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ABSTRACT - The reactions of a,f-actylenic esters 1 with the (trimethylstannyl)copper(I)
reagents &-7 provide good to excellent yields of the corresponding f-trimethylstannyl
a,f-unsaturated esters 10 and (or) 1l1. In nearly all cases studied, except for the
reactions involving substrate 1i, the stereochemical outcome of the transformations can
be controlled by judicious choice of reagent and (or) reaction conditions.
Consequently, both alkyl (E)- and (Z)-3-trimethylstannyl-2-alkenoates (10 and 11,
respectively) can be produced stereoselectively. The reagents of choice for preparing
the (E) isomers 10 appear to be Me3SnCu‘Me;S (4) and [Me3SnCuSPh]Li (5), while reagent
5 must be employed for the efficient, stereoselective production of the (Z) isomers 11.
Reaction of reagent (5) with substrates 1j and 1k under appropriate conditions provides
good yields of methyl 2-trimethylstannyl-l-cyclopentenecarboxylate (42). However,
treatment of the esters 12 and lm with 5 under similar conditions gives the "anomalous”
products 44 and 45.

INTRODUCTION
Over the past couple of decades, the conjugate addition of organocopper(l) reagents to

a,B-acetylenic esters 1 has seen considerable use a as method for preparing trisubstituted
alkenes.l It has been shown that the stereoselectivity of this type of reaction varies with
the nature of the reagent, the solvent, and the reaction conditions (time, temperature). Nev-
ertheless, suitable conditions have been developed to effect the efficlent, highly stereoselec-
tive conversion of 1 into a,Bf-unsaturated esters of general structure 2 (R” derived from an
organocopper(l) reagent). Thus, the overall cis addition of R” and a proton across the triple
bond of 1 1is readily accomplished.1 Unfortunately, reaction conditions that would allow the

use of organocopper(l) reagents to effect the highly stereoselective trans addition of R” and H

across the alkyne function of 1 (to form 3) have not yet been found,l

R' H R' CO2R'
R=C=C ~-COzR' )=( . >=(H MesSnCusMezS [Me3SnCuY]Ui
R COzR R
L g 2 3 4 5 Y=SPh
6 Y=SnMe3
=C=C=— M
SiMes MesSy H  MesSp COpR'  7Y=C=C—ClOMe)Me,
H==C=C—(CHa)a—X
o " (cHa—x K O R H
9 10 11
Recently, we described, inter alia, the preparation of the (trimethylstannyl)copper(I)

reagents 4-7 and reported that these species transfer efficiently the trimethylstannyl group to
the B carbon of a,f-unsaturated carbonyl compounds.2 Subsequently, we showed? that
(trimethylstannyl)copper(I)-dimethyl sulfide (4) is an effective reagent for the conversion of
l-alkynes 8 (X = Cl, OH, OR) into 2-trimethylstannyl-l-alkynes 9. In connection with a

continuation of our study of the chemical reactivity of reagents 4-7, along with our desire to
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prepare and explore the chemistry of g-trimethylstannyl «,Bf-unsaturated esters, we have
investigated the reactions of 4-7 with a,f-acetylenic esters 1. We were particularly interested
in determining whether substances 1 could be converted, stereoselectively, into both (E) and
(2) a,f-unsaturated esters of general structures 10 and 11, respectively. We report herein the
results of this study.[‘
RESULTS AND DISCUSSION

(a) -acetyle ters. Of the 2-alkynoates 1 (see Chart 1) used for

the present study, compounds la and 1b are commercially available. Substrates lc and 1ld were

prepared as outlined in eq. [1]. Thus, reaction of the aldehydes 12 and 135 with PhyP=CBr,; in

R—C=C—CO3R'
1
a R=R'=Et f R;—-(J——cyclohexenyl)methyl i R=t-Bu, R'=Et
R' =Me
b R=Me, R'=EFt j R=Br(CHz)s, R'=Me
g R=t—BuMesSIOCHCH2, .
¢ R=i—Pr, R' =Me R' =Me k R=I(CH,);, R'=Me
d R=c—Pr, R' =Me h R=t—BuMe;SiOCH,, R'=Et 1 R=Br(CHj)4, R'=Me
e R=2—(2-cyclopentenyl)ethyl, m R=I(CH,),, R'=Me
R’ =Me
Chart 1

CH2C126 provided the 1,1-dibromo-1l-alkenes 147 and 15, which, upon treatment with 2 equivalents
of Meli in tetrahydrofuran (THF), followed by methyl chloroformate, gave the required esters lc
(30 % from 12) and 1d (52 % from 13).

R Ph3P =CBi R Br 1) 2Meli, THF
=0 X ="y, >=< 2 Vel T o R—=C=C—COMe [1]
CH,CI 2) CICOM
H 2Cl2 W B ) CICOzMe
12 R=1-Pr 14 R=i—-Pr 1c R=i—Pr
13 R=c—Pr 15 R=c~Pr 1d R=c—Pr

Reaction of the primary alcohols 168 and 172 with Ph3P'Br210 in MeCN containing Et3N
provided the bromides 18 and 19,11 which, upon reaction with lithium acetylide-ethylenediamine
complex12 in MeySO, were converted into the l-alkynes 20 and 21. The latter substances were

readily transferred into the a,B-acetylenic esters le (51 % from 16) and 1f (33 % from 17) (eq.

(21.
ROH PhsP.Brz R—pr HCSCLEDA o poc=cy Ml P o _c=c—coMe [2]
EtsN, MeCN Me2SO 2) CICOzMe
16,17 18,19 20,21 le,1f

16,18,20,1e, R=2—(2-cyclopentenyl)ethy!
17,19,21,1f R=(3—cyclohexenyl)methy!
The 2-pentynoate 1lg was prepared (92 %) by treatment of methyl 5-hydroxy-2-pentynoaca13
with £-BuMeySiCl in MeoNCHO containing imidazole. Substrates 1h and 1il% were obtained in

excellent yields from the l-alkynes 2215 and 23, respectively, as summarized in eq. [3].

1) Meli or n—Buli, THF

R- C=CH 3 R—C=C—CO,Et [3]
2) CICO,Et
22 R= t —BuMe,SiOCH, 1h R= ¢ ~BuMe2SiOCH,
23 R=t-Bu 1i R=¢-Bu

The w-halo a,B-acetylenic esters 1j - 1lm were produced by the reactions summarized in eq.
[4]. The 1-alkynes 24 (prepared by treatment of 4-pentyn-l-ol with dihydropyran in the pres-

ence of pyridinium P-Coluenesulfonatele) and 2517 were converted into the corresponding esters
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26 and 27, which, upon reaction with PhyP'Bry in CH2612,18 were transformed directly into the

bromides 1j (68 % from 24) and 1Z (79 % from 25).

Treatment of the latter two substances with

Nal in acetone provided the corresponding fodides 1k (91 %) and 1m {90 3).

— 1) Meli, THF, — Ph3P+Bra
= e S ZZC o
THPO(CHz)nC CH 2) Cicoate THPO(CHz)nC Cuw CO,Me CryCiy
24 n=3 28 n=3 [4]
25 n=4 27 n=4
Nal
I(CH2)nC=Cm COpMe == Br(CHy)nC = Cm COyMe
1k n=3 1j n=3
Imn=4 11 n=4
(b) Reaction esters 1 with igngggghlgi_igl. Cur initial experiments

were carried out with ethyl 2-pentynoste (la). Treatment of this substrate with 1.3 equivalents
of 3 (THF, -78 °C, 3 h), followed by asddition of MeUOH, gave, In 69 % yleld, a 68:32 mixture of
10e and 1lla, [51). {n the other hand, when the
reaction was carrled out with 2.5 equivalents of 5 at -100 °C for & h, workup provided 10a and
1lla

the geometric isomers respectively (eq.

in a ratio of 97:3, respectively. However, the addition process could be performed in a
shorter time and with even higher stereoselectivity by adding a THF solution of 1la gcontaining
1.7 equivalents of MeOH1® to a solution of 2 equivalents of 5 (-100 °C, 15 min; -78 °G, 3 h).

Under these conditions, the (£) isomer 10a was obtained in essentilally pure form (< 1 % 1lla)

(eq. [5]).
[Me ;SnCuSPh]Li MezSn H Me3zSn CO5Et
Et =C=C=COpEt e + [ﬂ
(8) Et  COgEt B H
la 10a 11a
THF, —~78'C, 3h; MeOH 68 : 32 69%
THF, —100°C, 6h; MeCH a7 : 3 817%
THF, MeOH, —~78C, 3h >89 <1 79%
THF, —480C, 4h; MeQH 2 98 76%
Importantly, it was found that the addition reaction could also be controlled experimen-

tally to produce, highly stereoselectively, the (Z) isomer 1la. Thus, treatment of la with 1.2
equivalents of 5 at -48 °C for 4 h, followed by addition of MeOH, afforded a 2:98 mixture of
[sh.

The experiments summarized above showed that, in the reaction of ethyl 2-pentynoate

10a and lla, respectively (eq.
(la}
with the phenylthiocuprate 3, the overall regioselective addition of the elements of trimethyl-
stannane across the triple bond can be controlled experimentally to produce, highly
lectively,

sterecse-
either of the two possible geometric isomers 10a and lla. In order to demonstrate
the generality of these transformations, the reactions of 5 with other «,8-acetylenic esters
were investigated. The results of this study are summarized in Table 1.

4 number of points should be made in connection with the data given in Table 1. The ste-
reochemical control mentioned above was demonstrated with two additional
3 and 4) and 1g (entrles 9 and 10). In each case, treatment of the actylenic ester
with 5 in the presence of MeOH (-78 °C) (conditions A) afforded stereoselectively the
with (B)

(conditions

substrates, 1b
{entries

product
stereochemistry, while reaction with 5 at -48 °C, followed by protonation with MeOH
(2)
the stereoselective conversions of a number of additional a,B-acetylenic esters
(lc-£, 1j, 1£; entries 5-8, 14, 15) the corresponding alkyl

Z-.alkenocates were effected smoothly and quite efficiently.

B), gave primarily the a@,B-unsaturated ester. Furthermore, by use of

conditions B,

into (Z)-3-trimethylstammyl-

Interestingly, this type of trans-
formation is successful even on substrates (1j, 1#) containing a primary bromide (entries 14
and 13).

Compared with the other substrates listed in Table 1, ethyl 4,4-dimethyl-2-pentynoate (1i)

behaved anomalously. When this a,f-acetylenic ester was allowed to react with {Me3SnCuSPh]Li
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Table 1. Reaction of a,p-acetylenic esters 1 with [Me3SnCuSPh]Li (5)

MezSn H MesSn CO2R'

R—=C=C—CO;R? —— Al
R CO2R R H
1 10 11

Starting Products Yield

Entry material R R Conditions® (ratio)P (%)¢
1 1la Et Et A 10a,11a(>99:<1) 79
2 1a Et Et B 10a,11a(2:98) 76
3 1b Me Et A 10b,11b6(>99:<1) 78
4 1b Me Et B 10b,11b(2:98) 76
5 lc i-Pr Me B 10c,11c(6:94) 73
6 1d c-Pr - Me B 10d,11d(5:95) 72
7 le vd Me B 10e,11e(2:98) 77
8 1f z4 Me B 10£,11£(3:97) 71
9 1g L-BuMe,Si0(CHy) 5 Me A 10g,11g(96:4) 82
10 1g t-BuMe,S10(CHy)5 Me B 10g,11g(4:96) 81

11 1h t-BuMe,Si0CH, Et B 10h,11h(9:91) 29¢
12 14 t-Bu Et C 101,111(8:92) 84
13 11 L£-Bu Et D 101,111(2:98) 86
14 14 Br(CHy) 4 Me B 10§,115(7:93) 72
15 14 Br(CHp), Me B 10£,11£(5:95) 74

4 All reactions were carried out in THF. A: 2.0 equiv. 5, 1.7 equiv. MeOH, -100 °C, 15 min,
-78 °C, 3 h; B: 1.3 equiv. 5, -78 °C, 15 min, -48 °C, 4 h, then quench with MeOH; C: 3.0
equiv. 5, 1.7 equiv. EtOH, -100 °C, 15 min, -78 °C, 6 h; D: 1.4 equiv. 5, -78 °C, 15 min, -48
°C, 4 h, then quench with EtOH.

b Product ratios were determined by gas-liquid chromatographic analyses.

€ Yields refer to distilled product mixtures (entries 4, 9, 10, 12, 13) or to isolated, dis-

tilled major product (entries 1-3, 5-8, 11, 14, 15).

Y ~ 2-(2-cyclopentenyl)ethyl; Z =~ (3-cyclohexenyl)methyl.

€ Also isolated were 10 h (2 &) and ethyl (2)-4-tert-butyldimethylsiloxy-3-phenylthic-2-buten-
oate (31) (35 ).

Q.

(5) at -78 °C in the presence of EtOH, it was found that 3 equivalents of reagent and a

reaction time of 6 h were required for complete disappearance of starting material (conditions
C, entry 12). Not surprisingly, the sterically bulky tert-butyl group retards the rate of
addition. More important, however, was the finding that the major product of this reaction was
not the expected (E) isomer 104, but the (Z) isomer 11i (ratio of 10i:11% = 8:92). Indeed, we
were unable to find conditions under which the reaction of 11 with 5 would produce 101
stereoselectively. For example, even when the reaction was carried out in the presence of

acetic acid,2 the major product was 1li. Under these conditions, a large amount of starting

material was also recovered.

Treatment of 11 with 5 at -48 °C, followed by addition of EtOH (conditions D, entry 13)
gave the expected result, providing the geometric isomers 10f and 111 in a ratie of about 2:98,
respectively.

It seemed possible that, due to the steric bulk of the tert-butyl group, the addition of
{Me3SnCuSPh]Li (5) to the triple bond of 11 might have occurred, at least to some extent, with
regiochemistry opposite to that initially expected. Consequently, it seemed desirable to show
conclusively that, in each of the products of these reactions (Table 1, entries 12 and 13), the
trimethylstannyl group was situated on the 8 carbon of the a,f-unsaturated ester moiety. To
that end, the major product 114 was reduced with LiAl(OEt)H3.21 In the 1H NMR spectrum of the
resultant product 28, the vinyl proton gave rise to a triplet (J = 7 Hz, with satellite peaks,
318n-ﬂ = 148 Hz) at é 6.17. In similar fashion, reduction of the minor product 10i with
i-BupAlH in pentane provided the alcohol 29, the I mMr spectrum of which exhibited a triplet
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(J = 6 Hz, with satellite peaks, siSn-H = 90 Hz) at § 5.57 due to the olefinic proton. Thus,
in both of the products derived from the reaction of 1i with 5, the vinyl proton is geminal to

the ester group. Clearly, neither of the products was the regioisomeric substance 30.

MezSn H MezSn R H SnMe 3
t—Bu R t—Bu H t—Bu CO,Et
10i R=COzEt 11i R=CO2Et 30

28 R=CH,0H 29 R=CH20H

Treatment of ethyl 4-tert-butyldimethylsiloxy-2-butynoate (1h) with [Me3SnCuSPh]LLi (5)
under conditions B (Table 1, entry 11) also led to an unexpected result. Although the products
of Me3Sn transfer, 10h and 1lh, were produced in the expected ratio (= 9:91, respectively), the
combined isolated yield of these substances was only 31 %. Also obtained, in 35 % yield, was a
product that proved to be ethyl (Z)-4-tert-butyldimethylsiloxy-3-phenylthio-2-butencate (31)
(eq. [6]). Thus, in the case of substrate lh, PhS transfer is competitive with Me3Sn transfer.
It may be noted that the a,S-acetylenic ester 1lg, the next higher homolog of 1h, behaves
normally in its reactions with 5 (entries 9 and 10). Although the reasons underlying the
anomalous behavior of lh remain obscure, it seems likely that the electron-withdrawing effect

of the ether oxygen close to the triple bond is in some way involved.

co
1) 5. THF, —487C Me3zSn H R 2Et
t —BuMe,SiOCH,—C = C—CO3Et m__» + (6]
ih t —BuMe,SiOCH, COoEt ¢ —BuMepSiOCH, H
10h (2%) 11th R=Me;3Sn (29%)

31 R=PhS (35%)

The results summarized in Table 1 show that, in general, the cuprate reagent 5 can be used
effectively for the stereoselective conversion of a,B8-acetylenic esters 1 into either of the
geometrically isomeric products 10 or 1ll1. Subsequent work showed that other (trimethylstan-
nyl)copper(l) species (e.g. 4, 7) also effect the efficient transformation of 1 into 10 (vide
infra). However, of the varlous reagents 4-7 that we have studied, only the phenylthiocuprate
5 proved effective for the efficient, stereoselective conversion of 1 into alkyl
(Z)-3-trimethylstannyl-2-alkenoates (11).

It should also be noted that, as a procedure for the controlled preparation of §-trimeth-
ylstannyl a,B-unsaturated esters, the method described above is notably superior to that
involving direct hydrostannylation of «,8-acetylenic esters. For example, treatment (neat, 50
°C, 47 h) of ethyl 2-butynoate (1b) with Me3SnH has been reported to afford, in 65 % yield, an
inseparable mixture of all four possible regio- and stereoisomers. 22

(c) React of e -butyno b) w the (t stannyl)c er(I) rea ts 4-7.
Table 2 summarizes some of the results obtained from a brief study of the reactions of ethyl
2-butynocate (1b) with a number of (trimethylstannyl)copper(I) reagents. It had been shown
previously (entry 1) that treatment of 1lb with [Me3SnCuSPh]Li ($) in THF at -48 °C afforded,
upon workup, a 2:98 mixture of the products 10b and 1lb. Under identical conditions, the
reaction of 1b with the bis(trimethylstannyl)cuprate 6 proved to be much less stereoselective,
providing the two products in a ratio of about 1:2 (entry 2). Interestingly, however, the
" reagents 7 and 4 gave exclusively ethyl (E)-3-trimethylstannyl-2-butenoate (10b), even wunder
reaction conditions whereby the cuprate 5 produced very largely the geometric isomer 1lb
(entries 3,4 ys. entry 1). Furthermore, it was shown that 1b reacted efficiently with
Me3SnCu-MepS (4) at lower temperatures (e.g. -78 °C) to provide the expected product 10b (entry
5).
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Table 2. Reaction of ethyl 2-butynocate (1b) with the (trimethylstannyl)copper(l) reagents 4-7

Me3Sn H Mes;Sn  CO2Et
Me —C =C —=COEt — +
ib Me CO2Et Me H
10b 11b

Reagent, Ratio, Yield
Entry Conditions? 10b:11bP (»)¢
1d [Me3SnCuSPh]LL (5) 2:98 76
-48 °C, 4 h
2 [Me3SnCuSnMes JL1 (6) 32:68 74
-48 °C, 4 h
3 Me3SnCuC=C(OMe)Mey (7) >99:<1 82
<48 °C, 4 h
4 Me3SnCu-MeyS (4) >99:<1 68
-48 °C, 3 h
S Me35nCu-MesS (4) >99:<1 76
-78 °C, 3 h

2 All reactions were carried out in THF with 1.3 equiv. of reagent.
Product ratios were determined by gas-liquid chromatographic analyses.
€ Yields refer to isolated, distilled product(s).
Same as entry 4 in Table 1.

From the viewpoint of synthesis, the results given in Table 2 indicate that the efficient
preparation of alkyl (Z)-3-trimethylstannyl-2-alkenocates (e.g. 11lb) from a,B-acetylenic esters
must involve use of the phenylthiocuprate 5. On the other hand, stereoselective conversion of
the acetylenic esters into the geometrically isomeric products (e.g. 1lOb) can be accomplished
by use of any of the reagents 4, 5, or 7 (Tables 1 and 2). However, the reagent of choice is
probably Me3SnCu-MesS (4), since this species is very easily prepared2 and its reactions with
a,f-acetylenic esters are generally clean and efficient. The use of reagent 4 for the
conversion of a,f-acetylenic esters into (E)-3-trimethylstannyl-2-alkenoates 1s described
below.

(d) Reaction of a. f-acetylenic esters 1 with ﬂe;SnCu‘ﬂgg§_L§l. The results derived from
an investigation of the reactions of a number of a,B-acetylenic esters 1 with reagent 4 are
summarizéd in Table 3. It is evident that, in nearly all of the cases studied, the reactions
are highly stereoselective and provide cleanly the corresponding alkyl
(E)-3-trimethylstannyl-2-alkenoates (10). In the experiments summarized in entries 1-6, 9, and
10, essentially none of the geometric isomers 1l could be detected (GLC) in the crude products.
In the case of substrate lh, however, a small amount of llh was produced in addition to the
expected product 10h (entry 7). It may also be noted that the presence of a primary bromide
function does not interfere with this type of conversion (entries 9 and 10).

As was the case in its reactions with the phenylthiocuprate 5, substrate 11 gave an
anomalous result (entry 8). Although, not unexpectedly, the reaction of 1li with 4 is sluggish
at -78 °C, at a higher temperature (-20 °C), with 3 equivalents of reagent and in the presence
of hexamethylphosphoramide (HMPA), the reaction proceeded to completion. However, the product
mixture obtained consisted mainly of the (Z) isomer 11li (ratio of 101i:111 =~ 12:80). Thus, it
appears that the steric bulk of the tert-butyl group precludes the stereoselective acquisition
of the (E) isomer 101.

The reaction of 1i with 4 produced a small amount of a third product (Table 3, footnote
£). This substance was not obtained pure. However, the g e spectrum of a small enriched

sample of this material showed the presence of Me3Sn and tert-butyl groups, an ethyl ester

function, and an olefinic proton (§ 5.58, singlet with satellite peaks, 3iSn-H = 78 Hz). The
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Table 3. Reaction of a,f-acetylenic esters 1 with Me3SnCu-MeyS (4)

Me3zSn H Me3Sp CO2R'

R—=C=C—COR'" ———» s
R CO2R R H

1 10 11

Starting Product(s) Yield

Entry  Material R R Conditions® (ratio)® N
1 la Et Et A ‘10a 80
24 ib Me Et A 10b 76
3 lc i-Pr Me A 10c 77
4 1d c-Pr Me A lod 81
5 le ye Me A 10e 84
6 1f z® Me A 10f 72
7 1h t-BuMe,S10CHy Et A 10h,11h(95:5) 80
8 11 £-Bu Et B 104,111(12:80)f 79
9 1j Br(CHj)3 Me A 10] 81
10 12 Br(CHy), Me A 102 84

8 A: THF, 1.3 equiv. 4, -78 °C, 3 h, then quench with saturated aqueous NH,Cl that had been
adjusted to pH 8 by addition of aqueous NH,OH; B: THF containing 10% HMPA, 3.0 equiv. 4, -20
°C, 6 h, then quench as in A,

Product ratios were determined by gas-liquid chromatographic analyses. In the experiments
summarized by entries 1-6, 9, and 10, only product 10 was detected.

Yields refer to isolated, distilled product(s).

Same as entry 5 in Table 2.

Y = 2-(2-cyclopentenyl)ethyl; Z = (3-cyclohexenyl)methyl.

Also present was a third component, thought to be ethyl (E)-4,4-dimethyl-2-trimethylstannyl-
2-pentenocate (30).

o

o oo

magnitude of the Sn-H coupling constant indicates a cis relationship between the Me3Sn group
and the vinyl proton (vide infra). Since this compound was clearly different from 10i, it
seems highly likely that it possesses structure 30. Apparently, due to the presence of the
bulky tert-butyl group, addition of reagent 4 to the triple bond of 1i takes place, to a small

extent, with regiochemistry opposite to that expected.

(e) Regarding the stereochemistry of the products 10 and 11. The stereochemical
assignments with respect to the products 10 and 11 listed in Tables 1 - 3 were readily made on
the basis of 1y NMR spectroscopy. All of these substances are, of course, a,f-unsaturated
esters and, with the exception of 104 and 111 in which R = tert-butyl, all contain at least one
¥ proton. For any given pair of geometric isomers, the y proton(s) of the (Z) isomer 10, being
situated on a carbon cis to the COjR’ group, would be expected to resonate at lower field than
the corresponding proton(s) of the (E) isomer 11. This expectation was realized for each pair
of isomers 10 and 11.

Even more compelling evidence for the stereochemistry of 10 and 11 was provided, in each
case, by the magnitude of the coupling constant between the a olefinic proton and the tin atom
(117Sn, 119Sn) of the Me3Sn group. It is well known23 that when a trialkylstannyl group and a
proton are vicinal on a carbon-carbon double bond, the 3iSn-H value is much larger when these
moieties are trans than when they are cis. Indeed, for compounds 10 and 11, the BlSn-HA values
are in the ranges 71-87 Hz and 118-126 Hz, respectively.

Me3zSn Ha MezSn  CO2R'

R COgR' R Ha
10 11

(f) Mechanistic consjderatjons. A possible pathway for the addition of (trimethylstan-
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nyl)copper(I) reagents to a,B-acetylenic esters 1, to afford products 10 and (or) 11, is shown
in Scheme 1. It has been well establishedl>3:24,25 that organocopper(I) species add kineti-
cally to carbon-carbon triple bonds in a ¢is fashion. Therefore, it 1is not unreasonable to
postulate that addition of reagents 4-7 to 1 provides initially the vinylcopper(I) intermedi-
ates 32.26.27 ye propose further that, depending on a number of factors, the latter species
may rearrange to the corresponding allenoates 33.26 protonation of 32, the "kinetic"
intermediates, provides the (E) a,B-unsaturated esters 10, while protonation of the allenocates
33 proceeds in stereoselective fashion to produce the geometric isomers 11.29

Interestingly, the nature of W in 32 appears to have a profound effect on the facilicy
with which this type of intermediate rearranges to 33. For example, the vinylcuprates 32b,
derived from the reactions of 1 with the phenylthiocuprate 5, are quite unstable even at low
temperatures. Indeed, at -78 °C, the highly stereoselective conversions of 1 into 10, using
reagent 5, can be achieved only if the reactions are carried out in the presence of a proton
source., On the other hand, at -48 °C, intermediates 32b readily rearrange to 33b, which, upon
protonation, afford products 1l stereoselectivity (Table 1).

In contrast to 32b, the intermediates 32a and 324 are, in general, stable at -48 °C and,
upon protonation, provide products 10 with complete stereoselectivity (Tables 2 and 3). On the
other hand, under identical conditions, the cuprate intermediate 32¢c (R = Me, R’ = Et)
rearranges partially to 33¢ (R =~ Me, R* = Et) and protonation leads to a mixture of 10b and 1lb
(Table 2, entry 2). Thus, of the three types of cuprate intermediates 32b-d4, 32b and 324
appear to be the least and the most stable, respectively, while 32c is of intermediate stabil-

ity.
—C=C=- R' _—T
R Cl C=—CO0, Me3Sn  Cu°W MesSn OCu*W
e — °
N R CogR' R OR'
Me3zSnCu*Mey S I 32 33
4
or a W=SMe2
[MezSnCuY]Li 2 yv;gm(el-;)(u)
5 Y=SPh d W=C= C~ C(OMe)Me 5(Li)
6 Y=SnMez
7 Y=C=C=—C(OMe)Me o ¢ . ¢H+
) H
Me3Sn H Me3zSn COoR'
R COoR' R H
10 11
Scheme 1

To a limited extent, the nature of R also affects the stability of 32. The generaliza-
tions discussed above hold for all the substrates 1 studied, except ethyl 4,4-dimethyl-2-
pentynoate (11). Even when the reaction of 1i with 5 was carried out at -78 °C in the presence
of EtOH, the predominant product was 1141 (Table 1, entry 12). Similarly, the major product
derived from the reaction of 1i with Me3SnCu'Me;S (4) was also 114 (Table 3, entry 8). The
latter result is in marked contrast to those obtained from the reaction of & with other
a,B-acetylenic esters 1 (Table 3). The results obtained with substrate 1i can be rationalized
by postulating that the steric bulk of the tert-butyl group destabilizes intermediates 32a and
b (R = t-Bu) and facilitates the conversion of these species into the corresponding allenoates
33a and b (R = t-Bu), respectively. Protonation of the latter intermediates provides the
observed major product 111.29

We have not yet been able to obtain direct evidence for the intermediacy of the allenoates
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33, since all attempts to trap these species with electrophilic reagents such as trialkylsilyl
or acyl chlorides failed to provide identifiable, functionalized allenes. However, evidence
for the reasonableness of the proposed conversion of 32b into 33b was derived from related work

done in our laboratories. It has been shown3l

that intermediates 36, derived from the reaction
of N,N-dimethyl-2-alkynamides 34 with the phenylthiocuprate 5, are notably more stable than the
intermediates 32b obtained from a,f8-acetylenic esters 1. Thus, in THF solution, the
vinylcuprates 36 show little or no inclination to rearrange to the corresponding allenocate-type
species 38, even when R = g-Bu.31 In sharp contrast, reaction of «,f-acetylenic thiolesters 35
with 5 in THF under a variety of conditions, even at -78 °C in the presence of HOAc, gave very
largely the (Z) products 41,32 Apparently, the putative intermediates 37, protonation of which
would have provided products 40, are very unstable and readily rearrange to the allenoates 39.
Thus, of the three types of vinylcuprate intermediates, 36 are the most stable, 32b are of
intermediate stability, and 37, if formed at all, are least stable. This order of stability is

0
R—=C= c—g—z Me3zSn CuSPh(Li) Me3zSn OCuSPh(Li)  Me3Sn H
L J
— ]
3‘:. §;SSe2 R /C—Z R z R //C—'SEt
= 4
35 Z=SEt 0 40 O
[Me3SnCuSPh]LI 32b Z=0R' 33b Z=0R' o
36 Z=NMez 38 Z=NMe; _
5 37 Z=SEt 39 Z=SEkt Me3Sn C—SEt
R H
41

not unexpected, since one would anticipate that the conversion of these species into the corre-
sponding allenoate intermediates would be most facile with thiolesters (ketonic-like proper-
ties) and least likely with dimethylamide substrates.

‘(g) Reaction of the w-halo a.,8-acetylenic esters 1i-m with MeSnCuSPh]Li (5)
Intramolecular alkylation. In work related to that reported herein, we33 a;d others?? have
found that intermediates such as 32 and (or) 33 cannot be trapped intermolecularly with
electrophiles other than proton. Since one would expect intramolecular trapping to be a more
facile process, we decided to study the reaction of substrates 1j-m with reagent 5 at higher
temperatures. It may be recalled (vide supra) that the bromides 1j and 12 react with reagents
4 and 5 at low temperatures (-78 °C to -48 °C) to afford "normal" products (B-trimethylstannyl
a,f-unsaturated esters) in which the bromine atom had been retained.

Reaction of the ester 1j with 5, under conditions shown in eq. [7], gave an oil that
consisted largely of one product, accompanied by very minor amounts of a number of unidentified
substances. Chroﬁatography of the mixture provided the cyclic ester 423% in 77 % yield. A
very similar reaction involving the iodide lk produced the same product (78 %). Thus, intramo-
lecular alkylation of the intermediates derived from interaction of 1j and lk with 5 are facile

processes,

1) [Me3SnCuSPhlLi (5)
THE. —48C, 4h Me3zSn COzMe

=C-=CO0 -
X(CHz)sC 2Me 2) add HMPA, warm to [7]
1j X=Br room temperature,
stir 2h 42
1k X=1 .

Reaction of the cuprate 5 with the w-halo a,B-acetylenic esters 1£# and lm, the next higher
homologs of 13 and 1k, respectively, gave very different results (eq. {8]). The crude product
derived from 12 contained only a very small amount (< 3 %) of a product with GLC retention time
identical with that of methyl 2-trimethylstannyl-1l-cyclohexenecarboxylate (43).34 The major
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products, isolated by column chromatography of the mixture on silica gel, proved to be the
a-trimethylstannyl a,f-unsaturated ester 44 (43 %) and methyl (E)-7-bromo-2,3-bis(trimethyl-
stannyl)-2-heptenoate (45).

Me3Sn  COoMe SnMe3 Me3Sn  COgMe
conditions as
=C—COMe ———— + * (sl
x(CHzi;C ° 2Me ,& _,g,) 7 COzMe  Br(CH,), SnMes
X=Br =8r 43 44 45
im X=1I

The structure of 44, the chromatographic properties of which were clearly different from
those of 43,34 was readily established by examination of its spectra. Of particular note was
the H MR spectrum, which exhibited, in addition to the signals due to the Me3Sn and COjMe
moieties, a 4-proton multiplet at § 1.5-1.8 and a pair of 2-proton signals (broad triplets, J =
7 Hz) at 6§ 2.38 and 2.70 due to the allylic methylene groups situated trans and g¢is to the
COjMe group, respectively.

Since we had shown33 that, under appropriate conditions, reaction of a,f-acetylenic esters
with (trimethylstannyl)copper(l) reagents affords good yields of the corresponding alkyl
(E)-2,3-bis(trimethylstannyl)-2-alkenoates, the production of 45 (eq. [8]) was not particularly

surprising. The spectra of 45, particularly when compared with those of structurally similar
subscances,33 readily corroborated the structural assignment.

The formation of products 43-45 may be rationalized as shown in Scheme 2. As mentioned
previously,27 the addition of (trimethylstannyl)copper(l) reagents to the triple bond of
a,B-acetylenic esters is reversible. Furthermore, we had obtained some evidence that these
additions can take place in both possible regiochemical orientations (Table 3, entry 8).
Indeed, the production of compound 44 (eq. [8]) provides excellent evidence for both of these

reaction characteristics. Thus, it may be proposed that (reversible) addition of 5 to 1 gives

primarily intermediate 46, but that the regioisomeric species 47 can also be formed. Appar-
Br(CH)4C= C~—COyMe Me3Sn  CuSPh(Li)
11 —_—
+ BdCH2)4 COgMe
[MesSnCuSPh]Li 46
5
L Me3Sn OCuSPh(Li)
(L)PhSCu  SnMe3 Y=
Br(CH,) 4 OMe
BKCH2)4 COgMe 48
47 [Me3SnCuSPh]LI
$ 5
SnMe3 Me3Sn  CO2Me  \eisn  COoMe
CO2Me BdCH2)4 SnMex
44 43 45
Scheme 2

ently, the cyclization of 47 to the five-membered ring product 44 is faster than the isomeriza-
tion of 46 to 48 and, therefore, 44 is the major product. Furthermore, ring closure of the
allenoate 48 to the cyclohexenecarboxylate 43 is, apparently, quite slow and, consequently, 48
reacts preferentially with a second equivalent of reagent 5 to produce the

bis(trimethylstannyl) ester 45. The mechanism for this latter coupling remains obscure,
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although this type of transformation has some precedent in alkylcopper(I) chemistty.la

Reaction of substrate lm with 5 gave a product mixture very similar to that derived from
12. Thus, it 1is evident that, although the reactions of 5 with 1j and 1k (eq. [7]) provide
acceptable methods for the preparation of methyl 2-trimethylstannyl-l-cyclopentenecarboxylate
(42), treatment of 12 and 1lm with 5 under similar conditions (eq. [8]) does not lead to useful
yields of the corresponding cyclohexenecarboxylate 43.

CONCLUSION

The investigations described herein showed that (trimethylstannyl)copper(I) reagents can
be employed effectively for the conversion of a,8-acetylenic esters into f-trimethylstannyl
a,f-unsaturated esters. Furthermore, it was shown that, in nearly all cases ’studied, the
stereochemical outcome of these reactions can be controlled by a judicious choice of reagent
and (or) reaction conditions. Thus, both alkyl (E)- and (Z)-3-trimethylstannyl-2-alkencates
can be produced highly stereoselectively. The chemistry of these substances, which have proven
to be very useful intermediates for organic synthesis,l"35 will be the subject of future
publications.

EXPERIMENTAL

General. Distillation temperatures, which refer to short path (Kugelrohr) distillations, and
melting points are uncorrected. IR spectra were recorded on_ Perkin Elmer models 710 or_ 710B
spectrophotometers and were calibrated using the 1601 cm ! band of polystyrene film. 1y nMr
spectra were recorded on CDClj solutions. Signal positions are given in ppm (§) relative to
Me,Si. In cases of compounds containing Me3Sn and (or) trialkylsilyl groups, the resonance
positions were determined relative to the CHClj3 si%nal (6 .7.25). The tin-proton coupling
constants(Jdg, .y) are given as the average of the 117sn and 119sn values. High resolution mass
spectra were recorded with Kratos/AEI MS 50 or MS 902 mass spectrometers. In cases of com-
pounds containing Me3Sn groups, the molecular mass determinations were based on Sn and were
often made on the M'-Me peak. Gas-liquid chromatography was accomplished with Hewlett-Packard
models 5832A (thermal conductivity detectors, 6 ft x 0.125 in stainless steel columns packed
with 3-5 % OV-17 or 5 % OV-210 on Chromosorb W(HP)) and 5880 (flame ionization detector, 25
mx 0.21 mm fused silica column coated with cross-linked SE-54) gas chromatographs. Analytical
TLC was carried out on 20 x 5 cm glass plates coated with 0.5 mm of E. Merck silica gel 60 or
on commercial silica gel plates (Eastman Chromatogram Sheet Type 13181 or E. Merck, Type 5554).
Preparative TLC was carried out on 20 x 20 _cm glass plates coated with 0.7 mm of E. Merck sil-
ica gel 60. Conventional and flash3 column chromatography were done on 70-230 and
230-400 mesh silica gel (E. Merck), respectively. Reagents and solvents were purified and
dried using standard methods.

Note. All compounds for which high resolution mass measurements are given exhibited
essentially one spot on TLC analysis and (or) one peak on GLC analyses.

Note. All reactions were carried out under an atmosphere of dry argon using oven- or
flame-dried glassware.

1.1-Dibromo-3-methyl-1-butene _(14). To a reagent prepared by stirring a mixture of zinc dust
(10.5 g, 160 mmol), Ph3P (42 g, 160 mmol), and CBr, (53.1 g, 160 mmol)in 200 mL of dry CHyCly
at room temperature for 24 16 was added 5.76 g (80 mmol) of 2-methylpropanal (12). The tan
suspension was stirred at room temperature for 2 h. Petroleum ether (1L) was added and the
supernatant solution was decanted from the oil. The oil was taken up in 200 mL of CHyCl,,
petroleum ether (1L) was added to the solution, and the supernatant solution was again decanted
from the red oil. Concentration of the combined petroleum ether solutions, followed by flash
distillation (0.1 Torr, receiving bulb cooled to -78 °C) of the residual oil, afforded 10.6 g
(58 %) of the dibromo_alkene 147 as a clear, colorless oil that exhibited IR (neat) 1600, 1460,
1160, 870, 790 cm™L; lH NMR (80 MHz) 5 0.99 (d, 6H, J = 7 Hz), 2.55 (d septets, 1H, J =9,
7 Hz), 6.21 (4, 1H, J = 9 Hz).

1.,1-Dibromo-2-cyclopropylethylene (15). This substance (7.51 g, 67 %) was prepared from 3.50 g
(50 mmol) of cyclopropanecarboxaldehyde (13)S via a procedure very similar to that described
above. Flash distillation (0.05 Torr, receiving bulb cooled to -78 °C) of the crude product
provided 15 as a colorless oil that exhibited IR (neat) 3060, 2990, 960, 785, 770 cm'l; H NMR
(100 MHz) 6 0.4-0.6 and 0.7-0.9 (m, m, 2H each), 1.4-1.8 (m, 1H), 5.81 (4, 1lH, J = 9 Hz). Exact
Mass caled. for 05H681Br2: 227.8796; found: 227.8804.

Methyl 4-methyl-2-pentynoate (lec). To a cold (-78 °C), stirred solution of the dibromo alkene
14 (9.12 g, 40 mmol) in 200 mL of dry THF was added a solution of Meli in Ety0 (68 mL, 84
mmol). After the yellow solution had been stirred at -78 °C for 1 h and at room temperature
for 1 h, it was cooled to -20 °C. Methyl chloroformate (3.71 g, 48 mmol) was added slowly and
the reaction mixture was stirred at -20 °C for 1 h and at room temperature for 1 h. Saturated
aqueous NaHCO3 and Ety0 were added and the layers were separated. The organic solution was
washed with saturated aqueous NaHCO3, dried (MgS0,), and concentrated. Distillation (55-60
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°C/13 Torr) of the residual oil gave 2.64 g (52 %) of the ester lc as a colorless oil that
exhibited IR (neat) 2210, 1710, 1385, 1370, 1260 cm™l; 1H NMR (80 MHz) & 1.18 (d, 6H, J = 7
Hz), 2.64 (septet, 1H, J = 7 Hz), 3.72 (s, 3H). Exact Mass caled. for CyHig0p: 126.0681;
found: 126.0685.

Methyl 3-cyclopropylpropynoate (1d). This ester (1.92 g, 78 %, distilled at 80-85 °C/20 Torr),
prepared from the dibromo alkene 15 (4.52 g, 20 mmol) via a procedure identical with that
described above, was obtained as a colorless oil that showed IR (meat) 2990,2940, 2210, 1700,
1270 cm™l; lH NMR (80 MHz) § 0.85-0.95 (m, 4H), 1.2-1.5 (m, 1H), 3.72 (s, 3H). Exact Mass
caled. for GyHgO,: 124.0525; found: 124.0525.

- 0-2-(2- e . To a cold (0 °C), stirred slurry of triphenylphosphine
dibromide (33 mmol) in 75 mL of dry MeCN was added EtjN (8.36 mL, 60 mmol) and a solution of
2-(2-cyclopentenyl)ethanol (16) (3.36 g, 30 mmol) in 5 mL of dry MeCN and the mixture was
stirred at room temperature for 30 min. The mixture was diluted with 300 mL of petroleum ether
and then was filtered through a short column of silica gel (elution with 200 mL of petroleum
ether)., Concentration (distillation at atmospheric pressure) of the combined eluates, followed
by distillation (65-70 °C/12 Torr) of the residual oil gave 4.6l g (88 %) of the bromide 18 as
a colorless oil that exhibited IR (neat) 3030, 720 cm“l; H NMR (60 MHz) § 1.06-1.66 (m, 1H),
1.66-2.50 (m, SH 2.50-3.00 (m, 1H), 3.29 (t, 2H, J = 7 Hz), 5.47-5.83 (m, 2H). Exact Mass
caled. for C7H11 Br: 174.0044; found: 174.0037.

4- (Bromome th; cyclohexene (19). This bromide was prepared from (3-cyclohexenyl)methanol (17)9
via a procedure identical with that described above, except that the reaction time was 1 h
rather than 30 min. From 560 mg (5 mmol) of the alcohol there was obtained, after distillation
(72-78 °C/12 Torr) of the crude product, 687 m§ (79 %) of the bromide 191 il as a colorless oil
that exhibited IR (neat) 3020, 1640, 1420 cm” H NMR (80 MHz) § 1.0-1.6 (m, ZH;9 1.6-2.4 (m,
SH), 3.37 (d, 2H, J =6 Hz), 5.52-5.85 (m, 2H). Exact Mass calcd. for C4Hy1/7Br: 174.0044;
found: 174.0044.

-(2-Cvc -1-butyne . To a cool (10 °C), stirred slurry of 1lithium acetylide-
ethylenediamine complex (2.18 g, 23.6 mmol) in 10 mL of dry Me,SO was added dropwise the
bromide 18 (3.44 g, 19.7 mmol). The mixture was stirred at room temperature for 2 h. Hydro-
chloric acid (6 M, 10 mL) was added slowly and the mixture was extracted with Et90 (4 x 25 mL).
The combined extracts were washed twice with water, dried (MgSO,), and concentrated. Distilla-
tion (58-61 °C/12 Torr) of the remaining oil gave 1.69 % (71 %) of the l-alkyne 20, a clear oil
that exhibited IR (meat) 3295, 3035, 2100, 730, 640 cm~ lg sMr (80 MHz) § 1.12-1.75 (m, 3H),
1.94 (t, 1H, J = 1.5 Hz), 2.05-2.50 (m, 5H), 2.55-3.00 (m 1H), 5.55-5.83 (m, 2H). Exact Mass
caled. for CgHj,: 120.0939; found: 120.0934.

3-(3-Cyclohexenyl)propyne (21). This material (978 mg, 54 %, distilled at 62-68 °C/12 Torr),
obtained as a colorless oil from 2.62 g (15 mmol) of the bromide 19 yia a procedure very
similar to that described above, exhibited IR (neat) 32806, 3000, 2100 cm'1;~Iﬁ NMR (100 MHz) §
1.1-1.6 (m, 3 H), 1.6-2.3 (m, 6H), 1.97 (t, 1H, J = 1.5 Hz), 5.6-5.7 (m, 2H). Exact Mass calcd.
for CgHyp: 120.0939; found: 120.0942.

S5-Tetrah ranyloxy-1l-pentyne 24). A solution of 4-pentyn-l-ol (8.4 g, 100 mmol)
dihydropyran (12.6 g, 150 mmol), and pyridinium p-toluenesulfonate 6 (2.5 g, 10 mmol) in 300 mL
of dry CHypCly was stirred at room temperature for 12 h. The mixture was diluted with 1L of
Ety0, washed with brine (2 x 15 mL), dried (MgS0,), and concentrated. Distillation (95-100
°C/12 Torr) of the residual oil gave 16.0 g (95 %1 of the l-alkyne 24 as a colorless oil that
exhibited IR (neat) 3280, 2090, 1140, 1120 cm 1y NMR (80 MHz) 6 1.3-2.1 (m, 8H), 1.88 (t,
1H, J = 1.5 Hz), 2.30 (dt, 2H, J = 1.5, 6.5 Hz), 3. 3 4.1 (m, 4H), 4.58 (br s, 1H). xact Mass
caled. for C10H1602: 168.1151; found: 168.1140.

Meth 5-(2- opente -2-pen oate le). To a cold (-78 °C), stirred solution of
4-(2-cyclopentenyl)-1l-butyne (20) (1.68 g, 14 mmol) in 50 mL of dry THF was added a solution of
MeLi in Etp0 (12.4 mL, 15.4 mmol) and the resulting solution was stirred at -78 °C for 1 h and
at -20 °C for 1 h. Methyl chloroformate (1.30 mL, 16.8 mmol) was added and the reaction
mixture was stirred at -20 °C for 1 h and at room temperature for 1 h. Saturated aqueous
NaHCO3 and Et,0 were added and the layers were separated. The organic layer was washed with
saturated aqueous NaHCO3, dried (MgSO,), and concentrated. Distillation (82-85 °C/0.2 Torr) of
the residual material provided 2.04 g (82 %) of the _2-pentynoate le, a colorless oil that
exhibited IR (neat) 3030, 2210, 1710, 1260 cm'l; 1y "m (100 MHz) § 1.18-1.76 (m, 3H),
1.88-2.46 (m, 5H), 2.56-2.94 (m, 1H), 3.74 (s, 3H), 5.54-5.83 (m, 2H). Exact Mass caled. for
Cy1H1409: 178.0994; found: 178.0981.

The following a,f-acetylenic esters were prepared yia procedures very similar to that
employed for the synthesis of le (see above).

Methyl 4-(3-cyclohexenyl)-2-butynoate (1f) (1.12 g, 77 %; distillation temperature 85-92
°C/0.4 Torr) was obtained as a colorless oil from 978 mg (8.15 mmol) of the propyne 21 and

0.82 mL (10.6 mmol) of Me0,C-Cl. Compound 1f exhibited IR (neat) 3010, 2220, 1710, 1260 em- L
ly MR (80 MHz) § 1.2-2.3 (m, 7H), 2.37 (br d, 2H, J = 6 Hz), 3.78 (s, 3H), 5.6-5.7 (m, 2H)
Exact Mass calcd. for Cy7Hy,409: 178.0994; found: 178.0988.
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Ethyl 4-(tert-butyldimethylsiloxy)-2-butynoate (1h) (2.03 g, 83 $; distillation temperature
78-85 °C/0.1 Torr) a colorless oil obtained from 1.7 g (10 mmol) of 3-(tert-butyldimethyl-
siloxy)propyne (22)is and 1.15 mL (12 mmol) of Et0,C.Cl, exhibited IR (neat) 2220, 1710, 1250,
1110, 1060, 840 cm-l; ln NMR (80 MHz) § 0.14 (s, 6H), 0.92 (s, 9H), 1.30 (t, 3H, J = 7 Hz),
4.24 (q, 2H, J = 7 Hz), 4.43 (s, 2H). Exact Mass caled. for CyjHp9048i: 242.1338; found:
242.1331.

Methyl 6-tetrahydropyranyloxy-2-hexynoate (26) (8.31 g, 92 %; distillation temperature 120-125
°C/0.5 Torr) was obtained as a colorless oil from 6.72 g (40 mmol) of the l-pentyne 24 and 3.71
mL (48 mmol) of Me0,C-Cl. The ester 26 exhibited IR (neat) 2210, 1710, 1430, 1260 cm'l; lu mm
(80 MHz) 6 1.3-2.0 (m, 8H), 2.42 (t, 2H, J = 7 Hz), 3.3-4.0 (m, 4H), 3.70 (s, 3H), 4.53 (br s,
1H). Exact Mags calcd. for CjoH;g0,: 226.1205; found: 226.1195.

Methyl -tetrahvdro -2-heptynoat. 7 (4.58 g, 89 %; distillation temperature
125-130 °G/0.3 Torr) was_obtained as a colorless oil from 3.9 g (21.4 mmol) of 6-tetrahydropy-
ranyloxy-l-hexyne (25)17 and 2.5 mL (32 mmol) of MeO,C-Cl. The ester 27 exhibited IR (neat)
2220, 1710, 1260 cm'l; I R (60 MHz) 6 1.3-2.1 (m, 10H), 2.36 (br t, 2H, J = 7 Hz), 3.2-4.1
(m, 4H), 3.74 (s, 3H), 4.4-4.7 (m, 1H).

Methyl 5-(tert-butyldimethylsiloxy)-2-pentynoate (lg). To a stirred solution of methyl
5-hydroxy-2-pentynoate-~ (2.80 g, 22 mmol) in 25 mL of dry Me,NCHO was added imidazole (3.71 g,
55 mmol) and t-BuMe,SiCl (3.96 g, 26 mmol) and the mixture was stirred at room temperature for
20 h. Aqueous NaHCO3 (5 %) was added and the mixture was extracted thoroughly with Et,0. The
combined extracts were washed (5 % aqueous NaHCO3), dried (MgS0O,), and concentrated. Distilla-
tion (72-79 °C/0.08 Torr) of the remaining oil gave 4.91 g (92 %) of the ester 1g, a colorless
0il that exhibited IR (neat) 2240, 1717, 1258 cm'l; 1y wr (80 MHz) § 0.08 (s, 6H), 0.90 (s,
9H), 2.56 (t, 2H, J = 7 Hz), 3.77 (s, 3H), 3.81 (t, 2H, J = 7 Hz). Exact Mass calcd. for
CgHy 30351 (MY-t-Bu): 173.0633; found: 173.0632.

Ethyl 4.4 ethyl-2-pentynoat . To a cold (-78 °C), stirred solution of
3,3-dimethyl-1-butyne (23) (0.82 g, 10 mmol) in 30 mL of dry THF was added dropwise a solution
of n-BulLi in hexane (6.56 mL, 10.5 mmol). The solution was warmed to -20 °C and stirred for 1
h. A solution of Et0,C-Cl (1.41 g, 13 mmol) in 10 mL of dry THF was added, the solution was
warmed to room temperature and stirred for 1 h. Saturated aqueous NH,Cl and Et,0 were added
and the organic layer was separated, washed with brine, dried (MgSO,), and concentrated by
distillation at atmospheric pressure. Fractional distillation (15 cm Vigreaux columm) of the
residual oil provided 1.33 g (86 %) of the acetylenic ester 1li as a colorless oil, b.p. 81-84
°¢/25 Torr (1it.1* b.p. 73-74.5 °C/14 Torr); IR (neat) 2215, 1708, 1280 cm"!; 1H NMR (80 MHz) §
1.29 (s, 9H), 1.32 (t, 3H, J =7 Hz), 4.26 (q, 2H, J = 7 Hz).

Met -bromo-2-hexynoate (1j). To a stirred suspension of Ph3yP-Bry (16.5 mmol) in 80 mL of
dry CHyCly'® was added a solution of the tetrahydropyranyl ether 26 (3.39 g, 15 mmol) in 10 mL
of dry CHpCl,. After the yellow solution had been stirred at room temperature for 30 min, it
was washed with water (2 x 40 wlL) and dried (MgSO,). Removal of the solvent, followed by flash
chromatography of the residual oil on silica gel (3 x 15 cm column; 1:9 Et90 - petroleum ether)
provided an oil that, upon distillation (112-114 °C/12 Torr), gave 2.34 g (74 %) of the bromo
ester 11. This material, & colorless liquld, exhibited IR (neat) 2220, 1710, 1430, 1260, 1080,
760 cm™+; 1y R (80 MHz) 6§ 2.09 (quintet, 2H, J = 6 Hz), 2.53 (t, 2H, J = 6 Hz), 3.49 (t, 2H,
J = 6 Hz), 3.74 (s, 3H). Exact Mass calecd. for C7H9813r02: 205.9765; found: 205.9790.

Met] -bromo-2- t; te (12). This substance (1.76 g, 89 %; distillation temperature
135-140 °C/12 Torr) was prepared from the tetrahydropyranyl ether 27 (2.16 g, 9.0 mmol) via a
procedure very similar to that described above. Compound 1 was obtained as a colorless oil
that exhibited IR (neat) 2220, 1710, 1435, 1260, 1080, 760 cm~l; lH NMR (80 MHz) § 1.0-2.2 (m,
4H), 2.41 (t, 2H, J = 6.5 Hz), 3.44 (t, 2H, J = 6 Hz), 3.77 (s, 3H). Exact Mass calcd. for
CgHy1/9Br0y: 217.9942; found: 217.9940.

Methyl 6-iodo-2-he ate k). A solution of the bromo ester 1j (570 mg, 2.8 mmol) in 10 mL
of dry acetone containing 650 mg (4.3 mmol) of anhydrous Nal was stirred at room temperature
for 10 h. Most of the solvent was removed (reduced pressure) and the residue was treated with
30 mL of Et90. The organic solution was washed successively with brine (5 mL), saturated
aqueous sodium thiosulfate (2 x 5 mL), and brine (5 mL) and then was dried (MgSO,) and concen-
trated. Distillation (90-95 °C/0.4 Torr) of the residual oil afforded 640 mg (91 %) of the
iodo ester 1k as a colorless oil that exhibited IR (neat) 2210, 1710, 1430, 1260, 1080, 755
em l; Iy NMR (80 MHz) § 2.07 (tr, 2H, J = 7, 6.5 Hz), 2.51 (t, 2H, J = 7 Hz), 3.29 (t, 2H, J =

6.5 Hz), 3.77 (s, 3H). Exact Mass calcd. for C;HglOj: 251.9647; found: 251.9653.

Methyl 7-iodo-2-heptynoate (Ilm). This material (425 mg, 90 %; distillation temperature 113-120
°C/0.7 Torr) was prepared from the bromo ester 12 (387 mg, 1.77 mmol) via a procedure very
similar to that described_above. Compound Im, a colorless oil, exhibited IR (neat) 2210, 1705,
1430, 1260, 1080, 755 cm'l; 1y NMR (80 MHz) § 1.5-2.2 (m, 4H), 2.38 (t, 2H, J = 6.5 Hz), 3.21
(t, 2H, J = 6.5 Hz), 3.76 (s, 3H). Exact Mass calcd. for CgH11109: 265.9803; found: 265.9807.

Reaction F. - °C) of o, f-acetylenic este a, b with [Mes;SnCu i the

esence of MeOH (Tsble entries 3 ene ocedure I. To a cold (-100 °C), stirred
solution of the cuprate reagent 5 (1.0 mmol) in 10 mL of dry THF was added, dropwise, a solu-
tion of the a,f-acetylenic ester (0.5 mmol) in 0.5 mL of dry THF containing 0.85 mmol of dry
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MeOH. The reaction mixture was stirred at -100 °C for 15 min and at -78 °C for 3 h. MeOH (0.2
mL) and Ety0 (30 mL) were added and the mixture was allowed to warm to room temperature. The
resulting yellow slurry was filtered through a short column of silica gel (10 g, elution with
30 mL of Et0). The oil obtained by concentration of the combined eluate was chromatographed
on silica gel (~ 3 g). Elution with petroleum ether (~ 10 mL) gave Me3SnSnMe;. Further
elution with Ety0 (~ 8 mL), followed by distillation of the material thus obtained, provided
the product(s).

The following substances were prepared via general procedure I.

Ethyl (E)-3-trimethylstannyl-2-pentynoate (10a) (79 %). Distillation temperature 110-125
°C/20 Torr; IR (neat) 1715, 1598, 1175, 775 cm™*; H NMR (100 MHz) § 0.12 (s, OH, ziSn-H = 54
Hz), ©0.99 (t, 3H, J = 8 Hz), 1.22 (t, 3H, J = 7 Hz), 2.85 (br q, 2H, J = 8 Hz), 4.11 (q, 2H,
J = 7 Hz), 5.89 (t, 1H, J = 1.5 Hz, 3iSn-H ~ 73 Hz). Exact Mass calcd. for CgHy70oSn (M*-Me):
277.0250; found: 277.0250. Anal. calecd. for CygHpg0pSn: C 41.28, H 6.93; found: C 41.36,
H 7.02.

Ethyl (E)-3-trimethylstannyl-2-butenoate (10b) (78 %). Distillation temperature 105-113
°C/20 Torr; IR (neat) 1712, 1603, 1180, 773 cm'L; LH NMR (100 MHz) § 0.10 (s, 9H, ZIg, jy = 54
Hz), 1.22 (t, 3H, J = 7 Hz), 2.34 (d, 3H, J - 2 Hz, 3iSn-H = 50 Hz), 4.12 (q, 2H, J = 7 Hz),
5.95 (q, 1H, J = 2 Hz, Jgn-p = 73 Hz). Exact Mass caled. for CgH;s509Sn (M*-Me): 263.0094;
found: 263.0074. Anal. caled. for CgHyg0sSn: C 39.03, H 6.55; found: C 39.06, H 6.50.

Methyl (E)-5-text-butyldimethylsiloxy-3-trimethylstannyl-2-pentenoate (10g). The sub-
strate 1lg was converted, via general procedure I, into a 96:4 mixture (82 %) of 10g and llg
(distillation temperature 120-135 °C/0.2 Torr). A pure sample of 10g, obtained b{ Yreparative
TLC (99:1 petroleum ether - Ety0), exhibited IR (neat) 1715, 1595, 1265, 780 cm™*; “H NMR (100
MHz) & 0.02 (s, 6H), 0.17 (s, 9H, “Jg,.y = 60 Hz), 0.86 (s, 9H), 3.12 (t, 2H, J = 7 Hz), 3.68
(overlapping s and t, 5H, J = 7 Hz), 6.05 (br s, 1H, 3iSn-H = 72 Hz). Exact Mass calcd. for
C14H290351i5n (MT-Me): 393.0908; found: 393.0906, Anal. calcd. for C15H390381iSn: € 44.25, H
7.92; found: C 44.23, H 8.04.

Preparation of Ethyl (E)- (10i) and (Z)-4,4-dimethyl-3-trimecthylstannyl-2-pentenocate (11i)
(Table 1, entry 12). Reaction of the acetylenic ester 11 with [Me3SnCuSPh]Li (5) was carried
out under conditions similar to those summarized in general procedure I (see Table 1, footnote
a, conditions C). The product (84 %) (distillation temperature 143-156 °C/20 Torr) was an 8:92
mixture of 101 and 11i, respectively. Preparative TLC provided a pure sample of each isomer.
Compound 101 exhibited IR (neat) 1720, 1585, 780 cm™l; 1# MMR (100 MHz) § 0.18 (s, 9H, 2Jg,.4 =
52 Hz), 1.18 (s, 9H), 1.28 (t, 3H, J = 7 Hz), 4.16 (q, 2H, J = 7 Hz), 5.84 (s, 1lH, 3iSn-H = 87
Hz). Exact Mass calcd. for Cy7Hy1075n (M*-Me): 305.0564; found: 305.0560; Anal. caled. for
CpoHyp,095n: € 45.18, H 7.58; found: C 44.98, H 7.43, Compound 111 exhibited IR (neat) 1705,
1580, 1205, 780 cml; 14 NMR (100 MHz) 6§ 0.20 (s, 9H, ZJSU-H = 54 Hz), 1.12 (s, 9H), 1.26 (t,
3H, J =7 Hz), 4.18 (q, 24, J = 7 Hz), 6.35 (s, 1H, giSn-H ~ 126 Hz). Exact Mass caled. for
Cy1Hp1095n (M*-Me): 305.0564; found: 305.0555.

(Z)-4,4-Dimethyl-3-trimethylstannyl-2-penten-1-o0l (29). To a cold (0 °C) stirred solution of
LiAlH; (0.13 mmol) in 2 mL of dry Et)0 was added 7.6 pL (0.13 mmol) of dry EtOH. A solution of
the unsaturated ester 11i (32 mg, 0.10 mmol) in 0.5 wL of dry Ety0 was added dropwise and the
mixture was stirred at 0 °C for 30 min and at room temperature for 1 h. Nay50,'10H,0 was added
and the mixture was stirred until a white granular precipitate had formed. The mixture was
filtered and the collected material was washed several times with warm Ety0. Concentration of
the combined filtrate, followed by distillation (65-75 °C/0.07 Torr) of the residual oil, gave
24 mg (87 %) of the alcohol 29, a colorless oil that exhibited IR (neat) 3330, 780 cm'l; j-H NMR
(80 MHz) 6§ 0.23 (s, 9H, ZJSn-H = 52 Hz), 1.06 (s, 9H), 1.26 (br s, 1H), &4.l4 (unresolved m,
2H), 6.17 (t, 1H, J = 7 Hz, 3lSn-H = 148 Hz). Exact Mass calcd. for CgHyi90Sn (M¥-Me)
263.0458; found: 263.0455.

(E)-4,4-Dimethyl-3-trimethylstannyl-2-penten-1-ol (28). To a cold (-78 °C) stirred solution
of the ester 101 (28 mg, 0.09 mmol) in 2 mL of dry pentane was added 0.25 mL of a 1 M solution
of 1-BujAlH in hexane and the mixture was stirred at -78 °C for 1 h and at 0 °C for 1 h.
Saturated aqueous NH,Cl (0.2 mL) was added and the mixture was allowed to warm to room tempera-
ture. The white slurry was treated with MgS0, and then was filtered through a short column of
Florisil. The column was eluted with Ety0. Removal of the solvent from the combined eluate,
followed by distillation (85-90 °C/20 Torr) of the remaining oil, gave 22 mg (91 %) of the
alcohol 28, a colorless oil that exhibited IR (neat) 3280, 1365, 1050, 775 cm'l; H NMR (80
MHz) & 0.17 (s, 9H, zlSn-H = 51 Hz), 1.15 (s, 9H), 1.37 (t, 1H, J = 6 Hz, exchanges with Dy0),
4.42 (dd, 2H, J =6, 6 Hz), -5.57 (t, 1H, J = 6 Hz, *Jg,_y = 90 Hz). Exact Mass calcd. for
CgH190Sn (MT-Me): 263.0458; found: 263,0458.

Reaction (THF, -48 °C a.B-acetylenic esters la-j, 1£ with ]Me;SnQuSPh Li (5) in the absence
of MeOH (Table 1, entries 2, 4-8, 10, 11, 13- Ge a ro ure II. To a cold (-78 °C)

stirred solution of the cuprate reagent 5 (0.39 mmol) in 5 mL of dry THF was added a solution
of the a,B-acetylenic ester (0.3 mmol) in 0.5 mL of dry THF. The reaction mixture was stirred
at -78 °C for 15 min and at -48 °C for 4 h. MeOH or EtOH (0.2 mL) and Ety0 (30 mL) were added
and the mixture was allowed to warm to room temperature. The yellow slurry was treated with
anhydrous MgSO, and then was filtered through a short column of Florisil (elution with 30 mL of
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Et,0). Concentration of the combined eluate gave an oil, which was either distilled directly
to give the products{s), or was chromatographed on silica gel (8-15 g, elution with an appro-
priate mixture of petroleum ether and Et,0). Distillation of the product thus obtained gave
pure alkyl (Z)-3-trimethylstannyl-2-alkenoate.

The following substances were prepared vis peneral procedure II.

Ethyl (Z)-3-trimethylstannvl-Z-pentencate {1la) (76 %). Distillation temperature 120-12%
°C/20 Torr; IR (neat) 1701, 1601, 1183, 773 em &; IH MR (100 MHz) § 0.12 (s, 9H, 2gSn_H - 54
Hzy, 0.98 (t, 34, J = 7.5 Hz) 1. 24 (t, 34, % -7 Hz), 2.41 (br q, 2H, J =~ 7.5 Hz), 4.15 (q,
2H, J =~ 7 Hz), 6.34 (t, 1H, - 2 Hz, = 121 Hz). Exact Mass caled, for CgHj;;0,8n
(M*-Me) 277.0250; found: 277. 0252 Anal . ca1¢d for CypHggPgSn: C 41.28, H 6.93; found: ¢
41.58, H 7.10.

Ethyl (Z)-3-trimethylstannyl-2-butencate (11b). The «,f-scetylenic ester lb was converted,
via general procedure II, into a 2:98 mixture (76 %) of i0b and 11b (distillation temperature
103-115 °C/20 Torr). A pure sample of 11b, obtained by preparative TLC (99:1 petroleum ether -
Et,0), exhibited IR (neat) 1700, 1601, 1200, 772 en-l; lH NMR (100 MHz) 6 0.16 (s, 9H, 2Jg, p =
55 Hz), 1.25 (r, 3H, J ~ 7 Hz)y, 2.12 (4, 3H, ] =~ 2 Hz, SQSn-H ~ 45 Hz), 4.16 (g, 2H, J = 7 Hz),
6.29 (g, 1H, J =~ 2 Hz, 13 .y = 118 Hz2). Exact Mass caled. for CaHis0s8n (MT-Me): 263.0094;
found: 263.0074. Anal. caled. for CgHyg0ySn: € 39.03, H 6.55; found: C 39.37, H 6,50.

Methyl (Z)-4-methyl-3-trimethylstannyl-2-pentencate (1l¢) (73 %). Distillation temperature
105-115 °C/12 Torr; IR {(neat) 1700, 1590, 1310, 1210, 780 cm"*: 'H RMR (80 MHz) § 0.14 (s, OH,
248n~ﬁ - 53,5 Hz), 1. 03 {d, &H, J ~ 7 Hz), 2.72 (4 septets, 1H, J =~ 1, 7 Hz), 3.71 (s, 3H),
6.36 (4, 1H, J -~ 1 Hz, lSn H = 126 Hz). Exact Mass caled. for CgHyy0,5n ot-Me):  277.0251;
found: 277,0254.

Methyl (Z)-3-cyclopropyl-3-trimethylstannylpropenoate (11d4) (72 %). Distillation temper-
ature 92-100 °C/12 Torr; IR (neat) 3070, 1700, 1320, 780 cm™*; 'H NMR (80 MHz) § 0.19 (s, 9H,
QSn— = 535 Hz), 0.5-1.0 (m, &4H), 1.6-1.9 (m, 1H), 3.68 (s, 3H), 6.08 (d, iH, J = 1 Hz,
QSn § — 118 Hz). Exact Masg calcd. for CgHys50,8n (Mt -Me): 275.0094; found: 275. 0033

Methyl (Z)-5-(2-cyclopentenyl)-3-trimethylstanuyl-2-pentencate (1le) (77 %). Distillation
temperature 90-100 °C/0.2 Torr; IR (neat) 1700, 1595, 1210, 780 cm™*; L1# NMR (80 MHz) § 0.19
(s, 9H, Q n-H = 54.5 Hz), 1.1-1.7 (m, 4H), 1.9-2.8 (m, 3H), 2.45 (overlapping dt, 2H, J =1,
7.5 Hz) § (s, 3H), 5.6-5.8 (m, 2H), 6.38 (t, 1H, J = 1 Hz, “Jg, .y = 118 Hz). Exact Mass
caled, foxr 013821025n (M*-Me): 329.0564: found: 329.0562.

Methyl (Z)-4-(3-cyclohexenyl}-3-trimethylstannyl-2-butencate (11£) (71 %). Distillation
temperature 84-88 °C/0.6 Torr; IR (meat) 1705, 1595, 1210, 7806 cm™*+; IH NMR (80 MHz) § 0.18 (s,
SH, ziSn*H ~ 54.5 Hz), 1.0-2.2 {(m, 7H), 2.3-2.5 (m, 2H), 3.73 (s, 3H), 5.5-5.7 (m, 2H), 6.33
(br s, 1H, 3§Sn-H - 118 Hz). Exact Mass caled. for Cy3Hp1098n (at-Mey: 329.0564; found:
329.0585.

Methyl (Z)-5-tert-butyldimethylsiloxy-3-trimethylstannyl-2-pentencate (llg). The substrate
lg was converted, yvia general procedure II, into a 4:96 mixture (81 %) of 10g and 1llg
(distillation temperature 110-122 °C/0.2 Torr). A pure sample of llg, obtained by preparative
TLC (99:1 petroleun ether - Ecy0), exhibited IR (neac) 1703, 1601, 730 cm] -1 1y NMR (100 MmHz) 5
0.02 (s, 6H), 0.16 (s, %4, g8n y = 55 Hz), 0.87 (s, 9H), 2.63 (m, 2H, an - 47 Hz), 3.64
(¢, 2H, J = 7 Hz), 3.72 (s, 3H), 6.41 (t, 14, J = 2 Hz, 3JSn g~ 118 Hz). Exact Mass caled.
for Cy4Hnq0481i8n (Mt-Me): 393.0908; found: 393.08?1.

Ethyl (Z)-4-tert-butyldimethylsiloxy-3-trimethyvlstannyl-2-butenoate (11h). Reaction of

the a,f-acetylenic ester 1h with [MeqSnCuSPh}Li (5) as described in general procedure II
provided a crude product that contained (GLC analysis) a 9:91 mixture of the isomeric esters
10h end 11lh, along with a product having a longer retention time. Column chromatography of the
mixture on silica gel (8 g, 40:1 petroleum ether - Ety0) provided 29 % of the (Z) ester 1lh, 2
% of the (E) ester 10h (vide infra), and 35 % of ethyl (Z)-4-teprt-butyldimethylsiloxy-3.-phenyl-
thio-2-butencate {(31). Compound lih (distillation temperature 95-100 °C/0.15 Torr) exhibited
IR (neat) 1700, 1305, 1195, 1120 845, 780 cw*}; 1H WMR (80 MHz) § ©.15 (s, H), 0.25 (s, 9H
2g3n_H = 55 Hz), 1.00 (s, 9H), 1.35 (t, 3H, J =~ 7 Hz), 4.25 (g, 2H, J = 7 Hz), 4.49 (4, 2H,
J =~ 2Hz, gy =15Hz), 6.70 (r, 1M, J =2 Hz, 3Jg, y = 114 Hz). Exact Mass caled. for
C14Hyg03818n (M*-Me): 393.0908; found: 393.0906. Compound 31 (distillation temperature 125-135
°C/0.15 Torr) exhibited IR (neat) 1695, 1580, 1200, 1110, 850 em~L; 1y mMR (80 MHz) § -0.05 (s,
6H), 0.83 (s, 9H), 1,32 (t, 3H, J ~ 7 Hz), 3.91 (4, 2H, J = 2 Hz), 4.24 (q, 2H, J = 7 Hz), 6.32
(¢, 1, J=2Hz), 7.25-7.65 (m, 5H). Exact Mass caled. for Cyghyg03SSi: 352,1528; found:
352.1529.

Ethyl (Z)-4.4-dimethyl-3-trimethyistannyl-2-pentenocate (114). Reaction of the substrate
11 with [MesSnCuSPh]Li (5) yia conditions very similar to those described in general procedure
II (see Table 1, footnote &, conditions D), gave a product (86 %, distillation temperature
145-157 °C/20 Torr) consisting of a 2:98 mixture of 10L and 114, The major product 11i
exhibited spectra identical with those summarized previously (vide gupra).

Methyl (Z)-6-bromo-3-trimethylstannyl-2-hexenvate (113} (72 %). Distillation temperature
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93-100 °C/0.2 Torr; IR (neat) 1700, 1595, 1210, 775 eml; lH NMR (80 MHz) 6 0.19 (s, 9H, ZJg, y
- 55 Hz), 1.7-2.2 (m, 2H), 2.59 (br t, 2H, J = 7 Hz), 3.39 (t, 2H, J = 6.5 Hz), 3.74 (s, 3H),
6.42 (t, 1H, J = 1 Hz, 3Jg, y ~ 116 Hz). Exact Mass caled. for CgHgBlBrosSn (M*-Me): 356.9335;
found: 356.9342,

Methyl (Z)-7-bromo-3-trimethylstannyl-2-heptencate (11£) (74 %). Distillation temperature
90-95 °C/0.1 Torr; IR (neat) 1700, 1595, 1335, 1210, 775 cm ©; TH NMR (80 MHz) § 0.20 (s,
Jgn-i = 55 Hz), 1.4-2.1 (m, Aug 2.45 (br t, 2H, § = 7 Hz), 3.42 (t, 2H, I = 6 Hz), 3.73 (s,
3H), 6.37 (t, 1H, J = 1 Hz, SJgn.y - 118 Hz). Exact Mass caled. for CjoHygSlBrO,sn (M*-Me)
370.9492; found: 370.9502.

eact £ - oat. 1 e 4 6 d 7
b entries - General cedure IIT. To a cold (-78 °C), stirred solution of

(Me3Sn),Culi (6), [Me3SnCuCmC-C(OMe)Mej]Li (7), or Me;SnCu-Me)S (4) (0.39 mmol) in 5 mL of dry
THF was added a solution of ethyl 2-butynoate (1b) (34 mg, 0.3 mmol) in 0.5 mL of dry THF. The
mixture was stirred at -78 °C for 3 h or at -48 °C for 3 or 4 h (see Table 2). Saturated
aqueous NH,Cl-NH,OH (pH 8) (5 mL) and Ety0 (30 ml.) were added and the mixture was stirred
vigorously at room temperature until the aqueous phase became deep blue. The organic layer was
separated, washed with saturated aqueous NH,Cl-NH,OH (pH 8), dried (MgSO,), and concentrated.
The residual oil was distilled under reduced pressure to provide the product(s) 10b and (or)
11b, which were spectrally identified (vide supra). The results of these experiments are
summarized in Table 2.

Reaction of o, f-acetylenic esters la-£f h-j, £ with Me3SnCu: MeoS (4) (Table 3. entries 1-7,
10), General procedure IV. To a cold (-78 °C), stirred solution of reagent 4 (0.39 mmol) in
5 mL of dry THF was added a solution of the «,8-acetylenic ester 1 (0.3 mmol) in 0.5 mL of dry
THF. The dark red solution was stirred at -78 °C for 3 h. Saturated aqueous NH,C1-NH,OH (pH
8) (0.5 mL) and Ety0 (30 mL) were added, the mixture was allowed to warm to xoom temperature,
and stirring was continued until the aqueous phase became deep blue. The organic layer was
separated, washed twice with 5 mL of saturated aqueous NH,C1-NH,OH (pH 8), dried (MgSO,), and
concentrated. The residual oil was chromatographed on 3 g of silica gel. Elution with petro-
leum ether (10 mL) gave Me3SnSnMej. Elution with Ety0, followed by concentration of the
resultant eluate and distillation of the crude oil, gave the product(s).

In addition to compounds 10a (80 %) and 10b (76 %), the spectra of which were recorded
earlier (vide supra), the following substances were prepared by general procedure IV.

Methyl (E)-4-methyl-3-trimethylstannyl-2-pentenocate (10c¢c) (77 %). Distillation tem-
perature 108-115 °C/12 Torr; IR (neat) 1710, 1580, 1180, 780 em 1; 1H NMR (80 MHz) § 0.20 (s,
9H, zlSn-H = 53 Hz), 1.02 (d, 6H, J = 7 Hz), 3.68 (s, 3H), 4.02 (d septets, 1H, J = 1, 7 Hz),
5.87 (4, 1lH, J = 1 Hz, Jgn-y = 76 Hz). Exact Mass caled. for CgH;;0,5n (M¥-Me): 277.0251;
found: 277.0253.

Methyl (E)-3-cyclopropyl-3-trimethylstannylpropenocate (104) (81 %). Distillation temper-
ature 85-92 °C/12 Torr; IR (neat) 3060, 1710, 1570, 1200, 1180, 1150, 780 em™l; 14 NMR (80 MHz)
§ 0.18 (s, 9H, ziSn-H = 54 Hz), 0.4-0.7, 0.8-1.1 (m, m, 2H each), 3.1-3.4 (m, 1H), 3.72 (s,
3H), 5.95 (d, 1H, J =1 Hz, 3lSn~H = 71 Hz). Exact Mass caled. for CgHy5095n (M*-Me)
275.0094; found: 275.0083.

Methyl (E)-5-(2-cyclopentenyl)-3-trimethylstannyl-2-pentenocate (10e) (84 %). Distillation
temperature 85-92 °C/ 0.2 Torr; IR (meat) 3030, 1710, 1590, 1170, 775 cm ~; 'H NMR (80 MHz) §
0.20 (s, 9H, 2lSn-H =~ 53 Hz), 1.2-1.7 (m, G4H), 1.8-2.5 (m, 2H), 2.5-2.8 (m, 1H), 2.95 (td, 2K,
J =8, 1Hz), 3.72 (s, 3H), 5.6-5.8 (m, 2H), 5.97 (t, 1H, J =1 Hz, *Jg .y = 73 Hz). Exact
Mass caled. for Cy3H31095n (M*t-Me): 329.0564; found: 329.0562.

Methyl (E)-4-(3-cyclohexenyl)-3-trimethylstannyl-2-butencate (10f) (72 %). Distillation
temperature 85-90 °C/0.8 Torr; IR (neat) 1720, 1590, 1205, 1160, 780, 660 cm™ L, 15 R (80 MHz)
§ 0.19 (s, 9H, 2JSn H - 54 Hz), 1,0-2.3 (m, 7H), 2.8-3.0 (m 2H), 3.69 (s, 3H), 5.6-5.8 (m.
2H), 6.05 (t, 1H, J = 1 Hz, 3JSn H = 73 Hz). Exact Mass calcd. for Gy3Hp1095n (M+ Me):
329.0564; found: 329.0560.

Ethyl (E)-4-tert-butyldimethylsiloxy-3-trimethylstannyl-2-butenocate (10h). Reaction of
the a,B-acetylenic ester lh with Me;SnCu‘MeyS (4) as described in general procedure IV gave an
0il (distillation temperature 92-100 °C/0.15 Torr, 80 % yield) that contained (GLC analysis) a
95:5 mixture of 10h and 1lh. The two products were separated by preparative TLC (40:1
petroleum ether - Et;0). The minor product gave spectra identical with those of 1ih {zi%g
supra), while the major product, 10h, exhibited IR (neat) 1705, 1595, 1185, 1080, 780 cm”

NMR (80 MHz) § 0.15 (s, 6H), 0.26 (s, 9H, 2lSn-H = 55 Hz), 0.98 (s, 9H), 1.35 (t, 3H, J =7
Hz), 4.19 (q, 2H, J = 7 Hz), 4.94 (d, 2H, J = 3 Hz, “Jg, g = 30 Hz), 5.94 (£, 1H, J = 3 Hz,
dsn-H = 72 Hz). Exact Mass calecd. for Cy4Hy9035iSn (M+ -Me): 393.0908; found: 393.0918.

Methyl (E)-6-bromo-3-trimethylstannyl-2-hexenocate (10j) (81 %). Distillation temperature
105-112 °C/0.4 Torr; IR (meat) 1710, 1200, 1180, 775 cm ; 'H NMR (80 MHz) 6§ 0.22 (s,
JSn-H ™ 54 Hz), 1.7-2.2 (m, 2H), 3.02 (br t, 2H, J = 7.5 Hz), 3.43 (t, 24, J -17 Hz), 3.69 (s
3H), 6.03 (t, 1H, J =1 Hz, Jsn-g = 71 Hz). Exact Mass caled. for CQHIG BrO,Sn M¥-Me):
356.9335; found: 356.9333.
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Methyl (E)-7-bromo-3-trimethylstannyl-2-heptenocate (10£) (84 %). Distillation temperature
90-95 °C/0.3 Torr; IR (neat) 1710, 1590, 1200, 1180, 775 cm L; ‘H NMR (80 MHz) § 0.22 (s, 9H,
Jgn-H = 54 Hz), 1.4-2.1 (m, 4H), 2.93 (br t, 2H, J = 7.5 Hz), 3.45 (t, 2H, % -~ 6.5 Hz), 3.70
(s, 3H), 6.00 (br s, 1H, Jsn.g ~ 72 Hz). Exact Mass calcd. for C10H188 BrOySn (Mt -Me):
370.9492; found: 370.9501.

React th: 4 b- -2-pent at with Me;ﬁggg;ﬁg S_(4) (Table 3, entry 8).
To a cold (-78 °C), stirred solution of 4 (0.9 mmol) in 5 mL of dry THF was added successively

0.5 mL of dry HMPA and a solution of 1i (0.3 mmol) in 0.5 mL of dry THF. The solution was
stirred at -78 °C for 15 min and at -20 °C for 6 h. Workup as described in general procedure
IV (vide supra), followed by distillation of the crude product, gave an oil that consisted (GLC
analysis) of a 12:80 mixture of 101 and 111, along with a third component that was not fully
identified but was thought to be ethyl (E)-4,4-dimethyl-2-trimethylstannyl-2-pentenocate (30).
Pure samples of 101 and 11i, obtained from the mixture by preparative TLC, exhibited spectra
identical with those summarized previously (vide supra).

- is -1-¢ necarboxylat 42) . To a cold (-78 °C), stirred
solution of [Me3SnCuSPh]Li (5) (0.39 mmol) in 5 mL of dry THF was added a solution of methyl
6-bromo-2-hexynoate (1j) (61 mg, 0.3 mmol) in 0.5 mL of dry THF. After the dark red reaction
mixture had been stirred at -78 °C for 15 min and at -48 °C for 4 h, HMPA (0.5 mL) was added,
the mixture was allowed to warm slowly to room temperature, and then was stirred for 2 h.
Saturated aqueous NH,C1-NH,OH (pH 8) (0.2 mL) and Ety0 (40 mL) were added and the mixture was
stirred vigorously for 10 min. The brown slurry was treated with anhydrous MgS0, and then was
filtered through a short column of Florisil. The column was eluted with Ety0. After the
combined eluate had been washed with saturated aqueous CuSO; (2 x 5 mL) and saturated aqueous
NH,C1-NH,OH (pH 8) (5 mL), it was dried (MgSO,) and concentrated. GLC analysis indicated that
the remaining oil contained Me3SnSnMej, a major product, and several very minor components (< 5
% total). Flash chromatography of this material on silica gel (3 x 15 em column, 1:100 Et,0 -
petroleum ether), followed bZ distillation (85-90 °C/0.3 Torr) of the oil thus obtained, gave
66 mg (77 %) of the ester 42 a colorless oil that exhibited IR (neat) 1700, 1260, 770 cm”

14 NMR (80 MHz) § 0.16 (s, 2iSn—H = 54 Hz), 1.94 (m, 2H), 2.63 (m, 4H), 3.71 (s, 3H). Exact
Mass caled. for CgHjs509Sn (M+ -Me): 275.0094; found: 275.0092,

Reaction of methyl 6-iodo-2-hexynoate (lk) (74.8 mg, 0.3 mmol) with reagent 5, yia a

procedure identical with that described above, gave 60 mg (73 %) of the ester 42, which exhi-
bited spectra identical with those summarized above.

Reaction of methyl -bromo- _and _7-iodo-2-heptynoate 12 im respectivel with
[Me;SnCuSPh]L 5 in_the esence o PA. Reaction of 12 (66 mg, 0.3 mmol) with reagent 5
(0.39 mmol) was carried out via a procedure identical with that described above. Although GLC
analysis of the crude product indicated the presence of Mej;SnSnMe3, one major product (> 90 %
of the mixture) and a small amount (3 %) of a substance having retention time identical with
that of methyl 2-trimethylstannyl-l-cyclohexenecarboxylate (43), 4T analysis showed the
presence of a second major product. Flash chromatography of the mixture provided 39 mg (43 %)
of the a-trimethylstannyl a,B-unsaturated ester 44 (distillation temperature 60-65 °C/0.9 Torr)
and 31 mg (19 %) of methyl (E)-7-bromo-2,3-bis(trimethylstannyl)-2-heptenocate (45) (distilla-
tion temperature 125-130 °C/0.05 Torr). The latter substance did not evoke a response on the
gas-liquid chromatography under usual conditions.

Compound 44 exhibited IR (neat) 1700, 1600, 1205, 1190, 775 cm'l; lH NMR (80 MHz) & 0.24
(s, 9H, %Jg, jy = 54 Hz), 1.5-1.8 (m, 4H), 2.38 (br t, 2H, J = 7 Hz), 2.70 (br t, 2H, J = 7 Hz)
3.70 (s, 3H). Exact Mass caled. for CjgH;705Sn (M*-Me): 289.0251; found: 289.0251.

Compound 45 exhibited IR (neat) 1680, 1430, 1210, 770 cml; lu NMMR (80 MHz) § 0.17 (s, 9H,
Jon-y = 53 Hz), 0.26 (s, 9H, ZJg, y = 54 Hz), 1.3-2.1 (m, 4H), 2.51 (br g 2H, 1= 7.5 Ho),
3.42 (t, 28, J = 6.5 Hz), 3.72 (s, 3H). Exact Mass caled. for c13H26 Br0O,ySny (MF-Me)
534.9140; found: 534.9132

~

Reaction of the iodide 1m with 5 under conditions identical with those described above
gave a very similar result. The crude product consisted of a 5:95 mixture of 43 and 44,
respectively, along with methyl (E)-7-iodo-2,3-bis(trimethylstannyl)-2-heptenoate.
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