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2-Ckiloromethyl-5-hydroxy-4-pyrone (3), mp 165-166 "C (lit.30 
mp 166-167 "C). 
2-Hydroxymethyl-5-methoxy-4-pyrone ( 5 ) ,  mp 119-120 "C 

(lit.31 mp 119-121 "C). 
2-Acetoxymethyl-5-abetoxy-4-pyrone (6) .  This material was 

prepared by acetylation of kojic acid, mp 100-102 "C (lit.32 mp 102 
"C). 
Comenic Acid (7). Thisxompound was prepared by catalytic ox- 

idation of kojic acid, m 220 "C dec (lit.33 mp not specified). 
Hydroxymaltol(2-~ydroxymethyl-3-hydroxy-4-pyrone) (S), 

mp 149-151 "C (lit.34 mp 152-153 "C). 
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Reactions of Nitrogen Compounds with 
Ruthenium Tetroxide. 2. Oxidation of 

Tertiary Amines as a Convenient 
Alternative to von Braun Degradation' 
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In the course of our previous work on the determination 
of the absolute configuration of cyclic amines, we correlated 
(R)-(-)-3-methylpiperidine ( lb ,  n = 2 )  with (R)-(-)-2- 
methylglutaric acid (8b, n = 2 )  via (R)-(+)-1,5-dibromo-Z- 
methylpentane (7b, n = 21, obtained from the benzoyl de- 
rivative (2b, n = 2) by the von Braun reaction.2 This scheme 
could not be used with (S)-(+)-3-phenylpiperidine (la, n = 
2) and (S)-(+)-3-phenylpyrrolidine (la, n = l), the estab- 
lishment of whose absolute configuration required much more 
laborious  method^.^,^ 

von Braun's degradation fails with 3-arylamines (la) be- 
cause of drastic reaction conditions, low yields, and high 
boiling point of dibromo compound (7d). A possible alterna- 
tive way to the von Braun reaction could be the direct oxida- 
tion of cyclic amines with ruthenium tetroxide. Among ni- 
trogen compounds, it has been recently shown that  amide^^.^ 
are oxidized by this reagent, but the few data reported in the 
literature indicate that only mixtures of intractable products 
are obtained when amines, without any acyl protection, are 
reacted with ruthenium tetroxide.5,7 

In previous work in this field, we observed that ruthenium 
tetroxide has a low reactivity with the benzyl carbon attached 
to the nitrogen both in benzyllactamss and in N-acylamides 
having a phenyl group on the tertiary carbon adjacent to the 
nitrogen.6 On the basis of this, we used ruthenium tetroxide 
to oxidize the N-benzyl derivatives of piperidines (3a-d, n = 
2 )  and of pyrrolidines (3a,d, n = 1). This gave the corre- 
sponding imides (6), which were identified by their analytical 
and spectral characteristics, hydrolysis to the dicarboxylic 
acids (8), and by comparison with reference compounds pre- 
pared from the monoamides (9). 

A very high optical yield was obtained in the oxidation of 
optically active amines. Hydrolysis of the imide R-(+)-6b (n 
= 2), obtained from R-(-)-3b, gave optically pure (R) - ( - ) -  
2-methylglutaric acid.2 Analogously, the amines S-(-)-3d (n 
= 1 , 2 )  gave the corresponding imides, which showed an op- 
tical rotation with the same sign as, but of a higher absolute 

R, 
X = Y = H ,  R, = C,H,CH, 

1, R, = H 
2, R ,  C,H,CO 
3, R ,  = C,H,CH, 

4, X = 0; Y = CH, 
5, Y = 0; X = CH, 
6 ,  X = Y = 0 

7, Z = W = CH,Br 
8, Z = W = COOH 
9, Z = COOH; W = 

a, R = H; b, R = CH,; c, R = C,H,; d ,  R = C,H, ( n  = 1, 2)  

CONHCH,C,H, 
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value than, that of the imides obtained by  acidic cyclization 
of monobenzylamides (9d) obtained by the action of benzyl- 
amine on phenylglutaric and phenylsuccinic acid anhydrides 
belonging t o  the S series. 

T h e  oxidation was carried out  at room temperature in a 
mixture of carbon tetrachloride and water containing an ex- 
cess of sodium metaperiodate and a catalytic amount of ru- 
thenium dioxide hydrate. After vigorous stirring for about 20 
h, the N-benzylimides (6) were isolated i n  yields of around 
50%. When the  reaction t ime or the amount  of sodium meta- 
periodate was ]*educed, the intermediate lactams (4 and 5) 
could be isolated from t h e  reaction mixture. 

T h e  unsubstiituted amines (3a) and the amines containing 
an alkyl group (3b,c) are oxidized much faster than the phe- 
nyl-substituted ones (3d). In fact, the reaction mixture of the 
latter contained monooxidized products even after a reaction 
for 80 h in  the presence of an excess of sodium metaperiodate, 
these products being easily separated from the N-benzyli- 
mides by chromatography on a silica column. 

These results$ show that N-benzylpiperidines and pyrroli- 
dines having a substi tuent in t h e  3 position are oxidized by  
ruthenium tetroxide under very mild conditions, which per- 
mits their absolute configuration to be correlated with that 
of substituted glutaric and succinic acids. This  reaction con- 
firms the absolute configurations assigned before in a different 
manner2-4 and therefore represents a convenient alternative 
t o  von Braun degradation of cyclic amines. 

Experimental Section 
Microanalyses were carried out by Dr. De Leonardis R., Istituto di 

Chimica Farmaceutica, Bari, with a Hewlett-Packard Model 185 C, 
H, N analyzer. The melting points, determined with a Buchi-Tottoli 
capillary melting ]point apparatus, are uncorrected. Optical rotations 
were determined on a Roussel-Jouan electronic micropolarimeter. 
Infrared, IH NMIR, and mass spectra were determined with a Per- 
kin-Elmer Model 257, a Varian HA-100, and a Perkin-Elmer Model 
270 spectrometers, respectively. NMR chemical shifts are expressed 
in 6 with Me4Si as internal standard. 
(R,S)-N-Benzyl-3-ethylpiperidine (3c, n = 2). 3-Ethylpiperi- 

dines (obtained from catalytic reductionlo of the corresponding 
pyridine) was refluxed with equimolecular amounts of benzyl chloride 
and triethylamine. Compound 3c (n  = 2) was obtained, bp 89 "C (0.8 
mm), hydrochlorilde mp 146 "C (EtOH). 

Anal. Calcd for C14H21N"Cl: C, 70.12; H, 9.25; N, 5.84. Found: C, 
70.36; H, 9.17; N, 5.67. 
(S)-(-)-N-Bemzyl-3-phenylpiperidine (3d, n = 2). (S)-(+)- 

3-Phenylpiperidine (optical purity 97%),3 treated as described above, 
gave the benzyl derivative: mp 53 "C (EtOH-H20); [a]D -41" 
(MeOH); NMR (CDC13) 6 1.1-3.0 (9 H, m, alicyclic H), 3.49 (2 H, s, 
benzylic CH2), 7.0-7.4 (10 H, m, aromatic H); mass spectrum mle 251 
(M+). 

Anal. Calcd for CleH21N: C, 86.01; H, 8.42; N, 5.57. Found C, 85.84; 
H, 8.61; N, 5.52. 
N-Benzylpiperidine-2,6-dione (sa, n = 2). N-Benzylpiperidine 

(3a, n = 2,1.90 g)ll in C c 4  (70 ml) was added with stirring to a solu- 
tion of sodium metaperiodate (8.50 g) in water (100 ml) in the presence 
of ruthenium dioxide hydrate (0.10 g). After 24 ha t  room tempxature, 
the aqueous layer was extracted several times with CCL and the 
combined organic phases, after the elimination of Ru04 with 2-pro- 
panol and filtration, were worked up in the usual way to give N-ben- 
zylpiperidine-2,6-dione (0.92 g, 41%), which was distilled under re- 
duced pressure: ir (neat) 1725,1675 cm-l; NMR (Cc4) 6 1.6-1.9 (2 
H, m, 4-H), 2.44 (4 H, t, J = 6 Hz, 3,5-H), 4.74 (2 H, s, benzylic CH2), 
7.02-7.27 (5 H, m, aromatic H). 

Anal. Calcd for C12H13N02: C, 70.91; H, 6.45; N, 6.89. Found: C, 
71.23; H, 6.73; N, 6.71. 
(R)-(+)-N-Benzyl-3-methylpiperidine-2,6-dione (6b, n = 2). 

Optically pure (R)-(-)-N-benzyl-3-methylpiperidine (3b, n = 2)10 
was oxidized as described above. The crude reaction mixture was 
purified by distillation under reduced pressure to give 6b (n = 2) 
(7@%), [a]D +34.9" (CC4), which was shown to be identical with a sure 
sample obtaiwqfrom 2-methylglutaric acid: ir (neat) 1725,1675 cm-l; 
NMR (cc14) 6 1.19 (3 H, d, J = 7 Hz, methyl H), 1.28-1.96 (2 H, m, 
4-H), 2.18-2.72 (3 H, m, 3,5-H), 4.74 (2 H, s, benzylic CHg), 7.0-7.3 
(5 H, m, aromatic H). 

Anal. Calcd for C13H15N02: C, 71.86; H, 6.96; N, 6.45. Found: C, 
71.91; H, 7.20; N, 6.33. 

The hydrolysis of the imide 6b (n = 2) with concentrated HCl under 
reflux (5 h) gave optically pure (R)-(-)-2-methylglutaric acid 
(100%).2 
(R,S)-N-Benzyl-3-ethylpiperidine-2,6-dione (6c, n = 2). 

(R,S)-N-Benzyl-3-ethylpiperidine (3c, n = 2) was oxidized as de- 
scribed above. The crude reaction mixture (90%) was purified by 
distillation and compound 6c (n  = 2) was obtained (58%): bp 140-148 
"C (1.2 mm); ir (neat) 1730,1680 cm-l; NMR (cc14) 6 0.91 (3 H, t , J  
= 8 Hz, methyl H), 1.05-2.0 (4 H, m, 4 and CH2CH3 H), 2.05-2.8 (3 
H, m, 3,5-H), 4.78 (2 H, s, benzylic CHz), 7.0,7.4 (5 H, m, aromatic 
HI. 

The hydrolysis of the imide, performed as described above, gave 
2-ethylglutaric acid (92%).12 
(S)-(-)-N-Benzyl-3-phenylpiperidine-2,6-dione (6d, n = 2). 

(S)-(+)-2-Phenylglutaric acid13 (ad, n = 2) (optical purity 96%) was 
converted into the anhydride14 which showed [a]D +40.5" (absolute 
EtOH). By treatment of the anhydride with benzylamine in dry 
ether,15 the benzylammonium salt of the acid (Sa, n = 2) was obtained: 
mp 131 "C (EtOH-EtzO); [a]D f14.6" (absolute EtOH). 

Anal. Calcd for C25H2sNz03: C, 74.23; H, 6.98; N, 6.93. Found: C, 
74.25; H, 6.94; N, 6.64. 

By treatment with 6 N HCl, the benzylammonium salt gave 2- 
phenyl-5-benzylamidoglutaric acid (Sd, n = 2): mp 145-147 "C 
(EtOH-Et2O); [a]D +62" (absolute EtOH); ir (KBr) 3340,1725 crn-l; 
NMR (CD30D) 6 1.9-2.3 (4 H, m, 3,4-H), 3.50 (1 H, t, J = 7 Hz, 2-H), 
4.24 (2 H, s, benzylic CHz), 4.96 (exchangeable H), 7.08-7.34 (10 H, 
m, aromatic H). 

The amide was dehydratedl6 by refluxing (30 min) with glacial 
acetic acid-concentrated sulfuric acid (9:l) to give the imide 6d (n = 
2): mp 69-70 "c (C6H,j-n-C6H14): [a]D -1.7' (absolute EtOH, c 7%; 
ir (KBr) 1720,1670cm-l; NMR (CC14) 6 1.8-2.1 (2 H, m, 4-H), 2.3-2.5 
(2 H, m, 5-H), 3.55 (1 H, t, J = 6 Hz, 3-H), 4.82 (2 H, s, benzylic CH2), 
6.8-7.4 (10 H, m, aromatic H). 

In the same way from (R,S)-2-phenylglutaric acid, the racemic 
imide (6d, n = 2) having ir and NMR spectra identical with those of 
the optical isomer was obtained. 

Anal. Calcd for C18H17N02: C, 77.40; H, 6.13; N, 5.01. Found: C, 
77.61; H, 6.15; N, 4.93. 

Compound 6d (n = 2) was also obtained (25%) by oxidation (80 h) 
with ruthenium tetroxide of (S)-(-)-N-benzyl-3-phenylpiperidine 
(3d, n = 2), after chromatographic purification of the crude reaction 
mixture (67%) as described above: mp 59 "C ( C ~ H ~ - ~ - C ~ H I &  [a]D 
-9.8" (absolute EtOH); ir and NMR spectra were identical with those 
shown by the same prodact obtained from 8d (n  = 2). 
N-Benzylpyrrolidine-2,5-dione (6a, n = 1). N-Benzylpyrrolidine 

(3a, n = 1)17 was oxidized as described above. The crude reaction 
mixture (62%) was purified by chromatography on silica to give 
compound 6a (n  = 1) (32%): mp 98-99 "C (EtOH); ir (CH3CN) 1775, 
1705 cm-l;18 NMR (CDC13) 6 2.6 (4 H, s, alicyclic H), 4.56 (2 H, s, 
benzylic CHp), 7.16-7.34 (5 H, m, aromatic H). 

(S)-( +)-N-Benzyl-3-phenylpyrrolidine-2,5-dione (6d, n = 1). 
(S)-(+)-2-Phenylsuccinic acidlS (Sa, n = 1) (optical purity 94%) was 
converted into the anhydride,'5mp 81-82 "C, [a]D +97.5" (MeZCO), 
and then in the corresponding 2-phenyl-4-benzylamidosuccinic acid 
benzylammonium salt as described above: mp 155 "C (EtOH-EbO); 
[CI~D +62O (Me2CO). _ .  

Anal. Calcd for C24H26N203: C, 73.82; H, 6.71; N, 7.18. Found: C, 
73.53; H, 6.86; N, 6.80. 

By treatment with 6 N HC1 the salt gave the corresponding 
monobenzylamide (Sa, n = 1): mp 135 "C (EtOH-EhO); [a]D +8$.6" 
(Me2CO); ir (KBr) 1710,1610 cm-1. 

Anal. Calcd for C17H17N03: C, 72.07; H, 6.05; N, 4.94. Found: C, 
71.71; H, 6.02; N, 4.63. 

The amide was dehydrated as described above to give the imide (6d, 
n = 1): mp 60 "C (EtOH); [a]D +38" (CHC13);20 ir (KBr) 1775,1700 
cm-l; NMR (CDCls) 6 2.72 and 3.10 (2 H, AB part of ABX system, 
JAB = 18 Hz, 4-H), 3.87 (1 H, q, X part, 3-H), 4.66 (2 H, s, benzylic 
CHz), 7.0-7.5 (10 H, m, aromatic H). 

Anal. Calcd for C17H15N02: C, 76.96; H, 5.70; N, 5.28. Found: C, 
76.91; H, 5.71; N, 5.17. 

Compound 6d (n  = 1) was also obtained from (8)-(-)-&'-benzyl- 
3-phenylpyrrolidine (3d, n = 1)4 having [a]D -29" (MeOH, optical 
purity 74%) by oxidation (80 h) with ruthenium tetroxide as described 
above. The crude reaction mixture (70%), chromatographed on silica, 
gave the imide (26%): mp 65-67 "C (EtOH); [a]D +34.5 "C (CHC13);20 
ir and NMR spectra identical with those shown by the same product 
obtained from 8d (n  = 1 ) .  



2782 J.  Org. Chem., Vol. 41, No. 16, 1976 Notes 

R e g i s t r y  No.-lc ( n  = 2), 59433-08-8; Id ( n  = 2), 59349-71-7; 3a 
(n  = 11,29897-82-3; 3a (n  = 2), 2905-56-8; 3b (n  = 2), 37675-26-6; 3c 

74-5; 3d ( n  = 21, 59349-75-5; 6a ( n  = l), 2142-06-5; 6a (n = 2), 
(n  2), 59349-72-3; 3~ (n  = 2) HCl, 59349-73-4; 3d (n  = l), 59349- 

42856-43-9; 6b (n = 2), 59349-76-7; 6~ (n  = 2), 59349-77-8; 6d (n  = 
l) ,  59349-78-9; 6d (n  = 2), 59349-79-0; (f)-6d (n  = 2), 59433-09-9; 8d, 
(n  = l), 4036-30-0; 8d (n  = 2), 59349-80-3; 9d (n  = l), 59349-81-4; 9d 
(n  = 1) PhCHzNHz, 59349-82-5; 9d ( n  = 2), 59349-83-6; 9d (n  = 2) 
PhCHZNHz, 59349-84-7. 

References and Notes 
(1) For the previous article in this series, see ref 6. 
(2) G. Bettoni, R. Perrone, and V. Tortorella, Gazz. Chlm. /tal., 102, 196 

(3) F. Morlacchi, M. D'Ambruoso, and V. Tortorella, Chlm. lnd. (Milan), 56, 

(4) G. Bettoni, C. Cellucci, and V. Tortorella, Chlm. lnd. (Milan), 56, 465 

(5) J. C. Sheehan and R. W. Tulis, J. Org. Chem., 39, 2264 (1974). 
(6) N. Tangari and V. Tortorella, J. Chem. SOC., Chem. Commun., 71 

(7) L. M. Berkowitz and P. N. Rylander, J. Am. Chem. Soc., 80, 6662 

(8) Unpublished results obtained in our laboratory. 
(9) H. Cottin, Boll. SOC. Chim. Fr., 2729 (1966). 

(1972). 

465 (1974). 

(1974). 

(1975). 

. (1958). 

(10) G. Bettoni, E. Duranti, and V. Tortorella, Gazz. Chlm. /tal., 102, 189 

(11) C. Schotten, Ber., 15, 421 (1882). 
(12) M. F. Ansell and D. H. Hey, J. Chem. SOC., 1683 (1950). 
(13) L. Westman, Ark. Kemi, 11, 431 (1957). 
(14) K. Kawazu, T. Fujita, and T. Mitsul, J. Am. Chem. Soc., 81, 932 (1959). 
(15) M. Naps and I. E. Johns, J. Am. Chem. SOC., 62,2450 (1940). 
(16) G. Casini, M. Ferappi, D. Mlsiti, and A. Schimberni, Ann. Chlm. (Rome), 

(17) J. Schlinck, Ber., 32, 947 (1899). 
(18) T. Matsuo, Bull. Chem. SOC. Jpn., 37, 1844 (1964). 
(19) A. Fredga, J. P. Jennings, W. Klyne, P. M. Scopes, E. Sjoberg, and S. 

Sjoberg, J. Chem. SOC., 3928 (1965). 
(20) A less soluble racemate separates during crystallization: however, it is 

clear that a more extensive racemization occurs in the cyclization reac- 
tion. 

(1972). 

49, 1791 (1959). 

Formation of Nitrate Esters by the Oxidation 
of Alkenes and Cyclopropanes with 
T*&P2>d(!-;-!-)- M&m* Ilr- P&& 

Robert J. Ouellette* and Robert J. Bertsch 
Department of Chemistry, The  Ohio State University, Columbus, 

Ohio 43210 

Received February 17,1976 

Nitrate esters are potentially useful synthetic intermediates 
for which few general methods of preparation are known. The 
corresponding alcohol may be esterified using nitric acid2 
alone or in a variety of c~solvents.~-Q The corresponding halide 
can be metathetically converted to a nitrate ester using silver 
nitrate under heterogeneous10-l2 or homogeneous condi- 
tions.13J4 More recently nitrates have been formed by mercury 
assisted solvolysis of alkyl halides.15 

In our studies of the oxythallation and solvolytic dethalla- 
tion of olefins by thallium(II1) nitrate in methanol, we noted 
that nitrate esters are formed16 in addition to the expected 
methyl ethers and carbonyl products.17Js As a result reaction 
conditions were sought under which the major product would 
be nitrate esters. Diethyl ether, dimethyl sulfoxide, sulfolane, 
and dimethylformamide all cause decomposition of the 
thallium(II1) nitrate. Glyme, diglyme, and dioxane dissolve 
the thallium(II1) nitrate to form stable solutions only if 1% 
nitric acid is added. Despite the fact that thallium(II1) nitrate 
is very insoluble in pentane, the oxidation of the olefin does 
occur quite readily in this solvent. 

In a typical reaction, a solution of the olefin in pentane is 
added to a stirred heterogeneous pentane-thallium(II1) ni- 

trate mixture maintained at  room temperature. For most re- 
actions a 10% excess of the oxidizing agent is used. Because 
of the relative instability of nitrate esters the reaction is ter- 
minated when it appears to be complete. The progress of the 
reaction can be qualitatively monitored by observing the 
change in the physical state of the thallium reagent. 

Oxidation of 1-decene occurs in 1 h to give 1,2-decanediol 
dinitrate (11) in 85% yield. The remaining product is 2-deca- 
none (111) which arises from a hydride shift in the dethallation 
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step. Thus a substantial decrease in rearranged product is 
observed compared to when methanol is the solvent in which 
yields of 34-40% 2-decanone are obtained.16 

Reaction of trans-stilbene requires 72 h and leads to a 
mixture of meso- and dl-l,Z-dipheny1-1,2-ethanediol dini- 
trate. Analysis of the mixture by using NMR resonances de- 
scribed earlier16 indicates that the mesoldl ratio is 2:l .  The 
reaction in methanol was found to be stereospecific.l6 There 
was no evidence of any rearranged products such as noted in 
the reaction in methanol. 

Oxidation of cyclohexene in pentane occurs in 4 h to give 
cis- and trans-1,2-cyclohexanediol dinitrate (85%) and cy- 
clopentanecarboxaldehyde (15%). The trans/cis ratio as de- 
termined by NMR is approximately 2/1. The resonance of the 
cis isomer (6 5.10-5.55) and the trans isomer (6 4.82-5.28) 
overlap somewhat and limit the accuracy of this method. The 
products contrast strongly with the results obtained in 
methanol where cyclopentanecarboxaldehyde is the major 
product.l7 

The cis- and trans-5-decenes react extremely slowly. After 
11 days the cis isomer gave a mixture of meso- and dl-5,6- 
decanediol dinitrates in 64% yield with the remainder being 
16% unreacted olefin, 9% 5-decanone, and 11% unidentified 
minor components. The trans isomer reacted more slowly. 
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dinitrates was formed. The remaining material was 30% 
starting olefin, 17% 5-decanone, and 15% unidentified minor 
components. As the reaction time was increased, decompo- 
sition of product occurred with the evolution of NO2. The 
exact percentages of the two dinitrate products were not de- 
termined. 

3-Buten-1-01 (IV) reacts in 1 h to form exclusively 3-hy- 
droxytetrahydrofuran nitrate ester (V). The product was 
isolated in 89% yield. There is no evidence of any open chain 
product. 

Since we have noted similarities in the reaction of thalli- 
um(II1) acetate with alkenes19 and cyclopropanesz0 the oxi- 
dative cleavage of a cyclopropane by thallium(II1) nitrate was 
examined. Phenylcyclopropane (VI) reacts in 12 h to give 
exclusively l-phenyl-1,3-propanediol dinitrate (VII) which 

P h d  - phf) 
I ,  
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was isolated in 91% yield. There was no evidence of the sym- 
metrically cleaved product, 2-phenyl-1,3-propanediol dini- 
trate. 


