Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

Electronic Supporting Information

Synthesis and chemistry of a very stable but reactive diisocyanate,

trioxabicyclo[3.3.1]nonadiene diisocyanate

Ralph Smounig,” Sabine Leber,”” David Kvaskoff,” Gert Kollenz** and Curt Wentrup”*

Contents:

Figure S1. Structure of diisocyanate 5 calculated at the B3LYP/6-31G** level pS2
Figure S2. Another view of the calculated structure of 5 pS3
Figure S3. Another view of the calculated structure of 5 p S4
Figure S4. Additional bond lengths and angles for 5 p S5
Figure S5. Putative exo,endo-isomer of diisocyanate 5 p S6

Calculated energy, Cartesian coordinates and vibrational frequencies

of diisocyanate 5 at the B3LYP/6-31G** level. P S7
Figure S6. Calculated (B3LYP/6-31G**) IR spectrum of § p S12
References p S12



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

Figure S1. Another view of the structure of diisocyanate 5 calculated at the B3LYP/6-31G**
level. Both NCO groups are endo with respect to the bicyclic system (hydrogen atoms
omitted for clarity). A C2 symmetry axis passes through the central oxygen. The C=C double

bonds are twisted by an angle 11.6°.
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Figure S2. Another view of the structure of diisocyanate 5 calculated at the B3LYP/6-31G**
level. The C=C double bonds are twisted by an angle 11.6°. The concave angle between the

two rings is 110°.
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Figure S3. Another view of the structure of diisocyanate 5 calculated at the B3LYP/6-31G**
level. The C=C double bonds are twisted by an angle 11.6°. The concave angle between the

two rings is 110°. The angle between the two C-NCO moieties is 112°.



Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2012

Bu

dihedral
12°

Bu

dihedral
125°

'‘Bu

dihedral
-112°

w0
<

Bu

dihedral
-172°
N
[l
C
[l
(0]
Bu

o==

o=

dihedral
-53°

Bu o]

5

o7}
c
o

Bu

o—0O

dihedral

I

dihedral

N\1.207A

C\\1.181 A

(0]

1.534 A gy

Bu

dihedral
-178°

=z

—_0=

o

Bu

w

o=z

e}

Figure S4. Additional bond lengths (A) and angles (degrees) for diisocyanate 5 calculated at

the B3BLYP/6-31G** level.
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Figure S5. Non-obserevd exo,endo-isomer of 5 at the PM6 level. The exo,endo and exo,exo
isomers are considerably more strained than the endo,endo isomer (Figure S1), and neither
forms a stable minimum; attempted optimization at the B3LYP level leads to ring opening.
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Calculated Energies and Cartesian Coordinates (B3LYP/6-31G**)

Calculations were carried out at the B3LYP/6-31G** level using the Gaussian suite of
programs.’ The temperature used was 298.15 K, and calculated wavenumbers were scaled by
a factor 0.9613.%

(endo,endo)-Trioxabicyclo[3.3.1]nonadiene diisocyanate 5

Atom Coordinates (Angstroms)
Type X Y Z
o] 0.00000000 0.00000000 1.76091073
C 1.15325796 -0.17296775 0.97078181
C -1.15325796 0.17296775 0.97078181
C 2.30894501 -0.53536807 1.96601571
C -2.30894501 0.53536807 1.96601571
C -0.82217331 1.18739170 -0.13073040
C 0.82217331 -1.18739170 -0.13073040
C -0.43165727 -1.68263707 -0.29297564
C -0.87783883 -2.81572997 -1.22577760
0 -1.47548870 -1.10135130 0.37822991
C 0.43165727 1.68263707 -0.29297564
0 1.47548870 1.10135130 0.37822991
N -1.84733791 1.57215692 -0.99996800
N 1.84733791 -1.57215692 -0.99996800
C 0.87783883 2.81572997 -1.22577760
C 0.83677880 2.32144815 -2.69243060
H -0.17035527 2.02142031 -2.98999430
H 1.16259535 3.12563188 -3.36110159
H 1.51153675 1.47246717 -2.84170700
C 2.32547252 3.24203494 -0.89690394
H 2.42247643 3.58027970 0.13864914
H 3.03699765 2.42931812 -1.05680594
H 2.60492781 4.07229454 -1.55282684
C -0.03620637 4.04988089 -1.05751329
H -1.07426667 3.83143088 -1.31211021
H -0.00563499 4.41952766 -0.02742998
H 0.31236045 4.85402675 -1.71403149
C 3.69660741 -0.54431760 1.29169483
H 3.84174176 -1.41298857 0.64771307
H 3.87421731 0.36327858 0.70945425
H 4.46418092 -0.59248440 2.07070458
C 2.02872182 -1.92052928 2.57982994
H 2.79789979 -2.15280124 3.32326016
H 1.05581888 -1.94676373 3.07682821
H 2.04787742 -2.70871455 1.82158766
C 2.33327154 0.52894533 3.08751026
H 2.51302397 1.52706240 2.68001980
H 1.39663812 0.55002652 3.64692616
H 3.14283870 0.29539962 3.78624123
C -2.02872182 1.92052928 2.57982994
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Cc2
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.42247643
.03699765
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.83677880
.17035527
.16259535
.51153675

RMSD=5.471e-09\RMSF=1.658e-05

Zero-point correction= 0.570795

(Hartree/Particle)
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.29539962
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.71403149
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Sum of electronic and zero-point Energies= -1421.319618

Vibrational Frequencies (scaled by 0.9613):
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Figure S6. Calculated IR spectrum of diisocyanate 5.
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