o x i d e  i n  methylene ch lo r i de  form a 1:l 

complex, CbHyN2.Cr03. Pre l iminary  experiments w i t h  t h i s  complex show it t o  have some ox id i z i ng  

ac t i v i t y .  

EXPERIMENTAL 

Chemicals and Equipment - Chromiun t r i ox ide ,  purchased frm Baker Chemical Company, was d r i e d  

under vacuum ( - lo - '  t o r r )  a t  150'C for 4 h p r i o r  t o  i t s  use. 1,B-Naphthyridine was prepared by 

l i t e r a t u r e  r n t h o d ~ . ~  T r i p y r i d i n e  was obtained from the G. Freder ick Sn i th  Chemical Company and 

was used as received. Pyrazine-N-oxide was prepared by the  ox idat ion  o f  pyrazine. (A ld r i ch  

Chemical Company) w i t h  30X Hz02 i n  g l a c i a l  ace t i c  acid; the  crude product conta in ing acetate i o n  

was dissolved i n  NaOH so lu t i on  and c r y s t a l l i z e d  out o f  t h i s  solut ion;  mp 109-l l l 'C. Benzyl 

alcohol was obtained frm Eastman Organic Company, heptanol was obtained from Matheson Coleman and 

Be l l  and was d i s t i l l e d  p r i o r  t o  i t s  use; cyclohexanol and a c e t o n i t r i t e  (Chrmn AR) were obtained 

frcm Mal l inkrodt  Chemical Works; menthol was obtained frm the Blumauer-Frank Company and was 

found t o  be pure. 

I R  spectra were recorded on a Perkin Elmer 467 spectrophotometer. UVIVIS spectra were recorded i n  

ace ton i t r i l e  or water using a Cary 14 spectrophotometer. Product analysis and percent conversion 

were obtained v i a  the  use o f  a Varian 3700 Gas C a p i l l a r y  Chromatograph. The c a p i l l a r y  column used 

was a 30 meter SE-54 w i th  an O.D. of 0.8 m. A s p l i t  r a t i o  o f  90 t o  1 was needed f o r  a t y p i c a l  

sample i n j e c t i o n  of 0.6 u1. The column temperature was adjusted t o  g ive  the  best poss ib le  

separation w i t h i n  a 15 min run time. Me l t i ng  po in t s  (uncorrected) were obtained i n  sealed 

cap i l l a r y  tubes using a Mel-Temp apparatus. Elemental analyses were performed by  B e l l e r  

Mikroanalytisches Laboratorium, GLlttingen, West Germany. 
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Preparat ion o f  C4HsNz0HCrOsC1. A so lu t i on  conta in ing 499.7 mg (5.2 m o l )  C4H+N20 i n  2 ml 6N HC1 

(12 mnol) a t  room temperature was added dropwise w i t h  s t i r r i n g  t o  a s o l u t i o n  conta in ing 1,350 mg 

(13.5 mnol) Cr03 i n  2 ml 6N HC1 (12 m o l ) .  An orange so l id  was formed and co l l ec ted  on a s in tered 

glass funnel. The f i l t r a t e  was co l l ec ted  and cooled t o  -10'C r e s u l t i n g  i n  the  format ion of more 

orange so l id ;  the  s o l i d  formed was subsequently co l lec ted i n  the  same manner. The combined s o l i d  

was d r i ed  under vacuum (- lo- '  t o r r )  f o r  12-15 h. Yield,  851 mg (70%); mp 94'C. 

The ir spectrum has bands (cm-'): 3155 (m), 3080 (m, b), 3037 (m, sh), 1644 (m), 1563 (m), 1528 

(w), 1503 (mw), 1464 (vs), 1349 (s) ,  1268 (w), 1207 (mw), 1182 (ms), 1076 (w), 1065 (mw), 1020 

(mu), 939 (vs,b) 901 (s) ,  865 (m), 808 (s) ,  700 (mu), 658 (w), 544 (m), 521 (m), 491 (mw), 437 

(m). The u v l v i s  spectrum (CH3CN) shows peaks (nm) a t  454, 359, 282 and a broad set  o f  overlapping 

peaks centered a t  255. 

Anal. Calcd. f o r  C4H5N204CICr: C, 20.66; H, 2.15; N, 12.04; C1, 15.25; Cr, 22.36. Found: C, - 
20.70; H, 2.34; N, 12.08; C1, 15.46; Cr, 22.11. 

Preparat ion o f  [ C ~ ~ H ~ I N ~ H . H C I ] C ~ O ~ C ~ .  A so lu t i on  containing 489.8 mg (2.1 mnol) t r i p y r i d i n e  i n  

1 ml 6N HC1 (6 mnol) a t  room temperature was added dropwise t o  a so lu t i on  conta in ing 210 mg (2.1 

m o l )  Cr03 i n  1 ml 6N HCI (6  m o l )  over a 0.17 h per iod.  The r e s u l t i n g  orange s o l i d  was co l l ec ted  

on a s in tered glass funnel  by suc t ion  f i l t r a t i o n .  Rec rys ta l l i za t i on  from b o i l i n g  H20 y ie lded a 

b r i g h t  orange s o l i d .  The s o l i d  product was dr ied  under vacuum t o r r )  for  24 h. Yield, 

720 mg (85%); mp 167-169'C dec. 

The ir spectrum has bands (cm-'): 3096 (m), 3050 (w), 2740 (m, b), 1607 (s), 1587 (s ) ,  1523 

(s ) ,  1468 (mw), 1446 (m), 1408 (mw), 1363 (w), 1330 (vw), 1295 (ms, sh), 1288 (s) ,  1257 (mw), 1237 

(m), 1206 (vw), 1188 (w), 1170 (vw), 1154 (vw), 1090 (w), 1029 (w, b), 996 (mu), 940 (vs), 899 

(m), 794 (w), 777 (s) ,  643 (vw), 612 (vw), 518 (vw), 431 (mw), 399 (vw), 380 (vw). The u v l v i s  

spectrun (CH3CN) shows a d i s t i n c t  peak (nm) a t  455, overlapping peaks a t  281.2, 252.4, and 226.1. 

A m u l t i p l e t  peak i s  centered a t  357.6 and i s  overlapped by the very strong absorptions at 281.2 

and 252.4. 

Anal. Calcd. fo r  C15H13N303C12Cr: C, 44.35; H, 3.23; N, 10.34; C l ,  17.46; Cr, 12.80. Found: C, - 
44.93; H, 3.06; N, 10.08; C1, 17.08; Cr, 12.94. 

Preparat ion o f  (C8H6NZH)2Cr20p A So lu t ion  conta in ing 827 mg (0.827 mnol) C r O 3  i n  1 ml Hz0 was 

added dropwise t o  a r a p i d l y  s t i r r i n g  so lu t i on  a t  O'C containing 102.4 mg (0.787 m o l )  CaH6Nz i n  

1.5 ml H20. The formation of the orange s o l i d  was i n i t i a l l y  slow but increased very r a p i d l y  w i th  



time. After 2 h a t  O'C the so lu t i on  was f i l t e r e d .  The s o l i d  was then co l l ec ted  on a s i n te red  

glass funnel by suc t ion  f i l t r a t i o n ,  and was r e c r y s t a l l i z e d  tw ice  from H20. The r e s u l t i n g  c lean 

orange need le- l i ke  c r ys ta l s  were d r i ed  under vacuum t o r r )  f o r  5 h. Y ie ld :  111.6 mg 

(59%); mp 140-142 dec. . . 

The ir spectrum shows bands (cm"): 3100 (mw), 3064 (mw), 3055 (mw), 3020 (w,b), 1625 (ms), 

1600 (s), 1544 (ms), 1454 (mw), 1404 (m), 1373 (ms), 1350 (m), 1286 (w), 1270 (vw), 1257 (w), 1199 

(m), 1147 (m), 1129 (m), 1048 (w), 1032 (mw), 10W (w), 930 (vs, b), 902 (s, sh), 883 (s), 818 

(VS, b), 785 (5).  751 (vs), 603 (m), 533 (m), 477 (w), 466 (m), 387 (m), 370 (ms), 358 (ms). The 

uv l v i s  spectrum (H20) (nm) show a m u l t i p l e t  a t  382.4; and add i t iona l  peaks a t  307.9, 301.2, 

294.7, and 274.7. 

Anal. Calcd. f o r  C16Hl8,N4OXr2: C, 40.19; H, 2.93; N, 11.71; Cr, 21.75. Found: C, 40.74; H, 

2.82; N, 11.81; Cr ,  22.47. 

Preparation o f  CsHrN2.E3. 505.7 mg (5.06 mnol) Cr03 and 499.4 mg (6.24 mnol) C4H+Nz were 

placed i n  a s i ng le  neck 50 ml round bottom f l a s k  equipped w i th  a Tef lon  coated magnetic s t i r  bar. 

Dry M2C12 (20 ml) was vacuum d i s t i l l e d  i n t o  the f lask ,  and 1 atm Nz was placed i n  the  vessel. 

Upon removal from the vacuum l i ne ,  a dry ing tube f i l l e d  w i th  i nd i ca to r  D r i e r i t e  was f i t t e d  i n t o  

the 19/22 ground glass j o i n t .  The so lu t i on  was allowed t o  warm b r i e f l y  t o  room temperature before 

being placed i n  a O'C i c e  bath; the so lu t i on  was s t i r r e d  f o r  3.75 h a t  O'C dur ing hhich t h e ~ y e l l o w  

canplex formed. Af ter  remaining a t  -78'C overnight, the s o l u t i o n  was r a p i d l y  f i l t e r e d  on a 

sintered glass funnel and d r i ed  under vacuum t o r r ) ,  r e s u l t i n g  i n  a b r i g h t  ye l low l i g h t  

sensi t ive so l id .  Yield:  502.7 mg (55%); mp > 350'C. 

The ir spectrum shows bands (cm-I): 3095 (m), 3042 (m), 1422 (s), 1403 (m), 1372 (w), 1172 (s) ,  

1114 (ms), 1062 (m), 1011 (w), 928 (vs),  902 (s), 825 (ms), 767 (m), 500 (mw), 312 (s) ,  302 (s) ,  

280 (ms). The u v t v i s  spectrum shows peaks (nm) a t  382.4, 267.6, 261.8, and 255.4. 

Anal. Calcd. fo r  CsHsNz03Cr: C, 26.68; H, 2.24; N, 15.56; Cr, 28.87. Found: C, 24.11; H. 2.14; - 
N, 14.46; Cr, 30.24. 

Oxidation Reactions Employing PzOCC, TPCC, NapDC, PCC, and BPCC. I n  a t y p i c a l  react ion,  1.5 ml o f  

CHzC12 was added t o  50 mg of the  chromium complex ( a l l  complexes were inso lub le  i n  CH2C12). To 

th i s  mix ture  an amount of a lcohol  was added (w i t h  s t i r r i n g )  such tha t  the molar r a t i o  of the, 

chromium complex t o  alcohol  was always 4:1, except f o r  NapDC w i th  heptanol and methanol (5 : l ) ;  the 

s tar t ing  t ime for  the react ion  coincided w i th  the add i t i on  o f  the  alcohol .  I d e n t i f i c a t i o n  of 

organic products was accomplished by comparison of sample re ten t i on  t imes t o  exper imental ly 

measured re ten t i on  times o f  known standards. 



TABLE I 

PZOCC 
X Hour 

REACTANT Conv Time -- 
TPCC NapOC 

X Hour % Hour 
Conv Time -- Conv Time 

0.0 22.5 38.2 22 

PCC 
X Hour 

Conv Time -- 
97.8 0.65 

(0.06) 

97 (0.33 
(0.23) 

90 0.23 
(0.1) 

100 (0.17 
(0.09) 

A l l  chromate complexes l i s t e d  f a i l e d  t o  ox id ize  cyclohexene. 

BPCC 
% Hour 

Conv Time -- 
66.6 0.63 

(0.3) 

66.9 0.66 
(0.3) 

93.7 2.66 
(0.54) 

73.3 0.53 
(0.21) 

Numbers i n  parentheses r e f e r  t o  the  t ime elapsed t o  accomplish 50% conversion; these t imes were 

estimated fran graphs o f  X conversion vs t ime for each alcohol. NapDC w i th  heptanol and cyc lo-  

hexanol f a i l e d  t o  achieve 50% conversion. The C,H,N,.Cr03 complex r e a d i l y  oxidizes benzyl 

alcohol t o  benzaldehyde. 93% conversion (0.65 h). 
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