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Abstract 
The title compound, C 1 4 H 2 4 0 2 ,  is a member of the 
family of sterically crowded olefins that show unusual 
geometries. The molecule displays crystallographic in- 
version symmetry. The central double bond is slightly 
elongated [1.344 (3)A]. In order to avoid steric repul- 
sion, the C--C(tert-butyl) single bonds are markedly 
longer than in non-crowded ethylenes. Furthermore, 
the acetyl function is rotated out of the plane defined 
by the central double bond by 78.71 (6) ° . The crystal 
packing shows C - - H . . . O  hydrogen bonds forming a 
honeycomb-like pattern. 

Comment  
Several years ago we reported an attempt to pre- 
pare tetra-tert-butylethene from its tetraacetyl precursor 
(Dannheim et al., 1987). Although this approach was 
unsuccessful, we still believe that acetyl groups could, 
in principle, serve as precursor substituents for tert- 
butyl groups in highly hindered olefins, and we have 
therefore sought other methyl ketones that could lead to 
the elusive hydrocarbon. A derivative of interest in this 
context is (E)-3,4-di-tert-butylhex-3-ene-2,5-dione, (I), 
which we have synthesized recently (Klein, 1997) and 
whose structure we report in the present communication. 
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Steric repulsion in double-bond systems with bulky 
substituents can be diminished by elongation of bonds 
and rotation of substituents out of the double-bond 

plane. The title compound, which displays crystal- 
lographic inversion symmetry, shows both of the 
above-mentioned features. The central double bond 
[C3:=C3 i = 1.344 (3) A,; symmetry code: (i) 1 - x, 1 - y, 
1 - z ]  is slightly elongated compared with standard val- 
ues for tetrasubstituted ethylenes without bulky groups 
(1.331 ,~; Allen et al . ,  1987). The C--C(tert-butyl) sin- 
gle bond of 1.555 (2) A is distinctly stretched in compar- 
ison with substituted Csp2- -Csp  2 single bonds (1.522 A,; 
Allen et al., 1987). Similar bond elongations are ob- 
served in ethylene compounds bearing two ten-butyl 
groups on the central C==C double bond; 1.574 (2) and 
1.568 (3) A in (E)-2,2,5,5-tetramethyl-3,4-diphenylhex-3- 
ene (ROLBID; Gano et al., 1997) and 1.532 (2) A in (E)- 
2,2,5,5-tetramethyl-3,4-bis[4-(tribromomethyl)phenyl]- 
hex-3-ene (TEJNOL; Gano et al., 1996). 

Additionally, the C = = = C - - t B u  angle (c3 i - -c3- -C4)  is 
widened to 127.1 (2) ° . The same effect can be recog- 
nized in the bulkily substituted ethylenes mentioned 
above, where the corresponding angles are 127.0 (2) and 
126.6 (2) ° (Gano et al., 1997), and 128.9 (8) ° (Gano et 
al., 1996). 

The Csp2- -Csp  2 single bond C--C(O) is significantly 
longer [C2---Co 3 1.513 (2),~,] than in unconjugated ke- 
tones (1.484A; Allen et al., 1987), but lies within the 
range of comparable compounds such as tetrabenzoyl- 
ethylene [1.52 (1)-1.53 (2) A; TBOYEY; Cannon et al., 
1978] and tetraacetylethylene [1.506 (2) ~,; TACETY; 
Cannon et al., 1978]. This bond length indicates that 
there is no double-bond character. Consequently, there 
is no conjugation between the ethylenic double bond 
and the ketone functions. This is reflected in a twist- 
ing of the acetyl function C1- -C2- -O (mean deviation 
0.011 ~) by 78.71 (6) ° out of the plane (mean deviation 
0.001 A) defined by the central C==C double bond and 
its attached atoms. 

The dominant feature of the crystal packing is the 
presence of non-conventional hydrogen bonds. The 
hydrogen-bond system is built up from only one crys- 
tallographically independent hydrogen bond of type C - -  
H. . .O between an acetyl methyl group and a carbonyl 
function. The H1C atom is involved in a hydrogen 
bond to O ii [ E l "  "O 3.449(3),~,; symmetry code (ii) 
23 x , y - ~ , l  z], forming chains parallel to (010) [graph 
set C(4)]. The characteristic distances of this hydrogen 
bond agree with the criteria of Desiraju (1996). A fur- 
ther chain can be recognized parallel to (100) [graph set 
C(7)]. Because of the connection of the two chains, a 
honeycomb-like pattern within layers perpendicular to 
the z axis is formed, which can be described by the 
graph set /P4(22) (Fig. 2). The layer sequence is an 
ABAB system with layer B antiparallel to layer A. The 
centres of the six-membered rings are related to each 
other by the vector b/2. 
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Fig. 1. The molecule of compound (I) in the crystal. Ellipsoids 
correspond to 50% probability levels. H-atom radii are arbitrary. 
[Symmetry code: (i) 1 - x, 1 - y, 1 - z.] 

Fig. 2. The crystal packing of compound (I). Only the H atoms 
involved in hydrogen bonding are shown. 

T h e  o p e n  p a c k i n g  as  s h o w n  in F ig .  2 is r e f l e c t e d  in 
a l o w  c ry s t a l  d e n s i t y  o f  1 .108  M g  m -3 .  

Experimental 

HgSO4 ( 9 0 m g ,  0.3 mmol )  and concentra ted  sulfuric acid 
(0.2 ml) were di luted with water  (10 ml). The  reaction mixture  
was heated to 333 K and a solut ion of  (E)-3,4-di-tert-butylhex- 
3-ene- l ,5 -d iyne  ( 9 0 m g ,  0.48 mmol ;  Hopf  & Horn, 1994) in 
te t rahydrofuran (5 ml) was added. The  react ion solut ion was 
stirred for 3 h at 333 K. After  cool ing to ambient  temperature ,  
water  (10 ml) was added  and the aqueous  layer extracted with 
diethyl  ether. The  organic layers were combined ,  washed  with 
NaHCO3 and dried over  Na2SO4. After  removal  of  the solvent,  
the residue was purified by co lumn chromatography  (SIO2; 
pen tane-d ie thy l  ether, I0 : I ) .  The  product  was obtained in 40% 
yield (43 mg,  m.p. 371 K). Slow evaporat ion of  a pentane  
solut ion gave colourless  crystals. 

Crystal data 

CI4H2402 
Mr = 224.33 
Or thorhombic  
Pbca 
a = 12.412 (2) ,4, 
b = 9.680 (2) ,4, 
c = 11.191 (2) ,~ 
V = 1344.6 (4) A 3 
Z = 4  
l)1 = 1.108 Mg m -3 
Dr, not measured  

Mo Ko~ radiation 
A = 0.71073 ,~, 
Cell parameters  f rom 48 

reflections 
0 = 10 .0-11.5  ° 
# = 0.072 m m - )  
T =  143 (2) K 
Tablet 
0.60 × 0.50 × 0.15 m m  
Colourless  

Data collection 

Stoe Stadi-4 d i f f rac tometer  
w/0 scans 
Absorp t ion  correction: none  
1428 measured  reflections 
1188 independent  reflections 
952 reflections with 

I > 2or(/) 
Ri,t = 0.024 

0max = 25.04 ° 
h = - 1 4  ---, 2 
k = 0 ---, 11 
l = - 1 3  ~ 0 
3 s tandard reflections 

f requency:  60 min  
intensi ty decay: none  

Refinement 

Ref inement  on F 2 
R[F 2 > 2cr(FZ)] = 0.048 
wR(F 2) = 0.134 
S = 1.058 
1188 reflections 
77 parameters  
H a toms const ra ined 
w = 1/[crZ(Fo 2) + ( 0 . 0 6 5 8 P f  

+ 0 .4841P]  
where  P = (Fo 2 + 2F,?)/3 

(A/if)max < 0.001 
Apmax = 0.21 e A -3 
Apmin = --0.19 e ,~-3 
Ext inct ion correction: none  
Scat ter ing factors f rom 

International Tables for 
Crystallography (Vol. C) 

T a b l e  1. Selected geometric parameters and hydrogen- 
bonding geometry (fL o) 

C2--C3 1.513 (2) C3---C4 1.555 (2) 
C3---CY 1.344 (3) 
C3i---C3-'-C4 127.1 (2) 

D--H" • "A D--H H. • .A D. • .A D--H. • "A 
C 1 --H I C. • • O" 0.98 2.51 3.449 (3) 162 
Symmetry codes: (i) i - x, 1 - y, ! - z; (ii) 3 _ x, y - ½, z. 

Data collection: DIF4 (Stoe & Cie, 1992a). Cell ref inement:  
DIF4. Data reduct ion:  REDU4 (Stoe & Cie, 1992b). Pro- 
gram(s)  used to solve structure: SHELXS97 (Sheldrick,  1990). 
Program(s)  used to refine structure: SHELXL97 (Sheldrick,  
1997). Molecular  graphics:  XP (Siemens,  1994). Sof tware  used 
to prepare material  for publication: SHELXL97. 

T h i s  w o r k  f o r m s  p a r t  o f  t he  P h D  t h e s i s  o f  O K .  W e  
t h a n k  t he  F o n d s  d e r  C h e m i s c h e n  I n d u s t r i e  f o r  f i n a n c i a l  

s u p p o r t  a n d  M r  A.  W e i n k a u f  f o r  t e c h n i c a l  a s s i s t a n c e .  

Supplementary dam for this paper are available from the IUCr 
electronic archives (Reference: BM ! 331 ). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
N,N-Disulfonylated 1-adamantylamines, hitherto elu- 
sive, can easily be prepared by reacting 1-bromo- 
adamantane with silver disulfonylamides suspended in 
anhydrous benzene. Structures have been determined for 
N, N-bis(methanesulfonyl)- 1-adamantylamine, CI2H21- 
NO4S2, N, N-bis(p-toluenesulfonyl)- 1-adamantylamine, 
C24H29NO4S2, and 2-( 1 -adamantyl)- 1,1,3,3-tetraoxo- 
1,3,2 - benzodithiazole [ N- ( 1 - adamantyl ) - o - benzene- 
sulfonimide], CI6HI9NOaS2. Prominent features in the 
molecular structures are the nearly planar central CNS2 
groupings and the exceptionally long Nsp2--Csp 3 bonds 
(1.53-1.56 ,A,). 

1 Part CXX: Friedrichs & Jones (1999). 

Comment 
Substitution and elimination reactions of compounds 
containing the disulfonylamino (disulfonimide) leaving 
group,-N(SO2R)2, have aroused considerable atten- 
tion. Thus, a simple and versatile deamination process 
for primary aliphatic amines involves electrophilic 
activation of the C(--N) atom by forming a bis(arene- 
sulfonyl)amine, R~N(SO2R)2, followed by treatment of 
this derivative with nucleophiles or by subjecting it to 
pyrolysis (Baumgarten & Curtis, 1982, and references 
therein). The disulfonylamines are generally obtained in 
excellent yields by the reaction of one equivalent of 
amine with two equivalents of an arenesulfonyl chlo- 
ride, either in a two-step process requiring isolation of 
the intermediate sulfonamide, R'NHSO2R (DeChristo- 
pher et al., 1974), or more economically via a one- 
pot reaction by treating the amine with two equiva- 
lents of sulfonyl chloride and two equivalents of Nail 
in tetrahydrofuran (Bartsch et al., 1977). However, di- 
sulfonylamines derived from such sterically hindered 
molecules as Ph2CHNH2, exo-2-aminonorbomane or 1- 
aminoadamantane could not be prepared, even though 
the corresponding sulfonamides are readily accessible 
(Hutchins et al., 1978). 

Following an alternative route, we have discovered 
that N,N-disulfonylated 1-adamantylamines, hitherto 
elusive, can be synthesized in high yields by treat- 
ing 1-bromoadamantane with silver disulfonylamides, 
AgN(SO2R)2, suspended in benzene. It should be noted 
that this simple procedure is analogous to that used 
earlier in the synthesis of 1-adamantylsulfonates from 
1-haloadamantanes and hexane suspensions of silver 
sulfonates (Kevill et al., 1970; Takeuchi et al., 1980, 
1988). As the silver salts employed in the present 
work are to some extent soluble in benzene, the aro- 
matic solvent was preferred to hexane [solubilities deter- 
mined for AgN(SO2Me)2 in benzene: 0.4 g 1- i at 293 K 
and 0.9 g 1-~ at 353 K]. Although acetonitrile is known 
to be an excellent solvent for silver disulfonylamides 
(Blaschette et al., 1993), it could not be utilized here, 
as it tends to enter into pseudo-Ritter type reactions with 
the solutes (Pr6hl et al., 1997). 

The X-ray crystal structures of three products, 
N,N-bis(methanesulfonyl)-l-adamantylamine, (I), N,N- 
bis(p-toluenesulfonyl)-l-adamantylamine, (II), and 2- 
(1-adamantyl)- 1,1,3,3-tetraoxo- 1,3,2-benzodithiazole, 
(III), authenticate them as N,N-disulfonylated 1-amino- 
adamantanes and clearly demonstrate that previous fail- 
ures to isolate such compounds (Hutchins et al., 1978) 
cannot be ascribed to an inherent steric incompatibility 
of a bulky adamantyl cage and two adjacent sulfonyl 
groups. The molecules are shown in Figs. 1-3, with 
selected intramolecular geometric data in Tables 1, 3 
and 5. Comparable solid-state structures have been re- 
ported for seven N-alkyl disulfonylamines (Blaschette 
et al., 1991; Brunzelle et al., 1999; Curtis & Pavkovic, 
1983; Henschel et al., 1997; Jones et al., 1995), includ- 
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