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A highly efficient regiodivergent method for the synthesis of N-fused heterocycles via transition-metal-catalyzed rearrangement of

3-iminocyclopropenes has been developed.

Transition-metal-catalyzed chemistry of cyclopropé -
efits from their enormous ring strafnThe highly reactive
double bond enjoys a variety of additfoand cycloadditiof
reactions, while rearrangements allow for construction of
various carbd-and heterocycle%: 97 Thus, there are several

reports on the metal-catalyzed rearrangements of 3-acyl-

cyclopropenes into furans (eq %)97 However, to the best

(1) For recent reviews, see: (a) Rubin, M.; Rubina, M.; Gevorgyan, V.
Chem. Re. 2007, 107, 3117. (b) Rubin, M.; Rubina, M.; Gevorgyan, V.
Synthesi006 1221. (c) Fox, J. M.; Yan, NCurr. Org. Chem2005 9,
719.

(2) For discussion on the strain energy in small rings, see, for example:
Back, R. D.; Dmitrenko, OJ. Am. Chem. So2004 126, 4444.

(3) For carbometalations, see: (a) Liao, L.; Fox, J. MAm. Chem.
S0c.2002 124, 14322. (b) Liu, X.; Fox, J. MJ. Am. Chem. So006
128 5600. For hydrometalations, see: (c) Rubina, M.; Rubin, M
Gevorgyan, VJ. Am. Chem. So2002 124, 11566. (d) Rubina, M.; Rubin,
M.; Gevorgyan, V.J. Am. Chem. SoQ003 125 7198. (e) Rubina, M.;
Rubin, M.; Gevorgyan, VJ. Am. Chem. So2004 126, 3688.

(4) For selected examples, see: (a) Diev, V. V.; Kostikov, R. R.; Gleiter,
R.; Molchanov, A. PJ. Org. Chem200§ 71, 4066. (b) Ma, S.; Zhang, J.;
Lu, L.; Jin, X.; Cal, Y.; Hou, H.Chem. CommurR005 909. (c) Palleria,

M. K.; Fox, J. M. Org. Lett 2005 7, 3593. (d) Weatherhead-Kloster, R.
A.; Corey, E. J.Org. Lett.2006 8, 171. (e) Padwa, A.; Kulkarni, Y. S.;
Terry, L. W.J. Org. Chem199Q 55, 2478.

(5) For coupling reactions, see: (a) Yin, J.; Chisholm, J.hem.
Commun2006 632. (b) Chuprakov, S.; Rubin, M.; Gevorgyan, . Am.
Chem. Soc2005 127, 3714.
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of our knowledge, an analogous metal-catalyzed construction
of N-containing heterocycles has no precedémtsrein, we
wish to report the first example of a regiodivergent Cu- and
Rh-catalyzed rearrangement of 3-iminocyclopropenes into
N-fused pyrroles, heterocyclic scaffolds endowed with a wide
array of important biological properties (eq%2).
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It deserves mentioning that, until recently, there were no
convenient approaches toward C-3 imino-substituted cyclo-
propenes, potentially useful building blocks for organic
chemistry? Recently, we foun¥ that 7-halo-substituted
N-fused triazoled could be used as surrogates éoimino

R SNZ (this work) (2)



diazocompounds in the Rh(ll)-catalyzed chemoselective

reaction with terminal alkynes to produce indolizirsr Table 1. Rhy(S-DOSP)-Catalyzed Cyclopropenation of
3-(2-pyridyl)cyclopropene8, depending upon catalyst source  pyrigotriazoles with Alkynes
(eq 3)1° The presence of the halogen substituent was

R2 3
crucial, as no reaction occurred with triazoles possessing H P Rh&(gsgg%%?f/?“ Z | i
or alkyl groups at C-7° Although the direct Rh(ll) perfluo- ~ N\N’N — Rr° RN
robutyrate-catalyzed transannulation of triazoles provided a R 1 ; R

rapid and convenient approach toward indoliziffeis,was
not without limitations. Thus, only triazoles that possessed ,, Rg: R2 R3 yield, %
strong electron-withdrawing group at C-3?(R CO;R) were

efficient in this transannulation reaction. We hypothesized ; 8 gﬁ i: ;)-hOMeCGH4 g; 3;
that, potentially, the rearrangement of 3-(2-pyridyl)cyclo- 5 & pn la p-CO;MeCeHs 3c 65
propenes3 could provide alternative routes to indolizin2s 4 Br Ph ib Ph 3d 88b
as shown in eq 2. 5 Cl p-OMeC¢H; 1c¢ Ph 3e 67
6 Cl p-OMeCgHs 1c¢ o-tolyl 3f 45
R? R? _ 7 Cl p-CFsC¢Hy 1d Ph 3g 68
A~ Rh(Il) N - | R2 8 Cl p-CF3CeHy 1d 1-cyclohexenyl 3h 93
SNy =R SN T RTN @) 9 Cl COsMe le p-tolyl 3i 93¢
R R R3 R3 10 ClI COgMe le p-OMeCgHy 3j 67
1 2 3 11 Cl COzMe le p—COzM606H4 3k 72
Rhy(pfb)s 57-85% - 12 Cl COsMe le m-CO;MeC¢H, 31 87
Rhy(S-DOSP), - 45-93% 13 Br Ph 1b  n-butyl 3m 69
R'=cCl R'=ClorBr 14 ClI COsMe le Ph 3n 864
R?=COR R?=CO.R or Aryl 15 Cl Ph la (CHy)sCl 30 68

To this end, we tested the generality of the:@hDOSP)- #Isolated yield 8% ee.©86% ee.84% ee.

catalyzed cyclopropenation of triazoles with alkynes. To our
delight, we found that a variety of pyridyl-containing
cyclopropenes can easily be synthesized in good yields via
this method (Table 1¢ Thus, triazoleda—d possessing both
electron-rich and electron-deficient aryl substituents at C-3
reacted smoothly with various alkyl-, aryl-, and alkenyl-
containing alkynes to afford corresponding cyclopropehes
chemoselectively (Table 1). Cyclopropenation of 3-car-
bomethoxytriazolele proceeded uneventfully, producing Table 2. Metal-Catalyzed Rearrangement of Cycloprop8ae

pothesis on the cyclopropene into N-fused pyrrole transfor-
mation (eq 2). To this end, we tested rearrangement of
cyclopropeneainto indolizines2a and4a in the presence

of a series of transition-metal catalysts (Table 2). The

corresponding cyclopropen@&sin good to excellent yields N catalyst Ph Ph
(entries 9-12, 14). | L e 5mid% P TN . P on
Naturally, having in hand this convenient method for the ~ ¢ N oM, T SN N7
synthesis of 3-iminocyclopropenes, we evaluated our hy- 2 Ph . Ph O e
(6) (a) Padwa, A.; Blacklock, T.; Loza, R. Am. Chem. Sod981, 103
2404. (b) Padwa, A.; Blackbock, T. J.; Loza, R.Org. Chem1982 47, no catalyst T(°C) 2adaratio® yield, %
3712. (c) Miller, P.; Pautex, N.; Doyle, M. P.; Baheri, \Helv. Chim.
Acta199Q 73, 1233. (d) Cho, S. H.; Liebeskind, L. $.Org. Chem1987, 1 PdCl, rt 2:1 23
52, 2631. (e) Padwa, A.; Kassir, J. M.; Xu, S.L.Org. Chem1997, 62, 2  PtCly rt 4:1 38
1642. (f) Muler, P.; Graicher, C.Hely. Chim. Actal993 76, 521. (g) .
Miiller, P.; Graicher, C.Hely. Chim. Actal995 78, 129. 3 Pt(PPhs) 60 5:1 86
(7) () Tomilov, Y. V.; Shapiro, E. A.; Protopopova, M. N.; loffe, A. I.; 4 NiClp 60 0
Dolgii, I. E.; Nefedov, O. MIzv. Akad. Nauk SSSR, Ser. Khit985 631. 5  RuCly(PPhs)s 60 8:1 32
(b) Davies, H. M. L.; Romines, K. RTetrahedron1988 44, 3343. (c) 6  [Ir(cod)py(PCy3)]PFs 60 >99:1 49
Padwa, A.; Kassir, J. M.; Xu, S. LJ. Org. Chem1991, 56, 6971. (d) Ma, 7  RhC1(PPhs) rt >99:1 92
S.; Zhang, JJ. Am. Chem. So@003 125 12386. 3’3 d :
(8) For photochemical isomerization, see: Zimmerman, H. E.; Wright, 8  Rha(pfb), rt <1:99 31
C. W.J. Am. Chem. S0d992 114, 6603. 9  AgSbFs 60 0
(9) For selected examples on biological activity of indolizines, see: (@) 10  AuCls 604 0
Hagishita, S.; Yamada, M.; Shirahase, K.; Okada, T.; Murakami, Y.; Ito, 11 Cul rt <1:99 78

Y.; Matsuura, T.; \_Nad_a, M.; Kato, T.; Ueno, M,; Chikazawa, Y.; Yamada,
K.; Ono, T.; Teshirogi, I.; Ohtani, MJ. Med. Chem199§ 39, 3636. (b) aNMR ratio. ® Combined NMR vyield of both isomer§A mixture of

Gundersen, L.-L.; Malterud, K. E.; Negussie, A. H.; Rise, F.; Teklu, S.; | nidentifi r formed.Dichioroethan Iven
@stby, O. B.Bioorg. Med. Chem2003 11, 5409. unidentified products formed.Dichloroethane used as solvent.

(10) Chuprakov, S.; Hwang, F. W.; Gevorgyan,Ahgew. Chem., Int.
Ed. 2007, 46, 4757.

(11) For cyclopropanation with 2-pyridyl diazo compounds, see: Davies, i i
H. M. L: Townsend, R. 30. Org, Chem2001, 66, 6595, employment of Pd(Il) and Pt(ll) chlorides in DMF at room

(12) Despite the efficiency of RES-DOSP) in enantioselective cyclo-  t€mperature resulted in low yields and moderate regioselec-

propenations? we observed very low levels of enantioselectivity in synthesis tivity of rearrangement (entries 1 and 2)_ The yield was

of 3-aryl-substituted cyclopropenes. However, selected examples indicate: A .
highly ‘enantioselective cyclopropenation in a case of 3-carbomethoxy improved upon switching to Pt(0) complex (entry 3),

derivatives (see Table 1). however, the selectivity remained unsatisfactory. Gratify-
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ingly, we found that the employment of Ir(I) and Rh(l)
complexes Ied. to the highly regioselective isomerizatipn of Table 3. Rh(l)-Catalyzed Rearrangement of Cyclopropenes
3ainto 2a(entries 6 and 7) in moderate and excellent yields, N R2
respectively. Interestingly, when Rh(Il) perfluorobutyrate was ) | | R R{‘_g'ﬁ:;'l}f,’“ AN
used as a catalyst, another regioisorar with the sub- REN o SN
stituent at C-2 positio}*>was formed as a single product, 3 R' 2 R®
though in low yield (entry 8). AgShfand Au(lll) chloride® no. cyclopropene 3 product 2
were completely inefficient catalysts for this transformation S
(entries 9 and 10). However, Cu(l) iodide smoothly isomer- 1 ¢
ized 3a into indolizine 4a in good yield and excellent
regioselectivity (entry 11, Table 2). Z
Next, we explored the scope of this novel regiodivergent , ¢ N"X
rearrangement methodology. First, rearrangement of a series
of 3-(2-pyridyl)cyclopropenes into 1,3-disubstituted indoliz-
ines2 was tested under Rh(l) catalysis (Table 3). It was found
that cyclopropenes possessing both electron-rich and electron- sl pn
deficient aryl group¥ at position C-3 and at the double bond 3 A
underwent clean and regioselective rearrangement into in-
dolizines2. Notably, 1-alkenyl- (entry 8) and Br-containing
(entry 4) substrates were found to be equally efficient in this |
reaction, as well. Thus, the Rh(l)-catalyzed isomerization
of cyclopropenes compliments the direct transannulation
protocol® providing access to a wider selection of 1,3- _
substituted indolizines possessing not only ester but also ¢ <) O
various aryl groups at C-3. Attempts to perform the
analogous transformation with 3-carbomethoxycyclopropene
3n produced only a small amount of the corresponding
indolizine 5 together with furaré as major product of this z
reaction (eq 4). Formation of furaé in the presence of
Wilkinson’s catalyst is consistent with earlier observations
(eq l)?C*gJ Me
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After successful synthesis of 1,3-disubstituted indolizines 8
2 (Table 3), we turned our attention to regioselective
formation of valublé*> 1,2-subsituted N-fused pyrroles
via the Cu(l)-catalyzed rearrangement. To our delight, a
variety of 3-carbomethoxy- and 3-arylcyclopropenes reacted
smoothly to produce indolizinesin good to excellent yields
(Tab|e 4) Electron-rich (entries 2 and 3) and electron- rearrangement mode worked well with different 3-heteroal’yl-
deficient (entries 4 and 5) aryl groups and alky! substituents cyclopropenes, such as oxaz8land isoquinolin€ deriva-
(entries 7 and 8) at the double bond of cyclopropene weretives 3p and3r, giving access to their fused analoguls

equally well tolerated in this reaction. Gratifyingly, this and4k in good yields (entries 10 and 11).
We propose the following mechanistic rationale for the

(13) Davies, H. M. L.; Lee, G. HOrg. Lett.2004 6, 1233. novel regiodivergent rearrangement of imino cyclopropenes
(14) The C-2 site of indolizine is unfunctionalizable position and a 3 into fused pyrroloheterocycleg and 4 (Scheme 1).
substituent must be introduced prior to cyclization (see ref 15). .
Cyclopropene, in the presence of Rh(l) complex, undergoes

(15) For a review, see: (a) Behnisch, R.; Behnisch, P.; Eggenweiler, ™ ) | -
M.; Wallenhorst, T. InHouben-WeylKreher, R. P., Ed.; Georg Thieme  ring opening to produce the most substituted carbenoid
5.5ce7¢ A nucleophilic attack by nitrogen lone pair on

N7
Cl

O

a|solated yield.

Verlag Stuttgart: New York, 1994; Vol.E6a/2a, pp 3261. See also:
(b) Seregin, I. V.; Gevorgyan, \d. Am. Chem. SoQ006 128 12050.
(16) For recent review on gold catalysis, see: Hashmi, A. SClkem.

Rev. 2007, 107, 3180.
(17) Substrates, possessing alkyl substituents at C-1 position of cyclo-

conditions.

Org. Lett, Vol. 9, No. 22, 2007

(18) For the synthesis of oxazolyl diazo compound, see ref 11.
(19) Prepared via cyclopropenation of corresponding triazoloisoquinoline
propene ring produced only trace amounts of products under these reactionanalogously to pyridyl derivative3a—o (see the Supporting Information

for details).
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Table 4. Cu(l)-Catalyzed Rearrangement of Cyclopropenes

Cul
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Z N
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2 O i (4 Me  4b 83
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oSN CO:E N

a|solated yield.

carbenoid center leads to the formation of zwitteribrA
subsequent elimination of the metal furnishes regioisomer

Scheme 1. Mechanistic Rationale for Regiodivergent
Rearrangement Reactions

proposed that isomeric carbenolsland6 could interconvert
through the cycloaddition/cycloreversion equilibridf§We
evaluated a possibility of such equilibrium by performing a
crossover experiment in the presence of 5 equiv of “external”
alkyne. However, no crossover products were detected, thus
suggesting independent routes for the formatiod ahd®6.

In summary, we have developed a highly efficient syn-
thesis of 1,3- and 1,2-disubstituted N-fused pyrrolohetero-
cycles??tincluding indolizines, pyrrolooxazole, and pyrro-
loisoquinoline, via a novel regiodivergent transition-metal-
catalyzed rearrangement of 3-iminocyclopropenes. We also
demonstrated that the latter can conviniently be synthesized
from 1,2,3-triazole$?
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2. In contrast, when Cu(l) catalyst is used, formation of Iess q;res and spectral data. This material is available free of

substituted carbenoifl occursée9.7acyclization of which
via a zwitterion 10 leads to the product selectively.
Alternatively, regioisomerg and4 may arise via a reductive
elimination of aza metalacyclésand9, respectively, which
in turn are formed via a /-electrocyclizatioff?° of car-
benoids5 and 6, or directly from cyclopropene, upon
regioselective oxidative addition of the met&llt was also

(20) Hoye, T. R.; Dinsmore, C. J.; Johnson, D. S.; Korkowski, Rl.F.

Org. Chem.199Q 55, 4518.
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charge via the Internet at http://pubs.acs.org.
OL702084F

(21) Heterocyclic halides may be further functionalized via cross-coupling
reactions? We have also shown (see ref 10) that halogen can be efficiently
removed from the products.

(22) For a review, see: Littke, A. F.; Fu, G. 8ngew. Chem., Int. Ed
2002 41, 4176.

(23) Halogen-free 3-(2-pyridyl)cyclopropenes were not examined in the
described rearrangements as they were not available via cyclopropenation
of pyridotriazoles (see ref 10).
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