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Itis well-known that certain cyclophanes having short ansa chains Scheme 1
exhibit planar-chirality due to the restricted rotation of the aromatic
ring.! Despite the potential utility of the planar-chiral cyclophanes R? R
in the area of asymmetric synthesis, hogtiest chemistry, and

material science, the existing methods for the synthesis of them
are based on the optical resolution of racemic compounds, and the achiral

straightforward enantioselective synthesis has not been reported to

date?3 Our recent investigation into Rh(i)Hg-BINAP-catalyzed R!
alkyne cyclotrimerization revealed that paracyclophanes can be -
obtained in good yield from terminatk,w-diynes and dimethyl ‘

2_

acetylenedicarboxylate® In this Communication, we describe the

first enantioselective synthesis of planar-chiral metacyclophanes

through Rh(1}/(R)-Hg-BINAP-catalyzed alkyne cyclotrimerizatidn. Table 1. Enantioselective Synthesis of Planar-Chiral
We recently reported the one-step synthesis of [6]carbameta-[7]—[10]Metacyclophanes

chiral

cyclophanes from 1,9-decadiynel] and diethyl acetylenedicarbox- Me—=—Y,
late @) (eq 1)* At room temperature, if the hexamethylene chain 0 5% [Rh(cod)]BF 4/
ylate ) (eq 1)* At room temp the thyler o= P TN
of 3 resides at one side of the aromatic ring (no ring flip to the r
other side)3 can exhibit the planar-chiralityHowever, the broad 7 CHZCIZ,
signals of the benzylic protons & were observed byH NMR \_ o 01061 hM Meo
analysis, which suggests the ring flip at room temperature. 0 — \ ( 9 (meta)
8 OMe 10 (ortho)
— E 5% [Rh(cod),]BFy/ entry 8 Y z yield (%)29 (10)  ee (%) 9
- (R)-Hg-BINAP E
+ | | - 1) 1 8 C=0 Ch 10 (31) >98
= CHoClp, 1t, 1h 2 8b C=0 CH.CH, 13(15) >98
E (0.005 M) E 3 8c C=0 CH,CH,CH; 10 (40) 98
1.0 equiv 3 50% 4 8d C=0 CHOCH, 29 (29) >98
2 E = COEt achiral 5 8 C=0  CH,CH,CH,CH, 13 (23) 91
= 2
6 8 CHy CH, 25 (37) 90
. i . ) 7 8y CH: CH,CH; 33 (35) 93
Thus, the reaction of ether-linked terminal 1,9-diyAeand 8 8h  CH, CH,CH,CH, 21 (15) 94
dimethyl acetylenedicarboxylat®)(was investigated to increase od 8i CH, CH,OCH, 30° (55) 88
the steric strain of the ansa chain. Although the reaction gave desired 10~ 8)  CHz  CHxCH;CH,CH, 30(23) 93
. 0 o
[6]ether metacyclophar@with 23% ?e’ Con;plete racemization of alsolated yield of a pure regioisoméThe corresponding chiral diol
6 proceeded at room temperature for 48 h (eq 2). of 9d was isolated in pure form by treatment with LiAJH Isolated as a
mixture of 9i and 10i. 4 Reaction time: 40 h.
— E 5% [Rh(cod),]BF. . . . N . .
O0——= E,:E)_ch_%ﬁ]o‘p"/ E biphasic system, which diminished the formation of undesired
E + || m E @ intermolecular reaction productsHowever, only [9] and [10]-
o= E 2(05'1 M) o) metacyclophanes were obtained as minor products along with the
4 . 6 (meta) 17%, 23% ee major orthocyclophanes, and [7] and [8]metacyclophanes possessing
1.0 equiv o . . .
5 E = COMe (rt 24 h, 5% ee; 48 h, 0% ee) short ansa chains were not obtairteé? Furthermore, the intramo-

(o)
7 (ortho) 14% lecular cyclotrimerization of less reactive triynes bearing substituents

. ) _at two alkyne termini have not been realized to date.

Consequently, we have designed the intramolecular cyclotri- —\ye first examined the reaction of methyl- and methoxymethyl-
merization of triynes bearing substituents at two alkyne termini, substituted triyn@a, bearing an ester-linked 1,6-diyne moiety, using
which could furnish the corresponding ortho- or metacyclophanes. 5o, Rh(I)*/(R)-Hg-BINAP at room temperature, which furnished
These metacyclophanes would possess stable planar- Chlralltythe desired [7]Jmetacyclopha®a with excellent enantioselectivity
because Of_ no nn_g flip (Scheme 9.L)3h|_nok_ubo, (_)shnma, _and co- (>98% ee), althougBa was obtained as a minor isomer (Table 1,
work_er realized this type of macrocycllzgt!o_n using reactive tr_lynes entry 1)1 Fortunately, the reaction of triyr@f, bearing an ether-
bearing hydrogens at two alkyne termini in an aquecnrganic linked 1,6-diyne moiety, furnished the desired [7]metacyclophane

* Department of Applied Chemistry. 9f in improved ylelq with high enantiomeric excess (90% ee, entry

* Instrumentation Analysis Center. 6). Thus, the reactions of a series of triyr8s-e and8g—j using
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