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(t, 2 H), 3.53 (t, 3 H); MS, found for C18H140 m/z  246.1046 (calcd 
m / z  246.1045). 

4-Pyrenylacetic Acid (6). Methyl sulfide (0.6 mL, 8.2 mmol) 
was added to a stirred solution of N-chlorosuccinimide (800 mg, 
6.0 mmol) in toluene (20 mL) at  0 "C. The resulting mixture was 
stirred for 5 min a t  0 "C and then cooled down to -25 "C. A 
solution of the alcohol 4 (980 mg, 4.0 mmol) in methylene chloride 
(4 mL) was added dropwise. The reaction mixture was stirred 
2 h at  -25 "C, and then a solution of triethylamine (606 mg, 6.0 
mmol) in toluene (1 mL) was added dropwise. The cooling bath 
was removed, and after 5 min ether (40 mL) was added. The 
organic layer was washed with 1% HCl(10 mL) and water (2 x 
30 mL), dried (MgSO,), and concentrated to give 970 mg of crude 
aldehyde 5 (95% yield according to GC-MS), which was used 
directly for the next step: IR (CHC13) 1720 cm-'; NMR (CDC13) 
8 9.92 (t, 1 H),  8.28-7.9 (m, 9 H), 4.22 (d, 2 H); MS, found for 
C18H120 m l r  244.0888 (calcd m/z  244.0888). 

The crude aldehyde from the last step (970 mg) was dissolved 
in ethanol (30 mL) and added to a solution of silver nitrate (1.4 
g, 8.25 mmol) in ethanol (50 mL). To the well-stirred solution 
of the aldehyde was added dropwise over 10 min 5 N aqueous 
NaOH (3 mL) diluted to 25 mL with ethanol. The black mixture 
was stirred a t  room temperature for 4 h and then centrifuged. 
The supernatant was decanted, and the solvent was removed 
under reduced pressure. The residual solid was taken up in water 

(25 mL) and washed with pentane (2 X 15 mL), acidified with 
concentrated HC1, filtered, and dried to give 840 mg of acid 6 
(81%), mp 241-243 "C (for a small amount that was recrystallized 
from chlorobenzene): IR (Nujol) 3300-2400, 1700 cm-'; NMR 
(acetone-d6) 6 8.4-7.95 (m, 9 H), 4.3 (8, 2 H); MS of the methyl 
ester of 6 m/z (re1 intensity) 274 (38, M+), 215 (100). 
3,4-Dihydrocyclopenta[cd]pyrene 3P-Oxide (2). A solution 

of the diol 10 (26 mg, 0.1 mmol) and tosyl chloride (1.05 equiv, 
20 mg, 0.105 mmol) in monoglyme (0.8 mL) was added slowly to 
a suspension of sodium hydroxide (10 equiv, 40 mg, 1 mmol) in 
monoglyme (0.8 mL) a t  room temperature. The reaction mixture 
was stirred for 1.5 h a t  room temperature and filtered, and the 
filtrate was concentrated. The crude product was chromato- 
graphed over a neutral alumina (activity IV) column with benzene 
under nitrogen stream. The solvent was removed by nitrogen 
stream to give 20.8 mg of epoxide 2 (86%): mp 204-206 "C; N F  
(aCetOn€!-d6) 6 8.32-8.02 (m, 8 H), 5.18 (s, 2 H); MS m / z  (re1 
intensity) 242 (100, M+), 214 (88), 213 (77). 
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1,3,3-Trinitroazetidine (1) was synthesized and its structure elucidated by X-ray crystallography. Reaction 
of l-tert-butyl-&( (methylsulfony1)oxy)azetidine (3a) with sodium nitrite gave 1-tert-butyl-3-nitroazetidine (4a), 
which was converted to l-tert-butyl-3,3-dinitroazetidine (5a) by oxidative nitration. Nitrolysis of 5a with acetyl 
nitrate gave 1. l-Benzhydryl-3,3-dinitroazetidine (5b) did not undergo a similar nitrolysis. Single-crystal X-ray 
analysis of 1 showed that the ring is puckered, with a dihedral angle of 13.6 (5)" between the C-C-C and C-N-C 
planes, and that the nitramino group exhibits an unusually high (39.4") out-of-plane deformation. A structural 
optimization with MNDO reproduced the ring pucker and the nitramino bend to within 5". The large bend at 
the ring nitrogen atom indicates sp3 rather than sp2 for its hybridization. However, the N-N bond length, 1.351 
(6) A, falls in the normal range for planar (sp2) nitramines and is ca. 0.1 8, shorter than N-N bonds previously 
observed in bent nitramines. 

Introduction 
Cyclic polynitramines' as well as cyclic nitramines con- 

taining gem-dinitro groups2 are of interest for structural 
and decomposition mechanism ~ t u d i e s . ~  1,3,3-Trinitro- 
azetidine ( l ) ,  the simplest member of the latter class, has 
been synthesized in these laboratories, and thermolysis4 
infrared dynamic motion studies5 of this material have 
been reported elsewhere. Herein we report the synthesis 
and crystallographic characterization of 1. 

Synthesis 
The Mannich condensation reaction between amines 

and nitro alcohols6 has been employed to synthesize cyclic 
compounds containing both C-nitro and nitramino 

This approach depends on the we of a sterically 
demanding blocking group on the amine to control the 
course of the ring formation.2b Subsequent nitrolysis of 
the N-blocking group yields the nitramine. Both acyl and 
alkyl groups have been used, although results are highly 

'Fluorochem, Inc. * Naval Research Laboratory. 
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dependent on the system.s However, the Mannich con- 
densations used in the synthesis of relatively unstrained 

(1) (a) Koppes, W. M.; Chaykovaky, M.; Adolph, H. G.; Gilardi, R.; 
George, C. J. Org. Chem. 1987,52,1113. (b) Willer, R. L.; Atkins, R. L. 
J. Org. Chem. 1984, 49, 5147. (c) Willer, R. L. J. Org. Chem. 1984,49, 
5151. 
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6- to 8-membered rings2 did not give azetidine~.~ 
An alternative approach (Scheme I) is the stepwise in- 

troduction of C-N02 groups to azetidines that contain 
functional groups at  the 3-position. In the present study, 
l-alkyl-3-a~etidols,~~ where the alkyl group was tert-butyl 
(2a) or benzhydryl (2b), were prepared from epichloro- 
hydrin and the corresponding amines. These alcohols were 
then reacted with methanesulfonyl chloride to give the 
corresponding mesylates, 3a and 3b." 

Displacement of the mesylate groups from 3a and 3b by 
sodium nitrite was found to give the corresponding 3-nitro 
compounds, 4a and 4b, under limited conditions. The 
tert-butyl derivative 3a did not give 4a in solvents such 
as DMF or DMSO, which are usually used for nitrite ion 
displacement reactions. Compound 4a was obtained in 8% 
yield after 16 h at 0 "C using aqueous methanol containing 
phloroglucinol. Nitro compound 4a was unstable in so- 
lution, and higher reaction temperatures resulted in de- 
composition. No 4a was obtained when the bromo12 de- 
rivative or p-tosylate13 was used in place of the mesylate. 
The N-benzhydryl mesylate 3b had low solubility in 
aqueous methanol and did not react with nitrite ion under 
conditions used with the tert-butyl derivative. The 3-nitro 
compound 4b was obtained in 11% yield in the presence 
of sodium iodide using DMF solvent; heating for several 
days at  50 "C was required. No reaction took place in the 
absence of iodide ion, indicating that the 3-iodo derivative 
(6) was an intermediate. 

The nitrite ion displacement reaction of 3a or 3b may 
be compared to similar reactions in other four-mem- 
bered-ring compounds. With the exception of the reaction 
of 3-halocyclobutenes with nitrite ion to give the corre- 
sponding 3-nitrocyclob~tenes'~ by SN2' displacement, the 
synthesis of nitro derivatives of four-membered-ring com- 
pounds by nucleophilic displacements has not been de- 
scribed previously.16 3-Nitrooxetane16 and l-nitrocyclo- 
butane15 were prepared by oxidation of the corresponding 
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(2) (a) Cichra, D. A.; Adolph, H. G. Synthesis 1983,830. (b) Cichra, 
D. A.; Adolph, H. G. J .  Org. Chem. 1982, 42, 2474. 

(3) (a) Sadova, N. I.; Vilkov, L. V. Rus. Chem. Rev. 1982,51,87. (b) 
Dubovitakii, F. I.; Korsunskii, B. L. R u s .  Chem. Rev. 1981,50,958. (c) 
Brill, T. B.; Oyumi, Y. J .  Phys. Chem. 1986, 90,6848. (d) Oyumi, Y.; 
Rheingold, A. L.; Brill, T. B. J. Phys. Chem. 1986,90,4686. 

(4) Oyumi, Y.; Brill, T. B.; Rheingold, A. L. J .  Phys. Chem. 1986,90, 
2526. 

(5) Oyumi, Y.; Brill, T. B. Combust. Flame 1985, 62, 225. 
(6) (a) Baum, K.; Maurice, W. T. J .  Org. Chem. 1962, 27, 2231. (b) 

Baer, H. H.; Urbas, L. In The Chemistry of the Nitro and Nitroso 
Groups; Feuer, H., Ed.; Interscience: New York, 1969; Part 2, pp 117 ff. 

(7) (a) Feuer, H.; Bachman, G. B.; May, W. J. Am. Chem. SOC. 1954, 
76,5124. (b) Koppes, W. M.; Aldolph, H. G. J .  Org. Chem. 1981,46,406. 
(c) Frankel, M. B.; Klager, K. J. Am. Chem. SOC. 1957, 79, 2953. (d) 
Hamel, E. E. Tetrahedron 1963, I9(1), Suppl. 85. 

(8) (a) Wright, G. F. In The Chemistry of the Nitro and Nitroso 
Groups; Feuer, H., Ed.; Interscience: New York, 1969; Part 1, Chapter 
9. (b) Robson, J. H.; Reinhardt, J. J. Am. Chem. SOC. 1955,77,107,2453. 
(c) Ogata, Y.; Sawaki; Kuriyama, Y. Tetrahedron 1960,24, 3425. 

(9) (a) Hassner, A. Heterocyclic Compounds; Wiley-Interscience: New 
York, 1983; Vol. 42, Pt. 2, Azetidines, Lactams, Diazetidines and Dia- 
ziridines, pp l ff. (b) Cromwell, N. H.; Phillips, B. Chem. Rev. 1979, 79, 
336. ... 

(10) (a) Gaertner, V. R. Tetrahedron Lett. 1966,4691. (b) Gaertner, 

(11) Okutani, T.; Kaneko, T.; Masuda, K. Chem. Pharm. Bull. 1974, 
V. R. J.  Org. Chem. 1967,32, 2972. 

22, 1490. 
(12) Prepared in 49% yield from the corresponding methanesulfonate 

and sodium bromide, bp 65 OC (30 mmHg). 
(13) (a) Chen, T. Y.; Sanjiki, T.; Kato, H.; Ohta, M. Bull. Chem. Soc. 

Jpn .  1967,40,2401. (b) Higgins, R. H.; Doomes, E.; Cromwell, N. H. J. 
Heterocycl. Chem. 1971, 3, 1063. 

(14) Breslow, R.; Kivelevich, D.; Mitchell, M. J.; Fabian, W.; Wendel, 
K. J .  Am. Chem. SOC. 1965,87,5132. 

(15) Archibald, T. G.; Garver, L. C.; Baum, K.; Cohen, M. C. J. Org. 
Chem. 1989,54, 2869. 

(16) Baum, K.; Berkowitz, P. T.; Grakauskas, V.; Archibald, T. G. J. 
Org. Chem. 1983,26, 2953. 

Figure 1. Thermal ellipsoid plot with non H atoms 
trinitroazetidine drawn at the 20% probability level. 

of 1,3,3- 

Table I. Bond Lengths (A) and Bond Angles (deg) 
N(1)-C(2) 1.485 (7) N(l)-C(4) 1.474 (6) 
N ( W N ( 5 )  1.351 (6) C(2)-C(3) 1.534 (7) 
C(3)-C(4) 1.545 (7) C(3)-N(6) 1.517 (7) 
C(3)-N(7) 1.493 (7) N(5)-0(5a) 1.218 (5) 
N(5)-0(5b) 1.236 (5) N(6)-0(6a) 1.214 (5) 
N(6)-0(6b 1.223 (6) N(7)-0(7a) 1.217 (6) 
N(7)-0(7b) 1.212 (6) 
C(2)-N(l)-C(4) 95.1 (4) C(2)-N(l)-N(5) 120.4 (4) 
C(4)-N(l)-N(5) 122.4 (4) N(l)-C(2)-C(3) 86.6 (4) 
C(2)-C(3)-C(4) 90.3 (4) C(2)-C(3)-N(6) 114.5 (4) 
C(4)-C(3)-N(6) 114.2 (4) C(2)-C(3)-N(7) 116.2 (4) 
C(4)-C(3)-N(7) 116.2 (4) N(6)-C(3)-N(7) 105.6 (4) 
N(l)-C(4)-C(3) 86.5 (3) N(l)-N(5)-0(5a) 118.4 (4) 
N(l)-N(5)-0(5b) 116.3 (4) 0(5a)-N(5)-0(5b) 125.3 (4) 
C(3)-N(6)-0(6a) 118.8 (4) C(3)-N(6)-0(6b) 115.2 (4) 
0(6a)-N(6)-0(6b) 125.9 (5) C(3)-N(7)-0(7a) 116.3 (4) 
C(3)-N(7)-0(7b) 117.1 (4) 0(7a)-N(7)-0(7b) 126.5 (5) 

amines or oximes after attempted nitrite ion displacements 
of halides or tosylates were unsuccessful. Displacement 
on the oxetane rings by other nucleophiles" such as azide 
or halide ions required temperatures over 100 "C. 

H OMS H NO, 6 
2 2 

Z = 0, CH?, NNO? 

Oxidative nitration of the salts of 4a and 4b gave the 
corresponding 3,3-dinitroazetidines 5a and 5b. The tert- 
butyl compound 5a was prepared in 39% yield by reaction 
with aqueous sodium nitrite and silver nitrate'& or in 60% 
yield by the potassium ferricyanide-sodium persulfate 
procedure.lsb The salt of the mononitro benzhydryl de- 
rivative 4b, which was not water soluble, gave a 38% yield 
of 5b with sodium nitrite and tetranitromethane using 
ethanol as a cosolvent. Compounds containing gem-dinitro 
groups P to amine functionality are expected to be unst- 
able,lg and although 5a was stable a t  room temperature, 
attempted distillation of this compound above 120 "C 
resulted in explosive decomposition. 

The tert-butyl group of 5a failed to undergo nitrolysis 
with hot mixed nitric and sulfuric acids but did react with 
acetyl nitrate in acetic acid at  0 "C to give a 35% yield of 
1,3,3-trinitroazetidine (1). Reaction of alcohol 2a or me- 
sylate 3a with acetyl nitrate solutions under similar con- 
ditions gave 1-tert-butyl-3-nitratoazetidine or the nitric 
acid salt of 3a, respectively, but no nitramine product. The 
presence of strongly electron withdrawing groups,zb such 

(17) Wojtowicz, J. A.; Polak, R. J. J. Og.  Chem. 1973, 38, 2061. 
(18) (a) Kaplan, R. B.; Shechter, H. J.  Am. Chem. SOC. 1961,83,3535. 

(b) Garver, L. C.; Grakauskas, V.; Baum, K. J. Org. Chem. 1985,50,1699. 
(19) Oxidative nitration of diethyl(2-nitropropy1)amine gave diethyl- 

(2,2-dinitropropyl)amine as an unstable oil. Garver, L.; Baum, K., un- 
published results. 
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as the ring gem-dinitro groups in 5a, may be required for 
removal of the alkyl blocking group on nitrogen by nitro- 
lysis. 

The dinitro compounds 5a and 5b formed stable salts 
with anhydrous hydrogen bromide, nitric acid, or triflic 
acid. Bromine reacted with 5a to give a stable 1:l adduct, 
from which 5a could be regenerated without decomposi- 
tion. Attempts to convert compound 5b to 1 by nitrolysis 
gave complex aromatic nitration products, but no N-NO2 
compounds. Reductive dephenylation of 5b with hydrogen 
on palladium resulted in loss of ring nitro groups. 

X-ray Crystal Structure Analysis 
Although several crystallographic analyses of substituted 

azetidines are available, structural studies of nitramines 
in four-membered ringsm have not been reported. The 
geometry of 1 is illustrated in Figure 1, and bond distances 
and angles are given in Table I. The ring is significantly 
puckered, with an angle between the C-C-C and C-N-C 
planes, 4, of 13.6 (5)'. An electron-diffraction study21 
reported 4 = 33.1' for unsubstituted azetidine in the gas 
phase. X-ray structural studies of a number of azetidinium 
compoundsa indicate typical values of 10-14' for 4, though 
examples exist from 4 = 0, for l,l-dibenzyl-3,3-di- 
methylazetidinium bromide,22d to 4 = 26' for 1-(1- 
methyl-2-phenylethyl)-2-methyl-3-hydroxyazetidinium 
chloride.22e 

The two nitro groups bonded to C(3) are essentially 
perpendicular to one another; the pertinent torsion angles 
N(7)-C(3)-N(6)-0(6A) and N(6)-C(3)-N(7)-0(7A) are 
-0.4 (6) and 89.2 (6)', respectively. 

The amino nitrogen, N(l), is pyramidal; one measure of 
this is the "out-of-plane bend" angle between the N-N 
bond and the C-N-C plane, which is 39.4'. The same 
bend angle would be 54.5' for a pseudotetrahedral sp3 
amine and 0' for a planar sp2 amine, so 1 is geometrically 
closer to sp3 hybridization. This bend is much larger than 
that normally observed in nitramines. A survey of the 
geometries of 30 nitramine groups reported in the crystal 
structure determinations (Table 11) indicates an average 
value of 12.2', a most probable value of 0' (which differs 
from the average because the distribution is skewed), and 
a wide range, 0-59', for this bend. Only one compound 
(8) is more sharply bent than 1. 

The N-N bond length in 1 is 1.351 A. This is consistent 
with N-N bond lengths observed (1.35-1.40 A, see Table 
11) for nitramines in 5- and 6-membered rings but is 
unexpectedly short for a compound with a large twist or 
bend between the C-N-C plane and the NO2 plane. The 
shortened N-N bond lengths and planar amino geometry 
usually seen together in nitramines have been explained= 
by invoking conjugation of a "p"-type lone pair on the 

Archibald et al. 

(20) (a) Only one example of a N-N02 azetidine has been reported 
(without structure determination): Bumgardner, C. L.; McCallum, K. S.; 
Freeman, J. P. J. Am. Chem. SOC. 1961,83,4417. (b) Zacharis, H. M.; 
Trefonas, L. M. J. Am. Chem. SOC. 1971,93,2935. 

(21) (a) Mastryukov, V. S.; Dorofeeva, 0. V.; Vilkov, L. V.; Hargittai, 
I. J. Mol. Struct. 1976,34,99. (b) Dorofeeva, 0. V.; Mastryukov, V. S.; 
Vilkov, L. V.; Hargittai, I. J. Chem. Soc., Chem. Commun. 1973, 772. 

(22) (a) Towns, R. L.; Trefonas, L. M. J. Am. Chem. SOC. 1971, 93, 
1761. (b) Moret, C. L.; Trefonas, L. M. J. Heterocycl. Chem. 1968,5,549. 
(c) McGandy, E. L.; Berman, H. M.; Burgner, J. W.; VanEtten, R. L. J. 
Am. Chem. SOC. 1969, 91, 6173. (d) Snyder, R. L.; McGandy, E. L.; 
VanEtten, R. L.; Trefonas, L. M.; Towns, R. L. J.  Am. Chem. SOC. 1969, 
91,6187. (e) Wetherington, J. B.; Moncrief, J. W. Acta Crystallogr. 1974, 
830, 530. 

(23) (a) For a discussion of unimportance of a charge-separated reso- 
nance structure of nitramide, see: Ritchie, J. P. J. Am. Chem. Soc. 1989, 
I l l ,  2517. (b) Sadova, N. I.; Vilkov, L. V. R w s .  Chem. Reu. (Engl. 
Trayl.) 1982,51,87. (c) Rabin, M.; Greenblatt, J. In The Chemistry of 
Amino, Nitroso and Nitro Compounds; Patai, S. ,  Ed.; John Wiley: New 
York, 1982; Supplement F, Part 2. 

Table I L n  Nitramine Bond Distances and Bend Angles 
out-of-plane N-N 
anale. dea distance. 8, 

cyclic 
DINGU" 
DINGU% 
@-HMXm 
@-HMXB 
a-HMXN 
a-HMXN 
6-HMX31 
6-HMX3' 
8-HMX3* 
6-HMX31 
RDX32 
RDX32 
RDX3* 
DAD" 
DPT" 
DPT" 
1 
825 

acylic 
TETRYL% 
BTNENOW 

0.0 
13.0 
21.1 
8.0 
12.2 
3.3 
0.0 
0.0 
9.9 
22.5 
19.9 
33.3 
33.9 
20.3 
25.5 
34.9 
39.4 
59.0 

11.2 
8.7 

1.360 
1.386 
1.373 
1.354 
1.367 
1.354 
1.346 
1.355 
1.392 
1.363 
1.351 
1.392 
1.398 
1.352 
1.347 
1.386 
1.351 
1.439 

1.348 
1.392 

BTNENOW 3.3 1.375 
BSX37 0.0 1.387 
BSX37 19.9 
BSX.DMF= 0.0 
BSX*DMF= 8.6 
BXS*DMF= 0.0 
BSX*DIOX3' 0.0 
BSX*DIOXSB 6.6 
BSX*DIOX3' 0.0 
DNEDN'" 0.0 
(CH3)2NN02' 0.0 

1.358 
1.370 
1.355 
1.370 
1.379 
1.387 
1.355 
1.357 
1.335 

amino nitrogen with the ir-electron system of the nitro 
group. 

In molecules where steric repulsions prohibit coplanarity, 
such as 4JV-dinitrobornan-2-imine (7),24 and N-nitro- 
aziridine (8),25 no bond shortening is observed. In 7, the 
nitro group is twisted ca. 90° from the imino (CNN) plane, 
and the N-N distance is 1.461 A; in 8, the CNC plane is 
bent 59' from the nitro plane, and the N-N bond length 
is 1.439 A. 

In addition to the large out-of-plane angle, the ring strain 
of the four-membered ring in 1 may cause the ring nitrogen 
to use a hybrid orbital with considerable s character for 
its lone pair, further decreasing the effectiveness of lone 
pair-* overlap.2s This is suggested by the ultraviolet 

(24) Cameron, T. S.; Corder, R. E.; Morris, D. G.; Murray, A. M. J.  
Chem. SOC., Perkin Tram. 2 1979, 300. 
(25) Haire, M. J.; Harlow, R. L. J. Org. Chem. 1980, 45, 2264. 
(26) (a) Kost, D.; Raban, M. J. Am. Chem. SOC. 1976, 98, 8333. (b) 

Kost, D.; Raban, M. J. Org. Chem. 1976,41, 1748. 
(27) The numbers of nitramines quoted refer to the number of crys- 

taUographidy independent groups for which structural parameters were 
derived; this may be more or less than the number par molecule. 

(28) DINGU 2,6-dinitr~2,4,6,8tetraaabicyclo[3.3.0], 
Boileau, J.; Wilmer, E.; Gilardi, R.; Stinecipher, M.; Gallo, R.; Pierrot, 
M. Acta Crystallogr. 1988, C44, 696. 

(29) Choi, C. S.; Coutin, H. P. Acta Crystallogr. 1970, 826, 1235. 
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spectrum of 1, which shows a maximum at 240 nm,  c 3600, 
compared with 1-nitroazetidine at 240 nm, c 4400, and 
nitrodipropylamine at 244 n m ,  c 6500.20a The shif t  ob- 
served for 1 may be associated with the strain imposed by  
increased N-N double bond character in the polar excited 
state of the small  r ing derivatives. 

In summary ,  the pronounced nonplanarity of the nitr-  
amine  indicates that the shortened N-N bond distance in 
1 is probably n o t  the result of increased double bond 
character. The explanation may  lie rather in an analysis 
of the inductive effects produced b y  the strongly electron 
withdrawing geminal dini t ro  grouping across the ring. A 
conformational estimate free from solid-state effects was 
obtained from MNDO (semiempirical quantum chemical) 
calculations. Values of 9.2' and 37' were obtained for the 
ring dihedral a n d  the amino  bend angles, in good agree- 
ment with the observed values (13.6 and 39.4'). The in- 
dependent arrival at similar conformational parameters  
strongly indicates that they  are intrinsic features of the 
molecule a n d  not distortions caused b y  crystal  packing 
forces. 

Experimental Sectiod2 
Caution. Nitro azetidines may be sensitive to  heat or shock 

and must be handled with caution behind appropriate shielding. 
1-tert -Butyl-3-nitroazetidine (4a). A solution of mesylate 

3a" (40 g, 0.25 mol), phloroglucinol dihydrate (32 g, 0.20 mol), 
and sodium nitrite (25 g, 0.36 mol) in methanol (300 mL) and 
water (30 mL) was stirred a t  0 "C for 16 h. The solution was 
concentrated to  one-third its original volume a t  30 "C in vacuo, 
water (200 mL) was added, and the unstable mixture was extracted 
rapidly with CH2C12 (3 X 100 mL). The combined extracts were 
dried (MgSO,), the solvent was evaporated, and the residue was 
distilled to give 2.5 g (8%) of 4a, bp 50-53 'C (0.1 mmHg): IR 
3000, 1550, 1430 cm-'; NMR 6 0.95 (s, 9 H),  3.55 (asym d, J = 
3 Hz, 4 H), 4.90 (quint, J = 3 Hz, 1 H). Anal. Calcd for 
C,Hl4N2O2: C, 53.14; H, 8.72. Found: C, 52.87; H, 8.66. 

1-Benzhydryl-3-nitroazetidine (4b). A solution of mesylate 
3b" (31.5 g, 0.10 mol), sodium nitrite (7.5 g, 0.11 mol), sodium 
iodide (14.0 g, 0.10 mol), and phloroglucinol dihydrate (12 g, 0.075 
mol) in water (20 mL) and DMF (200 mL) was stirred at 50 "C 
for 48 h. The solution was cooled, diluted with water (200 mL), 
and extracted with ether (3 x 100 mL). The combined extracts 
were washed with water and dried (MgSO,), and the solvent was 
evaporated to give 14.1 g of an oil which after column chroma- 
tography on silica gel (CH2C12) gave 3.0 g (11%) of 4b, mp 135-136 
"C: IR 1550, 1440 cm-I; NMR 6 3.5 (asym d, J = 3 Hz, 4 H), 4.3 
(s, 1 H), 4.8 (m, 1 H), 7.0 (m, 10 H). Anal. Calcd for Cl6Hl6N2O2: 
C, 71.62; H, 6.01; N, 10.44. Found: C, 71.21; H, 6.50; N, 10.10. 
Further elution gave 4.5 g (13%) of 1-benzhydryl-3-iodoaetidine 

' (30) Cady, H. H.; Larson, A. C.; Cromer, D. T. Acta Crystallogr. 1963, 

(31) Cobbledick, R. E.; Small, R. W. H. Acta Crystallogr. 1974, B30, 

(32) Choi, C. S.; Prince, E. Acta Crystallogr. 1972, B28, 2857. 
(33) Santoro, A.; Choi, C. S.; Abel, J. E. Acta Crystallogr. 1975, B31, 

(34) Choi, C. S.; Bulusu, S. Acta Crystallogr. 1974, B30, 1576. 
(35) Cady, H. H. Acta Crystallogr. 1967,23, 601. 
(36) Atovmyan, L. 0.; Gafurov, R. G.; Golovina, N. I.; Eremenko, L. 

T.; Federov, B. S. Zh. Struk. Khim. 1980,21, 135. 
(37) Cobbledick, R. E.; Small, R. W. H. Acta Crystallogr. 1973, B29, 

2795. 
(38) Cobbledick, R. E.; Small, R. W. H. Acta Crystallogr. 1973, B29, 

1659. 
(39) Cobbledick, R. E.; Small, R. W. H. Acta Crystallogr. 1973, B29, 

2585. 
(40) DNDEN dinitroxydiethylnitramine: Halfpenny, J.; Small, R. W. 

H. Acta Crystallogr. 1978, B34, 3452. 
(41) Stolevik, R.; Rademacher, P. Acta Chem. Scand. 1969,23,672. 
(42) Melting points are uncorrected. Elemental analyses were per- 

formed by Galbraith Laboratories, Knoxville, TN, and Spang Labora- 
tories, Eagle Harbor, MI. NMR spectra were recorded in CDCl, on a 
Varian T-60 ('H) or Brucker 200 AC (W) spectrometer, and infrared 
spectra were recorded in CH2Cl2 on a Perkin-Elmer 700 spectrometer. 

16, 617. 

1918. 
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(6), mp 96-97 'C: NMR 6 3.6 (m, 4 H), 4.2 (m, 1 H), 4.4 (s, 1 H), 
7.0 (m, 10 H). Anal. Calcd for CI6Hl6NI: C, 55.02; H, 4.62; N, 
4.00. Found: C, 55.29; H, 4.80; N, 4.03. 

1- tert-Butyl-3,3-dinitroazetidine (5a). Freshly distilled 4a 
(3.2 g, 0.020 mol) was dissolved in a solution of sodium hydroxide 
(0.84 g, 0.021 mol) in water (50 mL) and cooled to 10 "C. A chilled 
solution of sodium nitrite (6.9 g, 0.10 mol) and potassium ferri- 
cyanide (1.3 g, 0.004 mol) in water (50 mL) was added, followed 
by solid sodium persulfate (6.6 g, 0.028 mol). The temperature 
rose rapidly to 30 "C, and the mixture was stirred for 1 h and then 
extracted with CH2C12 (2 X 50 mL). The combined extracts were 
dried (MgSO,), and the solvent was evaporated. The residual 
liquid was distilled to  give 2.44 g (60%) of 5a, bp 70-72 "C (0.2 
mmHg), mp 17-18 'C: IR 3050, 1580, 1465 cm-'; NMR 6 1.0 (s, 
9 H), 4.2 (s, 4 H). Anal. Calcd for C7H13N304: C, 41.38; H, 6.45; 
N, 20.68. Found: C, 41.66; H, 6.57; N, 20.11. 

l-Benzhydryl-3,3-dinitroazetidine (5b). A solution of 4b 
(1.0 g, 3.7 mmol) and sodium hydroxide (0.30 g, 7.5 mmol) in 
ethanol (30 mL) was stirred for 30 min a t  ambient temperature, 
and sodium nitrite (1.0 g, 14 mmol) was added. Tetranitromethane 
(1.0 g, 5.0 mmol) was added dropwise a t  30 "C. After 30 min, 
the solvent was evaporated, water (50 mL) was added, and the 
mixture was extracted with ether (2 X 50 mL). The combined 
extracts were dried (MgSOI), and the solvent was evaporated to 
give a waxy solid, which was recrystallized (ethanol) to  give 0.44 
g (38%) of 5b, mp 85-86 "C: IR 1580, 1460 cm-'; NMR 6 3.95 
(s, 4 H), 4.4 (s, 1 H), 7.1 (m, 10 H). Anal. Calcd for Cl6HI5N30,: 
C, 61.33; H, 4.80; N, 13.42. Found: C, 61.34; H, 5.06; N, 13.23. 

1,3,3-Trinitroazetidine (1). Acetic anhydride (5 mL) was 
cooled with an ice bath to 2 "C, and 98% nitric acid (1.5 mL) was 
added, dropwise, at a rate such that the temperature was main- 
tained at  10 "C. The solution was stirred for 5 min, and then 5a 
(0.75 g, 3.7 mmol) was added dropwise. After 1 h, CH2C12 (50 
mL) was added, and the solution was washed with water (2 X 50 
mL) and with 10% aqueous sodium carbonate (50 mL) and then 
dried (MgSO,). The solvent was evaporated, and the residual 
solid was recrystallized (CCl,) to give 0.25 g (35%) of 1, mp 
103-104 " C  IR 3050,1580,1420 cm-'; H NMR 6 5.2 (9): NMR 
6 103.4, 63.4; density (AgN03 solution flotation) 1.83. Mass 
Spectrum and Anal. Calcd for C3H4N406: mol wt, 192.0131; C, 
18.76; H, 2.10. Found: 192.0134; C, 18.93; H, 2.16. 

Experimental X-ray analysis of 1,3,3-trinitroazetidine (1): 
C3H4N4O6, M, = 192.06, orthorhombic space group Pbca, a = 5.733 
(1) A, b = 11.127 (2) A, c = 21.496 (4) A, V = 1371.3 (3) A3, Z = 
8, D, = 1.861 mg m-' (at -30 'C), D, = 1.84 (at 20 "C), X(Cu Ka) 
= 1.541 78 A, p = 1.56 mm-', F(000) = 784, data collection T = 
-30 'C, Final R = 0.072, R, = 0.060 for 759 independent reflections 
with F, > 3o(F,). 

A clear colorless 0.18 x 0.20 X 0.50 mm crystal recrystallized 
from carbon tetrachloride was used for data collection on an 
automated Nicolet R3m/V diffractometer with incident beam 
monochromator, 25 centered reflections within 20 < 28 60" were 
used for determining lattice parameters. (sin(e)/A), = 0.575 
A-1, range of hkl -6 5 h 5 5,  -11 5 k 5 12, and 0 5 1 5 24. 
Standard reflections 202,040,008 monitored every 60 reflections 
with random variations up to  *1.7% over data collection, 8/28 
mode, scan width [28(Kal) - 1.01 to [28(Ka2) + 1.0]', 28 scan rate 
ranged from 2" m i d  to 30' m i d  dependent on count rate; 2514 
reflections were measured, 1071 unique, 759 observed with F, > 
30(F0); Rht = 0.014 from merging duplicate reflections. Data were 
corrected for Lorentz and polarization, and an empirical ab- 
sorption correction was applied. The maximum and minimum 
transmission values were 0.94 and 0.41. Structure was solved by 
direct methods. The blocked least-squares refinement minimized 
the quantity xw(lFol - lFc1)2 where w = l/[a2(IFol) + g(F,)2], g 
= 0.0003. Secondary extinction parameter p = 0.0010 (3) in F,* 
= F,/[l.O + 0.002(p)F2/sin (28)]0.25. There were 131 parameters 
refiied all atom coordinates, anisotropic temperature parameters 
for non-hydrogen atoms; the hydrogen atoms were assigned fixed 
isotropic thermal parameters. (A/u)- = 0.001, R = 0.072, R, 
= 0.060, S = 1.47. Final difference Fourier excursions 0.36 and 
-0.43 e A". Atomic scattering factors from International Tables 
for Crystal/ography.a The programs used for structure solution, 

(43) International Tables for X-ray Crystallography; Kynoch Press: 
Birmingham, England, 1974. 
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refining, and plotting are part of SHELXTLU4 
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An improved method for palladium(I1)-catalyzed Wacker oxidation of cyclic and internal olefins is described. 
Addition of perchloric, sulfuric, nitric, or tetrafluoroboric acid to a chloride free solution of the Pd(I1) catalyst 
gives rate enhancements of up to a factor of 50. The oxidation of cyclohexene to cyclohexanone, which was previously 
reported to give a 97% yield after 5 h, is now accomplished in 1 h quantitatively, with only one-third of the amount 
of Pd(I1) used. Limitations of the method are also discussed. 

The palladium(I1) oxidation of terminal olefins to give 
methyl ketones (Wacker oxidation) is well established both 
as an industrial and an organic synthetic process (eq l h 2 v 3  
Chemical oxidants (Ox) such as Cu(II), Fe(III), MnOz, 
heteropolyacids, or quinones are used to regenerate Pd(I1) 
from Pd(0) (eq 2),4-1° thus making the reactions catalytic 
with respect to the Pd(I1). Recently, electrochemical re- 
generation of Pd(I1) in these systems has been report- 
ed,ll-13 

HZ0 
RCH=CH2 + Pd(I1) - RC(O)CH3+ Pd(0) (1) 

Pd(0) + Ox - Pd(I1) + Red (2) 

One of the deficiencies of this reaction is that the oxi- 
dation of cyclic and internal olefins is inefficient? On the 
other hand, it is clear from early industrial work7J4-16 and 

(1) Issued as NRCC publication no. 31232. 
(2) Chaloner, P. A. Handbook of Coordination Catalysis in Organic 

(3) Tsuji, J. Synthesis 1984, 369. 
(4) Tsuji, J. Organic Synthesis with Palladium Compounds; Spring 

(5) Ogawa, H.; Fujinami, H.; Taya, K.; Tertani, S. Bull. Chem. SOC. 

(6) Ogawa, H.; Fujinami, H.; Taya, K. J. Chem. Soc., Chem. Commun. 

(7) Jira, R.; Friesleben, W. Organomet. React. 1972, 3, 5. 
(8) Kolb, M.; Bratz, E.; Dialer, K. J .  Mol. Catal 1977,2, 399. 
(9) Clement, W. H.; Selwitz, C. M. J. Org. Chem. 1964, 29, 241. 
(10) Moiseev, I. I.; Vargaftik, M. N.; Syrkin, Y. K. Dokl. Ada. Nauk. 

(11) Tsuji, J.; Minato, M. Tetrahedron Lett. 1987, 3683. 
(12) Horowitz, H. H. J.  Appl. Electrochem. 1984, 14,779. 
(13) Wayner, D. D. M.; Hartstock, F. W. J. Mol. Catal. 1988,48, 15. 
(14) Smidt, J.; Hafner, R.; Jira, R.; Sieber, R.; Sedlmeier, R.; Sabel, 

(15) Smidt, J.; Sedlmeier, R.; Jira, R. Angew. Chem. 1959, 71, 176. 
(16) Jira, R.; Sedlmeier, J.; Smidt, J. Justus Liebigs Ann. Chem. 1966, 

Chemistry; Butterworths: London, 1985. 

er-Verlag: New York, 1980. 

Jpn. 1984, 57, 1908. 

1981, 1274. 

SSSR 1960,130,820. 

A. Angew. Chem., Int. Ed. Engl. 1962, 1, 80. 

693, 99. 

Table I. The Effect of Acid of the Wacker Oxidation of 
1-Decene 

acid (% conv)" Droducts vield, 5% 
no reaction 
2-decanone 
3-decanone 
4-decanone 

HNO:, (93) 2-decanone 
3-decanone 
decanal 

HC10, (98) 2-decanone 
3-decanone 
decanal 

HBF4 (99) 2-decanone 
3-decanone 
decanal 

- 
64 
5 

14 

83 
6 
4 

79 
10 
4 

84 
9 
3 

(go)* 

(loo)* 

(95T 

(97Y 
nConversion of 1-decene after 10-min reaction at 60 O C  using 

0.25 M acid. *Material balance based on starting material. 

the patent literature17J8 that the homogeneous oxidation 
of ethylene and terminal olefins is accelerated by addition 
of small amounts of acid but is inhibited by acid at high 
concentrations and by ~ h l o r i d e . ~ J ~ - ' ~ J ~  However, the in- 
fluence of acid on cyclic olefins is less certain. Moiseev 
et al.zO indicated that the cyclohexene oxidation rate was 
independent of [H+], whereas Kolb et a1.8 and Horowitz12 
demonstrate that the cyclic olefin oxidation rate is en- 

(17) Vasileikis, J.; Ridgway, P. L.; Evitt, E. R. US. Patent 4,738,943, 
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(19) Okada, H.; Noma, T.; Katauyama, Y.; Hashimoto, H. Bull. Chem. 

(20) Moiseev, I. I.; Vargaftik, M. N.; Syrkin, Ya. K. Dokl. Akad. Nauk. 

1988. 

Fellman, J. D.; Kipnis, L. S. PCT Int. Appl. WO 87 01.615, 1987. 

SOC. Jpn. 1968,41, 1395. 

SSSR 1961, 139, 1396. 
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