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acetate: 0.6 g (70%); mp 176-177 "C (lit." mp 174-175 OC for 
the racemate); 13C NMR (DzO) 6 177.00 (CO), 49.94 (CH), 41.76 
(CH,N), 30.23 (CH,-2) 27.89 (CH,-3); 'H NMR (DzO) 6 3.70 (m, 
1 H, CH-4), 3.35 (m, 2 H, CH,-5), 2.60 (m, 2 H, CH2-2), 2.10 (m, 
2 H, CH,-3); maas spectrum, m / z  (relative intensity) 114 (16, M+ 
- 18, 5-(aminomethyl)-2-pyrrolidone), 98 (22, 5-methylene-2- 
pyrrolidone), 84 (40, 2-pyrrolidone); [alZ0~ +4.6' (c 2.5, water). 
On cellulose TLC it had R, 0.18 (2-propanol/hydrochloric 
acidlwater, 5/1/ 1). 

Anal. Calcd for CsH14C12N202: C, 29.3; H, 6.9; N, 13.7. Found 
C, 29.2; H, 6.8; N, 13.6. 
(S)-(-)-4,5-Diaminovaleric acid dihydrochloride (6b) was 

obtained following the procedure described for ita enantiomer 6a. 
From 1 g of 5b was obtained 0.7 g (85%) of 6b: mp 180-181 OC 
(methanol-ethyl acetate); [aI2O~ -4.6' (c 1.5, water). On cellulose 
TLC it had R 0.15 (solvent as for sa). 

Anal. Calcdfor CSHl4Cl2N2O2: C, 29.3; H, 6.9; N, 13.7. Found 
C, 29.3; H, 6.8; N, 13.8. 

(R)-5-( ((Methylsulfony1)oxy)methyl)-2-pyrrolidone (4). 
Mesyl chloride (2.5 mL) was added to a stirred solution of 0.4 
g of 2a in 5 mL of anhydrous pyridine kept at 5 "C. The mixture 
was stirred at 25 'C during 90 min, and it was then evaporated 
to dryneas in vacuo. The residue was dissolved in a small volume 
of 10% methanol in chloroform, and the solution was applied to 
a TLC silica gel column (2 X 20 cm) packed and prewashed with 
the same solvent. The mesylate was eluted with the same eluant, 
the eluate was evaporated to dryness, and the residue was re- 
crystalkzed from chloroform-hexane: 0.3 g (60%); mp 75-76 "C; 
13C NMR (DzO) 6 178.00 (CO), 71.10 (CH), 52.30 (CH,O), 36.81 

1 H, NH), 4.10 (m, 3 H, CH20, H-5), 3.10 (s,3 H, CH3), 2.10 (m, 

Anal. Calcd for C6Hl1NO4S: C, 37.3; H, 5.7; N, 7.2. Found: 
C, 37.2; H, 5.8; N, 7.1. 
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Unsaturated nitro compounds have proved to be valu- 
able precursors to a wide variety of target molecules. 
Historically, the nitroalkenes were of importance because 
of their biological activity such as insecticides,lP2 fungi- 
c i d e ~ , ~ * ~ - ~  and pharmacologically active  substance^.^^ 
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The utility of nitroalkenes in organic synthesis is largely 
due to their easy conversion into a variety of functional- 
ities.1° Alternatively they are powerful dienophiles in 
Diels-Alder reactions or readily undergo addition reactions 
with many different nucleophiles. 

The classical preparation of nitroalkenes involves the 
Henry condensation reaction of aldehyde or ketone with 
a nitroalkane followed by dehydratation of the resultant 
&nitro alcoholll (eq 1). 

OH 

Several methods, using reagents such as methanesdfonyl 
chloride,12 phthalic anhydride,13J4 dicyclohexylcarbodi- 
imide (DCC),16 and pivaloyl ch10ride'~J~ have been used 
for the dehydration step. However some of these are in- 
direct methods or require high temperature and, moreover, 
they seem of little utility in the dehydration of function- 
alized &nitro alcohols. The importance of functionalized 
nitroalkenes prompted us to search for a chemoselective 
and more convenient dehydrating agent for functionalized 
&nitro alcohols. 

In a previous paper we reported18 a mild, simple het- 
erogeneous method for synthesis of 2-nitroalkanols from 
nitroalkanes and aldehydes on an alumina surface at  room 
temperature and in the absence of a solvent. Later we 
notedlg that this solvenbfree nitro-aldol reaction between 
functionalized nitroalkanes and aryl aldehydes such as 
2-furaldehyde gave 1-(2-furyl)-2-nitroalk-l-enes in high 
yields. 

Based on these previous results we have found that basic 
alumina is a far superior catalyst for the chemoselective 
dehydration of the functionalized &nitro alcohols. 

Our method is carried out at  40 "C by simply dissolving 
the appropriate nitroalkanol in dichloromethane, with 
basic alumina (activity I according to Brockmann). After 
stirring at  40 "C for the right time (see Table I), the 
product is isolated, as the E isomer,20 in good yields 
( 6 0 4 5 % )  by filtration, evaporation, and purification by 
distillation or chromatography. In this procedure the 
formation of conjugated nitroalkenes is preferred even if 
the other isomer is expected by Saytzeff orientation (23 
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Table I. Dehydration of 2-Nitro Alcohols to Conjugated Nitroalkenes 
2-nitro alcohol no. R conjugated nitroalkene no. reaction time (h) yield (%) 

1 
3 
5 
7 

9 
11 

13 
15 

17 
19 
21 

23 

to 24). It is noteworthy that other functions such as ester, 
Z double bond, or hydroxy group are preserved. Moreover, 
in the nitro &@-diol it is possible to effect a chemwelective 
dehydration of the secondary hydroxy group (19 to 20) 
with respect to the primary one. 

Furthermore, a one-pot synthesis of conjugated nitro- 
alkenes 12,22, and 24, starting from aliphatic aldehydes, 
consisting of a solvent-free nitro-aldol reaction on alumina 
at room temperature, followed by in situ dehydration, with 
addition of dichloromethane and warming at  40 O C ,  has 
been developed. 

Since the nitroalkeaes are amenable to transformation 
into carbonyl compounds,21 the present chemoselective 
synthesis of nitroalkenes will increase the use of &nitro- 
alkanols in the preparation of functionalized ketones.22 

In summary, the present methodology to obtain conju- 
gated nitroalkenes is mild, and highly selective, and pro- 
ceeds in good yields also on a large scale. 

Experimental Section 
General. GC analyses were performed on a capillary column 

of Duran glass (0.32 mm X 25 m), stationary phase OV1 (film 
thickness 0.4-0.45 nm). All 'H NMR spectra were recorded, in 
CDC13 as solvent, at 300 MHz. Boiling points are uncorrected. 
Basic alumina (activity I according to Brockmann) was purchased 
from Carlo &ba. The @nitro alcohols were prepared by the Henry 
reaction18 as a mixture of the diastereomeric forms erythro-threo. 
The 0-nitro alcohols 7,17, and 19 were prepared in the same way 
starting from 4-nitro-2-butano1, 7-nitro-l-heptan01,~ and 2- 
nitroethanol, respectively. The crude conjugated nitroalkenes 
were purified by distillation or chromatography. Preparation of 
4 is described here as a typical procedure. 

(E)-3-Nitro-2-pentene (4). 3-Nitro-2-pentanol(3) (6.65 g, 0.05 
mol), in CH2Clz (60 mL), was stirred mechanically at rt in a 250 
mL, three-necked flask. Chromatographic alumina (Carlo Erba 
RS, activity I according to Brockmann, 10 g) was added, and 
stirring was continued at 40 "C for 7 h (the reaction progrm was 
monitored by GC and TLC). The mixture was filtered, the 
alumina was washed with CHzClz (3 X 30 mL), and the filtered 
extract was evaporated at reduced pressure to give the crude 
nitroalkene 4 which after distillation gave 4.43 g (77%) of pure 
product: bpi0 65 "C (lit.24 bpi2 69-70 "C); IR (film) Y 1670 (-1, 

(21) (a) Varma, R. S.; Varma, M.; K a b d a ,  G. W. Tetrahedron Lett. 
1985,26,3777. (b) Monti, D.; Grammatica, P.; Speranza, G.; Manitto, 
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Synthesis 1985, 664. (e) Aizpurua, J. M.; Oiarbide, M.; Palomo, C. 
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Chem. SOC. 1991,113,5917. 
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2 
4 
6 
8 

10 
12 

14 
16 

18 
20 
22 

24 

8 
7 
7 
7 

7 
9 

48 
60 

7 
9 
7 

24 

75 
77 
76 
73 

85 
68 

60 
61 

68 
64 
64 

72 

1520 cm-' (NO,); 'H NMR 6 1.12 (t, 3 H, J = 7.4 Hz), 1.9 (d, 3 
H, J = 7.4 Hz), 2.62 (4, 2 H, J = 7.4 Hz), 7.18 (q, 1 H, J = 7.4 
Hz). AnaL Calcd for C&JV02: C, 52.16; H, 7.88; N, 12.17. Found 
C, 51.95; H, 8.01; N, 11.98. 

(E)-IL-Nitro-%-butene (2): yield 3.78 g (75%); bp,  80 "C (lit1s 
bplo W 2  "C); IR (film) Y 1675 (C=C), 1515 cm-' (NO& 'H NMR 
6 1.89 (d. 3 H. J = 7.4 Hz). 2.18 (8. 3 H). 7.2 (a. 1 H. J = 7.4 Hz). 
Anal. Chcd for C4H7NOi: C, 47:52; H, 6.98f'N, 13.85. Found: 
C, 47.70; H, 7.1; N, 13.68. 

(E)-Methyl 6-nitro-6-octenoate (6): yield 7.64 g (76%); oven 
tempo.w 165 "C (Kugelrohr); IR (film) Y 1735 (CO), 1665 (C=C), 
1515 cm-' (NO,); 'H NMR 6 1.45-1.75 (m, 4 H), 1.88 (d, 3 H, J 
= 7.3 Hz), 2.3 (t, 2 H, J = 7.2 Hz), 2.6 (t, 2 H, J = 7.8 Hz), 3.65 
(8,  3 H), 7.18 (9, 1 H, J = 7.3 Hz). Anal. Calcd for CgH15N04: 
C, 53.72; H, 7.51; N, 6.96. Found C, 53.90; H, 7.38; N, 7.10. 
(E)-4-Nitro-4-hexen-2-01(8): yield 5.3 g (73%); oil; IR (film) 

v 3435 (OH), 1670 (CO), 1515 cm-' (NOz); 'H NMR 6 1.38 (d, 3 
H, J = 6.8 Hz), 1.65 (broad s, 1 H), 1.97 (d, 3 H, J = 7.6 Hz), 
1.75-1.85 (m, 2 H), 4.00-4.15 (m, 1 H), 7.38 (q, 1 H, J = 7.6 Hz). 
Anal. Calcd for C6Hl1NOB: C, 49.65; H, 7.64; N, 9.65. Found 
C, 49.82; H, 7.71; N, 9.49. 
(2E,62)-2-Nitro-2,6-nonadiene (10): yield 7.18 g (85%); oven 

tempo,66 136 OC (Kugelrohr); IR (film) Y 1670 (C=C), 1520 cm-' 
(NO,); 'H NMR 6 0.88 (t, 3 H, J = 7.6 Hz), 1.9-2.1 (m, 2 H), 2.18 
(8,  3 H), 2.15-2.30 (m, 4 H), 5.22-5.32 (m, 1 H), 5.4-5.5 (m, 1 H), 
7.12 (t, 1 H, J = 7.4 Hz). Anal. Calcd for CgH15N02: C, 63.88; 
H, 8.93; N, 8.28. Found C, 64.01; H, 9.05; N, 8.13. 

(E)-1-Nitro-1-butene (14): yield 3.03 g (60%); bp, 54 "C (litN 
bp,, 55 "C); IR (film) v 1645 (C=C), 1520 cm-' (NO,); 'H NMR 
6 1.1 (t, 3 H, J = 6.9 Hz), 2.25-2.40 (m, 2 H), 6.95-7.03 (m, 1 H), 
7.25-7.40 (m, 1 H). Anal. Calcd C4H7N02: C, 47.52; H, 6.98; N, 
13.85. Found: C, 47.70; H, 7.13; N, 13.69. 

(E)-1-Nitro-1-octene (16): yield 4.79 g (61%); oven temp,,., 
150 O C  (Kugelrohr) (lit.24 bp, 112 "C); IR (film) v 1645 (C=C), 
1520 cm-' (NO,); 'H NMR 6 0.9 (t, 3 H, J = 6.9 Hz), 1.2-1.6 (m, 
8 H), 2.18-2.35 (m, 2 H), 6.97-7.00 (m, 1 H), 7.25-7.33 (m, 2 H). 
Anal. Calcd for CnH15N02: C, 61.12; H, 9.62; N, 8.91. Found: 
C, 61.00; H, 9.80; N,9.02.- 
(E)-7-Nitro-7decen-l-o1(18): yield 6.83 g (68%); oil; IR ( fh)  

v 3340 (OH), 1615 (C=C), 1515 cm-' (NO,); 'H NMR 6 1.12 (t, 
3 H. J = 8.8 Hz). 1.3-1.65 (m. 8 HI. 2.25 (m. 2 H. J = 7.6 Hz). 
2.55-2.6 (dd, 2 H; J = 7.3,7:7 Hz),  3164 (t, 2 H, J = 6.5 Hz), 7.08 
(t, 1 H, J = 7.9 Hz). Anal. Calcd for C10HlgN03: C, 59.68, H, 
9.52; N, 6.96. Found: C, 59.53; H, 9.66; N, 7.07. 
(E)-2-Nitro-2-penten-1-01(20): yield 4.2 g (64%); oven t e m h  

150 "C (Kugelrohr); IR (film) v 3400 (OH), 1640 (M), 1513 cm-' 
(NO,); 'H NMR 6 1.18 (t, 3 H, J = 7.1 Hz), 2.3-2.45 (m, 2 H, J 
= 7.9 Hz), 4.55 (d, 1 H, J = 7.4 Hz), 7.21-7.25 (m, 1 H). Anal. 
Calcd for CsHsNOa: C, 45.8; H, 6.92; N, 10.68. Found C, 45.98; 
H, 6.79; H,-1080. - 

One-Pot Synthesis of Conjugated Nitroalkenes 12,22, and 
24. Typical Example: Preparation of (E)-2-Nitro-2-pentene 

H, 6.79; H,-1080. - 
One-Pot Synthesis of Conjugated Nitroalkenes 12,22, and 

24. Typical Example: Preparation of (E)-2-Nitro-2-pentene 

(24) Schmidt, E.; Rutz, G. Ber. 1928, 61B, 2142. 
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(22). A solution of propionaldehyde (2.9 g, 0.05 mol) and ni- 
troethane (3.75 g, 0.05 mol) was mechanically stirred for 5 min 
at 0 O C ,  while cooling with an ice bath. After the addition of 
chromatographic alumina (Carlo Erba RS, activity I, 10 g) and 
stirring for 30 min at 0 O C ,  the mixture was allowed to stand at 
rt for 20 h. CHzClz (60 mL) was added, and the mixture was 
stirred and heated at 40 O C  for 7 h. The mixture waa then filtered, 
and the alumina was washed with CHzClz (3 X 30 mL). The 
organic layer was evaporated and purified by distillation to give 
3.68 g (64%) of 22: bp,, 66 O C  (lit.'z bp, 85 "C); IR (film) Y 1650 
(C=C), 1510 cm-' (NOz); 'H NMR 6 1.12 (t, 3 H, J = 7.6 Hz), 
2.1-2.4 (m, 2 H), 2.17 (e, 3 H), 7.12 (t, 1 H, J = 7.5 Hz). Anal. 
Calcd for C&,NOz: C, 52.16; H, 7.88; N, 12.17. Found C, 52.02; 
H, 7.99; N, 12.05. 
(E)-2-Nitro-S-phenyl-2-penbne (12): yield 6.5 g (68%); bp0.m 

163 OC; IR (film) Y 1670,1600 (MI ,  1515 cm-I (NOz); 'H NMR 
6 2.08 (8, 3 H), 2.55 (q,2 H, J = 7.4 Hz), 7.1-7.4 (m, 5 H). Anal. 
Calcd for CIIH13N02: C, 69.09; H, 6.85; N, 7.32. Found C, 68.93; 
H, 6.97; N,-7.45. 
(E)-2-Nitro-l-cyclohexyl-l-heptsne (24): yield 8.1 g (72%); 

oil; IR (film) Y 1665 (C-C), 1520 cm-' (NOz); 'H NMR 6 0.9 (t, 
3 H. J = 7 Hz). 1.2-1.6 (m. 19 H). 2.18-2.35 (m. 2 HI. 6.97 (d. 1 
Hr2 = 10.8 Hzj. Anal. Cicd for'C13HzsN02:' C; 69.29; H, 10.29; 
N, 6.22. Found C, 69.41; H, 10.13; N, 6.38. 
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Syntheses of organic cage hydrocarbons with novel 
structural carbon frameworks are an interesting and active 
field of research in organic chemistry.' Many novel cage 
hydrocarbons such as adamantane,2 ~ u b a n e , ~  and do- 
decahedrane4 have been successfully synthesized. How- 
ever, far fewer perfluorinated cage hydrocarbons are 
known. The synthesis of perfluoroadamantane by aerosol 
direct fluorination was reported several years ago by our 

We report the synthesis of perfluorodiamantane 
by aerosol direct fluorination. 
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(3) Eaton, P. E.; Cole, T. W. J.  Am. Chem. SOC. 1964,86,3157. 
(4) Temasky, R. J.; Balogh, D. W.; Paquette, L. A. J. Am. Chem. SOC. 

New York, 1990. 

1982,104,4509. 
(5) Adcock, J. L.; Robin, M. L. J. Org. Chem. 1983, 48, 3128. 

f 
l2 /I -11732ppm / \ 

I J \ 

c b a  

Figure 1. The 19F NMR spectrum of perfluorodiamantane. 
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Fa 

Figure 2. The structure and '9 magnetic environments of 
perfluorodiamantane. 

In 1965, Schleyer et al. first reported the synthesis of 
congressane? which was later named diamantane. Al- 
though mono-, di-, and tetrafluorodiamantane have been 
prepared from the corresponding bromodiamantanes78 
syntheses of higher fluorinated diamantanes have not to 
our knowledge been reported. 

Results and Discussion 
The perfluorination of diamantane was carried out in 

an improved aerosol reactor described elsewhere? Briefly, 
this method involves the condensation of the starting 
material onto the surfaces of microscopic nucleating so- 
dium fluoride preaerosol particles injected at  a rate of 
10-100 mg/h (0.4-4 mmol/h). The particulates so formed 
are fluorinated while traversing a concentration gradient 
of fluorine gas. The heat released during the fluorination 
is dissipated into the particulates and also efficiently re- 
moved by the external cooling system. As a result of the 
low temperature, condensed phase, and the relatively low 
acidity (HF:P, 25:l to 2.51)  produced by the injected 
fluoride ion, cationic rearrangements caused by super 
acidic endogenous hydrogen fluoride and fragmentation 
of the hydrocarbon frameworks can be all but eliminated 
during the fluorination. This is an especially important 
consideration in cage compounds. The low yield is most 
probably due to the difficulty in trapping the highly stable 
aerosol. Losses due to inefficient product capture are 
supported by the insufficient amounts of side products 
collected and the lack of residues deposited in the reactor. 

The sole isolated product displayed the expected mo- 
lecular ion, m/z 548, with accurate l% isotope peaks. The 
thermal electrons produced by negative chemical ionization 
(electron attachment) mass spectrometry produce anions 
by attachment to the fluorocarbon molecules with minimal 
fragmentation and excellent molecular ion intensities. The 
parent peak at mlz 548 not only was the base peak, but 
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