


1. Experi ment al Detail s

G e n e Alndnaerobic and/or moistw®ensitive manipulations weigarried out with standard Schlenk
techniques under ndgen atmospheror with glovebox techniques undargon atmospherédnalytical
thin-layer chromatography (TLC) was performed using Silicd@ekss TLC PlateWako The developed
chromatogram was analyzed by UV lamp (254 nm). The silica gel column atography was performed
with Wako-gel® 60N (156425 mm, irregular). Preparative gel permeation chromatography (GPC) was
performed with an YMC L&orte/R instrument equipped with YMGPC T2000 and T4000 columns
using chloroform as an eluefitheH (400 MHz),3C (100 MHz), and3P NMR (162 MHz) spectravere
measured in CDGwith aJEOLJINM-ECS400 spetometer.Signals due to tetramethylsilane (0.0 ppm) in
'H NMR and CDC4 (77.16 ppm) int3C NMR were used as internal references, and chemical shifts are
reported in ppm downfiel!P NMR chemical shifts are externally referenced to 85%Qd (0 ppm)

Low- and hidr-resolution nass spectra were recorded on a JEOL -® spectrometer at El me. All
melting points were determined on a Yanaco micro melting point apparatud3vdhd were uncorrected.

The melintbdoflorer e measured under an argon at mosphe

Reagents Et,O, THF, toluene, and Ci€l, (Wako, Super dehydrated grade) were purchased and used as
receiveal. Tri(2-furyl)phosphine (TCI),n-BuLi (Mitsuwa), oxone (Aldrich), elemental sulfur(Wako),

elemental selenium (Wako), Grubbsd2(Aldrich), 4-met hy | moN-pkdé d ( Oa k M8 o dl)A,

( Waksd)i,um c¢ ar b o n potassiunftel-busokide ¢nachlai),teda n ¢Wako), andaet oni tri | e
(Wako), andl eChurchased and used asceival. Phosphorus trichlorideand
tris(dimethylamino)phosphe were distilled prior to usel-Bromo-2-(2,2-dibromovinyl)benzee (4),S*
tributyl(vinyl)tin,32 tris(dibenzylideneacetone)dipalladium(chloroform) Pd(dba}CHCl),>
1-bromo-2-vinylbenzene? tri met hy,Ppho&prhd-PAmer o mo hkitohdyo b €nz e n e,
mesitylabcgmdeniraki s (tr i phe n¥dnpnrethytriphenyiprospipoaidm iedidd u m

w e syathesized according to the reported procedures.

Synt haldichlofro(di met hyl ami no)phosphine (S1)

P(NMey); + PCly ———  (Me,N)PCl,

To phosphorus trichloride 6(40 mlL, 73.2 mmol) charged into 50 mL flaskvas addeddropwise
tris(dimethylamino)phosphe 6.71 mL, 36.6 nmol) at 0°C. The mixturewasstirred at room temperature
for 2.5 h, and then distilled under reduced pressuré{¢0CL6 mmHg;lit.S1°57-59e (24 mmHg to give
Slascolorlesdiquid (14.1 g, 96.6 mmol, 88%)% N MR 0( AVMEIR G)ld= 2.86(d,J=12.4 Hz, 6H).
1E{IH}INMR1 QMH zCD Cg) d=37.7(d,J=21.2 Hz, CH).3P{H} N MEMH zG T4 d=
165.9.



Synt hebiroih@br omophleByt adhbene

/\SHBU:S
B sz(dba)g
XrOF P(2-uryl)s XX
Br Br toluene Br Br
4 5

This compound was prepared accordingh® syntletic procedures reported by Shen andvookerS* T o

a s ol ultbromaR-(2@-flibromovinyl)benzend4, 5.20 g, Pd(dbap®HCHMME8BYH, mg,

0. 373 , mamdotli@ffuryl)phosphine (522 m, 2. 2%in wloemd (75 mL) was added
tributyl(vinytin ( 4 . 6 0 mL, 1 & Che reaction mixture was Gtirrel 60 ¢ Gor 21 h. Water

andethyl acetate were added, and then the organic layer was sepahatetjuEous layer was extracted

with ACOEt. The combined organic layer was washed withe d r i ed oyfirl tMgBS®d gh a pa
of Cel and then evaporaed@teundstHnaetdouwer sadp hperde sosnu rs i |
wi thdxane R = 0.48 to give 5 as paleyellow liquid (3.24 g, 11.3 mmol, 74%)H NMR (400 MHz,
CDG)d=5. 4&1)=10.6 Hz, 1H), 5.74d, J = 16.1 Hz, 1H), 6.57dd,J = 16.1, 10.6 Hz, 1H), 7.04 (s,

1H), 7.18(dd,J = 7.8, 7.4 Hz, 1H), 7.34dd,J=7.8, 7.4 Hz, 1H), 7.6, J= 7.8 Hz, 1H), 7.7%d,J=7.8

Hz, 1H).1 € {*H}INMR1QRHz, £LB€120.3, 124.2, 126.7, 126.9, 1
136. 2 ,HRMS(EI.768eV)n/ found: 285.8987 ([M)), calcd for GoHs"*Br, 285.8993.

Synt h@wii 1 i nyl|l phenyl ) bPeorxz adpeh o/ s2paho | e

Li
1) n-BulLi
2) Me,NPCly = =
XY 3) PCl, oxone
Bror Et,0 THF
5 2a

Toasolutonob (2. §8 . tno In ELOi(86 mL) was addedh-BuLi in hexane(1.56 M; 12.7 mL,

19.8 mmol) at 0 e C After the reaction mixture was sBd at room temperaturefor 1 h
dichloro(dimethylamino)phgshine (1.40 mL, 12.1 mmol) was addeddropwise at Oge CThe reaction

mixture was stirred atbom temperature for 1 Phosphorus trichlorid€l.02mL, 11.7 mmol) was added
dropwiseat 0 e Cand then theeaction mixture was stirred at room temperature for 1 h. After the volatiles

were removed under reduced pressure @t@®, THF ( Zaddednilo this solutioatT 7 8 wasC

added lithio-2-vinylbenzne, which was prepared frorbiomao-2-vinylbenzene (2.00 g, 10.9 mmol) and

n-BuLi in hexang(1.56 M; 7.20 mL, 11.2mmol)in THF (30 mL)at T 70oB20 mik After the reaction

mixture was stirred at room temperature for 1.5 h, the mixture was quenctie®lMiCl ag. ati 30e C

The organic layer was separgteahd then He aqueous layer waextracted withethyl acetat. The

combined organic layer wasashed with brined r i ed ov,éf | MgS®©d t hrougaédnd pac
then evaporaterdedsutndeeerr esi due was chr omaexanggthdphed o
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acetate= 50/1 (R = 0.43) to give benzophosphole as orange oil (511 faguspension of benzophosphole

(511 mg, 1.95 mmol) and oxon&.44 g,2.34 mmol) in CHCI, (50 mL) and MeOH (10 mL) was refluxed

for 23 h.Water was added, and then the organic layer was separbetedqlieous layer was extracted with
andCH.Cl,. The combined organic layer was washed withe d r i ed oyfkirl MgE®@d gh a pa
of CGel amnéd then evapor at® diveams pateyelloveliquidc(30@ mgp 1.80s s u r
mmol, 20% fronb).

Mp . -115€0CGH NMR (400 MHz, CDCJ) d=5.27 (ddJ = 11.1, 1.2 Hz, 1H), 5.37 (d,= 11.1 Hz, 1H),

5.62 (ddJ=17.5, 1.2 Hz, 1H), 5.64 (d,= 17.5 Hz, 1H)6.66 (dddJ= 23.0, 17.5, 11.1 Hz, 1HJ,.16(d,

J=35.4 Hz, 1H), 7.25.35 (m, 3H), 7.4Z.53 (m, 3H),7.59 (dd,J = 7.2, 4.4 Hz, 1H), 7.64 (dd,= 9.0,

8.1 Hz, 1H),7.87 (ddd,J = 14.2, 7.8, 1.2 Hz,H); 1€ H}INMR 100MH zGC D G)ld= 118.0 (CH),

1217 (d, J= 5.8 Hz, CH), 124.9 (dJ = 9.6 Hz, CH), 127.1 (d] = 9.6 Hz,CH), 127.4 (dJ = 92.5 Hz),

127.8 (d,J = 12.6 Hz, CH), 129.0 (dl = 10.6 Hz, CH), 129.2 (dl = 10.6 Hz, CH).130.0 (d,J = 9.6 Hz,

CH), 132.3 (dJ = 11.5 Hz, CH), 132.7 (dl = 2.9 Hz, CH), 133.1 (d] = 1.9 Hz, CH),133.6 (d,J = 107

Hz), 134.9 (d,J= 5.7 Hz, CH, 138.1 (dJ = 95.3 Hz), 10.0 (d,J = 20.2 Hz, ®&), 141.6 (dJ = 27.9 Hz),

142.7 (d,J = 8.6 Hz); 3P {H}NMR 162 MH z G D G)l @ = 39.7. HRMS (EIl, 70 eV)n/ found
278.0860 ([M]), calcd forC; H1sPO2 78 . 086 1

Synt Regsihl{inyl phenyl ) bBPesruz o p hdoes p(h2dbl) e

) n-BuLi
MeZNPC|2
Et,O

Toasolutonob (1. §3 . é&o In ELOI(50 mL) was addedh-BuLi in hexane(1.56 M; 7.40mL,
11.6mmol) at0 e @ropwise for 5 minAfter the reaction mixture was steat room temperaturéor 100

min, dichloro(dimethylamino)phgshine(0.80mL, 6.9 mmol) was adde@t0 e CThe reaction mixturgvas

stirred atroom temperature for 10 min. Phosphorus trichlo(@&9mL, 6.7 mmol) was adde@t0 ¢ Cand

then the reaction mixture was stirred at room temperature for 60Af@r the volatiles were removed
under reduced rpssure, THF (20 mLas aded. ZLlithio-2-vinylbenzene, which was prepared from
1-bromo-2-vinylbenzene (1.26 g, 6.86 mmol) andBuLi in hexane(1.56 M; 4.6 mL, 7.2 mmol) in THF

(20 mL) a t € @ 30 min, was addedtT 7 8 Adtel the reaction mixturevas stirred at room
temperature for 45 min, elemental sulfur (291 mg, 9.08 mmol) was added in one portion. The reaction
mixture was stirred at room temperature for 24 h. AqueougCNsblution was addedand therthe organic

layer was separate@he aqueous layer waxtracted withethyl acetateThe combined organic layer was
washed with brined r i ed owyker | tMgiIS®©d t hr ougahn da tphaedn oefv a(peolriattee d
presSheer esi duaet owgasa phlerdo no mexandéthyl amtate=gl6/1 (R w 0.30ho

give 2b as orange oil (482 mg, 1.81 mmo#98 form 5). The highly pure compound?b tended tagive the

insoluble material likely due to oligomerizatiomhich prevent the isolation @&fin highly pure form
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IH NMR (400 MHz, CDCJ) d= 5.03 (d,J = 11.0 Hz, 1H), 5.31 (d] = 10.6 Hz, 1H), 5.38 (d] = 17.0 Hz,
1H), 5.55 (d,J = 17.9 Hz, 1H)6.60 (ddd,J = 23.5, 17.9, 10.6 Hz, 1H§.83 (dd,J = 17.0,11.0 Hz, 1H),
7.15 (d, J = 34.9 Hz, 1H), 7.277.33 (m, 1H), 7.3§.54 (m, 5H), 7.57 (dd] = 10.3, 7.6 Hz, 1H), 8.5@idd,
J=17.4,7.4,1.4 Hz, 1H;E N MROMH zG T }) ¢d=118.0 (CH), 121.4 (d,J = 6.7 Hz, CH), 125.2
(d,J = 8.7 Hz, CH), 125.3 (dl = 71.2 Hz), 127.6 (d] = 9.7 Hz, CH), 128.0 (d] = 13.5 Hz, CH), 128.4 (d,
J=11.6 Hz, CH), 129.0 (d = 11.6 Hz, CH), 129.3 (d}= 11.5 Hz, CH), 132.4 (d| = 1.9 Hz, CH), 132.7
(d,J = 2.9 Hz, CH), 134.4 (dl = 5.7 Hz, CH), 134.9 (dl = 14.5 Hz, ®l), 137.1 (d) = 91.5 Hz), 138.1 (d,
J=17.3 Hz, CH), 140.2 (d,= 78.1 Hz), 141.8 (d] = 2.0 Hz), 141.9 () = 13.5 H2)3P{H} NME& (
MH zG D G)ld= 44.0 HRMS (El, 70 eV)m/ faund 294.0632[M]*), calcd forCigH1sPS294.0632

Synt Regsihl{inyl phenyl ) bPesrez cepnh odsep h a2l ce)

Li \
1) n-BulLi
2) Me,NPCl, = =S =
I
Bro" Et,0 THF Se
5 2c

Toasolutonob (1. §5 . Baéno In ELOi(50 mL) was addedh-BuLi in hexane(1.56 M; 7.40mL,

11.6mmol) at0 e @ropwise for 5 minAfter the reaction mixturevas stired at room temperaturéor 40

min, dichloro(dimethylamino)phgshine(0.79mL, 6.8 mmol) was adde@t 0 e CThe reaction mixture was

stirred atroom temperature for 30 min. Phosphorus trichlo(@eé0mL, 6.8 mmol) was adde@t0 ¢ Cand

then thereaction mixture was stirred at room temperature for 6Q After the volatiles were removed

under reduced rpssure, THF 40 mL) was added. -ithio-2-vinylbenzene, which was prepared from
1-bromo-2-vinylbenzene (1.34 g, 7.33 mmol) andBuLi in hexane(1.56 M; 4.7 mL, 7.4 mmol) in THF

(25 mL) a't € @d 50 min, was addectT 7 8 Adtel the reaction mixturevas stirred at room
temperature for 60 min, elemental selnium (497 mg, 6.29 mmol) was added in one portion. The reaction
mixture was stirred abom temperature for 13 h. Aqueous Xsoluion was addedand therthe organic

layer was separate@he aqueous layer waxtracted withethyl acetateThe combined organic layer was
washed with brined r i ed owyer!| MgiS®d t hr oagtd &dahpandevépCebt e&d
presSheer esi duaet owgasa phlerdo no mexandéthyl amtate=gl6/1 (R w 0.25ho

give 2c asyellow oil (474 mg, 139 mmol, 27% from 5). The isolation of 2c in highly pure form was
unsuccessful likely due to its low stability under ambient condition.

IH NMR (400 MHz, CDC{) d=5.00 (d,J = 11.0 Hz, 1H), 5.31 (d] = 11.1 Hz, 1H), 5.36 (d] = 17.0 Hz,

1H), 5.54 (dJ = 17.5 Hz, 1H), 6.61 (ddd}, = 23.4, 17.5, 11.0 Hz, 1H), 6.70 (diiz 17.0, 11.1 Hz, 1H),
7.14(d, J = 35.0 Hz, 1H), 7.29.51 (m, 6H), 7.56 (dd] = 10.6, 7.4 Hz, 1H), 8.68.73 (m, 1H)1 €& N MR
(100MH zG T §) d=118.2 (CH), 121.5 (dJ = 6.8 Hz, CH), 123.2 (dJ = 62.6 Hz), 125.3 (d) = 7.7

Hz, CH), 127.6 (dJ = 9.7 Hz, CH), 128.2 (d] = 14.4 Hz, CH), 128.7 (d] = 12.5 Hz, CH), 128.9 (dl =

12.5 Hz, CH), 129.3 (dl = 11.5 Hz, CH), 132.7 (d= 1.9 Hz, CH), 132.9 (dl = 2.8 Hz, CH), 134.7 (dl

= 5.8 Hz, CH, 136.83 (d,J = 16.4 Hz, CH), 136.85 (d,= 84.8 Hz), 137.3 (d] = 16.4 Hz, CH), 140.0 (d,

S5
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J=71.2 Hz), 141.7 (d] = 4.8 Hz), 141.9 (d) = 11.5 H2)?P{IH} N M&MH zG D G)ld=29.9(d,
Wpse= 728Hz) . HRMS (El, 70 eV)m/ faund 342.0073[M]*), calcd forC,gH1sP2°Se342.0077

Synthesisofdi b e b @hosphi-Rdxi(iBe i ne

\ - Mes—N_ _N-M
= Z Grubbs 2nd \ O eSC|\( o

P P Ph
T CH,Cl, 8 CI/R|UZ/
o PCy3
2a 1a

Grubbs 2nd

A solutionof2a( @0Gngl . 44 aamo | GrnubD7%s. & mwl) in AHICH (24 mL) was stirred

at reflux for 88 h The reaction mixture was filtered through pad oMi t @eldGHICGH t hen t he
vol atifel ofadapaeavraast ed undelrh er erdeuscieddu ep rweasss uacher o mat o ¢
g el ethyl achtee/THF = 51 (R = 0.25, and then purified b&PC (eluent, CHG). The residual solid

waswashed with hexane to gida as yellow solid78.5 mg, 0.314 mmol, 22%).

Mp . -21d€0CH NMR (400 MHz, CDCY) d= 6.53 (dd,J = 10.1, 3.3 Hz, 1H), 6.76 (dd,= 16.5, 10.1

Hz, 1H), 6.96 (dJ = 35.4 Hz, 1H), 7.25.32 (m, 3H), 7.37 (ddd} = 6.9, 6.9, 4.1 Hz, 1H), 7.42.46 (m,

1H), 7.467.51 (m, 1H), 7.85 (ddl = 12.8, 7.3 Hz, 1H), 7.96 (dd~= 8.2, 8.2 Hz, 1H)! € {*H }N MR 100

MH zG D G)ld=124.2 (dJ = 4.8 Hz, CH), 126.1 (dl = 10.6 Hz, CH), 127.9 (dl = 11.6 Hz, CH), 129.5

(d,J=9.6 Hz, CH), 130.0 (d] = 96.3 Hz) 130.4 (d,J = 9.6 Hz, CH), 131.01 (dl = 9.7 Hz, CH), 131.03

(d,J =112 Hz), 131.3 (d) = 6.8 Hz, CH), 131.6 (d] = 10.6 Hz,CH), 133.0 (dJ = 1.9 Hz, CH), 133.3

(CH), 135.9 (dJ = 92.5 Hz), 138.9 (d] = 18.3 Hz, CH), 139.6 (dl = 6.7 Hz), 143.0 (d) = 30.8 Hz);*'P

{H} NMB2MHzCDG) d= 245 HRMS (El, 70 eV)m/ found: 2 5 0 . @[&]4),7calcd for
Ci:HiPO250..0548

Synthesis ofdi b e be] @hosphi-Rdol {1Dd & e

_— /A
AN Mes—N N—Mes
Grubbs 2nd \(
P Cl<

p Ph
] CHZCIZ I cr u="
S |
PCY3
1b
Grubbs 2nd

A solution of2b (2 0®gO0 . 6 79)amndo | Grnudp H 6 . 2 mmgl) inZTHLCIB (7 mL) was

stirred at reflux for 36 h. The reaction mixture was filtered through p aQle | aifit teh ;@M @I t hen
theol atilfél ofavé@pwaast ed undeThe erdaciedlueprweasuclker o ma
s i | i ¢ a hegaadithyhacettets 51 (R = 0.30), and then purified by GPC (eluent, CHQb give 1b

as yellow solid12.7 mg, 47.7fmol, 7%).

Mp . €l@® 0( d e itddNNR (400 MHz, CDCY) ¢d=6.59 (ddJ=10.5, 3.7 Hz, 1H), 6.79 (dd,= 17.0,

10.5 Hz, 1H), 7.00 (dJ = 35.9 Hz, 1H), 7.27.30 (m, 2H), 7.36 (dd] = 7.2, 3.2 Hz, 1H), 7.39.50 (m,
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3H), 7.76 (dd,) = 14.3, 7.3 Hz, 1H), 8.01 (dd,= 10.1, 7.8 Hz, 1H)! & {*H }N MR 100MH zC D G)Id
= 123.4 (d,J = 5.8Hz, CH), 126.2 (dJ = 9.6 Hz, CH), 128 (d, J = 126 Hz, CH), 129.5 (dJ = 11.6Hz,
CH), 130.4(d, J = 10.6 Hz, CH), 130.6 (dl = 7.7 Hz, CH), 131.1 (d] = 9.6 Hz, Gd), 13211 (d,J=78.1
Hz), 132.2 (CH), 1322 (d,J = 116 Hz, CH), 132.9 (CH), 135.6 (d,= 90.5Hz), 137.8 (d, J = 15.5Hz,
CH), 137.57 (dJ = 6.0 Hz), 18.1(d, J = 77.1Hz), 142.9(d, J = 27.9 Hz); 3P {{H}N MR 162MH z ,
C D G)ld=31.8 HRMS (El, 70 eV)m/ faund: 266.0316 ([MJ), calcdfor C, k1 P 2 6 6 . .03 1 9

Synthesisofdi be bg plhosphi-Bsel é(c) de

M N N—M
= = Grubbs 2nd m es— es
I CH,Cl, |
Se

PCY3

1c
Grubbs 2nd

A solutionof2c(1 1 4 ,0mg3 3 4)amndo IGrnudb22. 42 mygol) in @HCl, 45 mL) was stirred

atreflux for 2.5 days The reaction mixture was filtered through pad aovfi t Ges)@ki@de t hen t he
vol atifel ofatapaeavraast ed undelrh er erdeuscieddu ep rweasss uacher o mat o ¢
g e | hexartedthyl acette = 5/1 (Rr = 0.18 to 31, and then purified by GPC (eluent, CHGb give lc

as yellow solid13.2 mg, 42.17rmal, 13%).

Mp . -2®&CH NMR (400 MHz, CDCJ) d=6.60 (dd,J = 10.5, 3.7 Hz, 1H), 6.80 (dd,= 17.4, 10.5

Hz, 1H), 6.99 (dJ = 35.4 Hz, 1H), 7.23 (dd} = 7.4, 5.1 Hz, 1H), 7.28.31 (m, 1H), 7.3§.49 (m, 4H),

7.74 (dd,J = 15.1, 6.9 Hz, 1H), 8.01 (dd,= 10.9, 7.2 Hz, IH} € {"H}IN MR 100MH zG D G)ld=

123.2(d, J = 6.8 Hz, CH) 126.3(d, J = 8.7 Hz, CH) 128.5(d, J = 13.5 Hz, CH) 129.5(d, J = 11.5 Hz,

CH), 130.64(d, J = 6.8 Hz, CH) 130.72(d, J = 10.6 Hz, CH)131.1(d, J=9.6 Hz, CH) 131.5(d, J = 69.4

Hz), 132.1 ¢, J = 2.8 Hz,CH), 132.2(d, J= 11.6 Hz, CH) 132.8(d, J = 1.9 Hz,CH), 135.8(d, J = 81.0

Hz), 137.0(d, J= 4.8 Hz) 137.36 ¢, J= 70.3 Hz), 137.41 (d} = 15.4 Hz, CH) 142.8(d, J = 27.0 Hz) 3P

{IH} NME&MH zG D G)ld=15.1 (d,XJpse= 719 Hz) HRMS (El, 70 eV)m/ faund 3 1 3 . gM] 9,6
calcdforC; H:1 PP%e313..9764

Synt lodisbh shg @hosphi @d).ol i zi ne

TN o NS
S”e- CHCly P
1d

1c

To asolution oflc(2 3 . 2 7 4ngniol) i ©HCl; (2.5 mL) was added PMg22.6 mL, 222nmol). The
volatiles were removed under reduced pressure (~1 mmHg)et@0give 1d as yellow solid(17.3 mg,
7 4 mmiol, 100%).

Mp 1 1-7 18 CH NMR (400 MHz, CDCl3) d= 6.58 (dd,J = 10.1, 1.9 Hz, 1H), 6.99 (dd,= 10.1, 10.1
Hz, 1H), 7.01 (dJ = 11.0 Hz, 1H), 7.16.26 (m, 3H), 7.26.32 (m, 1H), 7.43 (dddl = 7.3, 7.3, 1.4 Hz,
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1H), 7.57 (dJ = 7.8 Hz, 1H), 7.597.64 (m, 1H), 8.01 (ddl = 7.4, 5.0 Hz, 1H)* € {H }N MR 100MH z ,
CDG)d=124.7(d,J= 2.9 Hz, CH) 125.0(d, J= 9.6 Hz, CH) 125.3(d, J = 15.4 Hz, CH) 127.2(d,J =
5.8 Hz, CH) 127.6 (CH), 128.80 (CH), 128.88,J = 15.4 Hz, CH) 130.0(d, J = 18.3 Hz, CH) 130.6(d,
J=2.0 Hz, CH) 131.3(d, J = 15.4 Hz, CH) 132.9(d, J = 3.8 Hz, CH) 134.3(d, J = 21.2 Hz) 135.8(d, J

= 7.7 Hz) 139.0(d, J = 12.5 Hz) 146.5(d, J = 7.7 Hz) 147.5(d,J = 2.9 HZz) 3P{1H} N M&MHz ,
C D G)ld=3.9 HRMS (EIl, 70 eV)m/ faund 234.0598 ([M}), calcd forC; K1 P: 234.0598

Synt h &eniesst idifh & hgd hosphi @d.ol i zi ne
Compoundrd was synthesized by the route shown in Scheme S1.

o\ Me
N
Br [] Br O MesB(OH), Br O B
© K2COs PhsPMel
Br  MS4A H  Pd(PPhy), (cat) H  tBuOK A
—_— —_—
MeCN toluene/EtOH/H,O THF
(Mes = mesityl) Mes Mes
S2 s3 S4
S4 + nBuli
1) n-BulLi |
2) Me,NPCl, = =
X 3)PCly Se P Grubbs 2nd
Il o~
Bro" Et,0 THF Se CH,Cl,
M
5 s5 es
5 4 5 4
XN Nt piey N N s
_—
ﬁ 7 2 toluene P . 2
Se
7d
7c

Schem&y8tLthedgis of 7

Synt hedbrefHoobdobenzal dehyde (S2)

This compound was prepared according to the synthetic proceduresddyyortevar ando-workerS?2T o

a suspedmeitdry | onfoM-qpxhiod e n(e9. 45amgdS 840A 7(icmmddle YN (26 0 mL
waaddlbdr o-Bamr o mo mkitohdyolebreen z( 9. 6 9 g, e QIbe.réxctionmixturg waat O
stirred at0 e Cor 4 h, and then wadiltered through a pad of Celite. Theo| at i Ifd | 6ff at B e wa
evaporated undefTheedeséedue@r wasurcdr omahexanetthyp hed on
acetdée = 201 (R = 0.38) to give S2 as colorless solig6.34 g, 20.4mmol, 79%).'H NMR (400 MHz,

CDCls) 7.39 (d J= 8.3 Hz, 1H), 7.74 (dd] = 8.3, 2.3 Hz, 1H), 8.20 (d,= 2.3 Hz, 1H), 10.25 (s, 1HThe

analytical data are agreement with the ones in thatiteS!3

Synt hetbir 9@éf, 46 ,i6ne toby phkclalrbal d®hyde
S8



A suspe8ZibamB4ofg, 20. 4 mmol ), me s i t KoL brodgn,i c4 Oa c8i d
mma,land PdPPu ( 2. 36 g, irRtoludre (140mal), EtOH (36 mL), and® (18 mL) was

stirredat D e Gor 24 h. The organic layer was separated and tienaiqueous layer was extracted with

ethyl acetateThe combined organic layer was washed Wiihne d r i ed oyfeirl MgS®d gh a pa
of Celaintde t hen evappmread®uwe arnedsaridnecdemwacsephed on si | i
hexaneAcOEt= 30/1 (R = 0.35 to giveS3as colorless solid (80 g, >99%.

Mp . -1 3BHICH NMR (400 MHz, CDCY) d=1.98 (s, 6H), 2.33 (s, 3H), 6.94 (s, 2H), 7.25 @id,7.9,

2.3 Hz, 1H), 7.71 (d) = 7.9 Hz, 1H) 7.72 (d) = 2.3 Hz, 1H), 10.41 (s, 1H}€ {*H}N MR 100MH z ,
CDG)ld=20.9, 21.7, 125.4, 128.5, 130.9, 133.6, 134.1, 135.7, 136.5, 136.7, 137.6, 141.4{R2D.

(El, 70 eV)m/ faund: 302.030%[M]*), calcd for GeH1:0°Br:3 02 . .03 0 6

Synt helbir 9 2@f, 44 ,imBvh ywlyddhi phenyl (S4

To a suspePnvseilon( 10f. 9Bh g, 27.2 mmol B uUuiOK THBE 5110 B
mmol ). To this s Bgpe.nxk4d ogn,, ZAMH.EXD| mmia)ao)nt Adeft & eact i on 1
was stirred at room temperature for 75 min, hexane
a pad of Celite and silica gel. Theesolihentesiduéa:e
washraotnogr aphed ohexae Rl=0.40a0 giyeSHhas wolotlebs solid (@0 g, 13.3 mmol,

65% from S2).

Mp . -1 ®gOCH NMR (400 MHz, CDG) d=2.01 (s, 6H), 2.33 (s, 3H), 5.35 (dtf 11.0, 0.9 Hz, 1H),

5.66 (dd,J = 17.5, 0.9 Hz, 1H), 6.91 (dd,= 8.1, 1.8 Hz, 1H), 6.95 (s, 2H), 7.09 (dds 17.5, 11.0 Hz,

1H), 7.34 (dJ = 1.8 Hz, 1H), 7.59 (d] = 8.1 Hz, 1H)1 € {*H }N MR100MH zG D G)ld=20.9, 21.2,

116.8, 122.0, 127.8, 128.3, 130.4, 133.1, 135.9, 136.0, 137.2, 137.5, 137.8HRMS(EI, 70 eV)m¢

found 300.0513 ([M]), calcd forC;H17°Br:3 00 ..051 4

Synt hefs &z, 46, 608w h ywiydb[i Ip,hledy yDv]i Abyelnll p[h o s-pP-8el eni de
(S5) .

Thi empound wasacgotdiesgzed t he metdhy duSdiostapdtohe synt
1-bromo2-vinylbenzene4-L i t-20i, c-tor, i6 &8¢ ihyly,dd i p hwas prépared frons4 (1.74 g,

5.76 mmol) and-BuLi in hexang(1.56 M; 3.9mL, 6.1 mmol)in THF (25 mL)at ¢ @860 min The

crude mixture was purified by colunenh raotno gyroaip ts i | i dexangthyl actate=16/1 (R =

0.30.Yi eold58 0migl (76 mmo |l f,T .&3gd5% thtmo b hand dLS5(7mtod B4

Mp . -6 B29CH NMR (400 MHz, CDC4) d= 1.96 (s, 3H), 2.01 (s, 3H), 2.33 (s, 3H), 5.00)(¢,11.0,

1H), 5.34 (dJ = 17.0 Hz, 1H), 5.36 (d] = 11.1 Hz, 1H), 5.61 (d] = 17.4 Hz, 1H), 6.64 (ddd} = 23.4,

17.4, 11.0 Hz, 1H)6.77 (dd,J = 17.0, 11.1 Hz, 1H), 6.95 (s, 2H},16 (d, J = 34.4 Hz, 1H), 7.21 (d] =

3.7 Hz, 1H), 7.267.29(m, 1H), 7.337.38 (m, 1H), 7.44.50 (m, 2H), 7.67 (ddl = 10.5, 7.4 Hz, 1H), 8,69

(dd,J = 18.4, 8.2 Hz, IHL € {tH} N MEIMH zC D G)ld= 20.8(CHs), 20.9(CHs), 21.2(CHs),

118.0 (CH), 121.4 (d,J = 63.5 Hz), 121.5 (d) = 6.7 Hz, CH), 125.4 (dJ = 8.6 Hz, CH), 128.4 (CH),

128.5 (d,J = 9.6 Hz, CH), 128.9 (d] = 8.7Hz, CH), 129.0 (dJ = 8.7 Hz, CH), 129.3 (d] = 2.9 Hz, CH),

S¢)



129.4 (CH), 132.4 (CH), 134.3 (d= 4.8 Hz, CH), 135.7 (d] = 4.8 Hz), 136.9 (dJ = 50.1 Hz), 137.1 (d,
J=18.3 Hz, CH), 137.2 (d|= 16.4 Hz, CH), 137.4, 137.5 (d= 4.8 Hz), 140.1 (d) = 72.1 Hz), 141.7d,
J=2.9Hz), 141.9 (dJ = 19.3 Hz), 146.2 (dJ]= 2.9 HZ).3'P{H} N ME&MH zG D G)ld= 297 (d,
pse= 724 Hz) HRMS (EI, 70 eV)m/ faund: 460.0865 ([M]), calcd for G/HsP* B4 6 0 . .0 8 5 9

Synt loBsnies idi g &€ b plhosphi-Rsel éE) ae

A solution ofS5(3 7. 98 ZngBol)and Grnudb%.s6 2mmgo)) in BHF §1.8 mL) was stirredat

50 e (B1H. Dhe reaction mixture was filtered through pad ovfi t Ge:l€iniCe t veorh at h ¢ e
of ftihlet reav &p ovrasst ed undéelrher adwre apgaep awassiubg prepar ati
g e | ) hewanegthyl acette = 5/1 & = 0.25, and then purifid by GPC (eluent, CHg), followed by

washing with hexane to giv& as yellow solid5.3 mg, 12rmol, 15%).

Mp . -22¢CH NMR (400 MHz, CDCJ) d=1.90 (s, 3H), 2.05 (s, 3H), 2.32 (s, 3H), 6.58 (id,10.1,

3.7 Hz, 1H), 6.83 (dd) = 17.5, 10.5 Hz, 1H), 6.90 (s, 1H), 6.95 (s, 1H), 7.029 &135.8 Hz, 1H), 7.028

(d,J= 4.6 Hz, 1H), 7.0¢.11 (m, 1H), 7.39.52 (m, 3H), 7.80 (dd] = 14.5, 7.5 Hz, 1H), 8.05 (dd,=

10.3, 7.1 Hz, 1H® € {*H }N MR100MH zG D G)ld=20.8 (CH), 21.0 (CH), 21.2 (CH), 123.4(d,J =

5.8 Hz, CH) 126.4(d, J = 8.7 Hz, ¢1), 1283 (CH), 128.5 (CH), 129.(d, J = 68.4 Hz) 129.5(d, J = 10.6

Hz, CH) 129.6(d, J = 12.5 Hz, CH) 130.7(d, J = 10.6 Hz, CH) 130.9(d, J = 7.7 Hz, CH) 132.1(d, J =

9.7 Hz, CH)132.3(d, J = 11.6 Hz, CH) 132.8(CH), 135.7, 135.9136.1(d, J = 82.8Hz), 137.2(d,J= 5.8

Hz), 137.3, 137.44 (d] = 14.5 Hz, CH) 137.49,137.58 (dJ = 72.2 Hz),142.8(d, J = 26.9 Hz),145.5(d, J

=29 Hz);3P{H} NME&EMH zG D G)ld=15.1 (d,\pse= 719 Hz) HRMS (El, 70 eV)nV/ found

432.0542 ([M+H), calcd forCosH1P?P %143 2 . 054 6

Synt loBsies idi g &€ beg hosphi @dJ.ol i zi ne

To asolution of7c (1 6 m§ 3 9 miol) i KHCl; (2.5mL) was added PMg12.0nL, 118 nmol). The
volatiles were removed undegduced pressure (~1 mmHg) & 9 e C  {/doas yeliow solid 3.4 mg,
38.0mmoal, 97%).

Mp 7 @ E CGH NMR (400 MHz, CDCJ) d=1.89 (s, 3H), 2.07 (s, 3H), 2.32 (s, 3H), 6.58)(d,10.1 Hz,
1H), 6.91 (br s, 1H), 6.95 (br s, 1H), 6-:8®7 (m, 4H), 7.31 (ddl= 6.9, 6.4 Hz, 1H), 7.45 (dd= 7.8, 7.8
Hz, 1H), 7.60 (d,J = 7.8 Hz, 1H), 7.68 (dd] = 7.8, 7.8 Hz, 1H), 8.05 (dd,= 6.0, 6.0 Hz, 1H): € {1H }
NMR100MH zG D G)ld= 1248 (d, J = 1.9 Hz, CH) 125.0(d, J = 9.7 Hz, CH) 125.4(d, J = 15.4 Hz,
CH), 128.26 (CH), 128.3(d, J = 8.7 Hz, CH) 128.8 (CH), 129.0d, J = 15.4 Hz, CH) 130.0(d, J = 18.3
Hz, CH), 131.2(d, J = 16.4 Hz, CH) 131.5(d, J = 1.9 Hz, CH) 132.2(d, J = 21.2 Hz) 133.1(d, J = 2.9
Hz, CH), 135.9(d, J = 7.7 Hz) 136.1 (br), 136.2 (br), 137.0, 138.3, 13@i2J = 13.5 Hz) 140.8, 146.5d,
J=8.7 Hz) 147.7(d,J = 2.0 Hz) 3P {*H } NM&MHzCDG)ld=4.1L HRMS (El, 70 eV)m/ z
found: 352.1377 ([M)), calcd for GsH21P: 352.1381.
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2. Spectral Data

N

\M.ﬂ.)ULk_J» !

<] rE
2] rl 2
m I
FIl T
écggujh iy

| S

X : parts per Million : Proton

4.0

1.591 —

-0.000 — =7

F@ ur 2'H SIMR Spectrum of 1a

—
NP,
P
24 cl) 1a
o .
S
Il | I, |
.1 1 " A LAV AN 1\ I
£ Pl el Mmoot | Mapd Y oty gt Pttt ety
1 01430 1420 410 1400 19D RO 178 1360 1358 1340 1330 1320 1310 D IO IR0 1258 1260 1250 12440
I
I LT SV S/ 0N W O |
Eg : i % 3 I |
X i e Milon Cabens E 2% &R + as
;_
3
: Ll
i [ \ .
= AR RS R T T MLABARRRRAAE ARARARRRAS A Ty MADRARARRAL AN RAAALARRAN T LARRARARA Trrrrrrry
170.0 160.0 150.0 1400 130.0 120.0 110.0 100.0 90.0 L 70. 40.0 30.0 10.0 0
I 1l
SEELIRiREiEIIACIAR 324
FoddrnsnsRRRa8554833 FERE
X @ parts per Million= Carbor3~ — ~ ~ 7 T T T T T T T T T

F@ ur el3CNMR Spectrum of 1a

S11



0 0.1020630405060708091.01.112131415161718192021222324

ahundance
-0.2-0.1

T T T
300.0 200.40 100

X parts per Million : Phasphorus3 1

24.450

-100.4

T
-200.0

Fgu

r e3PBIR Spectrum of 1a

7.0

6.0

2.0 3.0 4.0 5.0

1.0

abundance

' . SGPe,
- /
/ [ P
] j /f / f /f / IJ /I f
[ | |
| AU \L
] 'L«HJIU'MWL . \ J'»L’l‘w ”" \ wa
1 ’('E ‘
58 [ oyye \
IS CAY S G O
‘ ' 8{0 ' 7.0 ‘ E‘AO ‘ 5.0 ' ‘4{0 310 2‘,0 I{I]‘ o ' 0
A M=
X:par(sp::i:\jo::;nm:r:r:r“r"r‘:r-r‘r‘r;r‘c\o -

Fgu

r eH SIMR Spectrum of 1b.

S12




=7 \ _—
S
g 1
R T
3 1 ity WP L i
I T
:gc, (W NI I J
: 176.0 I6;J.0 ISE‘J‘G 146.0 I]b.U 126.0 1 Ih.() I()El[l 9(;.0 8(;.0 '.'UI.() 610“(] 56.0 40.0 Sd.ﬂ 20‘.0 10‘0 6

A

Cmonoo TN mE e e M e o
SDEECE2IFEEERRECRSEES C8Y%
SIS 2=82E3A U REE=ESA SE%F
e P T - -1 = R e AR
EREnRAnRRRRARARASNY REER
X : parts per Million T CarbonT3
i 1
Fi g u5 '8 NBIR Spectrum of 1h.
=+
ol
—
:‘ SNW P,
N
E P
I5E I
1b
s s
e g
[k
=4
e
“
=
i}
AE
=]
o
=K
=
X
-
k|
24
=]
LE
=
=4
=
uE
=
[ E|
=1
g <7
%IEQ " " )
g =
-DD‘7
= T T T T T T
3000 200.0 100.0 0 -100.0 -200.0 -300.0
=
g
-
X : parts per Million : Phosphorus31

F@g ur e3PMBIR Spectrum of 1b.
S13




S14

re
o
2
=
S o — 0000 / re
) o
oa=w
=
74 £
L= 2
= =
=
=3
LS
:
=
| Fe
Lo
2 o
FeE
SEROL
. S S
ES sl
£
»AOm <
B e g
=)
=
e - Leret
= Ll
F — Fs 692°9z1
S S S P
- L=
www.w — F e -m 10t°621
= [b099 ) = = R i sisen
; Fe e i — =< _ Y0901
i H - Y— J— — 2 0L9°0EL
o | B IR = g
! 4 2 = ot
wl 2) 6089 = - = P
T——— [ £ = — | — 3 esozer
) = 0569 = E— — = g0
= [ : =\ esozer
. S,H._ = ——sc0L 8] 7 - zirze
LL1 2 = 19T (D) —————— = - )
—— [ .. o BN . | eeezeis
— < 3
€01 ! ., £ . . 66LTENS
D — = 60LL 2 x H i = L8¥LED
001 Q o 208 z = 5 ' g
—_— o 8 =
108 2 i E
0508 = ﬂ — — ot = M
K08 5 T 3 H = 2
b0y 2 = & = £
g B i 2
J L J : . = o 2o 1’0 0 -
0¢ 0T ol 9
2ouepunqe S e
)
LL

F@ ur &3CINMR Spectrum of 1c.



—
N
P
I
gse 1lc
<]
<
]
o
LA
[}
2]
]
: |
E I8
= T T T T T T T
300.0 200.0 100.0 0 -100.0 -200.0 -300.0
&8 2
a3 w
S
X : parts per Million : Phosphorus31

Fg ur e3PMMR Spectrum of 1c.

5.0

4.0

3.0

2.0

1.0

abundance
¢
{ 0.99
[
b <4 : =
] 1.77
{ = 1.00
i
!
T
=

SoN® mAaeTO—®m®
O = == O\ NN —=OoOS O
S233 Foaaadnnng

BB NS S 0SS

0.000— =

X : parts per Million : Proton

Fi g ulr 08H N8R Spectrum of 1d .
S15



Fgur e.®SNMR Spectrum of 1d.

Fgur e.38NMR Spectrum of 1d.
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