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General Procedures: All experiments were carried out under a dry Argdmosphere
using standard Schlenk techniques or in a gloveBavents (including deuterated
solvents used for NMR) were dried and distilledoprio use. NMR spectra were
recorded on a Varian 600 MHz UNITY plus, a Bruk&4A0, a Bruker DPX300 and
a Bruker AC200 NMR spectrometer. Chemical shifts given in ppm relative to
solvents tH and™*C; 5(SiMe,) = 0) or an external standaré(BFsOE®) = 0 for 'B
NMR, 8(CFCk) = 0 for **F NMR]. Elemental analysis data was recorded on
Foss-Heraeus CHNO-Rapid. IR spectra were recordeda do/arian 3100 FT-IR
(Excalibur Series). X-ray crystal structure anatydeata sets were collected with a
Nonius KappaCCD diffractometer. Programs used: datdlection, COLLECT
(Nonius B.V., 1998); data reduction Denzo-SMN (Zwdowski, W. Minor,Methods
Enzymol.1997, 276 307-326); absorption correction, Denzo (Z. Otwiski, D.
Borek, W. Majewski, W. MinorActa Crystallogr 2003, A59, 228-234); structure
solution SHELXS-97 (G. M. SheldrickActa Crystallogr 1990, A46, 467-473);
structure refinement SHELXL-97 (G. M. Sheldrickcta Crystallogr 2008, A64,
112-122) and graphics, XP (BrukerAXS, 2000). Thdreidpsoids are shown with
50% probability, R-values are given for observed reflections, avif values are
given for all reflectionsExceptions and special featurdsor the compoun® one
dichloromethane molecule disordered over two pasitiwas found in the asymmetric
unit. Several restraints (SADI, SAME and SIMU) warsed in order to improve
refinement stability. Compoun@ present two dichloromethane molecules in the
asymmetric unit. The carbon and chlorine atoms laysal irregular displacement
ellipsoids, which were therefore constrained tont@e regular using the program
commands ISOR and SADI. For the compoufdone cyclopentane molecule was
found in the asymmetric unit. The carbon atomshdf tyclopentane molecule and of
the phenyl group attached to the C2 atom displayedular displacement ellipsoids,
which were therefore constrained to be more regusang the program command
ISOR. CCDC reference numbers 871479 to 871481.

Materials: Dimethylzirconocene (CZrMe;) [Samuel, E.; Rausch, M. DOl. Am.

Chem. Socl973, 95, 6263-6267.], Dimethylpermethylzirconocene f{{&s).ZrMey)
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[Manriquez, J. M.; McAlister, D. R.; Sanner, R. Bercaw, J. EJ. Am. Chem. Soc.
1978, 100, 2716-2724.], Triphenylcarbenium tetrakis(pentafphenyl)borate
([PhsC][B(CeFs)4]) [Ihara, E.; Young, Jr., V. G.; Jordan, RJFAmM. Chem. So&998,
120, 8277-8278.], Diphenyl(phenylethynyl)phosphanelldj A. D.; Johnson, S. A;
Tupper, K. A.; McBee, J. L.; Tilley, T. DOrganometallics2009, 28, 1252-1262.],
Diphenyl(3-methyl-3-en-1-butynyl)phosphar@ [Chattha, M. SJ. Chem. Eng. Data.
1978, 23, 95-96.].

NMR reaction of [Cp.ZrMe][B(CeFs)s]” (4a) with phenyl-diphenylphosphanyl

acetylene (7a):

Ph
[Ph3C][B(C6F5)4] - PhsCMe [B(CeFs)4l ©
4a 5 PhP—CHj
[B(CeFs5)d]

CpZrMe; (5.0 mg, 20 umol) and [RG][B(CeFs)4] (18.4 mg, 20 pmol) were mixed
in CsDsBr (0.3 mL). After standing in the fridged -30°C) for 5 min, the mixture
was added to a solution of the respective alkiaés.7 mg, 20 pmol) in §DsBr (0.2
mL). The color of the reaction mixture changed ipate yellow immediately.

Data of PRCMe:

'H NMR (600 MHz, GDsBr, 299 K):§ = 7.14 (m, 6Hm-Ph), 7.10 (m, 3Hp-Ph),
7.07 (m, 6Ho-Ph), 2.04 (s, 3H, Me).

B3C{’H} NMR (151 MHz, GDsBr, 299 K): § = 149.2 {-Ph), 128.9 ¢-Ph), 128.1
(m-Ph), 126.11§-Ph), 52.7 (P¥C), 30.6 (Me).

Data of compleX:

'H NMR (600 MHz, GDsBr, 299 K): & = 7.37 (m, 2H,p-PhP), 7.28 (m, 4H,
m-PhP), 7.20 (m, 4Hp-PhP), 7.11 (m, 2HM-Ph), 7.02 (m, 1Hp-Ph), 6.68 (m, 2H,
0-Ph), 5.59 (s, 10H, Cp), 1.75 fdpy = 12.7 Hz, 3H, Me).

3
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B3C{’H} NMR (151 MHz, GDsBr, 299 K): § = 233.6 (d,2Jec = 30.2 Hz, PhC=),
148.8 (dm,'Jec ~ 242 Hz,0-B(CeFs)s), 144.0 (d,*Jpc = 10.0 Hz,i-Ph), 138.5 (dm,
Lrc ~ 244 Hz,p-B(CgFs)s), 136.7 (dmec ~ 247 Hz,m-B(CsFs)s), 133.9 (d,Jpc =
3.0 Hz,p-PhP), 132.6 (dXJpc = 7.2 Hz, =CP), 131.5 (Jpc = 9.9 Hz,0-PhpP), 129.9
(d, 3Jpc = 12.0 Hzm-PhP), 128.7 -Ph), 127.1§-Ph), 124.8 (bri-B(CsFs)s), 124.1
(d, YJpc = 84.8 Hz,j-PhP), 123.5 (d*Jpc = 2.0 Hz,0-Ph), 108.7 (Cp), 11.7 (dJpc =
59.0 Hz, Me).

3pH} NMR (243 MHz, GDsBr, 299 K):8 = 13.3 {12 ~ 1 Hz).

FENMR (564 MHz, GDsBr, 299 K):8 = -131.4 (br, 2Fp-B(CgFs)a4), -161.8 (t3Jee =
21.1 Hz, 1Fp-B(C¢Fs)s), -165.6 (M, 2RNn-B(CsFs)s).

UB{*H} NMR (192 MHz, GDsBr, 299 K):8 = -15.9 1> ~ 20 Hz).

'H, 'H GCOSY (600 MHz / 600 MHz, @DsBr, 299 K): 'H / 8'H = 7.37 / 7.28
(p-PhP / m-PhP), 7.28 / 7.37, 7.200¢PhP/ p-PhP, 0-PhpP), 7.20 / 7.28 (-Ph,P /
m-PhP), 7.11 / 7.02, 6.687¢Ph /p-Ph,0-Ph), 7.02 / 7.11ptPh /m-Ph), 6.68 / 7.11
(0-Ph /m-Ph).

'H, ¥C GHSQC (600 MHz / 151 MHz, €DsBr, 299 K):8'H / 8'°C = 7.37 / 133.9
(p-PhoP), 7.28 / 129.9n¢-PhP), 7.20 / 131.50:PhP), 7.11 / 128.7n¢-Ph), 7.02 /
127.1 p-Ph), 6.68 / 123.50Ph), 5.59 / 108.7 (Cp), 1.75 / 11.7 (Me).

'H, 3C GHMBC (600 MHz / 151 MHz, €DsBr, 299 K):5'H / 8**C = 7.37 / 131.5
(p-PhP / 0-PhP), 7.28 / 129.9, 124.1PhP / m-PhyP, i-PhyP), 7.20 / 133.9, 131.5
(0-PhP /p-PhuP,0-PhP), 7.11 / 144.0, 128.7¢Ph /i-Ph,m-Ph), 7.02 / 123.50(Ph /
o-Ph), 6.68 / 233.6, 127.1, 1236Rh / PhC=p-Ph,0-Ph), 5.59 / 108.7 (Cp / Cp),
1.75/132.6, 124.1 (Me / =CPPhP).
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NMR reaction of [Cp.ZrMe]'[B(CeFs)s (4a) with 3-methyl-1-diphenyl-
phosphanylbut-3-en-1-yne (7b):

+>%PPh2
7b

CpoZrMe,

+ [szere]_+ - szzr
[Ph3C][B(C6F5)4] - Ph3CMe [B(CGF5)4] ®
4a g PhP—CH;
[B(CeF5)al

According to the procedure of the situ preparation of comples, the reaction of
CpZrMe; (5.0 mg, 20 umol), [P][B(CeFs)s] (18.4 mg, 20 umol) and enynfbd
(5.3 mg, 20 umol) in gDsBr was carried out in an NMR scale to characterize
complex8. (Comment: comple8 was not stable at room temperature, so the NMR
data were collected at -20).

Data of PRCMe:

'H NMR (600 MHz, GDsBr, 253 K): 8 = 7.15 (m, 6Hm-Ph), 7.11 (m, 3Hp-Ph),
7.05 (m, 6Ho-Ph), 2.02 (s, 3H, Me).

BC{’H} NMR (151 MHz, GDsBr, 253 K): 8 = 149.0 {-Ph), 128.8 ¢-Ph), 128.0
(m-Ph), 126.11§-Ph), 52.4 (P¥C), 30.4 (Me).

Data of comples:

'H NMR (600 MHz, GDsBr, 253 K): § = 7.40 (m, 2H,p-PhP), 7.32 (m, 4H,
m-PhP), 7.19 (m, 4Hp-PhP), 5.53 (s, 10H, Cp), 4.26 (br, 1H, =€MH 4.00 (br, 1H,
=CH,%), 1.83 (dJpy = 12.8 Hz, 3H, MeP), 1.67 (br, 3H, GEE).

B3C{™H} NMR (151 MHz, GDsBr, 253 K): & = 234.6 (d,%Jec = 30.0 Hz, ZrC=),
148.8 (d,2Jpc = 10.2 Hz, =CMe), 148.7 (dmMJec ~ 245 Hz,0-B(CsFs)s), 138.2 (dm,
Y3 ~ 247 Hz,p-B(CeFs)s), 136.4 (dmJec ~ 245 Hz,m-B(CgFs)a), 133.7 (d,*Jpc =
2.7 Hz,p-PhP), 131.3 (d%Jpc = 10.3 Hz,0-PhP), 129.7 (d3Jpc = 12.0 Hzm-PhP),
128.0 (d,"Jpc = 23.8 Hz, =CP), n.0i-B(CsFs)s), 124.0 (d,*Jpc = 85.6 Hz,i-PhP),
108.3 (Cp), 105.0 (br, =Gi}| 22.2 (d*Jpc = 1.2 Hz, CHC=), 10.8 (d1Jpc = 56.3 Hz,
MeP).

3p{H} NMR (243 MHz, GDsBr, 253 K):8 = 14.2 (1, ~ 2 Hz).
7
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F NMR (564 MHz, GDsBr, 253 K):8 = -131.6 (br, 2Fp-B(CsFs)s), -161.2 (br, 1F,
p-B(CsFs)a), -165.1 (br, 2Fm-B(CsFs)a).

UB{'H} NMR (192 MHz, GDsBr, 253 K):8 = -16.0 {1/> ~ 25 Hz).

'H, 'H GCOSY (600 MHz / 600 MHz, €DsBr, 253 K): 'H / 8'H = 7.40 / 7.32
(p-PhP / m-PhP), 7.32 / 7.40, 7.19¢PhP / p-PhP, 0-PhP), 7.19 / 7.32¢-PhP /
m-PhP), 4.26 / 4.00, 1.67 (=Gfl / =CH,*, CHsC=), 4.00 / 4.26, 1.67 (=GH /
=CH,", CHsC=), 1.67 / 4.26, 4.00 (G4&=/ =CHp).

'H, ¥C GHSQC (600 MHz / 151 MHz, €DsBr, 253 K):8'H / 8'°C = 7.40 / 133.7
(p-PhoP), 7.32 / 129.7n¢-PhyP), 7.19 / 131.30:Ph,P), 5.53 / 108.3 (Cp), 4.26, 4.00 /
105.0 (=CH), 1.83/10.8 (MeP), 1.67 / 22.2 (QEE).

'H, 3C GHMBC (600 MHz / 151 MHz, €DsBr, 253 K):5'H / 8**C = 7.40 / 131.3
(p-PhP /0-PhP), 7.32 / 131.3, 129.7, 1248-PhP / 0-PhP, m-PhP,i-PhP), 7.19 /
133.7, 131.3¢-PhP /p-Ph,P, 0-PhP), 5.53 / 108.3 (Cp / Cp), 4.26, 4.00 / 22.2 (3CH
| CHsC=), 1.83 / 128.0, 124.0 (MeP / =OFPhP), 1.67 / 148.8, 105.0 (GA=/
=CMe, =CH).

7.40 7.25 7.10 6.95

J L
W

4.2 4.0 .
" - A .

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

'H NMR (600 MHz, GDsBr, 253 K)




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

L P b u”l L ™"

152 148 144 140 136 132 128 124 120 116 112 108 104

A M | l m " l ll Lk ]u
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

BC{'H} NMR (151 MHz, GDsBr, 253 K)

-1I30 l -1I34 l -1I38 I -1‘42 I -1l46 I -1I50 I -1|54 I -1I58 I -1I62 l -1I66 l
FNMR (564 MHz, GDsBr, 253 K),"B{*H} NMR (192 MHz, GDsBr, 253 K) and
¥p{IH} NMR (243 MHz, GDsBr, 253 K)




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Preparation of the Me;P stabilized zirconacyclopropene complex 6:

Me3P
Ph i Ph
Cp,ZrMe, PMes
. — szzr —_— szzr
[Ph3CI[B(CgF5)s] Ph S) CH Ph S) CH
5 P 3 6 o7 ’
[B(CgFs)al [B(CeF5)4l

According to the procedure of the situ preparation of comples, Cp.ZrMe, (20.0
mg, 80 umol) and [RR][B(CsFs)4] (73.8 mg, 80 pmol) were mixed in 1.0 mL of
CsHsBr. After standing in the fridgee@ -30°C) for 5 min, the mixture was added to a
solution of phenyl-diphenylphosphanyl acetylefia) (22.9 mg, 80 pmol) in 0.5 mL
of CgHsBr. After another 1 h, excess of MRe(18.3 mg, 240 umol) was added to the
reaction mixture, which then was covered with peat& mL). A beige oil formed
overnight. It was crystallized by a two layer prdeee using a solution of GEI, and

6 covered by cyclopentaneg 1:3) to give compleX as a pale yellow crystalline
solid (82 mg, 76% yield). Crystals suitable for a§rsingle crystal analysis were
grown from a two layer procedure using £CHp/cyclopentane at room temperature.
Elemental Analysis: calcd. for GgHz/BF,0P2Zr - CH,Cl,: C, 52.00; H, 2.88. Found: C,
51.99; H, 3.38.

H NMR (600 MHz, CDCly, 299 K): & = 7.75 (m, 2H,p-PhP), 7.64 (m, 4H,
m-PhP), 7.57 (m, 4Hp-PhP), 7.21 (m, 2HM-Ph), 7.03 (m, 1Hp-Ph), 6.58 (m, 2H,
0-Ph), 5.50 (d3Jpy = 1.9 Hz, 10H, Cp), 1.99 (dJpn = 12.9 Hz, 3H, MeP), 1.31 (d,
2Jpr = 6.9 Hz, 9H, MgP).

B3C{*H} NMR (151 MHz, CDCl,, 299 K):8 = 213.0 (dd?Jpc = 31.3 HzJpc = 20.5
Hz, =CZr), 149.3 (d3Jpc = 11.6 Hz,i-Ph), 148.5 (dm¥Jec ~ 242 Hz,0-B(CgFs)a),
147.6 (dd}pc = 13.5 Hz2Jpc = 2.1 Hz, =CP), 138.6 (dmJrc ~ 247 Hzp-B(CeFs)s),
136.7 (dm,YJec ~ 246 Hz,m-B(CeFs)s), 134.3 (d,*Jpc = 2.9 Hz,p-PhP), 132.3 (d,
2Joc = 10.1 Hz,0-PhP), 130.3 (d,*Jpc = 12.0 Hz,mPhP), 128.8 i+Ph), 124.8

(p-Ph), 124.4 (brj-B(CeFs)s), 124.1 (d.*Jpc = 86.6 Hz,i-PhoP), 121.4 (d*Jpc = 2.0
10
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Hz, 0-Ph), 105.0 (Cp), 16.9 (dJpc = 20.0 Hz, MgP), 12.0 (d2Jpc = 51.5 Hz, MeP).
3p*H} NMR (243 MHz, CDCly, 299 K):8 = 14.3 (d3Jpp= 12.8 Hz, P}P), -5.1 (d,
3Jpp= 12.8 Hz, MgP).

YFENMR (564 MHz, CDCl,, 299 K):8 = -133.1 (br, 2Fp-B(CsFs)a), -163.7 (tJe =
20.4 Hz, 1Fp-B(CeFs)s), -167.6 (M, 2RN-B(CsFs)s).

UB{*H} NMR (192 MHz, CBCly, 299 K):8 = -16.7 {12 ~ 20 Hz).

'H, 'H GCOSY (600 MHz / 600 MHz, CBCl,, 299 K):8'H / 8'H = 7.75 / 7.64
(p-PhP / m-PhP), 7.64 /| 7.75, 7.5TtPhP / p-PhP, 0-PhP), 7.57 / 7.64¢PhP /
m-PhP), 7.21 / 7.03, 6.581¢Ph /p-Ph,0-Ph), 7.03 / 7.21pPh /m-Ph), 6.58 / 7.21
(o-Ph /m-Ph).

'H, 3C GHSQC (600 MHz / 151 MHz, CBCl,, 299 K):&'H / 6'°C = 7.75 / 134.3
(p-PhP), 7.64 / 130.2n¢-PhP), 7.57 / 132.30tPh,P), 7.21 / 128.8n¢-Ph), 7.03 /
124.8 p-Ph), 6.58 / 121.40(Ph), 5.50 / 105.0 (Cp), 1.99 / 12.0 (MeP), 1.316/9
(MesP).

'H, 3C GHMBC (600 MHz / 151 MHz, CBCl,, 299 K):5'H / 8*%C = 7.75/ 132.3
(p-PhP / 0-PhP), 7.64 / 130.3, 124.2rPhP / m-PhyP, i-PhyP), 7.57 / 134.3, 132.3
(0-PhP /p-PhuP, 0-PhP), 7.21 / 149.3, 128.8r¢Ph /i-Ph,m-Ph), 7.03 / 121.4p(tPh /
0-Ph), 6.58 / 213.0, 124.8, 121@Rh / =CZr,p-Ph,0-Ph), 5.50 / 121.4, 105.0 (Cp /
0-Ph, Cp), 1.99/ 147.6, 124.1 (Me / =GPhP), 1.31/ 16.9 (M&/ MesP).

IR (KBr): ¥ /cm'=1644 (m, C=C).

11
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FENMR (564 MHz, CDCly, 299 K) and'B{*H} NMR (192 MHz, CBCl,, 299 K)

X-ray crystal structure analysis & x CH,Cly: formula GgH3zgBClFoPZr, M =
1362.77, colourless crystal, 0.30 x 0.10 x 0.10 am,18.7974(2)b = 14.7002(1)¢
= 20.1020(3) AV = 5554.70(11) A pcarc = 1.630 gerit, p = 0.460 mrit, empirical
absorption correction (0.8 T < 0.955),Z = 4, orthorhombic, space grolmaz
(No. 33),A = 0.71073 AT = 223(2) K,0 andg scans, 36266 reflections collectedh,(+

13
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+k, #), [(sinB)/A] = 0.67 A%, 12951 independenR{; = 0.039) and 11896 observed
reflections [>20(1)], 783 refined parameter® = 0.042, wR = 0.087, max. (min.)
residual electron density 0.46 (-0.33) €,Aydrogen atoms calculated and refined as

riding atoms, Flack parameter 0.48(3).

CS1A-C56A

C41A-C46A

Preparation of the Me;sP stabilized zirconacyclopropene complex 9:

Me3P
CpyZrMe, PMej l
+ _>’ CpyZr. —»  CpyZr
[Ph3C][B(CgFs5)4] ® ®

Ph,P—CH Ph,P—CH
8 o 2 3 9 o 2 3
[B(CeFs5)4] [B(CeF5)4]

According to the procedure of the situ preparation of complek, CpZrMe, (10.0
mg, 40 pmol) and [RR][B(CesFs)4] (36.9 mg, 40 umol) were mixed in 1.0 mL of
CeHsBr. After standing in the fridgecé -3(°C) for 5 min, enyne/b (10.6 mg, 40
umol) was added to the reaction mixture. After haotl h in the fridgeca. -30°C),

14
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excess of MgP (0.12 mL, 1.0 M in toluene, 120 pmol) was addaed #en the
reaction solution was covered with pentane (3 nALpeige oil formed overnight. It
was crystallized by a two layer procedure usinglat®on of CHCI, and9 covered
by cyclopentanec@. 1:3) to give comple® as pale yellow solid (28 mg, 53% yield).
Crystals suitable for X-ray single crystal analysisre grown from a two layer
procedure using Ci€l,/cyclopentane at room temperature.

Elemental Analysis: calcd. for GsHz/BF,oP.Zr - CH,Cl,: C, 50.69; H, 2.96. Found: C,
50.49; H, 2.94.

[CommentComplex9 was not stable in CITI, at 299 K]

'H NMR (600 MHz, CDQCly, 299 K): & = 7.78 (m, 2H,p-PhP), 7.68 (m, 4H,
m-PhP), 7.61 (M, 4Hp-PhP), 5.44 (dJpy = 1.9 Hz, 10H, Cp), 4.64 (m, 1H, =G},
4.25 (m, 1H, =CH), 2.36 (d2Jpy = 13.0 Hz, 3H, MeP), 1.57 (dtlyn = 1.4 Hz,*Jun

= 0.8 Hz, 3H, CHC=), 1.53 (d2Jpn = 6.9 Hz, 9H, MgP).

BC{*H} NMR (151 MHz, CDCl,, 299 K):8 = 213.9 (ddJpc = 30.3 Hz,2Jpc = 19.3
Hz,, =CZr), 152.4 (d3Jpc = 11.2 Hz, =CMe), 148.5 (dJrc ~ 244 Hz,0-B(CsFs)s),
143.2 (d,"Jpc = 13.2 Hz, =CP), 138.6 (dMJrc ~ 247 Hz,p-B(CsFs)s), 136.7 (dm,
LJrc ~ 247 Hzm-B(CgFs)s), 134.4 (d*Jpc = 3.0 Hz,p-PhP), 132.3 (d%Jpc = 10.2 Hz,
0-PhP), 130.3 (d3Jpc = 11.9 Hz,m-PhP), 124.4 (brj-B(CeFs)s), 124.3 (d, Jpc =
85.7 Hz,i-PhP), 104.9 (Cp), 103.1 (4Jpc = 1.9 Hz, =CH), 22.7 (d,"Jpc = 1.9 Hz,
CH5C=), 16.9 (dd,*Jpc = 19.9 Hz,*Jpc = 1.5 Hz, MgP), 11.8 (d,'Jpc = 53.6 Hz,
MeP).

3p{H} NMR (243 MHz, CRCl,, 299 K):8 = 13.9 (d,Jpp = 12.9 Hz, P}P), -5.4 (d,
3Jpp=12.9 Hz, MgP).

YENMR (564 MHz, CDCl,, 299 K):8 = -133.1 (br, 2Fp-B(CsFs)a), -163.7 (t I =
20.3 Hz, 1Fp-B(C¢Fs)4), -167.6 (M, 2FRm-B(CeFs)y).

UB{*H} NMR (192 MHz, CBCly, 299 K):8 = -16.7 {12 ~ 20 Hz).

'H, 'H GCOSY (600 MHz / 600 MHz, CBCl,, 299 K):8'H / 8'H = 7.78 / 7.68
(p-PhP / m-PhP), 7.68 / 7.78, 7.6In¢PhP / p-PhP, 0-PhP), 7.61 / 7.68cPhP /
mPhP), 4.64 / 4.25, 1.57 (=GH/ =CH,F, CHC=), 4.25 / 4.64, 1.57 (=CGH /

=CH,?, CHyC=), 1.57 / 4.64, 4.25 (Gi&=/ =CHp).
15
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'H, 3C GHSQC (600 MHz / 151 MHz, CBCl,, 299 K):&'H / 6'°C = 7.78 / 134.4
(p-PhoP), 7.68 / 130.3n¢-PhyP), 7.61 / 132.30-PhyP), 5.44 / 104.9 (Cp), 4.64, 4.25 |
103.1 (=CH), 2.36 / 11.8 (MeP), 1.57 / 22.7 (§EE), 1.53/ 16.9 (MgP).

'H, C GHMBC (600 MHz / 151 MHz, CBCl,, 299 K):8'H / 8**C = 7.78 / 132.3
(p-PhoP / 0-PhP), 7.68 / 130.3, 124.3r(PhP / m-PhyP, i-PhyP), 7.61 / 134.4, 132.3
(0-PhP /p-PhoP, 0-PhP), 5.44 / 104.9 (Cp / Cp), 4.64 | 22.7 (=CHCHC=), 4.25 /
213.9, 22.7 (=Ckf / =CZr, CHC=), 2.36 / 124.3 (MePifPhP), 1.57 / 213.9, 152.4,
103.1 (CHC=/ =CZr, =CMe, =Chj), 1.53 / 16.9 (M&P / MeP).

IR (KBr): ¥ /cm'=1644 (m, C=C).

7.80 7.70 7.60
‘—J A L
L . 47 46 45 44 43 42 " *
“.WJ.J.J_; I W FTI | 1 It [M L An l
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05

'H NMR (600 MHz, CBQCl,, 299 K)
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155 150 145 140 135 130 125 120 115 110 105 100 | 35 25 16

I“ A | ] L Lt
220 200 180 160 140 120 100 80 60 40 20 0

BC{'H} NMR (151 MHz, CDCly, 299 K)

P{H)

-1I3O I -1I34 I -1I38 | -1I42 ‘ -1I46 I -1I50 | -1I54 I -1I58 I -1I62 I -1I66 I -1I70 I
®FENMR (564 MHz, CDCly, 299 K) and*P{*H } NMR (243 MHz, CDBCl,, 299 K)

X-ray Crystal Structure Analysis @& formula GeH3zoBCloFo0P2Zr, M = 1326.74,
colourless crystal, 0.38 x 0.20 x 0.15 man= 19.0797(2),b = 14.5742(1),c =
39.3043(4) AV = 10929.40(18) A pcac = 1.613 gerit, p = 0.465 mrit, empirical
absorption correction (0.843 T < 0.933),Z = 8, orthorhombic, space groljzaz
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(No. 29),A = 0.71073 AT = 223(2) K, andg scans, 93031 reflections collectedh,(+
+k, H), [(sinB)/A] = 0.66 A, 24883 independenRf; = 0.053) and 21569 observed
reflections [>20(1)], 1488 refined parameter®,= 0.050, wR = 0.104, max. (min.)
residual electron density 0.94 (-0.57) € Aydrogen atoms calculated and refined as

riding atoms, Flack parameter 0.50(2).

\ C32A
Q "‘0.5‘ O
s / Y=g 'F\//
O C21A

C10A-C14A Qp
z

C41A-C46A
Preparation of complex 10:
H,C. _Ph °
Cp*ZErMez [Cp*ZZrMe]_+ + PhC=CPPh, - cpr ?r<— oot [B(CgFs5)4]
[PhyCIB(CeFs)a] -PhsCMe  [B(CoFs)d] ? 2
4b 10

(CsMes)ZrMe; (11.8 mg, 30 umol) and [B@][B(CeFs)4] (27.7 mg, 30 umol) were
mixed in 0.8 mL of GHsBr. After standing in the fridgec& -30°C) for 5 min, the
mixture was added to a solution of phenyl-diphehgiphanyl acetylengd) (8.6 mg,
30 pmol) in GHsBr (0.2 mL). After another 2 h in the fridgea( -30°C), pentane (3
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mL) was covered over the reaction mixture. A brosatid formed about 2 days.
Crystallization of the brown residue by a two laygpocedure using a solution of
CH.Cl, and 10 covered by cyclopentaneg 1:3) afforded compleXO as a red
crystalline solid (26 mg, 62% vyield). Crystals abie for X-ray single crystal analysis
were grown a two layer procedure using, CH/cyclopentane at -3C.

Elemental Analysis. calcd. for GsHigBF0PZr GHio: C, 59.54; H, 4.14. calcd. for
CesHagBFoPZr: C, 58.17; H, 3.61. Found: C, 57.99; H, 4.0thq lower C content
found is probably due to the loss of cyclopentane)

'H NMR (600 MHz, CRCly, 299 K):8 = 7.55 (m, 2Hp-Ph), 7.42 (m, 2Hm-Ph},,
7.41 (m, 1H,p-Ph), 7.40 (m, 2H,p-PhPY¥, 7.29 (m, 4H m-PhP), 7.20 (m, 4H,
0-PhP), 2.00 (br s, 3H, Me), 1.93 (tl-y = 0.57 Hz, 30H, éMes), [* from the ghsqc
and ghmbc experimerftfrom the'H,*H tocsy experiment].

3C{’H} NMR (151 MHz, CDCl,, 299 K): & = 186.2 (d,*Jpc = 103.7 Hz, =CZr),
170.6 (dJpc = 17.3 Hz, C=), 148.6 (dmJec ~ 245 Hz,0-B(CsFs)s), 145.4 (d3Jpc =
7.7 Hz,i-Ph), 138.6 (dmlJc ~ 244 Hz,p-B(CeFs)s), 136.7 (dm,‘Jec ~ 244 Hz,
m-B(CeFs)s), 135.1 (d,2Jpc = 12.5 Hz,0-PhP), 132.6 (d Jpc = 28.6 Hz,i-PhP),
131.3 (d,*Jpc = 2.9 Hz,p-PhP), 129.1 §-Ph), 128.91f+Ph), 128.8 (d*Jpc = 10.9 Hz,
m-PhP), 128.1 ¢-Ph), 126.4 (gMes), 124.2 (brj-B(CeFs)s), 34.0 (d,*Jpc = 21.6 Hz,
Me), 12.4 (d3Jpc = 0.9 Hz, GMes).

3p'H} NMR (243 MHz, CDCly, 299 K):8 = 17.6 {12 ~ 2 Hz).

FENMR (564 MHz, CDCly, 299 K):8 = -133.1 (br, 2Fp-B(CgFs)a4), -163.9 (t3Jee =
20.3 Hz, 1Fp-B(C¢Fs)4), -167.7 (M, 2AN-B(CsFs)a).

UB{'H} NMR (192 MHz, CBCly, 299 K):8 = -16.7 {1» ~ 20 Hz).

'H,*H GCOSY (600 MHz / 600 MHz, CBCl,, 299 K):8'H / 8'H = 7.55 / 7.42¢-Ph

| mPh), 7.42 | 7.55, 7.41(Ph /0-Ph,p-Ph), 7.41 [ 7.42ptPh /m-Ph), 7.40 / 7.29
(p-PhP / mPhP), 7.29 / 7.40, 7.20v¢PhP / p-PhP, 0-PhP), 7.20 / 7.29¢PhyP /
m-PhP).

'H, C GHSQC (600 MHz / 151 MHz, CBCl,, 299 K):8 *H / & *°C = 7.55 / 128.1
(0-Ph), 7.42 / 128.9n¢-Ph), 7.41 / 129.1ptPh), 7.40 / 131.3ptPhP), 7.29 / 128.8,

(m-PhoP), 7.20 / 135.1ctPh,P), 2.00 / 34.0 (Me), 1.93 / 12.4{@es).
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'H, 8C GHMBC (600 MHz / 151 MHz, CBCl,, 299 K):8'H / 8'3C = 7.55 / 170.6,
129.1, 128.1¢-Ph / C=,p-Ph,0-Ph), 7.42 / 145.4 , 128.9n{Ph /i-Ph,m-Ph), 7.41 /
128.1 p-Ph /0-Ph), 7.40 / 135.1pPhP / 0-PhP), 7.29 / 132.6, 128.80PhP /
i-PhP, m-PhP), 7.20 / 135.1, 131.3PhP / 0-PhP, p-PhP), 2.00 / 186.2, 170.6,
145.4 (Me / =CZr, C=i-Ph), 1.93 / 126.4 (§Mes / CsMes).

IR (KBr): 9/cmi'=1643 (m, C=C).

f ! }U Wi tocsy | °
L2
JVRL tocsy

M
I

7.65 7.50 7.35 7.20 7.05

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

'H NMR (600 MHz, CDCl,, 299 K)
[tocsy 28 'Hi,: 7.55, tocsy 3'Hiy: 7.20; c: cyclopentane]
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3¢ {*H} NMR (151 MHz, CDCl,, 299 K) [c: cyclopentane]
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'H, ¥C GHSQC (600 MHz / 151 MHz, CBCly, 299 K)
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3p{H} NMR (243 MHz, CDCly, 299 K),>F NMR (564 MHz, CDCl,, 299 K) and
UB{'H} NMR (192 MHz, CBQCl,, 299 K)

X-ray Crystal Structure Analysis ofO: formula GoHsgBFoPZr, M = 1412.16,
yellow-orange crystal, 0.43 x 0.30 x 0.07 man: 10.6745(2)p = 15.6839(3)¢c =
19.2457(3) A = 81.780(1)3 = 82.615(1)y = 83.286(1)°V = 3146.54(10) A pearc
= 1.490 gerit, 1 = 0.302 mrit, empirical absorption correction (0.881 < 0.979),Z
= 2, triclinic, space group1 (No. 2),A = 0.71073 AT = 223(2) K, and¢ scans,
32876 reflections collected fft+k, H), [(sinB)/A] = 0.67 A%, 15020 independenR{;
= 0.045) and 13079 observed reflectio26(1)], 849 refined parameterR,= 0.055,
WR = 0.144, max. (min.) residual electron density20(®.66) e.A’, hydrogen atoms

calculated and refined as riding atoms.
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