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Formation of 3-pyrrolines from simple unactivated allenes bearing a protected amino group under basic conditions is described. Treatment

of a-amino allenes with potassium carbonate in DMF under reflux in the absence of any transition-metal catalysts gave the corresponding
3-pyrrolines in good to excellent yields, by 5-  endo-trig mode cycloisomerization. The reaction of internal allenes with an axial chirality afforded
the corresponding 3-pyrrolines in a stereoselective manner.

Chiral 3-pyrrolines including 3,4-dehydroproline are known [ N

as useful synthetic _intermediate_s for mpdified_ proline Scheme 1. Cycloisomerization of Allenes through
analogue$, conformationally restricted amino acid ana- 5-Endo-TrigMode by Activation of Allenic Double Bord
logues? antibiotic anisomycir, and other related com- R 1® R M R H
pounds® Cycloisomerization of allenes through aeheo- W 2=§LR, = —
trig mode is a powerful strategy for the construction of g R Ut - Nog R - NG R
. . 1
3-pyrroline$ and other heterocycles such as dihydrofutans = 2 Ho 5 4
and butenolide$As shown in Scheme 1, this type of reaction |
) FG H R H
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ity.1213|n contrast, only limited examples of tlemdo-mode of amino allenes without using any transition-metal catalysts.
cycloisomerization under basic conditions in the absence of Herein, we describe #COs;-mediated stereospecific cyclo-
any transition metals are reported to date, which usedisomerization ofx-amino allenes, which is the first example

preactivated allenes (R or R = functional group) such as
methoxy allene&}*>fluorinated allene&S or allenyl sulfones
and related compound$|eading to functionalized cyclized
products5 or 6.

As a part of our ongoing program directed toward
economical and environmentally friendly cyclization of
allenic compound&?~2°we investigated cycloisomerization

(5) (a) Claesson, A.; Sahlberg, C.; LuthmanA€ta Chem. Scand979,
B33, 309-310. (b) Lathbury, D.; Gallagher, T1. Chem. Soc., Chem.
Commun.1986, 114—115. (c) Kinsman, R.; Lathbury, D.; Vernon, P.;
Gallapher, TJ. Chem. Soc., Chem. Comma@87, 243—244. (d) Prasad,
J. S.; Liebeskind, L. STetrahedron Lett1988,29, 4253—4256. (e) Fox,
D. N. A.; Lathbury, D.; Mahon, M. F.; Molloy, K. C.; Gallagher, 1.
Chem. Soc., Chem. Commur®89, 1073—1075. (f) Ohno, H.; Toda, A.;
Miwa, Y.; Taga, T.; Osawa, E.; Yamaoka, Y.; Fujii, N.; Ibuka,J.Org.
Chem.1999,64, 2992—2993. (g) Dieter, R. K.; Yu, HOrg. Lett.2001,3,
3855—3858.

(6) (a) Olsson, L.-1.; Claesson, Synthesid 979, 743-745. (b) Fujisawa,
T.; Maehata, E.; Kohama, H.; Sato, Them. Lett1985, 1457—1458. (c)
Nikam, S. S.; Chu, K.-H.; Wang, K. Kl. Org. Chem1986,51, 745—747.

(d) Marshall, J. A.; Wang, X.-1J. Org. Chem1990,55, 2995—2996. (e)
VanBrunt, M. P.; Standaert, R. Brg. Lett.200Q 2, 705-708. () Lepage,
O.; Kattnig, E.; Furstner, AJ. Am. Chem. So@004,126, 15970—15971.

(7) (a) Gill, G. B.; Idris, M. S. H.Tetrahedron Lett1985,26, 4811—
4814. (b) Marshall, J. A.; Wolf, M. A.; Wallace, E. M. Org. Chem1997,

62, 367—371. (c) Yoneda, E.; Kaneko, T.; Zhang, S.-W.; Onitsuka, K.;
Takahashi, SOrg. Lett.2000,2, 441—443.

(8) Hashmi, A. S. K.; Ruppert, T. L.; Knéfel, T.; Bats, J. \4.. Org.
Chem.1997,62, 7295—7304.

(9) (&) Ma, S.; Yu, Z.; Wu, STetrahedron2001,57, 1585—1588. (b)
Kel'in, A. V.; Gevorgyan, V.J. Org. Chem2002,67, 95-98.

(10) Marshall, J. A.; Robinson, E. [J. Org. Chem1990,55, 3450—
3451.

(11) For arelated cycloisomerizations, see: (a) Arseniyadis, S.; Sartoretti,
J. Tetrahedron Lett1985 26, 729-732. (b) Grimaldi, J.; Cormons, A.
Tetrahedron Lett1986,27, 5089—5090. (c) Meguro, M.; Yamamoto, Y.
Tetrahedron Lett1998,39, 5421—-5424. (d) Arredondo, V. M.; Tian, S.;
McDonald, F. E.; Marks, T. 1. Am. Chem. S0d 999,121, 3633—3639.
(e) Ha, J. D.; Cha, J. KI. Am. Chem. S0d 999,121, 10012—10020.

(12) (a) Hashmi, A. S. K.; Schwarz, L.; Choi, J.-H.; Frost, T.Ahgew.
Chem., Int. Ed2000,39, 2285—2288. (b) Hoffman-Rdder, A.; Krause, N.
Org. Lett.2001,3, 2537—2538. (c) Morita, N.; Krause, Krg. Lett.2004,

6, 4121-4123. (d) Lee, P. H.; Kim, H.; Lee, K.; Kim, M.; Noh, K.; Kim,
H.; Seomoon, DAngew. Chem., Int. E®005,44, 1840—1843.

(13) For HCI gas-mediated cyclization, see: Krause, N.; Laux, M.;
Hoffmann-Rdder, ATetrahedron Lett2000,41, 9613—9616.

(14) (a) Gange, D.; Magnus, B. Am. Chem. S0d 978,100, 7746—
7747. (b) Hormuth, S.; Reissig, H.-U. Org. Chem1994,59, 67-73. (c)
Breuil-Desvergnes, V.; Compain, P.; Vatele, J.-M.; GareTetrahedron
Lett. 1999,40, 5009—5012. (d) Amombo, M. O.; Hausherr, A.; Reissig,
H.-U. Synlett 1999, 1871—-1874. (e) Breuil-Desvergnes, V.; Gode
Tetrahedron2001, 57, 1939—1950. (f) Flégel, O.; Amombo, M. G. O.;
Reissig, H.-U.; Zahn, G.; Bridgam, |.; Hartl, i&hem. Eur. J2003,9,
1405—1415.

(15) A methoxy group on the allenic carbon promotes single electron
transfer from the dimsylate anion to give radical anion intermediate; see:
Magnus, P.; Albaugh-Robertson, P.Chem. Soc., Chem. Comm884,
804—806.

(16) (a) Wang, Z.; Hammond, G. B. Org. Chem2000, 65, 6547—
6552. (b) Lan, Y.; Hammond, G. BOrg. Lett.2002,4, 2437—2439.

(17) (a) Mukai, C.; Yamashita, H.; Hanaoka, Mrg. Lett. 2001, 3,
3385—3387. (b) Mukai, C.; Ohta, M.; Yamashita, H.; KitagakiJSOrg.
Chem.2004,69, 6867—6873. See also: (c) Pravia, K.; White, R.; Fodda,
R.; Maynard, D. F.J. Org. Chem1996,61, 6031—6032.

(18) For our recent contribution on [ 2] cycloisomerization of

of base-induced 5-endo-trignode cycloisomerization of
simple unactivated allenes in the absence of any activating
reagents toward the allenic-bond.

We preparedr-amino allener according to our reported
procedure through the diethylzinc-mediated reductive syn-
thesis of amino allenes catalyzed by palladiunf{®tarting
from L-valine. The choice of Mts as a protecting group was
based primarily on its ease of deprotectfrkirst, cyclo-
isomerization of7 under various basic conditions (NaH/
DMF, t-BuOK/DMF, orn-BuLi/THF, etc.) was investigated,
and we found that treatment &f with K,CO;s in a polar
solvent in high temperature afforded the desired cyclo-
isomerized producB (Table 1). Among the solvents inves-

Table 1. Optimization of Reaction Conditions

S
'}‘H conditions H '}l
Mts Mts
7 8
reaction
entry KoCOgs(equiv) solvent 7T (°C) time (h) yield* (%)
1 1.0 DMSO 180 3 61
2 1.0 DMI 180 1 75
3 1.0 NMP 180 3 80
4 1.0 DMF reflux 6 84
5 0.5 DMF reflux 24 71
6 0.1 DMF reflux 120 47

2|solated yields. Mts= 2,4,6-trimethylphenylsulfonyl.

tigated (Table 1, entries 1—4), DMF has proven to be the
solvent of choice for the desired transformation, leading to
3-pyrroline 8 in 84% yield (Table 1, entry 4). A catalytic
amount of KCQO; did promote the cycloisomerization (Table
1, entries 5 and 6) but required prolonged reaction time: the
cyclization with 0.1 equiv of KCOs; for 120 h yielded8
(47%) with the recovered starting material (7%). Structure
of 8 was unambiguously confirmed by comparison with the
authentic samplé&
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Table 2. K,COs-Promoted Cycloisomerization of Terminal Table 3. K,CO;—Promoted Cycloisomerization of Internal
Alleneg Alleneg
entry substrate time (h) product yield (%)? entry substrate time (h) product yield (%}”
N = )\(%(S) —
. . H H
~x N D XynMe X, 80
1 m\ 120 N 61 1 F 18 \{Q’,Me
| | | H )
Mts Mts Mts Mts
9 13 17 21
: PUIN —
: = A
: : . H Me
- : Ny Ng?
. 2 H 102 83
e RS o 0w o N
| H O Mts Mts
Mts Mts 18 22
10 14
S — yH N 7
>‘Y\\ _ 3 NH 24 WO 87
3 20 3 78 h b
NH H N Mts Mts
Mts Mts 19 23
11 15
- - A
N — '\-\‘4 N 5
4 N ) 77 4 Y 312 S 75
NH N \ H \ //
) | Mts Mts
Ts Ts 20 2
12 16

a All reactions were carried out in the presence oCKs (1 equiv) in

a All reactions were carried out in the presence oK; (1 equiv) in DMF under reflux.” Isolated yields

DMF under reflux.P Isolated yields.

; - ; havingC,-symmetry, were obtained after prolonged reaction
amino allene9 or 10 having an isobutyl group or aec X ) . . :
butyl group, respectively, at the-position of the allenic tlme_ (102]:?112 h) Il:_)ut(;n gogd yleldé?d'l'zr;e relat(ljve cor_1f|g;j
moiety with KxCOs; in DMF under reflux yielded the desired uration o t. € cyc 'ﬁeh pro Ec@l an vgas etermine
cyclized productsl3 and 14 in 61% and 60% yields, by comparison with the authentic sampfés.

respectively (Table 2, entries 1 and 2). Interestingly, both It, should be clearly noted tha't the internal alldj%earing
the allenes1 with a bulkytert-butyl group andL2 without an isopropyl group on the allenic carbon was completely inert

the a-substituent gave 3-pyrrolineE5 and 16 in slightly toward the well-established silver(l)-mediated cyclization

improved yields (77—78%). The required reaction time for (Scheme 2). This result can be attributed to the steric
this transformation is highly dependent on tksubstituent

(1-120 h). Among the terminal allengsand 9-12, the | NN

a-unsubstituted amino allen&® showed the highest reactiv- Scheme 2

ity toward the KCOs-mediated cycloisomerization: the

reaction was completed within 1 h under the standard reaction /H/\’\-\H Ag;“e?gﬁgafg s .

conditions. NH )\ W no reaction
Then, the cycloisomerization of diastereomerically pure Mts reflux 24 h

internal allenes bearing anamino group was investigated. 19

The requisite chiral internal allenes7—20 were easily
prepared by organocopper-mediated stereospecific ring- . ) . S
opening reaction of 2-ethynylaziridines derived framor ~ crowding of the allenic moiety that inhibits access or
p-amino acidg* The results of the cycloisomerization coordlqatlon of silver to the allenic double bonq. In contrast,
reaction are summarized in Table 3. We were pleased to findK2COs-induced reaction ot afforded the sterically con-
that the reaction of all the internal allenes yielded 2,5- 9estedmeso-2,5-disubstituted 3-pyrrolir#3 in 87% yield
disubstituted 3-pyrrolines in a stereospecific manner and in (Table 3, entry 3), presumably because these conditions
good yields (75-87%). The reaction ofR,aS)- and$,aR)- activate the nitrogen atom of the amino allett

allenes17 and 19, respectively, completed within 24 h to In conclusion, we have first demonstrated that cyclo-
give the 2,5-cis-3-pyrrolineg1 and 23. In contrast, the isomerization of unactivated allgnes havi_ng a sg[fonamide
reactivity of R,aR)- and $,aS)-allenes8 and 20 was group can be promoted under simple basic conditions using
relatively low: the 2,5rans-3-pyrroline®2 and24, the latter

(25) The lower reactivity ofl8 and 20 will be an influence of the Mts
group: the aryl group of Mts will direct the opposite side to the isopropyl

(24) (a) Ohno, H.; Toda, A.; Miwa, Y.; Taga, T.; Fujii, N.; Ibuka, T.  group at thex position, which may cause an unfavorable steric interaction
Tetrahedron Lett1999,40, 349—-352. (b) Ohno, H.; Toda, A.; Fujii, N.; to the alkyl group on the allenyl carbon on cyclization. However, the exact
Takemoto, Y.; Tanaka, T.; Ibuka, Tetrahedron2000,56, 2811—2820. reason for their lower reactivity is unclear.
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