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Abstract

The reaction of 3-(trimethylstannyl)-2-propynyl-l-ethers (4, 8) with trialkylboranes (2. 7) leads t©
different products, depending on the substituents at boron. on the presence of a Measno-group
as well as on the substituents at the C-l carbon atom. In the case of the CH,OSnMes group (4a),
the reaction with trimethyl- or triethylborane (2a.b) gives the new heterocycles, 2.3.3-ralkyl-4.4-
bis(trimethyistannyl)-1.2-oxaborolanes. 12 in quantitative vield (alkyl - Me, Et). In contrast, in the
presence of a MeO-group (8) an alkene derivative, 18, is obtained with the stannyl- and the boryl
group in cis-position. The analoguous products {4, 1Ba b, ¢) are formed in the reaction between
4a and trisoprepylborane (2¢) or B-alkyl-9-borabicyclof3.3incnane (T ). If there are one or two
alkyl groups as substituents at C-1 (4b, c, d } the reaction with triethylborane (2b) lsads also to
such alkenes. b . However. exchange of alkyl groups between the stannyl and the boryl groups
takes place, leading to the alkenes IT b.c,d in which a Me,(E)Sn- and a B{Me)Et group are in
cis-position. 1&{-, lg., Be. and ¥sn NMR data are given.

Until recently organotin- and organoboron chemistty have shared only a few points of contact,
like the formation of a boron-carbon bond via the exchange reaction between a boron halide
and tet:ao1'gal'1ylstannanes.B At present, however. there are several interesting applications involving
both organoboron- and organotin compounds: Hydrostannation of alkynylboranes,Z) triethylborane-

3) the reaction of alkynylborates with triorganotin halides.4>

5)

induced hydrostannation of alkynes,

and the organcboration of alkynylstannanes™’ may be regarded as examples for this develcpment.

Alkynylstannanes (e.g. 1) are attractive reagents in organometallic symhesiso) and our interest
is focused on the reactivity of the Sn-C= bond, in particular with respect to reactions between
alkynylstannanes and org&nobotanes.S) We have shown (Eq. 1) that even very weak electrophiles
like trialkylboranes {2) may attack the Sn-C= bond and cleave it to give a borate-like intermediate
(A). The reaction proceeds from A towards the alkene derivatives, 3, and may be understood as
a ll-organoboration of alkynes since both the boryl- and the alkyl group transferred from the

boren atom end up at the same carbon atom.5>
- R\ R
Me Sn-C=C -R' * R_B — n'—csc-anal -— C ==C” (1)
+ 7/ ~
1 2 e.Sn Me, Sn BR,
PN 3

In most cases the reactions are stereospecific and the alkenes 3 with the stannyl- and the
boryl group in cis-position are formed quanﬁtatively.n These results remind of the reaction of
1119
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alkynyltriorganyliborates with electrophiles.s) If the electrtophiles are triorganotin halides, products
similar to 3 can be obtained.4)

The presence of functional groups at the tin atom (e.g. NEtZ, Cl) increases the synthetic potential
of the organoboration products.o) For the same reason we are currently studying the influence of
functional groups in R! in the alkynylstannanes 1 upon the course of the organcbcration reaction.
In this work we report on the reaction between some 3-(rimethylstannyl)-2-propynyl-l-ethers (4,8),
4-(rimethylstannyl)-3-butynyl--trimethylstannylether (6) and trialkylboranes 2 [R4B: R-Me(2a),
Et(2b), 'Pr (2¢), T (B-alkyi-9-borabicyclo-{331Inonane: Alkyl - R - Me. Ta. Et. Tb. 'Pr. Tc).

RESULTS AND DISCUSSION
Synthesis of the alkynylstannanes

The Sn-N bond of stannviamines is cleaved bv terminal alkynes to give the alkynylstannane
and amine.lo) This reaction works also with various yn-ols and propargylmethylether. By treatment
of these compounds with two or one equivalent of diethylaminotrimethylstannane ( Measn-NEtz. 8)
the comesponding alkynes, 4. 8. 6. are obtained in essentially quantitative yield (Eq. 2).
R'-C=|C-H + n Me_Sn-NEt, —— Me Sn -C==C -R' (2)

s - n HN Etz a 6, 6

R'= CH,0SnMe CH(Me)OSnMe, CMe,OSnMe CMe(Et}OSnMe C(CHz)sosnMea CH,OMe CH,CH,0SnMe.
n= 2 2 2 2 2 1 2
Nr. qa 4b 4.0 4.d 4o [ 3 s

The alkyne derivatives 4, 8, 6 are colourless, oily liquids (4b.c.d, 8 } or waxy solids (4a.e.6)
which are sensitive to traces of moisture. They dissolve readily in hvdrocarbons, ethers and
chlorinated hydrocarbons without decomposition. 1H~, 13C- and llc'Sn NMR data (Table 1) serve for
the characterization of the alkynes. If the yn-ols are treated with only one equivalent of 8 the
trimethylstannyl ethers, 9. are formed exclusively, eg. 9d:

H-CEC—CMe(Et)-O—SnMeaﬁd

The reaction between the yn-ols with hexamethyldisilazane [(Me;Si},NH ] readily affords the
trimethylsilyl ethers, 10, cornresponding to @, eg. 10d and 11 |, respectively. However, we did not
H -C ==C - C Me(Etl - O - SiMe, H-CE=C-CH,CH, - 0-SiMe,

10 d 11
succeed in converting 10d or 11 into the 3-(trimethylstannyl)- and 4-(trimethylstannyl)-detivatives by
treatment of 10d or I with 8. Instead mixtures of various compounds containing the Me;Sn-C= and
Me3Sn—O units were found which have not been further investigated.

Reactions of the alkynes with trialkylboranes

All reactions between the alkynes 4. 8, 6 and the trialkylboranes 2. T have been carried out
under comparable conditions, by adding the boranes to a hexane solution of the alkynes at -78°C
and warming the mixture to room tempertature. The progress of the reaction has been monitored
by recording U5 and "9sn NMR spectra of the reaction solutions. Since the alkynes reacted with
the boranes to give rather different types of products, the reactions are discussed separately for
each alkyne.
Organoboration of & a

As shown in Eq. 3 the reaction between 4a and 2a.b gives the 12-oxaborolanes. 12 in high
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Table 1 3 C- and ne Sn NMR data of the alkynyistannanes &, 8, 8 and other alkynes for comparison

IER 9%,

Nr. R sn-C=  =C- R MesSn-C MesSn-0  MeySn-O Me,Sn-C
4a CH,OSnMe, 876 n28  sas® -83 -38 4363 -704
(45451 [86.7;  [9.4] [4049]  (398.01

<20
&b CH(MelOsnMe, 856 166  618% 276 82 -33 AM90  -708
(4550; [840; [262; [19.0] (40381 (39721
401 1631 87
40 CMe,05nMe, 837 mo2  678° 348 -82 -22 1035  -703
4d CMelcosnMe, 852 nsa  72® 328 39202 g 22 1009 -T2
[456.01 [861;  [306; (<41 [14.2] [<4] [40601 [40051
1911 7861
4s C(CH2lsOSnMe3 861 118.4 'n.zb’ 43.4"26.1 242 -81 -21 +1021 -70.7
[462.01 [861: [306; [1201[<3] [<3114032] [3989]
1911 751
6  CH,0Me 895 1067 606 70" -82 - - -68.9
(43711 (8721 (871  (<2] [406.41
&  CH,CH,0SnMe, 830 1002 648 269 -80 a8 J419  -701
{40641  (397.0]
9d CMelEtosnMe, 716 908 702 316 383% 029 - -23 MBI e
0861  [285) (921 (1201 [<2] £399.01
10d CMelEtjosiMe; 714 882  685° 205 357%919 - 2.79’) - -
11 CH,CH,0SiMe; 699 815 814 230 - -069 - -

ol i CeDg [~ 10%) at 27-28%C, 8'3C relative 10 Me,si (3%, o 128.0), 8""%n relative to external Me,Sn;
values for couplng constants 319541301 are givenin[ 1.8 9

b: =c-¢-0. - ° sc-cMel@ycHy). - I sc-cMelcH,-cy). - © c-claty . - Vec-ch,-00y. -
g i
O-Si(CHy) 5.
Messir R R
Me _Sn
2 >c~t://
Me Sn -CEEC ~CH,-0-SaMe, + R.8 — Hzc\ _ B- R {3}
a4 = - o
12 . b
R = Me, Et

yield. The compounds Ra.b are air- and moisture-sensitive, colourless, waxy solids which can
be distilled under reduced pressure without decomposition. [t is conceivable that an intermediate
B3 reanranges into 12 by migration of a trimethylstannyl group and an alkyl group transfer from the

Me3Sn R
C===C/
/N

H,C B
\o/

. R, 13

I
Measn
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boron to the neighbored carbon atom. The comparison with Eq. | shows that the stereochemistry
of the organoboration is different, leading primarily to the product with the stannyl- and the boryl
group in trans-position as indicated in I3. Taking into account the results for the reaction between
4a and T as well as for the reactions between 4b-e and 2b (vide infra), it is suggested that a
weak coordinative O-B bond between 4a and 2a or 2b is involved in the early stage of the
formation of 12

Table 2 11B-. '3C- and 95, NMR data a,b) for the 1,2-oxaborolanes 12a, b Measn\ Fll
NI R 8‘3C2"2" ;13(:3—3" 813C""" 81365 B"B ‘Ian Mgasn - Ic‘—’c-.n
H,C : z_’ ; -R

12e Me 3.2 394 39.6 774 61.0 9.9

(or} {br) (29261 (7.0]

236 =71
[414; 3441 [303.0]

12b FEt 14 473 4113 781 61.2 6.8

(br) (br} [293.2) [6.0}

8.2 273 -6.1

[41.4;34.01 [299.2]
11
[<3]

LU CeDg (~10%) at 27-28°C. 83 relative 10 Me,si (8'3C,, [ = 128.0),
s relative to externat BF3-OEt2, S"QSn relative to external Me4Sn.
b) (br) denotes the broad 13¢ resonance of a carbon atom linked directly to boron.

c) Values for coupling constants "J("QSn‘ac) are given in [ 1.

The reaction between 4a and the more bulky tiisopropylborane (2¢) or B-alkyl-9-borabi-
cyclo[3.31} nonanes, T, takes a different <ourse. The structure of the products M and 12 a,b,c which
could be assigned by 1H-. IIB-. B¢, and llQSn NMR corresponds to the usual stereochemistry of the
organoboration reaction (see Eq. 1.4). The enlargement of the bicyclic system is in accord with

1)

Me_Sn C ==C 186 a.b, o
? 7 NS i
Messn 8 R = Me, Et, Pr

r’

the kinetically controlled reaction pathway .

O—CH
\2

The alkene detivative 14 is remarkably stable in solution, even after heating for 8h to 80°C or
UV irradiation for 2h. In contrast, 18 a,b decomposes already after several hours at room tempera-
ture in benzene solution. leading to a various unidentified products, whereas 18¢ is again stable
in solution for several weeks.
Organoboration of 4b,0.d. e

The alkynes 4b, ¢, d react with triethylborane (2b) to give alkenes (36) analogous to 14
with the stannyl- and the boryl group in cis-position at the C-C double bond (Eq. 4). In contrast,
4 e does not react with 2a.b at room temperature and extensive decomposition is observed after
keeping 4e with 2b in boiling hexane for lh.



Organoboration of ether derivatives
Mo\ /R
o—C Et
/ N /
Measn -CEBC -CMe{R)-0 -SnMcs +Et35 "'_"M°35“ /C—C\ (4)
49bo d 2b qu Sn BE(2
R =H, Me, Et : 18b.c. d

The compounds ¥ are stable in benzene solution for several hours. They decompose by
various routes one of which starts with the exchange of alkyl groups between the boron and the
tin atom (Eq. 5). In the case of b there is no other compound present in solution for about 24 h.
After that NMR spectra prove that ethyl- and methyl groups are exchanged between boron and
tin. In the case of 16 ¢, d this exchange occurs already below room temperature during the
synthesis of these compounds and mixtutes of 16¢c/ITc and 16 d/1T d is obtained instead of pure
compounds 16c.d. These mixtures are stable for several days

Me Me
(o] \C/R E o \(:/R Et

—_ 1 —_

N e / AN /
Me Sn /c=c\ ——— Me_Sn /c-c\ (6)
Measn BE!2 Mezsn| /B—Et
Et Me

186b. . d 170 .0.d

R = H, Me, Et

at room temperature. When heated to 60°C in hexane solution the compounds 16 , IT decompose
into numerous unidentified products.

The decomposition proceeds only slowly if there are bulky groups at the boron atom (see M4,
18¢). Therefore, an intermolecular transfer of a B-organyl group to the tin atom of the Me;5n-O
group has to be considered. This has been studied in the case of ¥8& which was left in solution
at room temperature in the presence of large excess of Ta for several hours. Already after 2h the
lig NMR spectra show a very broad signal at dB . 5T, characteristic for a B-oxo-borabicyclof3.3.11-
nonane unit .12) The ©sn NMR spectra are even more instructive since they show that the I9gp
resonances for 18 a (SHQSn - 41207, -64.8) decrease in intensity and two new lloSn resonances are
growing at the same r1ate: One signal (IHQSn = 0) proves the formation of Me,Sn (transfer of the
B-Me group from 7a to the Me;5n-O group in 18¢) and the other signal (#%sn - -538) is found

Me 3Sn —0- (iﬂz « 7a \O—C\Hz
C ==(C » C = (6)
Me Sn \/a " Me,Sn Me 35n/ Ny
Me Me
1S a 20

Relovant '3C NMR data for 20(see also Table 3):
MesSn-C=  =C-BR, CH,08CgH,, R

1618 1660 676 248 37.4,31.7
617.71 {br} 12951 (br) [79.0116.3)
-5.0 34.3,16.8 335,204 304,229

(336.3) (br) (br)

1123
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B-Me group from Ta to the Me;Sn-O group in 18¢) and the other signal #sn - -538) is found
in the typical region for alkenylstannanesm (see 18, 319 sn - -533). The !H- and Bc NMR spectra
support the proposed structure of compound 20.

Organoboration of 6
The reaction of 8 with triethylborane (2b) gives a single product, 18, in quantitative yield

(Eq. T) which is stable for weeks in solution and can be distilled without decomposition.
MeO—H 2C Et
N
Me _Sn-C=C-CH_-0-Me * E1 B — C ==C {(7)
3 2 3 / \
S 2b M e, Sn BE!2
18

The treatment of the alkynylborate Na[Et3B—CsC~CH20Me] with dimethylsulfate has been repor-
ted 14) to give a mixture of (Z/E)-isomers, where the (Z)-isomer as a minor component corresponds
to compound 18. In the (E)-isomer a coordinative O-B bond is present. Since thermal isomerization
of 18 did not occur. a solution of B in hexane was irradiated with UV-light This caused partial
decomposition (~ 20%) together with partial (~30%) isomerization of B into 19 . as proved by the
NMR data (vide infra).

Et
M easn\ / Relevant "B-, 3¢- and "9$n NMR data (see also Table 3):
/c4=<3:} s3c1 313¢2.27 §i3c3-3" 304-a7 Y306 g GM9g
H_CS BEt
27N O/ 2 56.0 136 - 1267 875 218 -693
! b
Me {br} {br)
104 32.0:140 -87
19 160.61[(8.21 1335.7]

Organoboration of 6

Although the alkynylstannane 6 reacts readily with triethylborane (2b) no definite product has
been isolated so far from the complex mixture present in the reaction solution. There are some
indications from the g and 95 NMR spectra of the reaction solution that the course of the
reaction is similar, at least partly, to that for the organoboration of 4a This is supported by the 13C

NMR spectra which shows only weak 13¢ resonances for olefinic carbon atoms.

The different behaviour of 4a and 8 towards trialkylboranes (Eq. 3 and 6) proves that the
Me3Sn—O group takes a significant influence upon the course of the reaction. The oxygen atom in
4a may be a better donor than in 8 towards the three-coordinate boron atom in 2a,b. The major
change in the preduct distribution in the reactions of 4a and 4b with triethylborane (Eq. 3 and
4) has to be atributed to the increase in steric hindrance preventing the formation of a weak
adduct with a coordinative O-B bond in the beginning of the reaction. The argument concerning
the steric hindrance is supported by the observation that 4e does not react with 2 at room
tempetrature. An exchange of alkyl groups between boron and tin in the alkenes 3 has been
observed only once so far, when the substituent R! in 3 has been a 2-pyridyl group,15) In that
case. it has been suggested that a weak intramolecular N-Sn interaction plays an important role.
In the present case it is also possible that weak intramolecular coordinative O-Sn bonding has to
be considered (see the discussion of the SHQSn values). Furthermore, the increasing bulkiness of
Rl in going from 4b to 4d will foice the Me3Sn— and the EtzB-group in close spatial contact.
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NMR spectra

Table | contains NMR data for the alkynylstannanes 4, 8, 6 and other alkynes for comparison.
Table 2 lists the NMR data for the 12-oxaborolanes 12 and Table 3 contains NMR data for
the alkenes M.18, 16, IT, 18. Data for 19, 20 are given together with the proposed structures and
some relevant 'H NMR data are given in the experimental part.
- and 13C NMR

The assignment of the 13C resonances is based on the usual techniques.lo)

in most cases
also on the magnitude of the coupling constants n}(HQSnmC), 13) and on the broadening of the 13¢
resonances caused by scalar relaxation of the second kind if a boron atom (UB. [-3/2 lOB. 1-3)
is linked directly to a carbon atom.lz'm The H- and 13C NMR data prove convincingly the
proposed structures. Examples are the heterocycles 12 (eg. the absence of olefinic Be reso-
nances and the 3}(“05an) values of 68.3 and 87.6 Hz to the OCHZ-protons), the alkenes 18 where
the 13C NMR spectra show the enlarged bicyclic system (I3C resonances for the -C-CH- and the
B-R units instead of ¢ resonances for a -C-R group), and the alkenes ITb.cd for which the
presence of a SnEt-, a BMe group and diadstereotopic Sn-Me groups (not for IT¢, because there
is no chiral centie) could be observed.

g nmr

Preliminary information on the organoboration reaction can be gained by studying reaction

g NMR spectra can be recorded within seconds even for very diluted solutions.

solutions and
Furthermore, the suB-values are rather characteristic for a patticular surrounding of the boron atom.
1218) Thus, the SHB-values for the compounds I2 are found in the usual range for 12-oxaborolanes
proving the structural unit O-B 8 . Similarly, the #'B.values for the alkenes 14, 18, 16, IT, 18 are in
the typical range for triorganylboranes with litlle (pp)=x-CB imeraction.lz'la) The increase in !B-nuc-
lear shielding in 19 (allB 21.9) with respect to IT CL:) 841) supports the cyclic structure with a
coordinative O-B bond since there are several examples in the literature with a comparable

structure and similar suB-values.lz'lT)

Me Et

/\c’ Et
17d Me,Sn - ¢} \C
/

Fig. 1 Me_Sn \B-E'
74.63 MHz 950 ('H ) NMR spectrum Bt Me

(NOE—suppressedls)] of the reac-
tion solution {organoboration of 4d Me\ /E‘ £t
with triethylborane) in hexane, 16d Me.Sn - 07 \C C/
taken immediately after warming
the reaction mixture to room
temperature. The integral ratio for

the respective ns,

Sn resonances
for the Measn—o-, Measn—C=, and 174
Mez(Et)Sn-C= groups is 1:1. The
"QSn resonances for the Me3Sn—C=
and the Mez(EtlSn-C= groups are

broadened by partially relaxed

scalar coupling 3J("gSn"B).'9)

1125
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Table 3 11B—, 13C— and "95n NMR data of the alkene derivatives 14, 15, 16, 17, 18
3¢
Nr. R R MesSn-Cs =C-BR, R R s §"9,c)
14 CH,0SnMe, Pr 1487 160.0 67.0% 324 226 840 1287
[677.2:4251  lbr) [19.6:19.6] [97.01 (741 -84
a7 259 198 -63 [17.81
(334.6) (br) 139361
168 CH,0SnMe, Cghy, % 1615 161.7 66.2° 37673209 850 41207
Me  [6637,33337  (br) [27.2,19.61 (79.61 [6.4] -64.8
-41 34,1600  -52 30392369
1336.6] {br) (br) (3918
16b CH,0SnMe, CgH, 1685 161.3 66.3% 3733169 sa0 w1302
Et {br) [26.0: 26.0 [80.81 - 636
52" 310,200,908 4.4 30192329
1332.0] {br) (br) [396.01
16c CH,0SnMe, caumd’ 157.8 160.6 66.4 3719 2139 835 200
r 1560.2,3271  [br) {26.2,19.61 (79.6115.61 - 647
-a2 30.3,27.4,20.7" -5.0) 2939 23,9
[334.01 {br) (br) [392.4)
18b CH(MelOSnMe, Et  153.4 166.7 8% 2729 245 142 835 .99
1573.3 {br) £24.0:1961 [9.31  [93.7] [8.7] -779
44" 227 95 a3
1329.2] {br) 139351
16c CMe,OSnMe, Et 1579 158.6 78.7¢ 3308 247 144 840 .985
(611.01 (br) (24.8,16.9] [10.01 (108.81110.0] -1028
22N 228 97 -30)
(333.0} (br} 1395.6]
16d CMe(E)OSnMe,, Et  164.4 156.3 g1.2¢ 33X 243 134 826 .977
{612.51 (70.0{or) (26.0:17.4]1 [10.6] [111.2] (9.8 -1034
34N 226 95 3™ 93™
[331.31 {br) 13.0:541 [<3]
{394.61
17b CH(Me)OSnMe, Et 1638 167.6 7.6 271% 244 148 835 1201
Me {br) -685
-63".64" 225 94 143%-430
7.3P) 13P) {br) {br) [393.51
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Table 3, continued

176 CMe,0SnMe., Et 1683 168.6 785° 320% 248 148 840 965
Me [686.01 (br) [25.0,17.6] [10.0) (101.41110.0] -95
47" 228 956 16.0° 2.2
1303.01 {br) (br) [395.6)
8.5P) 11.4P)

[(391.81[20.01

17d CMe(Et)OSnMe3 Et 1548 168.7 80.99) 32.9", 244 139 825 +970
Me [585.9] 168.0}{br) 125.0:18.31 110.56) [104.01[10.9) -924
53"-64" 226 95 149%372™ g™
[331.311305.21  (br) (br) 113.0:541 (<2}
8.0 109! -22
[395.61(22.9] [(394.6]
18 CHZOMe 1391 1621 73.7°, 5747q) 238 139 841 - 533
{6532.01 {br) [30.01 [<2] [81.21[9.0]
-74M 215 89
(315.0] (br)
a.b) See Table 2. - c) The "sq resonance of Me.SnO-group is found at high frequency {+) and that
of the Measn-c= group at low frequency (-). :)iCeHM corresponds to the enlarged bicyclic system,
see text. - e) =C-C-0. - 1) =C-CH . -9 alz-groups of the enlarged bicyclic system. - )(043)3Sn-c or
(013)2511 group. - ')Ba-l and B-R . - 1’(a13 }aSn-0. - k) =C~ ca:_., “ = not measured. -
m) EC-CCHzala n) diastereotopic 013 Sn groups. - o} GI3B group. - p) Sna'lzais group . -
al =CCH,0-CH, .
"sn nmr

The reaction solutions can also be studied by HQSn NMR.K’:j although this is somewhat more
time consuming than llB NMR. However, the information gained can be very useful in particular if
mixtures of closely related compounds are involved (see Fig.l). In the case of the |2-cxaborolanes
12 the information from IIQQn NMR is complementary to the ‘IB NMR data. as the abserice
of the Me;Sn-C- and Me;Sn-C groups is proved by the #°sn-values. In the alkenes 14 to 20 the

11e,

presence of Me,;Sn-C- (or Me,(EUSn-C<) and Me,Sn-C units foliows from the ““Sn NMR spectia.

HQSn NMR spectra of the reaction

The formation of the mixtures 16 /17 is readily apparent from the
solutions (see Fig. 1) whereas the llB NMR spectra are not informative in this respect owing to the
great line widths of the llB resonances.

The greater linewidth of the 19%¢ resonance (hy2» 45 Hz) for 19 with respect to 18 (hj,o-
38 Hz) also indicates tha! the stannyl- and the boryl group are in trans-position, since the line-
width is determined by the partially relaxed scalar W9p llg coupling with ﬂ(uoqnuB\ sl >
P](”QSnuB) I13 19) The changes in the #%n values for the Me3Sn-C greups in 4. 6, 14 ©© l'I are
induced by the substituents at the ether-carbon atom and comnespond closeiv to the pattern
observed in alkoxytrimethylstannanes, Me-Sn-O-R'3) 1819sn 120 (R-Me), -109 (R-IPp), +0l (R-'Bu).
There is also nothing unusual about the 31? 9Sn-values of the Me3Sn-C= groups in 4. 8, 6 ESHQSn for
Me:isn—CsC-Rx ranges from ~-60 to -851. However, the SHQSr\-values for the I\4e3Sn-C- groups in 14
to 1B display a somewhat unexpected pattern. Thus, the Ilc)Sn—nuclear shielding increases from 18
#%sn -533). 14b (8%n -636). Wb #1%n -779), 14 (#'%n 814) © 16d @S0 -034) The

1127
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comparsion with #%n-values for the alkenes 3 shows that there is only a small shift to low
frequency between 3 with B~ "Bu(#!%sn -49.3) and R -'Bu (81%Sn -54.6). Therefore, it is tempting
to attribute the low frequency shift of the llqSn resonances eg. for d with weak coordinative
O-Sn interactions. This would be in accord with the observation that Me/Et - exchange proceeds
most readily in the case of 16 ¢. d less readily for 16 b and no exchange of this kind has been
observed for 18. The increase in the bulkiness of the stannyl group (Mez(Et)Sn-Ct, once the
Me/El - exchange has taken place) reduces the amount of O-Sn interactions which in turn
impedes further exchange reactions. as found experimentally. The same effect is produced if the
bulkiness of the bory! group increases (eg. in M4a). The decreasing strength of the coordinative
O-Sn interaction in 1T with respect to 16 may be deduced from the decrease in 195 nuctear
shielding between 16 and IT leg. #9n08d) 1034 and #19Sn(T d) -92.41. This effect is larger
than expected for a single step of Me/Et- substitution.m

The ¥sn NMR spectra of compound 4 have been measured between -9C to +21°C. The
95 resonance of the Me3SnO~group remains almost unchanged as a sharp signal at #9%n 287
+ 0.3, whereas the llc)Sn-nucles\ar shielding of the Me3Sn-C~ group increases steadily as the tempera-
ture decreases from #75n -8l4 (27°C) to #%n -87.3 (-90°C) and the U9sn resonance for this
group becomes much broader at lower temperature. These observations are alsoc in support of
weak O-Sn cocrdinative interactions.

EXPERIMENTAL

All reactions and manipulations were performed under nitrogen by standard techniques., Gaseous trimethyl-
borane (2a) was kept in a flask connected to a vacuum line. Solvents were dried and freshly distitled under
nitrogen. The various yn-ols and the propargyimethylether were used as commercial products. The diethyl-
aminotrimethyistannane {8)20) and the boranes 2a, 21 0,22]7I, 023) were prepared by published routes.
NMR spectra were recorded with Jeo! FX 90Q and Bruker AC 300 spectrometers (see Tables 1 to 3)
Elemental analyses have been performed at the Max Planck Institute, Millheim, and by Mikronalytisches Labor
Pascher. All new compounds gave satisfactory elemental analytical data and the moleculsr masses were
confirmed by El-mass spectra {Finnigan MAT CHS).

The alkynylstannanes & to 6 were prepared by the following typical procedure:

in & 100 mi Schienk flask 7.07g {30 mmoles) of the diethylaminotrimethy! {8] were dissolved in
50 mi of hexane. The soiution was cooled to -78°C and 15 mmoles of the yn-ols, or 30 mmoles of the
propargyimethylether were added. After warming to room temperature the mixture was stirred for 2h and

then heated to reflux for 1h. The solvent and the diethylamine were removed in vacuo and the colorless oily
or solid residues were identified as the pure compounds 4 to 6, ready for further use. Attempts at the
distillation of the alkynes 4,8 led to extensive decomposition. in the case of § fractional distillation gave
6.09(86%) 6 as a colorless liquid {(bp 76-80°C/12 Torr). The stepwise reaction between 3-methyl-4-pentyn-
3-ol and 8 (ratio 11) gave pure 9d and treatment of 9d with a second equivalent of 8 gave pure 4d.

M ONMR in CgDg: 8 [™(''%n'H)] 4a 016 [60.2] s, 9H,Me;SnC=, 0.28 (6761 s, 9H. MesSnO,
457 [9.01 s, 2H. OCHZ. - 4b 013 (6021 s. OH, MaaanE; 032 (6781 s, 9H, Me38n0; 151 d, 3H,
OCMe; 4.76 q, 1H, QCH. - &40 010 [6051 s, OH, Me3SnCE. 0456 [678] s, 9H, Measno, 153 s, 6H,
OCMez. - 4d 013 [60.01 s, 9H, Measncs. 0.36 [68.01 s, 9H, MessnO. 149 s, 3H, OCMe, 17t m, 11 ¢,
BH, OCEL - #e 015 (6001 5, 9H, Me3SnCs, 0.38 (65781 s, 9H, Me38no, 11 - 2056 m, 10H, OC(CHZ}S‘ -
6 041 (60861 s, 9K, MQBSnCE, 316 s, 3H, OMe;, 392 (941 s 2H, OCHZ. - 8 01 16031 s, OH,
Measncs, 0.30 [57.8] s, 9H, Maasno, 236 t, 2H, ECCHZ, 356 t, 2H, OCHZ' - 9d 030 (680) s, 9H,
Me38n0; 123 s, 3H, OCMe, 1.43 m, 0.82 t, 5H, OCEt, 2.30 s, 1H, =CH.



Organoboration of ether derivatives

The trimethyisilylethers 10d and 11 were obtained as follows:

Soluti of 100 les of the 3-methyl-4-pentyn-3-ol, or of the 3-butyn-1-ol, in 60 mi of hexane were
cooled to -78°C and then 8.06g (50 mmoles) of hexamethyldisilazane were added. The reaction mixtures
were allowed to warm up to room temperature and heated to reflux for 3h until the evolution of NH3 had
ceased. The solvent was removed in vacuo and from the residues the compounds 10d (bp 46-52°C/20
Torr, 131g, 77%) and 11 (bp 36-42°C/20 Torr, 1289, 91%) were isolated by fractional distillation as
colorless liquids.

'H NMR in Csos: 81H 10d -0.02 s, 9H, Measio, 1.36 s, 3H, OCMe, 1.43 m, 0.82 t, 5H, OCEt, 2.21 s, 1H,
=CH. - 1 -00ts, 9H, Me3SiO, 221 dt, 2H, ECCHZ, 352 t, 2H, OCHz, 181 t, 1H, =CH.

Organoborations

Typically, 6 mmoles of the alkynylstannane were dissolved in 20 mi of hexane, cooled to -78°C, then
the trialkylboranes 2b, ¢, 7a,b,¢ (~6 to 8 mmoles) and the mixtures were allowed to warm up to room
temperature. Trimethylborane was handled in a vacuum line and the required amount was condensed at
-196°C into the reaction vessel containing the frozen solution of the alknylstnnane in hexane. The reaction
vessel was allowed to warm up until the vapour pressure started to rise. Then the pressure was increased
to ~600 Torr with nitrogen gas and the mixture was warmed to room temperature. Except for three cases
all reactions were complete after 20 min at room temperature (monitored by "B- and "98n NMR). it was
necessary to heat the reaction solution containing 4a and 26 for 10 min to 60°C and no reaction took
place between 4@ and 2a, b at room temperature. Heating the mixture of 4@ and 2b in hexane caused
extensive decomposition. As soon as the reaction were found to be complete the solvent and the small
excess of the boranes were removed in vacuo, leaving the products as pure oily liquids or waxy solids
(124, b) which were all extremely sensitive towards traces of moisture and oxygen.

The heterocycles 12a (bp 62-66°C/0.06 Torr), 12 b {bp 86-88°C/0.06 Torr) and the alkene 18
(bp §8-619C/0.05 Torr) could be distilled without noticeable decomposition.

UV irradiation of 14 {2 h, Hg-vapour lamp, Hanau TQ 718, 700 W, using quartz glassware} did .not induce
decomposition or rearrangements. The same treatment of 18 produced a mixture containing ~ 30X of the
alkene 19 together with 18.

Some relevant 'H NMR data (in CgDg) : 'H ["J("%sn'H)) 128 0.09 150,01 5, 18H, ClSnMeg),, 047 s,
3H, BMe, 0.93 [351 s, 6H, CMez, 442 (674, 56.8] s, 2H, OCHZ. - 12b 0.08 [50.2] s, SH, C(SnMe3)2.
095 m, 110 t, SH, BEt, 160 m, 131 m, 0.78 t, 10H, CEtz, 443 (683, 5761 s, 2H, OCHZ. -
14 017 [5251 s, OH, Measncf, 016 [57.2]1 s, 9H, Me3Sno, 166 sept, 112 d (broad), 14H, B'Pr2,
2.47 [7.31 sept, 1.03 d, 7H, =C'Pr, 459 [460, 2241 s, 2H, OCHZ. - 16a 012 (56231 s, 9H, Messnc=,
0.10 157.01 s, 9H, Me3Sn0, 089 s, 3H, BMe, 306 m, 1H, =CCH, 4.41 {451, 226] s, 2H, OCHZ. -
16b 0.28 (5211 s, 9H, Measnc=, 0.14 (5801 s, 9H, Messno, 3.05 m, 1H, =CCH, 455 (44.3, 2111 s,
2H, OCHZ. - 18¢ 0.21 {6211 s, 9H, Me3Snc=, 0.16 [57.2) s, 9H, Measno, ~1.70 m, 114 d, 7H, 8'Pr, 312 m WH,
=CCH, 4.49 [452, 2281 s, 2H, OCH,. - 18b 0.20 [52.0]1 s, 9H, Me4SnC=; 018 [67.21 s, 9H, MessnO;
1.23 d, 3H, OCMe; 4.83 [661, < 31 q, tH, OCH . - 16d -0.04 [51.0] s, SH, Meaan=, 0.38 [568]1 s, 9H,
Measno, -CCHZ-, 1.36 [35] 3H, OCMe. - 17d 012 1[480]1 s, 014 (4861 s, 6H, Mezan=,
038 (5681 s, 9H, Measno, *CCH,-; 134 [351 s, 3H, OCMe. - 18 -0.07 [528] s, 9, Me;SnC=,
116 m, 0.86 t, 10H, BEtz; 1.95 q, 0.8t 1, 54, =CEt, 3.2 s, 3H, OMe, 4.1 s, 2H, OCH2.
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