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Abstract 
The X-ray crystal structure was determined for 
(exo,anti)-9-methylpentacyclo[6.3.1.03'l°.04,12.05,9]- 
dodecane-2,11-diol (1). The molecule consists of a 
twisted pentacyclic hydrocarbon ring system with a 
methyl substituent and two hydroxyl functional 
groups. Despite the two hydroxyl groups, there is no 
evidence of intramolecular hydrogen bonding. 

Comment 
Attempted hydrolysis of the dimethoxyketal in (2) 
with aqueous strong acids resulted in the formation 
of mainly ring-closed twisted products (Lloyd, Arif, 
Allred, Patton & Sharp, 1993) rather than the ketone 
(3). However, (3) can be isolated as the major pro- 
duct from deuterolysis of (2) with the weakly acidic 
salt 2,6-1utidinium tosylate-d in D20. Ketone (3) can 
be reduced to the anti-alcohol (4) whose diene 
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system, like that of (2) and (3), is acid sensitive. 
Treatment of (4) with strong aqueous acid results in 
the formation of the racemic ring-closed twisted 
product (1), the title compound. 
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There are three intermolecular contacts involving 
oxygen: O(li)...O(lii), O(li)...O(2 ii) and O(li)..-O(2ii), 
of 2.685 (7), 2.839 (4) and 3.089 (5)/~, respectively, 
which are near the sum of the van der Waals radii, 
2.8/~ (Bondi, 1964). These data and angles O(li) --- 
n(Oli)"'O(2 ii) and O(li)...n(o2ii)---O(2ii) (157.3 and 
150.6 °, respectively) are consistent with intermolecu- 
lar hydrogen bonding. There is no evidence for 
intramolecular hydrogen bonding, as expected with 
the exo- and anti-hydroxyl group geometries. There 
were no other non-hydrogen intermolecular contacts 
_< 3.5 A. 

Bond lengths and bond angles are similar to those 
of a previously reported derivative having the same 
pentacyclic ring structure (Lloyd, Arif, Allred, 
Patton & Sharp, 1993). The two longest bonds, 
C(2)--C(7) and C(5)---C(6), are also consistent with 
those of other derivatives (Astin, Fletcher, Macken- 
zie, Miller, Ratcliffe, Frew & Muir, 1982; Khan, 
Bauer & Khan, 1972), but the C(6)---C(7) bond is 
not as short as those found in these structures. 
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Fig. 1. Drawing of non-H atoms of one of the enantiomers of 
(1) with thermal ellipsoids at the 40% probability 
level. 
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Fig. 2. Cell packing diagram of  (1). 

Experimental 
Crystal data 

C13H1802 
M, --- 206.29 
Triclinic 
PT 
a = 6.421 (2) A 
b = 6.658 (4) A 
c = 13.758 (5) ,~ 
a = 85.53 (3) ° 
/3 --- 99.70 (3) ° 
3, = 117.54 ~ o  
V 514.12 
Z = 2  

Dx = 1.332 Mg m -3  
M o  Ka radiat ion 
A = 0 . 7 1 0 7 3 / ~  
Cell parameters  f rom 25 

reflections 
0 --- 7 . 5 - 1 5  ° 
# = 0 .0820 m m  -~ 
T = 296 K 
Pr ism 
0.25 x 0.23 x 0.13 m m  
Colour less  

Data collection 

Syntex  P 1  di f f rac tometer  
0/20 scans  of  variable speed  

3 .0-8 .0  ° m i n -  1 
Absorp t ion  correct ion:  

none  
1773 measu red  reflections 
1605 independent  reflections 
1256 observed  reflections 

It > 3cr(/)l 

Refinement 

Ref inement  on  F 
Final R = 0.0531 
wR = 0.0540 
S -- 0 .5522 
1256 reflections 
190 parameters  
Only  coordinates  o f  H a toms  

ref ined 
Unit  weights  appl ied  

Rint = 0.0093 
0m~x = 23 ° 
h = 0---~ 7 
k =  - 7 - - - + 7  
l = - 14 ~ 14 
2 s tandard reflections 

moni to red  every 98 
reflections 

intensi ty variation: < 3 %  

(A/o')max = 0.002 

Apmax = 0.336 e ~ - 3  

Apmi, = - 0 . 1 8 6  e ,~-3 

Atomic  scat tering factors 
f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (.~2) 

8"/I .2 , * 
Beq = --T- Ei ~jBijai aj ai.aj. 

x y z Beq 
0(1) 0.7182 (3) 0.1336 (3) 0.0469 (2) 3.39 (5) 
0(2) 0.9543 (4) 0.8165 (3) 0.0796 (2) 3.27 (5) 
C(l) 0.8189 (5) 0.4428 (5) 0.3316 (2) 2.87 (7) 
C(2) 0.8189 (5) 0.3058 (5) 0.2465 (2) 2.52 (7) 
c(3) 0.9337 (5) 0.4640 (5) o. 1593 (2) 2.49 (7) 
C(4) 0.9048 (5) 0.6790 (5) o. 1663 (2) 2.69 (7) 
c(5) 0.6390 (5) 0.5638 (4) 0.1748 (2) 2.48 (7) 
C(6) 0.5396 (5) 0.3316 (4) 0.1179 (2) 2.36 (6) 
c(7) 0.5431 (5) 0.1809 (4) 0.2068 (2) 2.40 (6) 
C(8) 0.4265 (5) 0.2408 (4) 0.2796 (2) 2.71 (7) 
c(9) 0.4565 (6) o. 1479 (5) 0.3830 (2) 3.53 (8) 
C(lO) 0.7255 (6) 0.2845 (5) 0.4188 (2) 3.76 (9) 

C(11) 0.7456 (5) 0.3526 (4) 0.0700 (2) 2.62 (7) 
C(12) 0.6125 (5) 0.4946 (4) 0.2847 (2) 2.59 (7) 
C(13) 0.5682 (6) 0.6527 (5) 0.3429 (3) 4.10 (9) 

Table 2. Bond lengths (A) and angles (o) 
O(l)--C(l 1) 1.441 (5) C(5)--C(6) 1.587 (5) 
O(2)--C(4) 1.432 (5) C(5)--C(12) 1.560 (6) 
C(1)--C(2) 1.539 (6) C(6)--C(7) 1.525 (6) 
C(1)--C(10) 1.540 (6) C(6)--C(11) 1.520 (6) 
C(1)--C(12) 1.547 (6) C(7)--C(8) 1.520 (6) 
C(2)--C(3) 1.573 (6) C(8)--C(9) 1.525 (6) 
C(2)--C(7) 1.584 (6) C(8)--C(12) 1.553 (5) 
C(3)--C(4) 1.538 (6) C(9)--C(10) 1.544 (7) 
C(3)--C(11) 1.527 (6) C(12)--C(13) 1.522 (6) 
C(4)--C(5) 1.536 (6) 

C(2)--C(1)--C(10) 109.8 (4) C(2)--C(7)--C(6) 98.5 (3) 
C(2)--C(1)--C(12) 98.8 (3) C(2)--C(7)--C(8) 105.3 (3) 
C(10)--C(I)--C(12) 104.7 (4) C(6)--C(7)--C(8) 104.2 (3) 
C(1)--C(2)--C(3) 111.5 (3) C(7)--C(8)--C(9) 113.6 (4) 
C(1)--C(2)--C(7) 99.8 (3) C(7)--C(8)--C(12) 93.8 (3) 
C(3)--C(2)--C(7) 104.8 (3) C(9)--C(8)--C(12) 105.4 (4) 
C(2)--C(3)--C(4) 106.4 (3) C(8)--C(9)--C(10) 103.0 (4) 
C(2)--C(3)--C(11) 102.5 (3) C(1)--C(10)--C(9) 103.7 (4) 
C(4)--C(3)--C(11) 99.3 (3) O(1)--C(11)--C(3) 113.3 (3) 
O(2)--C(4)--C(3) 112.3 (4) O(1)--C(11)--C(6) 111.4 (3) 
O(2)--C(4)--C(5) 111.8 (4) C(3)--C(11)--C(6) 94.9 (3) 
C(3)--C(4)--C(5) 98.1 (3) C(1)--C(12)--C(5) 108.9 (3) 
C(4)--C(5)--C(6) 103.2 (3) C(1)--C(12)--C(8) 93.3 (3) 
C(4)--C(5)--C(12) 108.0 (3) C(1)--C(12)--C(13) 116.0 (4) 
C(6)--C(5)--C(12) 104.9 (3) C(5)--C(12)--C(8) 104.2 (3) 
C(5)--C(6)--C(7) 98.2 (3) C(5)--C(12)--C(13) 114.6 (4) 
C(5)--C(6)--C(11) 104.8 (3) C(8)--C(12)--C(13) 117.5 (4) 
C(7)--C(6)--C(11) 102.7 (3) 

The  title c o m p o u n d  (1) was  purif ied by preparat ive  gas chro-  
ma tog raphy  (3% SE-30 on C h r o m  WAW); m.p.  4 6 4 - 4 6 5  K. 
I H N M R  (300 MHz,  acetone-d6):  6 0.98 (s, 3H), 1 .45-1.79 (m, 
8H), 2 .09-2 .33  (m, 3H), 2 .91-2 .92  (m, 2H), 3.95 (m, 1H), 4.65 
(m, 1H). 13C[IH] N M R  (20 MHz,  methanol-d4):  6 14.89, 23.66, 
26.21,  43.40,  43.69,  49.60,  50.21, 50.48, 51.11, 53.90, 55.28, 
72.03, 76.40. IR (KBr  pellet): 3 6 0 0 - 3 1 0 0  (s), 3 0 0 0 - 2 8 5 0  (s), 
1378 (w), 1100-1040  (s) c m -  1. High-resolu t ion  mass  spec t rum 
of  monodeu te r a t ed  ( ld )  f rom the react ion of  (4) in D2 SO4/D20,  
m/z (relative intensity):  207.1324 (2.5) (Lloyd,  1985). Exact  
mass  calcula ted for  12CI31HI72HI602: 207.1370.  A crystal o f  (1) 
suitable for  X-ray s t ructure  analysis  was  c leaved f rom a larger 
crystal ob ta ined  by s low evapora t ion  f rom acetone  at r oom tem- 
perature.  Compu ta t i ons  were  pe r fo rmed  us ing  the E n r a f - N o n i u s  
(1979) Structure Determination Package. 

The authors would like to thank WSU Research and 
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Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
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around the C(10)--N(2) bond, out of the suc- 
cinimide plane. The dimethylpiperidine substituent 
has a chair conformation with both methyl groups 
and the succinimide moiety in equatorial positions. 
The conformation around the N(1)--C(8) bond is 
staggered; all relevant torsion angles are close to 60 
and 180 °. The piperidine N(1) atom has a trigonal- 
pyramidal bond configuration; its displacement from 
the plane of three neighbouring atoms is 0.422 (4)/~. 
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Abstract 
In the title molecule, 3-(3,5-dimethylpiperidino)-l-(4- 
chlorophenyl)-2,5-pyrrolidinedione (1), the N-(p- 
chlorophenyl) substituent is rotated by 68.8 ° relative 
to the succinimide plane. The piperidinyl ring has a 
chair conformation with all substituents in equatorial 
positions; the conformation around the piperidino- 
succinimide C- -N bond is staggered. 

Comment 
The title compound was prepared in the framework 
of our structural a n d  conformational studies 
(Joseph-Nathan, Mendoza & Garcia G., 1972, 1974; 
Soriano-Garcia, Toscano, Mendoza, Garcia G., 
Guzmfin, Alemfin & Huipe N., 1990; Mendoza, 
Garcia G., Guzm/m, Gutierrez & Chavez, 1991)of 
some 3-(1-cycloalkylamine)succinimides derived by 
condensation reactions from maleimides or isomale- 
imides and cycloalkylamines. 

The chemical structure of (1) as well as its molecu- 
lar stereochemistry are unequivocally established by 
the present X-ray investigation. The central suc- 
cinimide moiety is planar within 0.004 A. Its N atom 
[N(2)] has a planar-trigonal bond configuration with 
the N-(p-chlorophenyl) substituent, rotated by 68.8 ° 
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Fig. 1. General view of the title molecule (1). 

Experimental 
Crystal data 

CITH21C1N202 
Mr = 320.8 
Monoclinic 
P21/c 
a = 8.804 (3) A, 
b = 6.472 (2) A 
c = 29.075 (12) .~ 
/3 = 94.75 (2) ° 
V = 1651.0 (3) ~k 3 
Z = 4  
Dx = 1.291 Mg m -3 
Mo K a  radiation 
A = 0.71073 A 

Data collection 
Siemens P3/PC diffractome- 

ter 
0/20 scans 
Absorption correction: 

none 
6095 measured reflections 
5773 independent  reflections 
1176 observed reflections 

[F > 6.0a(F)] 

Refinement 

Refinement on F 
Final R = 0.052 
wR = 0.064 
S = 2.16 
1176 reflections 
262 parameters 
H atoms refined isotropically 

with fixed U ~  = 0.05 A, 2 
w = l#r2(F) 

Cell parameters f rom 24 
reflections 

0 = 12-13  ° 
# = 0.240 nun  -1 
T = 153 K 
Needles 
0.4 x 0.2 x 0.1 m m  
Colourless 
Crystal source: f rom 

hexane-ethyl  acetate 
solution (2/3) 

Rim = 0.049 
0m~x = 30 ° 
h = 0 ---~ 13 
k = 0---~ 9 
l --- - 4 2  ~ 43 
2 standard reflections 

moni tored every 98 
reflections 

intensity variation: -t-1.8% 

(A/O')m~x = 0.333 

Apm~x = 0.40 e A -3 

Apmi~ = - 0 . 2 9  e ,~-3 

Atomic scattering factors 
f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 
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