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Experimental procedures

Caution! Beryllium and its compounds are regarded as toxic and carcinogenic. As the biochemical
mechanisms that cause beryllium associated diseases are still unknown,!* ? special (safety) precautions
are strongly advised."!

General experimental techniques

All manipulations were performed under an inert gas atmosphere of argon either by working in a glove
box or by using Schlenk techniques. Benzene was dried by refluxing over sodium and subsequent
distillation under argon, while dichloromethane and chloroform were dried over CaH,. C¢Ds and
toluene-d; were dried over Na/K-alloy and CD,Cl, and CDCls over CaH,. All NMR solvents were freshly
distilled before use and all NMR spectra were recorded in J. Young NMR tubes. BeCl,, BeBr; and Bel,
were prepared according to the literature./* > PCy; was purchased from ABCR and used as received,
while PMes was synthesized following literature procedure.®

X-ray structure determination

Single crystals were selected under a pre-dried argon stream in perfluorinated polyether (Fomblin YR
1800, Solvay Solexis) and mounted using the MiTeGen MicroLoop system at ambient temperature. X-
ray diffraction data was collected using the monochromated Cu-K, (A = 1.54178 A) radiation of a Stoe
StadiVari diffractometer equipped with a Xenocs Microfocus Source and a Dectris Pilatus 300 K
detector or monochromated Mo-K, (A = 0.71073 A) radiation of a Stoe IPDS 2 diffractometer equipped
with an Image Plate detector. Evaluation, integration and reduction of the diffraction data was carried
out using the X-AREA software suite.[”) Multi-scan absorption correction was applied with the LANA
module of the X-AREA software suite. The structures were solved with dual-space methods (SHELXT-
2018/2) and refined against F? (SHELXL-2018/3) using the SHELXLE software package.®% All atoms were
located by Difference Fourier synthesis and non-hydrogen atoms refined anisotropically. Hydrogen

Ill

atoms were refined using the “riding model” approach with isotropic displacement parameters 1.2
times of that of the preceding carbon atom. For the crystal data and details of the structure
determination see tables S1 — S3. CCDC 2239416 — 2239422 contain the supplementary
crystallographic data for this paper. This data can be obtained free of charge from The Cambridge

Crystallographic Data Centre.

NMR spectroscopy

1H, °Be, 13C and 3P NMR spectra were recorded on Bruker Avance Il HD300 and Avance Il AV500
spectrometers. The latter was equipped with a Prodigy Cryo-Probe. H (300 / 500 MHz) and 3C (76 /
126 MHz) NMR chemical shifts are given relative to the solvent signal for C¢Ds (7.16 and 128.1 ppm),
toluene-d; (2.09/6.98/7.00/7.09 and 20.4/125.5/128.3/129.2/137.9 ppm), CDCl; (7.26 and 77.2 ppm)
and CD,Cl, (5.32 and 53.8 ppm). °Be (42 MHz) and 3!P (122 and 202 MHz) NMR spectroscopy used
0.43 [M] BeSO, in D,0 and 85 % HsPO. as an external standard, respectively. NMR spectra were
processed with the MESTRENOVA software package.!*!

IR spectroscopy

IR spectra were recorded on a Bruker alpha FTIR spectrometer equipped with a diamond ATR unit in
an argon-filled glovebox. Processing of the spectra was performed with the Opus [*? software package
and MESTRENOVA.!Y
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Synthesis and characterization

General procedure for the synthesis of [(PMes).BeX>] (1a-c): A Schlenk flask was charged with 100 mg
beryllium halide and suspended in 20 ml of benzene. To this mixture approximately three equivalents
PMes; were added with an air-displacement pipette inside a glove box. The reaction vessel was closed
immediately and stirred at ambient temperature overnight. Subsequent removal of all volatiles in
vacuo gave the title compounds in quantitative yields as colourless solids. Crystals of 1b and 1c were
grown from an oversaturated benzene solution at ambient temperature over the course of several
weeks.

[(PMes),BeCl;] (1a): *H NMR (500 MHz, CsD¢) & = 0.76 (s, 1H); *H NMR (500 MHz, Tol-ds) 6 = 0.68 (vt,
|2Jp + “Jpi| = 3.5 Hz); 'H NMR (300 MHz, CDCl3) 6 = 1.25 (d, Ypn = 8.6, 1H); °Be NMR (70 MHz, CsD¢) & =
4.6 (bs, wi/2 = 31.9 Hz); °Be NMR (42 MHz, CDCl3) 6 = 4.1 (t, Yger = 41.0, w12 = 10.3 Hz); 3P NMR (202
MHz, CsD¢) 6 = -46.2 (bs, w12 = 184.0 Hz); 3P NMR (202 MHz, Tol-dg) & = -45.2 (q, Yser = 39.7 Hz); 3P
NMR (122 MHz, CDCls) 8 = -44.1 (9, Yser = 41.0 Hz).

[(PMe3),BeBr;] (1b): *H NMR (500 MHz, CsDg) 6 = 0.76 (vt, |pu + “pu| = 3.6 Hz); *H NMR (500 MHz, Tol-
dg) 6 = 0.79 (dd, %Jpn = 2.6 Hz, “Jpy = 1.6 Hz); 'H NMR (500 MHz, CDCl3) 6§ = 1.32 (dd, %pu=3.9 Hz,
“Jon = 3.9 Hz); °Be NMR (42 MHz, CsD6) & = 2.8 (t, Uger = 42.7 Hz, w12 = 3.1 Hz); °Be NMR (42 MHz, Tol-
dg) 6 =27 (d, 1-/BeP =41.7 HZ, Win = 5.2 HZ); 9Be NMR (42 MHZ, CDC|3) 6 =26 (t, 1JBep = 43.6,
w1/2 = 3.3 Hz); 3'P NMR (202 MHz, C¢Ds) 6 = -46.5 (q, Yser = 42.7 Hz); 3'P NMR (122 MHz, Tol-ds) 6 =
-46.8 (0, Yser = 42.4 Hz); 3P NMR (122 MHz, CDCls) & = -45.2 (q, Yser = 43.6 Hz); 3C NMR (126 MHz,
CesDs) 6 = 9.3 (vt, |Ypc + 3Jpc| = 12.0 Hz); 3C NMR (126 MHz, Tol-ds) 6 = 9.2 (vt, |YJpc + 3Jpc| = 11.8 Hz);
13C NMR (126 MHz, CDCl3) & = 10.0 (vt, |Ypc + ¥Jpc| = 12.5 Hz). IR (cm™): 2978 (w), 2910 (w), 1473 (w),
1422 (m), 1305 (w), 1289 (m), 967 (m), 948 (s), 910 (w), 869 (w), 851 (w), 744 (s), 689 (m), 585 (s), 543
(vs), 522 (vs).

[(PMes);Bel] (1c): *H NMR (500 MHz, CsDs) 6 = 0.79 (dd, Upn = 4.2 Hz, “Jpu = 4.0 Hz); 'H NMR (500 MHz,
Tol-dg) & =0.81 — 0.89 (m); *H NMR (500 MHz, CD,Cl,) & = 1.38 (dd, %pn = 4.1 Hz, “Jpy = 4.1 Hz, 1H); H
NMR (300 MHz, CDCls) & = 1.40 (dd, e = 4.0, “Jpr = 4.0, 1H); °Be NMR (42 MHz, CsDs) 6 = -2.2 (t,
Ygep = 44.6 Hz, w1/ = 3.8 Hz); Be NMR (42 MHz, CD5Cl,) 6 = -2.2 (t, Yser = 45.6 Hz); °Be NMR (42 MHz,
CDCls) 8 = =2.2 (t, Ygep = 45.4 Hz, w12 = 4.6 Hz); 3P NMR (202 MHz, CsDs) & = -49.6 (q, Ysep = 44.6 Hz);
31p NMR (202 MHz, Tol-ds) & = =50.4 (q, Yser = 43.8 Hz); 3'P NMR (202 MHz, CD,Cl,) 6 = -48.3 (q,
Ugep = 45.6 Hz); 3'P NMR (202 MHz, CDCls) 6 = -47.9 (q, Yser = 45.3 Hz); 3C NMR (126 MHz, CsDs) 6 =
9.5 (dd, Ypc = 14.3 Hz, 3Jpc = 13.2 Hz); 23C NMR (126 MHz, CD,Cly) & = 10.2 (vt, | Ypc + 3Jpc| = 14.3 Hz);
13C NMR (126 MHz, CDCl3) 6 = 10.3 (dd, Ypc = 15.0 Hz, 3Jpc = 13.2 Hz). IR (cm™): 2972 (w), 2957 (w),
2908 (w), 2809 (w), 1420 (m), 1307 (w), 1287 (m), 1034 (w), 948 (s), 851 (w), 783 (w), 744 (m), 696 (w),
594 (m), 512 (m), 483 (vs), 416 (w).

General procedure for the synthesis of [(PMes)BeX:] (2a-c): 50 mg of compound 1a-c and an equimolar
amount of the corresponding beryllium halide were weighed into a Schlenk flask and 20 ml benzene
was added. Stirring of the obtained suspension at ambient temperature overnight resulted in a
colourless solution. Removal of all volatiles in vacuo gave the title compounds as colourless solids in
guantitative yield. Crystals of 2a, 2b and 2c were grown from an oversaturated benzene solution at
ambient temperature over the course of several weeks.

[(PMes)BeCl5]; (2a): *H NMR (300 MHz, C¢Ds) & = 0.69 (d, Zpn = 8.5 Hz); *H NMR (500 MHz, CD,Cl,) 6 =
1.32 (d, 2 = 8.5 Hz); 'H NMR (500 MHz, CDCls) & = 1.35 (d, 2Jpn = 8.6 Hz); °Be NMR (42 MHz, CsDs) & =
5.7 (d, Yger = 56.4, w1/2 = 6.4 Hz); °Be NMR (42 MHz, CD,Cl;) § =5.2 (d, Yser = 56.3 Hz, w12 = 9.7 Hz); 3P
NMR (122 MHz, CeDe) 6 = -47.3 (q, Yeer = 56.4 Hz); 3'P NMR (202 MHz, CD,Cl;) 6 = -45.4 (q,
Yger = 56.3 Hz); 3P NMR (122 MHz, CDCls) & = -45.9 (q, Yser = 56.0 Hz); 3C NMR (76 MHz, CsDs) & = 8.2
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(d, Ypc = 25.6 Hz); 3C NMR (126 MHz, CD5Cl) 6 = 9.0 (d, Ypc = 26.0 Hz. IR (cm™): 2994 (w), 2910 (w),
1587 (w), 1483 (w), 1422 (m), 1313 (w), 1291 (m), 1110 (w), 997 (m), 950 (s), 885 (m), 751 (s), 693 (s),
651 (vs), 520 (vs), 506 (vs), 449 (w), 418 (w).

[(PMes)BeBr], (2b): *H NMR (500 MHz, CsDs) & = 0.73 (d, ey = 8.7 Hz); *H NMR (500 MHz, CDCl3) & =
1.38 (d, %pn = 8.7 Hz); “Be NMR (42 MHz, CsDs) 6 = 3.1 (d, Yper =58.2 Hz, w12 = 7.8 Hz); 3P NMR
(202 MHz, C¢Ds) & = -47.7 (q, Yser = 58.2 Hz); 3P NMR (202 MHz, CDCl3) & = -46.7 (q, Yser = 57.1 Hz);
13C NMR (126 MHz, CsDs) & = 7.9 (d, Ypc = 27.2 Hz). IR (cm™): 2982 (w), 2910 (w), 1420 (m), 1307 (w),
1289 (m), 973 (s), 952 (s), 851 (w), 787 (w), 751 (m), 602 (vs), 502 (vs), 463 (vs).

[(PMes)Bel,]; (2¢): *H NMR (300 MHz, CsDe) & = 0.77 (d, ey = 8.8 Hz); *H NMR (500 MHz, Tol-ds) & =
0.78 (dd, “pn = 8.9 Hz, “Jpy = 1.3 Hz); 'H NMR (500 MHz, CDCl3) & = 1.42 (d, %pu = 8.9 Hz); °Be NMR
(42 MHz, CeD¢) & = —6.3 (d, Yper = 58.5 Hz, w12 = 12.8 Hz); 3P NMR (202 MHz, C¢Ds) 6 = -53.8 (q,
gep = 58.5 Hz); 3P NMR (202 MHz, Tol-ds) & = -54.0 (g, Yser = 54.3 Hz); 3P NMR (202 MHz, CDCl3) & =
-52.0 (g, Yser = 62.6 Hz); *C NMR (76 MHz, CsD¢) 6 = 7.6 (d, Ypc = 29.6 Hz). IR (cm™): 2976 (w), 2904
(w), 1593 (w), 1534 (w), 1483 (w), 1458 (w), 1415 (m), 1340 (w), 1305 (w), 1287 (m), 1230 (w), 1081
(w), 1040 (w), 1003 (w), 967 (s), 950 (s), 879 (w), 863 (w), 848 (w), 834 (w), 785 (w), 749 (s), 730 (w),
683 (m), 622 (w), 575 (s), 551 (m), 457 (vs), 410 (vs).

General procedure for the synthesis of [(PCys)BeX:]. (3a-c): A Schlenk flask was loaded with 50 mg of
beryllium halide and an equimolar amount of PCys and 20 ml benzene were added. The obtained
colourless suspension was stirred overnight at ambient temperature. Removal of all volatiles in vacuo
gave the title compounds as colourless solids in quantitative yield. Crystals of 3a and 3b were grown
from an oversaturated benzene solution at ambient temperature over the course of several days.
[(PCy3)BeCl>], (3a): *H NMR (500 MHz, C¢D¢) 6 = 1.00 — 1.34 (m, 3H), 1.47 — 1.61 (m, 1H), 1.64 — 1.80
(m, 4H), 1.99 — 2.25 (m, 3H); 'H NMR (500 MHz, CD,Cl,) & = 1.18 — 1.37 (m, 3H), 1.52 — 1.66 (m, 2H),
1.68 — 1.74 (m, 1H), 1.76 — 1.88 (m, 2H), 1.91 — 2.15 (m, 3H). °Be NMR (42 MHz, C¢D¢) 6 = 6.5 (bs,
w12 = 53.4 Hz); °Be NMR (42 MHz, CD,Cl,) 6 = 6.5 (bs, w1/2 = 74.0 Hz); °Be NMR (42 MHz, CDCl3) 6 = 7.9
(bs, w1/ = 53.6 Hz); 3P NMR (202 MHz, C¢Ds) 6 = -12.8 (bs); *'P NMR (202 MHz, C;Ds) & = -15.0 (q,
Usep = 41.5 Hz); 3P NMR (202 MHz, CD,Cl,) 8 = -12.2 (bq, Yser = 62.8 Hz); 3P NMR (202 MHz, CDCls) &
=-12.7 (bs); 3C NMR (126 MHz, C¢D¢) 6 = 26.3 (s), 27.8 (d, Zpc = 10.0 Hz), 29.4 (s), 31.3 (d, Ypc = 17.4
Hz); 3C NMR (126 MHz, CD,Cl,) 6 = 26.4 (s), 27.9 (d, %Jec = 10.4 Hz), 29.3 (s), 31.1 (d, Ypc = 18.7 Hz). IR
(cm™): 2923 (s), 2851 (s), 1479 (m), 1446 (s), 1348 (w), 1328 (w), 1301 (w), 1271 (w), 1216 (w), 1177
(m), 1122 (w), 1081 (w), 1034 (w), 1006 (m), 918 (w), 889 (m), 853 (m), 822 (w), 677 (vs), 651 (vs), 551
(vs), 512 (s), 492 (s), 463 (s), 445 (vs), 428 (s).

[(PCy3)BeBr:] (3b): *H NMR (300 MHz, C¢D¢) 6 = 1.09 — 1.33 (m, 3H), 1.45 — 1.62 (m, 1H), 1.63 — 1.84
(m, 4H), 2.02 — 2.39 (m, 3H); °Be NMR (42 MHz, CsD¢) 6 = 4.1 (bs, w1/> = 65.7 Hz); 3P NMR (122 MHz,
CéDs) & = -17.2 (bs); *C NMR (76 MHz, CsDs) & = 26.3 (s), 27.8 (d, 2Jpc = 10.1 Hz), 29.4 (s), 31.8 (d,
Ypc =18.1 Hz). IR (cm™): 2927 (s), 2849 (m), 1595 (w), 1532 (w), 1483 (w), 1444 (m), 1413 (w), 1389
(w), 1344 (w), 1328 (w), 1301 (w), 1269 (w), 1260 (w), 1230 (w), 1207 (w), 1179 (w), 1169 (w), 1124
(w), 1114 (w), 1081 (w), 1044 (w), 1028 (w), 1006 (m), 963 (w), 918 (w), 885 (m), 851 (m), 824 (w), 598
(s), 522 (vs), 492 (s), 463 (s), 430 (vs).

[(PCys)Bel]> (3¢): *H NMR (500 MHz, CsD¢) 6 = 1.04 — 1.24 (m, 3H), 1.46 — 1.58 (m, 1H), 1.62 — 1.76 (m,
4H), 2.00 — 2.19 (m, 2H), 2.26 — 2.39 (m, 1H); °Be NMR (42 MHz, C¢D¢) 6 = -1.1 (bm, w1/> = 134.0 Hz);
31P NMR (202 MHz, C¢Ds) 6 = -24.0 (bm); **C NMR (126 MHz, CsDs) 6 = 26.2 (s), 27.6 (d, 2Jec = 9.8 Hz),
29.3 (s), 32.4 (d, Ypc =19.3 Hz). IR (cm™): 2929 (vs), 2851 (s), 1442 (s), 1346 (w), 1324 (w), 1299 (w),
1269 (w), 1212 (w), 1201 (w), 1173 (w), 1116 (w), 1073 (w), 1046 (w), 1030 (w), 1003 (m), 914 (w), 887
(m), 851 (m), 820 (w), 783 (w), 753 (w), 702 (w), 573 (m), 496 (s), 473 (vs), 461 (s), 441 (s), 424 (vs).
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X-ray crystallographic details

Table S1: Crystal data and details of the structure determination for [(PMes),BeBr;] (1b) and [(PMes)2Bel,] (1c).

[(PMe3),BeBr:] (1b) [(PMes)2Bel2] (1c)

Empirical formula CeH1sBeBr2P; CeH1sBel2P2
Relative molecular mass 320.97 414.95
Crystal system monoclinic monoclinic
Space group (No.) P21/m (11) P21 (4)
Radiation / A 1.54186 0.71073
a/A 6.4872(13) 12.590(3)
b/A 14.511(3) 16.310(3)
c/A 21.904(4) 14.450(3)
a / deg 90 90
8/ deg 93.41(3) 92.60(3)
y / deg 90 90
v/A 2058.3(7) 2964.2(10)
V4 6 8
F(000)/ e 948.0 1552.0
pealc. / g-cm™3 1.554 1.860
u/mm 9.307 4.417
Jrange/° 3.66 —75.40 1.41-25.75
Range of Miller indices -8<h<6 -15<h<15
-10<k<18 -19<k<19
-26<1<26 -17<1<17
Eﬁif;euc;ions collected, 15324, 4285 63958, 18009
Restraints, parameters 0, 182 41,422
Rint 0.026 0.0295
R1(1220a(l) 0.034 0.032
R: (all data) 0.048 0.035
WR2 (12 20(1)) 0.089 0.079
wR: (all data) 0.095 0.080
S 0.986 1.031
Dpmin, Dpmax / e-A3 -0.70, 0.68 -0.91, 1.50
Flack parameter x -- 0.01(3)
Volume fraction of the 2 B 0.3930(13)

twin component
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Table S2: Crystal data and details of the structure determination for [(PMes)BeCl,], (2a), [(PMes)BeBr,], (2b) and
[(PMes)Bels], (2c).

[(PMe3)BeCl]2 (2a) [(PMe3)BeBr:]2 (2b) [(PMes)Bel2]2 (2c)

Empirical formula CeH1sBe2ClsP2 CsH1sBe2BraP2 CsHigBezlaP2
Relative molecular mass 311.96 489.80 677.76
Crystal system monoclinic monoclinic monoclinic
Space group (No.) P2./c (14) P2i/c (14) P2i/c (14)
Radiation / A 0.71073 0.71073 1.54178
a/A 6.2043(13) 6.4585(4) 6.9935(2)
b/A 9.517(3) 13.3248(11) 13.2512(2)
c/A 13.879(3) 9.9155(9) 10.5272(2)
o/ deg 90 90 90
8/ deg 100.175(17) 91.180(6) 96.498(2)
y/ deg 90 90 90
v/ A3 806.6(3) 853.13(12) 969.31(4)
Z 2 2 2
F(000) / e 320.0 464.0 608.0
peatc. / g-cm™3 1.284 1.907 2.322
u/ mm? 0.898 9.590 51.819
Yrange/° 2.608 —26.756 2.561-29.368 5.388 —78.522
Range of Miller indices -7<h<7 -8<h<8 -8<h<8

-12<k<12 -16<k<18 -16<k<16

-17<1<17 -13<1<13 -13<1<7
Eile:;ions collected, 10259, 1703 11112, 2298 17624, 2067
Restraints, parameters 0, 67 0, 67 0, 67
Rint 0.179 0.048 0.069
Ri1 (12 20(l) 0.092 0.044 0.057
R: (all data) 0.106 0.049 0.058
wWR2 (1 2 20(1)) 0.247 0.115 0.154
WR:2 (all data) 0.260 0.117 0.155
S 1.112 0.987 1.092
Aprmin, Apmax / e-A3 -0.99, 1.08 -0.89,1.18 -1.73,2.71
Volume fraction of the 2 B 0.273(2) B

twin component
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Table $3: Crystal data and details of the structure determination for [(PCys)BeCl,], (3a) and [(PCys)BeBr;], (3b).

[(PCy3)BeCl;]2 (3a) [(PCy3)BeBr2]2 (3b)

Empirical formula CasHssBe2ClaP2 2(CsDs) C3sHesBe2BraP2
Relative molecular mass 889.00 898.48
Crystal system triclinic triclinic
Space group (No.) P1(2) P1(2)
Radiation / A 0.71073 0.71073
a/A 8.3749(4) 9.5773(19)
b/A 10.6551(5) 10.134(2)
c/A 15.0815(7) 10.971(2)
o/ deg 69.384(3) 95.17(3)
8/ deg 82.093(4) 110.54(3)
y/ deg 71.718(4) 90.53(3)
v/A 1195.48(10) 992.1(4)
V4 1 1
F(000) / e 472.0 460.0
Peale. / g-cm™3 1.218 1.504
u/mm 0.346 4.161
Jrange/° 1.443 -26.745 1.992 -29.277
Range of Miller indices -10<h<10 -13<h<13

-13<k<13 -13<k<13

-17<1<19 -14<1<15
EE‘;;GUC:O"S collected, 15532, 5046 16237, 5339
Restraints, parameters 0, 253 0, 199
Rint 0.038 0.067
R1(1220a(l) 0.027 0.035
R: (all data) 0.031 0.057
wWR: (12 20(1)) 0.074 0.081
wR: (all data) 0.076 0.086
S 1.028 1.007
Dpmin, Dpmax [ €A -0.15, 0.42 -0.61, 0.65
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Fig. $1 Solid state structures of [(PMes),Bel,] (1c). Ellipsoids are depicted at 70 % probability at 100 K. Hydrogen atoms are
omitted for clarity.

Fig. S2 Solid state structures of [(PMes)BeCl,], (2a). Ellipsoids are depicted at 70 % probability at 100 K. Hydrogen atoms are
omitted for clarity.

Fig. $3 Solid state structures of [(PMes)Bel,], (2c). Ellipsoids are depicted at 70 % probability at 100 K. Hydrogen atoms are
omitted for clarity.
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Fig. 54 Solid state structures of [(PCys)BeCl,]; (3a). Ellipsoids are depicted at 70 % probability at 100 K. Carbon atoms are
shown as wire frame and hydrogen atoms as well as crystal benzene are omitted for clarity.

Table S4: Selected atomic distances (A) in [(PMes),Bel,] (1c).

Bel—P1 2.129(18) Bel—I1 2.397(16)
Bel—P2 2.124(18) Bel—I2 2.401(16)
Be2—P3 2.144(19) Be2—I3 2.368(17)
Be2—P4 2.196(19) Be2—I14 2.380(17)
Be3—P5 2.153(17) Be3—I5 2.402(16)
Be3—P6 2.137(18) Be3—I6 2.377(16)
Be4—P7 2.170(18) Bed—I7 2.374(16)
Be4—P8 2.160(17) Be4—I8 2.386(17)
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NMR spectra
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Fig. $5 'H NMR spectrum of [(PMe3),BeCl,] (1a) in CgDe.
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Fig. $6 'H NMR spectrum of [(PMes),BeCl] (1a) in Tol-ds.
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Fig. $7 'H NMR spectrum of [(PMes),BeCly] (1a) in CDCls.
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Fig. $8 °Be NMR spectrum of [(PMe3),BeCl,] (1a) in CgDs.
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Fig. $9 °Be NMR spectrum of [(PMes),BeCl,] (1a) in CDCls.
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Fig. $10 3P NMR spectrum of [(PMes),BeCl;] (1a) in CgDe.
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Fig. $11 3P NMR spectrum of [(PMes),BeCl;] (1a) in Tol-ds.
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Fig. $12 31P NMR spectrum of [(PMes),BeCl;] (1a) in CDCls.
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Fig. $13 'H NMR spectrum of [(PMe3),BeBr;] (1b) in C¢Ds.
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Fig. $14 'H NMR spectrum of [(PMes),BeBr;] (1b) in Tol-ds.
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Fig. $15 'H NMR spectrum of [(PMe3),BeBr,] (1b) in CDCls.
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Fig. $16 °Be NMR spectrum of [(PMes),BeBr;] (1b) in CgDe.
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Fig. $18 °Be NMR spectrum of [(PMes),BeBr;] (1b) in CDCls.
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Fig. $17 °Be NMR spectrum of [(PMes),BeBr;] (1b) in Tol-ds.
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Fig. $19 3P NMR spectrum of [(PMes),BeBr;] (1b) in CgDe.
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Fig. $20 3P NMR spectrum of [(PMes),BeBr;] (1b) in Tol-ds.
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Fig. $21 3P NMR spectrum of [(PMes),BeBr,] (1b) in CDCls.
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Fig. $22 13C NMR spectrum of [(PMe3),BeBr;] (1b) in C¢Ds.
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Fig. $23 13C NMR spectrum of [(PMes),BeBr;] (1b) in Tol-ds.

—10.08
—9.98
9.88

11.0 10.5 10.0 9.5 9.0 8.5 8.(
&/ ppm

Fig. $24 13C NMR spectrum of [(PMe3s),BeBr;] (1b) in CDCls.
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Fig. $25 'H NMR spectrum of [(PMes),Bel;] (1¢c) in CeDs.
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Fig. $26 'H NMR spectrum of [(PMe3),Bel;] (1c) in Tol-ds.
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Fig. $27 'H NMR spectrum of [(PMe3s),Bel,] (1c) in CD,Cls.
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Fig. $28 'H NMR spectrum of [(PMes),Bel;] (1c) in CDCls.
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Fig. $29 °Be NMR spectrum of [(PMes),Bel,] (1c) in CgDe.
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Fig. $30 °Be NMR spectrum of [(PMes),Bel,] (1c) in CD,Cl,.
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Fig. $31 °Be NMR spectrum of [(PMes),Bel,] (1c) in CDCls.
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Fig. $32 31P NMR spectrum of [(PMes),;Bel,] (1c) in CgDs.
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Fig. $33 31P NMR spectrum of [(PMes),Bel,] (1c) in Tol-ds.
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Fig. $34 31P NMR spectrum of [(PMes),Bel,] (1c) in CD,Cl,.
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Fig. $35 31P NMR spectrum of [(PMes),Bel,] (1c) in CDCls.

9.65
—9.55

3
T

—943

10.0 9.9 9.8 9.7 9.6 9.5 9.4 9.3 9.2 9.1
&/ ppm

Fig. $36 3C NMR spectrum of [(PMes),Bel,] (1c) in CgDe.
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Fig. $37 3C NMR spectrum of [(PMe3s),Bel,] (1c) in CD,Cly.
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Fig. $38 13C NMR spectrum of [(PMes),Bel,] (1c) in CDCls.
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Fig. $39 'H NMR spectrum of [(PMes)BeCly], (2a) in CgDs.
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Fig. $40 'H NMR spectrum of [(PMes)BeCl,], (2a) in CD,Cl,.
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Fig. $41 'H NMR spectrum of [(PMes)BeCly], (2a) in CDCls.
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Fig. $42 °Be NMR spectrum of [(PMes)BeCl,]; (2a) in C¢Ds.
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Fig. $43 °Be NMR spectrum of [(PMes)BeCl,], (2a) in CD,Cl,.
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Fig. $44 3P NMR spectrum of [(PMes3)BeCl,]; (2a) in CgDe.
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Fig. 545 3P NMR spectrum of [(PMes)BeCl,], (2a) in CD,Cl,.
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Fig. $46 3P NMR spectrum of [(PMes3)BeCl,], (2a) in CDCls.
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Fig. $47 3C NMR spectrum of [(PMes)BeCl,], (2a) in C¢De.
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Fig. S48 3C NMR spectrum of [(PMe3)BeCl,] (2a) in CD,Cl,.
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Fig. $50 'H NMR spectrum of [(PMe3)BeBr;], (2b) in CDCls.
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Fig. $49 'H NMR spectrum of [(PMe3)BeBr;], (2b) in CeDs.
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Fig. $51 °Be NMR spectrum of [(PMes)BeBr,], (2b) in CgDe.
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Fig. $52 31P NMR spectrum of [(PMes)BeBr,], (2b) in CgDe.
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Fig. $53 31P NMR spectrum of [(PMes3)BeBr,], (2b) in CDCls.
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Fig. $54 13C NMR spectrum of [(PMe3)BeBr;], (2b) in C¢Ds.
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Fig. $55 'H NMR spectrum of [(PMes)Bel,], (2¢) in CeDs.
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Fig. $56 'H NMR spectrum of [(PMes)Bel,], (2¢) in Tol-ds.
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Fig. $57 'H NMR spectrum of [(PMes)Bel,], (2¢) in CDCls.
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Fig. $58 °Be NMR spectrum of [(PMes)Bely]z (2¢) in CgDe.
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Fig. $59 3P NMR spectrum of [(PMes)Bel,] (2c) in CgDs.
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Fig. $60 3P NMR spectrum of [(PMes)Bel,], (2c) in Tol-ds.
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Fig. $61 31P NMR spectrum of [(PMes)Bel,], (2c) in CDCls.
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Fig. $62 13C NMR spectrum of [(PMe3s)Belz]> (2¢) in CgDe.
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Fig. $63 'H NMR spectrum of [(PCys3)BeCly]» (3a) in CeDs.
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Fig. $64 'H NMR spectrum of [(PCys)BeCl,], (3a) in CD,Cl,.

S39



—649

11

10

8 7 6 5 4
&/ ppm

w -
]

Fig. $65 °Be NMR spectrum of [(PCys)BeCl,], (3a) in C¢Ds.
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Fig. $66 °Be NMR spectrum of [(PCys)BeCl,], (3a) in CD,Cl>.
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Fig. $67 °Be NMR spectrum of [(PCys)BeCl,], (3a) in CDCls.
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Fig. $68 3P NMR spectrum of [(PCys)BeCl,]; (3a) in CgDs.
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Fig. $69 3P NMR spectrum of [(PCys)BeCl,], (3a) in CD,Cl>.
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Fig. $70 3P NMR spectrum of [(PCys)BeCl,]; (3a) in CDCls.
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Fig. $71 3C NMR spectrum of [(PCys)BeCl,], (3a) in C¢Ds.
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Fig. $72 13C NMR spectrum of [(PCys)BeCl,]; (3a) in CD,Cls.
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Fig. $73 'H NMR spectrum of [(PCys3)BeBr,], (3b) in C¢Ds.
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Fig. $74 °Be NMR spectrum of [(PCys)BeBr;]; (3b) in CgDe.
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Fig. $75 31P NMR spectrum of [(PCys)BeBr;], (3b) in CgDe.
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Fig. $76 3C NMR spectrum of [(PCys)BeBr;], (3b) in C¢Ds.
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Fig. $78 °Be NMR spectrum of [(PCys)Bely]> (3¢) in CgDe.
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Fig. $77 'H NMR spectrum of [(PCys)Bel,], (3¢) in C¢Ds.
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Fig. $79 3P NMR spectrum of [(PCys)Bel,]; (3c) in CeDs.
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Fig. $80 3C NMR spectrum of [(PCys)Bel]z (3c) in CgDe.
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Fig. $81 3P (left) and °Be (right) NMR spectra of [(PCys)BeCly], (3a) with the addition of a) zero, b) one and c) two
equivalents of PCys in CgDe.
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NMR line shape analysis

Phospine dissociation

Table S5: Activation energies for PMe; dissociation from compounds 1a-c in toluene and chloroform.

Ea [kJ / mol]
solvent C;Dg CDCls
1a 22.18 +3.73 69.62 +4.22
1b —a 4
1c —a —2

3 Too high for determination via VT NMR experiments.
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Fig. S82 Temperature dependent 3P NMR spectra of (PMes),BeCl; (1a) in C;Ds.

Table S6: Temperature dependent linewidths and derived parameters for 1a in C;Ds.

T [K] w1/ [HzZ] k In k
250 8.0 25.1 3.22
270 13.3 41.8 3.73
290 42.8 134.5 4.90
310 53.5 168.1 5.12
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Equation y=a+b*
Plot In k
5517 Weight No Weighting
Intercept 13.83419 £ 1.61789
a Slope -2667.61577 + 448.6633
5.0 Residual Sum of Squares 0.13434
u Pearson's r -0.97286
R-Square(COD) 0.94645
Adj. R-Square 0.91968
4.5
X
=
4.0
3.5 1
3.0

| v 1 ' 1 i I ' I
0.0032 0.0034 0.0036 0.0038 0.0040
1/T

Fig. S83 Arrhenius plot for (PMes),BeCl; (1a) in C;Ds.
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Fig. S84 Temperature dependent 3P NMR spectra of (PMes),BeBr; (1b) in C;Ds.
S50



o M

290 K

310K

330 K

-47 -48 -49 -50 -51 -52
&/ ppm

Fig. $85 Temperature dependent 31P NMR spectra of (PMes),Bel, (1c) in C;Ds.
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Fig. $86 Temperature dependent 31P NMR spectra of (PMes),BeCl; (1a) in CDCls.
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Table 57: Temperature dependent linewidths and derived parameters for 1a in CDCls.

T [K] w12 [Hz] k In k
290 6.8 21.4 3.06
300 18.0 56.5 4.04
310 56.0 175.9 5.17
330 218.0 684.9 6.53
Equation y=a+b*x
Plot Ink
7 5 Weight No Weighting
Intercept 31.99322 + 1.65763
1 Slope -8373.92067 + 507.9988
Residual Sum of Squares 0.04891
6 Pearson's r -0.99634
R-Square(COD) 0.99269
- Adj. R-Square 0.98904
[
~ 7
£
4 4
3 ]

I ! I ' I
0.0030 0.0032 0.0034
1/T

Fig. $87 Arrhenius plot for (PMes),BeBr; (1a) in CDCls.
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Fig. $88 Temperature dependent 3P NMR spectra of (PMes),BeBr, (1b) in CDCls.
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Fig. $89 Temperature dependent 3P NMR spectra of (PMes),Bel; (1c) in CDCls.
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Phosphine exchange

Table S8: Activation energies for the exchange of PMes at compounds 1a-c in toluene and chloroform with complex to ligand
ration in parenthesis.

Ea [kJ / mol]
solvent C;Ds CDCls
1a 31.38+9.44(1/8.4) 38.92+4.60(1/0.5)
32.80+4.55(1/1.9)
37.24£2.26(1/ 25.5)

1b 28.98+3.14(1/7.9) 77.66 +20.07 (1/3.8)
1c 19.99 +0.50 (1/6.1) 50.23+9.25(1/5.2)
230 K
JULL
250 K
L JL
270K

45 50 55 60 65
&/ ppm

Fig. $90 Temperature dependent 3P NMR spectra of a 1 / 8.4 mixture of [(PMes),BeCl,] (1a) and PMejs in C;Ds.

Table S9: Temperature dependent linewidths and derived parameters of a 1 / 8.4 mixture of [(PMes),BeCl,] (1a) and PMes in
CyDs.

T[K] w12 [Hz] k In k
250 3.1 10 2.28
270 3.4 11 2.37
290 11.3 35 3.57
310 58.1 183 5.21
330 326.8 1027 6.93
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1 Equation y=a+b*x
Plot In k
" Weight No Weighting
51 Intercept 16.9216 + 4.09245
Slope -3774.24876 + 1134.891
. Residual Sum of Square 0.85953
Pearson's r -0.92025
R-Square(COD) 0.84686
4 Adj. R-Square 0.77029
i [ |
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1T

Fig. $91 Arrhenius plot for a 1 / 8.4 mixture of [(PMe3s),BeCl,] (1a) and PMes in C7Ds.
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Fig. $92 Temperature dependent 3P NMR spectra of a 1 / 7.9 mixture of [(PMes),BeBr;] (1b) and PMes in C7Ds.
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Table S 10: Temperature dependent linewidths and derived parameters of a 1/ 7.9 mixture of [(PMes),BeBr;] (1b) and PMes

in C7D8.

T [K] wy2 [HZ] k In k
250 0.8 3 0.92
270 1.6 5 1.61
290 6.5 20 3.02
310 14.4 45 3.81
330 17.6 55 4.01
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Adj. R-Square

Equation
Plot
Weight
Intercept
Slope

14.81002 £+ 1.31971
-3485.31308 + 377.2255

Residual Sum of Square

Pearson's r
R-Square(COD)

y=a+b*
Ink
No Weighting

0.25113
-0.98288
0.96605
0.95473

. .
0.0030 0.0

1
035

1/7

I
0.0040

Fig. $93 Arrhenius plot for a 1 / 7.9 mixture of [(PMes),BeBr;] (1b) and PMes in C;Dg.
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Fig. $94 Temperature dependent 3P NMR spectra of a 1 / 6.1 mixture of [(PMes),Bel,] (1c) and PMes in C7Ds.

Table S11: Temperature dependent linewidths and derived parameters of a 1 / 6.1 mixture of [(PMes),Bel,] (1c) and PMes in

C7Ds.
T [K] w12 [HZ] k In k
290 0.7 2.2 0.78
300 0.9 2.8 1.04
330 1.9 6.0 1.78
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In k

2.0 5

1.5 4

1.0 H

Equation
Plot
Weight
Intercept
Slope
Residual Sum of Squares
Pearson's r
R-Square(COD)

Adj. R-Square

y=a+b*
In k
No Weighting
9.06935 + 0.19734
-2404.63356 + 60.24972
3.38489E-4
-0.99969
0.99937
0.99875

0.5

0.0I032
17

I
0.0030

I
0.0034

Fig. $95 Arrhenius plot for a 1 / 6.1 mixture of [(PMes),Bel,] (1c) and PMes in C;Ds.
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Fig. $96 Temperature dependent 3P NMR spectra of a 1 / 0.5 mixture of [(PMes),BeCly] (1a) and PMes in CDCls.

Table S12: Temperature dependent linewidths and derived parameters of a 1 / 0.5 mixture of [(PMes),BeCly] (1a) and PMes in
CDCls.

T [K] wy2 [HZ] k In k
250 4.1 13 2.56
270 26.6 84 4.43
290 44.2 139 4.93
310 111.2 349 5.86
330 593.5 1865 7.53
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In k

Equation y=a+b*
Plot In k

8+ Weight No Weighting

u Intercept 21.35685 + 1.93433

Slope -4680.73214 + 552.90
Residual Sum of Squar 0.53952
Pearson's r -0.97971

6 R-Square(COD) 0.95982
Adj. R-Square 0.94643

4 -

[
2 T T T ' 1
0.0030 0.0035 0.0040
1/T

Fig. $97 Arrhenius plot for a 1 / 0.5 mixture of [(PMes),BeCl,] (1a) and PMes in CDCls.
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Fig. $98 Temperature dependent 3P NMR spectra of a 1 / 1.9 mixture of [(PMes),BeCly] (1a) and PMejs in CDCls.

Table S13: Temperature dependent linewidths and derived parameters of a 1 / 1.9 mixture of [(PMes),BeCly] (1a) and PMes in
CDCls.

T [K] w1/ [HzZ] k In k
250 2.0 6 1.84
270 14.4 45 3.81
290 18.6 58 4.07
310 40.3 127 4.84
330 139.7 438 6.08
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Equation y=a+b*x
Plot In k

| Weight No Weighting
Intercept 17.86284 + 1.91551

6 4 n Slope -3944.78493 + 547 527

Residual Sum of Squar 0.52907
Pearson's r -0.9723

1 R-Square(COD) 0.94536
Adj. R-Square 0.92715

I B I ' 1
0.0030 0.0035 0.0040
1/T

Fig. $99 Arrhenius plot for a 1 / 1.9 mixture of [(PMes),BeCl,] (1a) and PMes in CDCls.
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Fig. $100 Temperature dependent 3P NMR spectra of a 1 / 25.5 mixture of [(PMe3s),BeCl,] (1a) and PMejs in CDCls.
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Table 514: Temperature dependent linewidths and derived parameters of a 1 / 25.5 mixture of [(PMes),BeCl,] (1a) and PMes
in CDCls.

TI[K] w12 [Hz] k In k
240 0.4 1 0.23
250 1.2 4 1.33
260 3.4 11 2.37
270 7.5 24 3.16
280 11.4 36 3.58
290 15.0 47 3.85
300 18.8 59 4.08
310 29.2 92 4.52
320 58.5 184 5.21
330 117.1 368 5.91
Equation y=a+b*x
Plot In k
Weight No Weighting
Intercept 19.30185 £ 0.96729
6 » Slope -4479.03474 + 271.445
Residual Sum of Squares 0.77068
Pearson's r -0.98562
R-Square(COD) 0.97146
4 Adj. R-Square 0.96789
X
£
2
0 ]
T T T T T T ]
0.0030 0.0035 0.0040 0.0045

1/7

Fig. $101 Arrhenius plot for a 1/ 25.5 mixture of [(PMes),BeCl,] (1a) and PMes in CDCls.
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Fig. $102 Temperature dependent 3P NMR spectra of a 1 / 3.8 mixture of [(PMes),BeBr,] (1b) and PMes in CDCls.

Table S15: Temperature dependent linewidths and derived parameters of a 1 / 3.8 mixture of [(PMes),BeBr;] (1b) and PMe;

in CDCls.

T [K] w12 [HZ] k In k

290 0.1 0.3 -1.16
300 1.2 3.8 1.33
310 1.7 53 1.68
330 7 22.0 3.09
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In k

Equation
Plot
Weight
Intercept
Slope
Residual Sum of Squares
Pearson's r
R-Square(COD)

Adj. R-Square

y=a+b*x
Ink
No Weighting
31.67885 £ 7.8777
-9340.60681 + 2414.20493
1.10453
-0.93922
0.88214
0.82321

0.0632
17

I
0.0030

I
0.0034

Fig. $103 Arrhenius plot for a 1 / 3.8 mixture of [(PMe3),BeBr;] (1b) and PMes in CDCls.
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Fig. $104 Temperature dependent 3P NMR spectra of a 1 / 5.2 mixture of [(PMes),Bel,] (1¢c) and PMejs in CDCls.

Table S16: Temperature dependent linewidths and derived parameters of a 1 /5.2 mixture of [(PMes),Bel,] (1c) and PMes in
CDCls.

T [K] wy2 [HZ] k In k
270 0.1 0.3 -1.16
290 1.2 3.8 1.33
310 3.3 10.4 2.34
330 6.1 19.2 2.95
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In k

Equation y=a+b'x
Plot In k
4 - Weight No Weighting
Intercept 21.61562 + 3.74062
Slope -6041.25071 £ 1112.80995
i n Residual Sum of Squares 0.62506
Pearson's r -0.9677
R-Square(COD) 0.93645
2 Adj. R-Square 0.90468
0 -
1 ]
-2 T T T y T T T T |
0.0030 0.0032 0.0034 0.0036 0.0038

1/7

Fig. $105 Arrhenius plot for a 1 /5.2 mixture of [(PMes),Bel,] (1c) and PMes in CDCls.
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Dimer Dissoziation
Table S17: Activation energies for the dissociation of compounds 2a-c in toluene and chloroform.

Ea [kJ / mol]
solvent C;Ds CDCls
2a — —2
2b — —
2c —2 50.32 + 26.52
3 Too high for determination via VT NMR experiments.
230 K
250 K
270K
290 K
310 K
330 K
MI,.S -45.0 -45.5 -4{5.0 -4(:5.5 -4%.0 -4%.5 -4é.0 -4El
&/ ppm

Fig. $106 Temperature dependent 3P NMR spectra of [(PMes)BeCl,]; (2a) in C;Ds.
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Fig. $107 Temperature dependent 3P NMR spectra of [(PMes)BeBr;]; (2b) in C;Ds.

-52 -53 54 55 -56
&/ ppm

Fig. $108 Temperature dependent 31P NMR spectra of [(PMes)Bel,]; (2c) in C7Ds.
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Fig. $109 Temperature dependent 3P NMR spectra of [(PMes)BeCl,], (2a) in CDCls.
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Fig. $110 Temperature dependent 3P NMR spectra of [(PMes3)BeBr;], (2b) in CDCls.
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Fig. $111 Temperature dependent 3P NMR spectra of [(PMes)Bel,], (2¢) in CDCls.

Table S18: Temperature dependent linewidths and derived parameters for 2c in CDCls.

T [K] w12 [HZ] k In k
290 37 199 5.29
300 237 733 6.60
310 244 755 6.63
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Equation y=a+b*x
Plot In k
Weight No Weighting
] - Intercept 26.36284 + 10.64221
6.5 - Slope -6052.49188 + 3189.114
' Residual Sum of Squar 0.25177
Pearson's r -0.8847
R-Square(COD) 0.7827
Adj. R-Square 0.56539
6.0 1
X
£
5.5 1
i
5.0 T T . , ’ |
0.0032 0.0033 0.0034 0.0035

IFT

Fig. $112 Arrhenius plot for [(PMes)Bel;], (2c) in CDCl3
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Fig. $113 Temperature dependent 3P NMR spectra of [(PCys)BeCl,]> (3a) in C7Ds.
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Fig. $114 Temperature dependent 3P NMR spectra of [(PCys)BeBr;]; (3b) in C;Ds.
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Fig. S115 Temperature dependent 3P NMR spectra of [(PCys)Bel,]; (3¢c) in C7Ds.
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IR spectra

3_
2‘
1—
3500 3000 2500 2000 1500 1000 500
Wavenumber [em™]
Fig. $116 IR spectra of [(PMes),BeCly] (1a), [(PMes),BeBr;] (1b) and [(PMes),Bel] (1c) (from top to bottom).
3_
2_
1ﬁ

3500 3000 2500 2000 1500 1000 500
Wavenumber [cm™]

Fig. $117 IR spectra of [(PMes)BeCl,]; (2a), [(PMes)BeBr;]2 (2b) and [(PMes)Bel,]; (2¢) (from top to bottom).
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Fig. $118 IR spectra of [(PCys)BeCl,]; (3a), [(PCys)BeBr:]z (3b) and [(PCys)Bel,] (3¢) (from top to bottom).
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Computational details

All computational calculations were performed using the wB97XD!*¥[ChaiHead-Gordon2008] theory
level in combination with the def2tzvp** /[AhlrichsWeigendHaeserEtAl1998,WeigendAhlrichs2005]
basis set. All structures were characterized as local minima or true transition states by computation of
vibration frequencies at the same level of theory (wB97XD/def2tzvp). The reactions were followed
along with the IRC (IRC = ), which determines the minimum energy path connecting the transition
state to reactant and product states.[**[FukuiKatoFujimoto1975] Reaction work was calculated and
examine as previously described.*”/[CocicPetrovicPuchtaEtAl2022] The influence of bulk solvent was
evaluated via single point calculations using the CPCM formalism!*®
Bl[BaroneCossi1998,CossiRegaScalmaniEtAl2003] on the same theory level (wB97XD/def2tzvp) and
with chloroform and toluene as a solvent. Additionally different computation methods B3LYP,?*
2l[Becke1993,LeeYangParr1988,StephensDevlinChabalowskiEtAl1994] B3LYP with the extension by
Grimme's dispersion correction®®![GrimmeAntonyEhrlichEtAI2010] and MP2P2*28[FrischHead-
GordonPople1990,FrischHead-GordonPople1990a,Head-
GordonPopleFrisch1988,SaeboAlmloef1989,Head-GordonHead-Gordon1994] for comparison reasons
were used. All calculations were performed using the Gaussian 09 program
package.?[Frischextitetal.2009] Hydrogen bond strength®%[EspinosaMolinsLecomte1998] evaluation
was performed using the Multiwfn program package.®Y[TianChen2012]

Relative cis/trans stability

X\

|

~ -
Be\ _ Be Be\ - B

X _X X X e/PMe3
~
MesP” X7 PMe, MesP” X X

Fig. $119 Potential quilibrium between cis- and trans-isomer (X = Cl, Br, I).

Table $19: Calculated relative cis/trans stabilities of [(PMes)BeX]2 (2) in the gas phase using wb97xd/def2tzvp method.

cis- trans-
X E (kcal/mol) d(Be-Be) /A dipole moment /D d(Be-Be) /A dipole moment /D
cl -5.28 2.74 11.531 2.75 0.128
Br -5.07 2.90 11.889 2.90 0.463
| -4.90 3.11 12.175 3.12 1.296

Table S20: Calculated relative cis/trans stabilities of [(PMes)BeX], (2) using wb97xd/def2tzvp method by applying the CPCM
model in chlorophorm as a solvent.

cis- trans-
X E (kcal/mol) d(Be-Be) /A dipole moment /D d(Be-Be) /A dipole moment /D
Cl -1.72 2.76 15.529 2.77 0.126
Br -1.78 2.91 16.241 2.92 0.125
| -2.17 3.10 16.905 3.14 0.335

Table S21: Calculated relative cis/trans stabilities of [(PMes)BeX:], (2) using wb97xd/def2tzvp method by applying the CPCM
model in toluene as a solvent.
cis- trans-

X E (kcal/mol) d(Be-Be) /A dipole moment /D d(Be-Be) /A dipole moment /D

Cl -3.05 2.75 14.203 2.76 0.139
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Br -3.01 291 14.769 2.92 0.187
| -3.41 3.11 15.311 3.13 0.836

Fig. S120 Optimised gas phase structure of the cis-isomer of [(PMes)Bel], (2¢) at the wb97xd/def2tzvp level of theory.

¥ 9
JJ‘:

Fig. S121 Optimised gas phase structure of the cis-isomer of [(PMes)Bel,]; (2c) at the wb97xd/def2tzvp level of theory.

Table S22: Calculated dipole moments of BeX>(PMes), (1) and cis-/trans-[(PMes)BeXz], (2) in the gas phase the
wh97xd/def2tzvp level of theory

1 cis-2 trans-2
X dipole moment /D dipole moment /D dipole moment /D
cl 7.382 11.531 0.128
Br 7.828 11.889 0.463
| 8.339 12.175 1.296

Table S23: Calculated dipole moments of BeX2(PMes), (1) and cis-/trans-[(PMes)BeX;], (2) at the wh97xd/def2tzvp level of
theory with the CPCM model in chlorophorm as solvent

1 cis-2 trans-2
X dipole moment /D dipole moment /D dipole moment /D
Cl 10.518 15.529 0.126
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Br 11.175 16.241 0.125
I 11.935 16.905 0.335

Table S24: Calculated dipole moments of BeX2(PMes), (1) and cis-/trans-[(PMes)BeXz], (2) at the wb97xd/def2tzvp level of
theory with the CPCM model in toluene as solvent

1 cis-2 trans-2

X dipole moment /D dipole moment /D dipole moment /D
Cl 9.503 14.203 0.139
Br 10.070 14.769 0.187
I 10.732 15.311 0.836

Fig. S123 Optimised structure of (MesP),BeCl; (1a) at the wbh97xd/def2tzvp level of theory with application of CPCM to take
solvation effects in chloroform into account.
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H-bond evaluation of (Me3P),BeXs molecule with three additional solvent molecules

Fig. 5124 Optimised gas phase structure of (MesP),BeCl, (1a) at the wb97xd/def2tzvp level of theory including three
additional chloroform molecules to model solvent interactions.

MesP\ /PMes
Be

245A  CI°T Cl| 245A
-4.87 kcal/mol -~ N ‘\\-4.90 kcal/mol
- 1 F .

-
’ 1 [ ~u

- ¢

Y -
s a77A H
Cl3C” -2.69kcalimol % , -2.59 kcal/mol CCl3

L

H

CCls

Fig. 5125 Selected bond lengths and hydrogen bond strengths from the gas phase optimisation of (MesP),BeCl, (1a) at the
wb97xd/def2tzvp level of theory including three additional chloroform molecules to model solvent interactions.
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Fig. S126 Selected bond lengths and hydrogen bond strengths from the gas phase optimisation of (MesP).BeBr; (1b) at the
wb97xd/def2tzvp level of theory including three additional chloroform molecules to model solvent interactions.
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Fig. S127 Selected bond lengths and hydrogen bond strengths from the gas phase optimisation of (MesP),Bel; (1c) at the
wb97xd/def2tzvp level of theory including three additional chloroform molecules to model solvent interactions.
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Fig. 5128 Selected bond lengths and hydrogen bond strengths from the gas phase optimisation of (MesP),BeCl; (1a) at the
whb97xd/def2tzvp level of theory including three additional toluene molecules to model solvent interactions.
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Fig. S129 Selected bond lengths and hydrogen bond strengths from the gas phase optimisation of (MesP).BeBr; (1b) at the
wb97xd/def2tzvp level of theory including three additional toluene molecules to model solvent interactions.
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Fig. S130 Selected bond lengths and hydrogen bond strengths from the gas phase optimisation of (MesP),Bel; (1c) at the
wb97xd/def2tzvp level of theory including three additional toluene molecules to model solvent interactions.
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Trimethylphosphine dissociation

MegP\ PMes

Be —_— + PMe
PN _ Be__ 3
Fig. $131 Trimethylphosphine dissociation from (PMes),BeX; (1) (X = Cl, Br, I).

Table S25: Calculated dissociation energies of PMes from (PMes),BeX; (1) (X = Cl, Br, 1) in the gas phase at the wb97xd/def2tzvp
level of theory.

X E (kcal/mol)
cl +19.38
Br +23.24
I +26.39

Table $26: Calculated dissociation energies of PMes from (PMes),BeX; (1) (X = Cl, Br, 1) at the wb97xd/def2tzvp level of theory
with a CPCM model of chloroform as the solvent.

X E (kcal/mol)
cl +18.26
Br +21.56
I +25.18

Table $27: Calculated dissociation energies of PMes from (PMes),BeX; (1) (X = Cl, Br, 1) at the wb97xd/def2tzvp level of theory
with a CPCM model of toluene as the solvent.

X E (kcal/mol)
cl +18.44
Br +21.76
I +25.37
PMe3
MesP<_ _PMeg B|
€ e
x_ X — X7 OX +  PMeg
I’ \\ I’ ‘H l’ \\ I’ ‘H
cl c/H T el cle’ " T el
3 CCl, 3 CClg

Fig. $132 Trimethylphosphine dissociation from (PMes),BeX; (1) (X = Cl, Br, I) with three additional chloroform molecules to
model solvent interactions.

Table 528: Calculated dissociation energies of PMes from (PMes),BeX; (1) (X = Cl, Br, 1) with three additional chloroform
molecules to model solvent interactions at the wbh97xd/def2tzvp level of theory.

X E (kcal/mol)
cl +18.08
Br +17.47
I +22.46
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Fig. $133 Trimethylphosphine dissociation from (PMes),BeX; (1) (X = Cl, Br, I) with three additional toluene molecules to
model solvent interactions.

Table 529: Calculated dissociation energies of PMes from (PMes),BeX; (1) (X = Cl, Br, 1) with three additional toluene
molecules to model solvent interactions at the wh97xd/def2tzvp level of theory.

X E (kcal/mol)
cl +11.96
Br +15.70
| +18.16
Solvent coordination
MegP PM cl- r|>|v|e3 TMES
e e S
i :Bei ’ HCI,C /Be\ /Be\
S X X+ PMe P +  PMe
H W H HOH H H H
ane” | ccly | CCly e | ccly
3 CCl, CCly 3 CClg
N J N J N J
g Vo Y
A B C

Fig. 5134 Solvent molecule migration during trimethylphosphine dissociation from (PMes),BeX; (1) (X = Cl, Br, 1) with three

additional chloroform molecules to model solvent interactions.

Table $30: Comparison of the stabilities of species A, B and C (Fig. $134) in the gas phase at the wb97xd/def2tzvp level of theory.

X A (kcal/mol) B (kcal/mol) C (kcal/mol)
Cl 0 +14.38 +18.08
Br 0 +19.54 +17.47

I 0 +21.15 +22.46

Chloroform trimethylphosphine exchange
Megp\ PM83 CIZCHCI\ /PM63
CHCl; + _ Be< PMe; + Bel
X X X X

Fig. 5135 Displacement of trimethylphosphine by chloroform in (PMes),BeX, (1) (X = Cl, Br, 1).
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Table $31: Calculated relative energies required for trimethylphosphine displeacement by chloroform in (PMes),BeX; (1) (X
Cl, Br, 1) in the gas phase at the wb97xd/def2tzvp level of theory.

X E (kcal/mol) d(A)
Cl +0.026 3.317
Br +0.031 3.356
| +0.033 3.404

a distance between the chloride from coordinated chloroform and the Be metal center

Megp\ /PMES CIZCHCI\ /PM93

CHC|3 + Be - PMejg + Be
xX xOX
|_|II \\HI’ H '_|I \H/ H\
clc” | “ccls clc” | CCly
3 CCl, 3 CCly

Fig. 5136 Displacement of trimethylphosphine by chloroform in (PMes),BeX; (1) (X = Cl, Br, 1) with three additional chloroform
molecules to model solvent interactions.

Table $S32: Calculated relative energies required for trimethylphosphine displacement by chloroform in (PMes),BeX; (1) (X =Cl,
Br, 1) in the gas phase at the wbh97xd/def2tzvp level of theory with three additional chloroform molecules to model solvent

interactions.

X E (kcal/mol) d(A)e
Cl +0.026 3.294
Br +0.031 3.330
| +0.037 3.124

@ distance between the chloride from coordinated chloroform and the Be metal center

Halide Dissociation

MesP~_ _PMe; Me3P\B _PMe, |+ y
e + i

7~ Be\ |

X X
X
Fig. $137 Halide dissociation from (PMes),BeX; (1) (X = Cl, Br, I).
= Cl, Br, I) in the gas phase at the

Table $33: Calculated dissociation energies of halide X from (PMes),BeX, (1) (X =
wh97xd/def2tzvp level of theory.

X E (kcal/mol)
Cl +49.98
Br +46.83

I +41.99

All species were calculated as a isomers to avoid the influence of the Coulomb term.

Table S34: Calculated dissociation energies of halide X from (PMes),BeX; (1) (X = Cl, Br, 1) at the wb97xd/def2tzvp level of theory
with a CPCM model of chloroform as the solvent.

X E (kcal/mol)
Cl +29.78
Br +25.34

I +20.86

All species were calculated as a isomers to avoid the influence of the Coulomb term.
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Table 535: Calculated dissociation energies of halide X from (PMes),BeX; (1) (X = Cl, Br, 1) at the wbh97xd/def2tzvp level of theory
with a CPCM model of toduene as the solvent.

X E (kcal/mol)
Cl +36.06
Br +32.07

I +27.25

All species were calculated as a isomers to avoid the influence of the Coulomb term.

Chloroform halide exchange

MesP< _PMe; MesP _-PMes
_Be_ X + /Be\
X X Cl,HCCl X

|

CHC|3 +

Fig. 5138 Displacement of halide X by chloroform in (PMes),BeX; (1) (X = Cl, Br, 1)-

Table $36: Calculated relative energies required for halide displacement by chloroform in (PMes),BeX; (1) (X = Cl, Br, 1) in the
gas phase at the wb97xd/def2tzvp level of theory.

X E (kcal/mol) d(A)°
cl 51.058 2.992
Br 47.361 2.606
I 43.777 2.440

a distance between the chloride from coordinated chloroform and the Be metal center
All species were calculated as a isomers to avoid the influence of the Coulomb term.

Chloroform halide exchange in the presence of three additional chloroform molecules

CHCI MePsg M L + g
+ —_—
3 X7 Ox Cl,CHCIT X
II \\\ /” \\ II \\ /’ H
y N 4 | CClj
Cl;C c|:c:|3 CCls Cl;C cel,

Fig. 5139 Displacement of halide X by chloroform in (PMes),BeX; (1) (X = Cl, Br, I) with three additional chloroform molecules
to model solvent interactions

Table $37: Calculated relative energies required for halide displacement by chloroform in (PMes),BeX, (1) (X = Cl, Br, 1) in the
gas phase at the wb97xd/def2tzvp level of theory with three additional chloroform molecules to model solvent interactions.

X E (kcal/mol) d(A)°
cl 52.647 2.907
Br 49.395 2.540
| 44,763 2.435

a distance between the chloride from coordinated chloroform and the Be metal center
All species were calculated as a isomers to avoid the influence of the Coulomb term.

S86



Energy profile of PMes exchange
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Fig. $140 Energy profile of PMe3 exchange at (PMes),BeBr; (1b) calculated in the gas phase at the wb97xd/def2tzvp level of
theory.
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Fig. 5141 Energy profile of PMes exchange at (PMes);Bel, (1c) calculated in the gas phase at the wbh97xd/def2tzvp level of
theory.
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Reaction force
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Fig. S142 Energetic properties through the intrinsic reaction coordinate of the PMe3 exchange reaction at 1b.
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Fig. S143 Energetic properties through the intrinsic reaction coordinate of the PMe3 exchange reaction at 1c.
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Halide exchange by phosphine

MesPo_ _ PMe MeP _ PMeg | MePo _ PMe; |**
PMe; + /Be + PMe; =—= X + Be + PMe;
X

Be(PMe3)X; + 2PMe,

Sx Mep” X Mep”  PMe,

Fig. $144 Consecutive halide displacement by PMes in (PMes).BeX; (1) (X = Cl, Br, I).

MesP~_ _PMes
X o+ /Bei +
MesP PMe;

E (kcal/mol)

+57.65
+48.13
+39.12

4
MesP PMe; !
X+ Be] + PMe; |

MesP X
Be(PMe,).X, + 2PMe, | :fg-g;
‘ / #1332
X: Cl +10.60
MesP- PMe;
Br +10.41 \ PMe; + \Be/ + PMes |
I +11.97 \ X7 X I

Reaction coordinate

Fig. 5145 Energy profile of the consecutive halide displacement by PMes in (PMes),BeX; (1) (X =Cl, Br, 1) in the gas phase at
the wh97xd/def2tzvp level of theory.

Table 538: Relative stabilities [kcal/mol] of (PMes),BeX; (1) (X =Cl, Br, I) with two molecules of PMes, the corresponding reaction
complex, [(PMes);BeX]X with one molecule of PMes and [(PMes)sBe]X; in the gas phase at the wb97xd/def2tzvp level of theory.

[(PM63)3BEX]X

X (Pl\ﬂze;)li/?;Xz Reaction complex + PMes [(PMes)sBe]X,
Cl +10.60 0 +23.81 +57.65
Br +10.41 0 +18.59 +48.13
I +11.97 0 +13.32 +39.12
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Dimer dissociation on three different theory levels
X X _-PMe; |
Be\ Be —_— 2 Be

Mesp” X7 X < >x

Fig. $146 Dissociation of [(PMes)BeXz]2 (2) (X =Cl, Br, I).

Table $39: Calculated dissociation energies [kcal/mol] for [(PMes)BeX2], (2) (X = Cl, Br, 1) in the gas phase using full optimization
on the wb97xd/def2tzvp level of theory and single point calculations on b3lyp/def2tzvp, b3lyp-GD3/def2tzvp and
MP2(fc)/def2tzvp levels of theory using previously optimized (wb97xd/def2tzvp) structures.

Full optimization Single point calculations (gas phase)

(gas phase)
X whb97xd/def2tzvp b3lyp/def2tzvp b3lyp-GD3/def2tzvp  MP2(fc)/def2tzvp
Cl +23.41 +14.40 +23.70 +29.74
Br +23.91 +13.24 +24.31 +32.50
I +23.40 +10.49 +23.23 +33.99

Table 540: Calculated dissociation energies [kcal/mol] for [(PMes)BeX;], (2) (X = Cl, Br, I) employing a CPCM model of chloroform
using full optimization on the wbh97xd/def2tzvp level of theory and single point calculations on b3lyp/def2tzvp, b3lyp-
GD3/def2tzvp and MP2(fc)/def2tzvp levels of theory using previously optimized (wh97xd/def2tzvp) structures.

Single point calculations (CPCM chloroform)

X whb97xd/def2tzvp b3lyp/def2tzvp b3lyp-GD3/def2tzvp  MP2(full)/def2tzvp

Cl +14.52 +5.96 +15.26 +22.14
Br +14.89 +4.55 +15.62 +25.44
I +14.64 +2.03 +14.77 +27.33

Table S41: Calculated dissociation energies [kcal/mol] for [(PMes)BeX2], (2) (X = Cl, Br, I) employing a CPCM model of toluene
using full optimization on the wb97xd/def2tzvp level of theory and single point calculations on b3lyp/def2tzvp, b3lyp-
GD3/def2tzvp and MP2(fc)/def2tzvp levels of theory using previously optimized (wb97xd/def2tzvp) structures.

Single point calculations (CPCM toluene)

X whb97xd/def2tzvp b3lyp/def2tzvp b3lyp-GD3/def2tzvp  MP2(full)/def2tzvp

Cl +17.09 +8.45 +17.75 +24.78
Br +17.59 +7.17 +18.24 +28.21
I +17.33 +4.64 +17.38 +30.11
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X\ /X\ /PCy3
/Be\ /Be\

CysP X X Bl

Fig. $147 Dissociation of [(PCys)BeX]2 (3) (X =Cl, Br, I).
Table $42: Calculated dissociation energies [kcal/mol] for [(PCy3)BeX,]z (3) (X = Cl, Br, 1) in the gas phase using full optimization

on the wb97xd/def2tzvp level of theory and single point calculations on b3lyp/def2tzvp, b3lyp-GD3/def2tzvp and
MP2(fc)/def2tzvp levels of theory using previously optimized (wb97xd/def2tzvp) structures.

Full optimization Single point calculations (gas phase)

(gas phase)
X wh97xd/def2tzvp b3lyp/def2tzvp b3lyp-GD3/def2tzvp  MP2(fc)/def2tzvp
Cl +39.98 +26.74 +42.54 +53.65
Br +37.91 +23.00 +40.89 +55.04
I +35.18 +17.18 +36.98 +55.21

Table $43: Calculated dissociation energies [kcal/mol] for [(PCys)BeX2], (3) (X = Cl, Br, 1) employing a CPCM model of chloroform
using full optimization on the wbh97xd/def2tzvp level of theory and single point calculations on b3lyp/def2tzvp, b3lyp-
GD3/def2tzvp and MP2(fc)/def2tzvp levels of theory using previously optimized (wh97xd/def2tzvp) structures.

Single point calculations (chloroform)

X whb97xd/def2tzvp b3lyp/def2tzvp b3lyp-GD3/def2tzvp  MP2(full)/def2tzvp

Cl +30.85 +17.62 +33.42 +46.48
Br +29.21 +14.37 +32.26 +50.53
I +26.96 +9.02 +28.83 +50.77

Table 544: Calculated dissociation energies [kcal/mol] for [(PCys)BeXz], (3) (X = Cl, Br, I) employing a CPCM model of toluene
using full optimization on the wb97xd/def2tzvp level of theory and single point calculations on b3lyp/def2tzvp, b3lyp-
GD3/def2tzvp and MP2(fc)/def2tzvp levels of theory using previously optimized (wb97xd/def2tzvp) structures.

Single point calculations (toluene)

X wh97xd/def2tzvp b3lyp/def2tzvp b3lyp-GD3/def2tzvp  MP2(full)/def2tzvp

Cl +33.47 +20.26 +36.06 +49.15
Br +31.75 +16.91 +34.80 +53.10
I +29.41 +11.47 +31.28 +53.24
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Chloroform coordination to [(PRs)BeXa]>

TR3 Me3P CICHCI,
N
/Be\ + CHCI; /Be\
X X X X

Fig. S148 Coordination of one CHCl3 molecule to of [(PR3)BeX;] (R = Me (4)) R = Cy (10)) (X = Cl, Br, I).

Table $45: Calculated association energies [kcal/mol] for the coordination of one CHCl; molecule to [(PR3)BeX;] (R = Me (4)) R
=Cy (10)) (X =Cl, Br, 1) in the gas phase using full optimization on the wh97xd/def2tzvp level of theory.

R X E (kcal/mol)  R[A]
Me Cl -6.51 3.31
Br -5.15 3.32
| -6.64 3.36
Cy cl 5.82 3.42
Br -5.03 3.43
| -5.28 3.46

Fig. 5149 Optimised gas phase structure of (MesP)(CHCl3)BeX; (5) and (CysP)(CHCl3)BeX; (11) and at the wb97xd/def2tzvp
level of theory including three additional chloroform molecules to model solvent interactions.
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Phosphine dissociation from dinuclear complexes

Xo X _PRs X X ~ _
/Be\ /Be\ —_— /Be\ /Be\ + PR3 equation (1)
R3P X X RsP X X
Fig. $150 Phosphine dissociation from [(PMe3)BeXz]z (2) (X = Cl, Br, 1).

Table $46: Calculated dissociation energies [kcal/mol] for the dissociation of phosphine from [(PR3)BeX;], (R = Me (2)) R = Cy
(3)) (X =Cl, Br, 1) in the gas phase using full optimization on the wb97xd/def2tzvp level of theory.

Equation (1)

R X E (kcal/mol)
Me Cl 24.96
Br 28.18
| 28.07
Cy Cl 27.62
Br 29.09
| 29.90
X X X X CICHCI
/ 2
:Bei >Be\ + CHCl; :Bei :Be\ equation (2)
R3P X X RsP X X

Fig. $151 Phosphine dissociation from [(PCys)BeXz]2 (3) (X = Cl, Br, 1).

Table $47: Calculated association energies [kcal/mol] for the coordination of one CHCls molecule to [(PRs)(BeX3),] (R = Me
(12)) R=Cy (13)) (X =Cl, Br, 1) in the gas phase using full optimization on the wb97xd/def2tzvp level of theory.

Equation(2)

R X E (kcal/mol)  R[A]

Me Cl -2.71 3.29
Br -2.94 3.31
| -3.23 3.39

Cy cl -5.16 2.77
Br -4.85 2.88
| -5.01 3.17
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Fig. $152 Optimised gas phase structure of (Me3sP)(CHCls)(BeX3), (5) and (CysP)(CHCls)(BeX;), (11) and at the
wb97xd/def2tzvp level of theory including three additional chloroform molecules to model solvent interactions.
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Dimer dissociation in the presence of six additional chloroform

e CCl; CCly
\ r{ ClHC=CI  PMe;
H\ H Be\
2CHCI; + X X _PMegg ———= 2 x_ X
Be Be WENIP N
Mep”  xT X / T H
/H T H ClC  ccl;  CCly
C|3C CC|3 \CC|3

Fig. 5153 Dissociation of [(PMe3)BeXz]z (2) (X = Cl, Br, I) with three additional chloroform molecules to model solvent
interactions

Table $48: Dissociation energies of [(PMes)BeX;], (2) (X = Cl, Br, 1) in the gas phase at the wh97xd/def2tzvp level of theory with
three additional chloroform molecules to model solvent interactions.

X E (kcal/mol)
cl 17.033
Br 16.640
I 17.655
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