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1991; Vinson & Dannenberg, 1989; Bromilow et al., 
1980; Hiberty & Ohanessian, 1984). On the other hand, 
it is well known that the position of the nitro group 
in a nitrobenzene carrying one or more different sub- 
stituents could strongly influence the conformation of 
the rest of the molecule (Butcher et al., 1992). This 
paper describes two structural isomers of 3-acetamido- 
benzyl ace'tate with the nitro groups in positions 2 or 6. 
The structure of the 4-nitro isomer has been described 
previously (Rusek et al., 1995). 
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Abstract 

The structures of 3-acetamido-2-nitrobenzyl acetate, 
CllHl2N2Os, (I), 3-acetamido-6-nitrobenzyl acetate, 
C llHI2N2Os, (II) and 3-acetamido-6-nitrobenzyl acetate 
monohydrate, CltHI2N2Os.H20, (III), have been de- 
termined at low temperature; 150K for (I) and (III), 
and 100 K for (II). The molecules differ mainly in the 
conformation of the acetamide and acetate groups with 
respect to the aromatic ring plane: in (II) they are al- 
most coplanar, in (I) they are markedly distorted from 
planarity, while in (III) they are intermediate. The nitro 
group is twisted with respect to the aromatic ring in (I), 
but is almost coplanar with it in (II) and (III). In all three 
structures, one of the nitro O atoms is directed towards 
a methylene C atom, approximately bisecting the H - -  
C - - H  angles, and intramolecular C - - H . . . O  hydrogen 
bonds involving the aromatic H and carboxyl O atoms 
are observed. In all three cases, the crystal structures are 
stabilized by intermolecular N - - H . . . O  [and O - - H . . . O  
in (III)], as well as weak C - - H . - . O ,  hydrogen bonds. 

Comment 

The electronic structure of nitrobenzene and its sub- 
stituted derivatives has been the subject of longstand- 
ing interest for organic chemists. Conjugation between 
the nitro group and the aromatic system was suggested 
many years ago (Trotter, 1960). In recent years, many 
spectroscopic, structural and theoretical studies have 
shown that the quinoidal structure plays only a min- 
imal role in the resonance structures (Butcher et al., 
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The structures presented differ only in the position of 
the nitro group on the aromatic ring. Compound (III) 
is the monohydrate of compound (II). The molecules 
each have three different substituents connected to the 
benzyl skeleton, namely nitro, acetamido and acetate 
groups (Figs. 1, 2 and 3). In all three structures, the 
bond lengths in the aromatic and aliphatic parts are 
comparable within 3o and similar to other aromatic nitro 
compounds (Allen et al., 1991). The most significant 
difference observed is for the C4---C5 bond olength 
[1.364 (4)~, in (II), but 1.386 (3) and 1.381 (2)A in (I) 
and (III), respectively]. The bond angles are slightly 
different for all the structures, the biggest difference 
being observed for C2----C3--N1 [123.7 (2), 123.3 (3) 
and 115.8(3) °, in (I), (II) and (III), respectively], 
probably as a result of the steric hindrance [in (I) and 
(II)] of the neighbouring nitro and acetamide groups in 
the aromatic ring. The widening of the C- -C- -N(amine )  
bond angle has been observed previously for other 
o-nitro amide aromatic compounds where the amide H 
atom is not involved in the intramolecular hydrogen 
bond (Allen et al., 1991). In (III), the lower value of 
this angle is probably a consequence of the water mol- 
ecule. The aromatic ring is slightly distorted from strict 
planarity, especially in (II), being slightly boat shaped, 
with C3 and C6 as the 'bows';  the largest deviation 
[0.021 (2) ~,] from an aromatic ring plane occurs for C6 
in (II). 
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Fig. 1. The molecular structure and the numbering scheme of 3-acet- 
amido-2-nitrobenzyl acetate, (I). Displacement ellipsoids are shown 
at the 50% probability level. 
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Fig. 3. The molecular structure, packing and numbering scheme of 3- 
acetamido-6-nitrobenzyl acetate monohydrate, (Ill). Displacement 
ellipsoids are shown at the 50c~ probability level. 
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Fig. 2. The molecular structure, packing and numbering scheme of 
3-acetamido-6-nitrobenzyl acetate, (II). Displacement ellipsoids are 
shown at the 50% probability level. The short intramolecular C -  
H-- • O interactions are shown as dashed and dotted lines. 

The conformations of these molecules are rather 
different. Fig. 4 shows a superposition onto the aromatic 
rings of 2-, 4- and both 6-nitro forms. Molecule (II) 
is almost fiat and its conformation is similar to the 
4-nitro compound (Rusek et al., 1995), while (I) and 
(HI) are considerably distorted from planarity. In the 
case of molecule (I), the conformation is an effect of 
the steric hindrance of the substituent in the 2-position 
of the ring, between the am(de and ester groups. The 
nitro substituent is twisted out of the ring plane by 
43.5 (2) °. The neighbouring amine H atom does not 
participate in the intramolecular hydrogen bond to the 
nitro group. The acetate part is almost perpendicular, 
while the acetamide is gauche to the aromatic ring. In 

(II), the molecule is nearly planar, the largest deviation 
from the aromatic ring plane [0.502(8)A] occurring 
for the methyl C l l  atom. The acetamide and ester 
chains are almost coplanar with the ring, with the same 
orientation of the acetamide as in the 4-nitro compound 
(Rusek et al., 1995). Although the nitro O atoms do 
not participate in the intramolecular hydrogen bonds, the 
nitro group is almost coplanar with the aromatic ring, the 
angle between them being 15.9 (2) ° . The conformation 
of molecule (III) is intermediate between those of (I) and 
(II). The acetamide part is almost coplanar with the ring 
and the furthest atom from the plane is 05 [0.478 (3) A], 
while the acetate chain is twisted well out of the plane. 
The am(de H atom is directed towards the acetate group, 
the opposite of the situation observed in (II) and in the 
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Fig. 4. Comparison of structures (I) (solid line), (II) (dashed thin line), 
(IIl) (dottcd line) and 3-acetamido-4-nitrobenzyl acetate (Rusek et 
al., 1995) (dashed bold line). The common feature is the aromatic 
ring. 
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4-ni t ro  analogue.  This  is at t r ibuted to the water  mol-  
ecule,  wh ich  makes  fairly strong h y d r o g e n  bonds  wi th  
the amide  N and carbonyl  O atoms.  The  nitro group 
is more  coplanar  wi th  the ring than in (II), the angle  
be tween  them be ing  only  10.6 (2) ° . 

In all three structures,  several  in t ramolecular  C - -  
H . . . O  h y d r o g e n  bonds  with H . . - O  _< 2.5 ~, were  found,  
and these  are shown  as dot ted  l ines in Figs. 1, 2 and 3. 

In (I) and (II), the molecu les  are a r ranged in three-  
d imens iona l  ne tworks  via N - - H . - . O  and C - - H - . . O  
h y d r o g e n  bonds  (Tables 2 and 4). In these  cases, there is 
one  h y d r o g e n  bond  be tween  the amide  H a tom and the 
carboxyl  O atom,  0 5  in (I) and 0 4  in (II) (Fig. 2). The  
C - - H . . . O  interact ions are found be tween  the aromat ic  
H atoms,  as wel l  as be tween  the al iphatic H a toms and 
the carboxyl  and nitro O atoms.  These  interact ions are 
part icularly w e a k  and the H . . - O  dis tances  are a round 
2.5 A. In the crystals o f  (III), the water  0 6  a tom is 
an acceptor  o f  the H a tom f rom the amide ,  whi le  the 
carboxyl  0 4  and 0 5  a toms are acceptors  of  the H a toms 
f rom water. In this crystal,  C - - H . - . O  in te rmolecular  
interact ions are also observed ,  but in contrast  to (I) and 
(II), only  the al iphatic H a toms are invo lved  in these  

interactions.  

Experimental 
The title compounds were prepared by the reaction of 
3-acetamidobenzyl acetate with Cu(NO3)2 in acetic anhydride 
(Rusek et al., 1995). 3-Acetamido-4-nitrobenzyl acetate was 
obtained as the major product (82%), while 3-acetamido- 
2-nitrobenzyl acetate and 3-acetamido-6-nitrobenzyl acetate 
were obtained as the minor ones (5 and 13%, respectively). 
The isomers were separated by liquid chromatography using 
ethyl acetate/chloroform (1:2) as eluent. Crystals of (I) were 
obtained by slow isothermal evaporation from ethyl acetate; 
those of (II) were obtained from absolute methanol, and 
for (III) they were obtained by slow evaporation from 97% 
ethanol. 

Compound (I) 

Crystal data 

CIIHI2N205 
Mr = 252.23 
Triclinic 
P1 
a = 4.851 (4) 
b = 6.288 (5) ,4, 
c = 9.781 (8) ~, 
a = 99.96 (7) ° 
/3 = 101.26 (7) ° 
7 = 91.04 (7)" 
V = 287.8 (4) ,~3 
Z = I  
Dx = 1.455 (2) Mg m-3 
Dm 1.42 Mg m -3 (at room 

temperature) 
D,,, measured by flotation in 

C H C I 3 / C H 2 C I 2  

Mo Kc~ radiation 
A = 0.71073 ,~ 
Cell parameters from 51 

reflections 
0 = 9 -14  ° 
# = 0.117 mm -( 
T = 150 (1) K 
Prism 
0.5 x 0.4 × 0.1 mm 
Yellow 

Data collection 
Kuma KM-4 automatic 

diffractometer 
Profile data from w/20 scans 
Absorption correction: none 
2011 measured reflections 
1684 independent reflections 
1504 reflections with 

I > 2or(/) 

Refinement 
Refinement on F 2 
R[F 2 > 2a(F2)] = 0.037 
wR(F 2) = 0.105 
S = 1.144 
1684 reflections 
211 parameters 
All H atoms refined 
w =  ll[cr2(F,~) + ( 0 . 0 8 P )  2] 

where P = (F3 + 2F,2)/3 

Rim = 0.060 
0max = 30 ° 
h = - 6  ---, 1 
k =  - 8  ---, 8 
1= - 1 3  --, 13 
3 standard reflections 

every 100 reflections 
intensity variation: 2% 

(A/a)m,x = -0.021 
Apmax = 0.31 e ,~,- 3 
Apmin = -0.31 e •-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Cr3,stallography (Vol. C) 

Absolute structure: see 
Experimental below 

Table 1. Selected torsion angles for (I) (°) 
O 1 - - N 2 - - - C 2 ~ 1  -43.4  (3) C 7 ~ ) 3 ~ - C 8 ~ 9  -179.3 (2) 
O2--N2--C2-471 134.8 (2) C3--N I---C 10--O5 5.0 (3) 
O I - - N 2 - - C 2 ~ C 3  138.2(2) C3--N I - - C I ( ~ - C  11 -175.2(2)  
O2- -N2--C2- -C3  -43.5  (3) C8- - -O3~7- -421  81.4 (3) 
C2---C 1---C7--K)3 - 164.4 (2) C I ( - - N  1 - -C3~C4  124.8 (3) 
C6--C 1---C7--O3 14.4 (3) C 10--N 1--<23~C2 -54.3  (3) 
C 7 ~ 3 - - < 2 8 - - O 4  -0 .5  (3) 

Table 2. Hydrogen-bonding geometry (fL o)for (I) 

D - - H .  - -A D - - H  H. • .A D. - .A D - - H .  • -A 
NI - -H1 . -  .05' 0.88(3) 1.95(3) 2.813(3) 168(3) 
C4--H4. • .O1" 0.87 (4) 2.61 (3) 3.352 (4) 144 (2) 
C5--H5. • .04'" 0.98 (4) 2.55 (4; 3.282 (4) 131 (3) 
C9--H93. - .05" 1.06 (4) 2.56 (4) 3.520 (4) 149 (3) 
C I I - - H l l - . - 0 3 '  0.95 (4) 2.61 (4) 3.345(4) 134(3) 
C I 1 - - H 1 2 . . - 0 4 "  0.90(4) 2.54 (4) 3.398(4) 160 (3) 
C7--H71. . .O1 0.91 (2) 2.50(3) 2.714(3) 94(2) 
C7--H72. • .O1 0.98 (3) 2.55 (3) 2.714 (3) 89 (2; 
C7--H71. • .04 0.91 (2) 2.38 c3) 2.639 (3) 96 (2) 

Symmetry  codes: (i) 1 + x , y , z ;  (ii) 1 + 
x , y -  l , z -  l ; ( v )  l + x , y , l + z ; ( v i ) x ,  

x, 1 + y ,z ;  (iii) x; 1 + y ,z ;  (iv) 

1 + y ,  1 + z .  

Compound (II) 
Crystal data 

CIIH12N205 
Mr = 252.23 
Monoclinic 
P21/n 
a = 4.874 (7) ,4, 
b = 17.833 (16) ,4, 
c = 13.277 (15) ~, 

= 92.35 (10) ° 
V= 1153 (3) ,~3 
Z = 4  
Dx = 1.453 (2) Mg m -3 
Dm 1.40 (at room tempera- 

ture) 
Dm measured by flotation in 

aqueous KI 

Mo Ka radiation 
A = 0.71073 ~, 
Cell parameters from 88 

reflections 
0 = 9 -16  ° 
/z -- 0.115 mm -~ 
T = 100 (2) K 
Plate 
1.0 x 0.6 x 0.03 mm 
Dark yellow 
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Data collection 

K u m a  K M - 4  a u t o m a t i c  

d i f f r a c t o m e t e r  

Prof i le  da ta  f r o m  w/20  scans  

A b s o r p t i o n  cor rec t ion :  none  

1914 m e a s u r e d  re f lec t ions  

1688 i n d e p e n d e n t  re f lec t ions  

1400 re f lec t ions  wi th  

I > 2o ' ( / )  

Rim = 0.051 

0max = 30 ° 
h =  - 6 - - - ' 2  

k = 0 ---, 24 

1 = - 1 8  ~ 18 

3 s t anda rd  re f lec t ions  

e v e r y  100 re f lec t ions  

in tens i ty  var ia t ion :  1% 

Data collection 

K u m a  K M - 4  a u t o m a t i c  

d i f f r a c t o m e t e r  

Prof i le  da ta  f r o m  ~o/20 scans  

A b s o r p t i o n  cor rec t ion :  none  

3800  m e a s u r e d  re f lec t ions  

3553 i n d e p e n d e n t  re f lec t ions  

2488 re f lec t ions  wi th  

I > 20"(/) 

R,,t = 0 .026  

0m~ = 30 ° 
h =  0 - - '  9 

k = 0 ~  15 

1 = - 2 1  ---. 21 

3 s t andard  re f lec t ions  

e v e r y  100 re f lec t ions  

in tens i ty  var ia t ion :  2 %  

Refinement 

R e f i n e m e n t  on  F= 
R[F 2 > 2o.(F2)] = 0 .043  
wR(F z) = 0 .122  

S = 1.091 

1688 re f lec t ions  
211 p a r a m e t e r s  

Al l  H a t o m s  re f ined  
w = 1/[o.=(Fo) + (0 .083P)  2] 

w h e r e  P = (F~ + 2F,?)/3 

(A/o.)m~,~ = - 0 . 0 3 6  
Apmax = 0 .27 e ,~ -3  

Apmin = - -0 .29  e .~ -3  

Ex t inc t i on  cor rec t ion :  none  

Sca t t e r ing  fac to r s  f r o m  

International Tables for 
Cry'stallography (Vol. C)  

Table 3. Selected torsion angles for (H) (o ) 
OI- -N2- -C6~C5  165.3 (3) C7--O3---C8--C9 179.9 (3~ 
O2--N2---C6---C5 - 16.2 (4) C3--N I ~ C  10--O5 5.9 (6) 
O I - - N 2 ~ 6 - - C I  --15.8 (5) C3--N I- -C 10----C 11 - 173.5 (31 
O2--N2--C6---CI 162.7 (3) C8--O3--C7--C1 - 176.7 (3) 
C2--C1---C7--O3 1.2 (4) CI0----N 1--C3~C2 -6.7 (51 
C6--CI- -C7--O3 - 177.1 (3) CI0--N 1--C3--C4 171.8 (3) 
C7--O3--C8--O4 -0 .9  (5) 

Table 4. Hydrogen-bonding geometry (/t, °)for (II) 
D - - H - -  -A D - - H  H- - -A D. • -A D--H-  - -A 

NI - -HI -  • -O4 ~ 0.85(4) 2.11 (4) 2.952(4) 171 (41 
C2--H2. • .05 0.93 (4) 2.25 (41 2.859 (4) 123 (3) 
C2- -H2 . . . 03  0.93 (4) 2.28 (3) 2.657 (4) 1(14 (31 
C7--H71. • .O1 0.97 (4) 2.43 (3) 2.631 (4) 91 ~21 
C7--H72. • .Ol 0.93 (4) 2.42 (4) 2.631 (41 93 (31 
C7--H7 I. • .04 0.97 (4) 2.66 (4) 2.611 (4) 77 (2) 
C7--H72- - .04 0.93 (4) 2.50 (3) 2.611 (4) 87 (3J 
C4----H4. • .04 ~ 0.96 (4) 2.54 (4) 3.367 (51 144 (31 
C5--H5. • .02" 0.93 (4) 2.54 (4) 3.153 (41 124 (3) 
C9--H92. • .05'" 0.92 (5) 2.62 (5) 3.390 (6) 142 (4) 
CI1--HI2--  .05" 1.08(5) 2.40(5) 3.423(61 156(3) 

Symmetry codes: (i) 3 + x, ~ - y, 
x -  1,y,z;  (iv) 1 + x , y , z .  

+ z ; ( i i )  2 - x , l  - 3 . , 1  - z ; ( i i i )  

C o m p o u n d  ( I I I )  

Crystal data 

C I I H I 2 N 2 O s . H 2 0  
M ,  = 270 .24  

M o n o c l i n i c  
P21/c 
a = 7 .453  (3) ,~, 

b = 10.939 (5) ,~ 

c = 15.473 (9) A, 

/3 = 93 .84  (3) ° 
V = 1258.7 (11 ) ,~3 

Z = 4  
D ,  = 1.426 (2) M g  m -3  

Dm 1.38 (at r o o m  t e m p e r a -  
ture)  

D,, m e a s u r e d  b y  f lo ta t ion in 

CHC13/CH2C12 

M o  Ka rad ia t ion  

A = 0 .71069  ,~. 

Cel l  p a r a m e t e r s  f r o m  61 

re f lec t ions  

0 = 1 0 . 0 - 1 3 . 5  ° 

# = 0 . 1 1 7  m m  -~  

T = 150 (1) K 

P a r a l l e l e p i p e d  

0.8 x 0.6 × 0.5 m m  

Ligh t  y e l l o w  

Refinement 

R e f i n e m e n t  on F 2 
R[F 2 > 2o.(F2)] = 0 .044  

wR(F 2) = 0 .139  

S = 1.058 

3553 re f lec t ions  
229 p a r a m e t e r s  

All  H a t o m s  ref ined  
w= I/[o."(F,~) + (0 .081P)  2 

+ 0 .38P]  

w h e r e  P = (F,~ + 2F,?)/3 

(A/o.)ma~ = - 0 . 0 6 3  
,~Pma× = 0 .45 e ,~ -3  

Apmin = - 0 . 3 5  e ,~ -3  
Ex t inc t ion  cor rec t ion :  

SHELXL93 
Ext inc t ion  coef f ic ien t :  

0 .0033  (15) 
Sca t t e r ing  f ac to r s  f r o m  

International Tables for 
Crystallography (Vol. C)  

T a b l e  5. Selected torsion angles for  (III) (°) 

O1--N2~C6--C5 - 168.9 (2) C7--O3~C8--C9 178.6 (2) 
O2--N2~C6---C5 10.6 (2) C3--N I ~ C  10---O5 1.3 (3) 
O I--N2~C6---C 1 10.0 (2) C3--N I ~ C I 0 - - C I  I -176.6(2) 
O2- -N2~C6- -C  1 - 170.4 (21 C8--O3--C7---C 1 98.6 (21 
C2~C 1--C7--O3 - 12.5 (21 CI(>-N 1----C3--C4 - 14.3 (3) 
C6--C 1---C7--O3 166.3 (2) C I 0---N 1--C3~C2 166.2 (2) 
C7--O3---C8--O4 - 2.5 (2) 

Table 6. Hydrogen-bonding geometry (A, °)for (I11) 
D - - H .  • .A D - - H  H. • .A D. • -A D- -H .  - .A 

N I - -HI .  - -06 0.90 (31 1.96 (3) 2.857 (21 176 (2) 
C4--H4. • .05 0.95 (3) 2.34 (31 2.858 (21 114 (2) 
C7--H71. • .O1 0.98 (2) 2.37 (2) 2.625 (2~ 94 (2) 
C7--H72. • -O1 0.92 (31 2.51 (2) 2.625 (21 87 (2) 
C7--H72. • .O4 0.92 (3) 2.32 121 2.682 (2) 103 (2) 
O6--H62. • .05' 0.82 (3) 1.93 (3) 2.743 (2) 174 (3) 
O6--H61 • - -04" 0.81 (3) 2.13 (3) 2.876 (21 153 (3) 
CI I - -HI  1. • .02'" 0.88 (41 2.59 (4) 3.278 (2) 136 (3) 
CI I--H12. • .O5' 0.94 (4) 2.47 (41 3.338 (2) 154 (31 
C9--H93- • -02" 0.91 (41 2.60 (4j 3.321 (41 137 13) 

Symmetry codes: (i) 1 - x , y -  4, 
l - x , l  - y , l - z ; ( i v ) x , y -  l , z .  

- z: (ii) - x , - y ,  1 - z: (iii) 

P r e l i m i n a r y  osc i l l a t ion  and  W e i s s e n b e r g  p h o t o g r a p h s  s h o w e d  

that  c rys t a l s  o f  (I)  are t r icl inic,  and  that  those  o f  ( I I )  and  

( I I I )  are m o n o c l i n i c .  In the case  o f  (I),  the abso lu t e  s t ruc tu re  

canno t  be  d e t e r m i n e d  r e l i ab ly  s ince  the va lues  o f  a n o m a l o u s  

d i s p e r s i o n  for  the heav ie s t  O a t o m s  in the case  o f  M o  rad ia t ion  

are ve ry  smal l .  T h e r e f o r e ,  du r ing  the r e f inemen t ,  the m e a s u r e d  

Fr iedel  pa i rs  w e r e  ave raged .  In the case  o f  (II) ,  on ly  those  

re f lec t ions  fo r  w h i c h  the p r e s c a n  p r o c e d u r e  g a v e  an in tens i ty  
g r e a t e r  than  zero  were  m e a s u r e d .  

Fo r  all c o m p o u n d s ,  da ta  co l lec t ion :  Kuma KM-4 Users 
Guide ( K u m a  Di f f r ac t ion ,  1989); cell  r e f inement :  Kuma KM-4 
Users Guide; data  reduc t ion :  Kuma KM-4 Users Guide; pro-  

g r a m  used  to so lve  s t ructures :  SHELXS86 (She ld r ick ,  1990):  

p r o g r a m  used  to ref ine  s t ruc tures :  SHELXL93 (She ld r i ck ,  
1993); m o l e c u l a r  g raph ics :  ORTEPII ( Johnson ,  1976). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BMII49) .  Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The 1,3-diphenyl-2-azaallyl anion adds almost quanti- 
tatively to 2-phenylpropene with retention of the con- 
formation of the anion. Two racemic diastereoiso- 
meric [3+2] cycloadducts, i.e. the corresponding pyrro- 
lidines, are formed, in which both phenyl sub- 
stituents derived from the anion are cis oriented. The 
structures of racemic 3-methyl-r-2,c-3,c-5-triphenyl- 
pyrrolidine, C23H23N, (I), and 3-methyl-r-2,t-3,c-5-tri- 
phenylpyrrolidine, C23H23N, (II), were determined by 
X-ray analysis. There is no intermolecular hydrogen 
bonding in either crystal. 

Comment 
The 1,3-diphenyl-2-azaallyl anion, (1), adds stereo- 
specifically to E/Z-isomeric alkenes with retention of the 
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configuration of the alkene and the conformation of the 
azaallyl anion (Kauffmann & K6ppelmann, 1972). This 
result is in accord with a concerted process (Woodward 
& Hoffmann, 1969), where the anion behaves as a ,~4s 
cycloaddition partner. The mechanistic significance of 
this observation has been questioned (Huisgen, 1984), 
however, because the isolated yields of the cycloadducts 
were rather low. The exclusive formation (Scheme 1) of 
a single 3-vinylpyrrolidine, (3), in the reaction of this 
anion with 1,3-dienes, (2) (Kauffmann & Eidenschink, 
1971), would be additional evidence for a concerted 
cycloaddition, but quite recently, [4+3]-cycloaddition 
and 1,4-addition products [(5) and (6), respectively] 
were found to be formed in moderate yields when 
the 1,3-diphenyl-2-azaallyl anion, (1), was combined 
with 3,3,4,4,5,5-hexamethyl- 1,2-bis(methylene)cyclo- 
pentane, (4) (Mayr et al., 1993) (Scheme 2). Both 
reaction partners showed ~4 reactivity resulting in the 
formation of a seven-membered ring. This last result 
can only be rationalized by a stepwise ~4 + ~4 cyclo- 
addition process. A similar rather unusual result has 
been obtained for the reaction of the diene (4) with C,N- 
diphenylnitrone (Baran & Mayr, 1987). The sterically 
encumbered double bond and the allylic stabilization of 
the intermediate would be two reasons for the stepwise 
mechanism operating in these cases (Baran & Mayr, 
1989; Mayr et al., 1991). 
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Ph I Ph 
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H 
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( I ) +  ) ~ + 

(4) (5) (6) 

Scheme 2 

Similar factors can operate in the reaction of the anion 
(1) with 2-phenylpropene, (7), which was investigated 
next (Scheme 3). The reaction is almost quantitative and 
results in the formation of only two diastereoisomers 
of the [3+2] cycloadducts, (I) and (II), the structures 
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