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9 on a 20% QF-1 column a t  110 "C. Alternatively, 8 could be 
obtained as the major product by hydrogenation of 23 a t  high 
pressure and temperature over Raney nickel.24b 
2,8-Dimethyl-cis-decahydroquinolines 16 and 17. Hydro- 

genation of 23 in concentrated HC1 at  50 psi of Hz and 70 "C until 
no further hydrogen uptake was observed16 gave a mixture of 
-80% 16, 17, and 10 and 20% starting material. The mixture 
was separated by preparative GC on the Carbowax-KOH column 
a t  150 "C. After the decahydro compounds were collected, the 
starting material was recovered at  a 200 "C column temperature. 
The cis compounds 16 and 17 were obtained in a ratio of -21. 

2-Methyl-8- tert -butyl- trans-decahydroquinolines. Re- 
duction of 27 with sodium-ethanol gave a mixture of 8% 18,31% 
19, 47% 14, and 9% 13 together with traces of 12 and some 
unidentified compounds. The mixture was separated by column 
chromatography on aluminum oxide 90 (Merck, 70-230 mesh) 
with n-hexane as solvent. Compounds 18 and then 14 were eluted; 
addition of increasing amounts of ether gave 19 and 13. The 
compounds were obtained completely pure by submitting the 
samples to preparative gas chromatography (Carbowax-KOH, 
160 "C). Hydrogenation of 24 at  high pressure and temperature 
as for 2215 gave a mixture of mainly 18 and 12 (ratio -31) besides 
small amounts of other isomers. Separation by column chro- 
matography (aluminum oxide, n-hexane) gave both isomers GC 
pure. 

Compound 15 was obtained from N-nitroso-80-tert-butyl- 
trans-decahydroquin~line~~~ by a-lithiation, a-methylation, and 
denitrosation of the resulting N-ni t ros0-15.~~~ The cis isomers 
20 and 21 were also prepared from their N-nitroso derivatives.% 

The N-methyl derivatives 6m-15m were prepared by the Es- 
chweiler-Clarke procedure.N Hydrochlorides were precipitated 

by passing gaseous HCl into the solutions of the amines in ether. 
The picrates were made by addition of an ethereal solution of 
picric acid to the solutions of the amines in ether and recrys- 
tallization from ethanol. 
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The oxidation of anhydro-4-hydroxy-2,3,5-triarylthiazolium hydroxides (1) with m-chloroperbenzoic acid gave 
(in primary alcohols) 2,5-dialkoxy-2,3,5-triarylthiazolidin-4-ones (5) and N-aroylthiobenzanilides (6). Oxidation 
of anhydro-5-hydroxy-3-methyl-2-phenylthiazolium hydroxide (2) gave 3-methyl-Z-phenylthiazolidine-4,5-dione 
(8) and N-formyl-N-methylthiobenzamide (9). The products arise from initial oxidations a t  the carbon atoms 
at  position 5 of 1 and position 4 of 2, and transformation modes to the final products are discussed. These oxidations 
are the first examples of oxidative dipole extensions. 

To date, no reactions of mesoionic systems or hetero- 
aromatic betaines with peracids have been described.' 
The electrophilic nature of peracids is revealed in oxida- 
tions of amines,z  sulfide^,^ and double bonds.4 On this 
basis the peracid oxidation of dipolar species can be ex- 
pected to occur a t  the nucleophilic terminus and to give 
oxidized intermediates which retain the dipolar character. 
We report the oxidation of two isomeric mesoionic systems 
(l5,'j and 2'). Our expectation was that, according to eq 

(1) The oxidation of some pyridinium betaines by hydrogen peroxides 
was recently reported. Katritzky, A. R.; Ramsden, C. A.; Zakaria, Z.; 
Harlow, R. L.; Simonsen, S. H. J.  Chem. SOC., Chem. Commun. 1979,363. 

(2) Ibne-Rasa, K. M.; Edwards, J. 0. J.  Am. Chem. SOC. 1962,84,763. 
(3) Overberger, C. G.; Cummins, R. W. J .  Am. Chem. SOC. 1953, 75, 

(4) Hanzlik, R. P.; Shearer, G. 0. J .  Am. Chem. SOC. 1975,97,5231 and 

(5) Ohta, M.; Chosho, H.; Shin, G.; Ichimura, K. Nippon Kagaku 

4250. 

references cited therein. 

Z Q S S ~ ~  1969. 88. 440 Chem. Abstr. 1964. 61. 14657. ~ 

(6) Potts, K. T.; Chen, S. J., Kane, J., Marshall, J L. J .  Org. Chem. 
1977, 42, 1633 
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1,* the oxidation would occur specifically on carbon at  
position 5 of 1 and position 4 of 2, through the estab- 
lishedeJO dipolar reactive forms 3 and 4, respectively. 

I 
0- 

1 3 2 4 

~ ~~ 

(7) Ohta, M.; Shin, C. Bull. Chem. SOC. Jpn. 1965, 38, 704. 
(8) This general representation of mesoions was proposed by: Ollis, 

(9) Potts, K. T.; Houghton, E.; Singh, U. P. J. Org. Chem. 1974,39, 

(10) Potta, K. T.; Baum, J.; Houghton, E.; Roy, D. M.; Singh, U. P. J .  
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Table I. ' H  NMR (300 MHz) Chemical Shifts of Alkoxy Protons in 5ab 

R a-hydrogens phydrogens ?-hydrogens ________- 
3.45, 3.75 (singlets) 
very complex (over 40  lines) 

4.14 and 3.88,' 3.66 and 3.50,' 

1.46, 1 .34,  1.32, 1.26 

1.91,  1 .79 (sextets, J = 7 )  

CH3 
CH,CH3 

CH,CH,CH, 
(triplets, J = 7)  

1.15, 1.01 (triplets,J = 7 )  
doublets (J = 8.4) of triplets (J = 7)  

' Pairing was rnade by spin-decoupling. 6 values; J values in hertz. 

Table 11. Mass Spectral Data ( d e )  of Compounds 5 
fragments (relative intensity) 

comad M' M + - O R  M + - 2 0 R  11 12 13 Ar2CO+ 

5a, R = Me 391 (1) 360 ( 7 )  329 (1) 
5a, R = Et 419 (0 .5)  374 ( 3 )  329 (0.5)  
5a, R = n-Pr 447 ( 4 )  388 ( 8 )  329 ( 0 . 5 )  
5b, R = MI? 394 ( 3 )  363 ( 1 )  
5c, R = Me 425 ( 0 . 3 )  394 ( 3 )  363 (0 .5)  
5d, R = MI? 425 (0.5)  394 ( 6 )  363 ( 9 )  
5d, R = Et 453 (1) 408 ( 5 )  363 (1) 

Results 
The reaction of a.nhydro-4-hydroxy-2,3,5-triphenyl- 

thiazolium hydroxide (la) with 1 equiv of m-chloroper- 
benzoic acid (MCPB) in methanol proceeded very rapidly 
(disappearance of the red color) and afforded, after chro- 
matography, 2,5-dimethoxy-2,3,5-triphenylthiazolidin-4- 
one (5a, 45%), N-benzoylthiobenzanilide (6a, 12%), and 
benzanilide (7a, 25%)). Oxidation in ethanol and in n- 
propanol proceeded ;similarly to  give the corresponding 
2,5-dialkoxythiazolidones 5 together with 6 and 7. Three 
chloro derivatives of l,a (lb-d) reacted in the same manner. 
In methylene chloridle the oxidation of la gave only 6a 
(29%) and 7a (50%). 

RC J-' 'c\r 

1 5 
s o  C 
I I  I 1  2 II , 

PhCbCAr t P h C N H A r  

I ,  7 
Ar 

6 
a, Ar' = Ar2 = Fh; b ,  A r l  = 4-C1Ph, Arl = Ph; c ,  Arl = Ph, 

Ar2 = 2-ClPh; d, Ar' = Ph, Ar2 = 4-ClPh; R = Me, Et, n-Pr 

The oxidation of anhydro-5-hydroxy-3-methyl-2- 
phenylthiazolium hydroxide (2) with 1 equiv of MCPB in 
ethanol also afforded three products, identified as 3- 
methyl-2-phenylthi~izolidine-4,5-dione (8, 33%), N- 
formyl-N-methylthiobenzamide (9, 28%), and N-methyl- 
thiobenzamide (10, 215%). 

Me s o  S 

I l l /  II Me xxH -!= >LsI t PhCNCH t PhCNHMe 

Ph 0 P h  I 10 
Me 

2 8 9 

Structural Assignments. Compounds 6, 7, and 10 
were identified by direct comparisons with authentic 
samples. The structure of 9 (CgHgNOS) was established 
by the spectra which displayed an IR carbonyl absorption 
at  1690 cm-l and three NMR singlets at 6 3.60 (3 H, 
methyl) 7.38 (5  H, phenyl), and 9.00 (1 H, formyl). Com- 
pounds 5 were identified by both spectral and chemical 
means. The IR carbonyl peaks appeared at  1700-1710 

21 1 
225 
239 
245 
21 1 
21 1 
225 

98)  2 9 3 ( 8 2 )  152 
46)  2 5 3 ( 4 5 )  166 
26) 2 6 7 ( 5 2 )  180 
4 9 )  273 (54)  152 
6 5 )  2 7 3 ( 3 0 )  187 
8 5 )  273 ( 5 2 )  187 
36) 284 ( 4 0 )  201 

( 5 )  105 
(2 .5)  105 
(42)  105 
( 3 )  105 
(16)  139 
( 1 6 )  139 
(10) 139 

Scheme I 
Ph - PhCOCOOMe 

t 
ph\N-.&o PhCONHPh 

OMe ph*:;e 

15 
Ph Ph 

P h g x : h  N* ph>To -- PhCtiZP!JCOCHZPh 

H PhPh 17 

16 

cm-' (five-membered cyclic amides). The NMR spectra 
showed only aromatic and alkoxy protons with appreciable 
nonequivalence of the a-methylene hydrogens. The NMR 
also suggests that the dimethoxy and the di-n-propoxy 
derivatives were obtained as single stereoisomers, while the 
diethoxy compounds were 1:l isomer mixtures (Table I). 
This was also evident from the wide melting range of the 
diethoxy derivatives. 

The positions of the two alkoxy groups were established 
from the mass spectra, which included the significant 
fragments represented as 11-13 (Table 11). 

O d f  s 1: 

ii OR 

11 0 
12 

Treatment of 5a (R = Me) with methanolic hydrogen 
chloride gave benzanilide (7a) and methyl benzoylformate 
(14). Raney nickel desulfurization gave, surprisingly, only 
the P-lactam 15 (single stereoisomer). Ring contractions 
of this type have been encountered previously as side re- 
actions only."J2 A possible reason for the formation of 
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15 is the overcrowding at the radical centers of the in- 
termediate, which did not allow contact with the catalyst 
surface and promoted radical coupling. For comparison 
we have desulfurized the thiazolone 1613 under the same 
conditions and it gave only 1712 with no trace of P-lactams 
(Scheme I). The available data, however, do not allow 
determination of the stereochemistry of 5 and 15. 

The main tool for the identification of 8 was 13C NMR. 
The three ring carbons resonated at (parts per million from 
CDC13) 185.12 (C-4), 158.15 (C-5), and 61.82 (C-2, coupled 
to H). The assignment was also supported by ‘H NMR 
which showed three singlets at 6 3.03 (3 H, N-Me), 5.93 
(1 H, C-H), and 7.40 (5 H, Ph) and the IR spectrum which 
showed (CHC13 solution) two carbonyl peaks at 1710 and 
1720 cm-’. The parent peak in the mass spectrum was at 
m / e  122 (PhCHS).  Chemical proof for structure 8 was 
obtained by its reaction with primary amines, which gave 
,V-alkyl-N-methyloxamides (1  8). 

Sheradsky and Zbaida 

ion portion of the molecule, followed by acid-catalyzed 
transformation of the hemiketal25 to a ketal. Compounds 

0 0  S 
I l l /  I1 - RNHCCNHMe t P h C H  

P h  18 
H;NR 

8 

Discussion 
The products obtained clearly arise from oxidations at 

the anionic centers, as indicated in the intr0ducti0n.l~ The 
initially formed intermediates would thus be the extended 
dipoles 19 and 20, better represented in the zwitterionic 
forms 21 and 22, and possibly also as the salts 23 and 24. 

19 

n- 

21 
P h \ t  J-3:; Ficoo- 

P h  

23 
0- 

20 22 

24 
R = m-CIPh 

Subsequent transformation of these intermediates to the 
stable materials isolated can occur through several dif- 
ferent pathways. The dialkoxy compounds 5 were formed, 
most probably, through alcohol addition15 to the iminium 

- 
(11) Minami, T.; Agawa, T. J. Org. Chem. 1974, 39, 1210. 
(12) The formation of p-lactams on desulfurization of the mesoions 1 

occurs via ionic intermediates and cannot be compared to the present 
case. Sheradsky, T.; Zbaida, D. J. Org. Chem. 1980, 45, 2165. 

(13) Takayanagi, Z.; Kato, H.; Ohta, M. Bull. Chem. SOC. Jpn .  1967, 
40, 2930. 

(14) An alternative pathway which involves oxidation of sulfur fol- 
lowed by a Pummerer-type rearrangement was suggested by a referee. 
This can however, be excluded in light of our recent results on oxidation 
of compounds which do not contain sulfur. 

(15) Bohme, H.; Hartke, K. Chem. Ber. 1963, 96, 600, 604. 

..J 
RO H 25 

6 and 9 were formed in an identical process of carbon 
monoxide elimination. The spontaneous rearrangement 
of 26 to 6 is a very old well-known reaction.16 

i 

6 Phrl=CSCPb t co - I 1  
26 

9 

The formation of 8 involves stabilization through hy- 
drogen transfer from C-4 to C-2, and a likely pathway is 
a cyclization to the bicyclic intermediate 27 and ring 
cleavage with hydrogen transfer. A similar interpretation 
was offered by Hafnerl’ for the formation of 29 in the 
addition of carbethoxynitrene to furan, which probably 
proceeds through 28. 

27 8 

C 3 0 E t  COOEt 

28 29 

Conclusions. The carbon oxidations at the predicted 
positions indicate that oxidative dipole extensions indeed 
took place, and a broader study of dipoles oxidations can 
now be undertaken. This conclusion is not affected by the 
fact that in the specific cases studied here the problems 
of the stereochemistry of 5, the course of hydrogen transfer 
in the formation of 8, and the ultimate origins of the 
cleavage products 7 and 10 remain unsolved. 

Experimental Section 
Melting points were taken on a Thomas-Hoover apparatus. IR 

spectra (Nujol mulls) were recorded on a Perkin-Elmer 157 
spectrometer and NMR spectra on a Brucker WH-300 spec- 
trometer. Mass spectra were recorded on a Varian MAT-311 
instrument. 

Oxidation of la. To a solution of anhydro 4-hydroxy-2,3,5- 
triphenylthiazolium hydroxide (la,  658 mg, 2 mmol) in methanol 
(500 mL) was added m-chloroperbenzoic acid (2 mmol). After 
the solution was stirred for a few minutes the red color disap- 
peared. The solution was evaporated and the solid residue was 
chromatographed on silica gel (50 9). Elution with benzene gave 
N-benzoylthiobenzanilide (72 mg, E%), mp 109 “C, identical with 
authentic material obtained by benzoylation of thiobenzanilide.16 
Further elution with benzene-chloroform (1:3) gave 350 mg (45%) 
of 2,5-dimethoxy-2,3,5-triphenylthiazolidin-4-one (5a, R = Me), 

(16) Jamieson, G. S. J. Am.  Chem. SOC. 1904, 26, 177. 
(17) Hafner, K.; Kaiser, W. Tetrahedron Lett. 1964, 2185. 
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Table 111. 2,5-Dialkoxy-2,3,5-triarylthiazolidin-4-ones (5) 
compd, R = mp %yield formulab 

5a, Me 168 45  C,,H,,NO,S 

5a, n-Pr 138 41 C,,H,,NO,S 
5b, Me 1 4 5  42 C,,H,,ClNO,S 
512, Me 174 43 C,,H,,ClNO,S 
5c, Et 4 8 4 0 a  43 C,,H,,ClNO,S 
5d, Me 149 47 C,,H,,ClNO,S 

5a, Et  121-140' 49 C,,H,,NO,S 

a Mixture of stereoisomers. Satisfactory analytical 
values (10.3% for C, 14, N, C1) were reported for all com- 
pounds in the 1.able. 

mp 168 "C. Further elution with chloroform gave first benzanilide 
(94 mg, 24%), followed by an acidic fraction, mainly m-chloro- 
benzoic acid. 

In an alternative procedure, the evaporation residue was dis- 
solved in chloroform (50 mL), washed with saturated NaHC03 
solution (3 x 151) mL), dried, and evaporated. Crystallization of 
the residue gave directly compound 5 (350 mg). Chromatography 
of the mother liquor gave 6 and 7. 

Other oxidations of compounds 1 in alcohols were carried out 
similarly. Data of compounds 5 obtained are listed in Table 111. 

3,4-Dimethoxy- 1,3,4-triphenylazetidin-2-one (15). Raney 
nickel (3 g) was added to a solution of 5a (R = Me, 375 mg) in 
ethanol (50 mL). After being stirred at room temperature for 20 
min the mixture was filtered and evaporated and the residue was 
crystallized from ethanol to give 88 mg (31%) of 15: mp 163 "C; 
IR umax 1750 cm-' (C=O); NMR 6 3.50, 3.84 (s, 3 H each, OCH& 
7.1-7.8 (m, 15 H, Ph); mass spectrum, mle  (relative intensity) 
359 (4, Mt), 240 (3, PhC(OMe)=C(OMe)Ph), 211 (40, PhN=C- 
(OMeIPh), 119 (6, PhNCO), 105 (100, PhCO). 

Anal. Calcd for C,H2,NO3: C, 76.86; H, 5.89; N, 3.90. Found: 
C, 76.46; H, 6.00; N, 3.66. 

Oxidation of 2. To a solution of anhydro-5-hydroxy-3- 
methyl-2-phenylthiazolium hydroxide (2, 382 mg, 2 mmol) in 

ethanol (150 mL) was added m-chloroperbenzoic acid (2 mmol). 
After being stirred for 5 min the solution was evaporated and the 
residue chromatographed on silica gel. Elution with benzene gave 
110 mg (28%) of N-formyl-N-methylthiobenzanilide (91, mp 70-71 
"C (see text for spectral properties). 

Anal. Calcd for C9H9NOS: C, 60.33; H, 5.06; N, 7.82; S, 17.86. 
Found: C, 60.11; H, 5.14; N, 7.66; S, 17.62. 

Further elution with benzene gave 83 mg (25%) of N- 
methylthiobenzamide (lo), mp 77 "C (lit.'8 mp 79 "C). Elution 
with chloroform gave 144 mg (33%) of 3-methyl-2-phenyl- 
thiazolidine-4,5-dione (8), mp 155 "C (from ethanol) (see text for 
spectral properties). 

Anal. Calcd for C,&,NO$: C, 57.97; H, 4.38; N, 6.76; S, 15.45. 
Found: C, 58.27; H, 4.48; N, 6.53; S, 15.23. 

Reaction of 8 wi th  P r i m a r y  Amines, A solution of 8 (60 
mg) and benzylamine (40 mg) in benzene (10 mL) was refluxed 
for 2 min and evaporated. Crystallization of the residue from 
ethanol afforded 53 mg (85%) of N-benzyl-N-methyloxaide, mp 
185 "C (lit." mp 184-185 "C). 

In the same manner the reaction with cyclohexylamine gave 
90% N-cyclohexyl-N-methyloxamide, mp 214 "C. 
Anal. Calcd for C&Il6N20$ C, 58.67; H, 8.75; N, 15.20. Found 

C, 58.75; H, 8.61; N, 15.10. 

Registry No. la ,  18100-80-6; lb, 68236-17-9; IC, 73308-33-5; Id, 
59208-06-9; 2, 1280-28-0; 5a (R = Me), 75111-01-2; 5a (R = Et), 
isomer 1, 75102-33-9; 5a (R = Et), isomer 2, 75102-34-0; 5a (R = 
n-Pr), 75102-35-1; 5b (R = Me), 75102-36-2; 5c (R = Me), 75102-37-3; 
5c (R = Et), isomer 1, 75102-38-4; 5c (R = Et), isomer 2,75102-39-5; 
5d (R = Me), 75102-40-8; 5d (R = Et), isomer 1, 75102-41-9; 5d (R 
= Et), isomer 2,75102-42-0; 6a, 17570-85-3; 7a, 93-98-1; 8, 75102-43-1; 

51-5; 18 (R = cyclohexyl), 75102-46-4; benzylamine, 100-46-9; cyclo- 
hexylamine, 108-91-8. 

9, 75102-44-2; 10, 5310-14-5; 15, 75102-45-3; 18 (R = CHZPh), 7666- 

(18) Sachs. F.: Loew. H. Chem. Ber. 1904.37.874. 
(19) Godefroi,'E. F.;"Van der Eycken, C. A.'M.i Janssen, P. A. J. Org. 

Chem. 1967, 32, 1259. 
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The reaction of diethyl fluoronitromalonate with base and formaldehyde provided a convenient synthesis of 
2-fluoro-2-nitro-l,3-propanediol. This diol reacted with triflic anhydride to give 2-fluorc-3-hydroxy-2-nitro-l-propyl 
triflate and 2-fluoro-2-nitro-l,3-propylene ditriflate. The monotriflate reacted with base to give 3-fluoro-3- 
nitrooxetme. The ditriflate underwent displacement reactions with sodium azide, 2-fluoro-2,2-dinitroethanol, 
and methanol. Reactions of 3-fluorc-3-nitrooxetane with strong acids resulted in ring opening to give 3-substituted 
2-fluoro-2-nitropropanols. The oxetane was polymerized with phosphorus pentafluoride. Triflates derived from 
2,2-dinitro- 1,3-propanediol and 2-(hydroxymethyl)-2-nitro-1,3-propanediol did not cyclize. 

Primary 2-nitro and 2,2-dinitro alcohols readily undergo 
the reverse Henry reaction under basic conditions to give 
nitronate salts and formaldehyde.2 This reaction is 
markedly inhibited by a fluorine a to nitro as a manifes- 
tation of the "fluorine effect" or the destabilization of a 
nitronate salt by an a f l ~ o r i n e . ~  Thus, 2-fluoro-2,2-di- 

nitroethanol can be alkylated under basic conditions,4+ 
and 2-fluoro-2-nitro-1,3-propanediol has even been re- 
ported to give a stable dialkoxide salt. In order to explore 
further the chemistry of 2-fluoro-2-nitro-1,3-propanediol, 
we have developed an improved method for its prepara- 
tion, and the present paper describes reactions of its tri- 
fluoromethanesulfonates (triflates). 

(1) This work was supported by the Office of Naval Research. 
(2) Feuer, H.; Bachmnn, G. B.; Kispersky, J. P. J. Am. Chem. SOC. 

1951, 73, 1360. 

Hine, ,J.; Mahone, L. G.; Liotta, C. L. Ibid. 1967, 89, 5911. 
(3) Adolph, H. G.; Kamlet, M. J. J. Am. Chem. SOC. 1966, 88, 4761. 

(4) Adolph, H. G.; Kamlet, M. J. J. Org. Chem. 1969, 34, 45. 
(5) Grakauskas, V.; Baum, K. J. Org. Chem. 1969, 34, 3927. 
(6) Grakauskas, V. J. Org. Chem. 1970,35, 3030. 
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