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Abstract -- The new m i l d  o x i d i z i n g  agents, 1,8-naphthyridinium chlorochro- 

mate (NapCC) and pyrazinium chlorochromate (PzCC) have been prepared and 

character ized. A study o f  the ox ida t i ve  behavior o f  NapCC and PzCC r e l a t i v e  

t o  pyr id in ium chlorochromate (PCC) w i t h  primary and secondary alcohols i s  

reported. 

There are c u r r e n t l y  a l a rge  number of o x i d i z i n g  agents ava i lab le  f o r  the  conversion o f  a lcohols 

t o  carbonyl compounds. A major i n t e r e s t  i n  t h i s  area has i nvo l ved  the prepara t ion  and use o f  

o x i d i z i n g  agents which func t i on  as m i l d  oxidants and a f f o rd  easy separat ion o f  the unreacted and 

reacted o x i d i z i n g  agent from the desired products. The dipyridine-chromium(V1) oxide complex1 

and the py r i d i n i um chlorochromate complex (PCC)? have been s tud ied  ex tens i ve l y  f o r  such purposes. 

More recen t l y  the  2,2-bipyr id in ium chlorochromate complex has been u t i l i z e d  as a convenient o x i -  

d i z i ng  agent.3 

We wish t o  repo r t  two new chlorochromate complexes, 1,8-naphthyridinium chlorochromate 

(CsH6N2HCr03C1) Q) and pyrazinium chlorochromate (CrHrN2HCrOsC1) ($). These m i l d  ox id i z i ng  

agents are e a s i l y  prepared and r e a d i l y  separable from the des i red organic products and are 

m i l de r  oxidants than PCC. 

The naphthyr id in ium chlorochromate (NapCC) (4) and pyrazinium chlorochromate (PzCC) ($ complexes 

are formed as s o l i d  c r y s t a l l i n e  p r e c i p i t a t e s  upon add i t ion  o f  an aqueous s o l u t i o n  o f  CrO,, con- 

t a i n i n g  a t  l e a s t  a molar equ iva lent  of HC1, t o  an aqueous s o l u t i o n  a t  0•‹C conta in ing one molar 

equ iva lent  of HCl and 1,8-naphthyridine Q) o r  pyrazine ($). respect ive ly .  



Both of these new s o l i d  products (M) are stable,  non-hygroscopic, and have she l f  l i v e s  o f  a t  

l e a s t  three months when s tored i n  the  dark. 

NapCC and PzCC are i nso lub le  i n  CHzC12, CClr, and (CHsCH2)20. NapCC i s  so lub le  i n  pyr id ine ,  

(CHa)2S0, CH3CN, and H20 and whi le  PzCC i s  so lub le  i n  H20 and CHdN, i t  r e a d i l y  exchanges w i t h  

pyr id ine  forming the corresponding py r i d i n i um chlorochromate and f ree  pyrazine. 

The i n f ra red  absorpt ion frequencies f o r  the  chlorochromate group a t  937, 898 and 419 cm-I i n  

naphthyr id in ium chlorochromate and a t  938, 901 and 423 cm-l i n  pyrazinium chlorochromate are 

a t t r i b u t a b l e  t o  v asym (Cr-O), v sym (Cr-01, and v (Cr-Cl) ,  respect ive ly .  These assignments are 

i n  accord w i t h  those found f o r  KCr0,Cl. 4 

Further v e r i f i c a t i o n  f o r  the  presence o f  the CrOaC1- group i n  these compounds i s  shown by t h e i r  

c h a r a c t e r i s t i c  u v l v i s  spectrum. We have found f o r  both  new compounds a weak band a t  about 450 nm: 

strong bands which extend beyond 300 nm and an i n te rven ing  band w i t h  a p a r t i a l l y  resolved v ibra-  

t i o n a l  spectrum. These r e s u l t s  are i n  c lose agreement f o r  o the r  systems conta in ing the ch loro-  

chromate group.5 For example, s a l t s  conta in ing the CICrOa- group t y p i c a l l y  d i sp lay  three d i s -  

t i n c t  bands i n  t h e i r  v i s i b l e  and n e a r - u l t r a v i o l e t  spectra - there  i s  a weak band a t  about 450 nm 

and the edge of a very strong, broad band which extends beyond 300 nm; the i n te rven ing  band 

(oxygen t o  chromium charge t r a n s f e r )  e x h i b i t s  a p a r t i a l l y  resolved v i b r a t i o n a l  progression due 

t o  e x c i t a t i o n  of a symnetric s t re t ch ing  mode i n  the Cr03 group. Also,  i t  has been found t h a t  

the  Cr0,Cl- group shows a t o t a l  l ack  o f  spect ra l  dependence on the ~ a t i o n . ~  

The i n f r a r e d  and u v l v i s  spectra f o r  both chlorochromate complexes show the presence o f  the 

ClCtQ3- anion. The corresponding cat ions  would be C 8 ~ 6 ~ 2 ~ +  and C~H*N,H+, respect ive ly .  The 

uv spectrum, below 300 nm, of C,H,N, and HC1 i n  CHICN i s  s i m i l a r  t o  t h a t  found fo r  C,H,N,HCrO,Cl 

i n  CHJN and s t rong l y  supports the  presence of the  C,H,N>H+ ca t ion .  The uv spectrum, below 

330 nm, f o r  CbH%N2HCr03Cl i n  CHsCN i s  e s s e n t i a l l y  t h a t  found f o r  pyrazine i n  CHLN and i s  

a t t r i b u t a b l e  t o  the  weakly basic nature o f  pyrazine, (pKa 0.65). 

A study o f  the ox ida t i ve  behavior o f  NapCC and PzCC r e l a t i v e  t o  pyr id in ium chlorochromate (PCC) 

w i t h  pr imary and secondary alcohols was undertaken. The resu l t s ,  which are presented i n  Table I, 

show tha t  PzCC i s  a much m i l de r  ox idant  than PCC and t h a t  NapCC i s  m i l d e r  than PzCC. Treatment 

o f  primary o r  secondary alcohols w i t h  e i t h e r  NapCC o r  PzCC i n  CH2Cl2 y i e l d s  the  corresponding 

aldehyde o r  ketone, respect ive ly .  No evidence was found f o r  the  f u r t h e r  ox ida t i on  of an 

aldehyde t o  the corresponding ca rboxy l i c  acid.  
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TABLE 1 

OXIDATION REACTIONS OF SOME SELECTED ALCOHOLS 

REACTANT PRODUCT - PrCC PCC 

% h r  % h r  % h r  

conv time conv time -- conv time 

* NapCC f a i l e d  t o  ox id i ze  cyclohexene and a l l y l  benzene. 

a Numbers i n  parentheses re fe r  t o  t ime elapsed t o  accomplish 50% 
conversion. 

EXPERIMENTAL 

Chemicals and Equipment -- Chromium t r i o x i d e  purchased from Baker Chemical Company was d r i e d  

under vacuum (-10-"orr) a t  150•‹C fo r  4 h p r i o r  t o  i t s  use. Pyrazine and a l l y l  a lcohol  were 

obtained from A l d r i c h  Chemical Company. 1.8-Naphthyridine was prepared by l i t e r a t u r e  ~ t h o d s . ~  

Benzyl a lcohol  was obtained from Eastman Organic Chemicals; I -propanol ,  cyclohexanol, and 

a c e t o n i t r i l e  (ChrondR) were obtained from Ma l l i nk rod t  Chemical Works. Menthol was obta ined from 

the Blumauer-Frank Drug Company and was found t o  be pure. 

I n f ra red  spectra were recorded on a Perkin Elmer 467 spectrometer. UVfVis spectra were re- 

corded i n  a c e t o n i t r i l e  using a Carey - Model 14 spectrometer. Product ana lys is  and percent con- 

version were obta ined v ia  use of a Varian 3700 Gas Capi l la ry  Chromatograph. The c a p i l l a r y  



column used was a 30 meter SE-54 w i t h  an O.D. o f  0.8 nm. A s p l i t  r a t i o  of 90 t o  1 was needed 

fo r  a t y p i c a l  sample i n j e c t i o n  o f  0.6 u l .  Column temperature was adjusted t o  g ive  bes t  pos- 

s i b l e  separat ion w i t h i n  a 15 min run t ime. Me l t i ng  po in t s  were obtained i n  sealed c a p i l l a r y  

tubes us ing a Mel-Temp apparatus. Elemental analyses were performed by B e l l e r  Mikroana- 

ly t isches Laboratorium, Gottingen, West Germany. 

Preparation o f  C.H6N,HCr03C1 -- A s o l u t i o n  conta in ing 170.2 mg (1.70 mnol) Cr03 and 0.35 ml 

6 M HCl (2.1 mnol) i n  2 ml H20 a t  room temperature, was added dropwise t o  a 0•‹C s o l u t i o n  con- 

t a i n i ng  209.1 mg (1.60 mmol) of CsH6N2 and 0.17 ml 12 M HCl (2.04 mmol) i n  1 ml H,O. Formation 

o f  an orange ma te r i a l  was i m e d i a t e ,  and an add i t i ona l  1-2 ml HiO was added dur ing  the f i r s t  

10 min of r eac t i on  t ime. The s o l u t i o n  was then cooled t o  0•‹C fo r  1 h, f i l t e r e d  onto a s i n te red  

glass funnel. and the co l l ec ted  s o l i d  was tw ice  r e c r y s t a l i z e d  from a minimum amount o f  a c i d i -  

f i e d  H20. The r e s u l t i n g  f i n e  needle-shaped c r y s t a l s  were d r i e d  f o r  48 h under vacuum 

( - lo - '  t o r r ) .  Y ie ld ,  0.3535 g (67.3%); mp 137-139•‹C. 

The i n f ra red  spectrum has bands (cm-') : 3070(w), 3033(w), 1652(mu), 1609(s), 1478(m),  

1412(mw), 1376(m), 1282(mw), 1209(mw), 1140(m), 1059(w), 942(vs),  899(s), 838(s), 784(s), 

626(m), 533(w), 464(w), 422(m). The u v l v i s  spectrum (CHnCN) showed peaks a t  455 nrn(w,b), 

m u l t i p l e t  w i t h  band center  a t  365 nm(m), 308 nrn(s), 301 nm(s). 

U. Calcd. f o r  CsH,N,O,ClCr: C,  36.M;H, 2.65; N, 10.51; C1, 13.30; C r ,  19.50. Found: 

C, 36.08;H, 2.71; N, 10.46; C l ,  13.25, Cr, 19.48. 

Preparation of CrH+N2HCrOaCl -- A s o l u t i o n  conta in ing 230.7 mg (2.31 mnol) Cr03 and 0.2 ml 

12 M HC1 (2.4 mnol) i n  2 ml H,O a t  room temperature was added dropwise w i t h  s t i r r i n g  t o  a 

so lu t ion  conta in ing 179.4 mg (2.24 m o l )  C,H,N, and 0.19 rnl 12 M HC1 (2.28 mmol) i n  4 ml H20. 

An orange ma te r i a l  formed imnediately upon contac t  of the two so lu t ions .  A f t e r  a d d i t i o n  of 

h a l f  of t h e  CrOa so lu t i on ,  the 0•‹C s o l u t i o n  was s t i r r e d  fo r  5 min and the remaining C r O s  

so lu t ion  was added. The s o l u t i o n  was then s t i r r e d  f o r  0.33 h a t  0•‹C. The separated s o l i d  was 

co l lec ted on a s i n te red  glass funnel and the ma te r i a l  was rec rys ta l i zed  tw i ce  fmm a minimum 

amount o f  a c i d i f i e d  H,O. The r e s u l t i n g  br ight-orange c r y s t a l s  were d r i ed  under vacuum 

(- lo- '  t o r r )  a t  room temperature f o r  24 h. Y ie ld ,  0.2938 g (61%); mp 148-150•‹C. 

The i n f r a r e d  spectrum has bands (cm"): 3120(w), 3082(mu), 3054(m), 2960(w), 2700(w,b), 

2080(w), 1618(m), 1501(m), 1376(m), 1316(w), 1164(s), 1116(w), 1054(w), 1023(m), 938(vs),  

9Ol(s) ,  782(s), 772(s), 613(s), 423(s). The u v l v i s  spectrum showed peaks a t  454 nm(m,b), 

mu l t i p l e t  w i t h  band center a t  364 nmh) ,  312 nm(m,b), 267 nm(s), 261 nm(s), 255nm(s),248 nm(s,sh) 

Anal. Calcd. f o r  C,H,N,O,CICr: C, 22.19; H, 2.33; N, 12.94; C1, 16.37; Cr, 24.01. Found: - 
C, 22.32; H, 2.34; N, 13.00; C l ,  16.27; Cr, 24.05. 
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Oxidat ion Reactions Employing CaH6N2HCtQ&l and CIHIN,HC~Q&I -- I n  a t y p i c a l  r eac t i on  

us ing 1 mnol o f  the  alcohol  and 4 mmol of the chlorochmmate complex i n  5  ml CH,C12, the 

organic product was obtained by washing the f i n a l  react ion mix ture  w i t h  four 5  ml (193 m o l )  

volumes o f  d i e t h y l  e ther ;  t h e  decanted l i q u i d  f rac t ions  were f i l t e r e d ,  y i e l d i n g  a  pa le  

ye l l ow  so lu t i on .  The ye l l ow  s o l u t i o n  was ex t rac ted  twice w i t h  5  ml (556 m o l )  volumes o f  

water t o  remove the so lub le  chromium species. F ina l l y ,  the des i red carbonyl compound was 

obta ined by vacuum d i s t i l l a t i o n .  I d e n t i f i c a t i o n  O f  a l l  products was achieved by gas chroma- 

tography. 
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