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Summary 
Attempts to deprotonate nitrocyclopropane led to solutions which showed 

strong ESR. signals (Fig. 1) and from which l-nitro-l'-nitroso-bicyclopropyl(3) and 
1 ,l'-dinitro-bicyclopropyl (2) were isolated. The activation energy for rotation 
about the central C,C-bond of 2 is estimated to be about 12 kcal/mol (IH-NMR. 
spectra in Fig. 2). In contrast, the open-chain analogue 2,3-dimethyl-2,3-dinitrobu- 
tane (1) shows a methyl singlet down to -70" C. Low-temperature X-ray analyses of 
1, 2, 3, and also of 1,l'-dinitro-bicyclobutyl (4) show that all four molecules have 
gauche-conformations but reveal striking structural differences between the open- 
chain and the cyclic derivatives (Fig. 4-6): the central C,C-bond is long in 1 (1.575 
A), short in 2 (1.479 A); the C,N-bonds are long in 1 (1.549 A), short in 2 (1.488 A); 
the orientation of the nitro groups is bisected in 2 and perpendicular in 1. The crystal 
structure of the nitro-nitroso compound 3 is isomorphous with that of the dinitro 
compound 2 and thus disordered (Fig. 15-16). The effect of the nitro group as z-elec- 
tron acceptor on the molecular conformations and bond lengths is discussed. From 
analysis of the anisotropic vibrational parameters of 2 the root-mean-square libra- 
tional amplitude of the nitro groups about their C,N-bonds is estimated to be about 
5.8" at 95 K, corresponding to a rotational barrier of about 9 kcal/mol, i. e. the same 
order of magnitude as the NMR. estimate of about 12 kcal/mol for C,C-rotation. 

In this paper we describe the synthesis of some persubstituted 1,2-dinitroethanes 
and discuss their physical properties, basing the discussion mainly on results of low- 
temperature crystal-structure analyses of the derivatives 1-4 with open-chain and 
small-ring C-skeletons. 
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Like so many other research projects, this study started along a different track 
and forked off, following some unexpected observations. In connection with our 
studies on the use of metallated aliphatic nitro compounds in organic synthesis [ 11 
we wished to determine the crystal structure of the lithium salt of 2-aci-nitropro- 
pane; attempts to recrystallize this compound from aqueous solution gave crystals 
of a different compound, the X-ray analysis of which showed it to be the dimer 1, 
evidently formed by air oxidation5). Another unexpected observation that stimulat- 
ed our interest was the spontaneous dimerization to 2 and 3 that occurred whenever 
we tried to generate 1-lithio-1-nitrocyclopropane (or the lithium salt of the corre- 
sponding mi-nitroalkane) and to combine it with electrophiles. Finally, 5 was one of 
the products of oxidation of the lithium salt or silyl ester [ 1 b] [2] of aci-nitrocyclo- 
pentane with lead tetraacetateh). 

1 2 3 4 5 

1. Preparation of the nitrocycloalkanes. - These compounds have all been de- 
scribed before. The most general method of preparing them is the bromination of 
cycloalkanone oximes with subsequent reductive debromination [5] (Eqn. 6 in Sec- 
[ion 3). The nitrocyclopropanes are not available by this route and are made by y-eli- 
mination from 1 -halo-3-nitropropanes [6]. We could improve the yield of this pro- 
cess by using potassium carbonate as a base under heterogeneous conditions (Eqn. 
I, up to 53% of 6, over 70% of 7); application to the five- and six-membered ring was, 
however, unsatisfactory (27% of 8,20% of 9). A surprising result was the formation 
of (nitromethy1)cyclopropane (10) from 4-aci-nitro- 1 -chlorobutane (see Eqn. 2), a 
conversion that could be optimized to 40% yield by using lithium diisopropyl amide 
(LDA) as a base. This makes the interesting nitro compound 10 amply accessible for 
synthetic purposes7). Mechanistically, the elimination leading to 10 is reminiscent 
of the ~J-double  deprotonation of certain nitroethanes [7]. 

8 9 
6 H3CZ , 

solid K,CO,, A 
in benzene or toluene 

Halogen-~CHZ),-N02 , 

/:E 

10 

5 )  
6 ,  
7, 

It turns out that 1 is actually available commercially from Aldrich. 
Compound 5 [3] and the six-membered ring analogue [3] [4] have been described before. 
Previously, the compound 10 was obtained from cyclopropanecarbonitrile in a yield of 6% over 
several steps [8]. 
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2. Formation of the bicyclopropyls 2 and 3. The elusive nitrocyclopropyl anion. - 
When we treated nitrocyclopropane at temperatures between -80 and -1 10" with 
bases such as butyllithium, LDA, or potassium hexamethyldisilazanid in tetrahyd- 
rofuran (THF), we obtained yellow to red solutions which were thought to contain 
the lithium salt of aci-nitrocyclopropane. Workup after any amount of time, rise of 
temperature, or addition of any electrophile with or without oxidizing properties al- 
ways led to the isolation of mixtures of the colourless dinitro-compound 2 (rn. p. 
128", up to 60%) and of the deep-blue nitro-nitroso compound 3 (m. p. 64", up to 
45%). Although we added a large variety of possible reaction partners: water (H20, 
D,O), acetic acid, carbon dioxide, methyl iodide, benzyl bromide and chloride, p-ni- 
trobenzyl chloride, benzaldehyde, w-nitrostyrene, p-benzoquinone, iodine, we 
failed to isolate or identify any compound besides the dimerization products 2 and 
38). Thus, nitrocyclopropane cannot be used in C,C-bond-forming synthetic steps, 
under the conditions employed here. 

What should have been expected? Quantitatively generated salts of aci-nitroal- 
kanes do not react with aldehydes or ketones under aprotic conditions, i .  e. the equi- 
librium (a) in Equation 3 lies on the right [9]; with other electrophiles, such as chlor- 
osilane, they give aci-nitro derivatives [I]  [2] ,  see (b) in Equation 3. On the other 
hand, the anion generated by deprotonating nitrocyclopropane is expected to be 
much more reactive than those from other nitroalkanes; with a pK, of 27 on the 
Bordwell-scale [lo], nitrocyclopropane is about 10 orders of magnitude less acidic 
than its open-chain analogue 2-nitropropane [l  11. As indicated in Equation 4, the 
lithium salt of aci-nitrocyclopropane might be so reactive that it adds the also highly 
reactive9) products derived from it by attack of an electrophile at oxygen, eventually 
giving the nitro-nitroso compound 3 (Mechanism A). We have observed this kind of 
behaviour when we tried to generate the enolate of ethyl cyclopropane-carboxylate 
(see Eqn. 5): only the product 11 of self-addition could be isolated (see Exper. Part). 

COOEt 

+LDA - 
COOEt 

- %Li 

- 
EtOOC 

11 

s, 
9) 

In  air, the nitro-nitroso derivative 3 is rapidly oxidized to the dinitro compound 2. 
The strain energy of methylidenecyclopropane and of cyclopropane is 41 and 27 kcal/mol, respec- 
tively, and cyclopropanone can hardly be isolated [IZ]. 
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The strongly decreased acidity of nitrocyclopropane is a consequence of the well 
documented resistance of centers in three-membered rings towards becoming plan- 
ar9)I0>. Thus, organometallic derivatives'O) of substituted cyclopropanes 12 exhibit 
chemical properties and stereochemical features different from those of open-chain 
analogues. Accordingly, the nitronate derived from 6 might be expected not to have 
a planar structure 13a but to be the bent species 13b, stabilized more by polar than 
by conjugative effects. 

0 9" N ', 0 pQ" 0' 0 '6 
X m 

13a 13b 

+@ 12 

X =Halogen [ 161 
CN 1171, NC [18] 
COOR [19], C,H, [20] 

Mechanisni B 

,/I/..,@ - 
3 

9- \; 
14 M Q  

The tendency of 13 to give dimeric products 2 and 3 could also be a consequence 
of the unsurpassed ability of the NO,-group to act as one-electron acceptor"). If 
one-electron transfer were accompanied by 90" rotation about the C,NO,-bond 
(13- 14) a perpendicular combination 14 of a cyclopropyl radical [I51 and a nitro 
radical anion results12). The dimerization product 15 of this diradical 14 might be 

10) Non-carbanionoid species also show this effect. In the recently determined structure of a Knitro- 
aziridine the aziridine N-atom is distinctly pyramidal, as judged from Figure I of [13a], cf: the high 
inversion barrier in aziridines [13b] and the chemistry of cyclopropyl cations [14]; in contrast, 
cyclopropyl radicals invert rapidly [15]. Compare also the reluctance of cyclopropane and cyclo- 
butane derivatives to undergo SN~-substitutions (161. 
((The nitro group is the best one-electron acceptor in organic chemistry)) ( N .  Kornblurn, statement 
in a lecture delivered in Zurich, 5th June 1978; cf: [3b]). 
Compare the radical formation [21] by the formally forbidden ct9O0-jumpn of an electron from the 
a-plane into the perpendicular n-system of ortho-lithio-nitrobenzene, occurring at temperatures 
above -loo", A +  B (see also footnote 14). 

11) 

12) 

t . 0  
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present in the s~ lu t ion '~ ) ,  and addition of electrophiles/oxidants would then give 
the observed products 2 and 3 (Mechanism B). According to Mechanism A, dimer 
formation occurs only after addition of electrophile (oxidant), whereas Mechanism 
B implies at least an equilibrium concentration of the diradical dianion derivative. 
In order to test the second possibility, we transferred a solution, after mixing the ni- 
trocyclopropane and LDA components, into an ESR. tube, diluted to 0 . 0 5 ~ ~  and 
measured the ESR. spectrum as quickly as possible between -80" and + 20". Figure 
I shows the intense signal14) observed. It must arise from more than one radical spe- 
cies, some of which are stable for several hours at room temperature. 

+ 20" 1 -  200 Gauss 

Figure 1. ESR. spectra of solutions obtained from nilrocyclopropane (6) and LDA (see also Exper. Part) 

The existence of long-lived paramagnetic species in the solution is in accord 
with Mechanism B, although it does not disprove Mechanism A. * 

Deprotonation of 2-methyl-1-nitrocyclopropane (7) with LDA also furnishes a 
deep red solution at -78", from which again no monomeric derivative could be 
retrieved ; addition of p-benzoquinone produced the corresponding dinitro-bicyclo- 
propyl compound 16 in 72% yield. 

13) Such species are probably involved in the reductive elimination [3] leading from persubstituted vic.- 
dinitroethanes to olefins (C+ D) with Na2S (fpolysulfides), an indiscriminate donor of electrons. - 
Bicyclopropylidene is not formed in the present case (1SttLE + 2NO;) for strain reasons [ 1 219). (-A- ., 

.- 0-3 
0,; 

C D E 

14) Solutions of lithiated N-nitrosamines also give rise to intense ESR. signals, but at the same time, 
these reagents are highly nucleophilic in C,C-bond-forming processes [22]. 
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3. Variable temperature 'H-NMR. spectra of the dinitroethane derivatives 1,2,4, 
and 5. - The 'H-NMR.-spectrum of the dinitro-bicyclopropyl 2 consists of an 
AA'BB' set of signals, see Figure 2 (top). On each cyclopropyl, the two H-atoms cis 
to NO, are thus equivalent and so are the two trans to NO, (or cis to the other ring), 
indicating a preferred or averaged conformation 17 of C,,-symmetry with antiperi- 
planar NO,-groups (or the less likely syn-periplanar C,,-arrangement). From spec- 
tra obtained with NMR. spectrometers of different frequencies, we noticed that 
there must be a change of the spectrum of 2 slightly below room temperature. This 
was confirmed by low-temperature spectroscopy: at 100 MHz and -5" ,  the coupling 
pattern of Figure 2 (top) had totally disappeared; the slow-exchange spectrum is 
shown at the bottom of Figure 2, the coalescence spectrum in the middle of Figure 2. 
The preferred conformation of 2 has thus four types of H-atoms as in 18 (Cz-sym- 
metry); the activation enthalpy AG+ is estimated to be about 12.5 kcal/mol. In 
contrast, the 'H-NMR. spectrum of the open-chain analogue 1 shows a sharp singlet 
down to -100°C. Likewise, the bicyclobutyl derivative 4, prepared as indicated in 
Equation 6, and the bicyclopentyl derivative 5 show spectra, Figure 3, which do not 
change on cooling to -80". These derivatives must either have a different minimum- 
energy conformation or the barriers to rotation around the central bonds must be 
much lower than in the bicyclopropyl derivative 2. Before discussing possible rea- 
sons for these differences, we describe results of low-temperature crystal-structure 
analyses of the open-chain compound and of the small-ring derivatives 2,3  and 4. 

-17" 

-55- 

Fig. 2. Teniperuture-dependent 'H-NMR. spectra of l,I'-dinitrohic~c(rop-vl ( 2 )  at 100 M H z  (Variun 
XLlOU spectrometer) i n  CD2Cl2 (Deuterium lock; internal standard tetramethylsilane. From a separation 
of Av=45 Hz in the slow-exchange spectrum (no further changes are observed when decreasing .the 
temperature to -70") and a coalescence temperature of -17" (256K) we calculate a AGf of 51 kJ/mol 

(12.5 kcal/mol) for the activation enthalpy) 
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I8 I 
NO2 

n" 
I 

!litNo2 v 

17a 17b H 18 

0.5 BuLi 
y2 

ur -60 to *20" U 68% 

4. Discussion of crystal structure results. - Crystallographic data for compounds 
1-4 are given in TubZe 1 together with some experimental details. 

Table I ,  Crystallographic data (standard deviations in brackets) and expetimental details (N(M) is the 
number of independent reflexions measured, N(S) the number significantly (30) above background, p is 

the exponent in the modified weighting system used [32] and R is the final agreement index) 

Crystal 1 2 3 4 
C6H 12N204 C6H8N204 C6H8N203 C8H 12N204 

Temperature RT 95K 95K 95K 173K 

a(& 6.371(2) 6.300(5) 10.855(3) 10.382(3) 11.385(3) 
6.535(2) 6.380(3) 6.129(3) 6.186(2) 13.624(3) 

12.42 l(3) C(.s) 12.353(4) 11.851(9) 11.328(4) 11.584(3) 
a(deg) 103.3 l(4) 100.73(6) 90 90 90 
Kdes)  79.3 I(4) 81.00(6) 97.52(3) 99.1 l(3) 90 
y(deg) 119.84(3) 118.72(5) 90 90 90 
V( A3) 432.6 409.2 747.2 734.6 1926.6 

Z 2 4 4 8 

Space group P i  C2/c c 2 / c  Pbca 

Dx(gcmJ) 1.352 1.429 1.529 1.41 1 1.380 
B,,,(MoKa) 25" 30" 35" 30" 27" 
N M )  1522 2360 1642 1068 2084 

N S )  739 1997 1104 66 1 I105 

R 0.031 0.035 0.035 0.06 1 0.035 

HA) 

Mol-weight 176.2 172.1 156.1 200.2 

P 5 5 5 3.5 5 

Intensity measurements were made with a CAD-4 ENRAF-NONIUS diffractometer equipped with 
graphite monochromator (MoKa,  radiation, /z=0.71069 A) and cooling device. Other details of the indi- 
vidual analyses are mentioned below in case that any special comment seems required. Atomic coordi- 
nates and vibrational parameters are listed in Tables 2-5. The structure of the nitro-nitroso compound 3 
is disordered and therefore much less accurately determined than the other three. Bond lengths and 
angles for the three dinitro molecules 1, 2 and 4 are shown in Figures 4, 5 and 6, where librational correc- 
tions to the bond lengths are also indicated. A more detailed discussion of the thermal motion of the 
molecules in these crystal structures is postponed to Seciion 4.5. Before we discuss the structures individ- 
ually we outline very briefy the main similarities and differences among them. 
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All four molecules occur in the gauche-conformation with N-C-C-N torsion 
angles in the range 50-70", as can clearly be seen from the Newman projections 
shown in Figure 7. Apart from this common feature, the tetramethyl derivative 1 and 
the bicyclopropyl derivative 2 show marked differences that portray vividly the far- 
reaching influence of the change from open-chain to small-ring compound: a) the 
central C,C-bond is 0.1 A longer in 1 (1.575A) than in 2 (1.479A); b) likewise, the 
C,N-bonds are markedly longer in 1 (- 1.550A) than in 2 (1.488A); c) the NO,- 
groups rotate by 90" on going from 1 (perpendicular conformation) to 2 (bisecting 
conformation). The bicyclobutyl derivative 4 shows intermediate behaviour with 
respect to all three differences. 

c3 %s / I  p* fl:;&;2 $p c3\ / /O.> $/;LO2 9 123.~ 

1. s p z  l 
b c4-CI .3 '%* - - 

N I - C I - C 4  107.6 
C2-CI-C3 110.7 

8 +!,, N2-C2-C I 107.0 
CS-C2-C6 110.8 

*+ 1 % 

/ C Z ?  /--\ P 

)c :I 
P *5+3 "0. 

ii 
I. 2 2n+3 D 

. C6 C6 \ 
*, N2-03 119.0 NZ-03 

\% f / %. 
04 04 

Fig. 4. Bond distance and angles in 1 with libration corrections indicated (estimated standard deviations 
are less than 0.002A and 0.1". Distances and angles involving H-atoms are not shown; average values 

are: C-H, 0.97(2)A; HCH, 108.0(17)"; HCC, I10.9(13)") 
02 

01 
N- CI -C3  115.4 
cz -C I -C I '  122.5 

Fig. 5 .  Bond distances and angles in 2 with libration corrections indicated (estimated standard deviations 
are less than 0.002A and 0.1". Distances and angles involving H-atoms are not shown; average values 

are: C-H, 0.96(2)"; HCH, 116.6(17)"; H-C-C, 116.9(12)") 
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02 02 

Fig. 6. Bond dislarices uiid angles ~ J Z  4 with librution corrections indimred (estimated standard deviations 
are about 0.003A and 0.2”. Distances and angles involving H-atoms are not shown; average values are: 

C-H, 0.97(3)”; HCH, l l l . l (26)o ;  HCC, 113.5(18)”) 
0 1  

Fig. 7. Newman projecrions of1 (A), 2 (B)  u n d 4  ( C )  d o i ~  the cerirral C,C-bonds(vibrational ellipsoids are 
drawn for C-. N- and 0-atoms at the 50% probability level 1401, H-atoms are indicated by circles of radius 

0.1 A) 

4.1.  Crystal structure of 2,3-dimethyl-2,3-dinitrobutane (1). - Crystals were ob- 
tained by slow evaporation of an aqueous solution of the lithium salt of 2-aci-nitro- 
propane and were first assumed to be the crystalline salt; however, preliminary X- 
ray examination showed a large discrepancy between the measured density of 1.351 
g . ~ m - ~  and the calculated density of I .459 g.  ~ m - ~  for four molecules of C,H6LiNOz 
in the unit cell (or 1.282 g - ~ m - ~  for two molecules of C,H6LiNO,:4H,O). The iden- 
tity of the crystals was established directly by X-ray analysis based on intensity mea- 
surements made at room temperature. A first attempt with MULTAN77 [23] 
yielded an uninterpretable E-map, but a second attempt based on a different start- 
ing-set gave an E-map in which the heavy-atom skeleton of 1 was clearly recogniz- 
able. After least-squares refinement (final R= 0.03 1) the molecule showed 
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unusually long C,N-bonds (1.550-1.553A) and also a longish central C,C-bond 
(1.564A). We were doubtful about the reliability of these results, especially in view 
of the large atomic vibrational parameters and because the standard reflexions had 
suffered a 40% decrease in integrated intensity during data collection. 

In order to define the structural parameters with higher accuracy, a new, more 
extensive set of data was collected with the crystal held at -178°C. No significant 
variations in the intensity of the standard reflexions were observed for this data set. 
After least-squares refinement (final R= 0.035) the mean-square vibrational ampli- 
tudes were less than a third of their values at room temperature and the e.s.d.'s in 
bond lengths were less than 0.002A. With C,N-bond lengths of 1.551 and 1.548& 
and a central C,C-bond length of 1.575A the low-temperature analysis confirms 
both of the apparently anomalous features of the room-temperature study that led 
us to undertake the new measurements. Atomic positions and vibrational para- 
meters are listed in Table 2. A stereo-view of the molecule is shown in Figure 8. 
Table 2. Fractional coordinates and vibrational parameters for 1 (95K data) in units of 1@* and m 4 A 2  

respective!y ( and l@-3A2 for H-atoms) 

X Y 1 u11 u22 u33 u12 u13 u23 

0 1  50185 ( 1 4 )  116476 ( 1 2 )  32953 ( 7 )  259( 3) 115( 31 237( 3) 84( 3) -47( 3) -4 (  21 
02 67395 ( 1 2 )  97793 ( 1 4 )  37889 ( 7)  150( 3 )  231( 31 234( 3) 92( 3) -76( 21 - 3 2 (  31 
03 71196 ( 1 2 )  86874 [ 13) 12768 [ 7) 128( 3) 167( 3) 298( 4) 24( 3 )  43( 3 )  -13( 31 
04 56271 [ 14) 49020 ( 1 4 )  14047 ( 7 )  238( 3 )  221( 4) 279( 4) 164( 3) 39( 3) 38( 31 
N1 50201 ( 1 3 )  98018 ( 1 3 )  34375 [ 6 )  135( 3) 132( 3) 97( 3) 61( 2) -13( 2 )  -22( 2 )  
N 2  54229 ( 1 2 1  67323 ( 1 4 )  14708 ( 6) 126( 3) 154( 31 97( 31 671 31 -3( 21 - ? a (  21 
U1 27547 ( 1 3 )  73568 [ 14) 31602 ( 7 )  109( 3) 106( 3 )  95( 3) 46( 21 -8( 21 - 2 (  2 )  
c 2  29014 ( 1 3 )  66083 ( 1 4 1  18191 ( 7 )  93( 3) 127( 3) 98( 3) 47( 3) -3( 2 )  -3 (  21 
c 3  5502 ( 1 5 )  77822 [ 17) 35493 [ 8 )  145[ 3) 217( 4 )  141( 3) l 0 7 (  31 16( 3) 3 (  3 )  
c 4  27647 ( 1 7 )  55747 ( 1 6 )  38480 ( 7) 2311 4 )  152( 41 121( 3 1  98( 3 1  -3 (  3) 27( 3) 
c5 27209 ( 1 6 )  82851 ( 1 7 )  11184 ( 7)  203( 4 )  218( 4 )  l l l (  3) 116( 31 -12( 3) 33( 31 
C6 10023 (151 40084 [ 16) 15053 [ 8) 140( 3 )  147( 4) 151( 4 )  19( 31 -21( 3) -34(  31 

H31 
H32 
ti33 
HA1 
H42 
H43 
H51 
H52 
H53 
H 6 l  

ti63 
n 62 

-88 ( 31 
54 I 3) 
62 ( 31 

124 ( 31 
401 ( 31 
300 ( 3)  
111 ( 3 )  
309 ( 3)  
380 ( 31 
-55 ( 3) 
116 ( 3) 
112 1 3 )  

630 ( 41 
833 ( 31 
905 ( 3 )  
408 ( 41 
509 ( 3) 
631 1 31 
808 ( 3) 
788 ( 31 

1000 ( 3 )  
357 ( 31 
282 ( 3) 
361 1 41 

337 ( 21 
439 ( 21 
318 ( 21 

357 ( 2 )  
381 ( 2 )  

465 ( 2 )  
118 ( 2) 

30 ( 21 
133 ( 21 
170 ( 2) 
187 ( 2) 

66 1 21 

29( 41 
24( 4 )  
26( 4) 
32( 41 
281 4 )  

Fig. 8. 
0 4  

Stereo-view of molecule 1 drawn by ORTEP[40] with vibrational ellipsoids for C-,N- and 0-atoms 
draivn at the 50% probability level, H-atoms indicated by spheres of radius 0. IA 
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Although the molecule has no crystallographic symmetry, it shows approximate 
twofold rotational symmetry, as may be seen from the projected view down the 
central bond C(I),C(2) (Fig. 7A). The N-C-C-N torsion angle is 52.5" and both 
NO,-groups adopt a nearly perpendicular conformation with respect to the central 
bond, the torsion angles C( l)-C(2)-N(2)-0(3) and C(2)-C( 1)-N( 1)-0(2) being -86" 
and -99" respectively. This difference in the torsion angles goes together with a 
corresponding difference in the nonbonded distances between the NO,-groups. The 
O(2). . .N(2) distance is 3.03A while the O(3). . .N(l) distance is only 2.83A, with the 
O(2). . .0(3) distance (between the two overlapping 0-atoms in Figure 7A) exactly 
halfway between them. 

The bond angles (Fig. 4) at the two, central, tetra-substituted C-atoms require 
comment. At both atoms the three N-C-C bond angles are 2-3" less than the te- 
trahedral angle, while the three C-C-C bond angles are greater. Of the C-C-C 
angles the largest at both ends of the molecule are those between the central C,C- 
bond and the C,CH,-bond that is synclinal to the opposite NO,-substituent. This 
widening is presumably due to steric congestion. Apart from this factor, the long 
C,N-bond lengths and the general pattern of bond-angle deformations are consist- 
ent with predictions based on Bent's Rule [24] concerning the effect of electron-with- 
drawing substituents on hybridization. Alternatively, one can think of the deforma- 
tion in terms of a slight movement along a reaction path leading to heterolytic 
fission of the C,N-bond to leave a trisubstituted carbonium ion. Analogous defor- 
mations of inorganic tetrahedral anions, such as SO:-, etc., have been interpreted in 
this way [25]. 

A stereo-view of the crystal packing is shown in Figure 9. There are no specially 
short intermolecular contacts. 

Fig. 9. Stereo-view of crystal structure of 1 drawn by PLUTO [41] 

4.2. Crystal structure of 1, 1'-dinitro-bicyclopropyl (2). This structure analysis 
actually followed that of the isomorphous nitro-nitroso compound (3, see Section 
4.4.) and did not present any special difficulties; for details see Table I and for final 
atomic parameters see Table 3. Bond distances and angles are shown in Figure 5.  
Both the central C,C-bond and the C,N-bonds are markedly shorter than in 1; the 
C,C-bond is 1.479(2)A, roughly the same as in bicyclopropyl, 1.487A [26], and the 
C,N-bond is 1.488(2)A, exactly the same as in nitrocyclopropane [27]. 
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Table 3.  Fractional coordinates and vibrational parameters f o r  2 (units as in Table 2) 

X Y z u11 u 2 2  u33 u12 u13. u23 

X V z U 

H21 432 ( 21 -38 ( 31 174 ( 2) 211 41 
H22 317 ( 2 )  105 ( 4 )  107 ( 21 27( 5) 
n 3 i  575 ( 21 187 I 3 )  79 ( 2) 16( 41 
n32 455 i 2 )  314 i ii 9 2 i  rsi 4 )  

The molecule has a crystallographic twofold rotation axis, as can be seen from 
the stereo-view shown in Figure 10. The Newman projection down the central bond 
is shown in Figure 7B. The NO,-groups adopt the bisected conformation with re- 
spect to the cyclopropyl rings, as in nitrocyclopropane itself [27], and the N-C-C-N 
torsion angle is 69", about 17" greater than in the tetramethyl derivative 1. In this 
gauche, doubly bisected conformation the O( 1). . .O( 1') contact distance between 
the NO,-groups is 2.95& almost the same as the O(2). . .0(3) distance in 1 (2.93A), 
and the larger N-C-C-N torsion angle in 2 may be required to help to achieve this; 
the O( 1). . .N' distance is 2.94A, halfway between the two corresponding values in 1. 
The other 0-atom, O(2) makes close contacts with the methylene groups of the 
cyclopropane ring (2.79 and 2.82A to the C-atoms, 2.50 and 2.52A to the H-atoms). 
Judging from the near equality of the C-N-0 bond angles (both 118.0+0.3") the 
repulsion between O(2) and the methylene groups is just about balanced by that 
between the two O( 1)-atoms across the twofold axis. 

0 2  

0 2 '  
Fig. 10. Sfereo-view ~fnro lenr le  2 (details as in Fig. 8). 

Bicyclopropyl itself has the trans-conformation, at least in the crystal [26], and so 
does anti,cis,cis-2,2'-dibromo-bicyclopropyl [28]. With NO,-groups in the bisected 
conformation, the trans-arrangement of the cyclopropane rings would lead to non- 
bonded distances of 2.OA or less between nitro 0-atoms and methylene H-atoms 
across the molecule. These short distances could be alleviated by rotating the 
NO,-groups into the perpendicular conformation, where they are found in 1, or by 
rotating about the central C,C-bond. The observed structure shows that the second 
alternative, which preserves the bisected conformation of the NO,-groups, is ener- 
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getically more favourable. The preference of n-acceptor substituents for the bisect- 
ed conformation is well known and follows from the MO model of Hoffmann & 
Davidson [29] in which one of the degenerate pair of HOMO's of the cyclopropane 
ring interacts with the LUMO of a n-acceptor substituent (Fig. 1 I ) .  Maximum over- 
lap of these orbitals is attained in the bisected conformation. The observed shorten- 
ing of the distal C,C-bond of the cyclopropane ring by O.O21(2)A compared with the 
proximal bonds can also be attributed to this interaction [30]. Similar deformations 
have been observed in other cyclopropane derivatives with n-acceptors [3 11. Our ex- 
ample is by no means one of the largest observed deformations, but it is probably the 
most accurately determined. If this MO. argument is pressed a little further, it would 
imply that in molecule 1 the HOMO of the tetramethylethane fragment must be lo- 
calized largely on the central C,C-bond, which is indeed the longest and presumably 
the weakest of the C,C-bonds. The implications for the bicyclobutyl case are left to 
the following section. 

T T 
(A) IBl 

Fig. 11. Schematic view of overlap of u n-urceptor orbital LUMO with the symmetry-adapted degenerate 
pair of HOMO's of csclopropune (A )  atid cyclohutane (B)  

The crystal packing is illustrated in Figure 12. There are no specially short 
intermolecular contacts. 

Fig. 12. Stereo-view oJ crystal .structure of2 drawn by PLUTO [41] 

4.3. Crystal structure of 1, l'-dinitro-bicyclobuty1(4). The main experimental prob- 
lem here concerned the thermal stability of the crystals, which sublime at room tem- 
perature and shatter on cooling between -1 10" and -140°C, possibly because of a 
phase transition. This is why the diffractometer measurements on 4 were made with 
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the crystal held at -100°C instead of about -180"C, as for the other crystals (see 
Table I ) .  Apart from that, the analysis did not present any special difficulties. How- 
ever, the higher temperature of measurement manifests itself in the larger vibration- 
al amplitudes of the atoms, as well as in the somewhat lower accuracy. Final atomic 
parameters are in Table 4. Although the molecule has no crystallographic symme- 
try, it has an approximate twofold rotation axis, as can be seen from the stereo-view 
(Figure 13). 

Table 4. Fractional coordinates and vibrational parameters f o r  4 in units of lo4 and 1@A2 respectively 
and for H-atoms) 

X Y z u11 u22 u33 u12 u13 u23 

0 1  
0 2  
0 3  
0 4  
N l  
N2 
c 1  
c 2  
c 3  
C 4  

C O  
c 5  

c 7  
c a  

2373 ( 2 )  
23RR I 2 )  
-486 I 2 )  
-227 ( 2 )  
2k137 ( 21 

-16 ( 2 )  
1291 1 2 )  

723 ( 21 
2354  ( 3 )  
1357 ( 3 )  

5 2 5  I 3 )  
1404  I 3 )  
726  I 3 )  
-49 ( 3 )  

2239  ( 11 
5 3 9  ( 1 )  

3331 I 1 )  
1769 1 1 )  
1394 ( 1 )  

16YB ( 2 )  
25R1 ( 2 )  

2661 ( 2 )  

3253 ( 1 )  
2733 ( 2 )  
329? i 2 1  
3 2 5 4  ( 1 1  
2646 ( 2 )  
29-7 1 2 )  
1677 1 2 )  
1890 ( 2 )  
644 I 2 1  
3 2 6  i 2 1  

465  ( 1  J )  
9 7 1 ( 1 7 )  
5 5 9 ( 1 2 1  
4361 1; 1 

4 9 3 ( 1 :, ) 
4 3 3 ( 1 1 )  
5151111 

39711 1 )  
3 5 5 ( 1 1 1  
3161 1 2 )  
7 1 4 (  1 9 )  

335i131 
5 6 7 i i i i  5 2 5 ( 1 7 )  

3.!9(12) 
1 6 7 ( 1 7 )  
511110)  

3971 9) 
3 4 3 ( 1 5 )  
7471131 
416(1:) 
363 ( 1  1 ) 
349 ( 1 2 )  
25511:) 
23211 1 )  
316113)  
e:r ( 1 4 )  

2 2 (  u) -1591 9 )  
3 P 3 ( 1 1 )  -2 .?5(14)  
1431 9 )  ! 3 l ( l l )  
-541 8 1  1 3 1 (  9 )  

-37(  9) 

& -  
Fig. 13. Stereo-view of molecule 4 (details as in Fig. 8) 

Bond distances and angles are shown in Figure 6. Both the central C,C-and the 
C,N-bond lengths are intermediate between those observed in the 2,3-dimethylbu- 
tane derivative 1 and the bicyclopropyl derivative 2. This intermediate behaviour is 
also shown in the conformation of the NO,-groups relative to the ring system; they 
are again in the bisected position, but not as exactly as in 2. Whereas the two C-C- 
N-0(2) torsion angles in 2 differ only by 9" in magnitude (-37" and 29">, the corre- 
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sponding angles in 4 differ much more (-70" and 27" for one group, -62" and 35" 
for the other). Nevertheless, as Figures 7Cand Ijshow, the description as bisected is 
still approximately valid. The N-C-C-N torsion angle is 59", smaller than in 2 (69"), 
but the O( 1). . .0(4) distance, between, the inward-pointing 0-atoms, is not shorter 
than in 2 but even slightly longer (2.98A), largely because of the greater rotational 
freedom of the NO,-groups. On the other hand, the 0. . .N distances are the shortest 
in the series (O(1). . .N(2), 2.85A; O(4). . .N(l), 2.74A). Both cyclobutane rings are 
approximately planar, the torsion angles being 5.4" for the ring including C( 1) and 
0.9" for the ring including C(2). 

Hoffmann & Davidson [29] have given arguments for n-acceptor substituents on 
a cyclobutane ring to retain the bisected conformation although with a less decided 
preference (smaller rotational barrier) than for cyclopropane. These authors did 
not, however, discuss the bond-length and bond-angle changes that might occur on 
such substitution. From the MO picture given in Figure 11, and using arguments 
analogous to those used for the three-membered ring case [30] one would expect: a) 
a slight, uniform change in length of all four C,C-bonds; b) a decrease in the non- 
bonded C(2). . .C(4) cross-ring distance, and a corresponding increase in the 
C(1). . .C(3) distance; or equivalently, a decrease in the bond angles at the C-atoms 1 
and 3, and a widening of the angles at the C-atoms 2 and 4. What is actually ob- 
served in both cyclobutane rings is a decrease in bond angle at atom 1 (89.0 and 
89.1 ") combined with a widening at the opposite atom 3 (90.6" twice), with practical- 
ly no change in the angles at the C-atoms 2 and 4. These bond-angle changes are 
equivalent to a slight increase in the length of the vicinal bonds ( I  S45, 1.555, 1 S48, 
1.562A) compared with the distal ones (1 ~ 2 8 ,  1.53 1, 1.529, 1.540& all uncorrected 
and all with e.s.d.'s of about 0.005A). Straightforward application of the MO model 
does not seem to be as successful for the cyclobutane ring as for the cyclopropane 
one. 

The crystal packing is shown in Figure 14. 

Fig. 14. Stereo-view of crystal structure of 4 drawn by  PLUTO [41] 

4.4.  Crystal structure of 1 -nitro-l'-nitroso-bicyclopropy1(3). The deep-blue crystals 
are isomorphous with the dinitro compound 2. With space group C2/c, Z=4, the 
crystallographic symmetry rules would require the molecule to have either a centre 
of inversion or a twofold rotation axis, both of which are incompatible with the 
chemical constitution; obviously the crystal structure is disordered. Nevertheless, it 



HELVETICA CHIMICA ACTA - VOl.  65, Fasc. 1 (1982) - Nr. 12 153 

could be solved without difficulty in space group C2/cusing MULTAN77 [23]. The 
molecule adopts at random one of two possible orientations related by a twofold ro- 
tation axis of the space group. Thus the averaged molecule can be described in terms 
of an asymmetric unit consisting of a cyclopropyl ring plus half-weight NO,- and 
NO-groups. In fact, the half-weight peak for the nitroso-0 atom overlaps strongly 
with that for one of the nitro-0 atoms, and there is a similar overlap between the 
peaks for the two N-atoms. When each of these pairs of overlapping peaks was treat- 
ed as a single scattering centre, least-squares analysis with anisotropic temperature 
factors refined to R = 0.068, with all H-atoms located from a difference map and in- 
cluded in the refinement. 

The resulting structure is shown in Figure Z5, from which the vibrational ellip- 
soids of the two composite atoms N and O( 1) appear to be abnormally large in some 
directions. The calculated mean-square vibrational amplitudes are about 0.05a2 for 

0 1  

Fig. 15. Structure of disordered nitro-nitroso molecule 3 showing vibrational ellipsoids derived by least- 
squares refinement with single scattering centresfor N and O(1) (Other details as in Fig. 8) 

the C-atoms and for the half-weight atom O(2); for the composite atoms they range 
up to about O.lOAz for N and 0. 13A2 for 0(1), not excessive compared with results of 
many room-temperature analyses but large enough to offer the possibility of resol- 
ving each of these composite atoms into its components. For each, two half-weight 
atoms were located roughly along the major axis of the vibrational ellipsoid at a 
separation of about 0.5A. The positions and isotropic vibrational parameters of the 
four half-weight atoms were then allowed to vary in a full-matrix least-squares re- 
finement, leading to the results shown in Table 5 (final R was 0.061). In the final 
structure the distances between the two pairs of half-weight atoms are 0.602A for 
N( I I)-N( 12) and 0.649a for O( 1 1)-O( 12). The positions of these half-weight atoms 
are still strongly correlated with each other and must be regarded as particularly un- 
certain; the quoted e.s.d.’s for these atoms are not very meaningful because they do 
not include the covariance. Besides, the positions of the other atoms are also affect- 
ed by the disorder, as shown by their mean-square vibrational amplitudes (Table 5) 
which are 2-3 times larger than those of the isomorphous 2 at the same temperature. 

6 
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Table 5 .  Fractional coordinares and vibrational parameters fo r  3 (units as in Table 4) 

X Y L U o r U i i  Uzz u33 u12 u13 u23 

Bond lengths and angles based on the final atomic positions are shown in Figure 
16. The only feature that should probably be discounted is the large difference be- 
tween the C,N-bond lengths. Apart from that, and considering that the structure is 
disordered, the results seem to be in remarkably good agreement with those ob- 
tained for the dinitro compound. Both substituents are in the bisected orientation 
with respect to the cyclopropane rings, and the N-C-C-N torsion angle is 70". It is 
interesting that the nitroso-0 atom points inwards; whereas the C,N(nitro)-bond 
makes an angle of 126" with the plane of its cyclopropane ring ( I  19" in 2), this angle 
is reduced to 105" for the C,N(nitroso)-bond. There is a corresponding reduction in 
the N-C-CH, angles: 122.7 and 119.1" at the NO,-group, 105.8 and 100.6" at the 
NO-group. Although the accuracy should not be overestimated, these differences 
give some idea how the molecular geometry is adapted to the lower symmetry and to 
the decrease in steric compression compared with 1. 

02 02 

011' 

C3'-C2' 

Fig. 16. Boud disronces u i d  aiigles in  3 (Estimated standard deviations are about 0.005A and 0.3" but are 
probably underestimated. particularly for quantities involving the N- and 0-atoms. Distances and angles 
invol\ing H-atoms are not shown; average values are:  C-H, 0.97(4)A: HCH I17.4(32)"; HCC. 

116.5(22)") 

4.5. Thermal motion analysis. The low-temperature X-ray analyses of 1 and 2 are 
accurate enough to give information not only about the atomic positions but also 
about the vibrational motions; Tables 2 and 3show that the e.s.d.'s of the vibrational 
tensor components are about 3 to 4. 1O4A2 at 95K. For4 these components and also 
their e.s.d.'s are considerably larger, corresponding to the higher temperature of 
measurement. 

Analysis of the vibrational tensors shows that none of these three molecules 
vibrates as a rigid body in the crystal. As a test of molecular rigidity we use the crite- 
rion [33] that for every interatomic vector in a rigid body 

ZkB-Z?l.A -O 
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where zXB is the mean-square vibrational amplitude of atom Ain the direction of the 
interatomic vector A,B etc. This condition holds best for the C-skeletons and worst 
for the vectors involving the 0-atoms of the NO,-groups. For example, 
(A2)1'2 = 6 .  10-"A2 for the 15 C,C vectors in 1, while A's involving the 0-atoms range 
up to about 100- 104A2. 

It is therefore not surprising that analysis of the observed U, values in terms of ri- 
gid-body vibrations [34] does not give very good agreement (Table 6). The agreement 
is considerably improved by allowing for torsional vibration of the NO,-groups 
about their respective C,N-bonds. The main remaining discrepancies seem to have a 
systematic character; in all three analyses the experimental vibrational tensor of 
each N-atom is slightly (about 20. 104A2 for 1 and 2) too large in the plane of its 
NO,-group, as revealed by the uniformly positive values of for bonds emanat- 
ing from the N-atoms. One explanation could be that least-squares refinement tends 
to compensate for an electron-density deficit at the N-atom by an artificial increase 
in the temperature factor of this atom. Thus, this systematic feature could be an indi- 
cation of a residual positive charge at the N-atoms, due to the polarity of the N,O- 
bonds. A similar effect has been noted for the temperature factor of Li-atoms in po- 
lar C,Li-bonds [36]. 

The r.m.s. librational amplitudes obtained for the torsional motion about the 
N,C-bonds by the non-rigid-body thermal motion analysis [37] are shown in Table 6. 
The values obtained for 4 are larger than for 1 and 2, in keeping with the higher tem- 
perature of measurement. The temperature dependence can be allowed for in rough 
approximation if we assume that the motions in question are adequately described 
as classical harmonic oscillators with Boltzmann distribution of energy. The mean- 
square amplitude is then given by (@) = RT/k where k is the quadratic force con- 
stant. For 4 we obtain an average value of 11.5 kcal mol-'rad-2 for the two independ- 
ent NO,-groups, and for 2 we obtain the distinctly higher value of 18.7 kcal mol-' 
rad-,, in keeping with the expected stronger preference for the bisected position in 2 
compared with 4 [29]. 

Table 6. Results of thermal-moiion analyses; (A) rigid-body analysis, (B) allowing f o r  libration of NO,- 
groups about their C,N-bonds (for each analysis, the principal values of the molecdar libration and 
translation tensors T and L are given, together with the r.m.s. libration amplitude (u12)'/* for the internal 

motion and some measures of agreement, R = [qAUij)2/Z(Uij)2]1/2 and ((AUij)2)1/2) 

1 (95K) 2 (95K) 4(173K) 

A B A B A B 

13.70 
7.10 
4.69 

120 
98 
90 

0.173 
19 

13.37 
3.24 
2.39 

126 
104 
84 
5.9(4) 
7.0(3) 
0.096 
11  

11.08 
8.56 
4.93 

106 
106 
100 

0.113 
13 

8.80 
7.08 
1.84 
109 
108 
103 
5.8(4) 

0.082 
9 

26.1 
16.1 
15.0 
312 
279 
212 

0.156 
48 

23.3 
15.1 
2.2 

316 
293 
230 
10.3(9) 
9.6(9) 
0. I20 
37 
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Ln fact, if we are prepared to make two further assumptions we can even derive a 
value for the energy barriers to the internal rotations in question. The first assump- 
tion is that the derived force constant is truly for the internal molecular motion, i .  e.  
that the effect of the crystal environment is negligible. The second assumption is 
that the potential energy for rotation of the NO,-group about its C-N axis is a sim- 
ple, cosine function E = V( I -cos2q)/2, with energy barrier V. The quadratic force 
constant is then k = (a'E)/(a$) = 2V, leading to a barrier of about 9 kcal mol-I for 
rotation of the NO,-groups in 2. This can only be a rough estimate but it is much 
larger than the reported barrier height of 3.3 f 1.5 kcal mol-I for rotation of the NOz- 
group in nitrocyclopropane [27]. On the other hand it is the same order of magnitude 
as the value of about 12.5 kcal mol-' for the activation energy of the process that 
makes the two cis- or trans-protons of each cyclopropane ring equivalent in pairs 
(see Section 3 ) .  Perhaps the approximations may not be so bad after alIl5). 

5. Possible transition states for topomerization of 1,Zdinitroethanes. - Unless 
1 , I  '-dinitro-bicyclopropyl (2) has an equilibrium conformation with C,, or C2,,- 
symmetry (see 17a), the four A B  pairs of geminal protons are not all equivalent. In 
an equilibrium conformation with C,-symmetry, as observed in the crystal structure, 
there are two pairs of homotopic H-atoms cis and two pairs trans to a NO,-group. 
The IH-NMR.-spectrum observed at -55" (Fig. 2) is consistent with this type of 
structure. Figure 2 also shows that, on warming, the four cis H-atoms become equi- 
valent on the NMR. time-scale, and so do the four trans ones, the activation energy 
being about 12 kcal mol-I. 

Rotation about the central C,C-bond of 2, the internal motion which is required 
for this equivalence, is probably coupled to rotation about the C,N-bonds. For 
otherwise, if the NO,-groups were to maintain the bisected conformation in which 
they are observed in the crystal, an intolerably short 0. . .O contact would be pro- 
duced at N-C-C-N torsion angle 0" (see 19) or else a pair of intolerably short 
0. . .H contacts at N-C-C-N torsion angles of about & 150" (see 20 for one of such 
a pair). These short contacts can be alleviated by drastic bond-angle deformations 
or by rotation of the NO,-groups. The barrier to rotation about the C,N-bonds in 2 is 
not known, but the analysis of the vibrational ellipsoids in the crystal structure (see 
Section 4.5) suggests it may be of the same order of magnitude as the NMR. acti- 
vation energy itself. 

19 20 

The question as to whether or not the C-C rotation is coupled to the rotation of 
the NO,-groups is amenable to experimental investigation involving 170-labelling 
on the NO,-groups of 2. From temperature-dependent I70-NMR. measurements it 
should be possible to estimate the activation energy for rotation about the C,N02- 
bond. If this rotation is also the rate-determining step for rotation about the central 

' 5 )  Similar arguments have been used to derive rotation barriers of methyl 1381 and ammonium groups 
[39] in crystals from librational amplitudes based on neutron-diffraction data. 
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C,C-bond, the two rates should be the same. Experiments in this direction are under 
way in our laboratories. 

We expect the activation energy for the open chain compound 1 to be lower than 
that of 2 because the NO,-groups adopt the perpendicular conformation, which 
does not lead to very short contacts either in the synplanar or antiplanar ar- 
rangements. For the bicyclobutyl4 and the bicyclopentyl derivative 5 the activation 
energies should be intermediate. 

Experimental Part 
1. General remarks. - For spectrometers, apparatuses, techniques, and reagents used, see our previ- 

ous papers [ I ]  [21 [71 [9]. The dihaloalkanes were all supplied by Chernische Fabrik Kalk (Germany), 
nitrocyclopentane (8) was purchased from Fhika AG, 2,3-dimethyl-2,3-dinitrobutane (1) from Aldrich 
Chemical Company. 

2. Preparation of w-halonitroalkanes. -The I-halo-3-nitroalkanes were prepared by modification of a 
known procedure [6] from the corresponding dihalides and NaN02 in dimethylsulfoxide (DMSO). The 
yields can be greatly improved if the reaction is quenched with water earlier than recommended [6]. 

Preparation of I-chloro-3-nitropropane. A vigorously stirred solution of 280 g of I-bromo-3-chloro- 
propane (175 ml, 1.77 mol) in 700 ml DMSO was kept at 16" by cooling with ice while 106 g (1.53 mol) 
of dried (2 h, 130") NaNOz was added in 10 portions within 20 min. The temperature of the mixture rose 
suddenly to 30" (ca. 10 min after completion of the salt addition, often accompanied by precipitation). At 
this moment, 1 1 of water was poured into the reaction mixture. Transfer to a separatory funnel contain- 
ing another 1 of water and workup as described [6] gave 137 g of unreacted 1,3-dihalide and 73 g (40%) of 
I-chloro-3-nitropropane, b.p. 78-83"/17 Torr. 

In a similar way, the following 1-halo-3-nitroalkanes (295% pure) were obtained in the yields (y.) 
and with the recoveries of dihalides (r.) as stated: I-chloro-2-methyl-3-nitropropane from 1-bromo-3-chlo- 
ro-2-methylpropane (y. 21%, r. 550/9)), b.p. 84-8W14 Torr. - 1-Chloro-4-nitrobtrtane was obtained accord- 
ing to ref. [42]. - I-Bromo-4-nitrobutane from 1,Cdibromobutane (y. 27%), b.p. 59-60"/0.015 Torr. - I -  
Bromo-5-nitropentane from 1,5-dibromopentane (y. 27%, r. 33%), b.p. 73-74"/0.02 Torr. - I-Bromo-6-ni- 
trohexane from 1,6-dibromohexane (y. 27%, r. 30%), b.p. 102-104"/0.25 Torr. 

I-Iodo-3-nitropropane (88-95%) and l-iodo-2-methyl-3-nitropropane (84%) were obtained from above 
chloro-derivatives by a Finkelstein reaction in acetone, following the procedure in ref. [6]. 

3. Cyclizations of w-halonitroalkanes with potassium carbonate in benzene or toluene. - Preparation of 
nitrocyclopropane (6). A vigorously stirred mixture of 96 g (0.45 mol) of I-iodo-3-nitropropane, I 1 2  g (0.8 
mol) of KzCO, (dried by keeping at 130" for 4 h), and 400 ml benzene was refluxed for 2.75 h. Filtering, 
washing the filter-cake three times with 50 ml benzene, carefully removing the benzene down to a 
volume of 70 ml through a 20 cm Vigreux column, and distilling furnished 18.4 g (53%) of 6, b.p. 32-35"/ 
11 Torr., pure by GC., IR. and 'H-NMR. (cf: [43]). 

Preparation of trans-I-methyl-2-niirocyclopropane (7). A mixture of 45.2 g of l-iodo-2-methyl-3-ni- 
tropropane (0.20 mol), 40 g K,CO,, and 250 ml benzene was stirred and refluxed for 20 h. After addition 
of 200 rnl water the organic layer was dried (MgSO,) and distilled through a column as above. Yield of 
7: 15.5 g (72%), b.p. 44"/12 Torr. - 1H-NMR. (CCL,): 3.92 ( d x  t ,  J=7 and 3.5, IH, CHNO,); 2.1-1.6 ( m ,  
2H, CH3 and H-C(3) cis to NO,); 1.20 (d .  J=6,3H, CH,); 0.97 (m, IH, H-C(3) trans to NO,). For other 
physical data see [ 1 1 d]. 

Preparation of nitrocyclopentane (8) and nitrocyclohexane (9). They were obtained from the corre- 
sponding bromonitroalkanes in only low yields of 28 and 20%, respectively, following the K2C03-proce- 
dure described for the preparation of 6 and 7. The physical data of 8 and 9 resembled those given in the 
literature [5]. 

Preparation of (nirromethy1)cyclopropane (10) from I-chloro-4-nitrobutane and LDA. A solution of 
LDA was prepared in the usual way from 30 mmol each of diisopropylamine and butyllithium ( 1 . 6 ~  in 
hexane) in a mixture of 70 ml THF and 10 ml hexamethylphosphoric acid triamide (HMFT). 1-Chloro- 
4-nitrobutane (2.06 g, 15 mmol) was added at -78" within 5 min (orange colour). Stirring and cooling at 
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-78" were continued overnight. A large amount of precipitate was formed, and the reaction quenched by 
addition of 5 ml HOAc. The solvents were removed at reduced pressure in a rotatory evaporator (20°/20 
mm), the residue was triturated with 200 ml pentane. The pentane solution was washed with 7 x 50 ml 
water, dried over Na2S04 and distilled under normal pressure. The residual liquid distilled at 53-63"/12 
Torr. Yield of 10: 0.62 g (41%, purity by GC.: 99%). - IR. (film): 3095, 3008, 2960, 2940, 2910, 1550s, 
1432, 1397s, 13683, 1310, 1240, 1200. 1160, 1105, 1060, 1030s, 1010, 940, 895, 840s, 810, 725, 705, 622. - 
'H-NMR. (CCI,): 4.20 (d, J=7.5, 2H, CH,NO,); 1.7-1.2 (m,  lH, CH-CH,NO,); 0.85-0.60 (m,  2H); 
0.50-0.20 (m.  2H). 

Preparation of ethyl I-([(cq;clopropyl-(l-ethoxycarbonylcvclopropyl)hydroxq;]methq;l~cyclopropanecar- 
boxylute(l1). To a LDA solution (from 50 nimol of diisopropylamine, 50 mmol of butyllithium in 70 ml 
THF) was added dropwise at -78" a solution of 5.707 g (50 mmol) ethyl cyclopropanecarboxylate. The 
reaction mixture was poured into water after 1/2 h. at -78" and extracted with CH,CL,. The crude pro- 
duct isolated after washing the organic phase with water, drying over MgSO,, and evaporating the sol- 
vent was distilled under reduced pressure (1 10°/O.l Torr.) to give 11 as colourless, analytically and gas- 
chromatographically pure, sole product. - IR. (CCI,): 3560, 3455, 3090, 2980, 2940, 2900, 2870, 1710, 

(m, 16H); 4.12 (qa. 4H, 2CH20). - 13C-NMR. (CDCI,): 0.78 ( 1 ) ;  10.11 ( r ) ;  11.29 ( t ) ;  13.96 (qu); 14.19 jd); 
32.66 ( r ) ;  60.45 ( t i ;  69.72 (s, C OH); 174.16 (s, C=O). - MS. (72 eV): 296 ( I ) ,  268 ( I ) ,  251 (lo), 223 (4), 
209 (X), 195 ( 5 ) ,  184 (12), 183 (loo), 159 (9), 137 (62), 113 (91, 69 (56), 41 (16). - MoL-weight (osmom. in 
CH2C1,): Calc. 296.35 Found 299.47. 

C16H2,05 Calc. C 64.84 H 8.16% Found C 64.67 H 8.08% 
4. Deprotonation and dimerization of 6and 7to give the bicyclopropyl derivatives, 2,3and 16 - Depot-  

onation of nitrocycloproyune. To a solution of LDA in THF, prepared from 5 ml (36 mmoi) diiso- 
propylamine and 20 ml of a 1 . 5 M  BuLi in hexane (30 mmol) in 100 ml of THF (-78" to -30", 30 min), 
2.64 g (30 mmol) of neat nitrocyclopropane were added within 10 min. A deep red solution resulted. 

When this solution was quenched with water or D20. it turned blue, and work-up yielded mixtures 
of the dinitro and nitro-nitroso compounds 2 and 3. When transferred to an ESR. tube, the red solution 
showed the radical spectrum of Figure I (see also below). The highest yields of the blue nitro-nitroso 
compound 3 were obtained with water (213 ca. 1 : I ) ,  CO,(1:2), C6H,COC1( 1:2), while electrophiles cap- 
able of undergoing one-electron transfer (e. g. I,, pN02-C6H4CH2C1 (+ diarylethane), quinone) gave 
mainly the dinitro compound 2. 

Preparation q /  I,I'-dinitrobic~cloprop.~l(2). The above red solution from 30 mmol of nitrocyclopro- 
pane was treated with 1.62 g (15 mmol) of p-benzoquinone, a solution of which in 20 ml THF was added 
within 15 min at -78". The first drop of the oxidant turned the solution blue. The mixture was left over- 
night, quenched with 6 ml of acetic acid at -30", freed from solvents in a rotatory evaporator, and tritu- 
rated with 450 ml of CH2CI,. The solution was washed five times with 100 ml each of water, dried 
(MgSO,) and concentrated to give 2.30 g (87%) of crystalline 2. Recrystallization from ethanol and subli- 
mation (80"/0.05 mm) yielded 1.56 g (59%) of 2, m.p. 127.7-127.9". - IR. (CCI,): 3022, 2922, 2900, 2850, 
1550s. 1440, 1407, 1358s, 1350s, 1152, 1076, 1041, 885, 865, 644. - 'H-NMR. (CDCI,): 2.15 ( d x d ,  4H); 
1.24 ( d x  d, 4H); see Figures 2 and 3. - I3CNMR. (CDCI,): 88.98 (s, C-NO,); 19.26 ( t ,  CH,). - Mo1.- 
weight (osmom. in CH2CI,): Calc. 172.14 Found 172. 

C6H,N204 (172.14) Calc. C 41.86 H 4.68 N 16.28% Found C 41.72 H 4.62 N 16.06% 

Preparution of I-nitro-l'-nitroso-bicJ.clopropyl (3).  To a red solution (from 2.8 ml of diisopropyla- 
mine, 15 mmol of BuLi, 15 mmol 6, in 40 ml THF) was added dropwise at -78" 2.02 g (15 mmol) ben- 
zoylchloride (within 15 min). A violet solution resulted. After warming up overnight, the solution was 
blue and salts had deposited. After removal of the solvents in a rotatory evaporator, 40 ml of 10% aq. ace- 
tic was added, followed by three extractions with 100 ml each of ether. The combined, deep green solu- 
tion was washed with aq. NaHC03-solution (3 x40  ml), dried over MgSO,, and evaporated to give a blue 
oil. Chromatography on 50 g SiO, (Merck 60-230-400 mesh) with CC14/CHC1, 1 : 1 furnished 0.55 g 
(430/0) of blue 3, m.p. 63.8-64.8 (from ethanol) and 0.21 g of the slower-moving, colourless 2. The deep 
blue nitroso compound 3 is readily oxidized to the colourless dinitro-derivative 2 (see subsequent proce- 
dure). At normal temperature, 3 shows the following NMR.-sprectra. 'H-NMR. (CDCI, + CCI,): two 
AA'BB' systems which look like four first-order d x  d, J=9 and 6, at 2.75, 2.00, 1.60 and 0.90. - '3C- 

1550, 1320, 1150, 1040, 960, 900, 800-730, 600. - 'H-NMR. (CDCI,): 0.25 (WI, 2H); 0.45 m, 2H); 0.70-1.5 

NMR. (CDCl,): 65.253, 62.60~, 20.581, 16.88t. 
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Oxidation of the nitro-nirroso-compound 3 fo the dinitro-derivative 2 with periodate. To a solution of 
0.92 g (ca. 5 mmol) of a (Z/f)-mixture in 10 ml T H F  was added 1.07 g (4.7 mmol) of periodic acid. After 
stirring overnight, the blue solution had turned colourless, and the T H F  was evaporated off. The residue 
was treated with 10 ml of a thiosulfate solution and 20 ml CH,Cl,. The combined organic layers were 
washed with water, dried over MgS04, and concentrated. Yield of 2 after one recrystallization from etha- 
nol: 0.59 g (64%). 

ESR.-Measurement. Part of a solution prepared from 0.67 g (6 mmol) of diisopropylamine, 6.0 
mmole of BuLi ( 1 . 6 ~  hexane), 0.522 g (6 mmol) of 6 in 20 ml of T H F  under Ar was transferred through 
a vacuum system directly into an ESR. tube cooled with liquid N p  T H F  was added, so that a ca. 0.05 mo- 
lar solution of the deprotonated nitrocyclopropane resulted. The ESR. spectrum was first recorded at 
-go", then at higher temperatures, with a Varian E. 12 spectrometer. 

Preparation of I ,  I'dinitro-2,2'-dimethylbicyclopropyl(l6). As described above for the non-methylat- 
ed derivative, 1.52 g (15 mmol) of 7 were added to an equimolar amount of LDA in 50 ml T H F  at -78" 
to give a red solution to which 0.81 g (7.5 mmol) benzoquinone (in 20 ml THF) were added, causing a 
colour change to dark blue. After 1 h at -78", the solvents were removed, 100 ml H 2 0  were added to the 
residue, followed by three extractions with ether (250 ml total). The combined organic layers were 
washed with 50 ml each of 10% HCI-solution and of water, dried over MgS04, and concentrated to give 
1.08 g (72%) of colourless crystals. M.p. after recrystallization from benzendhexane 1: 1 70-74.2". 
Column chromatography (30 g SiO,, CHCI,/CCI, 1 : 1) provides crystals of 16 of m.p. 72.0-76.5". - IH- 
NMR. (CDCI,): 2.15 ( d x  d, 1H); 1.9-1.5 (m. IH); 1.5-1.2 (m, 4H). 

4. The persubstituted dinitroethanes 4 and 5. - Preparation of l,l'-dinitrobicyclohuryl(4). I-Bromo-I- 
nitrocyclobutane was prepared as described in reference [5], see Eqn. 5. - IR. (film): 3105, 2965, 2890, 
1550s, 1425, 1360s, 1250, 1215, 1125, 1065, 855, 825, 735, 710, 610. - IH-NMR. (CCI,): three very com- 
plex m, centered at 3.2, 2.85, and 2.1 (1 : 1 : 1). -The  dimerization of I-bromo-I-nitrocyclobutane (3.6 g, 20 
rnmol) was achieved in the following way: A solution in 50 ml T H F  was stirred in a -100" bath and com- 
bined with 10 mmol of BuLi (pentane solution, addition time 15 min, vigorous stirring). After 4 h at 
-78" and 3 h at f 2 0 "  a colourless precipitate had separated. The solvents were removed in a rotatory 
evaporator, the residue treated with 50 ml H 2 0  and extracted four times with a total of 200 ml pentane. 
Washing with water, drying over Na2S04 and removing the solvent gave a solid mass which was chro- 
matographed (30 g SiO,, Merck 60, 70-230 mesh, toluene as eluant): 0.52 g of starting material (Rf 0.58, 
SO, ,  TLC., toluene) and 0.98 g (68%) 4 (Rf 0.37). An analytical sample was obtained by recrystallization 
(ether/pentane) and subsequent sublimation (60°/10 Torr.), m. p. 72.7-73.1". - IR. (CCI,): 3005, 2962, 
2850, 1547s, 1450, 1360s, 1260, 1252, 1125, 1100, 1070, 872, 8603, 822s, 780, 730, 710 cm-1. - IH-NMR. 
(CCl,): 3.7-1.7 very complex m (cf: Fig 3). - I3C-NMR. (CDCl,): 91.4 (3, 2C); 30.0 ( I ,  4C); 14.8 ( 1 .  2C). - 
Mol.-weight (osmom., CH2C1,): Calc. 200.19 Found 200.03. 

C8HI2N2O4 (200.19) Calc. C 47.99 H 6.04 N 13.99% Found C 47.91 H 6.06 N 13.99% 

Preparation of I ,  l'-dinitrobic~clopentyl(5). A solution of lithium methoxide was prepared by adding 
11 mmol of BuLi ( 1 . 5 ~  in hexane) to 20 ml of dry CH,OH at 0". Nitrocyclopentane (8, 1.19 g, 10 mrnol) 
was injected to furnish a slightly yellow solution of the lithium nitronate which was combined in small 
portions with 4.8 g (10.8 mmol) of solid Pb(OAc)4 {Fluka). Towards the end of addition, the solution 
turned green, after 15 min at 0" and 30 min at 25" the reaction mixture was poured into 150 ml EtOEt/ 
H,O 2:l giving a blue organic and an orange inorganic layer. The ether solution was washed twice each 
with 50 ml aq. NaHC0,- and sat. NaC1-solution and dried over Na,S04. The crude product (1.3 g) ob- 
tained after evaporation of the solvents was mixed with pentane which caused colourless crystals to depo- 
site, 200 mg of 5 (17%), m.p. 80.8-81.3" (from pentanelether). Since this product has only been briefly 
mentioned in the literature [3], we have fully characterized it. - 1R. (CCI,): 2970s, 2880s, 1550 very s, 
1470, 14553, 14353, 1355s, 1335, 1190, 1045, 850. - IH-NMR. (CDCI,): 2.8-2.5 (rn, 4H); 2.2-1.4 (rn, 12H), 
see also Figure 3. - Mol.-weight (osmom. in CH,CI,) Calc. 228.24 Found 223. 

C1,H,,N20, (228.24) Calc. C 52.62 H 7.07 N 12.27% Found C 52.49 H 7.1 I N 12.26% 
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