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°C (0.02 Torr)) afforded 2.28 g (60%) of the aldehyde. The
compound proved to be not very stable. Part of the material was
directly used for the tandem-Knoevenagel-Diels-Alder reaction;
a 2,4-dinitrophenylhydrazone was prepared for characterization:
mp 141-143.5 °C (ethyl acetate); 'H NMR (200 MHz, CDCl;) 6
1.83 (d, J = 1.3 Hz, 3 H, CH; cis), 1.95 (d, J = 1.4 Hz, 3 H, CH;
trans), 4.86 (d, J = 4.9 Hz, 2 H, CH,), 6.36 (s, br, 1 H, =CH),
6.92-7.12 (m, 2 H, 4-H, 6’-H), 7.20-7.28 (m, 2 H, 3'-H, 5-H), 7.69
(td, J = 4.9 Hz, J = 0.8 Hz, 1 H, N=CH), 7.96 (d, J = 9.5 Hz,
1H, ¢-H), 8.38 (ddd, J = 9.5 Hz, J = 2.5 Hz,J = 0.8 Hz, 1 H,
5”-H), 9.17(d, J = 2.5 Hz, 1 H, 3”-H), 11.16 (s, br, 1 H, NH). Anal.
Calced for C1gHsN,O,: C, 58.37; H, 4.90; N, 15.13. Found: C,
58.49; H, 4.91; N, 15.27.

Reaction of 31 with N,N-Dimethylbarbituric Acid (32).
To a stirred suspension of 32 (302 mg, 1.94 mmol) and EDDA
(14 mg, 0.07 mmol) in dry acetonitrile (20 mL) was added a
solution of aldehyde 31 (5.14 mg, 2.70 mmol) in acetonitrile (10
mL). The mixture was stirred for 22 h at room temperature, the
solvent was then removed in vacuo, and the residue was flash
chromatographed on silica gel (tert-butyl methyl ether/petroleum
ether, 1:1).

Fraction 1. (3’RS,4'RS)-5-(4-Isopropenyl-3,4-dihydro-
1H-[1]benzopyran-3-yl)-1,3-dimethyl-2,4,6(1H ,3H ,5H)-py-
rimidinetrione (34): R, 0.34; yield, 28%; UV 218 (4.09), 266
(3.86), 282 (sh); IR 1750, 1700~1670, 755; 'H NMR (200 MHz,
CDCly) 6 1.47 (d, J = 0.5 Hz, 3 H, =CCH3), 3.10-3.24 (m, 1 H,
3’-H), 3.26 (s, 3 H, NCHjy), 3.35 (s, 3 H, NCHjy), 3.55 (d, J = 2.0
Hz, 1 H, 5-H), 3.83 (d, br, J = 11.0 Hz, 1 H, 4’-H), 4.20-4.30 (m,
2 H, 2’-H ax. and eq), 4.88-4.94 (m, 1 H, =CH), 4.98-5.06 (m,
1 H,=CH), 6.80~7.20 (m, 4 H, 5-H to 8’-H); 1*C NMR (50 MHz,
CDCly) 6 17.33 (CH;C=), 28.46 (NCHj,), 38.67 (C-3"), 47.24 (C-4"*),
49.29 (C-5%), 67.70 (C-2), 116.75 (C-8’), 116.99 (=CH,), 120.93
(C-6'), 122.07 (C-4’a), 127.79, 128.69 (C-5, C-7’) 144.93 (C=C,),
151.19 (C-2), 154.44 (C-8'a), 166.69, 167.14 (C-4, C-6); some signals
of the minor cis isomer 35 are seen, § 21.27 (CH;C=), 40.20 (C-3),
44.687 (C-47*), 48.95 (C-5%), 66.44 (C-2); ratio 34:35 = 5.2:1; MS,
m/z 328 (6, M*), 313 (0.2, M -~ CHjy), 285 (0.8, M ~ C;H,), 172
(100, C;,H,50), 157 (69, CgHoN,05*). Anal. Caled for CgHyoN,O,:
C, 65.84; H, 6.14; N, 8.563. Found: C, 65.78; H, 6.22; N, 8.55.

Fraction 2. (4bRS,10bSR)-1,2,3,4,4b,5,10b,11-Octahydro-
1,3,11,11-tetramethyl[1]benzopyrano[3’,4":4,5]pyrano[2,3-
d Ipyrimidine-2,4-dione (36): R, 0.17-0.30; yield, 42%; mp
215-217 °C (methanol/water); UV 219 (4.16), 262 (3.99), 283 (3.36);
IR 1705, 1640, 1230, 750; 'H NMR (200 MHz, 50 °C, DMSO-dy)
5 1.36 (s, 3 H, 11-CHj, ax.), 1.95 (s, 3 H, 11-CHj, eq), 2.78 (td, J
=11.0Hz, J = 4.5 Hz, 1 H, 4b-H), 3.12 (d, br, J = 11.0 Hz, 1 H,
10b-H), 3.16 (s, 3 H, NCHj,), 3.21 (s, 3 H, NCH;), 3.84 (dd, J =
11.0 Hz, J = 10.0 Hz, 1 H, 5-H ax.), 5.35 (dd, J = 10.0 Hz, J =

4.5 Hz, 1 H, 5-H eq), 6.84 (dd, J = 8.0 Hz, J = 1.5 Hz, 1 H, 7-H),
6.89 (td, J = 8.0 Hz, J = 1.5 Hz, 1 H, 9-H), 7.19 (tdd, J = 8.0 Hz,
J=18Hz, J=1.0Hz 1H,8-H), 7.37 (dt,J = 8.0 Hz,J = 1.0
Hz, 1 H, 10-H); ¥C NMR (20 MHz, CDCl,) § 20.26 (11-CHj; ax.),
27.84, 28.68 (NCHj), 29.96 (11-CH, eq), 31.18 (C-4b*), 45.71
(C-10b¥*), 70.02 (C-5), 84.22, 85.59 (C-4a, C-11), 117.51 (C-7), 119.89
(C-9), 122.36 (C-10a), 125.01, 128.38 (C-8, C-10), 151.07 (C-2),
155.26, 155.43 (C-6a, C-12a), 162.18 (C-4); MS, m/z 328 (30, M*),
313 (6, M - CHy), 285 (24, M - C;H;), 181 (100, CgHyN,04"), 147
(8, C;oH1;0%). Anal. Caled for C;gH50N.O4 C, 65.84; H, 6.14;
N, 8.53. Found: C, 65.97; H, 6.22; N, 8.52.
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A regio- and stereocontrolled hydrostannylation of substituted propargyl alcohols and derivatives has been
performed. Tri-n-butylstannyl hydride reacts with different substituted propargyl alcohols to give a mixture
of Z/E isomers of vinylstannane with the stannyl moiety bonded to the carbon closest to the OH or OR group.
A careful study of the reaction conditions allowed the preparation and isolation of pure Z isomer for a wide set
of compounds. The reaction products are unstable under the conditions of preparation. An outline of the possible

mechanism of the reaction is described.

Hydrostannylation is a useful reaction for the prepara-
tion of carbon-functional organostannanes! and is the
simplest and most direct route to transform alkynes into

(1) Davies, A. G.; Smith, P. J. Comprehensive Organometallic Chem-
istry; Wilkinson, G., Gordon, F., Stone, A., Abel, E. W., Eds.; Pergamon:
London, 1982; Vol. 2, p 534,

vinylstannanes."> This reaction, however, is not highly
regio- and stereoselective, and analogously the mechanism
does not appear to have been well established. The pre-
dominance of a free-radical mechanism or of a stepwise

(2) Negishi, E. Organometallics in Organic Synthesis; Wiley: New
York, 1980; p 410.
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Scheme I
SnBua
Measi” Ny BLRCOR Messi N BugSnH, ATBN cat. Me3Si/\%a>0H + Me3Si/\ﬁ>r'OH
OH R’ 8 R’
uazSn
A’
Scheme 11 strates and attempts to interpret the results which will be
A of general use for people interested in synthesis of sub-
stituted Z alkenes. .
e R’
SnBu Results and Discussion
3 . .
The results of hydrostannylation of different alkynes
SnBug q with several substituents on the propargylic skeleton are
] /\/‘)\R' reported in Table I.
MeaSi '/q OH MesSi Z The formation of the vinylstannane with the stannyl
R’ _ moiety closer to the OH group was not influenced by the
| i 2 OR reaction conditions. As reported later, in reactions per-
Meas'/\;>1; formed in the presence or absence of AIBN, at different

addition of hydride followed by triorganostannyl cation
to the triple bond has been obtained for different sub-
strates and reaction conditions.? Extensive studies have
been carried out on 1-alkynes,®® but the more intriguing
reaction of internal alkynes has received little attention,”®
especially about the regiochemical characterization. In the
first paper® dealing with the hydrostannylation, the for-
mation of the Z product (the kinetically favored one)
seemed to be well established; later reports®® described the
formation of different amounts of the E product under
different reaction conditions.

We are interested in the regiospecific synthesis of 2-
stannyl 1,3-dienes,? which require, in a key step, the hy-
drostannylation of propargyl alcohols in the presence of
AIBN as reported in Scheme I.

The vinylstannanes obtained were prepared in high
yields as a mixture of Z/E isomers ranging from 4:1 to 2:1
irrespective of the substituent R. Moreover, we always
obtained the regioisomer with the stannyl moiety closest
to the OH group; no traces of the other isomer are de-
tectable by NMR analysis.

Due to the synthetic interest of such compounds
(Scheme II), not only for the preparation of substituted
1,3-% and 2,3-dienes!® but also for the preparation of dif-
ferently functionalized allylsilanes as a convenient source
of protected (Z)-3-lithioalkenols,!! we decided to investigate
this reaction more carefully, namely, to understand which
parameters are responsible for the regio- and stereochem-
ical outcome that is observed.

More extensively, we tried to find the best conditions
for the hydrostannylation of substituted propargyl alcohols
to give the corresponding vinylstannanes in a stereo-
controlled way.

We now report the results obtained by performing this
reaction under different conditions and on different sub-

(3) Seyferth, D.; Vaughan, L. G. J. Organomet. Chem. 1963, 1, 138.

(4) Lensink, A. J.; Budding, A. H.; Drenth, W. J. Organomet. Chem.
1967, 9, 295.

(5) Jung, E. M.; Light, L. A. Tetrahedron Lett. 1982, 23, 3881.

(6) Tolstikov, G. A.; Miftakhov, M. S.; Danilova, N. A.; Vel'der, Ya.
L. Synthesis 1986, 496.

(7) Eusley, H. E.; Buesher, R. R.; Lee, R. J. Org. Chem. 1982, 47, 404.

(8) Matsubara, S.; Hibino, J. I.; Morozawa, Y.; Oshima, K.; Nozaki, H.
J. Organomet. Chem. 1985, 285, 163 and references therein.

(9) Nativi, C.; Taddei, M.; Mann, A.; Tetrahedron Lett. 1987, 28, 247.

(10) Nativi, C.; Ricci, A.; Taddei, M. Tetrahedron Lett. 1987, 28, 2751,

(11) Corey, E. J.; Ulrich, P.; Fitzpatrick, J. M. J. Am. Chem. Soc. 1976,
98, 222,

temperatures and with different ratios of tributylstannyl
hydride, the product that would originate from attack of
Bu;Sn* to the triple bond in a position remote from the
OH group was never detected (detection limit, H NMR,
90 MHz, ca. 1 M solution in CCl,). It is clear that the
uniqueness of the regiochemistry of this reaction is the
presence of the oxygen on the carbon directly bonded to
the triple bond.

As reported in entry 8, in the absence of the OR group,
a mixture of the two regioisomers 30a/b and 30c/d was
formed, with predominance of the product with the stannyl
group at the less hindered side, e.g., the Me;SiCH, side.

Protection of the OH did not affect the regiochemical
pathway as observed in the case of the ethers 12-15 and
the acetate 16.

Reaction of a substrate where the site of the triple bond
near the oxygen was too hindered (see entry 12) did not
take place. When a CH, was interposed between the triple
bond and the carbon bearing the OH, there was no re-
giochemical control and the mixture of isomers (36a/b)
was once more obtained (see entry 15).

Finally, from entry 14 it is clear that the Me;Si group
has no effect on the regiochemistry of the reaction.”

Stereochemistry around the double bond of the products
depends on the nature of the substituents as well as on the
reaction conditions. As shown in Table I, increasing the
bulk of R gives rise to an increase of the Z/E isomer ratio.
The importance of substituent bulk is also demonstrated
by the higher stereoselection obtained when the OH was
replaced by the bulky OSi-t-BuMe, group.

Different conditions were studied on the model alcohol
3 to obtain a more complete overview of their effect on the
fate of the reaction, and results are summarized in Table
II. Table II demonstrates that longer reaction times
caused a decrease of the Z:E ratio from 5:1 to 1:1. The
longest period employed, 36 h (entry 5), suggests that
thermodynamic equilibration between the two isomers has
been achieved. On the other hand, acceptable yields of
isomers 22a and 22b in a 5:1 ratio were obtained after
about 1 h (entry 2).

The amount of tributylstannyl hydride is involved, too,
in the stereochemical composition of the reaction mixture.
Decreasing the amount gave an increase of the Z:E ratio
to a limit of 50 mol % of the stannylating agents when
appreciable amounts of vinylstannanes 22a/b were not
observed (see, for example, entries 6 and 7).

Temperature exerts a dramatic effect on the composition
of the mixture. Performing the reaction at 60 °C gave a
higher increment in the Z:E ratio (entry 11), whereas re-
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Table I. Hydrostannylation of Propargyl Alcohols and Derivatives

Nativi and Taddei

starting yield,® Z:E
entry material products % ratio®
1 MesSi” SnBug 71 1:1
331 ™
DN /\/L\»\/oH
Me3 Si 2
2
21asb
2 MesSi S SnBug 63 3:1
Y MegSi =
OH OH
3 22a/b
3 MesSi/\\\ SnBug 76 4:1
W vous p
OH OH
4 23a/b
4 . SnBus 65 25:1
Me3Si %
Me 3 Si “
OH OH
5 24a/b
5 A SnBuga 69
Me3Si §
Me3Si “
OH OH
6 25
s
6 MesSi/\\\Fﬂ n8us 61
MegSi ~
OH
HO
7
26
7 Moss” N Sndu 63
MosSi/\%(
OH dh
8 27
SnBi :
8 MesSV/A\\$sR\\ //A\V/J:vjj 68 1.1
Me3 Si -
"
30a/b
Measi/\fm 11
SnBug
30¢c/d
9 P SnBug 73
MegaSi \\
Meg Si ~
OCHg OCHg
12 31
10 Measi/\\\ SnBus 80 31
. Ma:;Si/\//LT
OSi-t-BuMe2
0Si- - BuMey
13 32a/b
11 81 12:1
Me3Si N $nBua
MeaSi/\)L"]/
O8i-f-BuMs2 OSi-t-BuMez
14

33a/b
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Table I (Continued)

starting yield,” Z:E
entry material products % ratio®
12 no reaction - -
Measi/\\\
08i-t-BuMe2
15
13 MegSi § $nBug 69 4:1
MegSi =
OCOCH3 0COCHs
16 34a/b
SnB .
14 \\\j nBug 86 10:1
OH oM
17 35a/b
SnB .
15 MeaSi S nBug 76 21
\/\OH
MesSi = OH
b 36a/b
2:1
MegSi - OH
SnBug
36¢c/d

% Yields of isolated and fully characterized products. ®Ratio determined by NMR analysis. Satisfactory analytical data (£0.4% for C and

H) were reported for all new compounds listed in the table.

Table II. Hydrostannylation of 3 under Different Reaction Conditions

BuzSnH, AIBN, time, Z:E starting
entry equiv temp, °C equiv h ratio material left, %
1 1.5 120 0.2 0.2 5:1 20
2 1.5 120 0.2 1 4:1 20
3 1.5 120 0.2 4 2:1 0
4 1.5 120 0.2 8 2:1 0
5 1.5 120 0.2 36 1:1 0
6 0.1 120 0.2 8 5:1 90
7 0.5 120 0.2 8 4:1 50
8 1 120 0.2 8 3:1 10
9 2 120 0.2 8 2:1 0
10 1.5 rt® 0.2 8 - 100
11 15 60 0.2 8 8:1 10
12 1.5 80 0.2 8 2:1 0
13 1.5 200 0.2 8 1:1 5t
14 1.5 120 0.0 8 20:1 40
15 1.5 120 0.0 24 4:1 10

2Room temperature. ® NMR analyses showed the presence of unidentified byproducts.

actions performed at higher temperatures exhibited no
selectivity (entry 13).

Finally, we found that in the absence of radical initiator
(AIBN) reaction also took place to give higher Z:E ratios
relative to the corresponding reaction in the presence of
AIBN (entry 14). In this last case we obtained only 22a
but, unfortunately, in low yields, and attempts to improve
them gave rise once more to the formation of the other
isomer (entry 15), All these results show that temperature,
time, and amounts of tributylstannly hydride have the
same effect on the isomeric ratio for the hydrostannylation
products. Stronger reaction conditions gave poor results
in isomer distribution, but a lower limit exists under which
reaction did not take place. This evidence suggests that
the formation of the Z isomer has always been realized
under “kinetic control” and that the forthcoming formation
of the E isomer can be related to the observation that the
Z isomer is stereochemically unstable under the free-rad-

ical conditions under which it is generated. In fact, we
observed that previously purified Z isomer 22a can be
transformed into a 1:1 mixture of 22a and 22b at 120 °C
in the presence of AIBN and BusSnH. On the other hand,
the same isomer is stereochemically stable at 120 °C alone
or in the presence of AIBN or BusSnH. This result sug-
gests that at some higher temperature than that of the
simple hydrostannylation of the triple bond the product
undergoes free-radical isomerization. From all these ob-
servations we can propose a more accurate description of
the reaction (Scheme III).

Assuming that the increase of yield due to the presence
of AIBN means a predominantly free radical mechanism,

- we hypothesized that the generation of BusSn° radical with

coordination to the oxygen (interaction effective probably
in the transition state) was followed by the formation of
the C-Sn bond, explaining in this way the predominant
formation of the intermediate 37a instead of 37b. The
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Table III. Optimized Hydrostannylation of Propargyl Alcohols

starting
entry materials products rctn condns yield, %
1 Mess‘/\§\/o»—\ SnausoH 1 equiv of BuySnH, 0.01 equiv of AIBN, 60 °C, 1 h 80
Megsi” T
2 21a
2 MesSi S on SnausoH 1 equiv of BuySnH, 0.01 equiv of AIBN, 60 °C, 1 h 92
\( Me3Si //\//k(
3 223
3 MesSi” X on /\/SQBUSOH 1 equiv of BusSnH, 0.01 equiv of AIBN, 70 °C, 3 h 76
I Me3Si -~ ‘/
> A
9
28
! M°33‘/\\\ OH SneusOH 1 equiv of BuySnH, 0.01 equiv of AIBN, 70 °C, 3 h 82
\(/\) MaaSi/\)/\(/\/‘
10 29
5 /\/\\\ on S"BUGOH 1 equiv of BugSnH, 0.01 equiv of AIBN, 75 °C, 4 h 70
T o~
19
37
Scheme III mers with a composition determined only by the relative
o~ hindrance of the substituents. From such a mechanism
Buz SnH BuszSn® Me 3Si A
- ‘ A R we can conclude that to have a complete stereocontrolled
~ >< hydrostannylation of propargylic alcohols we had to find
/ OH R the limiting conditions to prevent the transformation of
‘ R R the desired product in the reaction media.
i Hydrostannylation of 3 at 60 °C with 1 equiv of tri-
] % butylstannyl hydride and 0.02 equiv of AIBN for 1.5 h
| : OH Y yl ny quiv o (© gave
Measi— NS T MesSi /Y a very high Z:E ratio (up to 25:1 in the crude) so that pure
| ji Sn8us 22a was isolated in 92% yield.
! R77 “OH 37 As briefly reported in Table I, the presence of the Me;Si
. b . .
J group helps the reaction development in the sense that
‘ 37a lower temperatures are needed to complete the hydro-
| .
| stannylation process. Nevertheless, we found that for any
+BuaSnH j R on kind of substituted propargyl alcohols there is a lower limit
LLSSH’, * R of temperature for the reaction, and this limit allows the
_ complete formation of the kinetic products, e.g., the Z
SnBug MaaSi SnBujz product.
/\//‘><OH - BuaSny Table III reports examples of optimization for the wider
Me3Si / application of the reaction conditions in the preparation
R’ R +BugSnH BusSn  SnBua of (Z)-vinylstannanes.

N e

R R

following quench of such intermediate with Buz;SnH gave
back Bu,;Sn* and the final product. This last attack of H*
is kinetically controlled to give exclusively the Z isomer,
which can undergo then, in the reaction mixture, a radical
equilibration but only if the temperature is high enough.
This interconversion can explain also the temperature
effect (higher temperatures are generally needed to get
addition of BuzSn to a double bond?) and the effect of the
hindrance of the substituent (larger R substituents should
give an equilibration mixture richer in Z than smaller
ones). We must also observe that the reaction of hydro-
stannylation is really selective because it runs under kinetic
control but less selective when the reaction conditions
partially transform the final product to a mixture of iso-

We can now conclude that the control of regiochemistry
of hydrostannylation of propargyl alcohols to the Z isomer
is possible when a CHOR group is close to a triple bond
while at the lowest temperature (60-70 °C) for the shortest
reaction times and with no excess of Bu;SnH or AIBN
(strong kinetic control). Finally we wish to stress the point
that in the presence of these last reagents the final prod-
ucts should not be heated, which precludes purification
by distillation as previously reported in some cases™! and
requires the use of column chromatography on silica gel
or other nonthermic methods in the presence of radical
initiators.

Experimental Section

All the solvents were appropriately dried before use and all
reactions performed under strictly dry atmosphere. 'H NMR
spectra were obtained from a Varian EM 390 (90 MHz) instrument
in CCl, solutions, and chemical shifts are quoted in ppm downfield
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from TMS as internal standard. GLC analyses were performed
with a HP 5970-5790 gas—mass system equipped with a 15-m SE30
capillary column. Elementary analyses were obtained on a
Perkin-Elmer 240C instrument.

Preparation of (Trimethylsilyl)propargyl Alcohols.
General Procedure. 1-(Trimethylsilyl)-2-butyn-4-ol (2). To
a solution of 1 (11.2 g, 0.1 mol) in dry THF (60 mL) at -78 °C
was added butyllithium (62.5 mL of a 1.6 M solution in diethyl
ether, 0.1 mol) dropwise with a syringe. After 10 min at this
temperature, gaseous formaldehyde, generated by depolymeri-
zation of trioxymethylene (90 g, 1 mol), at 180 °C, was carried
over through a wide glass tube, into the mixture by a slow current
of dry nitrogen. Then the mixture was allowed to warm to room
temperature for 3 h, and it was treated with 30 mL of a saturated
ammonium chloride solution and then poured into 50 mL of
diethyl ether. The ethereal layer was separated and dried over
anhydrous sodium sulfate. Evaporation of the solvent and final
distillation gave the alcohol 2: 7.3 g (51% yield); bp 170-172 °C
(105 mmHg); 'H NMR (CCl,) 0.50 (s, 9 H, Me;Si), 1.9 (m, 2 H,
CH,), 3.47 (s, 1 H, OH), 4.5 (m, 2 H, CH,0) ppm. The resultant
product is 98% pure according to GLC analysis.

1-(Trimethylsilyl)-2-pentyn-4-ol (3). Distillation gave 3: 12
g (76% yield); bp 100-102 °C (25 mmHg); *H NMR (CCl,) 0.43
(s, 9 H, Me;Si), 1.7 (m, 5 H, CH;CH,), 2.97 (s, 1 H, OH), 4.7 (m,
1 H, CHO) ppm. The resultant product is 95% pure (GLC
analysis).

1-(Trimethylsilyl)-2-heptyn-4-ol (4). Distillation gave 4: 3.5
2 (53% yield); bp 125-127 °C (55 mmHg); 'H NMR (CCl,) 0.43
(s, 9 H, Me;Si), 1.2 (m, 5 H, CH; and CH,), 1.8 (m, 4 H, CH,Si
and CH,), 2.57 (s, 1 H, OH), 4.5 (m, 1 H, CH) ppm. The product
is pure (GLC analysis).

1-(Trimethylsilyl)-4-phenyl-2-butyn-4-ol (5). Distillation
gave 5: 21.5 g (92% yield); bp 109-111 °C (0.04 mmHg); 'H NMR
(CCly) 0.20 (s, 9 H, Me;Si), 1.57 (d, 2 H, J = 3 Hz, CH,), 2.5 (s,
1 H, OH), 5.4 (m, 1 H, CHO), 7.3-7.6 (m, 5 H, arom) ppm. The
resultant product is 98% pure (GLC analysis).

1-(6,6-Dimethylbicyclo[3.1.1]hept-2-enyl)-1-hydroxy-4-
(trimethylsilyl)-2-butyne (6). Column chromatography on silica
gel with eluant hexane/ethyl acetate, 10:1, gave 6: 6.2 g (66%
yield); 'TH NMR (CCl,) 0.72 (s, 9 H, Me,Si), 1.42 (s, 3 H, Me), 1.88
(s, 3 H, Me), 2.08 (d, 2 H, J = 3 Hz, CH,), 2.5-2.7 (m, 1 H, OH),
2.8-3.1 (m, 3 H, CH, and CH), 5.40 (s, 1 H, CH), 6.20 (s, 1 H,
CH=) ppm. The product is pure (GLC analysis).

1-[3-(Trimethylsilyl)-1-propynyl]cyclohexanol (7). Column
chromatography on silica gel with hexane/ethyl acetate (6:1) as
eluant gave 7: 2.7 g (48% yield); 'H NMR 0.15 (s, 9 H, Me;3Si),
1.2-2.4 (m, 13 H, cyclohexyl group, CH, and OH) ppm. The
product is 98% pure (GLC analysis).

1-(Trimethylsilyl)-4-methyl-2-pentyn-4-0l (8). Column
chromatography with hexane/ethyl acetate as eluant (6:1) gave
8: 3.8 g (37% yield); 'H NMR (CCly) 0.12 (s, 9 H, Me;Si), 1.4
(m, 8 H, 2 Me and CH,Si), 2.81 (s, 1 H, OH) ppm. The product
is pure (GLC analysis).

1-(Trimethylsilyl)-5-methyl-2-hexyn-4-ol (9). Distillation
gave 9: 0.98 g (38% yield); bp 105-106 °C (1 mmHg); 'H NMR
(CCly) 0.2 (s, 9 H, Me;Si), 1.0 (s, 8 H, 2 CHy), 1.5-2.0 (m, 3 H,
CH,Si and CHMe,), 2.9 (s, 1 H, OH), 4.05 (m, 1 H, CHO) ppm.
The product is 96% pure (GLC analysis).

1-(Trimethylsilyl)-2-decyn-4-ol (10). Distillation gave 10:
4.24 g (25% yield); bp 98-100 °C (1 mmHg); 'H NMR (CCl,) 0.15
(s, 9 H, Me;Si), 0.8 (m, 3 H, CH,), 1.1-1.4 (m, 10 H, 5 CH,), 1.51
(d, 2 H, J = 2 Hz, CH,Si), 2.3 (s, 1 H, OH), 4.2 (m, 1 H, CHO)
ppm. The product is pure.

Preparation of 1-(Trimethylsilyl)-2-butyne (11). A solution
of 1 (1 g, 9 mmol) in dry THF (8 mL) under nitrogen at -78 °C
was treated with n-butyllithium (5.6 mL of a 1.6 M solution in
hexane, 9 mmol). The yellow solution was stirred for 30 min at
room temperature and cooled again to —78 °C. Methyl iodide (1.3
g, 9 mmol) in HMPA (8 mL) was added and the mixture allowed
to warm to room temperature and then refluxed until GLC
analysis showed the disappearance of 1 (ca. 4 h). The mixture
was treated with saturated ammonium chloride solution (10 mL)
and diluted with diethyl ether (35 mL). The ethereal layer was
separated and dried on anhydrous sodium sulfate. The solvent
was evaporated and the resulting oil distilled to give pure 11 (GLC
analysis): 0.5 g (45% yield); bp 100-101 °C; 'H NMR (CCl,) 0.17
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Table IV. Spectroscopical Characterization of
Vinylstannanes 3

product 'H NMR (CCl,/TMS), ppm

21a 0.0 (s, 3 H, Me;Si), 0.8-1.5 (m, 30 H, BuySn, CH,Si,
and OH), 3.97 (s, 2 H, CH,0), 6.07 (t, 1 H, J = 7 Hz,
CH=)

21ib 54 (m, 1 H, CH=)

22q 0.0 (s, 9 H, Me,Si), 0.7-1.7 (m, 33 H, Bu;Sn, CH;CH,,
and OH), 4.2 (m, 1 H, CHO), 6.08 (t, 1 H, J = 6 Hz,
CH=)

22b 5.4 (m, 1 H, CH=)

23a 0.07 (s, 9 H, Me;Si), 0.7 (m, 7 H, CH,, CH,, and
CH,Si), 1.4 (m, 28 H, Bu;Sn and OH), 4.03 (s, 1 H,
CHO), 6.06 (t, 1 H, J = 7 Hz, CH=)

23b 5.6 (m, 1 H, CH=)

24 0.08 (s, 9 H, Me;Si), 0.6-1.7 (m, 30 H, Bu;Sn, CH,, and
OH), 5.18 (s, 1 H, CHO), 6.18 (t, 1 H, J = 7 Hz,
CH=), 7.3 (m, 5 H, arom)

25 0.50 (s, 9 H, Me,Si), 0.9-2.2 (m, 35 H, CH,Si, 2 CH,
ring, and Bu,Sn), 2.70 (s, 1 H, OH), 4.88 (s, 0.5 H,
CHO), 5.00 (s, 0.5 H, CHO), 5.9 (m, 1 H, CH-ring),
6.6 (m, 1 H, CH=)

26 0.0 (s, 9 H, Me;gSi), 0.7-1.8 (m, 40 H, CH,Si, cyclohex,
and BugSn), 5.97 (t, 1 H, J = 7 Hz, CH=)

27 0.0 (s, 9 H, Me;Si), 0.6-1.6 (m, 36 H, Bu,ySn, 2 Me,,
CH,Si, and OH), 5.97 (t, 1 H, J = 6 Hz, CH=)

28 0.15 (s, 9 H, Me,Si), 0.6-1.0 (m, 30 H, BuySn, CH,Si,
and OH), 1.1-1.7 (m, 7 H, 2 CH; and CH), 3.59 (d, 1
H, J = 8 Hz, CHO), 6.08 (t, 1 H, J = 7 Hz, CH=)

29 0.0 (s, 9 H, Me,Si), 0.8-1.6 (m, 42 H, BuySn, CH,Si,
CHjy, and 5 CH,), 3.8-4.1 (m, 1 H, CHO), 6.05 (t, 1 H,
J =7 Hz, CH=)

30a-d 0.10 (s, 9 H, Me,Si), 0.5-2.0 (m, 32 H, Bu;Sn, CHj;, and
CH,Si), 5.60 (t, 1 H, J = 7 Hz, CH= 30a,b), 6.00 (q,
1 H, J = 6 Hz, CH= 30c,d)

31 0.20 (s, 9 H, Me;Si), 0.6-2.4 (m, 29 H, BuySn and
CH,Si), 3.57 (s, 3 H, OMe), 4.3 (m, 1 H, CHO), 6.30
(t,1 H, J = 6 Hz, CH=), 7.5 (m, 5 H, arom)

32a 0.23 (s, 9 H, Me4Si), 0.28 (s, 6 H, Me,Si), 0.4-2.2 (m, 38
H, Bu;Sn, t-Bu, and CH,Si) 4.33 (s, 2 H, CH,0), 6.33
(t, 1 H, J = 9 Hz, CH=)

32b 4,50 (s, 2 H, CH,0), 5.6 (t, 1 H, J = 9 Hz, CH=)

33 0.22 (s, 9 H, Me;Si), 0.28 (s, 6 H, Me,Si), 0.7-2.2 (m, 38
H, Bu;Sn, ¢t-Bu, and CH,Si), 4.63 (q, 1 H, J = 6 Hz,
CHO), 6.23 (t, 1 H, J = 7 Hz, CH=)

35a 0.9-1.6 (m, 27 H, Bu;Sn), 1.71 (d, 3 H, J = 7 Hz, CH,),
3.0 (s, 1 H, OH), 4.08 (s, 2 H, CH,;0), 6.2 (g, 1 H, J =
7 Hz, CH=)

35b 5.5 (m, 1 H, CH=)

36a 0.8-1.7 (m, 27 H, Bu;Sn), 2.2 (m, 6 H, CH,, CH;, and
OH), 3.6 (m, 2 H, CH,0), 5.9 (m, 1 H, CH==)

36b 5.8 (m, 1 H, CH=)

(s, 9 H, Me;Si), 1.5 (m, 3 H, CHy), 1.8 (m, 2 H, CH,).

Preparation of 1-(Trimethylsilyl)-4-phenyl-4-methoxy-2-
butyne (12). Sodium hydride (55.2 mg of a 55% dispersion in
mineral oil, 2.3 mmol) previously washed with hexane and dis-
persed in dry THF (5 mL) was heated under nitrogen atmosphere
at 40 °C, and then a mixture of alcohol 5 (0.5 g, 2.3 mmol) and
methyl iodide (0.42 g, 3 mmol) in THF (3 mL) was added. The
mixture was refluxed for 1 h, then cooled, diluted with diethyl
ether (30 mL). and treated with a saturated ammonium chloride
solution (10 mL). The ethereal layer was separated, was dried
on anhydrous sodium sulfate, and after evaporation of the solvent,
provided pure 12 by column chromatography on silica gel with
eluant hexane/ethyl acetate (10:1): 0.350 mg (65% yield); 'H
NMR 0.05 (s, 9 H, Me;Si), 1.7 (m, 2 H, CH,), 3.31 (s, 3 H, MeO),
5.1 (m, 1 H, CH), 7.2-7.7 (m, 5 H, arom) ppm.

Preparation of 1-(Trimethylsilyl)-4-(tert-butyldi-
methylsiloxy)-2-butyne (13). Compound 2 (224 mg, 2 mmol)
was added to a stirred mixture of tert-butyldimethylsilyl chloride
(320 mg, 2.2 mmol) and diazabicycloundecene (360 mg, 2.4 mmol)
in dry dichloromethane (4 mL). After 1 h of stirring, the mixtue
was diluted with diethyl ether (10 mL) and washed with 1 M HC1
(4 mL), saturated sodium carbonate (2 X 5 mL), and brine. The
ethereal layer was separated and dried on anhydrous sodium
sulfate, and after evaporation of the solvent, pure 13 was isolated
by column chromatography on silica gel, eluant hexane/ethyl
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acetate (10:1): 300 mg (59% yield); 'H NMR (CCl,) 0.3 (m, 15
H, Me;Si and Me,Si), 1.1 (m, 9 H, ¢t-Bu), 1.67 (t, 2 H, J = 3 Hz,
CH,), 4.37 (t, 2 H, J = 3 Hz, CH,0) ppm.

1-(Trimethylsilyl)-4-(tert -butyldimethylsiloxy)-2-pentyne
(14). Column chromatography on silica gel, eluant hexane/ethyl
‘acetate (10:1), gave 14: 300 mg (56% yield); 'H NMR (CCly) 0.3
(m, 15 H, Me,Si and Me,Si), 1.1 (m, 9 H, ¢t-Bu), 1.6 (m, 5 H, CH,
and CHy), 4.7 (t, 1 H, J = 3 Hz, CHO) ppm.

1-(Trimethylsilyl)-4-(tert-butyldimethylsiloxy)-4-
phenyl-2-butyne (15). Column chromatography on silica gel,
eluant hexane/ethyl acetate (10:1), gave 15: 300 mg (45% yield);
'H NMR (CCl,) 0.3 (m, 15 H, Me;Si and Me,Si), 1.1 (m, 9 H, ¢-Bu),
1.7(d, 2 H, J = 3 Hz, CH,), 5.57 (t, 1 H, J = 3 Hz, CHO), 7.3-7.7
(m, 5 H, arom) ppm.

Preparation of 5-Decyn-4-ol (19). To a solution of 1-hexyne
(1 g, 12 mmol) in dry THF (6 mL) at -78 °C was added butyl-
lithium (7.5 mL of a 1.6 M solution in hexane, 12 mmol) slowly.
After 30 min at this temperature, butyraldehyde (0.87 g, 12 mmol)
in THF (3 mL) was added dropwise. The mixture was then stirred
for 3 h at room temperature, diluted with diethyl ether (35 mL),
and treated with water (5 mL), followed by a saturated ammonium
chloride solution; the ethereal layer was separated and dried on
anhydrous sodium sulfate. Evaporation and final distillation gave
alcohol 19: bp 85-89 °C (1 mmHg); 'H NMR (CCl,) 1.00 (m, 6
H, 2 CH,), 1.5 (m, 8 H, 4 CH,), 2.2 (m, 2 H, CH,C), 3.2 (s, 1 H,
OH), 4.3 (m, 1 H, CH) ppm.

Hydrostannylation of Propargyl Alcohols 2-19. General
Procedure. (Z)-1-(Trimethylsilyl)-3-(tributylstannyl)-2-
penten-4-ol (22a). The reaction was performed in a sealed tube.
Tri-n-butylstannyl hydride (0.7 mmol), 3 (1.44 g, 9.2 mmo!}), and

AIBN (3 mg, 0.02 mmol) were heated at 60 °C for 1 h. NMR
analysis of the crude product mixture showed quantitative re-
duction of 3. Vinylstannane 22a was isolated by column chro-
matography on silica gel with hexane/ethyl acetate (11:1): 3 g
(92% yield). The spectroscopic data are reported in Table IV
as well as products obtained from 2, 4, and 19.
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The circular dichroic and ultraviolet absorption data for a series of configurationally established 3-
naphthyl-substituted phthalide enantiomers belonging to three distinct classes are presented. A correlation is
made between the observed circular dichroic spectra and absolute configuration, as well as the preferred solution

conformations of these phthalide systems.

Introduction

The enantiomers of a series of 3-naphthylphthalides
were separated by high-performance liquid chromatogra-
phy on chiral stationary phases (CSPs) derived from
(S)-N-(8,5-dinitrobenzoyi)leucine on (R)-N-(3,5-dinitro-
benzoyl)phenylglycine. An a priori chiral recognition
model was proposed to relate the absolute configuration
of these phthalide enantiomers to their elution orders from
the CSPs.! In an effort to establish the absolute config-
urations of these phthalides so as to ascertain the validity
of the model, the circular dichroic (CD) spectra of repre-
sentative enantiomers of the 3-naphthylphthalide series
were recorded. Although it had been hoped that config-
urational assignments could be made through comparison
of the CD ¢ pectra of the 3-naphthylphthalides with the CD

(1) Pirkle, W. H.; Sowin, T. J. J. Chromatogr. 1987, 387, 313-321.

spectra reported by Meyers and coworkers? for several
asymmetrically synthesized 3-phenylphthalides of known
absolution configuration, the clear difference in chromo-
phoric properties between phenyl and a-naphthyl sub-
stituents prevented any such correlation of stereochem-
istry. Ultimately, the absolute configurations of several
representative 3-naphthylphthalides were determined by
independent chemical and spectroscopic techniques.?
Herein we report the CD characteristics obtained for the
enantiomers of the various 3-naphthylphthalides investi-
gated. A correlation is made between the CD curves ob-
served for these configurationally established 3-
naphthylphthalides and the absolute configuration and
conformation of the phthalide’s naphthyl substituent.

(2) Meyers, A. I.; Hanagan, M. A ; Trefonas, L. M.; Baker, R. J. Tet-
rahedron 1983, 39, 1191-1199.
(3) Pirkle, W. H.; Sowin, T. J. J. Org. Chem. 1987, 52, 3011.
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