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Figure 3.4. The structure of a cis-[Fe(Bn-nc-Tpm*)2]?* dication.

The solvent for the syntheses of iron(I1) complexes of (H-nc-Tpm) was slightly
different than the above four “protected” N-confused scorpionates. The complex [Fe(H-
nc-Tpm)z](BFa4)2, (3.2)(BF4)2, was prepared by dissolving (H-nc-Tpm) in acetone and
cannula transferring the contents to an acetone solution of half an equivalent of
[Fe(H20)6](BF4)2. Upon the addition of [Fe(H20)s](BF4)2 a pink solution instantly
formed. After some time, the solvent was removed by vacuum distillation and rinsed
with acetone to give a pink solid in modest yield. Exhaustive attempts to grow single x-
ray quality crystals using a variety of solvent systems were unsuccessful, as extremely
small, twinned, crystals were obtained in all cases. These crystals turned colorless at
about 370 K (and back to pink on cooling, similar to the temperature reported for FeTp, %

or [Fe(Tpm)2](BF4)2.%> In order to gain structural information, the tetrafluoroborate
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counter ion (BF4) was interchanged with the tetraphenylborate (BPhs) anion by reaction
of (3.2)(BF4)2 with excess NaBPhs in water followed by removal of solvent and
crystallization from Et;O/CH3CN, as above. In this way, [Fe(H-nc-Tpm)2](BPhs)2,
(3.2)(BPha4)2, was isolated in low yield as a colorless solid powder that turned pink on
cooling to 77 K. However, after recrystallization from CH3CN (Et20O vapor diffusion) x-
ray quality deep pink crystals of (3.2)(BPhs)2-2CH3CN were obtained. A portion of the
100 K crystal structure of (3.2)(BPhs4)2:2CH3CN is shown in Figure 3.5. Here, the

average Fe-N bond distances are found to be 1.962 A for LS iron(ll).

Figure 3.5. A portion of the 100 K structure of (3.2)(BPha)2-2CH3CN showing disorder
of one of the nc-Tpm units (left).



66

These distances are slightly shorter but comparable to Reger’s *° LS
tris(pyrazolyl)methane complex (1.972 A). In (3.2)(BPha)2-2CH3CN one of the nc-Tpm
units is disordered over three positions such as to give a statistical mixture of cis- and
trans- isomers in the solid state. Interestingly, the weakly hydrogen bound CHsCN
molecule is fully occupied, giving an indication of the weakness of the CN---H
interactions. The thermal behavior of these crystals has not yet been investigated but is
clearly different than the isolated powder presumably due the solvate molecules in the
latter. More investigation into this system is warranted. In CD3CN, the *H NMR
spectrum of (3.2)(BPhas)2-2CH3CN gives all resonances in the normal region of the
spectrum (7.3 — 6.7 ppm) verifying that the complex is diamagnetic (LS) at room

temperature in solution.

To gain more information about the magnetic behavior of the Fe(ll) Nc-
scorpionate complexes, samples were sent out to be interrogated by SQUID
magnetometry. A plot of the variable temperature magnetic behavior of (3.2)(BFa)zis

shown below in Figure 3.6.
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Plot of Temperature vs. p for [Fe(H-nc-Tpm),](BF,),

200 220 240 260 280 300 320 340 360 380 400

T (K)

Figure 3.6: Variable temperature magnetic moment for [Fe(H-nc-Tpm).](BF4)2 from
SQUID magnetometry measurements.

The plot shows that (3.2)(BF4)2 is completely low spin Fe(l1) at 200 K (0.7 pg) and
gradually begins SCO at higher temperatures. The sample is nearly fully high spin at 400
K (high T limit of the instrument) and has an estimated T2 (with 50% high spin) at about
330 K. The value of T12 = 330 K is somewhat lower than that of Reger’s

[Fe(Tpm)2](BF4)2 *® with a T12 = 380 K.
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For comparison, [Fe(Tos-nc-Tpm)2](BF4)2 is high spin at all temperatures so there
are no SCO events between 0 and 300 K, as shown by the magnetic data of this complex,

shown in Figure 3.7.

Plot of Temperature vs u  for [Fe(Tos-nc-Tpm),](BF,),
6

M e/ Mg

0 50 100 150 200 250 300

T (K)

Figure 3.7: Variable temperature magnetic data for [Fe(Tos-nc-Tpm)z](BFa)2.

A plot of the spin crossover behavior of a solid sample of (3.1)(BF4).2 -2 CH3:CN
(that was crystallized, decanted, and dried under a stream of N> to prevent solvent loss)

over the temperature range of 2 to 300 K is shown in Figure 3.8.
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Plot of Temperature vs. p for [Fe(Bn-nc-Tpm),](BF,), -2 CH;CN

Wew/ Mg
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T (K)

Figure 3.8: Variable temperature magnetic data for [Fe(Bn-nc-Tpm)2](BF4)2 -2 CH3CN.

The plot shows that (3.1)(BF4)2 -2 CH3CN is high spin between the temperature ranges of
about 175 and 300 K with pefr = 5.1 ps. The sample undergoes a gradual spin state
change below 175 K and reaches a minimum effective moment of per = 1.67 pp at 60 K.
The plot clearly demonstrates the SCO behavior, in agreement with the previous

crystallographic and visual data discussed.
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D. Future work.

As mentioned earlier, [Fe(Tpm*)(H20)s}(BF4)2 has been prepared by Reger *°,
initially observed as a side product in the development of [Fe(Tpm*)2](BF4)2 complexes
(where they noted that this result was promoted when the Fe(BF4)-6H2O reagent had been
exposed to air prior to use). Reger complexes also showed the heteroleptic complex
could be fully converted to the homoleptic complex by treating the former with additional
ligand.®® This observation led the Murray group to make extensive use of the
tris(aqua)iron(ll) Tpm* complex as a starting material for large numbers of mixed
scorpionate systems.* The reactions of equimolar ratios of nc-Tpm’s with iron salts will
be pursued in attempts to make heteroleptic species. Clearly increasing the steric bulk
around the pyrazole periphery to 'Pr, Ph, ‘Bu, or Mes would help this line of investigation
in determining what level of steric hindrance would be required to prevent to formation

of the homoleptic complexes.

3.3 CONCLUSIONS

Two successful routes toward the preparation of the novel H-nc-Tpm ligand have

been developed. The first route (Scheme 3.1) utilizes an N-benzyl protecting group that
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has been found to be difficult to remove under mild conditions. Harsher conditions were
required to remove the benzyl group and the product was difficult to separate from the
reagents needed, leading to low yield of the ligand. These complications, along with the
need for column chromatography throughout the synthesis makes this route less than

ideal for widespread use in the inorganic community.

The second route (Scheme 3.2) utilizes a tosyl protecting group that has been
found (as expected) to be considerably easier to remove under milder conditions. The
synthesis of H-nc-Tpm through this route avoids the use of column chromatography
altogether, allowing for large scale preparation of this ligand with relative ease. The
intermediates along the path appear to be air and moisture stable as no special precautions

were taken while handling them without any signs of decomposition.

A number of homoleptic Fe(Il) Nc-Tpm metal complexes have been successfully
prepared and characterized. The complex [Fe(H-nc-Tpm)2](BFa4)2 was shown by various
methods to have a LS Fe(ll) center at low temperatures with gradual but incomplete SCO
behavior upon warming to 400 K. In contrast, the complex [Fe(Tos-nc-Tpm)2](BF4)2 was
shown to be HS Fe(l1) regardless of temperature, highlighting that even the addition of a
single bulky substituent to the Tpm scaffold has a pronounced effect on the SCO

behavior observed.

The complex [Fe(Bn-nc-Tpm)2z](BF4)2 -2 CH3CN was shown to undergo SCO
behavior upon cooling to 77 K by a number of methods. A search of the literature reveals
that throughout numerous studies on Fe(ll) scorpionates, those with substituents larger

than methyls have never shown SCO behavior which has recently been summarized
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nicely “... any substituents in the 3-position that are much larger than a methyl destroy
any hope of observing spin state crossover behavior and essentially lock the complex into
the HS form”.*® As far as we know, this is the first example of SCO behavior in a
scorpionate that has a pyrazolyl substituent larger than a methyl proximal to the metal
center. This ligand design may open the door synthetically to a wealth of nitrogen
protection/deprotection reactions that should alter the electronic and steric properties

about the metals first and second coordination sphere.
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Chapter 4

FUTURE WORK

4.1 Future Work

Some target ligand scaffolds containing both hard and soft ligand donor sites for
the preparation of bimetallic complexes have been prepared and characterized Hz[FI-
P2N3] and H2[R-P2Ns]). Monometallic complexes demonstrating the binding modes of
both of the sites have been prepared and partially characterized. A short-term goal would
be to prepare bimetallic complexes by reacting Zr(NMe2)s with {[H2(x?P, k N-FlI-

P2N3)]PtCI}Cl-H,0-CH,Cly, (2.1).

For other systems, one can envision four different approaches to make
heterometallic derivatives. The first is to bind a hard metal to the hard N3 donor site and
isolate the complex before attempting to bind a soft metal to the soft P2 donor site. The
second approach is to reverse the order and bind the soft metal before the hard one.
Another approach would be to attempt the self-assembly of the metals to their respective
sites. In other words, both metal reagents would be added to the same pot along with the

ligand. A fourth strategy would be to bind the same metal in both sites and then attempt
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trans-metalation to interchange one of them. All of these approaches will need to be

explored.

The idea behind the ligand scaffold containing hard and soft donors is to bind
hard and soft metals respectively. Ideally, these metals would be 1% row transition metals
as they are cheaper, more abundant, and safer to handle than their 2" and 3™ row
counterparts. Sadighi and coworkers #’ showed that bulky N-heterocyclic carbene
supported Cu(l) boryl complexes have been known to perform the catalytic reduction of
CO- to CO with the addition of stoichiometric quantities of an oxygen acceptor [(Bpin)].
As discussed previously in chapter 1, nature is believed to utilize low valent Fe and Ni
metal ions to facilitate CO> reduction through bimetallic cooperativity.> A combined
theoretical and experimental study performed by Nakamura and associates 8 implicated
that a Zn hydride intermediate may be responsible for CO> reduction to formic acid
(under hydro thermal conditions). Thomas and coworkers 1° demonstrated the utility of a
bimetallic Zr/Co catalyst for the reduction of CO2 to MeOH, as was previously discussed
in chapter 1. Thus, a good starting point for the formation of bimetallic complexes would

be with combinations of these metals.

This next goal would be to prepare metal complexes of the NC-scorpionates with
metal salts or halides to form MLX complexes where X = counter anion.
Tris(pyrazolyl)borate complexes are known to form sandwich complexes (ML2, L =
polypyrazolylborate) which may not be very useful for small molecule activation
chemistry. The MLX compounds can be unstable toward ligand redistribution reactions
to form MLz and MX, compounds if steric bulk is insufficient.*® Thompson and

coworkers *° studied a series of [HnB(3-Rpz)n-1]- metal complexes (R = Ph, ‘Bu) and
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found that it did not appear to be possible to make ML sandwich complexes with 1% row
transition metals when 'Bu or Ph groups were located at the 3 position of the pyrazoly
rings.>® The addition of potassium salts of the tris(pyrazolyl)borate ligands with tBu or Ph
groups at the 3-positions to metal dihalides (MX2, M = Co, Ni, Zn) yielded simple MLX

compounds without any evidence of the formation of the sandwich complexes.*

NC-scorpionate ligands with varying degrees of steric bulk at the 3-position
would need to be prepared to determine if the same behavior is observed in these
complexes. This could be accomplished simply by the reaction of the appropriate
pyrazole derivative (3,5-di-phenyl-1H-pyrazole, 3,5-di-isopropyl-1H-pyrazole, or 3,5-di-
tert-butyl-1H-pyrazole, all commercially available) onto either the N-benzyl protected
precursor (3C) or the N-tosyl protected precursor (3E), as shown in Schemes 4.1 and 4.2.
Our lab has diisopropylpyrazole in stock, so this would be a good place to start. If the 'Pr
derivatives prove to be successful at preventing the formation of the sandwich

complexes, then the other derivatives (Ph, tBu) may not need to be attempted.

3,5-R-pyrazole RWR
o— catalytic acid _ N—N
-
N~N o— toluene N

RN

R ='Pr, Ph, 'Bu

Scheme 4.1. Proposed synthetic route toward the preparation of bulky Bn-NC-
scorpionates.
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R R
NaH, 3,5-R-Pz W

__ (o] SOCI,, CoCl, // N—N
/ > N< —
ro” N H THF Tos” N N
o .
R ='Pr, Ph, 'Bu RINTR

Scheme 4.2. Proposed synthetic route toward the preparation of bulky Tos-NC-
scorpionates.

The next step then would be to combine the ligands and metals in 2:1 and 1:1 ratios to
determine if: i) the ligands will bind the metals and ii) whether they will bind as sandwich

complexes (MLz) or as simple MLX complexes.

The next step then would be to attempt to bind an additional metal directly to the
ligand scaffold through deprotection/deprotonation of the nitrogen of the N-confused
pyrazole ring followed by addition of the appropriate metal reagent. A few strategies for
accomplishing this can be envisioned. The first is to prepare the monometallic complex
by binding a metal through the tridentate N-donors of the pyrazoles and then attempt to
deprotect/deprotonate the nitrogen of the N-confused pyrazole followed by addition of
the 2" metal. The second strategy is to deprotect/deprotonate the ligand first, and then
bind both metals simultaneously or in different sequential orders. Both of these strategies

could be attempted.

Another goal of this research is to continue to develop the utility of the NC-
scorpionate ligand scaffold by appending a soft donor site (P donor) to the periphery of

the ligand scaffold to see if it will promote the binding of additional metals. Two
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strategies for the syntheses of the new ligands are envisioned. One strategy is to use the
tetrahydropyran (THP) protecting group on the nitrogen atom of the NC-scorpionate.
The THP protecting group has been shown to promote deprotonation/lithiation at the
pyrazolyl carbon nearest to which it is bound.>! Deprotonation at the 5 position would be
useful for the attachment of phosphorus donor groups directly (by reaction with
commercial R2PCI, R = iPr, tBu, Ph) or indirectly via incorporation of methylene spacers
described in Chapter 1 (Chart 1.3). Two proposed synthetic routes toward the

preparation of these ligands are shown in Scheme 4.3.

R R Rs~“ R
Php—. 5~ rRs vil X SW ’ ng
=y NN e (}NN v (O e
H- ‘N N-N -‘ p
. R R~ R
Re SRR, iv 5 R 3
P-NC-TPM X=ClorOTs
v
R5~2\-R3 Rs~yRs R R
o i o =\ NN " SN
N —_— 0O -
HNN Wy — > UNN N-N O’NN N-N
Rs™ R, Rs™ R, ReQR,

P-NC-TPM

Scheme 4.3. The proposed synthetic route toward the preparation of P donor containing
NC-scorpionates. Key: i) 3,4-dihydropyran, CF3CO2H, NaOH; ii) "BulLi ; iii) R2PCI, R
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= iPr, tBu, Ph; iv) HCI, H20O; v) H.CO, H20; vi) SOCI> (X = CI) or KOH + TsCl (X =
OTs); vii) PhoPH, "BulLi.

A potential pitfall of Scheme 4.3 is that similar conditions ("BuL.i followed by
addition of electrophile) are employed for the functionalization of the apical carbon
position of other known tris(pyrazolyl)methane ligands, as was demonstrated by Breher
et al.>? Such chemistry is not available for derivatives with bulky groups that “block” the
methine hydrogen. Nevertheless, it might be necessary to attach an alkyl substituent of
some kind (Me, Et, etc...) to the apical carbon position prior to this step to prevent a
potential side reaction. Deprotection of the THP protecting group under acidic conditions

will give the target ligand scaffold shown in Chapter 1 (Chart 1.3).

The next step then would be to attempt to prepare bimetallic complexes with these
P-NC-TPM ligands using the previously mentioned metals. The metals could be
introduced to the ligands in different sequential orders to determine whether the order of

addition plays a role in binding, as previously described.

The final goal of this project would be to explore the reactivity of the bimetallic
complexes toward the activation of small molecules, mainly CO,. There are a number of
known methods for the detection of the products of CO> reduction (CO, HCOH,
CH30OH, CHa4). The presence of formic acid (HCO2H) or methanol can easily be detected
and quantified by *H NMR. A simple method that can be used to detect carbon
monoxide (CO) or methane is by GC-MS analysis of the reaction headspace. Another
method for the detection of CO is the method of CO trapping that was recently used by

Cummins.>® In this method, the volatile materials are transported to a solution of
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Cp*RuClI(PCys). The presence of CO is then indicated by a dramatic change in color
from blue to yellow. Along with the color change, there is a change in the observed 3!P
NMR chemical shift. The chemical shift for Cp*RuCI(PCyz) is found at dp = 40.61 ppm
and for the CO bound complex Cp*RuCI(CO)(PCys3) is found at dp = 51.74 ppm.

Integration of these peaks allows for determination of the ratios present.
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Chapter 5

EXPERIMENTAL SECTION

5.1 General Considerations:

The compounds Iz, AgSOs, 4-tert-butylaniline, Cs2COs, diphenylphosphine,
N,N’-dimethylethylenediamine (DMED), pyridine dimethanol, KOH, p-toluenesulfonyl
chloride, "BuL.i (1.6 M solution in hexanes), 2-nitroacetophenone, N,N-
dimethylformamide dimethyl acetal (DMF-DMA), N,N’-dimethylformamide (DMF),
hydrazine monohydrate, NaH, 1-fluoro-2-nitrobenzene, NH4Cl, Fe powder, EtOH,
chlorodiphenylphoshine, methylglyoxal-1,1-dimethylacetal, NaOH, H:NNH: - HCI,
benzyl bromide, 1-bromo-2-fluorobenzene, phenyl boronic acid, Na2COsz, H-pyrazole, p-
toluene sulfonic acid monohydrate, 3,5-dimethylpyrazole, dimethylsulfoxide (DMSO),
potassium tertiary butoxide (KO'Bu), HCI, K2COs were purchased commercially and
used as received. The compound Pd(PPhs)s>* was prepared according to a literature
procedure. THF and Et,O were dried over sodium/benzophenone ketyl. Toluene,
CH2Cl,, and CH3CN were dried over CaH.. Solvents used in reactions were distilled

under argon prior to use. Any water that was used was deionized.
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5.2 Physical Measurements:

Midwest MicroLab, LLC, Indianapolis, Indiana 45250, performed all elemental
analyses. Melting point determinations were made on samples contained in glass
capillaries using an Electrothermal 9100 apparatus and are uncorrected. 'H, 3C, and 3!P
NMR spectra were recorded on a Varian 400 MHz spectrometer. Chemical shifts are
given in parts per million (ppm) and were referenced to solvent resonances at o4 7.26 and
dc 77.16 for CDCls, 61 2.05 and 8¢ 29.84 for Ds-acetone, and 61 1.94 and dc 118.26 for
CD3CN. Abbreviations for NMR: br (broad), m (multiplet), s (singlet), d (doublet), t
(triplet), g (quartet). Electronic absorption (UV-Vis/ NIR) measurements were made on a
Cary 5000 instrument. Magnetic susceptibility data were collected on a Quantum Design

MPMS3 SQUID magnetometer.

5.3 Ligand Syntheses.

A. Toward Hz(FI-P2Ns) (1)

1A.



82

NH>  0.55 eq Ag,SO, NH,
1.05eq I, I
y

EtOH
1A

To a 250 mL Schlenk flask charged with 12 (5.33 g, 21 mmol), Ag2SO4 (3.429 g,
11 mmol), and 100 mL of ethanol, was added 4-tert-butylaniline (3.185 mL, 20 mmol) all
in one portion, upon which time a white solid (Agl) began to precipitate. The suspension
was stirred at room temperature for 4 hours before being filtered through Celite. After
removing solvents, the remaining reddish oil was partitioned between 50 mL water and
50 mL ethyl acetate in a separatory funnel. The aqueous phase was extracted with two
more 50 mL portions of ethyl acetate. The combined organic layers were dried over
MgSOs, filtered, and solvent was removed in vacuo. The remaining red oil is purified on
a column of silica gel by eluting with hexane/dichoromethane (1:1 v/v). The first fraction
contains 2,6-diiodo-4-tert-butylaniline as a side product (Rf=0.73, m =0.53 g, yield =
7%). The second fraction contains the desired product, after concentration of eluent, as a
red oil (Rf=0.43, m = 4.02 g, yield = 73%). 'H NMR (CDCls) 6: 7.62 (d, J = 2.2 Hz,
1H, Ar-H), 7.17 (dd, J = 8.4, 2.3 Hz, 1H, Ar-H), 6.71 (d, J = 8.3 Hz, 1H, Ar-H), 4.07 (br
s, 2H, NH2) 1.26 (s, 9H, CHs) ppm. 3C NMR (CDCls) 8c: 144.3, 143.5, 135.8, 126.37,

114.7, 84.7, 33.9, 31.5 ppm.

1B.
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1.1 eq HPPh,
2 eq Cs,CO3
NH, 35 mol% N,N'-DMED NH,
| 0.5 mol% Pd(PPhj), PPh,

toluene

1B

A 100 mL Schlenk flask was charged with Cs>COz (4.74 g, 14.54 mmol) and a
stirbar before being evacuated and taken into the glove box. Diphenylphosphine (1.39
mL, 8.00 mmol) and Pd(PPhz)4 (0.042 g, 0.036 mmol) were added to the flask and
removed from the glove box. Meanwhile, argon gas was bubbled through another
Schlenk flask containing 1A (2.00 g, 7.27 mmol), DMED (0.26 mL, 2.54 mmol), and 45
mL toluene. The toluene solution was then canula transferred into the flask containing
the Cs2COs and the former flask was rinsed two times (5 mL each). The contents of the
flask were then heated at reflux for 15 hours, during which time a white precipitate
formed. The mixture was brought to room temperature, filtered through Celite, and the
solvent was removed under reduced pressure. The remaining brownish solid was
partitioned between 50 mL water and 50 mL ethyl acetate in a separatory funnel. The
aqueous phase was extracted with two more 50 mL portions of ethyl acetate. The
combined organic layers were dried over MgSOs, filtered, and solvent was removed in
vacuo. The remaining yellowish solid is purified on a column of silica gel eluting with
hexane/dichloromethane (2:1 v/v) to remove the impurities with higher R¢ values before
switching to pure CHClI: to elute the desired product as a pale yellow solid after solvent

was removed (Rf = 0.26, m = 2.13 g, yield = 88%). *H NMR (CDCls) &n: 7.34 (m, 10H,
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PPh), 7.20 (dd, J = 8.3, 2.3 Hz, 1H, Ar-H), 6.79 (dd, J = 6.5, 2.3 Hz, 1H, Ar-H), 6.67 (dd,
J=8.3,5.5 Hz, 1H, Ar-H), 3.25 (br s, 2H, NHz), 1.10 (s, 9H, CHs). 3C NMR (CDCls)
8c: 147.4 (d, J=19.1 Hz), 141.4 (d, J = 2.4 Hz), 135.8 (d, J = 8.2 Hz), 133.8 (d, ] = 18.7
Hz), 131.5 (d, J = 4.5 Hz), 128.9, 128.7 (d, J = 7.1 Hz), 127.5, 119.0 (d, J = 8.3 Hz),

115.4 (d, J = 3.0 Hz), 34.1, 31.4 ppm. 3P NMR (CDCls) 8p: -19.0 ppm.

1C. 3t

1C

Pyridine dimethanol (m = 2.122 g, 15.25 mmol) was dissolved in 40 mL CHCl;
and poured into a 250 mL round bottom flask containing a KOH solution (40 wt%, 20 g,
50 mL). The reaction vessel was cooled to 0°C and stirred for 30 minutes. P-
toluenesulfonyl chloride was dissolved in 5 mL CH2Cl> and added to the KOH solution
all in one portion. The contents of the flask were stirred at 0°C for 1 hour and then at
room temperature for 15 hours. A yellow precipitate formed during this time. An
additional 50 mL each of CH2Cl., and water were added to the flask and the contents were
transferred to a separatory funnel. The water was extracted with 3 more 50 mL portions
of CH2Cl, and the combined organic layers were dried over MgSQOyg, filtered, and solvent

was removed in vacuo. The remaining yellow solid was triturated with methanol, filtered
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with a Buchner funnel, and dried for 20 minutes on the funnel to afford the desired
compound as a white solid (4.44 g, yield = 65%). 'H NMR (CDCls) &4: 7.80 (m, 4H,
tosyl H), 7.69 (t, J = 7.8 Hz, 1H, pyridine H), 7.33 (m, 6H), 5.05 (s, 4H, CH>), 2.44 (s,

6H, CHs3). 'H NMR data matches literature values.®

1D. %
OH OH
8602
| N\ —_—
_ dioxane

Se0> (8.48 g, 76.0 mmol) was suspended in a solution of pyridine dimethanol
(5.29 g, 38.0 mmol) in 40 mL dioxane and heated at reflux for 4 hours. The solution
turned black after a few minutes. The flask was cooled to room temperature, then 0°C via
an ice bath, and then filtered and solvent was removed from the filtrate to give a yellow
solid. The yellow solid was passed through a small plug (SiO2) using CH>Cl> and solvent
was removed under vacuum. The product was recrystallized by layering hexanes on top
of a concentrated CH,Cl solution to give the desired product as a colorless solid (3.86 g,
75 % yield). 'H NMR (CDCls) 8n: 10.17 (d, J = 0.8 Hz, 2H, CH(O)), 8.18 (dd, J = 7.8,

0.8 Hz, 2H, Ar-H), 8.08 (m, 1H, Ar-H). 'H NMR data matches literature values. *°
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1E. H2(FI-P2Ns).

H2(FI-P2Ns3)

Argon was bubbled through a solution of 1B (0.667 g, 2 mmol) in THF (10 mL)
for about 10 minutes. After the flask had been cooled to 0°C via an ice bath for 20
minutes, "BuL.i (1.25 mL of a 1.6 M solution in hexanes, 2 mmol) was added dropwise
and the contents of the reaction vessel were stirred for about 15 minutes at 0°C. Then a
pre-purged (argon) solution of 1C (0.448 g, 1 mmol) in 10 mL THF was transferred to
the cold lithium anilate solution. The reaction was allowed to equilibrate to room
temperature overnight while stirring (about 16 hours), then solvent was removed by
vacuum distillation. The contents of the flask were poured into 50 mL water in a
separatory funnel and were extracted with three 50 mL portions of ethyl acetate. The
combined organic layers were dried over MgSOs, filtered, and concentrated in vacuo.
The remaining yellowish solid is purified on a column of silica gel eluting with
dichloromethane to remove the impurities with R¢ > 0.6 before switching eluents to a
mixture of hexane/ethyl acetate (4:1 v/v) to give the desired product in the next band (R¢
=0.59). Removal of solvent gave the desired product as a colorless solid (m =0.77 g,
yield = 57%). 'H NMR (CDCls) 8u: 7.35 (m, 20H, PPh), 7.20 (dd, J = 8.7, 2.5 Hz, 2H,
Ar-H), 6.88 (d, J = 7.8 Hz, 2H, Ar-H), 6.82 (dd, J = 6.7, 2.5 Hz, 2H, Ar-H), 6.49 (dd, J =
8.5, 5.3 Hz, 2H, Ar-H), 5.37 (m, 2H, NHy), 4.39 (d, J = 5.7 Hz, 4H, CH>), 1.08 (s, 18 H,

CHs) ppm. 3C NMR (CDCls) 5c: 158.6, 148.2 (d, J = 17.2 Hz), 139.9, 137.3, 135.9 (d, J
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= 7.9 Hz), 133.9 (d, J = 19.0 Hz), 131.8 (d, J = 3.9 Hz), 128.9, 128.6 (d, J = 6.9 Hz),
127.5,119.1, 118.9 (d, J = 8.1 Hz), 110.3 (d, J = 2.6 Hz), 49.6, 34.0, 31.4 ppm. 3P NMR

(CDCl3) p: -19.5 ppm.

B. Toward H2(R-P2Ns). (2)

2A.

1 eq DMF-DMA o

DMF
2A

A 100 mL round bottom flask was charged with 2-nitroacetophenone (5.0 g,
30.28 mmol), N,N-dimethylformamide dimethyl acetal (3.605 g, 30.28 mmol), and 20
mL dimethylformamide before being heated to reflux for 3 hours. The yellow solution
turns red upon heating. After cooling to room temperature, the contents of the flask were
poured into 50 mL water in a separatory funnel and extracted 3 times with
dichloromethane (50 mL each). The combined organic layers were washed with water
twice (50 mL each) and a saturated brine solution once (50 mL). The organic layer was
dried over MgSQyg, filtered, and concentrated in vacuo. The product was washed with
diethyl ether 3 times (10 mL each) and dried under vacuum to afford a yellow solid (5.91

0, 89% vyield). 'H NMR (d6-acetone) dn: 7.89 (d, J = 7.6 Hz, 1H, Ar-H), 7.70 (dt, J =
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7.5, 1.2 Hz, 1H, Ar-H), 7.61 (m, 2H), 7.48 (br s, 1H, olefin H), 5.35 (d, J = 12.6 Hz, 1H),
3.16 (s, 3H, N-CHz), 2.92 (s, 3H, N-CH3). 2*C NMR (d6-acetone) dc: 220.6, 155.6, 149.3,

139.2, 133.4, 130.5, 129.7, 124.7, 94.8, 45.0, 37.3 ppm.

2B.

2 1.1 eq H,NNH, " H50 ~

.

-—

EtOH
2B
A 100 mL round bottom flask was charged with 2A (3.63 g, 16.52 mmol), 65%

hydrazine monohydrate (1.37 mL, 18.17 mmol), and 20 mL EtOH, then was heated at
reflux for 2 hours. The initial yellow solution turned red and then green. EtOH was
removed by vacuum distillation and the product mixture was transferred to a separatory
funnel using ethyl acetate. 50 mL water was added and the mixture was extracted with
three 50 mL portions of ethyl acetate. The combined organic layers were dried over
MgSOs, filtered, and concentrated in vacuo. The resulting product was loaded onto a
column containing silica gel and eluted using a hexane/ethyl acetate (1:1 v/v) solution (Rt
= 0.67) to afford a black solid (2.76 g, 88% yield). *H NMR (acetone-d6) &n: 12.35 (br
s, 1H, NH), 7.84 (dd, J = 7.8, 1.3 Hz, 1H, benzene H), 7.81 (d, J = 2.3 Hz, 1H, Hapz),
7.75 (dd, = 8.0, 1.1 Hz, 1H, Ar-H), 7.68 (dt, J = 7.7, 1.4 Hz, 1H, Ar-H), 7.56 (dt, J =
7.5, 1.4 Hz, 1H, Ar-H), 6.54 (d, J = 2.4 Hz, 1H, Hspz). 3C NMR (acetone-d6) ¢: 132.5,

132.3, 131.2, 130.8, 129.3, 129.1, 128.0, 124.2, 104.5 ppm.
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2C.
NO, N—N 1 eq Nk NO, O,N
2 W\ 1.8 eq 1-fluoro-2-nitrobenzene 2 2
7 N
DMF —_—

2C

A solution of 2B (2.706 g, 14.30 mmol) in 10 mL DMF was transferred via canula
to a suspension of NaH (0.343 g, 14.30 mmol) in 10 mL DMF. The flask was rinsed
twice with DMF (2.5 mL each) to ensure quantitative transfer. The solution was stirred
until bubbles (H2) ceased (about 5 minutes). 1-fluoro-2-nitrobenzene (2.72 mL, 25.7
mmol) was dissolved in DMF (10 mL) was transferred to the reaction mixture and then
the mixture was heated at reflux for 24 hours. The reaction progress was monitored by
TLC (SiO2, Hex/EA [4:1 viv], Rf = 0.39). After cooling to room temperature, the
contents of the reaction vessel were poured into 50 mL water in a separatory funnel and
were extracted with three 50 mL portions of ethyl acetate. The organic layer was then
washed with three 50 mL portions of water to remove DMF. The combined organic
layers were dried over MgSOyg, filtered, and concentrated in vacuo. Excess 1-fluoro-2-
nitrobenzene was removed by vacuum distillation to yield the desired product as an
orange solid (3.92 g, 88% yield). *H NMR (CDCls) &n: 7.91 (dd, J = 8.1, 1.3 Hz, 1H, Ar-
H), 7.76 (m, 3H), 7.70 (dd, J = 7.4, 1.4 Hz, 1H), 7.63 (m, 2H), 7.54 (m, 1H), 7.49 (m,
1H), 6.63 (d, J = 2.6 Hz, Hpz). *C NMR (CDCls) ¢: 149.8, 149.1, 144.5, 133.3, 133.2,

132.3, 131.3, 131.2, 129.2, 128.8, 126.8, 126.4, 125.3, 123.8, 107.8 ppm.
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2D.
12 NH,4CI
NO, O,N Gegq e NH, H,N
/N\N '
— EtOH, H,O

A 250 mL round bottom flask was charged with 2C (3.74 g, 12.1 mmol), NH4Cl
(7.79 g, 146 mmol), and Fe powder (4.06 g, 72.8 mmol) along with water (50 mL) and
EtOH (175 mL), then was heated at reflux for 16 hours. The reaction progress was
monitored by TLC (SiO2, Hex/EA [4:1 vIv], Rs = 0.22). After the mixture had cooled to
room temperature, it was filtered to remove Fe;Oz. The solvent was removed by vacuum
distillation and the brownish solid was partitioned between 50 mL each of water and
ethyl acetate and the layers were separated. The aqueous layer was extracted twice more
with 50 mL ethyl acetate each. The combined organic layers were dried over MgSQea,
filtered, and concentrated in vacuo to yield the desired product as a light brown solid
(2.44 g, 80% yield). 'H NMR (CDCls) 8: 7.73 (m, 1H), 7.60 (d, J = 7.3 Hz, 1H), 7.19
(m, 3H), 6.81 (M, 5H), 4.95 (broad s, 4H). 3C NMR (CDCls) 5c: 153.3, 145.0, 141.3,

130.8, 128.9, 128.8, 128.3, 126.7, 124.6, 118.2, 117.4, 117.1, 116.6, 116.0, 104.5 ppm.

2E. H2(R-P2Ns3)
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NH 2.2 eq "BulLi thp\ FPhZ
2 HaN 2 eq CIPPh, NH  HN
N
N r N
Q\(___/N/@ THF 4 ‘N’@
H2(R-P2N3)

"Butyllithium (1.6 M in hexanes, 7.28 mL, 11.64 mmol, 2.2 eq) was slowly added
to an argon purged, cold (-78°C) solution of 2D (1.324 g, 5.29 mmol) in THF (20 mL).
After stirring magnetically for 1 hour, it was transferred to a pre-purged (argon) solution
of CIPPh2 (2.00 mL, 10.58 mmol) in THF (20 mL). The cold bath was removed. After
the reaction mixture had stirred for 15 hours, solvent was removed by vacuum
distillation. The contents of the reaction vessel were partitioned between 50 mL water
and 50 mL ethyl acetate in a separatory funnel. The aqueous phase was extracted with
two more 50 mL portions of ethyl acetate. The combined organic layers were dried over
MgSOs, filtered, and concentrated in vacuo to yield a yellow oil. The oil was triturated
with Et,O upon which time a white precipitate formed that was collected by filtration and
dried under vacuum to yield H2(R-P2N3) as a colorless solid (1.77 g, 54% yield). H
NMR (CeDs) 82 8.78 (d, J = 5.6 Hz, 1H), 7.69 (ddd, J = 8.2, 3.9, 0.9 Hz, 1H), 7.55 (m,
6H), 7.29 (m, 4H), 7.10 (dt, J = 7.5, 1.5 Hz, 1H), 6.96 (m, 14H), 6.78 (m, 2H), 6.57 (dt, J
=7.6,1.3 Hz, 1H), 6.36 (d, J = 2.5 Hz, 1H, Hapz), 5.98 (d, J = 6.8 Hz, 1H). 1*C NMR
(CDCls) 5¢c: 154.0, 145.9 (d, J = 16.0 Hz), 142.2 (d, J = 17.9 Hz), 141.4 (d, J = 13.7 Hz),
140.6 (d, J =12.7 Hz), 131.6, 131.4, 131.4, 131.3, 131.1, 129.6 (d, J = 1.6 Hz), 129.3 (d,
J=1.2Hz),129.3,128.9 (d, J= 1.7 Hz), 128.8, 128.8, 128.7, 125.4, 119.5, 118.7, 117.8

(d, J = 21.3 Hz), 116.5 (d, J = 23.6 Hz), 105.3 ppm. *P NMR (CsDs) p: 31.1, 29.2 ppm.



92

C. N-confused Scorpionates (3)

3A. 56
i \_oe N Yo
eat
)l\<o\ P AN . %\/UYO\
3A

A mixture of methylglyoxal-1,1-dimethylacetal (23.6 g, 24.2 mL, 200 mmol) and
N,N-dimethylformamide dimethyl acetal (DMF-DMA)(23.8 g, 26.6 mL, 200 mmol) was
heated at 66°C (oil bath) for 30 hours while stirring. The contents of the flask were
brought to room temperature and the methanol byproduct was removed by vacuum
distillation. The product was then distilled from the crude mixture under vacuum (b.p. =
104°C) to yield the desired product as an orange oil (24.57 g, 71% vyield). *H NMR
(CDCls) 81: 7.73 (d, J = 12.6 Hz, 1H, olefin H), 5.33 (d, J = 12.6 Hz, 1H, olefin H), 4.58
(s, 1H, CHOMey), 3.40 (s, 6H, OCHs3), 3.11 (s, 3H, N-CHs), 2.86 (s, 3H, N-CHz) ppm.
13C NMR (CDCl3) 8c: 190.9, 154.3, 104.2, 54.0, 45.0, 37.1 ppm. NMR data matches

literature values.>®

3B. 4
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N O 1 eq H,NNH, ' HCI — Oo—
NS O— s N /
10% NaOH in H” N Oo—
O~ H,0
3B

3A (27.37 g, 158.0 mmol) was added to a stirred solution of NaOH (15 g, 375
mmol) and Ho2NNH. - HCI (10.83 g, 158.0 mmol) in H20O (150 mL). After the resulting
solution had been stirred for 4 hours at room temperature, it was transferred to a
separatory funnel and extracted exhaustively with diethyl ether (100 mL, 8x). The
combined organic layers were dried over MgSQyg, filtered, and concentrated in vacuo to
yield the desired product as a yellow oil (16.59 g, 116.7 mmol, 74% vyield). *H NMR
(CDCl3) n: 12.83 (brs, 1H, N-H), 7.61 (d, J = 2.2 Hz, 1H, Hspz), 6.35 (d, J = 2.2 Hz,
1H, Hapz), 5.62 (s, 1H, CHOMey), 3.37 (s, 6H, OCH3). 3C NMR (CDCls) 5c: 106.4,

103.5, 98.9, 54.5, 52.5 ppm. NMR data matches literature values.*

3C.

_— 1.1 eq NaH
_— 0] q

/
N THF ~N

3C

Under argon, 3B (4.32 g, 30.41 mmol) was added to a suspension of NaH (0.803
g, 33.45 mmol) in THF (100 mL). The solution was allowed to stir at room temperature

for 1 hour. Benzyl bromide (3.98 mL, 33.45 mmol) was added via syringe all at once and

|/>_< 1.1 eq benzyl bromide |4>_<0_
H,N\ 0— > N

O_
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the contents were stirred at room temperature overnight. The solvent was removed via
vacuum distillation and water (75 mL) and ethyl acetate (75 mL) were used to transfer
the contents of the reaction vessel to a separatory funnel. The water layer was extracted
with ethyl acetate a total of 3 times (75 mL). The combined organic layers were dried
over MgSOy, filtered, and concentrated in vacuo. The resulting red oil was loaded onto a
column containing silica gel and eluted using a hexane/ethyl acetate (1:1 v/v) solution (Rs
= 0.69, stained with I, not UV active) to afford the desired product as a yellow oil after
solvent had been removed (4.04 g, 17.42 mmol, 57% yield). *H NMR (CDCls) &n: 7.31
(m, 4H), 7.19 (m, 2H), 6.33 (d, J = 2.3 Hz, 1H, Hapz), 5.51 (s, 1H, CHOMe), 5.32 (s,
2H, CHy), 3.39 (s, 6H, OCH3). 3C NMR (CDCls) 8¢: 150.1, 136.5, 130.1, 128.9, 128.2,

127.8, 104.6, 99.8, 56.1, 53.1 ppm.

3D.
2 eq H-Pz —
5 mol% p-toluene /,
sulfonic acid N*N

|4>_<O_ monohydrate //
N / N\N N
N Oo— Benzene N~

A mixture of 3C (0.703 g, 3.03 mmol), H-pyrazole (0.412 g, 6.10 mmol), and p-
toluenesulfonic acid monohydrate (0.029 g, 0.15 mmol, 5 mol %), and 5 mL CeHs were
placed in a round bottom flask with a magnetic stirbar. The flask was connected to a
distillation apparatus under argon gas and was heated until most of the volatiles (CsHe,

MeOH) had distilled, as indicated by a drop in distillate temperature (do no overheat!).
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Residual solvent was removed via vacuum distillation at room temperature. Then, water
(50 mL) and ethyl acetate (50 mL) were used to transfer the contents of the reaction
vessel to a separatory funnel. The water layer was extracted with ethyl acetate a total of 3
times (50 mL each). The combined organic layers were dried over MgSQOyg, filtered, and
solvent was removed in vacuo. The crude reaction mixture was loaded onto a column
containing silica gel and eluted using a hexane/ethyl acetate (1:1) solution (Rf = 0.56,
stained with I) to afford a yellow oil that solidified under vacuum. Product was
recrystallized from hot Et,0 to yield a colorless solid (0.66 g, 2.39 mmol, 72% yield). ‘H
NMR (CDCls) 81: 7.73 (s, 1H, CmetmH), 7.67 (d, J = 2.3 Hz, 2H, HsPz), 7.59 (d, J = 1.8
Hz, 2H, HsPz), 7.34 (m, 4H, phenyl H’s), 7.21 (m, 2H), 6.36 (d, J = 2.3 Hz, 1H, H4Pz-
NC), 6.29 (dd, J = 1.8, 2.3 Hz, 2H, H4Pz), 5.31 (s, 2H, CH2) ppm. *C NMR (CDCls) &c:

147.1, 140.8, 135.9, 130.7, 129.5, 128.9, 128.3, 127.9, 106.4, 106.3, 73.3, 56.4 ppm.

3E.

3 eq 3,5-dimethylpyrazole —
5 mol% p-toluene N P

sulfonic acid *N

m monohydrate - //
©\/N~|\,| O— Toluene @\/N"N N'I\l

3E S

A mixture of 3C (0.657 g, 2.91 mmol), 3,5-dimethylpyrazole (0.838 g, 8.72
mmol), and p-toluenesulfonic acid monohydrate (0.028 g, 0.15 mmol, 5 mol %), and 5
mL CeHs were placed in a round bottom flask with a magnetic stirbar. The flask was

connected to a distillation apparatus under argon gas and was heated until most of the
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volatiles (CsHs, MeOH) had distilled, as indicated by a drop in distillate temperature (do
no overheat!). Residual solvent was removed via vacuum distillation at room
temperature. Then, water (50 mL) and ethyl acetate (50 mL) were used to transfer the
contents of the reaction vessel to a separatory funnel. The water layer was extracted with
ethyl acetate a total of 3 times (50 mL each). The combined organic layers were dried
over MgSOQy, filtered, and solvent was removed in vacuo. The crude reaction mixture
was loaded onto a column containing silica gel and eluted using a hexane/ethyl acetate
(1:1) solution (R = 0.29, stained with I2) to afford a yellow oil (0.98 g, 2.72 mmol, 94%
yield). *H NMR (CDCls) 8n: 7.61 (s, 1H, CmenH), 7.31 (m, 4H, phenyl H’s), 7.20 (m,
2H), 6.13 (d, J = 1.9 Hz, 1H, H4Pz-NC), 5.82 (s, 2H, HsPz), 5.29 (s, 2H, CH>), 2.24 (s,
6H, CHs), 2.20 (s, 6H, CH3) ppm. 3C NMR (CDCls) 8c: 148.2, 148.0, 140.7, 136.4,

130.3, 128.9, 128.2, 127.9, 106.9, 106.7, 70.0, 56.3, 14.0, 11.8 ppm.

3F.
_ 5 mL DMSO ﬁ
|/> 7 eq KO'BuU NI

@\/ . /MN*N' 0, bubbled through =
N\N N’N H'N\N N

N\ THF \
<) L)

A solution of KO'Bu (0.785 g, 7 mmol) in 7 mL THF was added to a solution of
3D (0.304 g, 1 mmol) in 5 mL DMSO. Oxygen gas was then bubbled through the

solution while stirring for 20 minutes, producing a white precipitate. HCI (3M, 10 mL)



97

was added to quench and then solid K2COswas added until the pH had reached 4-5. The
contents of the flask were then filtered and the water and THF solvents were removed by
vacuum distillation. The solid was extracted with hot acetone and filtered to remove
solid KCI. The filtrate was concentrated and the product was recrystallized from Et.O to
yield a colorless solid (0.032 g, 0.15 mmol, 15 % yield). M.P. = 138-140°C. 'H NMR
(acetone-ds) 81: 7.86 (dd, J = 2.4, 0.7 Hz, 2H), 7.83 (s, 1H), 7.77 (d, J = 2.2 Hz, 1H), 7.45
(dd, J = 1.8, 0.7 Hz, 2H), 6.46 (d, J = 2.4 Hz, 1H), 6.27 (dd, J = 2.4, 1.8 Hz, 2H) ppm.
13C NMR (acetone-ds) 8c: 140.5, 130.7 (br, overlapping signals), 130.2, 106.6, 105.5,

74.0 ppm.

3G.

o—
O— 3 eq NaOH m
— 2.4 eq TosCl (o) /

/ N N Oo—
N~ oO— DCM S\
H™ N Yo 3G
3B

3B (2.30 g, 16.21 mmol) was added to a stirred suspension of NaOH (1.95 g,
48.63 mmol) in DCM (100 mL) and stirred at room temperature for 10 minutes. The
reaction vessel was then placed in an ice bath and p-toluenesulfonylchloride (7.42 g, 38.9
mmol) was added slowly over 10 minutes. The reaction was stirred at room temperature
for 15 hours. Then, the contents of the reaction vessel were transferred to a separatory
funnel. The water layer was extracted with DCM a total of 3 times (100 mL each). The

combined organic layers were dried over MgSOs, filtered, and solvent was removed in
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vacuo. The crude reaction mixture was loaded onto a column containing silica gel and
eluted using a hexane/ethyl acetate (3:1) solution to remove excess TosCl (Rf=0.57)
before switching to pure ethyl acetate to elute the desired product as a colorless solid
(3.57g, 12.05 mmol, 74% yield). Alternatively, the product can be purified without the
use of column chromatography by triturating in diethyl ether and filtering to isolate the
desired product. This method allows for larger scale preparation albeit in lower yield
(51% yield). M.P. = 84-85°C. 'H NMR (CDCls) 6k: 8.05 (d, J = 2.8 Hz, 1H, H4Pz), 7.88
(d, J = 8.4 Hz, 2H, Ar-H), 7.31 (d, J = 8.4 Hz, Ar-H), 6.47 (d, J = 2.8 Hz, 1H, HsPz), 5.35
(s, 1H, CHOMey), 3.32 (s, 6H, OCHs), 2.41 (s, 3H, CH3) ppm. 1*C NMR (CDCls) &c:

156.0, 145.9, 134.0, 132.0, 130.0, 128.1, 107.2, 99.3, 53.6, 21.7 ppm.

3H.
OMe 5 mol% _— (0]
’4>_< trifluoroacetic acid ,/>_(
> N
N— / OMe ~~N H
to” TN H,OITHF Tos”

3G 3H

3G (16.34 g, 55.13 mmol), trifluoroacetic acid (0.21 mL, 2.76 mmol), THF (150
mL), and H20 (50 mL) were combined in a round bottom flask and heated at reflux for
16 hours while stirring. After cooling to room temperature, 100 mL of a concentrated
NaHCOs solution was added to reaction vessel and stirred until bubbles ceased. THF

was then removed by vacuum distillation and the contents of the flask were transferred to
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a separatory funnel. The water layer was extracted with ethyl acetate a total of 3 times
(150 mL each). The combined organic layers were dried over MgSOyg, filtered, and
solvent was removed by rotary evaporation. The resulting solid was dissolved in minimal
boiling heptane, decanted away from red oil, and slowly cooled to -25°C. The solids
were then collected by filtration, washed with ice cold hexane, and dried under vacuum to
yield a pale yellow solid (10.09 g, 45.4 mmol, 82 % yield). M.P.=92-94°C. 'H NMR
(CDCls) 8u: 9.97 (s, 1H, CHO), 8.15 (d, J = 2.8 Hz, 1H, HsPz), 7.96 (d, J = 8.4 Hz, 2H, Ar-H),
7.38 (d, J = 8.4 Hz, 2H, Ar-H), 6.84 (d, J = 2.8 Hz, 1H, H4Pz), 2.45 (s, 3H, CHs) ppm. 3C NMR

(CDCls) oc: 186.0, 154.8, 146.9, 132.9, 132.5, 130.3, 128.5, 106.9, 21.8 ppm.

3l.

O 3 eq NaH
m 3 eq H-Pz |4>_(N~N
o / N

N/ H  1.5eqSOCI 0 -

\S\< " 5 mol% CoCI22 \\S/N N —N

7 - v Q)
3H THF .

A solution of H-pyrazole (3.12 g, 45.8 mmol) in 25 mL THF was transferred
slowly over 5 minutes via canula to a suspension of NaH (1.10 g, 45.8 mmol) in 40 mL
THF. The flask was rinsed twice with THF (2.5 mL each) to ensure quantitative transfer.
The solution was stirred until bubbles (H2) ceased (about 5 minutes). SOCI> (1.67 mL,
22.9 mmol) was added to the reaction mixture through the septum slowly over 5 minutes

and then stirred at room temperature for 10 minutes. A solution of 3H (3.39 g, 15.27
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mmol) and CoCl> (0.1 g, 0.76 mmol) in 25 mL THF was transferred via canula to the
reaction mixture. The flask was rinsed twice with THF (2.5 mL each). The reaction
mixture was heated at reflux for 15 hours while stirring before being brought to room
temperature. The solvent was removed by vacuum distillation and the contents of the
reaction vessel were transferred to a separatory funnel with the help of H>O (100 mL) and
ethyl acetate (100 mL). The water layer was extracted with ethyl acetate a total of 3
times (100 mL each). The combined organic layers were dried over MgSOQ, filtered, and
solvent was removed in vacuo. The crude reaction mixture was dry loaded onto a column
of silica gel and the impurities with higher R¢’s (0.6 and 0.37) were eluted using a
hexane/diethyl ether (1:2) solution. Pure ethyl acetate was used to elute the desired
product as a colorless solid (4.65 g, 12.6 mmol, 83% yield). Alternatively, the product
can be purified without the use of column chromatography by recrystallization from
boiling heptane, albeit in lower yield (58% yield). M.P. = 114-116°C. *H NMR (CDCls)
Su: 8.11 (d, J = 2.8 Hz, 1H, HsPz-NC), 7.87 (d, J = 8.3 Hz, 2H, Ar-H), 7.66 (s, 1H,
CHPz,), 7.56 (m, 4H, H3Pz and HsPz), 7.32 (d, J = 8.3 Hz, 2H, Ar-H), 6.54 (d, J = 2.8
Hz, 1H, H4Pz-NC), 6.28 (m, 2H, H3Pz), 2.43 (s, 3H, CHs) ppm. 3C NMR (CDCls) 8c:

152.6, 146.3, 141.0, 133.5, 132.3, 130.1, 129.6, 128.4, 108.8, 106.7, 72.5, 21.8 ppm.
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3F. (Alternative Route)
0
— N—N (>
N / 5M NaOH — N‘N

o\\ / \N in H20
U = N N
THF @
3l 3F

31 (0.392 g, 1.065 mmol) was added to a stirred solution of NaOH (0.60 g, 15
mmol) in H20 (3 mL) and THF (5mL) and heated at reflux for 10 minutes. THF was
then removed by vacuum distillation and the contents of the reaction vessel were
transferred to a separatory funnel using DCM (50 mL) and H20 (30 mL). The water layer
was extracted with DCM a total of 4 times (50 mL each) and the combined organic layers
were dried over MgSOs, filtered, and solvent was removed in vacuo. The product was
recrystallized from minimal benzene to afford the desired product as a colorless solid
(0.139 g, 0.65 mmol, 61% vyield). M.P. = 138-140°C. 'H NMR (acetone-ds) 51: 7.86 (dd,
J=2.4,0.7 Hz, 2H), 7.83 (s, 1H), 7.77 (d, J = 2.2 Hz, 1H), 7.45 (dd, J = 1.8, 0.7 Hz, 2H),
6.46 (d, J = 2.4 Hz, 1H), 6.27 (dd, J = 2.4, 1.8 Hz, 2H) ppm. M.P. = 138-140 13C NMR

(acetone-ds) dc: 140.5, 130.7 (br, overlapping signals), 130.2, 106.6, 105.5, 74.0 ppm.

5.4 Syntheses of Metal Complexes
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A. Hz(FI-P2N3) Complexes

[Pt(CI){H2(FI-P2N3)}]CI (2.1)

A solution of Hz(FI-P2Ns3) (0.063 g, 0.0814 mmol) and Pt(EtCN)2Cl>, (0.031 g,
0.0814 mmol) in 2 mL CH.Cl,was stirred under argon at room temperature for 1 hour.
Hexane (20 mL) was added to precipitate a yellow solid that was collected by filtration
and dried under vacuum. The pale yellow solid was recrystallized by layering pentane on
top of a concentrated CH.Cl, solution. X-ray quality crystals were grown by slow
evaporation of a CH.Cl, solution. *H NMR (CDsCN) &x: 8.68 (m, 1H), 7.85 (m, 2H),
7.75 (m, 3H), 7.47 (d, J = 8.9 Hz, 1H), 7.35 (m, 5H), 7.23 (br t, J = 7.5 Hz), 7.15 (m, 4H),
6.86 (m, 2H), 6.76 (m, 5H), 6.61 (dd, J = 11.5, 1.9 Hz, 1H), 6.56 (dd, J = 8.6, 6.8 Hz,
1H), 6.46 (m, 2H), 5.37 (br d, J = 9.3 Hz, 1H), 5.31 (br d, J = 14.0 Hz, 1H), 5.22 (m,
2H), 4.56 (dd, J = 13.7, 7.6 Hz, 1H), 4.43 (dd, J = 17.7, 9.4 Hz, 1H), 2.86 (d, J = 17.8 Hz,
1H), 0.79 (s, 18 H). 3P NMR (CDsCN) &p: 25.0 (d, Jp1-p2 = 15.8 Hz), satellite Pt
resonances observed: (Jp1-pt = 1927 Hz), -0.3 (d, Jp1-p2 = 15.5 Hz), satellite Pt resonance

(Jp2-pt = 1647 Hz) ppm.

B. H2(R-P2N3s) Complexes
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[Pt(CI){H2(R-P2N3)}]CI (2.2)

A solution of Ha(FI-P2N3) (0.051 g, 0.083 mmol) and Pt(EtCN)2Cl>, (0.031 g,
0.083 mmol) in 2 mL CH2Cl> was stirred under argon at room temperature for 1 hour.
Canula filtration was performed to collect the white precipitate, which was washed with
Et,O and dried under vacuum to afford a colorless solid. X-ray quality crystals were
grown by placing the starting materials in a vial along with 1 mL of solvent and not
mixing or jostling the reaction vessel. Long colorless needles formed within couple of
days (0.03 g, 41 % yield). *H NMR data was collected but difficult to interpret due to
many overlapping signals. 3P NMR (CDsCN) &p: 32.6 (d, Jp1-p2 = 16.9 Hz), satellite Pt
resonances observed: (Jp1-pt = 1936 Hz), 27.3 (d, Jp1-p2 = 16.9 Hz), satellite Pt resonance

(Jp2-pt = 1965 Hz) ppm.

[Ag{H2(R-P2N3)}2](OTf) (2.3)

A solution of Ag(OTf) (0.026 g, 0.1 mmol) and Hz(FI-P2N3) (0.063 g, 0.1 mmol)
in 3 mL THF was stirred at room temperature under argon for 12 hours. Solvent was
removed under vacuum to give a colorless solid (0.053 g, 35 % yield). X-ray quality
crystals were grown by slow vapor diffusion of Et,O onto a concentrated CICH2CH2Cl

solution.

Zr(NMez2)2(R-P2N3) (2.4)



104

A solution of Hz(FI-P2N3) (0.0155 g, 0.025 mmol) and Zr(NMe2)4 (0.0067 g,
0.025 mmol) in 1 mL CD2Cl> in a vial under argon was shaken vigorously for 1 minute.
The solution turned bright yellow instantly. NMR data were acquired using the crude
reaction mixture. X-ray quality crystals slowly precipitated out of solution. *H NMR
(CsD6) 81: 7.85 (m, 3H), 7.77 (m, 5H), 7.61 (m, 2H), 7.28 (br s, 1H), 7.21 (m, 4H), 7.14
(m, 9H), 6.99 (m, 1H), 6.87 (m, 2H), 6.78 (dd, J = 7.9, 1.6 Hz, 1H), 6.63 (m, 2H) ppm.

3P NMR (CsDs) &p: 34.67 (br s), 4.80 (br s) ppm.

C. N-confused Scorpionate Complexes

[Fe(BN-NC-TPM)2](BF4)2 (3.1) (BF4)2

Under argon, a solution of 3D (0.66 g, 2.17 mmol) in 10 mL THF was added to a
solution of Fe(BF4) - 6 H20 (0.366 g, 1.084 mmol) in 10 mL THF. The former flask was
washed with 5 mL THF that was transferred to the reaction solution. A white solid
precipitated almost instantly. The suspension was stirred for 1 hour and then was cannula
filtered. The solid was washed with two 2mL portions of THF, 2 mL Et>O, and was dried
under vacuum to give 0.678 g (68% vyield) 5 as a colorless solid. X-Ray quality crystals
were grown by slow vapor diffusion of Et.O into a concentrated acetonitrile solution of
the complex and contain 2 solvent molecules (CH3CN). Crystal structures were solved at
100 and 240K. *H NMR (CDsCN) &w: 50.9 (brs), 45.9 (brs), 41.3 (br s), 14.2 (br s),

11.0 (br s), 10.7 (br s), 10.4 (br s), 7.3 (br s), 3.5 (br s), 2.2 (br s) ppm. Elemental Anal.
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Calc. (found) for CzsH32N12B2FsFe: %C 48.72 (48.73), %H 3.85 (3.67), %N 20.05

(19.85).

[Fe(BN-NC-TPM)z](OTf)2 (3.1) (OTf)

Under argon, a solution of 3D (0.304 g, 1 mmol) in 5 mL THF was added to a
solution of Fe(OTf)2 (0.177 g, 0.5 mmol) in 5 mL THF. The former flask was washed
with 2 mL THF that was transferred to the reaction solution. A white solid precipitated
after a few minutes. The suspension was stirred for 1 hour and then was canula filtered.
The solid was washed with two 2mL portions of THF, 2 mL Et,O, and was dried under
vacuum to give 0.43 g (89% yield) 6 as a colorless solid. X-Ray quality crystals were
grown by slow vapor diffusion of Et.O into a concentrated acetonitrile solution of the
complex. *H NMR (CDsCN) &n: 50.8 (brs), 45.9 (brs), 41.2 (br s), 14.1 (br s), 10.9 (br
s), 10.6 (br s), 10.3 (br s), 7.1 (br s), 3.4 (br s), 2.2 (br s). Elemental Anal. Calc. (found):

9%C 44.92 (44.58), %H 3.35 (3.40), %N 17.46 (16.85).

[Fe(BN-NC-TPM*)2(BFz)2 (3.1%) (BF4)2

This complex was prepared in a similar manner to the complex 3.1 (BFa4)2 except
that 3E ligand (0.136 g, 0.377 mmol) was used instead of 3D along with the Fe(BF4) - 6
H20 (0.064 g, 0.189 mmol). The reaction was stirred at room temperature for 16 hours
and then was cannula filtered. The solid was washed with two 2mL portions of THF, 2

mL Et20, and was dried under vacuum to give 0.04 g (21% yield) 7 as a colorless solid.
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X-ray quality crystals were grown by slow vapor diffusion of Et,O into a concentrated

acetonitrile solution of the complex.

[Fe(BN-NC -TPM*)2(OTf)2 (3.1*) (OTf)2

This complex was prepared in a similar manner to the complex (3.1) (OTf)2
except that 3E ligand (0.189 g, 0.524 mmol) was used instead of 3D along with Fe(OTf)
(0.093 g, 0.262 mmol). The reaction was stirred at room temperature for 16 hours and
then was cannula filtered. The solid was washed with two 2mL portions of THF, 2 mL
Et>O, and was dried under vacuum to give 0.1 g (36% yield) 8 as a colorless solid. X-ray
quality crystals were grown by slow vapor diffusion of Et.O into a concentrated

acetonitrile solution of the complex.

[Fe(H-NC-TPM)2](BFa)2  (3.2) (BFa)2

An acetone solution (5 mL) of 3F (0.264 g, 1.23 mmol) was cannula transferred
to an acetone solution (5 mL) of Fe(BF4) - 6 H20 (0.122 g, 0.362 mmol) and was stirred
at room temperature for 15 hours. The solution turned pink immediately and pink solids
formed. The solution was cannula filtered and the pink solid was washed with acetone 2
times (3 mL each), Et,O (3 mL), and dried under vacuum to afford complex 9 as a pink
solid (0.385 g, 0.59 mmol, 95% yield). Attempts to grow x-ray quality crystals of (3.2)
(BFa4)2 proved to be unsuccessful as the crystals were too small and disordered for single

crystal x-ray diffraction. The disordered crystals were deep pink. This complex was then
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pushed forward in a reaction to swap out the counter ion (BF4) for tetraphenylborate
(BPhas) in hopes that crystallization of this complex would be more successful. Elemental
Anal. Calc. (found) for Ca0H20N12B2FsFe: %C 36.51 (36.72), %H 3.06 (3.05), %N 25.55
(25.54). M.P. = 250", *H NMR (CD3CN) &x: 24.6 (v. br. s), 18.6 (v. br. s), 18.4 (v. br.
s), 17.8 (v. br. s), 17.1 (v. br. s), 16.3 (v. br. s), 15.9 (v. v. br. s), 10.5 (v. br. s), 10.1 (v.

br.s), 7.6 (v. br.s), 7.4 (v. br. s), 2.16 (s), 2.09 (s), -4.8 (v. br s) ppm.

[Fe(H-NC-TPM)2](BPha)2-2 CH3CN (3.2) (BPha)2-2 CH3CN

Excess NaBPhs (0.18 g, 0.53 mmol) was added to a solution of (3.2)(BFa4)2 (0.10
g, 0.15 mmol) in 5 mL water and stirred at room temperature for 16 hours. A milky
white suspension formed almost immediately. Solvent was removed by vacuum
distillation and the remaining solid was washed with minimal cold water to give 0.026 g
(4 % yield) of 10 as an off white solid. X-ray quality crystals were grown by slow vapor
diffusion of Et20 into a filtered acetonitrile solution of the complex. It was noted that the
off white solid yielded an orange solution when dissolved in acetonitrile and that once
filtered, the solution was pink. *H NMR (CD3CN) &n: 7.27 (br m, 20H), 6.99 (br m,

20H), 6.84 (br m, 10 H).

[Fe(Tos-NC-TPM)z](BFs)2  (3.3) (BF4)2

This complex was prepared in a similar manner to the complex (3.1)(BF4)2 except

that the 31 ligand (0.195 g, 0.53 mmol) was used instead of 3D along with the Fe(BF4) - 6
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H>0 (0.089 g, 0.265 mmol). The reaction was stirred at room temperature for 16 hours
and then was cannula filtered. The solid was washed with two 2 mL portions of THF, 2
mL Et.O, and was dried under vacuum to give 0.22 g (86% yield) 11 as a colorless solid.
M.P. > 250°C. X-ray quality crystals were grown by slow vapor diffusion of Et2O into a
concentrated acetonitrile solution of the complex. *H NMR (CD3CN) &: 49.8 (v. br. s),

8.11 (v. br. s), 3.65 (br. s), 3.25 (v. br. s), 1.81, 1.25 (v. br. s) ppm.

[Fe(Tos-NC-TPM);J(OTf)2  (3.3) (OTf):

This complex was prepared in a similar manner to the complex (3.1) (OTf)2
except that the 31 ligand (0.195 g, 0.529 mmol) was used instead of 3D along with
Fe(OTf), (0.093 g, 0.263 mmol). The reaction was stirred at room temperature for 16
hours and then was canula filtered. The solid was washed with two 2mL portions of
THF, 2 mL Et,0, and was dried under vacuum to give 0.204 g (71% yield) 12 as a
colorless solid. M.P. Decomposition was observed over 201°C. *H NMR (CD3sCN) 8:

48.9 (v. br. s), 8.0 (v. br. s), 3.65 (br. s), 3.1 (v. br. s), 1.81 (br. s), 1.26 (v. br. s) ppm.
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