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Abstract: An addition of a catalytic amount of EcyB to a
solution of acetvienic compound and Ph33nH in toluene promotes
the formation of alkenylstannanes effectively, Triphenyl-
stannyl group adds to terminal acetylenic carbon regioselec-
tively to give a mixture of (E)- and (Z)-1-triphenylstannyl-~1-
alkenes. The E/Z ratios of double bonds are generally 8/72-
7/3. The reaction is successfully applied to the radical
cyclization reaction,

Free radical reactions have been used increasingly in recent vears for the
synthesis of crganic molacules.l Only little attentiom, however, has been payed
to the methods for the primary generation of radicals. Photoinitiation and
chemical initiation are general two methods and initiators such as dialkyl~
peroxides and azobisischuryronitrile (AIBN) are widely and exclusively used in
the latter case. Here we report that trialkylborane is an effective radical
initiator and mediates a facile addition of Rq5nH to an acetylenic bond to give
vinylstannane repgioselectively,

The reaction producing alkenyltrialkylstannanes is of particular syuthetic
interest, since the alkenyl group of such products can be selectively transfered
from rin to various other atoms including C, H, halogen, and Li.?  The hydro-
stannation of acetylenes is the simplest and most direct route to alkenyl-
3.4 por instance, heating acetylene, tetrahydropyranyl ether of 4-
pentyn-2-o0l (1) for 3 h at 95 °C with t-Bu3SpH in the presence of a catalytic
amount of AIBN has been reported to give alkenylistanpanes 2, 3 in a ratio of
85715 {Scheme l).5 Meanwhile, we have found that an addition of a catalytic
amount of EtsB to a solution of acetylenic compound and PhgSnH in toluene faecil-
itates the formation of alkenvistannanes effectively.6 The reaction proceeded

gtannanes.
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easily at low temperature such as -78 °C. The reactions were mostly, however,
performed at room tempersture because of the convenience of the operation (see
Table 1),

Typical procedure is as follows. A hexane solution of Et3B7 (1.0 M, 0,1
ml, 0,1 mmol) was added to a solution of l-dodecyne (0.17 g, 1.0 mmol) and tri-
phenyltin hydride (0.42 g, 1.2 mmol) in toluene (8.0 ml) at 25 °C under an argon
atmosphere. After stirring for 20 min at 25 °C, the reaction mixture was poured
into water, Excractive workup followed by purification gave alkenvlstanmanes 4,
5 as 2 steresisomeric mixture (0.41 g, 80% yield, 4/5 = 797/21), The representsa-
tive results are summarized in Table 1, Triphenylstannyl group azdds to terminal
acetylenic carbon regioselectively but nonstereoselectively to give a mixture of
(B)- and (Z)-l-triphenylstannyl-l-alkenes. The E/Z ratios of double bonds were
generally 8/2-7/3 and not affected by solvents. The ratics of (E)-l-triphenyl-
stannyl~-l-dodecene (4} and (Z) isomer (35) were 79/21, 80/2CG, 77/23, and 63/37 in
toluene, benzene, Et,0, and THF, respectively. The ratios of E to Z products
were also quite insensitive to reaction temperature between -78 °C and 80 o, B
In contrast, the E/Z ratios depend on the reaction temperature in the case of
5 Heating a mixture of l-dodecyne and PhySnH at 80
°C for 1.5 h gave a mixture of (E)- and (Z)-l-triphenylstannyl-l-dodecene (&4/5 =
22/78) in 53% combined yield., A mixture of (E} and (Z) isomer (&/% = 75/253, 65%
yield) was obtained after 5 h at 130 °C. Phenylacetylens and crimethylsilyl-
acetylene provided {(E) vinylstannanes eXclusively. An addition of n-BuySnH took

uncatalyzed hydrastannation.

longer reaction time and gave rhe corresponding vinvlstammenes in poor yields.
For example, the resction of l-dodecyne with n-BuzSnH in the presence of Ec4B
provided l-tributylstannyl-l-dodecene in only 40% vield after stirring for 2 h

Table 1. Triethylborane induced hydrostannation of acetylenes?

R ARY R SR
C=c; }}=cx

RIC=CR? + RySnH =20 +
H [ SRy H R?

Substrate Reaction Praduat
Entry gl r? Reagent Time(h)  Y¥(%) ratio of I:II
1 n-CygHp H Ph35ni 7 0.3 80 79:21
2 n-Bu3SnH 2.0 40 80:20
3 PhCH,OCH;CH; W Ph3SnH 0.3 79 69:31
4 n-BusSnH 10 71 340:10
5  THPOCH,CH; H Ph4SnH 0.3 81 80:20
& HOCHCH, H Ph4SnH 0.3 87 82:18
7 Ph H PhySnH 0.3 75 100:0
§ MesSi H PhySnH 0.3 a3b 100:0
9  n-CgHyy n-CgHyy PhaSnH 10 86° 0:100
10 Ph Me PhySnH 1.0 74 25:75

a) Acetylene (1.0 mmol}, RgSnH (1.2 mmol), and Et3B (0.1 mmol) were
employed. The reactions were performed at room temperature. b) Excess of
trimethylsilylacetylene (5.0 mmol} and PhgSnH (1.0 ummol) were employed and
the vield was based on PhySnH. ¢) Excess of PhySnE (5.0 mmol) was used.
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at room temperature (Entry 2 in Table 1), Heating of a reaction mixture was
‘essential for having a successful vield, A mixture of l-octyne (45 mmol), n-
BugSuH (38 mmol), and Et3B (1.0 M hexane solution, 15 m}, 15 mmol) was heated at
70 °C for 7 h to give l-tributylstannyl-l-octene as a stervecisomeric mixXture
(E/Z = 3/1, 32 mmol) in 83% yield.?

The EtjB-induced reaction has two characteristics: (1) The triphenyltin
radical can be generated at low temperature such as -78 °C and thereby the
hydrostannation of acetylenes proceeds at such low temperature, and (2) the
reaction takes place easily in various solvents under high diluted conditions in
contrast to the previpusly reported hydrostannation reaction which proceeds by
heating & mixture of acetylsne and trialkyvlstarmane without solvent. Taking
advantage of second characteristic, we applied our new method ro the radical
cyclization reaction shown in eq (l)~(4).1Oall
affected the yield and distribution of the products. Uncyclized product was
cbtained in addition to the cyclized desired compound in a higher concentration.

The concentration of Phy8nH

For instance, the compound 6a gave cyclized product 7a exclusively at 0.012 M
concentration of  PhySnH, while, at 0.30 M concentration, 7a and uncyclized
product, Mej;C=CHCHyCHyC(OH)MeCH=CHSnPhy were obtained in 60% and 15% yield,
respectively. Heating a mixture of 6a and PhySnH without solvent at 80 °C for
15 h gave a complex mixture consisting of (E)- and {Z)}-vinvlstanmanes (Me»C=CH-
CH5CH,C(OH)MeCH=CHSnPhy, 46%), regioisomer (M92C=CHCH2CH2C(OH)MeC(SnPhB)tCHZ,
9%), and the desired cyclized product 7a (38% vield).

HO_ R a: R =t Rle p2e me 75% (78/22)
i > b: R = Me Rl=RZ~ 4  50% (80/20)
(D cor-me Rl=Me K- chChiCHecie, 788 (79/21)
R Loy ple
R g2 6 d: R = n-Cehlyy A= H Ré=Ph &7% (63/37)
R tR=H Rl=R2=Me X =SwPhy Y - H (78D

= N s B~ g .|

.

CR=H pleg R . .
0 X i R=H Rl=H R%=n-CgH, X = SnPhy Y =i (850)
fil =y :R=nBu RI=R%Me X =SnPhy Y = H (63%, 64/35)
7 (2} cren pleneme x=4o Y=tb
Rz g R-d Rl= B2« Me X = SmPhy ¥ =D

tR=KH Rl=fl=te X=H v=0D

nPhy O 0\ __ P
(13 Crp“ A = i
2

12 13

-—

It is worth noting that the serious limitation, monstereoselectivity shown
in Table 1 was overcome in these cyclization reactions and the cyclized products
consist of only (Z) isomer without contamination by the other sterecisomer. The
compound 9a, 9b, 11, and 13 showed one signal each for olefinic protens on 1H
NMR spectra and also on 1195:1 NMR, The compound 9d derived from %9a by de-
stannylation (n-Buli/THF, 320)12 showed 1H NMR signals at § 5.00 (m, Ha) and
4.95 (m, Hb), Treatment of the deuterated acetylene Ba (DCECCH,0CH4CH= CMeg)
with PhySnH followed by destannylation provided 9f whose Iy nm spectrum showed
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cnly one signal in the olefinic region at § 4,99, The complete disappearance of
the higher field signal is consistent with a& formation of single stereoisomer
9e. The structure of the cyclized product was also confirmed as follows.
Trearment of 8g (R = Rl = r? = H) with our new system provided 9g (327 vield)
along with six-membered ring product, 3-{triphenylstamnmyl)methylenetetrahydro-
pyran (45%).13 The vinylstannane 9g was converted into vinylsilane by treatment
with n-Buli and Me3S8iCl, which was identical with the sample prepared from allyl
{trimethylsilyl)propargyl ether following Negishi's pxocedure.l4

iM
| QJ QJ =

a: PhgSnH, BEtz b: BuLl/MesSiCl c: ZrCny

The formation of a sinpgle isomer mav be explained by assuming the equilib-
rium between A and B, The intermediate A cyclized more veadily trhan B. Alter-
natively, trans addition product A, produced under kinetic conditions, may
immediately attack the properly located double bond before being converted into
equilibrivm wmixture (A and B).

SnPh3

" \H SnPh
A J—( 3

The compounds 6a~d, 8¢ provided cis-trans stereoisomeric miXtures con-
cerning the substituents on a five-membered ring. In contrast, the compound 10
gave cis isomer 11 and the compound 12 afforded trans isomer 13, respectively as

13 These reactions were successfully applied to the stereo-
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a single product.
selective synthesis of a-methylene-Y-butyrolactones.
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Scheme 2 illustrates the synthesis of dehydreiridodiol and isodehydro-
iridodiol. Triethylborane induced triphenyltin radical addition-cyelization
process provided wvinylstannane 186 (84%) starting from readily available
propargyiic alcohol 15. (Collins oxidation of 16 gave 17 {54%). Diisobutyl-
aluminum hydride reduction followed by treatment with p-TsOH provided a mixture
of dehydroiridediol (SR*, BS*) and isodehydroiridediol (3R*, SR*) {26774, 58%
overall vield from 17)1? which was easily separated by preparative tlc on silica
gel.

The reaction was not so effective for the formation of six-membered ring.
For instance, treatment of (Z)-HCECCH4OCHoCH,CH=CHEt gave the desired cyclized
product in enly 28% yield along with uncyclized vinylstannane (49%).

Next, we examined the reaction mechanism as well as the role of Et3B. An
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addition of galvinoxyl, an efficient scavenger of free radicals, to a reaction

mixture of l-dodecyne, Ph35nH, and Et3B resulted in a recovery of the acetylene.



Addition of Ph;SaH to acetylenes

Scheme 2
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Consequently, the addition reaction must involve a free radical chain wechanism,
The organoboranes have been reported to be excellent sources of free radicals
in the presence of oxygen.lg Indead, we have confirmed that (1) the hydro-
stannation reaction was very sluggish under strictly inert argon atmosphere and
{2) cxygen initiates the Et3B-mediated radical addition of PhjSnH to acetylene.
Controlled experimentz0 was carried out as follows using seneral Schlenk tech-
nique. To an NMR tube benzene-dg was introduced under argon atmosphere. 1-
Dodecyne and Ph4SnH were added, followed by Er,B. The reaction was monitored by
g e every 15 min. Only small amount of l-triphenylstannyl-l-dodecene (<10%)
was detected even after 3.5 h. Then, oxvgen was introduced by syringe and the
vield of vinyistannane immediately increased (See experimental part),

EXPERIMENTAL

Pistillation of the products was pexrformed by the use of Rugelrohr (Bichi)},
and boiling points are indicated by an air bath temperature without correcticn.
A1l melting points were obtained on Yanaco MP-50929 melting points apparatus and
are uncorrected. The IR spectra were determined on & JASCO IR‘81i( spectrometer,
the mass spectra on a Hitachi M-80 machine, the 9pv't:ot:ol'l NME spectra on Varian EM-
390 and Varian XL-200 spectrometers, and the Sn NMR spectra on a JEOL JNM-FX
90 spectrometer. The chemical shifts of the proton NMR are given in § wirth
Me,5i as an internal standard, and those of the 1%, mR are given in ¢ with
Me,8n as an internal standard., The analyses were carried out by the staff at
the Elemental Analyses Center of Kyoto University., Tetrahydrofuran was freshly
distilled from sodium benzophenone ketyl. Purification of products was per~
formed by column chromatography on silica gel or preparative thin-layer chroma-
tography (TLC).

General Procedure for Triethylborane-induced Hydrostapnation of Acetvlepes.
Hydrostannation of l-dodecyne is representative., A hexane solution of EtgB (1.0
M, 0.1 mi, 0,1 mmol) was added to a solution of l-dodecyne (0.17 g, 1.0 mnol)
and triphenyltin hydride (0,42 g, 1.2 mmol) in toluene (5.0 ml) at 25 °C under
an argon atmosphere., After stirring for 20 min at 25 °C, the reaction miXture
wag poured into water and extracted with ethyl acetate three times. Conmbined
organic layers were washed with brine, dried over NayS0,, and concentrated in
vacuo. The residusl ¢il was submitted to preparative tlc on silica gel to give
(E)~ and (Z)-l-triphenylstannyl-l-dodecene as a stersoisomeric mixture (0,4lg,
80% yield, 4/5 = 79/21) which was identical with zuthentic ssmples.Z?l
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Q-Benzjrloxy—l-triphemﬂ'lfstannyl-l-buteng,_Zl 4-Benzyloxy-l-tributylstannyl-1-
butene,*® 1-Phenyl-2-(triphenylstannyllerhene,*l and 1-Trimethylsilyl-2-
(triphenzlstannyl)ethene.dl The physical data of these compounds are shown
in the literature,

Tetrahydropyranyl Ether of 4-Triphenylstannvl-3-buten-1l-ol: bp 170 °C
(bath temp, 0.3 Torr); IR (neat) 3060, 3044, 2940, 2866, 1429, 1119, 1075,
1032, 727, 697 cw™l; LH-NMR (CDCLy) (E-isomer) § 1,45-1.95 (m, 6H), 2.65 (dt, J
= 5.0, 7.0 Hz, 2H), 3.46-4,02 (m, 4H), 4.65-4,75 (m, 1H), 6.35-6.47 (m, ZH),
7.40-7,90 (m, 15H), (Z-isomer} & 1,45-1,95 (m, 6H), 2.50 {(dr, J - 7.5, 8.0 Hz,
2H), 3.30-4.02 (m, 4H), 4.46-4,53 (m, 1H), 6.25 (d, J = 12.2 Hz, 1H), 6.98 (dt,
J = 12,2, 7.5 Hz, 1H), 7.40-7.90 (m, 15E); 11%n NMR & -137.0 CE}, -150.% {2).
Found: C, 64.14; H, 6.05%. Caled for CgqHgg0sSa: C, 64.19; H, 5.98%.

4~-Triphenylstannyl-3-buten-1-ol: mp 85 °C (hexane); IR {KBr) 3312, 3038,
3012, 2984, 2924, 1600, 1480, 1428, 1333, 1303, 1022, 997, 726, 696 cm-l; ln-mm
(cocly) (E-iscmer) § 1,60 (s, 1H), 2,58 (dt, J = 6,0, 5.8 Hz, ZH), 3,78 (¢, J =
5.8 Hz, 2H}, 6.2% (dt, J = 18,0, 6.0 Hz, 1H), 6,44 (4, J = 18,0 Hz, 1iH), 7.35-
7,83 (m, 15H); ({(Z-isomer} & 1.45 (s, 1H), 2.39 {(dt, I = 7.2, 6,0 Hz, 28), 3.57

(¢, J = 6,0 Hz, 2H), 6.13 (d, J = 12,0 Hz, 1H), 6.88 (dt, J = 12,0, 7.2 Hz, 1H),

7.35-7.83 (m, 158); 139Sn-NMR & -137.5 (E), -151.3 (2). TFound: C, 62.46; H,
5.13%. Calcd for CyyHy,0Sn: C, 62.75; H, 5.27%.

{(Z¥-6~Triphenylstannyl-&-dodecene: bp 170 °C (bath temp, 0.3 Torr); IR
(neat) 3060, 2952, 2922, 2852, 1465, 1458, 1428, 1074, 908, 725, 697 em-L; lH-
NMR {CDCl4) & 0,70-0,83 (m, 6H), 0.85-1.54 (m, 12H), 2.03 (dt, J = 7.1, 7,1 Hz,
2H), 2,30 ¢r, & = 7.0 Hz, 2H), 6.33 (t, I = 7.1 Hz, 1B), 7.35-7.80 (m, 15H):

7Sp-NMR § -139.4. Found: C, 69.66; H, 7.51%. Calcd for CygHggSn: C, 69.65; H,
7.407.

l-Phenyl-2-iriphenylstannyl-l-propene: mp 133.2 °C (hexane); IR (KBr)
3058, 3014, 2938, 1479, 1428, 1074, 727, 697 cm'l; Li-nmr {CBC1,) (E-isomer) §
2.31 (4, J = 1.9 Hz, 3H), 6.95 (q, J = 1.9 Hz, IH), 7.15-7.85 (m, 20H); (Z-
isomer) & 2,23 (d, J = 1.8 Hz, 3H), 6.98 (q, J = L.8Hz, 1H), 7.15-7.85 (m, 20H);
19, NMR § -139.0 (E), -123.1 (2). Found: C, 6%.28; H, 5.03%. Calcd for
CoyHas8n: C, 69,42; H, 5.18%.

3;7-Dimethyl-6-~vcten~l-yn-3-cl (6a): bp 94 °C (bath temp, 20 Torr); IR
(neat) 3360, 3302, 29&8, 2926, 2856, 1451, 1376, 1157, 112, 1085, 907 cm~Ll; lm-
WMR (CDCly) 61,50 (s, 3H), 1.60-1,76 (m, 2H), 1.66 (s, 3H), 1.70 (s, 3H), 2,10-
2.43 (m, 3H), 2,47 (s, 1H}, 5,12~5,25 (m, 1H}. Found: m/e 152,1222, Caled for
Clol“[]_ﬁ(): M, 152,1201.

3-Methyl-6~hepten-l-yn~3-0l (6b): bp 83.5 °C (bath temp, 1.0 Torx); IR
(neat) 3366, 3302, 2976, 2930, 1641, 1450, 1374, 1149, 1118, 911, 630 cm“l; Ig-
NMR (CDClg) & 1.52 (s, 3H), 1.72-1.85 (m, 2H), 2.25-2.42 (m, 3H), 2.47(s, 1H),
5.01 ¢br.d, J = 10.2 Hz, 1H), 5.1G (br.d, J = 17.1 Hez, 1H), 5.89 {(ddt, J = 17.1,
10.2, 6.6 Hz, 1lH).

3-Pentvl-7~phenyi-6-hepten-l-yn-3-01 (6d): IR {(neat) 3420, 3302, 2930,
2862, 1453, 1379, 1071, 1025, 733, 698 em™+; IH—NMR (CDC13) 5§ 0,75-2,.60 (m,
158), 3.35-3.70 (m, 2H), 6,27 (dt, J = 15,5, 6,5 Hz, 1H), 6,46 {4, J = 15,5 Hz,
1H), 7.15-7.70 {m, 5H).

3-Methyl-2-butenyl 2-Propynyl Ether (8a): bp 101 °C (bath temp, 760 Terr);
IR (neat) 3294, 2970, 2914, 2854, 1443, 1378, 1355, 1076, 1025 cm'l; 1H-NMR
(CDCI3} 8§ 1,70 (s, 3H), 1.76 (s, 3H), 2.43 (bs, 1H), 4,07 {d, J = 7.2 Hz, 2H),
4,13 (bs, 28}, 53.38 (¢, J = 7,2 Bz, 1H). Found: mfe 124,0%918. Calcd for
CgHyz0: M, -124,0608,
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2-Hexenyl 2-Propynyl Ether (8b): bp 88 °C (bath temp, 20 torr}; IR {neat)
3300, 2956, 2%26, 2858, 1458, 1440, 1356, 1103, 1079, 1028, 971 cm‘l; H-NME
(CDC1lg) 6 0.91 (¢, I = 7.3 Ha, 38), 1.33-1.55 (m, 2H), 1,99-2.09 (m, 2H), 2.42
(v, J = 2.4 Bz, 18), 4.02 (dd, J = 6.2, 1.0 Hz, 2H), 4,13 (4, J = 2.4 Hz, 2H),
5.47-5.66 (m, 1H), §.67-5,85 (m, 1R). ©Feund: C, 77.93; H, 10.33%. Caled for
GoHy,0; €, 78.21: H, 10.21%.

3-Methyi-2-butenyl 1-Butyl-2-propynyl Ether (Be): bp 97 °C (bath temp, 20
Torr): IR (neat) 3304, 2954, 2928, 2860, 1458, 1449, 137§, 1336, 1117, 1076,
1029, 985, 6533, 624 cm'l; LR (CDC13) § 0,91 (&, J = 7,0 He, 3H), 1.20-1.53
(m, 6H), 1.71 (s, 3H), 1.75 (s, 3H), 2,42 (4, J = 2.1 Hz, 1H), 3.94-4.33 (m,
3H), 5.31-5.45 (m, 1H}. Found: C, 79.57; H, 11.18%. Caled for CyyHyp0; €,
79.94; B, 11,18%.

2-Cyclohexenyl Z2-Propynyl Ether (10) and 1, 3-Dimethyl-2-butenyl 2-Propyuyl
Ether (12). The data of these compdounds are described in Ref. 16.

General Procedure for Radical Cyclization of Enynes. Transformation of
3,7~dimethvl-6-octen-l-yn-3-0l (6a) into 3-isopropyl-l-methyl-2-triphenyl-
stannyimethylene-l-cyclopentanol (7a) is rvepresentative. A hexane solution of
Et3B (1.0 M, 0,2 ml, 0.2 mmol) wzs added to a solution of Ph3SnH (0,42 g, 1.2
mmel) znd the acetyleme (6a) (0,15 g, 1.0 mmol) in toluene (100 ml) at 25 °C
under an argon atmosphere, After stirring for 3 h at 253 °C, the reaction mix-
ture was poured into water and extracted with ethyl acerate, Purification by
preparative tlc on silica gel gave the eyclized product (7a) (C.37 g, 75% vield)
as a stereoisomeric mixture (78/22): IR (neat) 3566, 3058, 2954, 1428, 1185,
1073, 727, 698 em~}; lu-NMR (CDCl3) & 0.84 (d, J = 6.5 Hz, 3H), 0.96 (s, 3W),
1.00 (4, 1 = 6,5 Hz, 3H), 1.2-2.1 (m, 6H), 2.64 (m, 1lH), .03 (4, J = 2.2 Hz,
for minor compound, 0.22H), 6.10 (d, J = 2,2 Hz, for major compound, 0.78H),
7.25-7.80 (m, 15H); '19Sn-NMR & -147.8 (miner), -150.2 (major), Found: C,
66.71; H, 6.34%. Calcd for CpgHyp08n: €, 66.83; H, 6.41%,

1,3-Dimethyl-2-triphenylstannylmethylene~l-cyclopentanol (7b). An 80720
mixture of diastereomers was obtained. The physical data for major isomer are
as follows: mp 138 °C (hexane); IR (peat) 3546, 3430, 3046, 2956, 2864, 1518,
1626, 1190, 1073, 726, 697 cw™l; lu-mMR (CDC13) & 1.00 (s, 3H), 1.20 (d, J = 7.0
Hz, 3H), 1.05-2,10 ¢(m, SH), 2,63-2,88 (m, 1H), 6.10 ¢d, J = 2.2 Hz, lH), 7.30-
7.85 (m, 158); 119Sa-NMR & -152.4. Found: G, 65,57; H, 5,93%. Calcd for
Czﬁﬁzsosn; G, 65.72; H, 5.94%.

1-Methyl-2-triphenystannylmethylene-l~cyclohexanol. Radical cyclization
reaction of 7b produced the corresponding five-membered ring compound, 8b in 50%
yield along with the title six-membered ring product13 in 31% yield: mp 113 °C
(hexane); IR (KBr) 3560, 3058, 2930, 1427, 1074, 727, 699 em™}; lu-mMR (cDCl3) &
1.27 (s, 38#), 1.00-1.95 (m, 7H), 2.27-2.65 (m, 2H), %.82 (d, J = 1.2 Hz, 1H),
7.25-7.83 (m, 158); 19%n-NMR 5 -161,7, Found: C, 65.69; H, 5.90%. Calcd for
CogHogOSm: C, 65.72; H, 5.94%.

3-Benzvl-l-pentyl-2-triphenylstannylmetrhylene~l-cyclopentanol (7d, 63/37
mixture of diastereomers): mp 1i0 °C (hexane); IR {(neat) 3560, 2932, 2926,
2852, 1427, 1073, 726, 697 cm™t; Ly-mMr (CDCl4) ¢ 0.70-2.11 (m, 16H), 2.50-2.77
(m, 1H), 2.80-3.31 (m, 2H), 6,17 {d, J = 1,6 Hz, 0.63H), 6.21 (d, J = 2.0 Hez,
G.37H), 7.20-7.8% {(m, 20H}; 1196, gur & =153.2 {(major). A signal for minor
isomer could not be detected., Found: C, 71.06; H, 6,697, Calcd for CygH,0Sn:
¢, 70.85; H, 6.45%.

{Z)-4-1sopropyl-3-{triphenylstannylmethylene)oxolane (%a): bp 165 °C (bath
temp, 0.2 Torr); IR (meat) 3012, 2922, 1429, 1074, 726, 697 em™l; lH-mR (cDC1g)
8 0,96 (d, J = 6.5 Hz, 3H), 1.03 (d, J = 6.5 Hz, 3H), 2.05 (m, 1H), 2.73 {(m, 1)
3.82 (ad, J = 5.5, 9.0 Hz, 1H), 3.95 (dd, J = 7.5, 9.0 Rz, 1H), 4.08 (bxs, 2H),
6.12 (m, 1H) 7.3-7.8 (m, 15H); 1198n-MMR (CDCly) s -142.9. Found: C, 65.55; H,
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5.82%. Caled for CagHyglSn:  C, $5,72; H, 5,94%,

(Z)=4=-Butyl-3-(triphenylstarnnylmethylene}oxolane (9b): bp 160 °C (bath
temp, 0.2 Torr); IR (neat) 3060, 2952, 2922, 2852, 1480, 1459, 1429, 1074, 726,
597 cm™l; lH-NMR (CDCI3) & 0.92 (r, J - 6.3 Hz, 3H), 1.02-0.85 (m, 6H), 2.63-
2.78 (m, 1H), 3.37-4.20 {m, &H), 6.07 (bs, LH), 7.25-7.70 (m, 15H); l19%n-nMR &
-145.6. Found: G, 66.06; H, 6.18%. Calcd for CygHyg0OSn: G, 66.29; H, 6.18%.

(Z)-2-Butyl-4-isopropyl-3-(triphenvlstannylmethylene)oxolane (%¢, 64738
mixgure of diastereomers: 180 °C (bath temp, 1.0 Torr); IR (neat) 3080, 2928,
2883, 1429, 1074, 736, 697 cm'l; 1g-nMr (CDCl3) & Q.65 (t, J = 6.9Hz, 3H), 0.80-
1.48 {(m, 6H), 0.92 (for major product, d, J = 6.7 Hz, 1.92H), 0.97 (for minor
product, d, J = 6.5 Hz, L.08H), 1.22 (major, d, J = 6.7 Hz, 1.92H), 1.40 (minor,
d, J = 6.8 Hz, 1.08H), 1.88-2.17 (m, IH), 2.55-2,85 (m, 1H), 3.65-4,20 (m, 3H),
6.3 {bs, 1iH), 7.35-7.80 {(m, 15H); ilgSn—NMR 5 -146,4 (major), -14£.2 (minor).
Found: C, 67.68; H,6,94%. Calcd for CypHy08n: T, 67,82; H, 6,83%,

(Z)-cig-Hexahydro-3-{triphenyistannyinmethylene)benzofran (11} and {Z)~
trans-3-Isopropyl-2-mwethyl-4-(triphenylstannylmethylens)oxolane (13). The
physical data for these compounds are given in Ref. 16.

(Z2)-4-Methyl-3-(triphenylstannylmethylenedoxolane (9g): Lh-nr {(€BCly) 4
1,19 ¢(d, J = 6,8 Hz, 3H), 2.73-2,95 (m, 1H), 4,00-4,25 (m, 4H), 6,06 (bs, 1H),
7.33-7.80 (m, 15H).

{Z)-4-Methyl-3-(trimethylsilylimethylene)oxolane: 15-nMR (CDCl3) & 0.08 (s,
9H), 1.08 (d, J = 7.0 Kz, 3H), 2.35-2.76 (m, 1H), 4.02-4.48 (m, &H), 5.39 (bs,
1H}.

3-{Triphenylstannylmethylene)tetrahydropyran, Radical cyclization reac-
tion of 8g gave 9g (32% vield) along with six-membered ring product as an
isomeric mixture (E/Z = 1/1), faster moving band (Rf = 0,5, hexane/ethyl
acegtate = 20/1): Ly-g (CDC13) & 1.75-1.8% (m, 2H), 2.50-2.62 (m, 2H), 3.36 (4,
J = 8,5 Hz, 1H), 3.40 (d, J = B.4 Hz, 1H), 4.04 (s, ZH), 5.87 (s, lH), 7.33-7.80
{m, 15H). slower moving band {Rf = 0.4): mp 112.7 °C {(methancl) IR {KBr) 3060,
3020, 2922, 2840, 1427, 1082, 1073, 727, 698 em 1; lH-wMR (CDCly) § 1.57-1.73
(m, 2H), 2.36 (v, J = 5,5 Hz, 2H), 3,72 (t, J = 5,2 Hz, 2H), 4.20 (s, 2H), 5.92
(s, 1H), 7.32-7.80 (m, 13H). Found: C, 64.84; H, 5.80%. Calcd For Cp,Hy,40Sn: C,
64,47; H, 5.41%.

(E)~7-Hydroxy-6-methyvl-5-hepten-2~one: IR {(neat) 3376, 2816, 2856, 1707,
1655, 1407, 1363, 1222, 1161, 1012 cm~L; TH-mr {(CDC145) & 1.68 (s, 3H), 2.15 (s,
3H), 2.26-2.44 (m, 2H), 2.49-2.60 (m, 2H), 4.00 (s, 3H), 5.37 (t, J = 7.1 Hz,
1H}.

Tetrahydropyranyl Ether of (E)-7-Hydroxy-6-methyl-S-hepten-Z-cne (14}: 1R
(neat) 2938, 2864, 1717, 1440, 1358, 1158, 1135, 1119, 1077, 1022, 977, 905, 869
em™1; lp-nur (CRCGi3z) 5 1.37-1.93 (m, 6H), 1.63 (&, 3H), 2.10 (s, 3H), 2.21-2.3B
{m, 2H), 2.41-2.55 {(m, 2H), 3.40-3.57 {(m, 1H), 3.75-4,15 {m, 3H), 4.52-4.62 {(m,
1K), 5.35 (&, J = 7.0 Hz, 1H).

3,7-Dimethyl-8-tetrahydropyranyloxy-6-octene~l-yn-3-cl (15): bp 126 °C
(bath temp, 1.0 Torr); IR (neat) 3416, 3302, 2936, 2866, 1454, 1442, 1385, 1357,
1201, 1184, 2157, 1118, 1076, 1053, 1021, 978, %05, 867 cm'l; 1g-mm {(CDCly) ¢
1.51 (s, 3H), 1.68 (s, 3H), 1.50-2.00 (m, 8H), 2.15-2.44 (m, 2H), 2.45 (s, 1H),
3.47-3.60 (m, 1H), 3.86 (d, J = 11.5 Hz, 1H), 3.78-3.96 (m, lH), 4.11 (d, J =
11.5 Hz, 1H}, 4.58-4.68 (m, lH}, 5.50 (t, J = 7.0 Hz, 1H). Found: C, 71.10; H,
9.67%. Caled for CygHz409: G, 71.39; H, 9.59%.

l1-Methyl-3-{l-methyl-2-tetrahvdropyranyloxyjethyl-2-triphenylstannyl-
methylene-l-cyclopentancl (16, mixture of § diastereomers): {H-NMR (CDC14) 8
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0.80-1,20 (m, 3H), 1.25-2,43 (m, 15H), 2,65-2,85 (m, 1H), 2.90-3.95 (m, &H),
4.50-4,64 (m, 1H), 6.15 (bs, 1H), 7.30-7.80 (m, 15H); '1%Sn-NMR (for major 2
isomers) s -149.5, -151.4. Found: C, 65.64; H, 6.81%. Calcd for CqqHyg04Sn: C,
65.69; H, 6.68%.

2-Methyi-5-(1-methyl-2-tetrahydrapyranvicrylechylevelopentene-l-carboalde~

hyde (17, mixture of 4 diasterecmers, {a}:(b):{c):(d) = 32:34:16:18): bp 108
°C (bath temp, 1.0 Torr); IR (neat) 2938, 2868, 665, 1440, 1379, 1440, 1379,
1350, 1260, 1200, 1120, 1077, 1061, 1031, 976, 904 cm'l; ST (CDClq) & 0.67
{for (d), d, J = 7.0 Hz, 0.34H), 0.72 {for (c}, d, J = 6.9 Hz, 0.48H), 0.95 (for
(b}, 4, J = 7.0 Hz, 1.02H), 0.96 {(for {(a), d, J = 7.0 Hz, 0.%6H), 1,40-2.05 (m,
9H}, 2.13 (s, 3H), 2.24-2.70 {(m, 3H), 3.01-3.93 {m, 4H), &4.48-4,87 (m, 1H), 10.0C
(s, lH). Found: C, 71,49; H, 2.50%. Calcd for CygHpg0: €, 71,3%; H, 9,59%.

Dehydroiridodiol (3R™,85%): lH-NMR (CDCly) & 0.88 (d, J = 7.0 Hz, 3H),
1.51-2.47 (m, 6H), 1.71 (s, 3H), 2.80 (bs, 1H), 3.46 (dd, J = 6.0, 11.0 Hz, 1H),
3.56 (dd, J = 8.0, 11.0 Hz, 1), 4.21 (s, 1H}.

Isodehydroiridediol (3R”,8R™): lm-Mm (CDCly) § 0.72 (d, 4 = 6.9 Hz, 3M),

1.5
= 7.2, 10.2 Hz, 1H), 3.56 (dd, J = 7.2, 10.5 Hz, 1H), 4.06 (d, J = 12,3 Hz, 1),
4,30 (4, J = 12,3 Hz, 1H).

(Z)-3-Hexenyl Propargyl Ether: IR (neat) 3290, 2962, 2872, 1458, 1357,
1095, 1024, 973, 665 cm™"; “H-NMR (CDCl3) & 0.97 (¢, J = 7.4 Hz, 3H), 1,98-2.15
{m, 2H), 2.30-2.48 (m, 2H), 2.43 (t, J = 2.3 Hz, 1H), 3.54 (t, 1 = 7,0 Hz, 21,
4.16 (d, J = 2.3 Hz, 2H), 5.27-5.60 (m, 2H),

3-Propyl-Z-(triphenylstannylmethyleneltetrahydropyran: IR (neat) 3044,
2926, 1609, 1480, 1428, 1075, 726, 697 cm™'; 'H-NMR (CDCly) & 0.96 (¢, J = 7,0
Hz, 3H), 1.20-2.12 (m, 6H), 2.35-2.54 {(m, 1H), 3.58-3.74 {m, 1H}, 3.85-4.01 f(m,
iH), 3.93 (d, J = 13.0 Hz, 1H), 4.18 (d, J = 13.0 Hz, 1H), 5.90 {(bs, 1H), 7.33-
7.77 (m, 15H); ‘19Sn-NMR § -144.0.

Reaction of l-Dodecyne, PhySnH, and EtgB in the Presence of Galvinexyl.
Galvinoxyl (4.2 mg, 0,01 mmol) Was added to”a solution of l-dodecyne (0.17 g,
1.0 mmol) and Ph4Sni (0.3%9 g, 1,1 mmol) in toluene (8 ml) at 25 °C under an
argon atmosphere., A hexane solution of Et4B (1.0 M, 0.1 ml, 0.1 mmel) was added
to the resulting yellow solution and the whole was stirred for 3 h at 25 °C.
Workup followed by purification by preparative tlec on silica gel afforded 1-
dodecyne (0.14 g, 847 recovery). 1-Triphenylstannyl-l-dodecene was not detected
in the reaction mixture.

Monitoring the EtqB-Induced Reaction of l-Dodecyne with PhiSpH by JH-NMR
{Controlled Experimentj. The experiment was carried out using general Schlenk
technique. 1-Dodecyne, PhySnH, and EtyB were freshly distilled under argon
atmosphere. Benzene-dg (freshly disrilled from Na-X alloy, Q.5 ml) was intro-
duced into an NMR tube under argon atmosphere. 1-Dodecyne (21 ul, 0,10 mmel)
and Ph3SnH (28 yl, 0.11 mmol) were added. Then, EtqB {5 ul, 0,04 mmol) was
added and the NMR tube was closed by & rubber serum cap and sealed by parafilm.
The reaction was monitored by “H-NMR every 15 min, NMR analysis immediately
after addition of EtgB showed rhat any trace of l-triphenylstannyl-l-dodecene
was not produced. Small amount of the product {«10%) was detected after 30 min,
but the yield did not increase for next 2,5 h., After 3.5 h, oxygen {60 ul, 2.7
mel) was introduced by syringe, The reaction immediately took place and the
yield of vinylstannane jumped up to 50% after 1 h and then stayed between 50%
and 5337. An addirion of another oxvgen (60 ul, 2.7 mol) raised the vield of
the product to 70%,

2-2.20 {m, 3H), 1.72 (bs, 3H), 2.25-2.40 {(m, 2H), 3.20 (bs, 1H), 3.51 (dd, J
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