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ABSTRACT

RZ
X 1
e J}(R [Rh(Octzl, (0.5-1.0mol%) Rl o 1) R:NH, R N R
0 alkene (1-5 equiv) E "'COR 2) DDQ U
X=NporH, X=Ha Phl(OAC); (1.1 equiv) EWG
EWG = NO,, CN

1-Nitro- and 1-cyano-cyclopropyl ketones have been prepared in an expedient manner from cyclopropanation reactions of alkenes by diazo
compounds or in situ-generated phenyliodonium ylides catalyzed by Rh(ll) carboxylates. The doubly activated cyclopropanes were used as
synthetic precursors for the regiospecific synthesis of 4-nitro- and 4-cyano-dihydropyrroles upon treatment with primary amines. Oxidation of
the dihydropyrroles with DDQ allows rapid access to densely functionalized pyrroles.

Pyrrole and its derivatives are ubiquitous in nature. As such, in material scienceas it is found in organic conducting
the pyrrole subunit has found widespread applications in polymers? indigoid dyes, and porphyrins.

therapeutically active compounds, including fungicides, The abundance of the pyrrole motif in biologically active
antibiotics (),! nonsteroidal antiinflammatory drugs (NSAIDS) compounds and potential drug candidates has resulted in the
(2),? cholesterol-reducing drug8)@ and antitumor agerts  development of many methods for their synthesis. Classical
(Figure 1). The pyrrole subunit also plays an important role methods for pyrrole synthesis include the Pédahorr
synthesi% and the Hantzsch synthe8ighese methods are

(1) For examples of biologically active 4-nitropyrroles, see: (a) Ono,
N.; Muratani, E.; Ogawa, TJ. Heterocycl. Cheml991, 28, 2053-2055.
(b) Nishiwaki, N.; Nakanishi, M.; Hida, T.; Miwa, Y.; Tamura, M.; Hori,
K.; Tohda, Y.; Ariga, M.J. Org. Chem2001, 66, 7535-7538. (c) Kaneda,
M.; Nakamura, S.; Ezaki, N.; litaka, YJ. Antibiotics1981, 34, 1366~
1368. (d) Koyama, M.; Kodama, Y.; Tsuruoka, T.; Ezaki, N.; Niwa, T.;
Inouye, S.J. Antibiotics1981, 34, 1569-1576. (e) Koyama, M.; Ezaki,
N.; Tsuruoka, T.; Inouye, SJ. Antibiotics 1983 36, 1483-1489. (f)
Koyama, M.; Ohtani, N.; Kai, F.; Moriguchi, |.; Inouye, $. Med. Chem H OH
1987, 30, 552-562. oM

(2) See for example: (a) Khanna, I. K.; Weier, R. M.; Yu, Y.; Collins, " cl MeO,S
P. W.; Miyashiro, J. M.; Koboldt, C. M.; Veenhuizen, A. W.; Currie, J. L.; cl NO,
Seibert, K.; Isakson, P. CJ. Med. Chem1997 40, 1619-1633. (b) al
Wilkerson, W. W.; Copeland, R. A.; Covington, M.; Trzaskos, J. M.
Med. Chem1995 38, 3895-3901. (c) Wilkerson, W. W.; Galbraith, W.; . N
Gans-Brangs, K.; Grubb, M.; Hewes, W. E.; Jaffee, B.; Kenney, J. P.; Kerr, PV(’;ﬂt‘i’l;'i‘g’t‘i’c")‘ B COX-2 selective NSAID Atorvastatin (Lipitor ")
J.; Wong, N.J. Med. Chem1994 37, 988-998. (cholesterol-reducing drug)

(3) Roth, B. D.Prog. Med. Chem2002, 40, 1-22. 1 2 3

(4) (a) Fustner, A.Angew. Chem., Int. EQ003 42, 3582-3603. (b) . . . .
Kral, V.; Davis, J.; Andrievsky, A.; Kralova, J.; Synytsya, A.; Pouckova, Figure 1. Examples of biologically active pyrroles.
P.; Sessler, J. LJ. Med. Chem2002 45, 1075-1078.
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very useful when the appropriate starting materials are ||| [ [ N AR

available. However, there exist limitations that make certain  p1e 1. Preparation of 1-Nitro-1-cyclopropyl Ketones

classes of pyrroles difficult to prepare or inaccessible using N o R

these methods. )Hfﬂ [Rn(Oct),I, (0.5 mol%) 1>,No2
Cyclopropanes have been shown to be useful synthetic ON o alkene (1-5 equiv) “COR

precursors in organic synthedf%sDepending on the func- X = Ny(d) Method A or B

tionalities present on the cyclopropane ring, fragmentation X = HZ (5) 6

of these three-membered carbocycles represents a usefut

method for the construction of a wide variety of carbon yieldof  E:Z

skeletons. We recently reported a cyclopropanation reaction_Product R R’ method”  6(%)° ratio

involving in situ generation of phenyliodonium ylides for 6a Me Ph A 77 78:22

the preparation of nitro cyclopropanecarboxylates using 6a  Me Ph B 59¢  78:22

hypervalent iodine(lll) reagentd. Reduction of the nitro gg ”:pmpyi gﬁ g ch Zéfig

group using Za-HCI affords a structurally diverse series of 6c ;ﬁ’“’py Ph A 74 16:84

cyclopropanex-amino acids? 6c Ph Ph B 75 10:90
To extend the synthetic utility of 1-nitro-cyclopropylcar- 6d ¢-C3Hs  Ph A 69 76:24

bonyls further® a strategy to access dihydropyrrdteand 6d ¢c-CsHs  Ph B 73 74:26

. . . . 6e Me 4-F-Ph A 634  73:27
pyrroles was envisaged. ngeln, we describe thg preparatlon 6f Me 1-naphthyl A 594 7991
of these compounds from nitro- and cyano-containing doubly  gg Me phenethyl A 36 53:47

activated C_yclopropy_l ketones. aMethod A: 4 (1.0 M in CHCl,) was added dropwise to the alkene
Preparation of 1-nitro-cyclopropyl ketones began by cy- (2—3 equiv) and [Rh(Oct]> (0.5 mol %). Method B:5, PhI(OAC) (1.1

clopropanation of alkene substrates either witmitro-o- equiv), alkene (5.0 equiv), and [Rh(O41)(0.5 mol %) stirred at 40C for
diazoketon€'$ or with phenyliodonium ylides derived from ferg' ISOIate? y'eldrﬁ after column chromatographitirred at room
perature for 20 H! Performed with 1.0 equiv of alkene.
a-nitroketones. Ylide intermediates are presumably generated
in situ upon treatment oé-nitroketones with PhI(OAg)
(Table 1). a-cyanoketones are also viable substrates. Accordingly, a
The chemical yields of the desired cyclopropanes were variety of additives, includig 4 A MS, Al,Os, Na,COs, and
similar in most cases using the two different cyclopropanation MgO, were screened in the cyclopropanation reaction involv-
protocols. However, when the alkene substrate is expensiveing benzoylacetonitrile8a) and PhI(OAc) as the iodine-
or lacksa-stabilization (i.e., 4-Ph-1-butene), cyclopropana- (lll) source®® The reaction was also performed in organic
tion with the diazo substrate gives higher chemical yields solvents, solventless, and under aqueous reaction conditions
of the desired cyclopropane. (Table 2). The optimal reaction conditions for the benzoyl-
Midller and Ghanem have recently extended the in situ acetonitrile 8a) involved use of NgCOs (2.3 equiv) and 4
protocol to include Meldrum’s aclfl and dimethyl mal-

onaté’ as substrates, and we now wish to report that ||| NlNENGNGNNNGIINGENNENEEEEEE

= @ Kov O Table 2. Cyclopropanation of Alkenes with-Cyanoketones
5) For reviews, see: (a) Baumgarten, M.; Tyutyulkov,@Ghem. Eur. N _di
J. 1998 4, 987-989. (b) Deronzier, A.. Moutet, J-CCurr. Top. ande-Cyanoe-diazoketones

Electrochem1994 3, 159-200. X . o PN
(6) Review: Pagani, G. AHeterocyclesl994 37, 2069-2086. NC)H(R [RA(OCt)al, (0.5-1.0 mol%) W>',CN
(7) See, for example: (a) Ono, N.; Muratani, E.; Fumoto, Y.; Ogawa, styrene (2-5 equiv) “COR

T.; Tazima, K.J. Chem. Soc., Perkin Trans. 1998 3819-3824. (b) o Method A or B

Crossley, M. J.; King, L. G.; Newsom, |. A.; Sheehan, CJSChem. Soc., X = Ny(7)

Perkin Trans. 11996 2675-2684. X=H, (8) 9
(8) (a) Paal, CBer. 1885 18, 367—371. (b) Knorr, L.Ber. 1885 18,

299 311 vield of 9 E:Z
(9) Hantzsch, ABer. 1890 23, 1474-1483. a " b .
(10) For reviews, see: (a) Danishefsky, /&c. Chem. Res 979 12, product (R)  method additive (%) ratio

66—72. (b) Reissig, H.-U.; Zimmer, Chem. Re. 2003 103 1151-1196. .

(c) Wong, H. N. C.; Hon, M.-Y.; Tse, C.-W.; Yip, Y.-CChem. Re. 1989 9a (Ph) A 95 88:12

89, 165-198. 9a (Ph) B none 63¢ 86:14
(11) Wurz, R. P.; Charette, A. BDrg. Lett 2003 5, 2327-2329. 9a (Ph) B NayCO3 + 4 A MS 88 86:14
(12) Wurz, R. P.; Charette, A. BJ. Org. Chem 2004 69, 1262~ 9a (Ph) B H,O 52 87:13

1269. ) ) ) 9b (Bn) A 83 77:23
(13) Nitrocyclopropane carboxylates as amino acid equivalents: (a) gy, (Bp) B NayCO; + 4 A MS 64 78:99

O’Bannon, P. E.; Dailey, W. PJ. Org. Chem 199Q 55, 353—-355. (b) 9¢ (4-MeO-Ph) A 97 94:6

Vettiger, T.; Seebach, Duiebigs Ann. Cheml99Q 195-201. (c) Seebach, o ’

D.; Haner, R.; Vettiger, THelv. Chim. Actal987 70, 1507-1515. 9c (4-MeO-Ph) B NayCO3; +4AMS 72 89:11
(14) For an example of a related dihydropyrrole synthesis, see: (a) 9d (styryl) A 96 57:43

Jacoby, D.; Celerier, J. P.; Haviari, G.; Petit, H.; LhommetSgnthesis 9d (styryl) B none 67¢ 56:44

1992 884-887. (b) Celerier, J. P.; Haddad, M.; Jacoby, D.; Lhommet, G.

Tetrahedron Lett1987 28, 6597-6600. aMethod A: 7 (1.0 M in CH,Cl») was added dropwise to styrene (2.0
(15) (a) Charette, A. B.; Wurz, R. P.; Ollevier, J. Org. Chem200Q equiv) and [Rh(Oct]2 (0.5 mol %). Method B:8, Phi(OAc) (1.1 equiv),

65, 9252-9254. (b) Charette, A. B.; Wurz, R. P.; Ollevier, Fiely. Chim. [Rh(Oct)]2 (1.0 mol %), and styrene (5.0 equiv), and the additive was stirred

Acta 2002 85, 4468-4484. in CH.Cl, (1.0 M) for 18 h at room temperaturtisolated yields after
(16) Miiler, P.; Ghanem, ASynlett2003 1830-1833. column chromatography.Reaction performed without solvent.

(17) Muller, P.; Ghanem, AOrg. Lett.2004 6, 4347-4350.
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Table 3. Preparation of 4-Nitro-dihydropyrroles from Scheme 1
1-Nitro-1-cyclopropyl Ketones and Primary Amines Ph ) . Ph )
R2 "-[>,N02 LiAIH,4 (1.5 equiv) K NO, IBX (3.0 equiv)
R RENH, (1.06quV) o1 N “Co,Me THF,-30°C, 1h “—~OH EtOAc, 80°C, 6 h
1 NO, . R R 87% 54%
."COF{ toluene, reflux Q/ 1 : 12 cl
4-15h NO,
6 10
ield of 10 Ph, NO, 4-CI-PhNH, (1.0 equiv)
yield o - o =Ul= o (1. N
product R R! R2 (%) l>{'CHO toluene, 80 °C, 1 h %H
10a Me Ph Ph 91 79% NO
13 2
10b  n-propyl Ph Ph 78
10c Ph Ph Ph 91 14
10d C—CgH5 Ph Ph 79
10e ¢-CsHs Ph 4-MeO-Ph 97
10f Me Ph allyl 48¢ the rearrangement proved to be most facile with aromatic
10g  Me Ph benzyl 35 amines (Table 3). Less nucleophilic amines such as carbam-
10h Me Ph (R)-(+)-o-methylbenzyl 840 t did t It in dihvd le f ti der th
10i Mo Ph -Bu 47a ates did not result in dihydropyrrole formation under these
10§ Me Ph 4-Cl-Ph 95 reaction conditions, and the starting materials were recovered.
10k Ph Ph 4-MeO-Ph 96 The 2-substituent on the cyclopropane ring)(Ras also
101  Me 4-F-Ph  Ph 99 examined and found to lead to efficient dihydropyrrole
10m Me 1-naphthyl Ph 84

formation when aromatic groups were directly attached to
the cyclopropane ringlQl,m). However, the cyclopropane
~@Reaction performed in a sealed tuB&5:45 mixture of the two derived from 4-phenyl-1-buterég exhibited greatly reduced
diastereomers isolatetiMass balance was unreacted cyclopropége .
rates of reaction.
If desired, trisubstituted 4-nitro-dihydropyrroles can also
L . . be accessed. Cyclopropylcarboxaldehyl@awas prepared
A MS, resulting in isolation of the desired cyclopropa@ee by LIAIH 4 reduction of cyclopropylestr followed by IBX

. o L .
n 83/0 yield (Table 2).' Somewhat inferior yields were oxidation of the resulting cyclopropylmethari®. Treatment
possible when the reaction was performed under solventless

. . " . of aldehydel3 with 4-chloroaniline afforded the desired
or biphasic aqueous conditions. For comparison, the cyclo-

propanation reaction was performed with the corresponding 4-nitro-1-(4-chlorophenyl)-2-phenyl-2,3-dihydrd+pyr-

. . role (14) in 79% yield (Scheme 1).
diazo compounda®® (method A), affording cyclopropane . ) , ,
9a in 95% yield (Table 2), 1-Cyano-cyclopropyl ketone8 rearranged with various

Other a-cvanoketone substrates were also found to un- primary amines in an analogous fashion to those observed
o-cy ) : : . ~with 1-nitro-cyclopropyl ketones. The desired 4-cyano-
dergo cyclopropanation reactions in modest yields ranging

from 64 to 72% (Table 2). Thek values of these substrates dihydropyrroles15 could be isolated in excellent yields

. L ~ (Table 4).
are somewhat higher than that of benzoylacetonitrile, which . g . .
likely accounts for the observed decline in reaction yields. The regiospecific nature of the dihydropyrrole formation

With the doubly activated cyclopropanes in hand, dihy- was confirmed by X-ray crystallography of dihydropyrrole

q | d b d by treatment of B@ 10b, illustrating the expected connectivity.
ropyrroles cou € prepared by treatment 0 : The mechanism of the dihydropyrrole formation is thought
mixtures with a variety of primary amines in refluxing

toluene® In this manner, the corresponding 4-nitro-dihy- to proceed by initial nucleophilic ring opening of the
dropyrroleslOcould be isolated in modest to excellent yields _
from 1-nitro-1-cyclopropyl ketone6 (Table 3).

Modification of the ketone (R) had little influence on the Table 4. Preparation of 4-Cyano-dihydropyrroles from

10n Me phenethyl Ph 18¢

reaction yields when aniline was usetDé—d, Table 3). ~ 1-Cyano-cyclopropyl Ketones and Amines
; ; R
Interestingly, when R was a Cycloprppyl group, dihydro- Ph RI-NH, (1.0 equiv) 'h
pyrroles 10d—e were obtained exclusively, resulting from b,CN 2 Ph R
reaction with only the doubly activated cyclopropane (Table “cor  toluene, reflux W
3). Variation of the primary amine @Rdemonstrated that 0 415h 45 OV
(18) For recent reviews on hypervalent iodine chemistry, see: (a) Wirth, yield of 15
T. A. Angew. Chem., Int. EQ005 44, 2—11. (b) Moriarty, R. M.J. Org. product R Rl R2 (%)
Chem 2005 70, 2893-2903. (c) Miller, P. Acc. Chem. Re2004 37,
24?192)5;. " thesis af i bonvi Wurs R P 15a styryl Ph 4-Cl-Ph 82
or the synthesis af-cyanoe-diazocarbonyls, see: Wurz, R. P; (.
Lin, W.; Charette, A. BTetrahedron Lett2003 44, 8845-8848. }gb Eﬁ gi ;L,l? 1-Ph g,lz
(20) For examples of Lewis acid-catalyzed ring opening of cyclopropanes, c
see: (a) Young, I. S.; Kerr, M. AOrg. Lett 2004 6, 139-141. (b) Ganton, 15d Ph Ph 4-Cl-Ph 99
M. D.; Kerr, M. A. J. Org. Chem2004 69, 8554-8557. (c) Pohlhaus, P. 15e 4-MeO-Ph Ph Ph 77

D.; Johnson, J. S1. Org. Chem2005 70, 1057-1059.
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Scheme 2 Scheme 3
R1 1 H H
R' EWG I !
, /\T ("EWG ) . ph-_N__R! DDQ (1.5 equiv) ph-_N_R?
R™NH, COR R°HN COR \@/ toluene, reflux, 3 h U/
16 17 EWG EWG
R R? 100115 20aEWG=NO,R,R'=Ph 77% 20
Rl N OH R_N_ R 20b EWG =CN RR'=Ph 94%
QR - \(_/Z/ 20c EWG =CN, R = 4-CI-Ph, R' = styryl 91%
- H,0
18 EWG 19 EWG

In summary, the in situ-generated phenyliodonium ylide
cyclopropanation protocol was extended to includey-
activated cyclopropand6 at the 2-position, followed by anoketone substrates. The doubly activated cyclopropanes
intramolecular condensation of intermediafeto yield the ~ were then applied to the preparation of a series of highly
dihydropyrro|e 19 (Scheme 2) This would suggest that functionalized dihydropyrroIeS and pyrroles. The Synthesis
aromatic substituents serve to make the 2-position moreis modular, allowing the preparation of a variety of analogues
electrophilicl#® Following this logic, the phenethyl-derived  in an efficient and expedient manner.
cyclopropanég activates the cyclopropane to a lesser extent,
and the rates of dihydropyrrole formation decrease, leading
to reduced yields along with unreactéd (Table 3).
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Oxidation of the 4-nitro- and 4-cyano-dihydropyrroles to
pyrroles20 could be successfully accomplished using DDQ ©OL050442L
in refluxing toluene (Scheme 3j.These pyrroles can also
serve as precursors to 4-amino pyrréteda reduction of (23) See for example: (a) Rochais, C.; Lisowski, V.; Dallemagne, P.;

; ; Rault, S.Tetrahedron2004 60, 2267-2270. (b) Wang, C. C. C.; Dervan,
the nitro group through known literature methdéis. P B.J. Am. Chem. So@00L 123 86578661,

(24) (a) Baird, E. E.; Dervan, P. B. Am. Chem. So4996 118 6141—

(21) See Supporting Information. 6146. (b) Almerico, A. M.; Cirrincione, G.; Aiello, E.; Dattolo, Gl.

(22) (a) Doyle, M. P.; Yan, M.; Hu, W.; Gronenberg, L.5Am. Chem. Heterocycl. Cheml989 26, 1631-1633. (c) Lee, M.; Coulter, D. M.; Lown,
Soc 2003 125 4692-4693. (b) Dell’Erba, C.; Mugnoli, A.; Novi, J. W.J. Org. Chem1988 53, 1855-1859. (d) Lown, J. W.; Krowicki, K.
M.; Pani, M.; Petrillo, G.; Tavani, CEur. J. Org. Chem200Q 903— J. Org. Chem1985 50, 3774-3779. (e) Grehn, L.; Ragnarsson,lJOrg.
912. Chem 1981 46, 3492-3497.
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