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Abstract

An efficient and highly stereoselective method for synthesizing optically active jtrityloxymethyl-o—alkylidene-
y-butyrolactones having a stereodefined mono or disubstituted exocyclic double bond, starting from
commercially available non-racemic glycidyl tritylether has been developed in which a titanium(II)-mediated
intramolecular nucleophilic acyl substitution reaction is a key reaction. © 1998 Elscvier Science Ltd. All rights reserved.

Optically active stereodefined y-alkoxymethyl-a-alkylidene-y-butyrolactones have
been accepted as versatile building blocks and intermediates for synthesizing chiral
compounds [1]. Among them, y-trityloxymethyl derivatives have been most effectively used
because they attain excellent select1v1ty in their diastereoselective reactions owing to the
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incurred in this method in that it affords a stereomeric mixture with regard to the exocyclic
double bond which necessitates annoying separation by column chromatography and causes
lowering of the yield. We report here an efficient and highly stereoselective entry to
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y-trityloxymethyl- -alkylidene-}-butyrolactones starting from commercially available or
readily preparable glycidyl tritylether (1). Our procedure involves, as a key reaction, a
Ti(II)-mediated intramolecular nucleophilic acyl substitution (INAS) reaction [3] of
homopropargyl carbonates 2 which can be readily prepared from 1. Although we used (S)-1
in the present reaction, as its antipode is similarly available, the present process allows
access to both enantiomers of ytrityloxymethyl-a-alkylidene-4-butyrolactones.

Conversion of (5)-1 (> 98.6% ee) into homoprop
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shown in Scheme 2.

~

U
Q R—=—Li OH L
Z‘“\‘ ~ BF3*Et;0 _ i orr WBuLi Et0” "Q
I R—=—= ~ __-/\/cm

(9-1 2) CICO.Et R
Zg; R=TMS 20 R= C5H1'3
2b; R=CH3 2d; R=Ph

Scheme 2

As shown in Scheme 3, the INAS reaction of 2a~d thus prepared with a Ti(O-i-Pr)4/2
-PrMgCl reagent in ether proceeded smoothly to afford, after hydrolysis, the corresponding
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our research effort was then directed to prepare those having Z-olefin geometry as well as
those having a stereodefined disubstituted exocyclic double bond, and we have succeeded in



developing an efficient method for their synthesis which involves the iodinolysis of the
INAS reaction products and the following manipulation of the resulting iodo lactones.

Iodo lactones 7~10 were prepared in high yields by treatment of the reaction mixture
of the corresponding 2 and a Ti(O-i-Pr)4/2 i-PrMgCl reagent with a slight excess of iodine;
the results are also summarized in Scheme 3.1

Starting from 7 the butyrolactones havm

bond can be synthesized readily a
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and 2a (1.393 g, 2.86 mmol) in ether (44 mL) was added 1.1
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L.Typical procedure for the preparation of the iodo lactones 7-10. To a mixture of Ti(O-i-Pr)4 (1.14 g, 4.00 mmol)
393 ¢, 2 d i eth solution of i-PriM .48 mL, 7.45 mmol) dropwise at
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brown. A solution of iodine (3.60 g, 14.2 mmol) in THE (15 mL) was added to the reaction mixture at -60 °C and stirred at -50 -
-40 °C for 1 h, then 0 °C for 0.5 h. The resulted mixture was quenched with HCI (0.5 N, 50 mL) at O °C and stirred at room
temperature for 0.5 h. The organic layer was separated and the aqueous layer was extracted with CH2Cl2 . The combined organic
layers were washed with aqueous saturated NapS203 and aqueous saturated NaHCO3, and dried over MgSO4, After concentration in

vacuo, the residue was recrystallized (hexane-dichloromethane) to afford the iodo lactone 7 (1.28 g, 79%).



Some physical constants and 1H NMR data (selected). (E)-3. mp 132-133 °C, [¢]25p +76.2° (c 0.82,
CHCI3). TH NMR & 7.00 (t, J= 3.0 Hz, 1 H), 4.67 (m, 1 H), 3.45 (dd, /7= 10.2, Jo= 3.3 Hz, 1 H), 3.09 (dd, /= 102, Jo= 4.1
Hz, 1 H), 2.93 (ddd, J7= 17.4, J2= 8.4, J3= 3.0 Hz, 1 H), 2.78 (ddd, Jj= 17.4, J2= 4.5, J3= 2.7 Hz, 1 H), 0.16 (s, 9 H). (E)-4. mp
165-166 °C, [0]25Dp +59.1° (¢ 0.49, CHCI3). |H NMR & 6.84 (qt, J;= 7.2, J2= 3.3 Hz, 1 H), 4.67 (m, 1 H), 3.39 (dd, J;= 10.2,
J2=3.6 Hz, 1 H), 3.15 (dd, Jy= 10.2, J2= 4.5 Hz, 1 H), 2.83 (m, 1 H), 2.65 (m, 1 H), 1.84 (dt, J;= 7.2, J2= 1.8 Hz, 3 H). (Z)-4.

mp 109.5-111 °C, 1it.1d 110-112 °C; [@]25p +27.3° (¢ 0.50, CHCI3), lit.14 [0)25p +27.5°. TH NMR & 6.27 (qt, /= 7.2, Jo=

T4 THY ASR¢m 1 H ’Z’l’lldd 11—1(\’1 Iﬁ—’lAHv lu\ 11’&(:{/{ Iv—‘lﬁ’) Iq—/l’)l-l 1 HY 2 R0 fddd~ Ji=18

24 Hz, 1 H), 4.58 (m, 1 H), 3.37 Hz, 1 Ji= J2=42 Hz, 1 H), 2.89 (dddq, JJ= 16.1, J>=
8.6, J3= J4= 2.4 Hz, 1 H), 2.69 (ddq, J;- 16.1, 1243: 2.4 Hz, 1 H), 22 (dt, J_;- 7.2, J>=2.4 Hz, 3 H). (E)—;. mp 72-73 °C,
[0125D +49.0° (¢ 0.62, CHCI3). |H NMR & 6.78 (it, Jy= 7.7, J2= 3.0 Hz, 1 H) 4.64 (m, 1 H), 3.40 (dd, J;= 10.2, J2= 3.3 Hz, 1
H), 3.12 (dd, J;= 10.2, J2= 4.2 Hz, 1 H), 2.81 (dd, J;= 16.8, Jo= 8.7 Hz, 1 H), 2.65 (d, J= 16.8, 1 H), 2.16 (m, 2 H). (Z)-5.
[0]25p +9.1° (¢ 0.65, CHCI3). IH NMR & 6.19 (tt, J1- 7.7, J2= 2.3 Hz, 3 H), 4.58 (m, 1 H), 3.36 (dd, Jj= 102 Jo=13.6 Hz, 1
H), 3.14 (dd, Jy= 10.2, jp= 4.2 Hz, 1 H), 2
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V.04, Lrilad). Tt iR U 7.0 (L, v DUV
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J3=3.0 Hz, | H), 3.20 (dd, Jy= 10.5, J2= 4.2 Hz, 1 H), 3.00 (ddd, Jy= 17.6, J2= 4.1, J3= 3.0 Hz, 1 H). (Z)-6. mp 157-158 °C,
[0!]25]3 -67.0° (¢ 0.80, CHCI3). IH NMR 8 6.97 (dd, J=2.7, J2= 2.1 Hz, 1 H), 4.66 (m, 1 H), 3.47 (dd, J;= 10.2, J2=3.6 Hz, 1
H), 3.16 (dd, J;= 10.2, Jp= 3.6 Hz, 1 H), 3.15 (ddd, J;=16.8, J2=8.3,J3=2.7 Hz, 1 H), 2.94 (ddd, Jj= 16.8, Jp=4.5,J3=2.1 Hz,
1 H). 7. mp 246-247 °C, [0!.]25]) -20.3° (¢ 1.02, CHCl3). TH NMR 5 4.51 (m, 1 H) 3.535(dd, Jj=10.5, J2= 3.0 Hz, 1 H), 2.99

(dd, Jy= 10.5, Jp= 3.0 Hz, 1 H), 2.91 (d, J= 4.5 Hz, 1 H), 2.89 (d. J

o ~ NSO ~ Fee) — - p g -
-23.2° (c 0.59, CHClI3). 1H NMR § 4.51 (m, 1 H), 3.46 (dd, J;= }UL,JZ— 33 HL, 1 H),3.09@d, Jj=102,J5=3.6Hz, | H),

2.96 (ddq, J= 16.8, J2= 8.7, J3=1.5 Hz, 1 H), 2.80 (ddq, J= 16.8, Jo= 3.9, J3= 1.5 Hz, 1 H), 2.70 (1, J= 1.5 Hz, 3 H). 9. mp
114-115 °C, [a}zSD -20.5.0° (c 0.66, CHCl3). IH NMR § 4.48 (m, 1 H), 3.49 (dd, J;= 10.2, Jo= 3.0 Hz, 1 H), 3.01 (dd, J;=
10.2, J2= 3.3 Hz, 1 H), 2.93 (dd, J;= 16.5, J2= 8.4 Hz, 1 H), 2.80 (dd, J;= 16.5, J2=3.9 Hz, 1 H), 2.68 (td, Jy= 7.7, J2= 3.6 Hz,
2 H). 10. mp 197.5-199 °C, [0]25p +12.6° (c 0.81, CHCI3). IH NMR 8 4.45 (m, 1 H), 3.50 (dd, J;= 10.5, Jp= 3.0 Hz, 1 H),
2.95 (dd, J= 10.5, Jo= 3.0 Hz, 1 H), 2.90 (dd, J;= 16.8, Jo= 8.7 Hz, 1 H), 2.68 (dd, J;= 16.8, J2= 3.8 Hz, 1 H). 12. [a]25p
+20.5° (¢ 1.05, CHCIl3). IH NMR & 4.56 (m, 1 H), 3.34 (dd, /3= 10.2, J2= 3.9 Hz, 1 H), 3.13 (dd, J=10.2, J3= 4.5 Hz, 1 H),
2.69-2.89 (m, 3 H), 2.56-2.69 (m, 1 H), 1.84 (bs, 3 H). 13. [a]25p +35.7° (¢ 1.56, CHCI3). !H NMR & 4.56 (m, 1 H), 3.37
(dd, Jy=10.2, J2= 3.6 Hz, 1 H), 3.10 (dd, /J=10.2, J2= 4.2 Hz, 1 H), 2.87 (ddq, J/= 16.2, J2= 8.4, J3= 2.0 Hz, | H), 2.66 (dq, J =
16.2, Jo=2.0Hz, 1 H), 2.29 (t, J= 2.0 Hz, 3 H), 2.10 (t, J= 7.5 Hz, 2 H).

i H), 2.60-2.81 (m, 3 H). (E)-6. mp 138-139 °C, [Clj"’]) +114.0 °C (¢
2
-t

dd 7 1mns In—’l‘l’_l—. 1THY 2721 rddd 176 JTA— &9
(e xu.; v 7= 5.9 114, 1 11}, 5.41 14qG, JI—IIUJA—.IL,

v e R ot iR
Hz, 1 H), 0.29 (s, 9 H). 8. mp 202-203 °C, [a]*’D

o
-‘ll
~

References

[11  For synthesis of a variety of chiral compounds and natural products using yalkoxymethyl-a-alkylidene- y-butyrolactone
intermediates, see: a) Tomioka K, Mizuguchi H, Koga K. Tetrahedron Lett. 1978;4687-4690. b) Tomioka K, Mizuguchi H,
Koga K. Chem. Pharm. Bull. 1982;30:4304-4313. c¢) Hatakeyama S, Numata H, Takano S. Tetrahedron Lett. 1984;25:3617-
3620. d) Tomioka K, Kawasaki H, litaka Y, Koga K. Tetrahedron Lett. 1985;26:903-906. e¢) Tomioka K, Kawasaki H, Koga

K. Tetrahedron Lett. 1985;26:3027-3030. f) Tomioka K, Ishiguro T, Koga K. Chem. Pharm. Bull. 1985;33:4333-4337. g)
Takano S, Tanaka M, Sco K, Hirama M, Ogasawara K. L. ﬂrg. Chem. 1985;50:931-936. h) Hanessian S, Cocke NG,

DeHoff B, Sakito Y. J. Am. Chem. Soc. 1990;112:5276-5290. i) Farrant E, Mann J. J. Chem. Soc., Perkin Trans. 1,
1997;1083-1084. j) Hanessian S, Grillo T-A, Smith G-M. Tetrahedron 1997;53:6281-6294.

[2] Taniguchi M, Koga K, Yamada S. Tetrahedron 1974:30;3547-3552. Takano S, Goto E, Hirama M, Ogasawara K.
Heterocycles 1981;16:381-385. Takano S, Goto E, Hirama M, Ogasawara K. Heterocycles 1981;16:951-954.

3] Kasatkin A, Okamoto S, Sato F. Tetrahedron Lett. 1995;36:6075-6078. Okamoto S, Kasatkin A, Zubaidha PK, Sato F. J.
Am. Chem. Soc. 1996;118:2208-2216. Okamoto S, Iwakubo M, Kobayashi K, Sato F. J. Am. Chem. Soc. 1997;11:6984-
6990.

Yamaguchi M, Hirao I. Tetrahedron Leitt. 1983;24:391-394.

—
™~
flut

Colvin E. Silicon in Organic Synthesis. LLondon: Butterworths, 1981:64-73.
T Teh

Miyaura N, ishiyama T, Sasaki H, Ishikawa M, Satoh M, Suzuki A. j. Am. Chem. Soc. 1585;111:314-321.
7 Kramer GW, Brown HC. J. Organomet, Chem. 1974;73:1-15.

= oo
R ]



