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1.0 Experimental Section

1.1 Chemistry
The reagents and chemicals required for the study were procured, and all reagents were

used as received unless otherwise noted. The progress of the reaction was monitored by Thin
Layer Chromatography (TLC) on silica gel aluminum plates, with visualization under UV light.
"H NMR and '3C NMR spectra were recorded at 300 MHz and 75 MHz, respectively, with
TMS as an internal standard. The '"H NMR and '*C NMR spectra were recorded in CD,Cl; and,
for a few compounds, in DMSO-d6 at 2.50 ppm and 39.51 ppm, respectively. Chemical shifts
(0 ) are reported in parts per million (ppm). Coupling constants (J) are reported in hertz (Hz).
The abbreviations used to characterize the signals are as follows: s = singlet, m = multiplet, d
= doublet, br. s. = broad singlet, dd = doublet of doublets, t = triplet, and coupling constant in
Hz. Infrared spectra were recorded using a Perkin-Elmer Spectrum One FT-IR spectrometer,
either as thin films on KBr plates. High-resolution mass spectra (HRMS) were recorded using

the ESI-TOF method.

1.2 Computational Methods
The quantum chemical calculations were carried out using the Gaussian 16 program.!

Geometries of C, H, N, O, and P were optimized using the PBE0-PBE1 functional® and the
def2-TZVP? basis set, whereas for Manganese, Lanl2dz*. Solvent effects were considered
implicitly using the SMD? method with toluene as solvent. The nature of each stationary point
was confirmed by frequency calculations (no imaginary frequencies for minima and one for
transition state structures). The frequency calculations were carried out on all the structures to

verify the character of the stationary points (minima v/s saddle points).
2.0 General Procedures of Synthesis
Synthesis of 4-pyridyl-4-methyl-1,1-diaminoazine (L1):

Through a single-step process, a non-palindromic NNN-pincer ligand was successfully
synthesized using a combination of 2-acetylpyridylcarboxaldehyde (0.5g, 4.13 mmol) and
aminoguanidine hydrochloride (0.455g, 4.13 mmol) in water (5 mL) at room temperature with

the aid of 1IN NaOH solution (1 mL). The resulting ligand, 4-pyridyl-4-methyl-1,1-
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diaminoazine (L1), was isolated as a light brown solid in an 85% yield, following a cost-
effective and environmentally friendly procedure (Scheme 1). The chemical structure of the
ligand was confirmed through various spectroscopic techniques, including 'H NMR, *C NMR,
IR, and mass spectrometry. Notably, the 'TH NMR spectrum displayed distinct peaks for the
methyl and -NH2 groups, further validating the successful synthesis of the ligand (L.1).
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Scheme S1. Synthesis of non-palindromic NNN-pincer ligand (L1).
Synthesis of 4-pyridyl-1, 4-dimethylaminoazine (L2):

A solution of acetamidine hydrochloride (1.0g, 10 mmol) in MeOH (10 ml) was cooled
in an ice bath, and then hydrazine hydrate (0.530g, 0.52 ml, 10 mmol) was added, the mixture
was stirred for 24 h, giving rise to an intense red solution. The solution was then concentrated
in a vacuum, giving rise to red coloured acetamidrazone hydrochloride (hygroscopic in nature).
The acetamidrazone (0.939g, 12.86 mmol) was then reacted with 2-acetylpyridine (1.71g,
14.14 mmol) in MeOH, refluxed at 60 °C for 12 h. The solution was concentrated, and the
greenish solid was neutralised with saturated sodium carbonate solution by performing

DCM/Water workup to yield the desired ligand (L2) (Scheme 2).

NH MeOH, 24 h, NH MeOH, 12 h, X, N X N
0°Ctort )L _NH, HCI 60 °C ‘ N N Y Basic work up ‘ o N° S
NH HCI NH,-NH, H,0 N ~ AN NHp HCl — ~ L _N NH
‘ x o L2
=N

Scheme S2. Synthesis of non-palindromic NNN-pincer ligand (L2).

General Procedure for the synthesis of complex C1, C2, and C3

The synthesis of pincer complexes C1 and C2 was performed in a single step. In a 50 mL RBF,
pyridyl azine L1 (1 mmol) and anhydrous MnCl; (1 mmol) were added in dry THF (10 mL) at room
temperature. The resulting reaction mixture was stirred at room temperature for 12 hours, affording a
light brown precipitate of complex C1 in 90% yield (Scheme S1a). X-ray diffraction analysis revealed
C1 as a pentacoordinated complex with a trigonal bipyramidal geometry and a 15-electron count,

indicating stronger bonding of the guanidine portion than of the pyridine ring.
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Similarly, the synthesis of complex C2 was carried out using the above-mentioned procedure with
manganese acetate as a precursor and characterized with X-ray crystallography, a hexa-coordinated

complex with octahedral geometry and a 17-electron count.

In a 50 ml Schlenk flask, L2 (0.35 g, 2 mmol), Mn(CO)sBr (0.537 g, 1.92 mmol), and 10 ml dry toluene
were mixed under an argon atmosphere. The reaction mixture was stirred at 80 °C for 12 h. A light-
yellow precipitate was formed, which was washed with 50 ml (2x20 ml and 1x10 ml) of dry hexane
and decanted using a cannula. The solid was then dried under vacuum to obtain the desired complex
C3. Yield 90%. The crystals suitable for X-ray diffraction were obtained from a methanol-diethyl ether
solvent system (slow diffusion technique). The solid-state structure shows that C3 is a hexa-coordinated
complex with octahedral geometry, and it is an 18-electron complex. The nitrogen from the guanidine
portion do not form a bond with the central metal atom, hence serves as a bidendate ligand under given

reaction conditions as shown below (Scheme S3).
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Scheme S3. Synthesis of C1, C2 -Mn(Il) and C3 -Mn(I) aminoazine complexes. All these reactions

were performed under inert conditions

General procedure for the hydrophosphination of alkenes:

In toluene (1 ml), complex C1 (2 mol%, 3 mg), and -BuOK (4 mol%, 2.3 mg) were
added. The reaction mixture was stirred for 5 minutes, turning light greenish. Subsequently,
cinnamonitrile (0.5 mmol, 64 mg) was added to the mixture, resulting in a deep red colour
change, followed by the addition of diphenylphosphine (0.5 mmol, 93 mg). The reaction was
carried out at room temperature under an argon atmosphere for one hour and monitored using
3IP{'"H} NMR. Upon completion of the reaction, the mixture was diluted with 10 times its
volume of dry hexane, leading to the precipitation of the product. The mixture was then filtered

through a silica pad in a glass pipette saturated with hexane to separate unreacted starting
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materials. The silica bed was washed with additional hexane (3 mL), followed by passing
dichloromethane through the silica bed. The resulting solution was collected in a second vial
for further processing. The solvent was evaporated under reduced pressure, and the pure

product was utilized for further analysis.

oL

C1 (2 mol%) B
t 0,
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Scheme S1: Synthesis of 3-(diphenylphosphaneyl)-3-phenylpropanenitrile using complex C1.

Control experiments:

1. In the absence of base: In this experiment, no catalysis was observed, which shows
that base is important for hydrophosphination reactions.

2. In the presence of reducing agent (Sodium borohydride): It was believed that
NaBHj shall reduce Mn(Il) to Mn(I), which would help in catalysis and the scope of
the reaction. However, there was no reaction. This experiment further adds to the
importance of the base in the reaction.

3. Addition of PPH3 to the optimised reaction condition: Most of the catalysts for the
hydrophosphination reactions are phosphorus-based complexes. Hence, it seems that
phosphine is necessary for such reactions. 1 equivalent of PPhs was added to the
optimised condition; however, no significant improvement was observed.

4. In the presence of base only: In this experiment, no catalysis was observed, which
shows that the manganese complex is important for hydrophosphination reactions.

5. Sequence of addition after catalyst activation: Addition of Cinnamonitrile before the
diphenylphosphine would slow down the reaction rate. Hence, it is believed that
coordination of diphenylphosphine to manganese accelerates the reaction, as it acts as

a phosphide donor.

3.0 Spectral Data:

1,1-diaminopyridylazine (L1):
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'H NMR (300 MHz, DMSO-d6) ¢ 8.49-8.48 (d, J = 8.0 Hz, 1H), 8.23-8.21 (d, J = 8.0
Hz, 1H), 7.68-7.65 (t, J = 7.6 Hz, 1H), 7.22-7.19 (t, J = 7.2 Hz, 1H), 6.03 (brs, 2H), 5.68 (brs,
2H), 2.27 (s, 3H); 3C NMR (75 MHz, DMSO-d6); & 160.81, 148.98, 148.59, 135.93, 122.38,
120.00, 12.85; IR (KBr, cm™): 3458 (NH), 1659 (C=N), 1609 (C=N). HRMS (EI-TOF) calcd
for CsHi2Ns [M+H]": 178.1087, found 178.1088.

(Pyridin-2-yl-ethylidene)acetohydrazonamide (L2):

"H NMR (300 MHz, DMSO-d6) 5: 8.56-8.55 (d, J= 8.0 Hz, 1H), 8.33-8.30 (d, /= 8.0
Hz, 1H), 7.77-7.74 (t,J= 7.6 Hz, 1H), 7.35-7.31 (t,J= 7.2 Hz, 1H), 6.6 (brs, 2H), 2.27 (s, 3H),
1.94 (s, 3H); *C NMR (75 MHz, DMSO-d6); § 163.24, 158.86, 153.35, 148.67, 136.78,
125.25, 121.86, 16.32, 14.02; IR (KBr, cm™): 3458 (NH), 1659 (C=N), 1609 (C=N). HRMS
(EI-TOF) calcd for CsHioNs [M+H]": 176.2230, found 176.2231.

Spectral data of hydrophosphination products:
1. 3-(diphenylphosphaneyl)-3-phenylpropanenitrile®
PPh, '"H NMR (300 MHz, CD2Cl») 6 = 7.66 — 7.63 (m, 2H), 7.47 — 7.45 (m, 3H),
oN 7.31 -7.29 (m, 4H), 7.26 — 7.16 (m, 6H), 3.79 — 3.75 (m, 1H), 2.75 — 2.68
(m, 1H), 2.66 — 2.60 (m, 1H). '*C NMR (75 MHz, CD>Cl,) § = 134.4 (d, J
=21.4 Hz), 133.5 (d, /= 19.0 Hz), 130.5, 129.5, 129.4 (d, /= 3.2 Hz), 129.2, 129.2, 128.6 (d,
J=6.9Hz), 127.9,42.0 (d, J=15.5 Hz), 23.2 (d, J = 23.0 Hz). *'P NMR (121 MHz, CD>Cl,)

0 =-1.95 (s). HRMS (ESI) calcd for [C21HisNP]": 315.12 [M]"; found: 315.13.

2. 3-(diphenylphosphaneyl)-3-phenylpropanal®
PPh, O 'TH NMR (300 MHz, CD2ClL2) 6 =9.54 — 9.52 (m, 1H), 7.66 — 7.61 (m,
H 2H), 7.43 —7.42 (m, 3H), 7.24 — 7.12 (m, 10H), 4.14 — 4.09 (m, 1H),
3.05—-2.96 (m, 1H), 2.70 — 2.62 (m, 1H). 3C NMR (75 MHz, CD:Cl,)
0 =200.7 (d, J=12.6 Hz), 140.7 (d, J = 8.7 Hz), 136.5 (d, /= 17.1 Hz), 134.4 (d, J=20.9
Hz), 133.7 (d, J = 19.0 Hz), 130.0, 129.4 (d, /= 7.7 Hz), 129.2 (d, J = 7.8 Hz), 128.8, 128.5
(d, J=6.8 Hz), 127.0 (d, J = 2.2 Hz), 47.7 (d, J = 20.4 Hz), 39.0 (d, J = 14.0 Hz). *'P NMR
(121 MHz, CD2Cl,) 6 = -0.60. HRMS (ESI) calcd for [C2iHi19OP]": 318.12 [M]*; found:
318.13.
3. 4-(diphenylphosphaneyl)-4-phenylbutan-2-one®
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TH NMR (300 MHz, CD:CL) = 7.67 — 7.62 (m, 2H), 7.44 — 7.41 (m,
3H), 7.24 — 7.09 (m, 10H), 4.13 — 4.09 (m, 1H), 3.09 — 3.03 (m, 1H), 2.67
— 2.62 (m, 1H), 1.88 (s, 3H). '*C NMR (75 MHz, CD,CL) & = 206.6,
141.2 (d, J=8.6 Hz), 136.7 (d, J= 16.6 Hz), 134.3 (d, /= 23.5 Hz), 133.6
(d, J=16.6 Hz), 129.9, 129.3 (d, J = 8.1 Hz), 129.0 (t, J = 7.0 Hz), 128.5, 128.3 (d, J= 6.9
Hz), 126.6,47.3 (d,J=21.2 Hz), 136.7 (d,J= 16.6 Hz), 39.8 (d, /= 11.6 Hz), 30.8. 3'P NMR
(121MHz, CD2Cly) & = -0.97 (s). HRMS (ESI) caled for [Ca2Ha1OP]*: 332.13 [M]"; found:
332.13.

PPh,0O

4. Phenethyldiphenylphosphane®

PPh; 'HNMR (300 MHz, CD>Cl,) 6 =7.39 — 7.31 (m, 4H), 7.29 — 7.21 (m,

©N 6H), 7.20 — 7.14 (m, 2H), 7.10 — 7.04 (m, 3H), 2.66 — 2.58 (m, 2H),

2.30 —2.24 (m, 2H). *C NMR (75 MHz, CD,Cl,) 6 = 143.17 (d, J = 12.8 Hz), 139.2 (d, J =

13.8 Hz), 134.3 (d, /= 16.8 Hz), 133.1 (d, /= 18.7 Hz), 128.9 (d, /= 10.0 Hz), 128.8 (d, J =

5.3 Hz), 128.6, 126.4, 32.54 (d, J = 18.1 Hz), 30.45 (d, J = 13.0 Hz). *'P NMR (121 MHz,
CD:Cly) 6 =-16.2 (s). HRMS (ESI) caled for [C20H19P]": 290.12 [M]"; found: 290.13.

5. 2-(2-(diphenylphosphaneyl)ethyl)pyridine®
N PPh; 'HNMR (300 MHz, CD>Cl>) § = 8.51 — 8.49 (m, 1H), 7.59 — 7.56 (m,
O/\/ 4H), 7.49 — 7.46 (m, 6H), 7.38 — 7.32 (m, 6H), 7.13 — 7.09 (m, 2H),
2.90 — 2.85 (m, 2H), 2.52 — 2.49 (m, 2H). '*C NMR (75 MHz, CD,Cl,) § = 149.6, 139.2,
136.5, 133.1 (d, J = 18.5 Hz), 122.9, 121.5, 34.8 (d, J= 18.3 Hz), 28.2 (d, J = 13.9 Hz).*'P
NMR (121 MHz, CD>Cl) d = -15.89 (s). HRMS (ESI) caled for [C1oHisNP]": 291.12 [M];
found: 291.13.

6. 3-(diphenylphosphaneyl)cyclohexan-1-one®

0 "HNMR (300 MHz, CD,Cly) § = 7.52 — 7.45 (m, 4H), 7.40 — 7.31 (m, 6H),
d 2.72 —2.62z (m, 1H), 2.37 — 2.29 (m, 1H), 2.27 — 2.21 (m, 1H), 2.18 2.10
PPhy  (m, 1H), 1.90 — 1.84 (m, 1H), 1.80 — 1.68 (m, 1H), 1.62 — 1.51 (m, 1H), 1.5

(s, 1H). ®*C NMR (75 MHz, CD>Cl,) 6 =210.0 (d, J= 12.0 Hz), 136.7 (d, J= 14.6 Hz), 136.1
(d, J=14.3 Hz), 133.9 (m), 129.5 (d, J= 15.5 Hz), 128.9 (d, J=7.1 Hz), 44.5 (d, J = 14.8
Hz), 36.3 (d, J=12.6 Hz), 31.5, 28.5 (d, J = 16.3 Hz), 27.1 (d, J = 12.5 Hz). 3'P NMR (121
MHz, CD>Cl,) 6 = -4.1 (s). HRMS (ESI) caled for [C1sH19OP]": 282.12 [M]; found: 282.13
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4.0 UV and IR spectra of the complexes C1, and C2

UV-Spectrum of complexes shows a weak band at 420 nm, which corresponds to the
Metal-Ligand transfer process (though weak in C1 and C2). This study reveals that amino-
azine ligands are weak field ligands; thus, the gap between t2g and e.g., energy levels stays less
than the pairing energy. Thus, electrons do not prefer pairing. This makes the complexes C1
and C2 d’ high-spin complexes. Hence, the expected magnetic moment for C1 and C2 is ueff
~ 5.29 (Bm). It is also known that Mn (II) complexes with Schiff bases prefer to be d° high-

spin complexes.

Absorbance |) Ligand (|.1) v

0.985% r T e
0.783 + * + + ' 1 s
Sl . . | . |
|
0.380 + . . + 4 4 ™ ‘,
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0.023+ 254 :
200.0 3120.0 440.0 560.0 680.0 800.0 e (1) “on “woo “-on T
Wavelenath (nm)
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Figure S1: UV spectra of azine ligand (L1) and its complexes C1 and C2.
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Figure S2: IR-spectra of ligand L1 and its complex C1.

5.0 Crystal Structures details of Complex C1, C2, and C3

X-ray diffraction experiments were performed on a Rigaku XtalLAB Synergy-S diffractometer,
equipped with a HyPix-6000HE hybrid photon counting detector, using a microfocus tube (Cu, A =
1.54184 A). Suitable crystals were covered with polybutene oil, selected using a microscope using
polarized light, transferred on a MiTeGen MicroMount and mounted under a cold nitrogen stream.
Data-sets were collected at 100 K. The data collection and reduction were performed using the Rigaku
CrysAlisPro Software.” Structure solution and refinement were performed with SHELXT® and
SHELXL,’ respectively, embedded in Olex2.'” All atoms heavier than hydrogen were refined with
anisotropic displacement parameters, while hydrogen atoms attached to carbon atoms were placed at
calculated positions and were refined according to the riding model. All hydrogen atoms attached to the

nitrogen atoms were found in the Difference Fourier Map and refined freely.
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5.1 Crystal Structures details of Complex C1

Figure §3: Molecular structure of complex 1 with displacement ellipsoids drawn at 50 % probability
level. (C in grey, H in white, N in blue, Mn in dark blue, Cl in green). All hydrogen atoms attached to
the nitrogen atoms were found in the Difference Fourier Map and refined freely.

Figure S4: Molecular structure of complex 1 with displacement ellipsoids drawn at 50 % probability
level. H atoms are omitted for clarity (C in grey, N in blue, Mn in dark blue, Cl in green).
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Table 1. Crystal data and structure refinement for C1 (CCDC 2348863).

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
p/e

v/°

Volume/A3

V4

Pealcg/cm’
wmm'!

F(000)

Crystal size/mm’
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A7

AA-3-2 auto

Cng 1C12MIIN5

303.06

100.00(10)

monoclinic

P21/I’l

6.62890(10)

15.5631(2)

11.48390(10)

90

92.2570(10)

90

1183.83(3)

4

1.700

13.067

612.0

0.226 x 0.115 x 0.084

Cu Ka (A =1.54184)
9.576 to 153.59
-8<h<8,-18<k<19,-14<1<13
14177

2382 [Rint = 0.0336, Ryigma = 0.0212]
2382/0/162

1.084

R1=0.0224, wR, = 0.0586
R1=10.0239, wR, =0.0593
0.36/-0.29
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Table 2. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters

(A2x10°) for AA-3-2_auto. U is defined as 1/3 of the trace of the orthogonalised Uy tensor.
U(eq)

Atom
Mnl
Cl1
C12
N1
N2
N3
N4
N5
Cl
C2
C3
C4
C5
Co
C7
C8

Table 3.
Atom Atom
Mnl Cll
Mnl CI2
Mnl NI1
Mnl N2
Mnl N5
N1 (Il
N1 C5
N2 N3
N2 Cé6

X
2935.7(4)
4124.6(6)
542.5(6)
711(2)
4028(2)
5743(2)
8064(2)
5444(2)
-981(3)
2134(3)
-1532(3)
204(3)
1292(2)
3165(2)
3876(3)
6428(2)

y
6397.1(2)

6450.0(2)
5268.6(2)
7501.009)
7574.2(9)
7460.5(9)
6535.1(11)
6030.6(9)
7441.7(12)
8152.6(13)
8954.6(12)
9026.1(11)
8286.6(11)
8309.9(10)
9131.6(10)
6627.0(11)

Bond Lengths for AA-3-2_auto.

Length/A
2.4153(4)
2.3668(4)
2.2810(14)
2.2430(14)
2.1587(15)
1.340(2)
1.352(2)
1.3595(19)
1.285(2)

Atom Atom Length/A

N3
N4
N5
Cl
C2
C3
C4
C5
C6

Cc8  1.378(2)
Cc8 133702
Cc8  1.302(2)
2 1.38703)
C3  1.37903)
C4  1.389(3)
5 1.3902)
C6 148502
C7  1.4922)

3

6756.1(2)
8770.1(3)

6646.6(4)

6950.8(12)
5846.5(11)
5253.3(12)
4554 4(14)
5720.6(13)
7547.7(15)
7816.8(16)
7455.4(16)
6822.6(15)
6589.3(14)
5922.3(14)
5409.0(16)
5186.6(14)

15.81(9)
20.93(10)
22.09(11)
17.8(3)
16.9(3)
19.0(3)
23.8(3)
20.5(3)
22.3(3)
26.1(4)
25.9(4)
21.1(3)
18.0(3)
17.0(3)
21.6(3)
18.8(3)
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Table 4. Bond Angles for AA-3-2_auto.

Atom Atom Atom Angle/° Atom Atom Atom Angle/®
Cl2 Mnl CI1 105.598(16) N2 N3 C8 115.74(14)
NI  Mnl CI1 93914 C8 N5 Mnl 118.83(12)
NI  Mnl CI2 97.44(4) NI Cl1 C2 122.59(17)
N2 Mnl CI1 108.604) C3 C2 Cl 119.12(17)
N2 Mnl CI2 144.044) C2 C3 C4 119.02(17)
N2 Mnl NI  69.66(5) C3 C4 C5 118.77(17)
N5 Mnl CI1 107.89(4) NI C5 C4 122.22(16)
N5 Mnl CI2 107.694) NI C5 C6 115.76(14)
N5 Mnl NI 140.1855) C4 C5 Co6 122.01(15)
N5 Mnl N2 71.91(5) N2 Co6 C5 113.40(14)
Cl NI Mnl 123.74(12) N2 C6 C7 126.04(15)
Cl NI C5 11827(15) C5 C6 C7 120.56(14)
C5 NI Mnl 117.25(11) N4 C8 N3 114.04(15)
N3 N2 Mnl 114.76(10) N5 C8 N3 118.23(15)
C6 N2 Mnl 12292(11) N5 C8 N4 127.73(16)
C6 N2 N3 122.24(14)
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5.2 Crystal Structures details of Complex C2

J

Figure S5: Molecular structure of complex 2 with displacement ellipsoids drawn at 50 % probability
level. (C in grey, H in white, N in blue, Mn in dark blue, Cl in green). All hydrogen atoms attached to
the nitrogen atoms were found in the Difference Fourier Map and refined freely.

Figure S6: Molecular structure of complex 2 with displacement ellipsoids drawn at 50 % probability
level. H atoms are omitted for clarity (C in grey, N in blue, Mn in dark blue, Cl in green).
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Table 5. Crystal data and structure refinement for C2 (CCDC 2348644).

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
p/e

v/°

Volume/A3

V4

Pealeg/cm’
wmm-!

F(000)

Crystal size/mm’
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

aa310 auto
C12H17MnN;sO4

350.24

100.00(10)

triclinic

P-1

8.3343(3)

8.4136(3)

12.5945(4)

73.241(3)

83.832(3)

60.862(3)

738.05(5)

2

1.576

7.526

362.0

0.16 x 0.12 x 0.08

Cu Ka (A =1.54184)
7.336 to 160.038
-10<h<8,-10<k<10,-16<1<16
21434

3124 [Rine = 0.0406, Rgigma = 0.0244]
3124/0/218

1.126

R;=0.0284, wR,=0.0797
R1=0.0299, wR, = 0.0805
0.36/-0.44
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Table 6. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters

(A2x10°) for aa310_auto. U is defined as 1/3 of the trace of the orthogonalised Uy tensor.

Atom
Mnl
0)}
02
03
04
N1
N2
N3
N4
N5
Cl
C2
C3
C4
C5
Co
C7
C8
C9
Cl10
Cl1
Cl12

X
6881.0(3)
6725.0(17)
7643.3(17)
8936.2(17)
10625.4(17)
7569.7(19)
4818.2(19)
3461(2)
1838(2)
4598(2)
8970(2)
9514(2)
8542(2)
7071(2)
6615(2)
5063(2)
3989(2)
3324(2)
7262(2)
7444(3)
10472(2)
12169(3)

y
3712.5(4)

6492.1(17)
5183.6(17)
926.4(17)
2313.2(18)
3257.7(19)
3105.7(19)
3093(2)
3984(2)
4136(2)
3399(2)
2952(3)
2321(3)
2187(2)
2661(2)
2561(2)
1792(3)
3766(2)
6526(2)
8217(2)
894(2)
-909(3)

Z
7688.4(2)
7081.7(10)
8847.3(10)
8425.1(11)
7706.7(10)
5906.8(12)
7007.4(11)
7700.3(12)
9201.9(13)
8782.6(12)
5344.0(15)
4342.3(15)
3900.4(15)
4464.8(14)
5467.3(13)
6120.8(13)
5759.8(14)
8601.0(14)
7977.9(14)
7995.9(15)
8279.4(14)
8811.0(18)

U(eq)
17.44(10)
21.0(3)
20.6(2)
22.9(3)
22.8(3)
18.1(3)
16.9(3)
18.5(3)
23.5(3)
20.7(3)
21.1(3)
23.3(4)
22.7(4)
20.5(3)
17.0(3)
16.8(3)
20.7(3)
18.1(3)
17.9(3)
24.1(4)
20.3(3)
31.6(4)
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Table 7. Bond Lengths for aa310_auto.
Atom Atom Length/A Atom Atom Length/A
Mnl Ol 2.1828(12) N2 C6 1.286(2)
Mnl 02 24642(12) N3 C8 1.378(2)
Mnl O3 2.1135(13) N4 C8 1.341(2)
Mnl NI 23485(14) N5 C8 1.301(2)
Mnl N2 23187(14) C1  C2  1.387(3)
Mnl N5 2.1690(15) C2 C3 1.391(3)
Ol €9 12712) C3 C4 13873)
02 C9 1.260(2) C4 C5 1.392(2)
03 Cl11 1.261(2) C5 C6 14812
04 CIl1 12632) C6 C7 1.498(2)
NI Cl 13372) C9 CI0 1.509Q2)
NI C5 13552) CI1 CI2 1510Q2)
N2 N3 1.355(2)
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Table 8 .Bond Angles for aa310 auto.

Atom Atom Atom Angle/° Atom Atom Atom Angle/’
Ol Mnl 02 56354) C6 N2 N3 121.33(14)
Ol Mnl NI 90.24(5) N2 N3 C8 115.10(14)
Ol Mnl N2 12030(5) C8 N5 Mnl 120.70(12)
03 Mnl Ol 136.14(5) NI Cl C2 123.83(16)
O3 Mnl 02 952450 C1 C2 C3 117.89(16)
O3 Mnl NI 91355) C4 C3 C2 119.14(16)
O3 Mnl N2 100.50(5) C3 C4 C5 119.41(16)
O3 Mnl N5 104.12(5) NI C5 C4 121.65(15)
NI  Mnl 02 136.26(5) N1 C5 C6 115.56(14)
N2 Mnl 02 151.46(5) C4 C5 Co6 122.79(15)
N2 Mnl NI 67.34(5) N2 C6 C5 113.90(14)
N5 Mnl Ol 10435(5) N2 C6 C7 125.64(15)
N5 Mnl 02 83.07(5) C5 Co6 C7 120.40(14)
N5 Mnl N1 136.67(5) N4 C8 N3 114.81(15)
N5 Mnl N2 70.11(5) N5 C8 N3 118.51(15)
C9 Ol Mnl 9739(10) N5 C8 N4 126.68(16)
C9 02 Mnl 847790 Ol C9 Cl10 118.99(15)
Cll O3 Mnl 107.74(11) 02 C9 O1 121.47(15)
Cl N1 Mnl 12293(11) 02 C9 CI10 119.54(15)
Cl NI C5 118.08(14) O3 Cl11 04 122.13(16)
C5 NI Mnl 118.72(11) O3 Cl11 Cl12 118.32(16)
N3 N2 Mnl 114.62(10) 04 CI11 Cl12 119.55(16)
C6 N2 Mnl 123.36(11)
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5.3 Crystal Structures details of Complex C3

Figure S7: Molecular structure of complex 3 with displacement ellipsoids drawn at 50 % probability
level. (C in grey, H in white, N in blue, Mn in dark blue, Cl in green). All hydrogen atoms attached to
the nitrogen atoms were found in the Difference Fourier Map and refined freely.

Figure §8: Molecular structure of complex 3 with displacement ellipsoids drawn at 50 % probability
level. H atoms are omitted for clarity (C in grey, N in blue, Mn in dark blue, Cl in green).
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Table 9. Crystal data and structure refinement for C3 (CCDC 2348861).

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/lA

b/A

c/A

o

o/
p/e

v/°

Volume/A?

V4

Pealcg/cm?
wmm'!

F(000)

Crystal size/mm’
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

AA2-130 auto
C12H12BI‘MHN403
395.11

99.99(10)
monoclinic

P21/n
10.51700(10)
9.98160(10)
14.63770(10)

90

90.8590(10)

90

1536.44(2)

4

1.708

10.177

784.0

0.18 x0.12 x 0.09

CuKa (A = 1.54184)

10.284 to 160.232

-12<h<13,-12<k<12,-18<1<17

16918

3368 [Rint = 0.0322, Rigma = 0.0251]

3368/0/200
1.082

R1=0.0230, wR> = 0.0595
R1=0.0237, wR, = 0.0598

Largest diff. peak/hole / e A3 0.39/-0.52
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Table 10. Bond Lengths for AA2-130 auto.
Atom Atom Length/A

Brl
Mnl
Mnl
Mnl
Mnl
Mnl
o1
02
03
N1
N1

Mnl
N1
N2
C10
Cll1
Cl12
C10
Cll1
C12
Cl1
C5

2.5354(3)
2.0458(15)
2.0411(14)
1.8167(19)
1.8201(18)
1.806(2)
1.146(2)
1.146(2)
1.142(2)
1.337(2)
1.358(2)

Atom Atom Length/A

N2
N2
N3
N4
Cl
C2
C3
C4
C5
Co6
C8

N3
C6
C8
C8
C2
C3
C4
Cs
C6
C7
C9

1.413(2)
1.291(2)
1.301(2)
1.337(2)
1.390(3)
1.386(3)
1.388(3)
1.385(3)
1.473(2)
1.498(2)
1.498(3)

Table 11. Bond Angles for AA2-130 auto.

Atom Atom Atom Angle/’

N1
N2
N2
C10
C10
C10
C10
Cl1
Cl11
Cl11
Cl12
Cl12
Cl12
Cl12
Cl12
C1
C1
C5
N3

Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
Mnl
N1

N1

N1

N2

Brl
Brl
N1
Brl
N1
N2
Cl1
Brl
N1
N2
Brl
N1
N2
C10
Cl1
Mnl
C5
Mnl
Mnl

82.95(4)
90.67(4)
77.81(6)
89.95(6)
169.71(7)
94.91(7)
90.34(8)
88.44(6)
96.87(7)
174.67(7)
178.69(6)
97.15(7)
90.63(7)
90.12(8)
90.25(8)
126.24(13)
118.23(16)
114.96(12)
123.84(11)

Atom Atom Atom Angle/°

Co6
Co6
C8
N1
C3
C2
(O8]
N1
N1
C4
N2
N2
Cs
N3
N3
N4
01
02
O3

N2
N2
N3
Cl
C2
C3
C4
Cs
Cs
Cs
C6
C6
C6
C8
C8
C8
C10
Cll1
Cl12

Mnl
N3
N2
C2
Cl
C4
C3
C4
Co6
Co6
Cs
C7
C7
N4
C9
C9
Mnl
Mnl
Mnl

118.16(12)
117.08(14)
114.91(14)
122.70(18)
118.99(18)
118.74(18)
119.20(18)
122.13(17)
114.40(15)
123.46(16)
114.18(15)
124.59(17)
121.23(16)
125.27(17)
117.23(16)
117.49(16)
179.49(16)
178.65(17)
176.78(17)
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6.0 'H and '3C NMR spectra of synthesized compounds:
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Mass-spectrum of ligands:
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7.0 The 3D structures and coordinates of the optimized reactant, intermediates, and products

St-1

1

TO0ONOZLOX T OAOOINNOQZIDZIOIIZOZZOTZT TN ZIOOOONO

-3.83996500
-2.74443000
-1.47886500
-2.34803400
-3.64083100
-4.84166000
-2.85682000
-0.58627100
-4.47379500
-1.96051400
-0.69482200
-0.00173200
1.27645100
2.08676400
1.76399600
3.03270900
1.54965000
2.44874000
-1.28848000
-2.86897700
-3.71408900
-3.26513400
-2.33659900
1.41068000
2.58073100
2.93575200
3.93383900
2.88107400
2.20783200
3.33929800
0.45868400
0.07415600
0.53066600
0.78591900
0.81044900
1.88188700

Energy=-1144.962547 Hartree
1

-1.81335200
-2.65874900
-2.12067000
0.02463900
-0.44756900
-2.21108700
-3.73090000
-2.73044200
0.24352700
1.43018000
1.53098900
2.68304500
2.43425000
3.45905100
4.41158300
3.28552100
1.16875500
0.83072900
-0.81108500
2.56490500
2.25262000
2.97884000
3.36125400
-1.55229800
-1.69234900
-3.12594500
-3.19853500
-3.70547200
-3.55374200
-0.78002400

-0.03165500 0.12815700

-1.16110900
-0.20338100

0.84823300
-0.26271300
-0.43500000

-0.63190200
-0.61028700
-0.44742300
-0.36776400
-0.50951900
-0.74208100
-0.70499700
-0.39825500
-0.52476700
-0.33367400
-0.13884100
-0.32433800
-0.73750300
-0.97796900
-0.95876300
-1.27417700
-0.86480400
-1.21462600
-0.32938900
-0.61112400
-1.22330100

0.32171600
-1.13672600
-0.46408800
-1.03182300
-1.30777500
-1.73500800
-0.38362700
-2.00202200
-1.32617900

1.84235000
2.50194300
1.82209400
3.95632400
4.09514300
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0.56130900 0.68608400 4.43247700

0.26120700
-0.31999500

-3.95185400
-3.61627500
-2.27980800
-1.62660400
-2.94444400
-4.99026600
-4.37351900
-1.96648100
-3.17799400
-0.45923000
0.61830900
1.86840600
2.69975400
3.96858700
4.37062500
4.58442300
2.14673300
-1.30800000
-0.51794300
-0.42296400
-1.46355200
0.27943400
0.27213200
0.48461100
0.50576600
0.30797500
1.50587700
-0.20911900
0.70022300

0.59721800

2.02417300

-1.08116800
3.55839700

Energy=-916.039985 Hartree
1

-0.66611700
0.47877500
0.80453200

-1.08948800

-1.46469000
-0.93912600
1.12464100
1.70133900
-2.36817100

-1.86053800

-1.23426800

-1.72003100

-1.01410000

-1.39861100

-2.09329600

-0.86854900

-0.01820800
0.04775500

-3.19944500

-3.12022300

-3.69269100

-3.85340800
2.51078400
2.52584500
3.78256900
3.58959500
4.21831000
4.49574800
1.39598300

0.54859500

-2.68368600

4.41864100
0.06358600

-0.16066900
-0.86411500
-1.01147000
0.15823600
0.35582600
-0.01561500
-1.28896300
-1.53182800
0.90399500
0.56831100
0.24658900
0.36945500
-0.48232100
-0.58545300
0.02096700
-1.17996300
-1.11237900
-0.50293100
1.20044300
2.28785400
0.97948700
0.83913000
-0.56183700
0.68933600
1.46957000
2.52272900
1.37747500
1.06014700
1.23601700
-0.49817000
0.63955000
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4.57677200
3.74295200
2.47987500
2.85027800
4.12521500
5.57084900
4.05812700
1.79001600
4.75547000
2.28365300
1.08766400
0.37758400
-0.58788200
-1.31099300
-1.33178300
-2.07231700
-0.68380500
2.03413900
3.03924400
3.75353200
3.60330400
2.37868900
-0.26770000
-1.28153900
-1.47960100
-2.34600200
-0.58925500
-1.61208000
-1.99046400
0.18139500
-0.72144900
-2.47471500
-2.99020000
-3.31973600
-4.33614400
-2.34261200
-4.66476100
-2.92530900
-5.17428200
-4.73123600
-5.31803800
-6.22760600
0.14721300
-0.04901300
1.06122500

Energy=-1720.626700 Hartree
1

-0.96310700
-1.98028100
-2.09344800
-0.26742400
-0.09491500
-0.84837900
-2.68729500
-2.87067400
0.70401700
0.51130000
0.11927900
0.54139100
-0.42291300
-0.25487500
0.63252600
-0.89217700
-1.39337600
-1.25313900
1.54911300
1.09473200
2.17517000
2.20897100
-2.84727800
-3.09035600
-4.55005200
-4.69586600
-4.95644900
-5.09721600
-2.22398600

-1.32482800  0.57398200

0.25010300
0.68315400
1.76719400
-0.08079500
2.08225900
2.36881400
0.24191800
-0.93482000
1.32148900
2.92277700
-0.36051300
1.56863300
1.84094400
2.85834600
2.03387100

-1.23457300
-1.66632300
-1.11298800
0.25796400
-0.25484500
-1.65004400
-2.42236100
-1.41321900
0.11309800
1.34978000
1.61126200
2.68106000
2.96147000
4.07642500
4.55053400
4.24244900
2.11986100
-0.17854800
2.09231600
2.78619700
1.39933000
2.65493400
-0.35832400
-1.15322200
-1.44352200
-2.08515400
-1.92986500
-0.50740900
-1.62872600

-0.80281700
-0.62831000
-1.33795900
0.17026300
-1.24367200
-1.96563600
0.26554900
0.70695200
-0.44033000
-1.80272600
0.88651100
-0.36900000
-0.93122400
0.00254500
-1.96551200
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0.65425500
-0.76858800
1.76890600
1.21150500
1.56582800
0.48320100
2.46936400
2.10748400
0.87148100
-0.59339800

4.04550700
2.86632900
1.68233300
2.78725500
4.00751200
4.98804900
2.85406200
0.72933600
4.91455400
2.61328300
1.37344300
0.94224200
-0.21997100
-0.64623400
-0.21268200
-1.53290200
-0.77530100
1.63869600
3.73331400
4.19914200
4.50570700
3.40520400
-1.06255500
-2.09494700
-2.52712200
-3.36165600

4.04782000
2.72696600
3.22364700
1.25616000
4.23172800
4.84018000
3.36751600
5.16703900
1.01304000
-0.17582400

Energy=-1720.647516 Hartree
1

-1.57966000
-2.02010300
-1.88161800
-0.90597600
-1.01858800
-1.67667100
-2.46623400
-2.20761500
-0.68120500
-0.41325000
-0.49504400
-0.29366800
-0.98775700
-1.03642400
-0.49207200
-1.46689900
-1.53884100
-1.33164300
0.03369200
-0.81174700
0.52207300
0.76086800
-2.31624800
-3.02566900
-4.00558800
-4.60989200

-0.10230500
0.80394900
-2.06484200
-2.70785700
-1.13436100
0.61801200
-2.87985700
-1.21936100
3.43020100
-2.13639800

-2.24122000
-2.82003500
-2.11701500
-0.32700100
-0.97569000
-2.76650800
-3.80614600
-2.51503400
-0.49191700
1.03554700
1.38987100
2.66243600
2.91816900
4.17858300
4.90517700
4.38182700
1.88237500
-0.90578700
1.90286900
2.42019200
1.30808600
2.64806400
-0.84231500
-0.50541400
-1.56416800
-1.21386400
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-2.82302900
-1.69049800
-2.70467700
0.01641900
-0.55031000
-2.26856100
-2.63467800
-3.26832300
-3.97227900
-1.87454700
-4.60286900
-3.00205800
-4.95905000
-4.24526000
-5.36818100
-6.00504700
0.44555000
0.11918600
1.60918200
0.94195200
-0.78339800
2.42805500
1.86172200
2.09684200
0.67978800
3.32165500
2.73439000
1.62824800
-1.64147800

-3.45960300 -2.46357400

-1.83945700

-2.93879200  0.55737300
-1.11666500  0.19223900

-4.65179700

0.79512200
1.28983400
2.51786200
0.39344400
2.84300900
3.21766100
0.72712700
-0.56839600
1.95185100
3.79690400
0.02465600
2.21059800
2.29481300
3.35215900
2.37557500
4.46327200
3.30468100
3.49205600
1.56861900
4.53555200
5.27887800
3.55079900
5.41040500
-0.17958500
-2.06719600

Energy=-2122.110598 Hartree

11
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5.27702500
4.38795600
3.26699900
3.86756900
5.01283700
6.16721000
4.55657600
2.53698500
5.68658000
3.41214200
2.29932500

-3.29299500
-2.86457200
-2.15216500
-2.29599800
-3.01008600
-3.84773000
-3.07022400
-1.78509800
-3.34800800
-1.99770200
-1.34188000

-0.39796100
-0.54311600
-1.10484100
-0.15070400
-1.25500000
-1.43126000
-0.30677600
0.27376200
-0.85508700
-1.69197000
0.00345000
-0.97480600
-0.32253100
0.53183800
-1.08973000
0.61318900
1.13106100
-1.00776400
-1.76840100
-0.15572100
1.27768600
-1.61905600
-0.09565700
3.39594900
1.96419400

-1.72616500
-2.69907000
-2.31269000
-0.07537700
-0.39684200
-1.99790200
-3.74825600
-3.02378500

0.37939000

1.27638000

1.24479000
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1.55424100
0.21567400
-0.65647800
-0.35759800
-1.65264900
-0.04367600
3.01672200
4.06610300
3.47597300
5.05636400
4.17820600
0.48920100
-0.78288600
-1.13856400
-2.21689000
-0.66386200
-0.75090800
-1.65305200
1.46318400
2.29193600
1.32656300
1.93687600
-0.04966500
1.18151100
3.00495500
-0.79625000
-0.53742500
-0.18572000
1.66511600
-1.86330200
-0.77361000
3.73262700
3.62306500
4.98434800
4.74308600
2.65760500
6.10386800
5.08217000
5.98475900
4.64805200
7.07358000
6.86078600
1.83037500
-1.00339000
-10.55849400
-9.40778000
-8.16501000
-8.04944400
-9.21468100
-10.45964300
-11.53107100
-9.48464700
-7.27980800
-9.13499100
-11.35343700

-1.09982800
-0.97495600
-0.90197400
-0.89495500
-0.79816900
-0.94459500
-1.86269700
-2.45462200
-3.23908900
-2.86180300
-1.62449300
-0.94827900
-0.88941000
-1.20530100
-1.18114300
-0.47686800
-2.18971400
-0.60183800
-0.83495000
1.07864000
2.53761100
3.78255400
241319600
4.87859200
3.89396100
3.51498300
1.45369000
4.74911400
5.83843100
3.40680100
5.61001300
1.63249100
2.54438800
1.09364100
2.90544300
2.97389300
1.46081100
0.39789300
2.36515900
3.61481300
1.04780400
2.65606800
-1.52076000
-0.84207800
-0.03076300
-0.03878100
-0.15825000
-0.27271200
-0.26340300
-0.14293200
0.06427300
0.04895000
-0.16167800
-0.35039600
-0.13697700

2.35108700
2.03817200
3.02885700
3.98919800
2.82069200
0.75874100
-1.03785800
2.52720600
3.01461800
2.33901100
3.23071200
-2.04408900
-2.28653200
-3.71685400
-3.86247900
-4.37901900
-3.98938600
-1.46989500

-0.39576900

-0.38583200
-0.79165700
-0.97884900
-1.00534100
-1.36016300
-0.83262300
-1.38865900
-0.87208900
-1.56480400
-1.50317700
-1.54781400
-1.86275700
0.54612900
1.60017300
0.24197500
2.33058100
1.84425800
0.97394600
-0.58425400
2.01922600
3.14516500
0.71954400
2.58799300
3.22871700
0.43895800
-0.55115100
-1.33251000
-0.74173900
0.64844700
1.42124500

0.82737000

-1.02047700
-2.41014500
-1.36717300

2.50006400

1.44045100
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-6.77663600
-5.55464700
-4.39404200
-3.43310600
-6.83786800
-5.38337500

3.33063600
2.49078900
1.87534200
2.88914900
3.53075900
3.83209100
2.30624700
1.22347000
4.18492500
3.05184600
2.30936900
2.37190500
1.72901600
1.92980700
2.34185100
1.43956500
1.00448000
0.56024400
2.06807700
4.00406700
4.83901000
4.42710800
3.50966800
1.55314700
2.62886100
3.43165600
3.30161200
4.48439600
3.07297300
2.95708600

-0.40007300
-0.41843100
-0.54452300
-0.64578500
-0.48805000
-0.33881300

1.33379100
0.77509300
1.56816600
2.19677400
2.41524100
-0.29280300

Energy: -2122.097612 Hartree
11

3.24613600
2.59393100
1.41961100
1.52047300
2.70242900
4.16351800
2.97435400
0.87155500
3.19303500
0.84021300
-0.20455000
-1.00133000
-2.20931100
-3.13741900
-2.89918100
-4.01399700
-2.30486500
-3.20607100
0.88744300
1.25590300
0.54774100
2.23993200
1.27653800
-1.36807200
-1.96451500
-2.66865900
-2.20068000
-2.69048500
-3.70011800
-1.95343400

-1.64100800
-2.52156500
-2.11456700
-0.04708200
-0.38192500
-1.92505500
-3.51773900
-2.77986200
0.32533400
1.23650600
1.33823800
2.42907500
2.24870600
3.19403400
4.07971400
3.13447900
1.19191900
1.05879100
-0.91314800
2.29764700
2.35620000
2.11594900
3.27366100
-2.19145900
-1.89235900
-2.92854600
-3.90394000
-2.64871000
-2.99571600
-0.68052400

1.23672400 -0.87149700 -0.23713100
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-0.73593700
-1.24419900
-2.39798600
-0.52886800
-2.82283500
-2.96871600
-0.95618100

0.36863100
-2.10292000
-3.72200500
-0.39052800
-2.43563600
-1.24812500
-1.92744200
-0.86958800
-2.22801500
-2.24997600
-1.17438300
-0.34482200
-1.85394200
-2.76883600
-0.88230800
-2.09710200
-5.84591600
-4.91405100
-3.55604900
-3.10754800
-4.05447000
-5.40993000
-6.90620900
-5.24203400
-2.84368700
-3.72474100
-6.12938000
-1.64446100
-1.46492500
-0.58734100
-0.70577900
-0.45563800
-0.30790800

3.20049800

0.36892100
1.15395800
1.93997500
0.92489900
2.47887800
2.13180200
1.46683500
0.32065600
2.24438500
3.08382600
1.28066500
2.66919400
1.58862300
1.24606400
2.92052600
2.21252300
0.22839500
3.88319400
3.21614500
3.53167500
1.92900200
4.91350900
4.28623400
-1.59280400
-1.96298700
-1.83500900
-1.33599800
-0.98612000
-1.10625100
-1.69334800
-2.36171900
-2.14557100
-0.62284400
-0.82780900
-1.21716400
-1.67878900
-1.74245600
-1.34128500
-3.16169200
-4.30796700
-0.96132600

Cinnamonitrile
’ d M
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Energy=-401.464294 Hartree
01
C -3.12785200  0.19197700

0.27724100
1.84279200
1.89800500
3.01589500
3.10146700
0.99729100
4.21989800
2.99600300
4.26506700
3.12897700
5.12606500
5.20529700
-0.96994900
-2.13722200
-0.77973500
-3.08710900
-2.30728000
-1.72761600
0.12229500
-2.88600200
-3.98287500
-1.55834200
-3.62540600
-0.77595800
-1.73258100
-1.47422700
-0.25465900
0.70830000
0.44910500
-0.97813500
-2.68605300
-2.23074400
1.67573600
1.21117400
0.06735000
1.04487900
-0.89860300
-1.90297900
-0.96711000
-0.93565900
3.00777600

0.00034800
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-2.27125100
-0.90222000
-0.35947800
-1.23238200
-2.60485500
-4.20139500
-2.67751700
-0.24975000
-0.82252100
-3.26671400
1.07103900
2.05105700
3.41729600
4.53736300
1.35552900
1.85271000

DiphenylPhosphine

1.28763000
1.10223000
-0.18746900
-1.27874200
-1.09195600
0.34310600
2.29275000
1.96796300
-2.28352700
-1.95049700
-0.44835500
0.46777700
0.09776100
-0.17883000
-1.49707600
1.53397400

-0.00014000
-0.00051300
-0.00041700
-0.00002700
0.00041600
0.00062600
-0.00026900
-0.00095100
-0.00000700
0.00076800
-0.00067300
0.00066000
0.00032700
0.00000100
-0.00202000
0.00195500

Energy=-804.591193 Hartree

01
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3.67774600
3.78942400
2.67908800
1.45009900
1.34779400
2.45370200
4.54137300
4.73996900
2.76528300
0.39614600
2.36056600
0.05563000
0.01272200
-1.42196800
-1.81372300
-2.21414300
-2.95461000
-1.21928000
-3.36642600
-1.92708500
-3.73633200
-3.24110900
-3.97285300
-4.63408600

-1.22675300
0.09602700
0.92816400
0.45387800

-0.87863600

-1.71301300

-1.88161900
0.48061900
1.95865900

-1.26814700

-2.74831300
1.64979700
1.85076300
0.58372100
0.10271800
0.28749800

-0.67179200
0.33866200

-0.47439700
0.65354200

-0.95988900
-1.04353300

-0.69416000

-1.55858900

0.00701500
0.40715400
0.36872000
-0.08651800
-0.48268300
-0.43379700
0.04386900
0.76028000
0.69916400
-0.82748200
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8. ORTEP diagrams:
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