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Abstract; Addition of the silicon-boron bonds of (dimethylphenylsilyl)boranes having pinacol, catechol,
and diethylamino groups on the boron across carbon—carbon tripie bonds is effectiveiy cataiyzed by
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pailadium complexes. The silaboration of a variety of terminal alkynes took place with aimost complete

I‘EglO— and stereoselechv:ty to afford (Z)-1-boryl-2-silylalkenes in high yields. The silaboration products

yzed cross-coupling reaction with aryl iodide and rhodium-

jugate addition to m t_h_y! y] ketone, giving Badvlstvme derivatives and #-silyl-7.8-

1 e YRS Py 14

fry
N

vields. © 1999 Elgevier Science Litd. All l‘lﬁhtﬂ reserved.
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Activation of boron-containing o-bonds by transition metal catalysts has gained increasing interest
in organic synthesis, providing new access to the synthetically useful organoborane derivatives.
Catalytic hydroboration of unsaturated organic molecules through B-H bond activation has found
wide application to organic synthesis,? which includes asymmetric synthesis by means of
enantioselective hydroboration reactions with appropriate optically active ligands on the transition

metals.> Recently, it has been disclosed that boron—element bonds such as B-B* and B-Sn’ are effectively
activated by transition metal catalyst to undergo insertion reactions of unsaturated organic compounds.

It is suggested that the reactions involve a mechanism quite similar to that of transition metal catalyzed

hic ailulatimem wnnmfinme writh QG hamde zrhish lhavra bhan 2t d Avae Te, 6.7
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Based upon the new catalytic system for Si-Si bond activation, which enabled the bis-silylation
reactions synthetically useful, our attention was directed to transition metal catalyzed activation of Si—
Bbond. In spite of the fact that compounds having Si-B bonds, i.e., silylboranes, were already prepared
in early 1960s,%1? transition metal catalyzed reaction of the silylboranes has never been reported until
our preliminary reports on the alkyne silaboration' and related reactions'>* appeared.’® Buynak and
Geng reported that no reaction took place at all in an attempted silaboration of alkenes in the presence
of rhodium catalvst9

Herein, we describe the full detail of palladium- and platinum-catalyzed addition reaction of
N - Ve s 7 IR T - vrevan Tloanfilnone Af $hha silalhneatinn in nroanis cvnthocice

Dedicated to Professors Teruaki Mukaiyama and David A. Evans on the occasion of thmr receipt of the 1998 Tetrahedron Prize.
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is presented by new selective carbon—carbon bond formation with the silaboration products.

Results and Discussion

Synthesis of Silylboranes. According to the reported procedure,34? a silylborane 1 having
ino liecands on the boron atom was nmuamd by reaction of dimethylphenylsilyllithium with

two amino hy n the tom d her
o = = - D A o A

chlorobis(diethylamino)borane in good yield (Scheme 1). Catechol derivative 2 was prepared from 1

Loor cradaotitietinem sarithh amdanlnd cria PO P T nterl Ahlanida A

uy supstitiition witn catecnoi vi fi u:tyx chloride. We also prep"“ed new

temperature.

PhMe,SiLi
+
CIB(NEtz)2
1 o
ref 8c,d DA, PhMe,Si—8 7;/\
' 2) catechol oA
NEt ret 9 2 (69%)
PhMe,Si—B_ —
NEt,
1(85%) pinacol 0. |
PhMe,Si—B
CHZCl . S
3 (79%)
Scheme 1

Silylboranes 1-3 thus prepared were thermally stable and could be
1
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without significant decomposition. They can be handled in air during a short period, though prolonged
exposure to the air resuited in gradual decomposition.

Silaboration of 1-Octyne: Optimization of Reaction Conditions. First of all, reactions of the
silylboranes 1-3 with 1-octyne were examined in the presence of palladium complex catalysts. Our
investigation on the bis-silylation of alkynes prompted us to use a palladium(0)-tert-alkyl isonitrile in
situ generated for the silaboration.!®'® Under reflux in toluene, addition of the Si-B bonds of 1-3

across the carbon—carbon triple bond of 1-octyne, i.e., silaboration, took place in the presence of the
catalyst prepared from 2 mol % of Pd(OAc);and 30 mol % of 1,1 3,3-tetramethylbutyl isocyanide (¢-
TN T [ o TP PRSP R, FPIE. SRS b JEpen " d A e aler varmmn ionlatad

ﬁ

\JCl\l\_} \mble 1) The silaboration pruuuLw 4 and 6a obtained from 1 and 3, u::-yc&.uvcxy were 1S0ra
by distillation in high yields, whereas catechol derivative 5 was converted to pinacol derivative 6a by
ligand substitution prior to distillation due to its thermal instability (entries 1-3).

~



Ad Ciinismnms o ¢
ive. LJMSLILU"LC €l

Table 1. Reaction of 1-Octyne with Silylborane 1-3 in the Presence of Transition Metal

Catalysts*
n-Hex 2 mol % nHex_ SiMe,Ph
X | y Xy
—B‘X ¥ m tolusne, heat - /ﬂ\
H ‘ H™'BX,
1-3 4 (X = NEtp)
5 (Xp = -0-OCgH,0-)
8a (X, = -OCMe,CMe;0-)
e tm vtateras temp time  yield regioisomeric
7 0 h (% ratio
1 1 Pd(OACc),/t-OcNC 110 2 94 >99:1
2 2 Pd(OAC),/t-OcNC 110 2 78? >99:1
3 3 Pd(OACc),/t-OcNC 110 1 94 >99:1
Y. k1 PAMNA AN 14 NANIC /N 2 [+0] ~QQ.1
= (%4 l“\un\.lzl [ N NS 3 wJ (%4 Qs T 7.4
5¢ 3 Pd(OAc),/t-OcNC 110 2 98 >99:1
6 3 Pd(OAc),/c-HexNC 110 4 95 >99:1
7 3 Pd,(dba),-CHCl,/P(OEt), 110 4 99 >99:1
8 3 PdCL(PPh,), 110 2 89 >99:1
9 3 Pd(PPh,), 110 1 <20 >99:1
10 3 Pt(PPh,), 110 1 80 90:10
1 3 Pt(PPh,), 50 3 24 95:5
12 3 RhCI(PPh;), 110 1 0 -
¢ Silylborane and 1-octyne (1.5 equiv) were reacted in toluene in the presence of 2 mol %
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but also in nearly compiete regio- and stereoseiectivities to give Z-aikenes 4, 5, and 6a with the boryi
groups attached to the terminal sp? carbon. In no case, the regio- and stereoisomers were detected by
INMR spectroscopy of the crude reaction mixtures.

The silaboration reaction of 1-octyne with the pinacol derivative 3 proceeded in the presence of
the palladium-isonitrile catalyst even at 50 °C to give 6a in comparable yield (entry 4). The reaction
also proceeded with 0.5 mol % of catalyst to give 6a in nearly quantitative yield (entry 5) In addition
to tm-alkvl isonitrile on nallad ium, which has been crucial for the hmh catalvtlc activ i_n the bis-

silvlation reactions reported so Fnr 16-18 a sec-alkvl isonitrile, e.g., cvclohexyl isonitrile, e nnh'volv worked
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as a spectator ligand on palladium to promote the silaboration of 1-octyne (entry 6). The

oL 1=

reaction was successfully catalyzed also by palladium complexes with phosphorous ligands such as

silaboration
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P(OEt); and PPh; (entries 7-9); however, use of PA(PPh;)4 resulted in the formation of a complex mixture
including the desired product of less than 20% (entry 9), while PdCl(PPh3), catalyzed the reaction in
high yield (entry 8). A platinum complex also worked as an active catalyst for the silaboration of 1-
octyne with 3 at 110 °C, although the regioisomeric silaboration product was accompanied as a by-
product in low yield (entry 10). However, the platinum catalyst failed to promote the reaction at 50 °C
effectivelv, resulting in the formation of the gilaboration nroduct nn]v in 24% vm]d (pn_h'v 11). As

TIADRRIVRA Y, RO e e i a2 iseass

previously reported by Buynak and Geng,? Wilkinson’s complex was totally ineffective for the
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Table 2. Silaboration of Terminal Alkynes with 3 in the Presence of Palladium-Isonitrile

\_a%a}y“s‘
R 2 mol % Pd(OAc), R SiM
& t AI 30 mol % +OcNC Tf o2Ph
PhMe,Si—B 5 I — - - 1 o |
| H ouene, refix H B, I
O- l
3 6b-m
alkyne vield  regioisomeric sterecisomeric
entry R—=—H product (%) ratio ratio

1 CHCHg)s H 6b 87 >99:1 >99:1

2 NC(CHa)3 H 6¢ 77 >99:1 >99:1

3 TBSOCH; H 6d 83 >99:1 >99:1

4 THPO(CHp),—=—H 88 >99:1 >99:1

5 MEMO{CH,)3 H 6f 85 >99:1 >99:1

6 HO(CH,), H 77 >99:1 >99:1

7 Ph——=—H 6h 82 >99:1 >99:1

8 =" 6 94 >99:1 >99:1

/

9 E10,C—=—H 6j 77 >99:1 >99:1
i0 CH,CO——=——H 6k 88 >99:1 >99:1
1 MesSi—-==—H 6l 76 >99:1 96:4
12% H——=—H 6m 91 - 90:10

* Silylborane, alkyne (1.5 equiv), Pd(OAc); (0.02 equiv), and t-OcNC (0.30 equiv) were
toluene, b Silylborane, Pd(OQAc); (0.02 eq

eated in refluxing iv), and +-OcNC (0.30 pmnv\
i STRL 221 IRAASRANR ARkt Qiy el SAAE Ry et s AN
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Silaboration of Terminal Alkynes. With one of the most effective catalyst, the palladium-
isonitrile catalyst, in hand, terminal alkynes with a variety of substituents were subjected to the
silaboration with the silylborane 3 in refluxing toluene (Table 2). 5-Chloro- and 5-cyano-1-pentyne
afforded the corresponding silaboration products 6b and 6¢c in high yields with high regio- and
stereoselectivities (entries 1 and 2). Protected alkynols including a silyl-protected propargylic alcohol
provided 6d-f in high yields (entries 3-5). Furthermore, homopropargy! alcohol successfully underwent

the cilaharatioon with 1 in trnzn Lo writh hioh maoinaalamiviter fantrog 6) Phanvlacatylona and a ranitioatad
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the latter case, no 1,4-addition reaction took piace at ail. Carbon—carbon triple bonds conjugated with
ester and ketone groups similarly underwent the addition of the Si-B bond in a 1,2-fashion in high
yields (entries 9 and 10). The reactions of these electronically deficient alkynes also proceeded with the
regioselectivity identical to that for the other terminal alkynes to give a-silyl-B-boryl a,f-unsaturated
carbonyl compounds 6j and 6k in high selectivity. Silaboration of trimethylsilylacetylene also proceeded
with the same regiochemical preference; however, a small amount of the stereoisomer was formed
(entry 11). The silylborane 3 reacted with ethyne under atmospheric pressure in the presence of the
palladium—isonitrile catalyst to give 9:1 mixture of (Z)- and (E)-1-silyl-2-borylethene 6m in high yield
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E/Z ratio. It should be noted that the silaboration of ethyne did not take place at all by use of either
Pd,(dba);-CHCly-P(OEt); or PACl;(PPh;3),; under otherwise identical conditions.

1,7-Octadiyne underwent double silaboration with two equivalents of 3 to give diene én, which
has two terminal boryl groups, in high selectivity (eq 1).

_ 2mol % Pd(OAc), SiMe,Ph
/ ” w P % Fy pu gy [}
3 + /\/\// "»'D' UGN - X_.B/\/\/\/j\\‘/exz (1)
& toluene, refiux = 1
SiMe,Ph

6n (X2 = -OCMe,CMeg0-; 72%)

Silaboration of Internal Alkynes. Complete cis-addition of the Si-B bond of 3 across carbon—
carbon triple bond of diphenylacetylene was effected by the palladium-isonitrile complex to furnish
(E)-1-silyl-2-borylstilbene 60 in 74% yield (Table 3, entry 1). Similarly, 1-phenyl-1-propyne reacted
with 3 under the identical conditions to give the corresponding cis-product 6p in which the silyl group

is a to the phenyl group in high yield with good selectivity (entry 2). With this alkyne, use of the
mlativnismm rataluok alan ractiléad in tha nmadaminant farmakian nf n n raomnarahla viald bt in cliohtiv
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decreased regioselectivity (entry 3). In contrast to the advantage of palladium catalyst over platinum
catalyst with respect to catalytic activity as well as selectivity in the silaboration reactions described
thus far, the platinum catalyst exhibited superior catalytic activity toward silaboration of 5-decyne.
The platinum catalyst afforded cis-silaboration product 6q in 72% yield (entry 5), whereas the palladium-
isonitrile catalyst provided 6q only in low yield (entry 4).
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catahvst R! SiMe,Ph
12 toluene, refhx N\ O~—
‘o’i—
£ oa
alkyne yield regioisomeric
entry Al p2 catalyst product %) ratio
1 Ph—=—Ph Pd(OAc);/t-OcNC 6o 74 -
b ] Ol e as DAMNYA N e YN Loam (= Q2.7
& riam—==me U2/ VAN O O Ided
3 Ph—==— Pt(PPhs), 6p 75 82:18
4 nBu—=—Bu-n Pd(OACc),/t-OcNC 6q 24 -
5 n-Bu—==—Bu-n Pt(PPhs), 6q 72 -

“ Silylborane and alkyne (1.5 equiv) were reacted in refluxing toluene in the presence of
Pt(PPhs), (0.02 equiv) or Pd(OAc), (0.02 equiv) and t-OcNC (0.30 equiv).

N

Synthetic Application of the Silaboration Reactions. Cross-coupling reaction of organic halides
with alkenylboranes having silyl group B and cis to the boryl group may produce the corresponding
vinylsilanes stereoselectively. The usefullness of the cross-coupling was exemplified by stereoselective

coupling of 6a and 6f with p-iodotoluene under the reaction conditions for the Miyaura-Suzuki coupling

.
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PACLIdnn with KOH fag o\ 19
L\EY 4

R. _SiMePh
sat + 1= Soug _lPAOH Y @
\/ dioxane, HyO A
90°C,3h pi
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taiyzea oy Rhco mplex to give 8a an

Rh(CO)z(acac)-dppb RYSiMegPh
Bai + ’/_/,‘\ PP . (3)
]\r Moo 20 H)W
= 50°C, 24 h H I

0]

8a (R = n-Hex; 83%)
8i (R = c-Hexen-1-yl; 78%)
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Mechanistic Consideration. A possible catalytic cycle for the palladium-catalyzed silaboration
of terminal alkynes involves an oxidative addition of the Si~B bond onto the transition metals, followed
by regioselective insertion of the carbon—carbon triple bond and subsequent reductive elimination of
the product, as illustrated in Scheme 2. It is notable that the (boryl)(silyl)palladium intermediate A,
which is formed by oxidative addition of silylborane onto palladium, may undergo a regioselective

and cis-insertion of alkyne at the B~Pd bond with regioselective B-C bond formation at the terminal sp
onvhon bn riva 'R 21

AL WVIL WV 6]"‘—

R_SiMePh SiMezPh
| _ PO T BX,
Wex, \ 7 N 1-3
reducive wdiion
/ \
¢
pg SiMegPh " SiMe,Ph
R -B% “BX,
R A

—

H__‘““‘“"./

Scheme 2. Possible r:lalvhr r'vc'lp for nall dulm-cafalvypd silaboration of

terminal alkynes (neutral hgands on the palladium atom are omitted).

Conclusion

Addition of the silicon-boron bond across the carbon—carbon triple bond was effectively catalyzed
by palladium as well as platinum complex catalysts to afford cis-f-silylalkenylborane derivatives in
high yields. The silaboration of terminal alkynes proceeded with the regioselective B-C bond formation

at the terminal alkvnvl carbon atoms. In most cases, palladium catalvsts showed higher r‘ata_lvhr g(‘hvﬂv
ati e wrmina; alxynyl carbon aioms. INmosicases, pallag iy ... eq gner cat 0oc acay

ac warall ag ragimonlantivriter thanm tha smlatinzim nq&alvr HAwovuonr in thao cilahnratinn nf intarmal alinhatkis
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alkyne, platinum catalysts gave higher yield than the palladium complexes.
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Experimental

General. All reactions were carried out under a nitrogen atmosphere. All solvents were distilled
under a nitrogen atmosphere in the presence of appropriate drying agents. The 'H and *C NMR
spectra were recorded on Varian VXR-200 and Varian Gemini 2000 equipped with 4.7 Tand 7.0 T
magnets, respectivelv, The “R and 2°Si NMR spectra were recorded on a JEOL JNM-A400 equipped

it e Sl G e At NAVISR SpARRAA S WRAT IRAARRARRS AL SWSRe ANV L4 Y

with 9.3 T magnet. The boron and silicon chemical shifts were referenced to the external standards
trimethoxyborane (B(OMe)s;) and tetramethylsilane (SiMey), respectively. Mass spectra were recorded
on a JEOL JMS-HX110A. IR spectra were recorded on a Hitachi 270-30 spectrometer. Silylboranes 1

and 2 were prepared according to the literature procedure 34

2-(Dimethylphenylsilyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3). To a solution of
(dimethylphenylsilyl)bis(diethylamino)borane (1) (9.0 g, 31 mmol) in CHCl; (30 mL) was added pinacol
(3.7 g, 31 mmol) at room temperature; the mixture was stirred for 10 h. After evaporation of volatile
materials, distillation (82-85 °C/0.1 mmHg) affrded 3 (6.4 g, 79%) as a colorless liquid. '"H NMR (CDCl,)

\a istilla (82-85 0.1 mmHg) affrded 3 g col
1

50.33 (s, 6H), 1.25 (s, 12H), 7.32-7.36 (m, 3H), 7.56-7.61 (m, 2H); 3C NMR (CDCl3) §-3.2, 25.0, 83.4,

127.7,128.5,134.2, 139.1; IR (neat) 2988, 1444, 1248, 1138 cm™. HRMS Calcd for Ci3H00,:BSi (M—CH):

Typical Procedure for the Silaboration of Alkynes in the Presence of Palladium-Isonitrile
Catalyst. To palladium(Il) acetate (9.0 mg, 40 umol) placed in a Schlenk-type tube under nitrogen was
added 1,1,3,3-tetramethylbutyl isocyanide (84 mg, 0.60 mmol) with stirring at room temperature. Deep
red color occurred immediately, indicating the formation of active palladium(0)-isonitrile catalyst. To
the mixture were successively added toluene (0.5 mL), silylborane 1-3 (2.0 mmol), and alkyne (3.0

mmol) at room temperature. The mixture was heated under reflux for 1-4 h, cooled to room temperature,
and then subiocted to a gshort column on gilica gel (ather), Bulb-to-bulb digtillation of the crude mixture
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(2)-1-[Bis(diethylamino)boryl}-2-(dimethylphenylsilyl)-1-octene (4). According to the typical
procedure, 4 (133 mg, 94%) was prepared from 1 (102 mg, 0.35 mmol) and 1-octyne (57 mg, 0.52 mmol).
4: TH NMR (C¢De) 50.48 (s, 6H), 0.82 (¢, ] = 6.9 Hz, 3H), 0.98 (t, ] = 6.9 Hz, 12H), 1.12-1.27 (m, 6H), 1.37-
1.48 (m, 2H), 2.24 (dt, ] = 1.3, 7.7 Hz, 2H), 2.77-2.89 (m, 4H), 3.04-3.17 (m, 4H), 6.69 (s, 1H), 7.14-7.26 (m,
3H), 7.61-7.64 (m, 2H); 13C NMR (CDCl;) 6-1.7, 14.1, 15.5, 23.0, 29.6, 30.3, 32.1, 39.9, 42.7, 127.9, 128.9,
134.4, 140.2, 146.8, 147.7 (br); IR (neat) 2972, 1582, 1430, 1266 cm™. HRMS Calcd for Ca4HssBN,Si:

400.3445. Found: 4(X).3437.

(Z)-2-(Dimethylphenyisilyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxa
According to the typical procedure, 6a (274 mg, 94%) was prepared from 3 (206 mg, 0.79 mmoi) and i-

octyne (126 mg, 1.1 mmol). 6a: 'H NMR (CDCls) §0.44 (s, 6H), 0.85 (t, ] = 6.6 Hz, 3H), 1.07 (s, 12H), 1.14-
1.38 (m, 10H), 2.18-2.25 (m, 2H), 6.18 (t, ] = 1.3 Hz, 1H), 7.26-7.31 (m, 3H), 7.51-7.55 (m, 2H); 13C NMR



(CDCly) 6-09,14.1,225,24.6,29.1,29.6,31.7,42.6,83.0, 127.4, 128.3, 131.9 (br), 134.0, 140.5, 166.7; 1'B
NMR (CDCl3) 6 10.9 (br); ¥Si NMR (CDCl3) §-9.7; IR (neat) 2968, 1588, 1356, 1256, 1148 cm™l. Anal.
Caled for CH37BOSi: C, 70.95; H, 10.01. Found: C, 70.70; H, 10.25. For the minor regioisomer: 'H
NMR (CDCl3) §0.39 (s, 6H), 0.88 (t, | = 6.5 Hz, 3H), 1.12 (s, 12H), 1.20-1.50 (m, 10H), 2.22-2.29 (m, 2H),
6.40 (s, 1H), 7.25-7.40 (m, 3H), 7.50-7.60 (m, 2H); 1*C NMR (CDCl;) §-0.8, 14.0, 22.5,24.7, 28.9, 29.4, 31.7,
41.3,83.3,127.5, 128.3, 133.9, 141.4, 143.9; IR (neat) 2968, 1584, 1314, 1244, 1146.cm™.

(N MNMulaen PV (dirmcathulnbhoneleilel) 1 (A 4 BB (o o 4
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)-
{6b). According to the typical procedure, 6b (248 mg, 87%) was prepared from 3 (204 mg, .78 mmol

and 5-chioro-1-pentyne (117 mg, 1.1 mmol). 6b: *H NMR (CDCl;) §0.46 (s, 6H), 1.08 (s, 12H), 1.73-1.88
(m, 2H), 2.31-2.39 (m, 2H), 3.43 (t, ] = 6.7 Hz, 2H), 6.21 (t, ] = 1.3 Hz, 1H), 7.28-7.34 (m, 3H), 4.49-7.54 (m,
2H); 3C NMR (CDCl,) §-1.1, 24.6, 32.1, 39.3, 44.5, 83.2, 127.5, 128.6, 133.8 (br), 134.0, 139.9, 164.3; IR
(neat) 2984, 1588, 1342, 1250, 1144 cm™!. Anal. Caled for C19H30BClO,Si: C, 62.56; H, 8.29. Found: C,

62.66; H, 8.51.

(Z)-S-Cvano-z-(dxmeﬂwlnhen ilvi)-1

{6c). According to the t}ﬂ,};ca!dp*;xet;m J‘..e (ZE?mg', 77%) was ;rep’-a:\. from 3 (208 m;, 0.?; mmol)

and 5-cyano-1-pentyne (107 mg, 1.1 mmol). 6c: TH NMR (CDCl3) §0.47 (s, 6H), 1.11 (s, 12H), 1.67 (tt, |
=72,76Hz, 2H), 2.20(t, ] = 7.2 Hz, 2H), 2.34 (dt, ] = 1.3, 7.6 Hz, 2H), 6.19 (i, | = 1.3 Hz, 1H), 7.29-7.35 (m,
3H), 7.49-7 .54 (m, 2H); 13C NMR (CDCl3) §-1.3, 16.2,24.5, 24.7, 40.8, 83.2, 119.4, 127.5, 128.6, 133.9, 134.1
(br), 139.4, 163.3; IR (neat) 2988, 2252, 1588, 1344, 1252, 1144 cm™’. Anal. Calcd for Co0H3oBNO,Si: C,

67.60; H, 8.51; N, 3.94. Found: C, 67.35; H, 8.61; N, 4.03.

(Z)-3-(tert-Butyldimethylsilyloxy)-2-(Dimethylphenylsilyl)-1-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-propene (6d). According to the typical procedure, 6d (141 mg, 83%) was prepared

from 3 (103 o \g, 0.39 mmol) and Mm-butvldumthvlsllvlnxv\-l-nmpym {TBDMS ether of nmarmr]
alcahnll (1G1 mo 0 B3 mmall &4 THNMR (CTXC1.) SN N2 (e 6HY N4AS (e AHY NRA (e OH\ 1 NR (e 178

m\.vxﬁvl’ \J" “‘B’ W ewor uul‘v&’. . A 5 & W AVAEN ‘\-VM ’ LAY LAVE —) \0’ Ull’, e " HNS \ﬂ, WA I.’ LYY g \0’ Py l’, A «\FNF ‘ﬂ' L“‘-',
ANT I T_"NDLTm LI\ £ ER /8 T_ "D LT N Y AT fen ALT\ T EN T BEA [ ALIN. 137 ATARAD 4°TW M1 ) 8
2.4 \Q, | S L4 X1Z, 402), 000\L, | = &.& 11L, H 1;, 7.28-7.31 \n, o), /.ou~/.5% (I, 411}, "\ INIVIR (\LALI3) O
-5.5,-1.6,18.4,24.6,25.9,69.3,83.0,127.5,128.0 (br), 1 8 134.0, 139.7, 162.7; IR (neat) 2968, 1588, 1326,

1256, 1146, 1112 cm™. HRMS Calcd for Ca3Hy BOsSi;: 432.2687. Found: 432.2673

(Z)-2-(Dimethylphenylsilyl)-4-[(tetrahydropyran-2-yl)oxy]-1-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-butene (6e). According to the typical procedure, 6e (140 mg, 88%) was prepared
from 3 (100 mg, 0.38 mmol) and 4-[(tetrahydropyran-2-yl)oxy]-1-butyne (88 mg, 0.57 mmol). 6e: 'H
NMR (CDCls) 6 0.45 (s, 6H), 1.05 (s, 12H), 1.42-1.87 (m, 6H), 2.52-2.57 (m, 2H), 3.36-3.48 (m, 2H), 3.69-

3.83 (m, 2H), 494 (t, ] = 3.6 Hz, 1H), 6.27 (t, ] = 1.2 Hz, 1H), 7.27-7.30 (m, 3H), 7.51-7.54 (m, 2H); 3C NMR

(CTW™ I\ 8 1n1 nae 10/1 DAL ")RA Qn( A11Q£’11 A7E Q21 Q27 127K 172K 1241 14N "D 142 2- 1D
WAL UTLVL,TVULT0, L7053, 40U, L) U, 2210, Udes 1, U7 o, OJehy 7008 4 Ldad oy AUy LT d, 170U oday AUk, LIN
7. N AOZs AROO TNAA TNCL 1Y AL ‘4A-1 A___ 1 M 1 1L M TT MMOL I LA TYT O0L Do .. A M o177,
{neat) 2956, 1588, 1344, 1256, 1146 cIn™. Anal. Laica 101 {3rizyblUgdl: , 60.54; 11, 0.70. I a:{,66.1/;
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(Z)-2-(Dimethylphenylsilyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6,8,11-trioxa-1-
dodecene (6f). According to the typical procedure, 6f (419 mg, 85%) was prepared from 3 (297 mg,1.1
mmol) and 6,8,11-trioxa-1-dodecene (MEM ether of 4-pentyn-1-ol) (296 mg, 1.7 mmol). 6f: 'H NMR
(CDCl;) 5045 (s, 6H), 1.07 (s, 12H), 1.57-1.72 (m, 2H), 2.25-2.32 (m, 2H), 3.39 (s, 3H), 3.46 (t, ] = 6.6 Hz,
2H), 3.51-3.56 (m, 2H), 3.62-3.67 (m, 2H), 4.65 (s, 2H), 6.20 (t, ] = 1.4 Hz, 1H), 7.26-7.30 (m, 3H), 7.50-7.54
(m, 2H); 13C NMR (CDCls) § -1.0, 24.6, 29.2, 38.8, 58.9, 66.5, 67.3, 71.8, 83.1, 95.3, 127.4, 128.4, 1339,

140.1, 165.3; IR (neat) 2952, 1590, 1342, 1254, 1146 cm’!. Anal. Calcd for C3H3BO:Si: C, 63.95; H, 9.05
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(2)-3«(Dimethylphenylsilyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-buten-1-ol (6g).
According to the typical procedure, 6g (209 mg, 77%) was prepared from 3 (213 mg, 0.81 mmol) and 3-
butyn-1-ol (81 mg, 1.1 mmol). 6g: 'H NMR (CDCly) §0.47 (s, 6H), 1.09 (s, 12H), 1.53 (br, 1H), 2.52 (dt, ]
=1.2, 6.7 Hz, 2H), 3.60 (t, ] = 6.7 Hz, 2H), 6.26 (t, ] = 1.2 Hz, 1H), 7.28-7.34 (m, 3H), 7.51-7.55 (m, 2H); ’C
NMR (CDCl,) 8-1.1,24.6,45.2, 61.5, 83.3, 127.6, 128.6, 134.0, 135.7 (br), 139.7, 162.0; IR (neat) 3448, 2988,
1588, 1354, 1254, 1146 cm™!. Anal. Calcd for C1sH20BOsSi: C, 65.06; H, 8.80. Found: C, 65.08; H, 8.45.

(Z)-1-(Dimethylphenylsilyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-phenylethene

(6h). According to the typical procedure, 6h (119 mg, 82%) was prepared from 3 (104 mg, 0.39 mmol)
and phenylacetylene (58 mg, 0.57 mmol). 6h: *H NMR (CDCls) §0.38 (s, 6H), 11.09 (s, 12H), 6.34 (s, 1H),
7.05-7.08 (m, 2H), 7.15-7.23 (m, 3H), 7.2-7.31 (m, 3H), 7.57-7.60 (m, 2H); 13C NMR (CDCl3) §0.2, 24.7,
834, 126.0, 126.5, 127.5, 127.8, 128.5, 134.1, 140.1, 149.2, 165.9; IR (neat) 2988, 1582, 1340, 1256, 1144 cm’..

Anal. Calcd for CaH2BOSi: C, 72.52; H, 8.02. Found: C, 72.24; H, 7.98.

-

(2)-1-(Cyclohexen-1-yl)-1-(dimethylphenylsilyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDethene (6i). According to the typical procedure, 6i (275 mg, 94%) was prepared from 3 (209 mg, 0.80
mmol) and 1-sthvnvl-1-cvclohexene (127 meo, 1.20 mmn] 6i- TH NNMR (CTX1.) 8043 (e 6HY 10R (s
LEAUARUR/ES TATM TR RATFARY ST ATU Y LAV IUATAWL | Sded SRifys Aedey SIRAASSASe WA L4 INAVALR R ASRAG) VVLED (WY VA Sgy L0V (S
191N 1 AA T ENfe ALY 1 01_10Q fens AL R Y7 R 21 fowe 1Y £ 10 (e 1N 7247 A (e AL 7 BED_7 B& (v
L“l, e o o WRU_ ¥ \ i, 'l.l.l} L. TTATL.F7T \lll, ﬂl’, Skl TSR \ul., ALBJ VR \Dy LA L], 7 ohlTF adU \2hi, TL L]y 7 o JLT1 T (ALY,
2H); BC NMR (CDCls) 6-0.5,22.1,22.7,24.7,25.2, 29.1,83.2, 120.6, 127.3,128.3, 134.0, 140.6, 145.9, 169.1;
IR (neat) 2988, 1580, 1336, 1248, 1146 cm™'. Anal. Calcd for CH33BO,5i: C, 71.73; H, 9.03. Found: C,

71.46; H, 9.12.

Ethyl (Z)-2-(Dimethylphenylsilyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propenoate
(6§). According to the typical procedure, 6j (219 mg, 77%) was prepared from 3 (208 mg, 0.79 mmol)
and ethyl propiolate (112 mg, 1.1 mmol). 6j: 'H NMR (CDCly) 50.50 (s, 6H), 1.14 (s, 12H), 1.16 (t, ] = 7.2
Hz, 3H), 4.05 (q, ] = 7.2 Hz, 2H), 7.03 (s, 1H), 7.29-7.33 (m, 3H), 7.53-7.59 (m, 2H); *C NMR (CDCl;) -

14 140 A7 40N 8 ﬂan 1275 1288 1340 1387 142 0 (hr) 1MQ 171.7: IR (neat) 2988 1714 1594 12340
L2, ARV, £72.7 y UV, ok Sy Wy ITXNSy § ATERIN (WL, ARG Aed g AN N\LICUL] /Ty A7 LKy AV I Xy 2T EYy
aAacg 114an -1 A1 M1 1L LT Dty O £ A, 11 Traind- O £21N0. LT Q 94
1406, 114 CmM°. Anal. LaiCa 101 U119 1p9bDUOoL \_, 02.29, n,o 11, rouna.: , 60.1v, 11, 0.£4.

(Z)-3-(Dimethylphenylsilyl)-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl)-3-buten-2-one (6k).
According to the typical procedure, 6k (232 mg, 88%) was prepared from 3 (211 mg, 0.80 mmol) and 3-



butyn-2-one (78 mg, 1.2 mmol). 6k: 'H NMR (CDCl;) §0.48 (s, 6H), 1.12 (s, 12H), 2.22 (s, 3H), 6.63 (s,
1H), 7.27-7.34 (m, 3H), 7.51-7.59 (m, 2H); 3*C NMR (CDCl;) §-1.2, 24.7, 27.8, 84.0, 127.6, 128.9, 134.1,
138.0 (br), 138.7, 166.3, 207.8; IR (neat) 2988, 1684, 1592, 1340, 1258, 1144 cm™. Anal. Caled for C;sHzBOsSE:
C, 65.45; H,8.24. Found: C, 65.28; H, 8.39.

(Z)-1-(Dimethylphenylsilyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-
{trimothviecilvathoana (A1) A r\nwhhn ty tho tvnical nrmcodiire &1 (282 mo 76%) wae nronanad ae a
‘“ln““‘,“u,l"“‘“l‘ A2 ¥ 1) AN ASANA LR W A% Jr AW.GEX y&uhhum\., Va \bv‘ lllb’ £ U IUI TV W yl\vr“‘\r“ ALY
QAL nivssbizmn nf Sl cbnso o oo fonen B LD a1 ) cnrnn]) asn d frdon bt lailrlamatrlames (1ET s 1 8
7.0 HUXULUIY UL U SCITVIDVIIWED 11UVIIL I (LU0 ikt 4.U HHIUL) allU LLHLICULY DL YIALTLYICIIC \ 1Vl u.ls, Aot
mmol). 6i: 'H NMR (CDCls) 60.07 (s, 9H), 0.44 (s, 6H), 1.04 (s, 12H), 7.12 (s, 1H), 7.26-7.30 (m, 3H), 7.48-

751 (m, 2H); ¥C NMR (CDCly) §-0.2, 0.4, 24.7, 83.4, 127.5,128.4, 134.2, 141.3, 151.1 (br), 169.2; IR (neat)
2988, 1558, 1346, 1322, 1250, 1144 cm™. Anal. Caled for C35H33BO,Six: C, 63.31; H, 9.23. Found: C, 63.05;
H, 9.44. For the minor (E)-isomer: 'H NMR (CDCls) 50.04 (s, 9H), 0.35 (s, 6H), 1.31 (s, 12H), 7.06 (s, 1H),
7.25-7.35 (m, 3H), 7.40-7.48 (m, 2H); C NMR (CDCl3) §-1.6, 1.2, 25.0, 83.6, 127.6, 128.7, 134.1, 139.6,
151.0 (br), 170.2; IR (neat) 2988, 1552, 1348, 1322, 1256, 1144 cm’".

(Z)-1-{Dimethvinh mvl_ l} 2-(4.4,5

NosF .. R S B St - - - 7> 5 = LS g LA =4 44 ~ s 4

mixture of Pd(OAc),, 1,1,3,3-tetramethylbuthy! wocyamde and 3 (153 mg, 0.58 mmol) was stirred under
A t

TINE S U, Ty nos £ ML g a——, | iiiTy Oni

acerylene atmospnere at 110°C for 2 h. Short column on si
gave 6m as a 90:10 mixture of the stereoisomers (152 mg, 9 .
(s, 12H), 6.56 (d, ] = 18.9 Hz, 1H), 7.00 (d, ] = 18.9 Hz, 1H), 7.29-7.35 (m, 3H), 7.52-7.60 (m, 2H); 13C NMR
(CDCl3) 6-14, 24.7, 83.3, 127.6, 128.6, 133.9, 139.7 (br), 140.2, 155.3; IR (neat) 2988, 1588, 1386, 1338,
1262, 1146 cm™'. Anal. Calcd for CiH2sBO5Si: C, 66.66; H, 8.74. Found: C, 66.91; H, 8.92. For the minor
(E)-isomer: 'H NMR (CDCl;) 8§0.36 (s, 6H), 1.27 (s, 12H), 6.30 (d, ] = 21.8 Hz, 1H), 7.22 (d, ] = 21.8 Hz,
1H), 7.31-7.37 (m, 3H), 7.48-7.54 (m, 2H); >*C NMR (CDCl3) §-3.3, 24.7, 834, 127.8, 129.1, 134.0, 137.9,

138.6 (br), 155.3; IR (neat) 2984, 1596, 1374, 1330, 1146, 1018 cm™.

(7 7L 7 _ RNicidimathovlmhanwvleiloll.1 R licl(d A 5 B 4a mnl-l\vn‘-‘l 2 .As
\&,&rq fd +J \ulnnwwllynrlnxllylcu’l; X, tra Vasie)

octadiene (6n). According to the typical procedure, 6n (221 mg, 72%) was prepared from 3 (290 mg, 1.1
mmol) and 1,7-octadiyne (52 mg, 0.49 mmoil). én: mp 79.0-81.0 °C; H NMR (CDCl,) 60.43 (s, 12H), 1.07
(s, 24H), 1.29 (m, 4H), 2.15 (m, 4H), 6.16 (s, 2H), 7.25-7.35 (m, 6H), 7.47-7.58 (m, 4H); 13C NMR (CDCly)
6-1.0,24.6,29.4, 42.3,83.0,127.4, 128.4, 132.3 (br), 134.0, 140.5, 166.4; IR (KBr) 2998, 1584, 1430, 1254,

1112 amn’l. HRMS Caled for CasHssB204Si; (M—-CHi): 615.3668. Found: 615.3650.

(E)-1-(Dimethylphenylsilyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-diphenylethene

(60). According to the typical procedure, 60 (126 mg, 74%) was prepared from 3 (101 mg, 0.39 mmol)
and diphenylacetylene (102 mg, 0.57 mmol). 60: mp 87.8-88.1 °C; '"H NMR (CDCls) §0.34 (s, 6H), 1.05 (s

AL T wfu: LY L b AN, 6’ Wesd EARAARNIR ). TN, RARQS VS NS e d Seey - | A S APy A Ay R Wy
ANEIN £ £Q LA foe LI\ £ 01 T NA (a QLT T 22 T A7 f{ena ALY 7 L2 7 £7 fon DN B3O NMR (YL S_N72
1451}, 0D.0O70./4 \11i, 411, O.71~7 AR (1L, O11), / DO~/ w27 11}, D11}, 7.097/.0U7 (i1}, &1 1), o WNIVIN \MAACLG) U™V,
~a ~ ~ - 4 Amrr e a4y A0 & AMOD P ANROD N ANA N AN L T AMNMPT 1 A4 1A O, TD 17D\ dINLN

. 1,127.2,127.0, 1204, 1£8./7, 120.Y, 104.0, 107.0, 144./, 1944.4, 104.7, 1IN {ADI) OUOU,
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(E)-1-(Dimethylphenylsilyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-phenyl-1-
propene (6p). According to the typical procedure, 6p (251 mg, 85%) was prepared from 3 (204 mg, 0.78
mmol) and 1-phenyl-1-propyne (133 mg, 1.1 mumol). 6p: mp 69.0-71.0 °C; 'H NMR (CDCl3) 6 0.21 (s,
6H), 1.04 (s, 12H), 1.65 (s, 3H), 6.85-6.91 (m, 2H), 7.08-7.18 (m, 1H), 7.22-7.33 (m, 5H), 7.50-7.60 (m, 2H);
13C NMR (CDCl3) 6-0.1, 20.4, 24.6, 83.4, 125.0, 127.1, 127.5, 128.1, 128.4, 134.1, 140.8, 145.8, 156.1; IR
(KBr) 2988, 1566, 1310, 1114 cm™!. Anal. Caled for C;:aH3;BO,Si: C, 73.01; H, 8.26. Found: C,72.72; H,
8.33.

(E)-5-(Dimethyiphenylsilyl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-decene (6q). To
a solution of Pt(PPha)4 (9.5 mg, 7.6 umol) in toluene (0.1 mL) were added 3 (97 mg, 0.37 mmol) and 5-
decyne (79 mg, 0.57 mmol) at room temperature under nitrogen. The mixture was heated under reflux
for 4 h. Evaporation of volatile materials followed by bulb-to-bulb distillation gave 6q (107 mg, 72%).
6q: TH NMR (CDCl3) §0.39 (s, 6H), 0.84 (t, ] = 6.6 Hz, 3H), 0.91 (t, ] = 7.1 Hz, 3H), 0.98 (s, 12H), 1.22-1.27
(m, 4H), 1.31-1.37 (m, 4H), 2.20-2.31 (m, 4H), 7.25-7.28 (m, 3H), 7.48-7.52 (m, 2H); 1*C NMR (CDCl;) &
0.2,13.8,14.0,23.0,23.1, 24.7, 31.8, 32.3, 32.5, 32 6,83.0,127.4,128.2,134.1, 141.8, 151.4; IR (neat) 2968,
1566, 1344, 1248, 1144 cm™!. Anal. Caled for C4H3BO,SI: C, 71.98; H, 10.32. Found: C, 72.04; H, 10.44.

(2)-2-(Dimethylphenylsilyl)-1-(4-methylphenyl)-1-octene (7a). A mixture of PdClx(dppf) (4.7
mg, 6.5 umol), 6a (80 mg, 0.22 mmol), and 4-iodotoluene (70 mg, 0.32 mmol) in dioxane (1 mL) was
heated at 90 °C for 3 h under nitrogen. Extractive workup with ether followed by preparative TLC on
silica gel (hexane:ether = 200:1) gave 7a (58 mg, 81%). 7a: TH NMR (CDCl3) §0.18 (s, 6H), 0.90 (t, [ = 7.2
Hz, 3H), 1.20-1.40 (m, 6H), 1.41-1.58 (m, 2H), 2.22-2.30 (m, 2H), 2.30 (s, 3H), 6.92-7.04 (m, 4H), 7.26 (t, ]
= 1.8 Hz, 1H), 7.30-7.35 (m, 3H), 7.47-7.52 (m, 2H); 3*C NMR (CDCl;) 6 ~1.0, 14.0, 21.0, 22.6, 29.1, 30.4,
31.7,39.2,127.6,128.3, 128.5, 128.6, 133.9, 136.3, 137 .4, 140.3, 141.8, 143.3; IR (neat) 2936, 1432, 1110, 818

cm’l. Anal. Caled for Cy3H3,Si: C, 82.07; H, 9.58. Found: C, 81.93; H, 9.47.

LTS Ul

, : (19

from 6f (250 mg, 0.58 mmon 7£: ‘H NMR (CDCly) 50. 16 (s, 6H), 1. 67-181 (m, 2H), 2.28 (s, 3H), 2. 28-236
(m, 2H), 3.38 (s, 3H), 3.51-3.57 (m, 4H), 3.64-3.70 (m, 2H), 6.98 (s, 4H), 7.26-7.34 (m, 4H), 7.44-7.50 (m,
2H); 13C NMR (CDCly) §-1.0, 21.1, 30.3, 35.4, 58.9, 66.6, 67.4, 71.8,95.4, 127.6, 128.5, 128.6, 133.8, 136.4,
137.0, 139.8, 140.7, 143.7; IR (neat) 2944, 1598, 1250, 820 cm™. Anal. Caled for Co4H3405Si: C, 72.32; H,

8.60. Found: C, 72.21; H, 8.81.

(Z)-6-(Dim thvlnhgnyl silyl)-5-dodecen-2-one (8a). A mixture of 6a (220 mg, 0.59 mmol),

L s b et o sl 2

Rh(CO)(acac) (4.6 mg, 18 umol), and 1,4-bis(diphenylphosphino)butane (7.7 mg, 18 umol) in methanol

(3.6 mL) was stirred at room temperature for 15 min. To the mixture was added methyl vinyl ketone
7 raYe T\ sENoOM L __"NAL Afs o e 1 o L e
(63 mg, 0.90 mmol) and H,O (0.6 mL); the mixture was stirred at 50 °C for 24 h. After cooling t 1

temperature, the mixture was passed through a short column of silica gel (ether). Column
chromatography on silica gel afforded 8a (154 mg, 83%). 8a: IH NMR (CDCl;) §0.39 (s, 6H), 0.88 (t, | =
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6.5 Hz, 3H), 1.10-1.45 (m, 8H), 1.94 (s, 3H), 2.02-2.24 (m, 6H), 5.89-6.05 (m, 1H), 7.31-7.33 (m, 3H), 7.50-
7.54 (m, 2H); 13C NMR (CDCl,) §-1.2, 14.0, 22.5, 26.6, 29.0, 29.6, 30.7, 31.6, 38.4, 43.2, 127.8, 128.7, 133.8,
139.2,139.9, 141.8, 208.3; IR (neat) 2936, 1724, 1614, 1432, 1366, 1252, 1112 cml. Anal. Caled for CooHzOSi:

C, 75.88; H, 10.19. Found: C, 75.82; H, 10.20.

(2)-6-(Cyclohexen-1-yl)-6-(dimethylphenylsilyl)-5-hexen-2-one (8i). According to a procedure
similar to that for the synthesis of 8a, 8i (148 mg, 78%) was prepared from 6i (225 mg, 0.61 mmol),

methyl vinyl ketone (63 mg, 0.90 mmol), Rh(CO);(acac) (4.6 mg, 18 umol), and 1,4-
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