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X-ray structure of 1,3-adamantane dicarbonamide 
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The X-ray crystal structure of 1,3-adamantane-dicarbonamide t has been determined. Colourless, 
cube shaped crystals of C~2H~sN202 crystallize in the monoclinic space group C2/c (#15) with 
cell dimensions a = 7 �9 934(3), b = 15 �9 543(3), c = 9 �9 404(2) ,~;/3 = 93.63~ V = 1157.4(5) 
,~3 and Z = 4. 1074 unique reflections with/,,~, > 2.00tr(1) on refinement afforded values of R 
= 0.039 and R.. = 0.040. 
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Introduction 

The preparation of small molecules that bear more than 
one heterocyclic moiety is an area of current interest 
among chemists working with inorganic rings, t We 
have shown that adamantane based nitrile sulphides 
[R-C------N-S] can be used to prepare a number of het- 
erocycles with delocalized 7r systems] To extend this 
development to multi-heterocyclic systems we have pre- 
pared the title compound, which is a crucial precursor 
to these studies and determined its solid state structure. 

The structures of disubstituted adamantane mole- 
cules have rarely been reported. 3 The investigation of 
various carboxylic acid derivatives of adamantane has 
led to important insights into the structure and packing 
of hydrogen bonded network solids. 4 The title com- 
pound has been reported previously 5 but has not been 
reported in many synthetic schemes. 6 The structure of 
this compound has not been described. 
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Structure 1. 1,3-adamantane dicarbonamide. 
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Experimental 

The title compound was prepared from 1,3-ada- 
mantane dicarbonylchloride [which was prepared from 
1,3-adamantanedicarboxylic acid (Aldrich) accordirtg to 
ref. 7 and purified by sublimation] using a variation of 
the preparation described in ref. 5. Thus, 120 ml of 30% 
ammonium hydroxide was stirred in a 250 ml three neck 
flask and cooled in an ice-water bath. The dicarbon- 
ylchloride [6.4 g] was slowly added and the reaction- 
mixture heated to reflux for 3 hr. The reaction mixture 
was cooled to room temperature and the precipitated 
white product was isolated by filtration and washed with 
water. The crude product was recrystallized from 100 
ml of a 10:1 water:ethanol mixture to give colorless 
cube shaped crystals of the title compound [5.1 g, 94%, 
mp. 254-256~ The title compound is insoluble in 
most organic solvents and is only slightly soluble in 
water and ethanol but is reasonably soluble in dimethyl 
sulfoxide. IR (KBr plates, Nujol mull; cm-J) :3399,  
3350, 3278, 3211, 1693, 1644, 1608. NMR (JH, 
(CD3)2SO, ppm): 6.993/6.996 (NH2), 2.038, 1.768, 
1.685, 1.578; (13C, (CD3)2SO, ppm): 178.9 (C=O) ,  
40.2, 39.5, 38.9, 38.0, 27.9. 

X-ray crystallography 

A single crystal (irregular shape) was mounted on 
a thin glass fiber and diffraction data were collected on 
a Rigaku AFC6S diffractometer. Experimental param- 
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Table 1. Crystallographic data for 1,3-adamantane dicarbonamide 

Compound CII~HI4(C(O)NH2)2 #~.,,L., cm- '  
Color colorless Scan type 
Formula wt. 222.29 Radiation 
Crystal system monoclinic Max. Xtal Dimensions, mm 
Space group C2/c Scan width 
Temp. ~ 26 _+ 1 20 range, o 
Cell constants" Unique reflections 

a, ,~ 7.934(3) Reflections observed I' 
b, ,~, 15.543(3) Computer programs 
c, ]k 9.404(2) Structure solution 
B, o 93.63(2) Number of parameters 
Vol., ,~,~ 1157.4(5) G.O.F. 

F(000) 480 R 
Z 4 R, 
D~,., gem -~ 1,276 Final Diff. map (e/,~ ~) 

"Least squares refinement of ((sin 0)/h) -~ for 21 reflections 0 > 18. 
t'l > 2.00o(1). Corrections: Lorentz polarization and secondary extinction fcoeflicient: 0.63311 x 10 "). 

0.82 
w120 
MoK,, 
0.300 x 0.300 x 0.230 
1.52 x 0.30 tan 0 
6 - 50.1 
1074 
764 
TEXSAN-TEXRAY 
Direct Methods 
102 
2.21 
0.039 
0.040 
0.16 

eters are presented in Table 1. Lattice constants were 
obtained from 22 centered reflections (38.37 ~ _< 20 -< 
47.69~ The structure was solved by direct methods 8 
and refined using the TEXSAN crystal lographic soft- 
ware package of  Molecular  Structure Corporation. '~ 

Scattering factors were taken from International Tables 
for X-Ray Co'stallography I~ and corrected for anoma- 
lous dispersion. All non-H atoms were refined aniso- 
tropically.  The hydrogen atoms were located from dif- 
ference maps generated at various stages during the 
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Fig. 1, ORTEP" diagram and atom numbering scheme of 1,3-adamantane dicarbonamide. 
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refinement and their isotropic thermal parameters were 

set 20% greater than those of the bonding partners (at 
the time of inclusion). The position of the hydrogen at- 
oms were refined as there was sufficient data and no ab- 
normal shifts resulted. The final least squares cycle was 
calculated with 34 atoms and 102 parameters and af- 
forded R = E ( F , ,  - F , . )2 /EF, ,  = 0.039, R w  = E [ W ( F , ,  

- F , . f - / E ( W F ~ , )  I/2 = 0 . 0 4 0 .  

Results and discussion 

ORTEP ~t perspective views of the title compound 

are presented in Figs. 1 and 2. Fractional atomic coor- 
dinates and listings of important bond lengths and an- 
gles are presented in Tables 2 and 3, respectively. 

The observed structure [bond distances and angles] 
of the adamantane moiety in the title compound is not 

Fig. 2. ORTEP II view of 1,3-adamantane dicarbonamide showing 
the two dimensional network. 

Table 2. Final fractional atomic coordinates x, y, and z and B(~, o 
for 1,3-adamantane dicarbonamide 

Atom x y z B (eq) 

O(I) 0 . 6835 ( 2 )  0 .0651(1 )  0 .4617(1)  4.26(7) 
N(I) 0 .6694(2)  -0.0202(1) 0.6507(2) 4.6(1) 
C(I) 0 . 8 6 8 1 ( 2 )  0 .1004(1 )  0 .6664(2)  2.53(8) 
C(2)  0 . 9 5 9 2 ( 3 )  0 .1578(1 )  0 .5633(2)  3.08(9) 
C(3)  1 .0885(3)  0 .2148(1 )  0.6460(2) 3.3(1) 
C(4) 1.0000 0.2718(2) 3/4 3.9(I) 
C(5) 1.0000 0.0439(2) 3/4 2.7(1) 
C(6)  0 . 7 7 9 7 ( 2 )  0 .1580(1 )  0.7733(2) 3.2(1) 
C(7)  0 . 7 3 3 2 ( 2 )  0 .0466(1 )  0.5851(2)  2.95(8) 

significantly different [AD _< 3tr] from that reported for 
l, 3-adamantane dicarbonylchloride. 3 The structure of the 
diacid chloride reveals a crystallographic mirror plane 
while the title compound has a two fold axis. The struc- 

ture of the carbonyl moieties in the title compound [O1- 
C7 = 1.235(2) ,~,, C1-C7 = 1.525(2) ,~,, O1-C7-C1  
= 121.1(2) ~ is significantly different from the related 

diacid chloride of adamantane [O-C = 1.177(5) A ,  
C-C = 1.517(5) ,~, O - C - C  = 128.4(3)~ 3 or the 
tetracid of adamantane [O-C = 1.216(1) ,~,, C - C  = 
1.523(1) ,~, O - C - C  = 123.26(10)~ 4 These differ- 

ences in structure may be due to the difference in elec- 
tronegativity of the substituent groups [C1/OH vs H2N], 

7r bonding availability or hydrogen bonding to the 
groups. The diacid chloride does not show any hydro- 
gen bonding but has long range contacts similar to those 

Table 3. Intmmolecular bond distances (,~.) and angles (~ for 
1,3-adamantane dicarbonamide 

Distances 
atom atom distance atom atom distance 

O(1) C(7)  1.235(2) C( 1 ) C(7)  1.525(2) 
N(I) C(7)  1.326(2) C(2) C(3)  1.530(3) 
C(I) C(2)  1.533(3) C(3) C(4)  1.524(3) 
C(1) C(5)  1.542(2) C(3) C(6)  1.533(3) 
C(I) C(6)  1.547(3) 

Angles 

atom atom a t o m  angle atom atom a t o m  angle 

C(2) C(I) C (5 )  108.8(1) C(2)  C(3 )  C(6 )  109.5(2) 
C(2) C(I) C (6 )  108.9(2) C(4)  C(3 )  C ( 6 )  110.1(2) 
C(2) C(1)  C(7 )  110.2(1) C(3)  C(4)  C ( 3 )  108.9(2) 
C(5) C(I) C (6 )  108.6(1) C(I) C (5 )  C(I) 110.7(2) 
C(5) C(I) C (7 )  112.1(2) C(I) C(6)  C ( 3 )  109.4(2) 
C(6) C(I) C (7 )  108.1(1) O(1)  C(7)  N(1)  120.8(2) 
C(I) C(2)  C(3 )  110.1(2) O(1)  C(7)  C(I) 121.1(2) 
C(2) C(3)  C(4 )  110.0(2) N(1) C(7)  C ( 1 )  118.2(2) 
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seen in interhalogen compounds while the tetracid has 
two strong hydrogen bonds to each substituent group. 
The carbon-nitrogen bond [C7-NI = 1.326(2) ,~] in 
the title compound is approximately the distance ex- 
pected for a C(sp:)-N(sp ~) bond. 12 

The substituent groups in the title compound have 
torsion angles [O1-C7-C1-C5 = -137.2(2)  ~ that 
place the groups out of the mirror plane of the adaman- 
tane group. The pattern and length of the hydrogen 
bonds in the dicarbonamide [O1-HIA = 2.09(3) A,, 
O1-H1B = 2.12(3) A,] is similar to those seen in urea 
derivatives.~3 The rigid adamantane group prevents in- 
tramolecular hydrogen bonding from occurring there- 
fore according to Etter's Rules the molecules must form 
intermolecular bonds between the best proton donors and 
acceptors featuring three center bonds to the carbonyl 
groups.13 The net effect of these hydrogen bonds is to 
create a two dimensional sheet of monomer units with 
rows of adamantane groups alternating above and below 
the plane (Fig. 2) held together by the hydrogen bonds. 
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