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Materials and Methods: Reagent 2-(bromomethyl)-2-(hydroxymethyl)propane-1,3-diol was purchased
from TCI America and used as received. 2,2-bis(bromomethyl)propane-1,3-diol, 3-bromo-2,2-
bis(bromomethyl)propan-1-ol, sodium iodide (99.99%), thionyl chloride and Trimethylolpropane were
purchased from Sigma Aldrich and used as received. Pentaerythritol was purchased from Fisher Scientific
and used as received. 2-(chloromethyl)-2-(hydroxymethyl)propane-1,3-diol was purchased from Aurora
Fine Chemicals and used as received. Trifluoroacetic anhydride, nitric acid (70%), nitric acid (fuming) and
sulfuric acid were purchased from Acros Chemical and used as received. Deuterated solvents (acetone ds,
chloroform d) were purchased from Acros chemical and Sigma Aldrich and used as received. '"H-NMR and
3C-NMR were recorded on a 400-MHz Bruker spectrometer. NMR signals were referenced to residual
solvent signals in the deuterated solvents. Chromatography for certain derivatives was performed on a
Standard CycloGraph™ Centrifugal Chromatography System A87-40 purchased from iChromatography

using 2- and 4-mm silica plates.

Synthesis of PETN Derivatives:
3-chloro-2,2-bis(chloromethyl)propan-1-ol and 2,2-bis(chloromethyl)propane-1,3-diol: Materials
were synthesized according to the following reference [1]. Isolation of the mono-chloride described was

unsuccessful.

2,2-bis(iodomethyl)propane-1,3-diol (PEDI-I2-OH2): 2,2-bis(bromomethyl)propane-1,3-diol (1.68 g, 6.4
mmol), sodium iodide (7.5 g, 50 mmol) and 12 mL of DMF were added to a round bottom flask. The mixture
was stirred at 100°C overnight, during that time the solution turns brown. The solution was cooled to room
temperature (material solidifies) and transferred to a beaker containing a 10% by weight aqueous solution
of sodium thiosulfate. The solution was stirred until all the brown color dissipates, leaving a white solid
stirring in the water solution. The solid material is filtered and washed with water. Yield = (1.71 g) (75%).
"H-NMR (400 MHz, CDCl3) 6 1.98 (t, J = 5.45 Hz, 3H, OH), 3.29 (s, 4H, CH-l), 3.74 (d, J =5.6 Hz, 4H, CH-

OH). 3C{'H}-NMR (100 MHz, CDCl5) & 11.5, 41.9, 65.0.

3-iodo-2,2-bis(iodomethyl)propan-1-ol (PEMI-I-OH3): 3-bromo-2,2-bis(bromomethyl)propan-1-ol (2.0 g,

6.2 mmol), sodium iodide (13 g, 87 mmol) and 16 mL of DMF were added to a round bottom flask. The



mixture was stirred at 115°C overnight, during that time the solution turns brown. The solution was cooled
to room temperature (material solidifies) and transferred to a beaker containing a 10% by weight aqueous
solution of sodium thiosulfate. The solution was stirred until all the brown color dissipates, leaving a clear
oil in the stirring in the water solution. The solution was extracted with dichloromethane (3x). The combined
organic layer was then washed with water (2x), dried on magnesium sulfate and filtered. The solvent was
removed leaving a sticky solid material. Yield = (2.1 g) (72.5%). '"H-NMR (400 MHz, CDCI3) 6 3.36 (s, 6H,

CH2l), 3.72 (d, J =5.6 Hz, 2H, CH,-OH). 3C{'H}-NMR (100 MHz, CDCl;) 6 11.0, 40.1, 64.1

General Procedure for Chloro/Bromo-PETN Derivatives: To a small beaker, fuming nitric acid (4 g) is
added and cooled in an ice bath. To the cooled nitric acid, substrate (1 g) is added slowly, once fully added
the solution is allowed to stir in the ice bath for 15 minutes. Sulfuric acid (4 g) is added to the suspension
slowly (do not add quickly as temperature will increase rapidly). Once fully added the solution is stirred at
0°C for one hour, then warmed to room temperature and stirred for an additional hour. During the stirring
white precipitate will form in the solution. After stirring the solution is poured into ice water and white
precipitate can be seen floating in the water. The solid is filtered and washed with water, sodium bicarbonate
solution and water again, the solid is then allowed to dry overnight. The solid is crashed into water and
washed with weak base (K,COj3) as opposed to neutralizing the solution in solution due to the potential

reaction of base with the liable nitrate ester functional groups.

2-(bromomethyl)-2-((nitrooxy)methyl)propane-1,3-diyl dinitrate (PETriN-Br): 'H-NMR (400 MHz,
CDCl3) 8 3.53 (s, 2H, CH»-Br), 4.58 (s, 6H, CH,-OH). "3C{'"H}-NMR (100 MHz, CDCl;) 5 30.5, 42.2, 69.7
2,2-bis(bromomethyl)propane-1,3-diyl dinitrate (PEDN-Br2): 'H-NMR (400 MHz, CDCl;) d 3.54 (s, 4H,
CH,-Br), 4.58 (s, 4H, CH,-OH). 3C{'"H}-NMR (100 MHz, CDCl;) 5 32.2, 42.5, 70.4
3-bromo-2,2-bis(bromomethyl)propyl nitrate (PEMN-Br3): 'H-NMR (400 MHz, CDCl;) & 3.56 (s, 6H,
CH,-Br), 4.59 (s, 2H, CH,-OH). 3C{'"H}-NMR (100 MHz, CDCl;) & 33.5, 42.9, 71.0.
2-(chloromethyl)-2-((nitrooxy)methyl)propane-1,3-diyl dinitrate (PETriN-Cl): *Starting material
purchased contained 5% pentaerythritol impurity. After nitration, PETN impurity was removed by column

chromatography (hexane/ethyl acetate, 95:5). "H-NMR (400 MHz, CDCI3) & 3.69 (s, 2H, CH,-Cl), 4.58 (s,



6H, CH,-ONO,). 3C{'H}-NMR (100 MHz, CDCl;) 5 42.4, 43.1, 69.2
2,2-bis(chloromethyl)propane-1,3-diyl dinitrate (PEDN-CI2): "H-NMR (400 MHz, CDCl5) & 3.69 (s, 4H,
CH,-Cl), 4.58 (s, 4H, CH,-ONO,). 3C{'H}-NMR (100 MHz, CDCl;) 5 43.0, 44.3, 69.52
3-chloro-2,2-bis(chloromethyl)propyl nitrate (PEMN-CI3): "H-NMR (400 MHz, CDCl;) & 3.68 (s, 6H,

CHy-Cl), 4.57 (s, 2H, CH,-ONO,). '3C{'H}-NMR (100 MHz, CDCl,) 5 43.5, 45.5, 69.8

2,2-bis(iodomethyl)propane-1,3-diyl dinitrate (PEDN-I12) and 2-(iodomethyl)-2-
((nitrooxy)methyl)propane-1,3-diyl dinitrate (PETriN-l): To a small beaker 70% nitric acid (3.0 mL) is
added and then cooled to 0°C. Next trifluoroacetic anhydride (6.0 mL) dropwise and the solution is
allowed to stir at 0°C for 15 min. Next 2,2-bis(iodomethyl)propane-1,3-diol (1.0 g) is added to the cooled
solution slowly, upon addition of the material the solution turns a dark red. Once fully added the solution is
allowed to stir at 0°C for 30 minutes and then at room temperature for 30 minutes during which precipitate
can be seen forming in the solution. Next the suspension is poured into ice water resulting in an almost
black precipitate. The solid is filtered and then washed with aqueous sodium bicarbonate solution. Next
the solution is washed with 10% by weight sodium thiosulfate solution until the solid is white. The solid is
dried and is approximately 50:50 (PEDN-I2) and (PETRIN-I). The two materials are separated using a
cyclograph chromatography apparatus in which the substrates are dissolved in acetone to spot on the
plate followed by a gradient of hexane and ethyl acetate to separate the materials. (PEDN-I2): Yield =
(0.6 g), (PETRIN-I): Yield = (0.6 g). (PEDN-I2): "H-NMR (400 MHz, CDCl3) 5 3.33 (s, 4H, CHl), 4.53 (s,
4H, CH,-ONO,). 3C{'H}-NMR (100 MHz, CDCl3) 5 7.6, 39.9, 71.3. (PETRIN-I): '"H-NMR (400 MHz,

CDCly) 8 3.32 (s, 2H, CH,-1), 4.55 (s, 6H, CH»-ONO,). 3C{'H}-NMR (100 MHz, CDCl3) & 3.5, 41.0, 70.5

3-iodo-2,2-bis(iodomethyl)propyl nitrate (PEMN-I13): To a small beaker 70% nitric acid (3.0 mL) is
added and then cooled to 0°C. Next trifluoroacetic anhydride (6.0 mL) dropwise and the solution is
allowed to stir at 0°C for 15 min. Next 2,2-bis(iodomethyl)propane-1,3-diol (1.0 g) is added to the cooled
solution slowly, upon addition of the material the solution turns a dark red. Once fully added the solution is
allowed to stir at 0°C for 30 minutes and then at room temperature for 30 minutes during which precipitate

can be seen forming in the solution. Next the suspension is poured into ice water resulting in an almost



black precipitate. The solid is filtered and then washed with aqueous sodium bicarbonate solution. Next
the solution is washed with 10% by weight sodium thiosulfate solution until the solid is white. The solid is
dried and is approximately 1:3:2 (PEMN-13):(PEDN-12):(PETRIN-I). The materials are separated using a
cyclograph chromatography apparatus in which the substrates are dissolved in acetone to spot on the
plate followed by a gradient of hexane and ethyl acetate to separate the materials. Yield = (0.2 g).
(PEMN-I3): '"H-NMR (400 MHz, CDCl3) & 3.38 (s, 6H, CHx-l), 4.57 (s, 2H, CH,-ONO,). "8C{'H}-NMR (100

MHz, CDCl;) 6 9.6, 38.7, 72.3.

2-ethyl-2-((nitrooxy)methyl)propane-1,3-diyl dinitrate (PETriN-Methyl): To a small beaker, fuming
nitric acid (4 g) is added and cooled in an ice bath. To the cooled nitric acid, 2-Ethyl-2-(hydroxymethyl)-
1,3-propanediol (1 g) is added slowly, once fully added the solution is allowed to stir in the ice bath for 15
minutes. Sulfuric acid (4 g) is added to the suspension slowly. Once fully added the solution is stirred at
0°C for one hour, then warmed to room temperature and stirred for an additional hour. During the stirring
the solution becomes cloudy white. The solution is then poured into ice water and a precipitate is
observed however hard to filter. The suspension is extracted with dichloromethane (3x) and the combined
organic layer is washed with water (3x). The organic layer is dried on MgSO, and then filtered. The
solvent is removed under reduced pressure leaving a clear crystalline solid. Yield = (1.74 g) (87%). 'H-
NMR (400 MHz, (CD3),C0O) & 1.05 (t, 3H, J=7.6 Hz, CH5) 1.72 (q, 2H, J = 7.6 Hz, CH,-CH3), 4.69 (s, 6H,

CH,-ONOy). 3C{"H}-NMR (100 MHz, CD;),CQO) 5 7.6, 24.0, 41.6, 72.8.

2,2-diethylpropane-1,3-diyl dinitrate (PEDN-Methyl2): To a small beaker 70% nitric acid (3.0 mL) is
added and then cooled to 0°C. Next trifluoroacetic anhydride (6.0 mL) dropwise and the solution is
allowed to stir at 0°C for 15 min. Next 2,2-diethylpropane-1,3-diol (1.0 g) is added to the cooled solution
slowly. Once fully added the solution is allowed to stir at 0°C for 2 hours and then at room temperature for
2 hours during which the solution appears to become cloudy. The suspension is then poured into ice
water resulting in a biphasic mixture of oil in the water. The oil is extracted from the water with diethyl
ether (3x) and the resulting organic phase is washed with water (2x), aqueous bicarbonate solution (4x)
and water (2x) again. The organic phase is dried on MgSQ,, filtered and the solvent is then removed

leaving a clear oil. Yield = (1.52 g) (90%). 'H-NMR (400 MHz, (CD;),CO) & 0.93 (t, 6H, J = 7.6 Hz, CH,)



1.52 (q, 4H, J = 7.6 Hz, CH,-CHs), 4.69 (s, 4H, CH,-ONO,). '3C{'H}-NMR (100 MHz, CD3),CO) 5 7.2,

24.0, 40.6, 74.8.
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Figure S25: 'H-NMR of compound (PEDN-Methyl2)
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Impact Sensitivity Data:
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Figure S27: Impact sensitivity data for PETriN-I
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Figure S28: Impact sensitivity data for PEDN-12
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Figure S29: Impact sensitivity data for PETriN-Br
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Figure S30: Impact sensitivity data for PEDN-Br2
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Figure S31: Impact sensitivity data for PEMN-Br3
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Figure S32: Impact sensitivity data for PETriN-Cl
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Figure S33: Impact sensitivity data for PEDN-CI2
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Figure S34: Impact sensitivity data for PEMN-CI3
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Figure S35: Impact sensitivity data for PETriN-Methyl
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Friction Sensitivity Data:
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Figure S37: Friction sensitivity data for PETriN-I
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Figure S38: Friction sensitivity data for PEDN-12
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Figure S39: Friction sensitivity data for PETriN-Br
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Figure S40: Friction sensitivity data for PEDN-Br2
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Figure S41: Friction sensitivity data for PEMN-Br3
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Figure S42: Friction sensitivity data for PETriN-Cl
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Figure S43: Friction sensitivity data for PEDN-CI2
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Figure S45: Friction sensitivity data for PETriN-Methyl
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Figure S46: Friction sensitivity data for PEDN-Methyl2
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Electrostatic Discharge Sensitivity Data:

Test Results
Discharge Level 1 2 3 4 5 2] 7 8 9 10
0.25 Joules N E
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Test Results (continued)
Discharge Level 11 12 13 14 15 16 17 18 19 20
0.25 Joules
0.125 Joules
0.0625 Joules N N N N N N N N N N
0.025 Joules
Figure S47: ESD sensitivity data for PETriN-I
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Figure S48: ESD sensitivity data for PEDN-I2
Test Results
Discharge Level 1 2 3 4 5 6 7 8 ] 10
0.25 Joules N N E
0.125 Joules N N N N N N N N N N
0.0625 Joules
0.025 Joules
Test Results (continued)
Discharge Level 11 12 13 14 15 16 17 18 19 20
0.25 Joules
0.125 Joules N N N N N N N N N N
0.0625 Joules
0.025 Joules

Figure S49: ESD sensitivity data for PETriN-Br
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Figure S50: ESD sensitivity data for PEDN-Br2
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Figure S51: ESD sensitivity data for PEMN-Br3
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Figure S52: ESD sensitivity data for PETriN-Cl
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Figure S53: ESD sensitivity data for PEDN-CI2
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Figure S54: ESD sensitivity data for PEMN-CI3
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Figure S55: ESD sensitivity data for PETriN-Methyl
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Figure S56: ESD sensitivity data for PEDN-Methyl2




Differential Scanning Calorimetry (DSC) Data:

204.71°C
4 Onset of Decomposition
1 0.01030Wi(g-*C)
167.13°C
2 -
] 107.23°C
5 | 9883
; T 1
g i 704.24lg
T
®
L+
i 4
-2
)
4
g
100.01°C
"6 b T x ol A T L ¥ x T * ¥ . 1 ” L ». 1 X > *
50 100 150 200 250 300 350
Eolp Temperature (°C) Universal Vi 5A TA Inst

Figure S57: DSC data for PETriN-I
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Figure S58: DSC data for PEDN-I2
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Figure S59: DSC data for PEMN-I3
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Figure S60: 13C-NMR of compound PETriN-Br
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Figure S62: DSC data for PEMN-Br3



Onset of Decompaosition

0.01002Wi(g °C)
166.26°C

66.24°C
125 5Jig
| I

_\ ( 562.5.ig

44

Heat Flow (Wig)

_e-

67.03°C

=11 < -
50 100 150 200 250 300 350

Figure S63: DSC data for PETriN-Cl

Onset of Decomposition =
0.01010WAg°C)  173EQC

2 -
:‘6 4
g 3
3
nw 4
]
I 4

_8 -

60.21°C
-13 T T ¥ T T ¥ T T ¥ X X T L v T T
45 95 145 195 245 295 345

Figure S64: DSC data for PEDN-CI2
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Figure S66: DSC data for PETriN-Methyl



18

207 p4*C
12
O
z
& 8
e Onsat of Decomposition
Q‘ 0.01014Wi{gC)
= 161.35°C
3_
167.83°C '
2306Jig
50 100 150 200 250 300 350
Exo Up Temperature (*C) Universal V4.5 TA Instruments

Figure S67: DSC data for PEDN-Methyl2



VIII. DFT Heat of formation calculations for CHNO-X

Atom equivalent energies for the estimation of the heat of formation of organic energetic
molecules containing halogens

The heat of formation, AHf , of an energetic molecule is used to estimate its enthalpy of explosion,

Z (AHT) \ \* MERGEFORMAT (1.1
~ Mol WtL J a1

where n, is the number of moles of product species, J , with heats of formation, AH? | derived from one

mole of reactants [4-5]. The amounts, 7, and types of product molecules can be derived from the
stoichiometry of the reactant via a set of prescribed oxidation priorities, as in Ref [6]. The specific
enthalpy of explosion characterizes the performance and theoretical maximum energy release of an
energetic material. It is also correlated with handling safety because high-performance explosives tend to
be relatively sensitive to accidental initiation, and vice versa [7-9]

Owing to the importance of the enthalpy of explosion, (O, to the development and

characterization of new energetic materials, a number of computational approaches have been developed
to rapidly estimate the AHJ, for reactant species [10-15]. Here, it should be noted that the calorimetry

techniques used to quantify AH/, experimentally may not be feasible during the earliest stages of

synthesis owing to the limited quantities of material available. Rather than develop from scratch a new
model for the AHf of the CHNO-X explosives synthesized in this work, where X = F, CI, Br, |, we have
instead chosen to extend the density functional theory-based approach of Byrd and Rice [16] to organic
molecules containing halogens.

The Byrd and Rice scheme for energetic molecules, which has become de rigueur within the field,

is based on a set of atom-equivalent energies, €, that map the total energy, u, from a high-level density
functional theory (DFT) calculation to the corresponding heat of formation,

AH | = u—gn]e, \* MERGEFORMAT (1.2)

where 77, is the number of atoms of type [ in the molecule. The set of atom equivalent energies is
parameterized to minimize the error between the AH obtained via Eq. 2 and a set of standard

reference values from experiment. To improve accuracy and transferability, the Byrd and Rice scheme
distinguishes between C, N, and O atoms in single and multiply-bonded environments, resulting in a set
of seven atom equivalent energies for molecules containing only C, H, N, and O. We have extended the

Byrd and Rice scheme by parameterizing new atom equivalent energies, ¢, , for [=F,Cl, Br,and |. We

used the same B3LYP exchange-correlation functional [17] and the 6-31G* and 6-311++G(2df,2p) basis
sets for the structural optimization and total energy calculations, respectively, that were employed in the
original model [16]. However, the calculations on iodine-containing molecules used the standard 6-311G
and 6-311G(d,p) basis sets for the | atoms and the 6-311++G(2df,2p)//6-31G* basis sets for all other
elements. All DFT calculations were performed using the Gaussian 16 package [18].

As described in Ref. [15], the counts of C, N, and O atoms forming only single bonds (nC, M, '70)
versus those forming double, triple, or resonant bonds etc. (nC', v, 770') were obtained by the calculation
of bond-orders, or Wiberg bond indices, Bi]., between pairs of atoms i and j from the self-consistent

density matrix, P, in the orthogonalized representation,



— L2 *
B,=>> (2P, ) \* MERGEFORMAT (1.3)

ia,jp
aei fej

where « and £ label electronic orbitals [19-20]. The density matrices were computed using minimal

basis density functional tight binding theory [21] with the /an/31 parameter set [22]. These calculations
were performed by substituting halogen atoms for H atoms because /an/31 lacks parameters for those
elements. This procedure was found to be effective because H, like the halogens, can form only single
bonds. The numbers of H and halogen atoms were determined from the stoichiometry of each molecule,
which are provided with the Supplementary Material.

The MS Excel spreadsheet included with the Supplementary Materials provides the training data

for the CHNO-X molecules for X = F, Cl, Br, and I. All of the reference AHf values were obtained from

the NIST Chemistry WebBook [23]. This resource also provided the IUPAC International Chemical
Identifier (InChl) for each molecule, which we translated using the Open Babel package [24] into SMILES
and 3D atomic coordinates suitable for DFT and DFTB calculations. The four atom equivalent energies
for the halogens were fitted using 5-fold cross validation to these data sets. The atom equivalent energies
for C, H, N, O, C’, N’, and O’ were taken from Ref. [16] without modification. The best fit atom equivalent
energies, root-mean-square errors, and maximum deviations are provided in Table S1. Correlation plots

of the computed versus reference AHf values are provided in Figures S68-S71.

Table S1. Best-fit atom equivalent energies for the halogens F, ClI, Br, and | for the extended Byrd and
Rice model. The root mean square error and maximum deviations are derived from the best-fit energies
and the four sets of training data provided with the Supplementary Material.

€, (Hartree) RMS error (kcal/mol) Max. Deviation
(kcal/mol)
F -99.792760 7.50 39.44
Cl -460.209040 4.44 15.48
Br -2574.142934 2.98 7.79

I -6919.549033 3.99 10.29
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Figure S68. Correlation plot for AHJ. computed using the extended atom equivalent energy model vs

standard reference data for 50 CHNO+F compounds.
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Figure S69. Correlation plot for AHf computed using the extended atom equivalent energy model vs

standard reference data for 127 CHNO+CI compounds.
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Figure S70. Correlation plot for AHf computed using the extended atom equivalent energy model vs

standard reference data for 34 CHNO+Br compounds.
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Figure S71. Correlation plot for AHf computed using the extended atom equivalent energy model vs

standard reference data for 40 CHNO+| compounds.



Single Crystal X-Ray Diffraction:

Single crystals retrieved from concentrated EtOH solutions were mounted on a MiTeGen micromount with
NVH immersion oil. The data were collected on a Bruker D8 VENTURE Duo PHOTON 3 or a Rigaku
XtaLAB Mini Il (PEDN-I;). Samples were maintained at 250 K (PEMN-CI;), 293 K (PEDN-l,), 296 K
(PETriN-Cl, PEDN-CI,, PETriN-Br, PEMN-Br;, PEMN-I;, PETriN-Me) using an Oxford Cyrostreams 800
low-temperature device or at ambient 305 K (PEDN-Br,, PETriN-l). The D8 VENTURE was equipped
with a microfocus tube and a graphite monochromatized Mo Ka X-ray source (A = 0.71073). A full sphere
(PETriN-CI, PEDN-CI,, PETriN-Br, PEDN-Br,, PETriN-l, PETriN-Me) or hemisphere (PEMN-CI;, PEMN-
Br;, PEDN-I,, PEMN-I;) of data was collected using phi and omega scans. Data collection, initial
indexing, and cell refinement were conducted using the Bruker Apex 4 suite 25, or by using CrysAlis Pro.26
The data were corrected for absorption using redundant reflections and the SADABS program 2% (Apex 4)
or by SCALE 3 ABSPACK (CrysAlis Pro).26 Structures were solved by intrinsic phasing, and difference
Fourier techniques were performed in Olex2.2” Hydrogen atoms positions were idealized and allowed to
ride on the attached carbon atom. HKL reflections with error/esd values £10 were omitted from the
models. The final refinement included anisotropic temperature factors on all non-hydrogen atoms.
Structure solution and refinement were performed in Olex2 27 using SHELXT,2 and SHELXL,?°
respectively. Publication figures were generated using Mercury 4.0.30



Table 1.

PETriN-Cl1 PEDN-CI, PEMN-Cl; PETriN-Br PEDN-Br,
Formula (C5H8C1N309)2 C5H8C12N206 (C5H8C13NO3)2 (C5H8BI'N309)2 C5H8C12N206
FW (g mol") 579.19 263.03 472.95 668.11 351.95
Crystal system Monoclinic Monoclinic Monoclinic Orthorhombic Monoclinic
Space group P2,/c C2 Cc P2,2,2, C2
a(A) 12.5956(11) 14.7924(15) 12.074(4) 6.6728(9) 14.8421(4)
b(A) 6.6449(6) 6.6138(6) 6.959(3) 12.5692(19) 6.7381(2)
c(A) 27.335(2) 12.570(2) 22.562(9) 27.033(4) 12.6407(6)
a (deg) 90 90 90 90 90
B (deg) 102.653(5) 121.680(4) 90.017(13) 90 120.534(2)
v (deg) 90 90 90 90 90
Volume (A3) 2232.3(3) 1046.5(2) 1895.7(12) 2267.3(6) 1088.86(7)
Z 4 4 4 4 4
Peale (g cm3) 1.723 1.669 1.657 1.957 2.147
p (mm-') 3.566 5.773 0.934 5.472 9.634
F (000) 1184 536 960 1328 680
0 range (deg) 3.314/74.20 4.13/73.80 3.375/24.88 3.269/69.45 4.060/70.00
R(int) 0.0414 0.0522 0.0828 0.0897 0.0809
data/restraints/parameters 4529/0/326 2021/1/137 4626/2/217 4620/0/325 1960/1/138
GOF 1.094 1.065 1.057 1.036 1.132
R, [1>20(D]? 0.0809 0.0258 0.0296 0.0336 0.0408
wR,; (all data)® 0.2314 0.0618 0.0613 0.0785 0.0952
Ext. Coeff. 0.0040(7) - - - 0.0010(2)
Largest peak/hole (e - A%)  0.811/-0.367 0.151/-0.250 0.181/-0.152 0.546/-0.533 0.527/-0.555
Temp (K) 296(1) 296(1) 250(1) 296(1) 305(1)

a. R, =X |F,-|F,| / Z|F,| for reflections with F,>>2 o(F,%) b. wR, = [>wW(F,2 - F2)2/ Y .(F,2)?*" for all reflections.



Table 2.

PEMN-Br; PETriN-I PEDN-I, PEMN-I; PETriN-Me
Formula C5H8Br3NO3 (C5H81N309)2 C5H812N206 C5H813NO3 C()Hl 1N309
FW (g mol!) 369.85 761.08 445.93 510.82 269.18
Crystal system Monoclinic Orthorhombic Monoclinic Orthorhombic ~ Monoclinic
Space group P2, P2,2,2, P2,/c P2,2,2, P2,/n
a(A) 7.0321(3) 6.7370(4) 13.1616(8) 6.9671(2) 7.5161(2)
b(A) 11.3862(5) 12.6197(7) 13.0126(8) 12.3623(5) 11.0417(3)
c(A) 7.2912(3) 27.5521(14) 6.7544(4) 26.6682(12) 14.1414(3)
a (deg) 90 90 90 90 90
B (deg) 118.747(2) 90 98.802(5) 90 92.476(2)
v (deg) 90 90 90 90 90
Volume (A3) 511.85(4) 2342.4(2) 1143.18(12) 2296.92(15) 1172.51(5)
Z 2 4 4 8 4
Peale (g cm?) 2.400 2.158 2.591 2.954 1.525
p (mm-) 11.792 21.997 5.513 8.139 1.297
F (000) 348 1468 824 1824 560
0 range (deg) 3.187/25.68 3.208/55.15 3.103/28.461 2.247/25.31 6.265/73.55
R(int) 0.0819 0.1302 0.0394 0.0807 0.0781
data/restraints/parameters 3376/1/109 4105/0/326 2337/0/137 6434/0/217 2102/0/165
GOF 1.013 0.976 1.054 1.027 1.026
R, [1>20())]? 0.0355 0.0503 0.0288 0.0376 0.0463
wR; (all data)® 0.0577 0.1120 0.0609 0.0828 0.1152
Ext. Coeff. - 0.0020(2) 0.0076(3) - 0.023(4)
Largest peak/hole (e - A3)  0.353/-0.395 0.881/-0.655 1.207/-0.776 2.062/-0.650  0.235/-0.159
Temp (K) 296(1) 305(1) 293(1) 296(1) 296(1)

a. R, =X |F,-|F,| / Z|F,| for reflections with F,2>2 o(F,%) b. wR, = [XW(F,2 - F2)?/ 3 (F,2)*]"2 for
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