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Stereodivergent Allylindation of Cyclopropenes.
Remarkable Stereodirection and Acceleration by Neighbouring
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Hylindation of C_yuul_uupenc derivatives has been realised Tegio- and sicreose-

lectively. The coupling occurs exclusively at the y-carbon of allylic indium rcagents and the more
substituted carhon of the cyclopropene double bond  The carboxyl and hydroxymethyl groups on the

cyclopropene C3-carbon exert significant effects in cis-direction and acceleration of the allylindation
based on the intramolecular chelation, whereas the ester group directs a trms-addition owing to the steric
interaction with incoming allylindium reagents. © 1998 Elsevier Science Ltd. All rights reserved.

Carbometalation of unsaturated compounds has long been the subject of great concern.!  Of a variety of
main group metals as well as transition metals, indium has recently received increasing interest as a versatile
metal for carbometalation. Regioselective carboindation was first reported on alkynes with allylindium
reagents. 2 Allenes were also found to undergo a clean regio- and stereoselective allylindation.3 Thus, it has
been shown that the carbon-carbon multiple bonds with enhanced s character, such as those of alkynes and
allenes, undergo a smooth allylindation, whereas ordinary carbon-carbon double bonds are inert. Here we
disclose that the first allylindation of cyclopropenes,# which possess an s character rich double bond (sp!-19),5
proceeds regio- and stereoselectively, where proximal carboxyl as well as hydroxyl groups exert significant
effects in cis-direction and acceleration of the addition of allylindium reagents based on the intramolecular
chelation.

3-(Hydroxymethyl)- I-hexylcyclopropene (1a) gave the allylindation product in high yields (Table,
entries 1-4) (eq. 1). The reaction proceeded both in organic and aqueous media, but the yield and the
selectivity in THF were higher than those in DMF and in water. y-Substituted allylic indium reagents reacted
at the y-carbon (entries 5 and 6). The regio- and stereoselectivities of the present allylindation are high: the
allylic group was introduced exclusively to the substituted carbon of the cyclopropene double bond, and the
allylindium reagents added preferentially from the c¢is face of the hydroxymethyl group (confirmed by
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clean allylindation at e!eva{ed temmwratuw w:th h}g., regio- and stereoselectivities (entries 7 and 8)
Th s - 3 i 1 11 A
The complete regioselectivity (allylation of the substituted carbon of cyclopropene} was again attained
. : M hinrh
with the acetate 1¢ (entries 9-11).  Quenching the reaction with trifluoroacetic acid-d resulted in 6-d, in which

the deuterium atom was introduced exclusively syn to the allyl group, thus confirming a syn-addition mode of
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the allvlindium derivative. Interestingly, the stereoselectivity was dramatically reversed to that of the alcoholic
1a and carboxylic substrates 1b; allylindium added trans with respect to the acetoxymethyl group. At elevated
temperature, a ring-opening of the resulting cyclopropylindium species took place with an elimination of the
i » L= o t=] ~ o v/ r*>¥rJ o ) diang
aratnoyy oronn tn vield (7 _henta_1 ? K-triena (17) (en ) The Z-gseometrv of 17 confi hv N
acetoxy group to yield (Z)-hepta-1,3,6-triene (17) (eq. 2). e of 17, confirmed by NOE
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e relative reactivities of 1a and 1¢ were compared by a competition experiment. An equimolar
mixture of 1a and 1¢ was subjected to allylindation in THF with a limited amount of allylindium sesquiiodide.
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contain 2 (64% yield) and unreacted 1¢ (73% recovery), and 6 was not
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formed at all, thus demonstrating the highly enhanced reactivity of 1a
The observed high cis-stereoselectivity in the allylindation of the carboxyl- and hydroxymethyl-bearing
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regioselectively at the more substituted double bond carbon via the tricyclic transition state. The enhanced
reactivity of 1a compared with I¢ is consistent with the fact that the involvement of a chelaied intermediaie
lowers the transition state energy, consequently resulting in rapid conversion to the product."7 More co-
ordinative solvents such as water and DMF are considered to compete with the intramolecular chelation, accord-
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able. Allylindation of Cyclopropenes?
Entry Cyclopropene R4 Conditions Product(s) (Yield/%) cis:trans®
1 12 H THF, 0-5 °C 2 (85) 95:5
2 H THF, r.t. 2 (95) 93:7
3 H DMF, r.1. 2(74) 85:15
4c H H5O, r t. 2 (30), (2514 45:55
5 Me THF,r.t. 3¢ (63), 11 (5) 92:8
6 Ph DMEF, 100 °C 47 (59), 12 (5) 78:22
7 1b H THF, rfx. 5(81) 100:0
8¢ H DMF, 100 °C 5(70) 89:11
9 1c H THF, r.t. 6 (66) 0:100
10 H DMF, r.t. 6 (42) (10)4 0:100
11 H DMF, 1060 °C 6 (25), 2 (16), 17 (36) 0:1008
12 1d H THF, rfx 7(63) 26:74
13 H DMF, 100 °C 7 (50) (19)4 3:97
14 le H THF, r.t. 8 (21), 13 (49) 100:0
15 Me  THF,r.t. 9h (22), 14 (27) 100:0
16 it H THF, r.t. 10 (20), 15 (42) 100:0
17 H DMF, 100 °C 10 (27), 15 (28) 100:0
18 Ph  DMF, 90 °C 16 (43)

@ All reactions were carried out for 3-4 h unless otherwise noted. # Cis:trans refers to the relation between R3 and the allyl group
introduced in the cyclopropane product. ¢ Reaction time ca. 20 h. dRecovery of the starting substrate. € Diastereomeric ratios 91:9
(cis-isomers) and 71:29 (trms-isomers). / Diastereomeric ratios 76:24 (cis-isomers) and 68:32 (trs-isomers). & Ratio of compound

6. /' Diastereomeric ratio 89:11.
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ingly decreasing the reaction rate and the cis-selectivity of the allylindation.  Although similar acceleration and
stereoselection based on a hydroxyl-chelation were observed in the allylindation of alkynols2 and allenols? as
well as the auyxauon of hydroxyaldehydes,8 examples based on the chelation of a carboxylic acid group are
quite limited.?

In summary, it has been shown that the substituent on the cyclopropene C3-carbon plays an important
role in determining the stereoselectivity of allylindation: the carboxyl and hydroxymethyl groups faciiitate a high
cis-addition based on the chelation, whereas the ester group directs a frans-addition owing to the steric
interaction with incoming allylindium reagents. The starting cyclopropene derivatives used in this work are
easily accessible via the transition metal catalysed reaction of diazoacetates with alkynes. 10 Therefore, the
present allylindation of cyclopropenes provides a convenient method for the stereodivergent synthesis of

substituted cyclopropanes.1 1



6330

Anbumawladwnsannt L § V7t TR PR » T SR » L B 7 P N o e ATLNET

MACARRUWICUECHICIHL, YYU UldlIK T'IOICSNO l\_yUlLlll l\d.l.d.Kd.l, \JUHH]d UanCrblly T INUE Incasure-

ments. This work was financially supported by a Ciba-Geigy Research Grant from Ciba-Geigy Foundation

(Japan) for the Promotion of Science. One of us (K.S.) wishes to thank Association of International
s e £

l"(lﬂbdll()l’l, Japan for financial support.

ARCATE SRS

1. For reviews, see: (a) Normant, J. F.; Alexakis, A. Synthesis 1981, 841-870. (b) Negishi, E. Pure Appl. Chem.
1981, 53, 2333-2356. (c) Oppolzer, W. Angew. Chem., Int. Ed. Engl 1989, 28, 38-52. (d) Knochel, P.

Carbometaliation of Alkenes and Alkynes. In Comprehensive Organic Synthesis; Trost, B. M., Fieming, I.,
Eds.; Pergamon Press: New York, 1991; Vol 4, pp 865-911. (e) Yamamoto, Y.; Asao, N. Chem. Rev. 1993, 03,
2207-2293.

2. (a) Araki, S.; Imai, A.; Shimizu, K.; Butsugan, Y. Tetrahedron Lett. 1992, 33,2581-2582; (b) Araki, S.; Imai,
A.; Shimizu, K.; Yamada, M.; Mori, A.; Butsugan, Y. J. Org. Chem. 1995, 60, 1841-1847; (c) Fujiwara, N.;
Yamamoto, Y. J. Org. Chem. 1997,62,2318-2319; (d) Ranu, B. C.; Majee, A. J. Chem. Soc., Chem. Commun.
1997, 1225-1226;

Araki, S.; Usui, H.; Kato, M.; Butsugan, Y.J. Am. Chem. Soc. 1996, 118, 4699-4700.

4. For selected examples of carbometalation of cyclopropenes, see: allylboration: (a) Bubnov, Y. N.; Kazanskii, B.

A.; Nesmeyanova, O. A.; Rudashevskaya, T. Y.; Mikhailov, B. M. Izv. Akad. Nauk SSSR, Ser. Khim. 1977,

'7(11‘ '7<AQ h o Alu-n- 1072 2Q 74410 (Y D~ I 3 Rangian D N I N,
G, Lnten. ARSIy, 1716, 00, (9917, au_yuuag.uualauuu \u} 1\1\415}, Jr. . M1\ L)CllblUll R. VL. J. UTE.

Chem. 1980, 45, 5036-5042; (c) Lehmkuhl, H.; Mehler, K. Liebigs Ann. Chem. 1982, 2244-2246; (d)
Nesmeyanova, O. A_; Rudashevskaya, T. Y.; Dyachenka, A. L.; Savitova, S. F.; Nefedov, O. M. Synthesis, 1982,
296 297; carbocupration: (e) Stoll, A. T.; Negishi, E. Tetrahedron Let. 1985, 26, 5671-5674,; (f) Nakamura,

; Isaka, M.; Matsuzawa, S. J. Am. Chem. Soc. 1988, 110, 1297-1298; (g) Isaka, M.; Nakamura, E. J. Am.

lnom C'n/- Iﬂﬂﬂ 117 '7/1’79"7/1'1(\ rhnzincats s fhYy Kiaha K - Nakamuiea L.V T.-nLr. A - Nabka r J
em. YO0C. 155V, 1 4£30; carnozincation: (i) Aunota, K., Nakamura, M., 15aKa, Mi.; Nagkamura, ct. .

Am. Chem. Soc. 1993 115, 5867-5868; (i) Nakamura, E.; Kubota, K J. Org. Chem. 1997,62,792-793.
5. Allen, F. H. Tetrahedron 1982, 38, 645-655.
6. At present, the definitive mechanism for the formation of these ring-opening

o oam

pl’lySiCﬂl data of 13 are shown as a represemauve colouriess Oll iR (neat) 342

IA’ZQ 'I'XQ’) 1052 1000 018 Rigcem- l i NNMBR 200 MIT> (T \ R 1274 T~ &
Viy IVJL, 1UUY, 710, 61U {0 I1 INIVEIIN (&UU ViK1, \_,JJ\,AJ .U o U.

A
H),2.05 (dd, J = 13.3, 90HZ,IH),216 2.28(m,3 H),3.69-3.82 (m, 1 H),5.11 (d,/=
5.12(d,J= 164 Hz, 1 H),5.27 - 5.39 (m, 1 H), 5.76 - 5.96 (m, | H); HCNMR(‘SOMHICDCM) 8|35

15.7,41.4,47.3,68.0,117.5,122.4, 132.6, 135.0. Anal. Caled for CgH;¢0: C, 77.09; H, 11.50. FoundA C,

76.93; H, 11.69.
7. (a) Frye, S. V.; Eliel, E. L.; Cloux, R. J. Am. Chem. Soc. 1987, 109,1862-1863; (b) Chen, X.; Hortelano, E. R;
Eliel, E. L.; Frye, S. V. J. Am. Chem. Soc. 1990, 112,6130-6131.

hd

E‘)
C> "O
Q..
=1
(]
174

—
W
jonlile
N
[
T
-~

Q fay Tenan \l D . Damria T A I MNes; ML 100" £9 £7271 £21720Q A wafaranmans Aibad thacaie )
O. ta) 1daas, ivi. bD., raqucuc, L. K. J. Ulg Cri€m. 17771 s UL, DII30-I0020, ana iererences Lo lllClClll 1'ul
substrate-directed reactions, see: (b) Hoveyda, A. H.; Evans, D. A.; Fu, G. C. Che v. 1993,93, 1307-1370.

9. Very recently, such a rare example was reported in the indium-promptcd allylatlon of v-hydroxy-y-lactones:
Bemnardelti, P.; Paquette, L. A. J. Org. Chem. 1997,62,8284-8285.

10. Doyle M. P. Transition Metal Carbene Complexes: Cyc]opropanation In Comprehensive Organometallic
o otan, Il Ahal 0 \17 Cemma D T A Wilkamo I CAc - Darocaman- Nefred 100K Unl 19 me;m 2Q7_A0N
\_/llC'!lLbllyll MAUCE, B, VY ., JIULIC, 1'. J. M., ¥Y ll]\llI\Ull ., I_A.ID IClsalllUll AIVIGU, 1770, VUL 14, yy 2O "LV,

I'1. The following reaction (entry 7, Table) represents a gencral procedure: To a solution of allylindium
sesquiiodide, prepared from indium powder (172 mg, 1.5 mmol) and allyl iodide (0.20 mL, 2.3 mmol) in
THF (3.0 mL), was added 1-hexylcyclopropene-3-carboxylic acid (1b) (168 mg, 1.0 mmol), and the mixture

was heated under reflux for 4 h. The reaction mixture was allowed to cool down to room temperature and

nnnnnn had hy tha additinn Af dilatad hudrachlacis anid Tha nrads umec avtrantad uith di~rhlaramathanae and
guendcnea U_y i€ aaauion ox uuuu,u nyarcCmicric acia. LT l,uuuuul was EXiraciea with GiCn:oromeinand anda

the extracts were washed with brine and then dried (NapSOy4). The solvent was removed under reduced
pressure, and the residue was chromatographed on silica gel using CH7Cl>-hexane (1:1) as eluent to give §
(169 mg, 81%): colourless oil; IR (neat): 3050, 2900, 2850, 1685, 1630, 1442, 1420, 1280, 1218, 982, 904
cm~1; TH NMR (200 MHz, CDCl3): §0.87 (t,J = 5.3 Hz,3 H),0.96 (dd,J = 7.9,4.5 Hz, 1 H), 1.13 - 1.37 (m,
11 H), 1.52 (dd J 7.9,5.5 Hz, 1 H),2.08-2.37 (m,2 H),5.00 - 5.09 (m,2 H),5.64 - 5.84 (m,1 H),11.5 -
12.0 (bs, | H); 13C NMR (50 MHz, CDCl3): 614.0,21.3, 22.6,25.5,26.0,29.3 (overiapped two peaks), 31.8,
33.5,37.0, 116.5, 135.7, 179.4.  Anal. Calced for Cy3H2205: C,74.29; H, 10.48. Found: C, 74.16; H, 10.40.



