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Materials	
  &	
  General	
  Methods	
  
	
  

All	
   reagents	
  and	
  solvents	
  were	
  purchased	
  from	
  commercial	
  supplies	
  and	
  used	
  without	
  
further	
   purification.	
   Analytical	
   thin-­‐layer	
   chromatography	
   (TLC)	
   was	
   performed	
   using	
  
commercial	
   precoated	
   silica	
   gel	
   plates	
   containing	
   a	
   fluorescent	
   indicator.	
   Column	
  
chromatography	
  was	
  carried	
  out	
  using	
  silica	
  gel	
  (0.040-­‐0.063	
  mm)	
  or	
  basic	
  alumina	
  (aluminum	
  
oxide,	
   basic,	
   Brockmann	
   1,	
   50-­‐200	
   µm,	
   60A;	
   Acros	
   Organics).	
   High-­‐resolution	
   mass	
   spectra	
  
(HRMS)	
  were	
  measured	
  using	
  an	
  Ion	
  Spec	
  Fourier	
  Transform	
  mass	
  spectrometer	
  (9.4	
  T).	
  Proton	
  
and	
  carbon	
  NMR	
  spectra	
  were	
  recorded	
  using	
  a	
  Varian	
  400	
  spectrometer	
  at	
  room	
  temperature	
  
and	
   chemical	
   shifts	
   are	
   reported	
   in	
   ppm	
   using	
   TMS	
   or	
   solvent	
   residual	
   signals	
   as	
   internal	
  
reference	
  standards.	
  All	
  NMR	
  spectroscopic	
  solvents	
  were	
  purchased	
  from	
  Cambridge	
  Isotope	
  
Laboratories.	
   UV-­‐Vis	
   spectra	
   were	
   recorded	
   from	
   250	
   to	
   800	
   nm	
   using	
   a	
   Varian	
   Cary	
   5000	
  
spectrophotometer	
  at	
   room	
  temperature.	
  Unless	
  otherwise	
   indicated,	
  a	
  cell	
   length	
  of	
  10	
  mm	
  
was	
  used	
  for	
  all	
  UV-­‐Vis	
  spectra	
  studies.	
  	
  
	
  
Synthesis	
  and	
  Characterization	
  Data	
  
	
  
meso-­‐Dipyriamethyrin	
  (6a)	
  
	
   To	
  a	
  500	
  mL	
  round	
  bottom	
  flask	
  was	
  added	
  2,6-­‐bis(3,4-­‐diethyl-­‐2-­‐pyrryl)pyridine	
  (5)	
  (500	
  
mg,	
  1.55	
  mmol)	
  and	
  CH2Cl2	
  (350	
  mL).	
  The	
  reaction	
  mixture	
  was	
  degassed	
  with	
  N2	
  followed	
  by	
  
addition	
  of	
  boron	
  trifluoride	
  diethyl	
  etherate	
  (2.6	
  mL,	
  21	
  mmol,	
  13.5	
  equiv.)	
  and	
  37%	
  aqueous	
  
formaldehyde	
  (0.151	
  mL,	
  1.87	
  mmol,	
  1.2	
  equiv.).	
  The	
  mixture	
  was	
  stirred	
  at	
  room	
  temperature	
  
for	
   24	
   h	
   and	
   2,3-­‐dichloro-­‐5,6-­‐dicyanoquinone	
   (DDQ)	
   (427	
   mg,	
   1.87	
   mmol,	
   1.2	
   equiv.)	
   was	
  
added.	
   The	
   resulting	
   mixture	
   was	
   stirred	
   for	
   another	
   30	
   min	
   at	
   room	
   temperature,	
   then	
  
transferred	
   to	
  a	
   separatory	
   funnel	
  and	
  washed	
  with	
  saturated	
  NaHCO3	
   (aq.)	
   (2	
  x	
  50	
  mL).	
  The	
  
organic	
   layer	
  was	
  dried	
  over	
  anhydrous	
  MgSO4	
  and	
  concentrated	
   in	
  vacuo.	
  The	
  resulting	
  solid	
  
was	
  subjected	
  to	
  flash	
  chromatography	
  using	
  silica	
  (CH2Cl2	
  to	
  20%	
  acetone/	
  CH2Cl2,	
  eluent)	
  or	
  
basic	
   alumina	
   (Al2O3)	
   (CH2Cl2	
   to	
   15%	
   acetone/	
   CH2Cl2)	
   to	
   yield	
   6a	
   as	
   a	
   red-­‐orange	
   powder.1	
  
Yield:	
  97%	
  (500	
  mg),	
  99%	
  (510	
  mg)	
  (two	
  runs).	
  
	
   1H	
  NMR	
  (400	
  MHz,	
  δ-­‐value	
   in	
  CDCl3)	
  δ	
  7.74	
  (t,	
  J	
  =	
  7.8	
  Hz,	
  2H),	
  7.35	
  (d,	
  J	
  =	
  7.8	
  Hz,	
  4H),	
  
6.93	
  (s,	
  2H),	
  2.67	
  (q,	
  J	
  =	
  9.3,	
  8.4	
  Hz,	
  8H),	
  2.55	
  (q,	
  J	
  =	
  7.5	
  Hz,	
  8H),	
  1.22	
  (t,	
  J	
  =	
  7.6	
  Hz,	
  12H),	
  1.07	
  (t,	
  J	
  
=	
  7.5	
  Hz,	
  12H).	
  UV-­‐Vis	
  (λmax	
  (nm)	
  in	
  CH2Cl2;	
  (ε,	
  M-­‐1cm-­‐1))	
  290	
  (11,600),	
  334	
  (8,400),	
  453	
  (18,500).	
  
HRMS	
  (ESI+)	
  calcd.	
  for	
  C44H50N6	
  (M+H+)	
  663.42,	
  found	
  663.42.2	
  
	
  
meso-­‐Bis(pentafluorophenyl)dipyriamethyrin	
  (6b)	
  

To	
  a	
  500	
  mL	
  round	
  bottom	
  flask	
  was	
  charged	
  with	
  2,6-­‐bis(3,4-­‐diethyl-­‐2-­‐pyrryl)pyridine	
  
(5)	
   (50	
   mg,	
   0.16	
   mmol),	
   pentafluorobenzaldehyde	
   (0.04	
   mL,	
   0.33	
   mmol,	
   2.1	
   equiv.),	
   and	
  
propionic	
   acid:	
   butyric	
   acid	
   (1:1)	
  (200	
  mL)	
   previously	
   degassed	
  with	
  N2.	
   The	
   reaction	
  mixture	
  
was	
  heated	
  at	
  reflux	
  for	
  16	
  h,	
  then	
  concentrated	
  under	
  vacuum	
  and	
  subsequently	
  suspended	
  in	
  
dry	
  CH2Cl2	
  (100	
  mL).	
  2,3-­‐Dichloro-­‐5,6-­‐dicyanoquinone	
  (DDQ)	
  (42	
  mg,	
  0.19	
  mmol,	
  1.2	
  equiv.)	
  was	
  
added.	
  The	
  mixture	
  was	
  stirred	
  for	
  1	
  h	
  at	
  room	
  temperature	
  then	
  transferred	
  to	
  a	
  separatory	
  
funnel	
  and	
  washed	
  with	
  saturated	
  NaHCO3	
  (aq.)	
  (2	
  x	
  25	
  mL).	
  The	
  organic	
  layer	
  was	
  dried	
  over	
  
anhydrous	
   MgSO4	
   and	
   concentrated	
   in	
   vacuo.	
   The	
   resulting	
   solid	
   was	
   subjected	
   to	
   flash	
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chromatography	
  over	
  silica	
  gel	
  (CH2Cl2	
  to	
  15%	
  acetone/	
  CH2Cl2,	
  eluent)	
  or	
  basic	
  alumina	
  (Al2O3)	
  
(CH2Cl2	
  to	
  15%	
  acetone/	
  CH2Cl2)	
  to	
  yield	
  6a	
  as	
  a	
  red	
  powder.	
  Yield:	
  10%	
  (15	
  mg).	
  
	
   1H	
  NMR	
  (400	
  MHz,	
  δ-­‐value	
  in	
  CDCl3)	
  δ	
  12.53	
  (s,	
  2H),	
  7.76	
  (t,	
  J	
  =	
  7.8	
  Hz,	
  2H),	
  7.35	
  (d,	
  J	
  =	
  
7.8	
  Hz,	
  4H),	
  2.41	
  (q,	
  J	
  =	
  7.5	
  Hz,	
  8H),	
  1.85	
  (q,	
  J	
  =	
  7.4	
  Hz,	
  8H),	
  0.99	
  (t,	
  J	
  =	
  7.5	
  Hz,	
  12H),	
  0.83	
  (t,	
  J	
  
=7.5	
   12H).	
   13C	
   NMR	
   (101	
   MHz,	
   δ-­‐value	
   in	
   CDCl3)	
   δ	
   153.82,	
   153.36,	
   140.48,	
   137.85,	
   135.95,	
  
133.68,	
  121.76,	
  108.16,	
  77.20,	
  18.94,	
  17.78,	
  15.79,	
  15.24.	
  UV-­‐Vis	
  (λmax	
  (nm)	
  in	
  CH2Cl2;	
  (ε,	
  M-­‐1cm-­‐

1))	
   290	
   (19,100),	
   464	
   (25,500).	
   HRMS	
   (ESI+)	
   calcd.	
   for	
   C56H48F10N6	
   (M+H+)	
   995.38,	
   found	
  
995.3839	
  
	
  
meso-­‐Dipyriamethyrin	
  uranyl	
  complex	
  (7a)	
  
	
   (a)	
   In	
  an	
   inert	
  atmosphere	
  glove	
  box,	
  UO2[N(SiMe3)2]2-­‐2THF	
   (55	
  mg,	
  0.075	
  mmol)	
  was	
  
added	
   to	
   a	
   stirred	
   solution	
   of	
  macrocycle	
   6a	
   (50	
  mg,	
   0.075	
  mmol)	
   in	
   5	
  mL	
   of	
   dry	
   THF.	
   The	
  
mixture	
  was	
  heated	
  to	
  reflux	
  for	
  8	
  h,	
  at	
  which	
  time	
  the	
  solution	
  was	
  observed	
  to	
  turn	
  a	
  dark	
  
purple.	
   The	
   reaction	
   mixture	
   was	
   removed	
   from	
   the	
   inert	
   atmosphere	
   glove	
   box	
   and	
  
concentrated	
   in	
   vacuo.	
   The	
   residue	
   was	
   purified	
   by	
   basic	
   alumina	
   (Al2O3)	
   chromatography	
  
(eluent:	
  CH2Cl2)	
  on	
  the	
  bench	
  top	
  to	
  yield	
  7a	
  as	
  a	
  dark	
  purple	
  solid.	
  Yield:	
  80%	
  (56	
  mg).	
  	
  

(b)	
   To	
   a	
   50	
   mL	
   round	
   bottom	
   was	
   added	
   6a	
   (15.6	
   mg,	
   0.024	
   mmol),	
   uranyl	
   acetate	
  
dihydrate	
  (25	
  mg,	
  0.059	
  mmol,	
  2.5	
  equiv.),	
  and	
  10	
  mL	
  of	
  CH2Cl2:	
  MeOH	
  (1:1,	
  v/v).	
  The	
  reaction	
  
was	
  stirred	
  at	
  room	
  temperature	
  overnight.	
  Upon	
  completion,	
  the	
  mixture	
  was	
  concentrated	
  in	
  
vacuo	
  and	
  purified	
  by	
  flash	
  chromatography	
  over	
  basic	
  alumina	
  (Al2O3)	
  (CH2Cl2,	
  eluent)	
  to	
  yield	
  
7a	
  as	
  a	
  dark	
  purple	
  solid.	
  Yield:	
  14%	
  (3	
  mg).	
  

1H	
  NMR	
  (400	
  MHz,	
  δ-­‐value	
   in	
  CDCl3)	
  δ	
  7.80	
  (t,	
  J	
  =	
  7.8	
  Hz,	
  2H),	
  7.42	
  (d,	
  J	
  =	
  7.8	
  Hz,	
  4H),	
  
7.37	
  (s,	
  2H),	
  2.72	
  (q,	
  J	
  =	
  7.6	
  Hz,	
  8H),	
  2.63	
  (q,	
  J	
  =	
  7.4	
  Hz,	
  8H),	
  1.25	
  –	
  1.19	
  (m,	
  24H).	
  13C	
  NMR	
  (101	
  
MHz,	
  δ-­‐value	
  in	
  CDCl3)	
  δ	
  160.23,	
  156.53,	
  146.29,	
  143.76,	
  139.09,	
  130.02,	
  128.61,	
  119.57,	
  18.19,	
  
18.07,	
  17.62,	
  16.03.	
  UV-­‐Vis	
   (λmax	
   (nm)	
   in	
  CH2Cl2;	
   (ε,	
  M-­‐1cm-­‐1))	
  315	
   (28,100),	
  543	
   (39,300),	
  618	
  
(19,600).	
  HRMS	
  (ESI+)	
  calcd.	
  for	
  C44H48N6O2U	
  (M+H+)	
  931.442,	
  found	
  931.4406.	
  

	
  
meso-­‐Bis(pentafluorophenyl)dipyriamethyrin	
  uranyl	
  complex	
  (7b)	
  

In	
   an	
   inert	
   atmosphere	
   glove	
   box,	
   UO2[N(SiMe3)2]2-­‐2THF	
   (19	
   mg,	
   0.026	
   mmol)	
   was	
  
added	
   to	
   a	
   stirring	
   solution	
   of	
  macrocycle	
  6b	
   (25	
  mg,	
   0.025	
  mmol)	
   in	
   5	
  mL	
   of	
   dry	
   THF.	
   The	
  
reaction	
  was	
  heated	
  to	
  reflux	
  for	
  8	
  h,	
  at	
  which	
  time	
  the	
  solution	
  was	
  observed	
  to	
  turn	
  a	
  dark	
  
purple.	
   The	
   mixture	
   was	
   removed	
   from	
   the	
   inert	
   atmosphere	
   glove	
   box	
   and	
   concentrated	
  
under	
   vacuum.	
   The	
   resulting	
   residue	
   was	
   purified	
   by	
   basic	
   alumina	
   (Al2O3)	
   column	
  
chromatography	
  (eluent:	
  CH2Cl2)	
  on	
  the	
  bench	
  top	
  to	
  yield	
  7b	
  as	
  a	
  dark	
  purple	
  solid.	
  Yield:	
  72%	
  
(23	
  mg).	
  	
  

1H	
  NMR	
  (400	
  MHz,	
  δ-­‐value	
   in	
  CDCl3)	
  δ	
  7.82	
  (t,	
  J	
  =	
  7.8	
  Hz,	
  2H),	
  7.46	
  (d,	
  J	
  =	
  7.9	
  Hz,	
  4H),	
  
2.57	
  (q,	
  J	
  =	
  7.5	
  Hz,	
  8H),	
  1.92	
  (q,	
  J	
  =	
  7.5	
  Hz,	
  8H),	
  1.16	
  (t,	
  J	
  =	
  7.5	
  Hz,	
  12H),	
  0.72	
  (t,	
  J	
  =	
  7.5	
  Hz,	
  12H).	
  
13C	
  NMR	
  (101	
  MHz,	
  δ-­‐value	
  in	
  CDCl3)	
  δ	
  160.21,	
  156.20,	
  153.79,	
  146.61,	
  144.35,	
  138.72,	
  134.05,	
  
121.76,	
   119.75,	
   19.75,	
   18.10,	
   15.83,	
   15.73.	
   UV-­‐Vis	
   (λmax	
   (nm)	
   in	
   CH2Cl2;	
   (ε,	
   M-­‐1cm-­‐1)))	
   315	
  
(17,580),	
  373	
   (10,700),	
  572	
   (30,200).	
  HRMS	
   (ESI+)	
   calcd.	
   for	
  C56H46F10N6O2U	
   (M+H+)	
  1263.410,	
  
found	
  1263.4105.	
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Competition	
  Experiment	
  Procedures	
  
	
  

To	
  a	
  50	
  mL	
  round	
  bottom	
  was	
  added	
  6a	
  (25	
  mg,	
  0.038	
  mmol),	
  uranyl	
  acetate	
  dihydrate	
  
(16	
  mg,	
  0.038	
  mmol,	
  1	
  equiv.),	
   lanthanum	
  acetate	
  (13	
  mg,	
  0.038	
  mmol,	
  1	
  equiv.),	
  gadolinium	
  
acetate	
   (15	
  mg,	
   0.038	
  mmol,	
   1	
   equiv.),	
   neodymium	
   acetate	
   (12	
  mg,	
   0.038	
  mmol,	
   1	
   equiv.),	
  
terbium	
  acetate	
  (15	
  mg,	
  0.038	
  mmol,	
  1	
  equiv.),	
  and	
  dysprosium	
  acetate	
  (15	
  mg,	
  0.038	
  mmol,	
  1	
  
equiv.).	
   The	
   flask	
   was	
   charged	
   with	
   10	
   mL	
   of	
   CH2Cl2:	
   MeOH	
   (1:1,	
   v/v)	
   and	
   stirred	
   at	
   room	
  
temperature	
   for	
   16	
   h.	
   The	
   mixture	
   was	
   concentrated	
   in	
   vacuo	
   and	
   purified	
   by	
   flash	
  
chromatography	
  over	
  basic	
  alumina	
  (Al2O3)	
   (CH2Cl2,	
  eluent)	
   to	
  yield	
  7a	
  as	
  a	
  dark	
  purple	
  solid.	
  
Yield:	
  5%	
  (1.6	
  mg).	
  
	
  
UV-­‐vis,	
  LR-­‐	
  and	
  HR	
  ESI	
  MS,	
  and	
  1H	
  NMR	
  Spectroscopic	
  Data	
  for	
  the	
  Products	
  Obtained	
  using	
  
Other	
  Metal	
  Precursors	
  
	
  
UV-­‐vis:	
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Low	
  Resolution	
  or	
  High	
  Resolution	
  Mass	
  Spectrometric-­‐ESI	
  Data	
  for	
  Obtained	
  after	
  Test	
  
Metallation	
  Studies:	
  
	
  
Cobalt:	
  [LCoH+HCOOH]+	
  (C45H51N6O2Co)	
  at	
  766	
  amu	
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[LCo2+CH3OH+HCOO-­‐]+	
  (C46H53N6O3Co2)	
  at	
  855	
  amu	
  
	
  

	
   	
  
	
  	
  	
  
	
  

Copper:	
  	
  	
  [LCuH+H2O]+	
  (C44H51N6OCu)	
  at	
  742	
  amu	
  
[LCu2+CH3O-­‐]+	
  (C45H51N6OCu2)	
  at	
  817	
  amu	
  
	
  

	
   	
  
	
  
Nickel:	
  	
  
[LNiH+CH3OH]+	
  (C45H53N6ONi)	
  at	
  751	
  amu	
  
[LNi2+HCOOH+HCOO-­‐]+	
  (C46H51N6O4Ni2)	
  at	
  867	
  amu	
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1H	
  NMR	
  Spectral	
  Data:	
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Calculations	
  
	
  
Density	
  Functional	
  Theory	
  (DFT)	
  Calculations	
  

Theoretical	
   calculations	
   were	
   performed	
   with	
   the	
   Gaussian09	
   program	
   suite	
   using	
  
supercomputers	
  (Stampeded,	
  UT	
  Austin,	
  TACC).3	
  Calculations	
  were	
  carried	
  out	
  using	
  the	
  density	
  
functional	
   theory	
  method	
  with	
  Becke’s	
   three-­‐parameter	
  hybrid	
  exchange	
   functionals	
   and	
   the	
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Lee-­‐Yang-­‐Parr	
   correlation	
   (B3LYP)	
   employing	
   the	
   6-­‐311++G**	
   basis	
   set	
   for	
   the	
   C,	
   H,	
   N,	
   O	
  
atoms.4	
   The	
   uranium	
   atom	
   was	
   treated	
   with	
   a	
   Stuttgart-­‐Dresden	
   pseudopotential	
   in	
  
combination	
  with	
  the	
  appropriate	
  basis	
  set,	
  which	
  is	
  labeled	
  as	
  SDD(U).5	
  Geometry	
  coordinates	
  
were	
  inputted	
  based	
  on	
  crystal	
  structures.	
  	
  
	
  
	
  
X-­‐Ray	
  Crystallographic	
  Data6-­‐8	
  

	
  
Crystallographic	
   data	
   for	
   6b	
   (from	
   CH2Cl2/n-­‐hexane):	
   C56H48N6F10⋅2(CH2Cl2),	
   M	
   =	
   1164.85,	
  
triclinic,	
  red	
  needle,	
  P-­‐1,	
  a	
  =	
  8.5433(5),	
  b	
  =	
  18.7105(10),	
  c	
  =	
  	
  19.0289(13)	
  Å,	
  α	
  =	
  68.396(6)o,	
  β	
  =	
  
82.032(5)o,	
  γ	
  =	
  	
  77.230(5)o,	
  V	
  =	
  2752.6(3)	
  Å3,	
  Z	
  =	
  2,	
  Dcalc	
  =	
  1.405	
  g/cm3,	
  CuKα	
  =	
  1.54184	
  Å,	
  T	
  =	
  
100(2)	
  K,	
  R1	
  =	
  0.0969,	
  wR2	
  =	
  0.2604,	
  GOF	
  (on	
  F2)	
  =	
  1.027	
  (I	
  >	
  2.00σ(I)),	
  CCDC	
  1534773.	
  7b	
  (from	
  
CH2Cl2/n-­‐hexane):	
  C56H48N6F10UO2,	
  M	
  =	
  1263.02,	
  orthorhombic,	
  red	
  prism,	
  Pbcn,	
  a	
  =	
  14.8944(4),	
  
b	
  =	
  9.8978(3),	
  c	
  =	
  	
  32.5727(7)	
  Å,	
  α	
  =	
  90o,	
  β	
  =	
  90o,	
  γ	
  =	
  	
  90o,	
  V	
  =	
  4801.9(2)	
  Å3,	
  Z	
  =	
  4,	
  Dcalc	
  =	
  1.747	
  
g/cm3,	
   CuKα	
  =	
   1.54184	
  Å,	
  T	
   =	
   100(2)	
   K,	
  R1	
  =	
   0.0375,	
  wR2	
   =	
   0.0947,	
  GOF	
   (on	
   F2)	
   =	
   1.100	
   (I	
  >	
  
2.00σ(I)),	
  CCDC	
  1534774.	
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