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The cyclization of aminoalkenes bearing an electron-withdrawing group on the nitrogen atom was catalyzed by triflic or sulfuric acid in
toluene. Pyrrolidines and piperidines were formed in excellent yields. N-Phenylanilides also underwent cyclization to form y-lactams.

Nitrogen-containing saturated heterocyclic systems are im-hydration in moderately concentrated aqueous sulfuric acid
portant core structures in organic chemistry because of theirto generate saturated alcoh®ldowever, the focus for the
presence in many natural products. For this reason simpleaddition of electronically similar tosylamides has been on
procedures for the formation of pyrrolidines and piperidines Hg(ll)-mediated cyclizations dfi-tosyl-4-pentenamines and
are highly desirablé One of the most appealing approaches use of 5-silicon effect for acid-catalyzed cyclizations of

to these heterocycles is hydroamination, in which the nitrogen sulfonamides tethered to allylsilang®uring studies on

carbon bond is formed by the addition of an amine to an

olefin2 Although several transition metal-promoted processes

based on earf§ and laté transition metals are known, it
seemed that an acid-catalyzed route could be developed.
Related methods for €0 bond formation using acid

catalysis have been studied in great detail. Alkenes undergo
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palladium-catalyzed hydroaminatibof tosylamides, we  the corresponding aromatic aldehydes by a Wittig olefina-
discovered from control experiments a Brgnsted acid- tion® Reactions of substratds—j are summarized in Table
catalyzed cyclization that generates five- and six-membered2. Products2a—f, containing five-membered rings, were
heterocycles in good yield.

Our initial experiments showed that tosylamidecyclized _

in the pre;ence (.)f C{;\talytlc Pd(Rh a’.‘d triflic aCId'. Table 2. Acid Catalyzed Cyclizations of
However, this reaction, in contrast to reactions of free amines,

. a - b
occurred in the absence of palladium to giasin good yield tosylamide product Method:* yield
(Table 1). In the absence of acid, no product was observed, — . &@ A: 83% (2h)

S
m ysz‘_, B: 80% (4h)
__ - N A: 95% (2h)
Table 1. Catalytic Cyclizations ofla and 1b diae
- 1b b B: 77% (4h)
WNTS toluene &R = HTs A: 77% (2h)
A additive "I\'ls te D 0
1a: R=Ph, n=1 2a: R=Ph 2 B: 75% (4h)
1b: R=H, n=2 2b: R=Me = NHTs O\@( A: 99% (2h)
1d
time, temp, yield, IFSZd B: 90% (6h)
substrate additive h °C %2 S — NHTS A: 81% (2h)
= 1e
la Pd(PPhs), (5%), TFOH (20%) 2 100 92 S e | ; B: 80% (10h)
la TfOH (20%) 2 100 98 ®
la none 24 100 ob T A: 88% (2h)
1 N
la TfOH (20%) 72 rt 65 c by B: 93% (4h)
1b Pd(PPhs)s (5%), TFOH (20%) 2 100 96 2z cl
1b TFOH (20%) 2 100 98 ST A: 0% (2hY
1b none 24 100 ob Meom 'INs B: 27% (4h)
1b TfOH (20%) 48 rt 75 2z Me :
1b TFA (20%) 24 100 ob = NHTs A: 0% (24h)*
1b HOAC (20%) 24 100 ob oN 1h B o 4
1b CsFsCOOH (20%) 24 100 ob 2h NO, B: 0% (24h)
1b Tf,0 (20%) 2 100 100 ©/WHTS A: 83% (2h)
0,
1b H2S04 (20%) 4 100 90 . N B: 80% (24h)
aYield determined byH NI\SR spectroscopy. 1,3,5-Trimethoxybenzene 2i
was used as internal standaP@&tarting material was not consumed. A: 51% (4h
©/WN W Ov@ o (4h)
T B: 0% (24h)

even upon prolonged heating at 1M in toluene. The acid-
catalyzed cyclizations even proceeded at room temperature, *MethodA: TfOH (20 mol %), 100°C. MethodB: H,SQs (20 mol
ith hi . . ired and | ield %), 100°C. P Isolated yield after column chromatograpkybtarting material
although longer reaction times were required and lower yields gecomposed completel§ Starting material was not consumed.
were observed.
To test whether the benzylic cation that would be formed

from protonation ofla at the olefin was required for  optained in good yields, even though most of these trans-
cyclization, we evaluated acid-catalyzed reactions of the formations are unfavorable &detrig cyclizations, accord-
aliphatic substratéb. Substratd b also underwent the acid-  jng to Baldwin’s rule< In addition, the six-membered ring
catalyzed cyclization to form the Markovnikov cyclization  2j was formed by a @ndo-trig cyclization in excellent yield.
product2b. After screening different acids, as summarized Prolonged heating was necessary for reactioridh the
in Table 1, we concluded that those with ap< 10 were  presence of sulfuric acid as the catalyst. Substtaterhich
sufficiently acidic to act as catalysts. In addition to triflic  could form a seven-membered ring through an intermediate
anhydride, sulfuric acid catalyzed this transformation. Reac- with benzylic stabilization or a six-membered ring through
tions conducted in the presence of sulfuric acid as catalystan unstabilized intermediate, formed the six-membered ring
required slightly longer reaction times than did reactions in by a 6exo-trig process. Although yields were low from reac-
the presence of triflic acid. tions with either acid, reactions of the sensitive substtgte

A variety of substrates with different substitution patterns gave higher yields when catalyzed by sulfuric acid than when
were prepared to evaluate the scope of the acid-catalyzeccatalyzed by triflic acid. The very electron deficient alkene
cyclizations. The precursofisaand1c—j were prepared from  1h did not react, presumably because the low Lewis basicity
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of the double bond makes it less susceptible to protonation.a m-pyridyl (10) instead of phenyl group, did not undergo
Reactions that would form three- or four-membered rings cyclization. Moreover, addition of pyridine or pyridine
did not occur because of rapid decomposition of the allylic N-oxide to reactions afacompletely suppressed cyclization.
amine precursors under the strongly acidic conditins. To evaluate the potential of the process to form lactams
To investigate the diastereoselectivity of this new reaction, and to elucidate further the influence of the electronic
tosylamidoalkenes was prepared from the corresponding properties of the nitrogen and activating group on this
primary amineb. This amine was generated from the related reaction, we prepared benzamideka—ein Table 4. The
alcohol 4 by a Mitsunobu reaction with phthalamide and
deprotectiort! Reaction of6 in the presence of 20% triflic
acid gave the 2,5-disubstituted pyrrolididevith moderate
diastereoselectivity. This diastereoselectivity favored the

Table 4. Cyclization of Amides

thermodynamically more stabkeansisomer (Scheme 1). H 0
toluene
RS RAN
| 0 R'R'  TIOH(1eq) 100°C RITR
Scheme 1. Cyclization of6 1 12

NHTs TFOH (20 mol%) I) )\
\/\/K)\ N substrate R R? time, h yield, %2

toluene,100 °C, 2h

6 o7 11a Ph H 30 99

58%, d.r.: 68:32 11b p-tolyl H 30 99

1lc Ph Me 5 99

11d p-tolyl Me 5 99

Although several improved procedures for the deprotection lle p-nitrophenyl  H 1 0P
of tosylamides have been report@dyther sulfonamides or alsolated yield” p-Nitroaniline was isolated.

amides are deprotected more easily. Thus, we sought acid-
catalyzed cyclizations of aminoalkenes containing more labile
activating groups. After screening nosylde, carbamates  electron-deficient benzamides should not be as prone to
8b and8c, and amideBd, as well as free aminge, we found protonation as theéN-alkyl amide8d in Table 3. Indeed,
that substrates containing thenitrophenylsulfonyl group  y-lactams12a—dwere obtained in essentially quantitative
gave the cyclization products in good yields (Table 3). yields when the reactions were conducted in the presence
Removal of this group has been accomplished under mild of stoichiometric amounts of triflic acid. We presume that
conditions?? stoichiometric amounts of acid were required because the
protonatedN-alkyl amide product is too weakly acidic to
initiate cyclization of a second starting benzamide. Reactions
were faster with the branched substratekc and 11d.
Nitrophenyl substratéleunderwent cleavage of the amide
bond to formp-nitroaniline (Table 4). Nicolaou has reported

Table 3. Variation of Protecting Groups

toluene

@NNHPG acid (20 mol%) 100 Ny 'F\,‘G similar transformations using IBX as reagent. The IBX- and
(Uh . . .
8 9 acid-promoted reactions probably proceed by different
pathwaysi*
substrate PG acid time,h  convn, %2 vyield, % Several observations argue against a simple mechanism
B2 Ns TioH 4 100 95" involving direct protonation of the olefin by triflic acid and
8a Ns H,SO. 100 84 58>
8b E Tf20H4 26 100 0 (10) Representative procedure:Compoundla (301 mg, 1.00 mmol)
moc was dissolved in 1.0 mL of toluene in a screw-cap vial equipped with a stir
8b Fmoc  H2SO4 26 37 0 bar. Trifluoromethanesulfonic acid (17:4., 30.0 mg, 0.263 mmol) was
8c Chz TfOH 24 0 0 added by syringe, and the vial was placed in an oil bath at®@After
sc Cbz H,SO, 24 49 0 2 h, the mixture was allowed to cool to room temperature. Triethylamine
8d A TfoH 24 0 0 (0.5 mL) was added, and the crude mixture was subjected to flash
¢ chromatography on neutral alumina (hexanes/ethyl acetate 40/60). Com-
&d Ac H2S04 24 32 0 pound2a (250 mg, 83%) was obtained as a colorless s8kINMR: ¢ =
8e H TfOH 26 0 0 1.60—1.70 (m, 1H), 1.721.85 (m, 2H), 1.96-2.00 (m, 1 H), 2.40 (s, 3H),
8e H H,S0, 24 41 0 3.35—3.45 (m, 1H), 3.553.65 (m, 1H), 4.78 (ddJ = 3.5, 8.0 Hz, 1H),

7.15—7.35 (m, 7H), 7.60—7.70 (m, 2HYC NMR: ¢ = 21.5, 23.9, 35.8,
aDetermined by NMR. 1,3,5-Trimethoxybenzene was used as internal 49.4, 63.3, 126.1, 127.0, 127.5, 128.3, 129.6, 135.1, 143.0, 143.2, 161.5.
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R T 40, 61816184,
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olefin. In addition, an analogue of substr@g but containing  Chem., Int. Ed2000,39, 625—628.
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intramolecular trapping of the carbenium ion with the that a full equivalent of triflic acid is consumed by pro-
pendant tosylamide. If protonation of the olefin by triflic tonation ofN-methylsulfonamidé>

acid were rate-limiting, then substrates that form five- and  Therefore, we propose that the cyclization (Scheme 2)
six-membered rings would react at a similar rate. In contrast, begins with an alkenyl tosylamide that is protonated at either
la and 1i required 4 and 24 h to form pyrrolidine and
piperidine products when sulfuric acid was the catalyst.

Reversible protonation and rate-limiting, intramolecular
attack of the sulfonamide would be consistent with these

Scheme 2. Proposed Catalytic Cycle

different rates. However, our data also argue against revers- H \//RJ, HX

ible protonation of the olefin. First, no isomerization of the [N‘PG

Z-olefin in the nosylamido substraBa was observed when R H l R

its cyclization was monitored carefully b4 NMR spec- DN/\/P G [,\Hﬁ

troscopy. Moreover, addition of triflic acid tws-stilbene in H®

toluene, the solvent of the cyclization reactions, led to x©

formation of the Markovnikov, Friedel—Crafts addition

product without isomerization of unreacted olefinttans- R R
stilbene -Methylstyrene formed the analogous product from LEE/ E ®
addition to toluene when treated with triflic acid, and this @ PG PG x@
reaction was faster than cyclization of alkenyl sulfonamides. x©

Therefore we investigated whether triflic acid is consumed
by protonation of the sulfonamide. If so, then the protonated
sulfonamide and not the free triflic acid would initiate the nitrogen or oxygen of the tosylamide group. The proton
cyclization by an intramolecular proton transfer. The reaction would then be transferred intramolecularly to the double bond
rate would then depend on ring size, and the intramolecularin the rate-determining step. Trapping of the cation by the
trapping of the carbocation with the sulfonamide could be sulfonamide and transfer of the proton from the product to
faster than trapping with arene solvent. the sulfonamide of another reactant would complete the

To test the basicity of the tosylamide in this medium, we catalytic cycle.
added triflic acid to N-methyl-p-toluenesulfonamide in
benzene-¢ The degree of protonation was determined by ~ Acknowledgment. We thank the NIH (GM55382) for
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of acid (see Supporting Information) showed a linear increase (D/00/30274).
in chemical shift until 1 equiv of triflic acid is added, at
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