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ABSTRACT

We have developed a cationic rhodium(l)/Solphos complex-catalyzed asymmetric one-pot transesterification and [2 + 2 + 2] cycloaddition of
1,6-diyne esters with tertiary propargylic alcohols leading to enantioenriched tricyclic 3,3-disubstituted phthalides. The present method represents

a versatile new route to the synthesis of enantioenriched tricyclic 3,3-disubstituted phthalides in view of the easy access to both coupling

partners.

Chiral 3-substituted phthalides occur in a number of biolo- of chiral 3,3-disubstituted phthalides due to difficulties of
gycally active natural productsso considerable effort has esterification and preparation of optically active tertiary
been paid to theicatalytic asymmetrisynthesig. A transi- propargylic alcohols (Scheme 1).

tion-metal-catalyzed [2+ 2 + 2] cycloadditiod of chiral

ester-linked diynes with monoalkynes is an attractive method_
because of the facile preparation of the former from propiolic Scheme 1

acids and optically active propargylic alcoh6sWitulski

and Zimmermann realized this process by using RhCKRPh

as a catalystput this method is hard to apply to the synthesis
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construction of axial,planar® and centrdlchiralities through
enantioselective [Z 2 + 2] cycloadditions. We anticipated

yield with good ee without the formation of regioisondera
(Scheme 3§32

that these complexes would catalyze the regio- and enantio-

selective formation of 3,3-disubstituted phthalides from
diynes possessing an alkoxycarbonyl group at an alkyne
terminus and tertiary propargylic alcohols through sequential

one-pot transesterification and [2 2 + 2] cycloaddition

due to the high Lewis acidity of a cationic rhodium (Scheme O/—: E .
2)10M1n this Letter, we describe a synthesis of enantioen- \__—_,,,

Scheme 2

Scheme 3
Ph
Mg # 5% [Rh(cod)s]BF4/
HO (R)-BINAP
CHQCIZ,
1a 2a
E =COsMe 1.1 equiv

b

3aa 56%, 87%ee pp 4aa 0%

After screening reaction conditions, the highest enantio-
selectivity was achieved by using (R)-Solphos ligand, and
improved yield was achieved by increasing the amount of

riched tricyclic 3,3-disubstituted phthalides through a cationic 2a(3 equiv, 82% yield, 92% ee; Table 1, entry 1). Thus, we

rhodium(l)/Solpho¥ complex-catalyzed asymmetric one-pot
transesterification and [2 2 + 2] cycloaddition.

First the reaction of symmetrical bispropargylic alcohol
2a and 1,6-diynela was examined in the presence of 5%
[Rh(cod}]BF4/(R)-BINAP at room temperature. We were
pleased to find that desymmetrization 2& through the
reaction withlaproceeded to give phthalidaain moderate
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Table 1. Rh(l)*/(R)-Solphos-Catalyzed Desymmetrization of
Symmetrical Tertiary Bispropargylic Alcohdls

R2
RS =
_ HO 5% [Rh(cod)sIBF/
Z/TE | | (R)-Solphos
+
\%RT CHQC]Q, rt,1h
E COZMe 2 3equiv
PPh,
[ PPh,
R)-Solphos
entry 1(Z,RYH 2 (R%, R?) % yield (8)° % ee
1 1a (O, Me) 2a (Ph, Me) 82 (3aa) 92
2 1a (O, Me) 2b (Me, Me) 67 (3ab) 90
3¢ 1a (O, Me) 2¢ (CH2OMe, Me) 75 (3ace) 92
4 1a (O, Me) 2d (H, Me) 66 (3ad) 48
5¢d  1a (O, Me) 2e (Ph, Et) 66 (3ae) 87
64 1b (NTs, Me) 2a (Ph, Me) 85 (3ba) 93
7¢d  1b (NTs, Me) 2b (Me, Me) 87 (3bb) 90 (R)
8¢ 1c (CHy, CO2Me) 2a (Ph, Me) 61 (3ca) 80
9¢e  1e¢ (CHy, COsMe) 2f (MesSi, Me) 53(3cf) 79

a[Rh(cod}]BF4 (0.010 mmol), ligand (0.010 mmol}, (0.20 mmol),2
(0.60 mmol), and ChkCl, (2.0 mL) were employed Isolated yields based
on 1. ¢Diyne 1 was added dropwise over 10 mfhReaction time: 3 h.
eLigand: (R)-BINAP.

explored the scope of this process with respect to both 1,4-
diynes and 1,6-diynes. Not only phenyl but mett8h (entry

2) and methoxymethyl2c, entry 3) substituted 1,4-diynes
reacted withlato give the corresponding phthalides in high
yields with high ee values. Desymmetrization of terminal

Org. Lett, Vol. 9, No. 7, 2007



1,4-diyne 2d proceeded with moderate enantioselectivity

despite a small difference in the steric demand between

ethynyl and methyl (entry 4). Although slightly lower yield
and ee were observed, 1,1-dialkynyl propae could
participate in this reaction (entry 5). With respect to 1,6-
diynes, etheria, entries +5), tosylamide 1b, entries 6 and
7), and methylene (1c, entry 8) linked diynes could be
employed. The reactions of sterically demanding trimethyl-
silyl-substituted 1,4-diyn@f with diyne monoestera and

1b are inefficient, but2f reacted with diyne diestetc to
give phthalide3cf in moderate yield with good ee by using
(R)-BINAP as a ligand (entry 9).

The successful desymmetrization of symmetrical tertiary
bispropargylic alcohols prompted our investigation into a
kinetic resolution of racemic tertiary propargylic alcohols
(Table 2). Although reactivities of them are lower than those

Table 2. Rh(I)"/(R)-Solphos-Catalyzed Kinetic Resolution of
Racemic Tertiary Propargylic Alcohdls

Me
_ HO 5% [Rh(cod)s]BF 4/
Z/TE I (R)-Solphos
" V" .
\%Me CHoCly, rt
1 R 1h
E=CO,Me 2 56aquv
racemic
entry 1(Z) 2 (R) % yield (3)° % ee
1 1la (O) 2g (Ph) 55 (3ag) 90
2 1a (O) 2h (Me) 56 (3ah) 94
3 1b(NTs)  2g (Ph) 79 (3bg) 86 (R)
4 1b (NTs) 2h (Me) 89 (3bh) 93

a[Rh(cod}]BF4 (0.0075 mmol), ligand (0.0075 mmol),(0.15 mmol),
2 (0.75 mmol), and CkCl, (1.5 mL) were employed. Diyn& was added
dropwise over 10 min? Isolated yields based ah

of tertiary bispropargylic alcohols, the reaction of racemic
tertiary propargylic alcohols possessing phe@g)(or methyl
(2h) at an alkyne terminus (5 equiv) with ether linked diyne

la proceeded to give the corresponding enantioenriched
phthalides in moderate yields with high ee values (entries 1

and 2). The use of tosylamide linked diyhb significantly
improved the yields of phthalides (entries 3 and 4). The

absolute configurations of both desymmetrization and kinetic

resolution products)-3bb and (+)-3bg, were determined
to beR by the anomalous dispersion method (Figure 1).

Figure 1. ORTEP drawing of R)-(+)-3bb(left) and R)-(+)-3bg
(right).

Scheme 4
_ X PH 5% [Rh(cod)]BF 4/
,— E O rac-BINAP
2 =g
\%R O CHQC|2, rt
1a,c 2i th
E =CO,Me

3ai Z=0,R=Me

(3 equiv of 2i), 70%

3ci Z =CHy, R=COxMe
(1.1 equiv of 2i), 85%

The present sequential transesterification and-[2 +
2] cycloaddition was applied to the synthesis of spiro
phthalides, which are key structures of functional dyes such
as thermal recording materidts Commercially available
9-ethynyl-H-fluoren-9-ol Qi) reacted withLaandlcto give
spiro phthalides3ai and 3ci, respectively, in high yields
(Scheme 4).

The observed high regio- and enantioselectivity can be
explained by the selective formation of rhodium complex
through oxidative coupling of alkyne moieties of 1,6-diyne
1 and transesterification of the methoxycarbonyl group of
1, activated by a cationic rhodium, with propargylic alcohol
2 (Scheme 5).

Scheme 5

Rh{)*

1
+
2

Indeed, the use of propargylic eth2y did not furnish
phthalides at all, and 1,6-diyried having no methoxycar-
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Scheme 6
Ph
_ Me = 5% [Rh(cod),]1BF 4/
/— E RO (R)-Solphos
0
\%Me | | CHyCly, 1t
ih
1a E=CO:Me Ph le} Ie}
1d E =Me 1.1 equiv E Me
2j R=Me OR OR
_ +
2a R=H Me Me E < PMe
Ph | | Ph | |
Ph Ph
3aj E=CO,Me, R =Me, 0% 4aj 0%
3da E=Me, R=H, 32%, 39% ee
1309



bonyl group reacted witRa to give cycloadducBda with a versatile new method for the synthesis of enantioenriched
low ee (Scheme 6). tricyclic 3,3-disubstituted phthalides in view of the easy
In conclusion, we have demonstrated that a cationic access to both coupling partners.
rhodium(l)/Solphos complex-catalyzed asymmetric one-pot
transesterification and [2 2 + 2] cycloaddition represent Acknowledgment. We thank Solvias AG for the gift of
(R)-Solphos under their University Ligand Kit program.
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