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ABSTRACT
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Substituent effects on the allene moiety and the N-protecting group were found to be the dominant factor in determining the reaction paths
in the Pd(0)-catalyzed coupling—cyclization reaction of f-amino allenes with organic halides.

Recently, much attention has been paid to the coupling azetidine and/or tetrahydropyridine with selectivity. In these
cyclization of organic halides with functionalized allerié€s.  reactions, the amino allene undergoes carbopalladation at the
During our systematic study of allene chemistmye noted central sp-carbon atom to affordsaallyl palladium inter-

that palladium-catalyzed couplirgyclization reaction of mediate’, which was followed by the intramolecular nucleo-
acyclic 3,4-dienylamine derivatives with organic halitfes  philic attack of the nitrogen atom to give cyclic products
or hypervalent iodonium saftdeads to the formation of  (Scheme 1). Here, we wish to communicate our recent results
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substituent on the allene moiety as well as the nitrogen atom
is a decisive factor for determining the pathways of this
intramolecular amination reaction.

Our initial observation began with the reaction f(2-
methyl-3-(nbutyl)-3,4-pentadienyl) toluenesulfonamitia®
with 1.5 equiv of iodobenzene under conditions A for 7.5 h
(conditions A= 5 mol % Pd(PP¥)4, K.CO; (4 equiv), DMF,
70 °C). Much to our surprise, the reaction proceeded
smoothly to afford a five-membered prodein 78% yield
together with less than 3% of other isomers, if any (Scheme
2). The structure oRa was unambiguously determined by

Scheme 2
C4Hg-n PhI ph
(1.5 equiv.) CaHgn
A e —
CH3 Conditions A B
HN 7.5h, 78% Ts CHs,
Ts
1a 2a
Phl Ph
(1.5 equiv.) PR
—CHy oo SR
3 Conditions A :Sj + CHj
HN N N
Ts T8 T¢
1b 3b 4b
40 min, 3b: 4b = 7525 71% Figure 1. Molecular structure ofa.

4h,3b:4b=2377,63%
16 h, 3b : 4b = 4:96, 66%
performed, and the results are summarized in Table 1. All
reactions afforded five-membered products in good yields.
Both electron-donating and electron-withdrawing aryl iodides

the single-crystal X-ray diffraction study (Figure ®}:* This can react to afford the corresponding 2,3-dihydropyrrole

Conditions A = 5 mol% Pd(PPhs),, K,COj; (4 equiv.), DMF, 70°C%"!

result is quite different from what was observed wWitH(2- products in good yields (entries 1 and 2, Table 1). When
methyl-3,4-pentadienyl) toluenesulfonamidlb 612 with p-bromopheny! iodide was submitted to the identical cy-
which a mixture of four-memberedrans-3b and six- clization Conditions, Only the carbenodine bond was

membered productb were found, indicating a dramatic
substituent effect of the 'Rgroup (Scheme 1). The ratio of
3b/4b depends on the reaction time. After 16 h, the ratio of Table 1. Pd(0)-Catalyzed Coupling—Cyclization Reaction of

3b/4b can reach as high as 4/96 (Scheme 2). 2-Alkyl-Substituted-5-Amino Allenes with Organic Halides a

Subsequently, the cyclization reactionsfeamino allene - 5
lawith a number of differently substituted aryl halides were :.? RX (1.5 equiv.) R

R? ———————> —
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allenols, which, in turn, were synthesized according to the published method; 5 C4Hg-n CH3 (1a) p-MeCgHul 8 83 (2f)
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reflections collected/unique 12808/4949-(R: 0.0568), no observation (I @Reaction was carried out at 7C usingf-amino allenel (0.3 mmol),
> 20(1)) 2046, parameters 331. CCDC 188167. aryl halide (0.45 mmol), KCOs; (1.2 mmol), and Pd(PRJx (5 mol %) in
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cleaved and the carbetbromine bond was intact, which
leaves opportunity for further elaboration (entry 3, Table 1).
The steric effect of the substituent in aryl iodides has limited
influence on the outcome of the reaction: the reactions of
2-iodotoluene, 4-iodotoluene, and 1-iodonaphthalene Yéth
produced the corresponding 2,3-dihydropyrra?es-g, re-
spectively, in high yields (entries—=5, Table 1). Hetero-
aromatic halides such as 2-iodothiophene and 2-bromo-
pyridine could also be used in this transformation (entries 7

and 8, Table 1).

The reaction ofL.c provided five-membered ringj in 74%
yield indicating that R can be a general alkyl group (entry

9, Table 1). However, the reaction bl (R* = C4Hg-n, R

= H) afforded a mixture of five-membered product with an
exo cyclic carbor-carbon double bon@k’ and 2,3-di-
hydropyrrole producgk in a combined 65% yield in a ratio
of 15:85 (entry 1, Table 2). The structure 8k' was

Table 2. Control of Regioselectivity in Pd(0)-Catalyzed
Coupling—Cyclization Reaction gf-Amino Allenes with

Organic Halide%!! 2

RI (1.5 equiv.)
—
Conditions A

2

%LR + —
Ts~ N RZ Ts™ N RZ

S-amino allene time % yield®
entry R? R? RI (n) (2'12)
1 CisHen H (1d) CeHsl 8 65 (2k'/12k
= 15/85)°
2 CiHen H (1d) p-MeOCgHal 5.5 68 (21'21
= 14/86)d
3 C4H9-n H (1d) p-MeOZCCGH4I 10 77 (2m’/2m
= 15/85)d
4 CaHog-t H (16) CeHsl 48 65 (2n)
5 CiHet H (1e) p-MeOCgHal 60 77 (20)
6 CiHot H (1e) p-MeO,CCeHal 96 45 (2p)°
7 C4Het CHz (1f) CeHsl 16 76 (2q)
8 C4Hg-t CH3 (1f) (E)-l-iodohex- 11  62(2r)

aSee Table 1° Isolated yields based dh © Ratios were determined by
isolation.d Ratios were determined byH NMR spectra (300 MHz).

1-ene

¢ Starting material (28%)e was recovered.

unambiguously determined by a single-crystal X-ray dif-
fraction study (Figure 23 Similar results were obtained
when toluene, 1,4-dioxane, or GEN was applied as the
reaction solvent. The reaction &fl with p-methoxyphenyl

(12) We have repeated the Pd(0)-catalyzed couplayglization reaction
of simple N-(3,4-pentadienyl)sulfonamide with Phind the reaction did
afford a mixture of four- and six-membered products in a ratio of 79:21.

As compared with the literature détajue to the difference ofH NMR

data we observed for the six-membered product, the structure of the six-

membered product was established by X-ray diffraction studysH{s-

NO,S, MW = 313.40, orthorhombic, space groB2(1)2(1)2(1), Mo Ka,
final R indices [ > 20(l)), Ry = 0.0398, WR = 0.0647,a = 6.9454(6) A,

b =11.7277(10) Ac = 19.6975(18) A = 90°,V = 1604.4(2) B, T =

20.0°C, Z = 4, reflections collected/unique 9887/373,(= 0.0427), no

observation (I> 20(1)) 2403, parameters 275. CCDC 188166.
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Figure 2. Molecular structure ok'.

iodide or p-methoxycarbonylphenyl iodide also afforded a
mixture of corresponding five-membered cycBand2 in
ratios of 14:86 and 15:85, respectively (entries 2 and 3, Table
2). Furthermore, it is interesting to note that with increased
steric hindrance of the 'Rgroup at the 3-position of
allenylamine, the regioselectivity of the couplingyclization

of 1eor 1f with aryl iodides gave 2,3-dihydropyrrol@s—r

as the only products (entries—8, Table 2). However,
prolonged reaction time was necessary to achieve high
conversion due to the increased steric hindrance of the allene
moiety (compare entries 1—3 with 4—6, Table 2).

Further studies show that the protecting group of the
nitrogen atom can also control the reaction pathway. The
reaction of N-Ns-substitutegg-amino allenela-Ng (Ns =
4-nitrobenzenesulfonyl) afforded five-membered prodizct
Ns ! while the reaction ofla-Bz (Bz = benzoyly afforded
four-membered azetidir@a-BZ! as the only product, albeit
in low yields (Scheme 3).

Scheme 3
CaHg-n ) Ph
Phl (1.5 equiv.) CyHg11
CHs  Conditions A =
HN 5h, 55% -
Ns Ne CHs
1a-Ns 2a-Ns
C4Hg-l7
; Ph
o Phl (1.5 equiv.) CHs
3 Conditions A )
HN 48 h, 19% N
Bz Bz
1a-Bz 3a-Bz
Conclusion

In conclusion, we have observed a unique reaction pathway
in the Pd(0)-catalyzed coupling—cyclization reaction of
pB-amino allenes with organic halides leading to the exclusive
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