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Abstract: An efficient and direct synthesis of allylic amines from
dlylic alcohols was developed by utilization of gold complexes as
catalysts under mild reaction conditions. AuCl; proved to be a better
catalyst than a cationic gold(l) complex of AuCl(PPh;)/AgOTf.
Key words: gold catalysis, alylic acohols, amination, nucleo-
philic substitution, synthetic methods

Transition-metal-catalyzed carbon—carbon bond or car-
bon—heteroatom bond-formation reactions which can pro-
vide a significant amplification of molecular complexity
from simple building blocks occupy an important placein
organic synthesis. In this regard, metal-catalyzed nucleo-
philic substitution of allylic substrates represents a power-
ful method for producing useful synthetic intermediates
which have been widely applied in natural product synthe-
sis2 Most of the studies focused on the Pd-catalyzed
alylation using allylic carboxylates,® carbonates,*
phosphates,® halides® and related compounds’ as sub-
strates. However, there have been only limited reports on
the allylic transformation utilization of alylic alcohols di-
rectly.®8 Thisis apparently due to the poor leaving abili-
ty of the hydroxy group compared to the groups
mentioned above. From both an economical and an envi-
ronmental point of view, conversion of alylic acohols di-
rectly into allylation products is highly desirable. Several
successful approaches for meta -catalyzed (mainly Pd) di-
rect substitution of allylic acohols have been developed.
In most cases, additives such as Ti(Oi-Pr),,° Et;B,%°
Ph;B,* SnCl,,*? As,0,,'® CO,™ etc. were employed for in
situ activation of the OH group. In arecent work reported
by Ozawa and Y oshifuji,*® n3-allyl palladium complexes
bearing unique phosphorus ligands, diphosphinidenecy-
clobutenes, have been demonstrated to catalyze the direct
alylation in the absence of activating agents. More re-
cently, InCl;® and Bransted acid such as p-toluenesul fon-
ic acid monohydrate'’ have emerged as useful catalysts
for nucleophilic substitution of allylic a cohols. Neverthe-
less, the search of highly efficient catalysts for direct
cleavage of the C-O bond in alylic alcohols still remains
as a challenging objective.’® On the other hand, it was re-
ported that Au(l1l) salts and Au(l) complexes displayed
considerable catalytic activity under moderate condi-
tions.!® In the course of our studies on gold-catalyzed
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processes?® and zirconium-mediated allylic alcohol for-
mation reactions,??> we found that gold could efficiently
catalyze nucleophilic substitutions of allylic acohols.
Herein, we would like to report gold-catalyzed?®?* direct
amination of allylic acohols, which offers a straightfor-
ward route to substituted allylic amines.

We began our investigation with the reaction of 1,3-
diphenylprop-2-en-1-ol (1a) and p-toluenesulfonamide
(Scheme 1). Treatment of a mixture of 1a and two equiv-
alents of TsNH, with 2 mol% AuCl; in anhydrous MeCN
afforded the corresponding allyl sulfonamide 2a smoothly
in 87% isolated yield after stirring 30 minutes at room
temperature. Reducing the amount of TsNH, to one
equivalent resulted in alower yield (67%) of 2a after three
hours. It isworth noting that no other additive was needed
for this reaction. The cationic gold(l) complex
AUCI(PPh,)/AgOTf also showed good catalytic activity in
THF to afford 76% of 2a, however, a prolonged reaction
time (12 h) was required.

OH catalyst NHTs
Ph/\)\Ph TN solvent, r.t. Ph X Ph
la 2 equiv 2a
catalyst yield (%) of 2a
2% AuCl3, MeCN, 30 min 87

5% (PPh3)AUC/AgOTF, THF, 12 h 26

Schemel Gold-catalyzed direct substitution of 1a with TsSNH,

Tablel AuCly-Catalyzed Amination of 1a with Various Amines®®

2 mol% AuClz
v RN in MeCN Ph/\)\"h
2
Entry RNH, Temp Time  Product Yield
(SO (%)?
1 p-FCgH,NH, 50 24 2b 79
2 p-CICeH,NH, 50 3 2c 92
3 p-1CeH,NH, 50 3 2d 84
4 p-NO,CsH,NH, rt. 05 2 92
5 p-MeCeH,NH, 50 24 2f 29
a|solated yield.
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In order to test the scope of nucleophiles, we examined the
substitution reactions of 1a with avariety of amines under
the optimized reaction conditions. The results are summa-
rized in Table 1. Treatment of 1la with p-FCH,NH, re-
sulted in the formation of alyl amine 2b in 79% yield
(Table 1, entry 1). Other halide functionalities, such as
chloro or iodo, on the aromatic ring of theaminewere also
well tolerated during the reaction, affording the corre-
sponding products 2c and 2d in 92% and 84% yields, re-
spectively (entries 2 and 3).

The most reactive substrate was p-NO,C¢H,NH, contain-
ing a strong electron-withdrawing group on the aromatic
ring, which provided substitution product 2ein 92% yield
within 30 minutes (entry 4). In contrast to this result, elec-
tron-donating group (Me) on the aromatic ring resulted in
alower yield (29%) of 2f, even after stirring at 50 °C for
24 hours (entry 5). This result suggested that a facile co-
ordination of electron-rich amine to the metal center
might occur, which tended to inhibition of the catalysis.

The present method could be applied successfully to var-
ious types of cyclic and acyclic alylic alcoholsto provide
the allylic amines in 58-96% yields (Table 2). The reac-
tion of 1-phenylbut-2-en-1-ol (1b) with TsNH, afforded
the corresponding amide 2g in 90% yields with high regi-
oselectivity (Table2, entry 1), in which the new C-N
bond was formed selectively at the C-3 position of the
starting materia. Interestingly, its regioisomer 1c gave
riseto the same product in slightly lower yield of 82% (en-
try 2). These experimental results suggested that the same
alylic cation was generated as the reactive intermediate
for both alylic alcohols. When 1,5-diphenylpenta-1,4-
dien-3-ol (1e) was employed, a stereodefined (2E,4E)-
2,4-pentadienyl aryl amine product 2i was selectively
formed in 96% yield (entry 4). The trisubstituted olefins
1f and 1g, which were easily prepared through a zirconi-

Table2 AuCl;-Catalyzed Direct Amination of Allylic Alcohol 1b—o

um-mediated alkyne-aldehyde coupling reaction,?? also
reacted with TsNH, smoothly to generate 2j and 2k in
66% and 80% yields, respectively, in high regio- and ste-
reoselectivity (entries 5, 6). However, in these cases, at
least 4 equivalents of the amine nucleophile were required
for achieving a clean transformation. The E-configuration
of C=C bond in these products was determined by *H-H
NOESY NMR spectral analysis. The reaction aso pro-
ceeded well with cyclic alylic acohol 1h, furnishing 2l in
84% yield (entry 7). A phenyl-substituted tertiary alcohol
1i gave 2m in 89% yield as asingle regioisomer (entry 8).
This result indicated that the sulfonamide selectively at-
tacked the less hindered terminus of allylic moiety. Simi-
larly, an alkyl-substituted tertiary alcohol 1j afforded 2n
in 75% yield with high regiosel ectivity (entry 9). The use
of acohols 1l1-o resulted in the formation of a mixture of
two regioisomers in 58-76% yields (entries 11-14). The
two regioisomers in products 2p and 2r could be easily
separated by column chromatography. It should be noted
that while the current catalyst is quite effective for some
secondary and tertiary alylic acohals, the substrate of
non-1-en-3-ol which may form less stable carbon cations
and the primary alcohols such as 2-propen-1-ol and (2E)-
3-phenyl-2-propen-1-ol do not react with amine at all un-
der similar reaction conditions. Although the mechanism
of the reaction presented hereis not clear yet, a plausible
reaction pathway is considered as follows. The initial
cleavage of a C-O bond in alylic alcohol, which is prob-
ably induced by the coordination of OH group to AuCls,
affords an alylic cation intermediate. Subsequent nucleo-
philic attack of an amine give the desired alyl amines.
The similar reaction mechanism was also suggested by
other related studies.?®

Entry Allylic alcohol RNH, Time (h) Product Yield (%)
OH NHTs
1 TsNH 1 90
/\)\Ph 2 Ph N
1b 29
OH
2 TsNH 1 2 82
Ph/\)\ 2 g
1c
OH HN” P-NO2CgHy
3 -NO,CH,NH 1 85
o /\)\Bu p HCeMaN L o MBU
1d 2h
OH HN/P'N02C6H4
4 s A o p-NO,CeH,NH,  0.25 96
Ph Ph S T T,
OH NHTs
5 npr/\H\ph TsNH, 0.25 npr Z ph 66°°
"Pr "Pr
1f 2j
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Table2 AuCl;-Catalyzed Direct Amination of Allylic Alcohol 1b—o (continued)

Entry Allylic alcohol RNH, Time (h) Product Yield (%)
OH NHTs
6 Ph/\)\”PI’ TsNH, 2 Ph X" py 8ope
Ph Ph
1g 2k
OH NHTs
7 @ TsNH, 1 @ 844
1h 2l
Ph_ OH Ph
8 ij TsNH, 1 @\ 89
_ NHTs
1i 2m
Bu_ OH Bu
9 ij TsNH, 1 @\ 75
_ NHTs
1 2n
Ph
Ph_ OH
10 é p-NO,CeH,NH, 1 86
~P-NO2CgHy
N
1k H
20
OH ~P-NOCeHy ™ -NO,CgH
1 PN P-NOCHNH, 24 HN £ e N PNOCH e
Ph = 1
H
2p, 1:1
OH NHTs NHTs
12 "Pr/\)Y TsNH, 2 "Pr”ﬁﬁW + npr)\/Y 76bef
npr "Pr "Pr
m (minor) (major)
2q, 1:9
-NO,CgH P-NO2CgH,4
OH HN/p 264 HN/
13 N /% pPNO,CHNH, 15 )\)\ + /\/% 58°
Ph Ph
1n (minor) (major)
2r,1:1.2
oH NHTs NHTs
14 )\/\/ TsNH 1 + 64929
PSS 2 M Bu ﬂ\)\ Bu
10 (major) (minor)
25,191

2| solated yield. Unless noted, all the reactions were carried out at r.t. using 2 equiv of nucleophile and 2 mol% of AuCl.

b 4 Equiv of TsNH, were used.

¢ The E-configuration of C=C bond in the product was determined by NOESY spectroscopy.

4 The reaction was carried out at 50 °C.

€ Combined yield.

f The E-configuration of C=C bond in the major i somer was determined by NOESY spectroscopy. Only one alkeneisomer of minor isomer was
obtained, the geometry of C=C bond in minor isomer was not defined.

9 Two regioisomers were obtained; however, the geometry of C=C bond in these isomers could not be defined due to the overlapping of the
signals of vinylic protonsin *H NMR.
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In summary, we have developed a gold-catalyzed direct
substitution of allylic alcohols with sulfonamide or aryl
amines under mild reaction conditions, which provided an
efficient route to substituted alylic sulfonamides or
amines. Further studiesto elucidate the mechanism of this
reaction and to extend the scope of synthetic utility arein
progressin our laboratory.

Acknowledgment

Wethank the National Natural Science Foundation of China (Grant
N0.20402019, 20121202, 20423001), the Mgjor State Basic Rese-
arch Development Program (Grant No. 2006CB806105), and Chi-
nese Academy of Science for financial support.

References and Notes

@

)

©)

4

®)

(6)

@)

®

For reviews, see: (a) Tsuji, J. Palladium Reagents and
Catalysis; John Wiley and Sons: Chichester, 2004.

(b) Nakamura, I.; Yamamoto, Y. Chem. Rev. 2004, 104,
2127. (c) Tsuji, J. Transition Metal Reagents and Catalysts;
John Wiley and Sons: New Y ork, 2000. (d) Transition
Metals for Organic Synthesis; Beller, M.; Bolm, C., Eds;
Wiley-VCH: Weinheim, 1998. (e) Trost, B. M.; Crawley,
M. L. Chem. Rev. 2003, 103, 2921.

For reviews, see: (a) Godleski, S. A. In Comprehensive
Organic Synthesis, Val. 4; Trost, B. M.; Fleming, |., Eds,;
Pergamon Press: New Y ork, 1991, 585. (b) Davis, J. A. In
Comprehensive Organometallic Chemistry 11, Vol. 9; Abel,
E. W.; Stone, F. G. A.; Wilkinson, G., Eds.; Pergamon:
Oxford, 1995, 291. (c) Johannsen, M.; Jargensen, K. A.
Chem. Rev. 1998, 98, 1689. (d) Trost, B. M.; VanVranken,
D. L. Chem. Rev. 1996, 96, 395.

Selected papers: (a) Tsuji, M.; Minami, I. Acc. Chem. Res.
1987, 20, 140. (b) Trost, B. M. Angew. Chem.,, Int. Ed. Engl.
1989, 28, 1173. (c) Tsuji, J. Synthesis 1990, 739.

(d) Uozumi, Y .; Danjo, H.; Hayashi, T. J. Org. Chem. 1999,
64, 3384.

Selected papers: (a) Goux, C.; Massacret, M.; Lhoste, P,;
Sinou, D. Organometallics 1995, 14, 4585. (b) Deardorff,
D. R.; Savin, K. A.; Justman, C. J.; Karanjawala, Z. E;
Sheppeck, J. E. II; Hager, D. C.; Aydin, N. J. Org. Chem.
1996, 61, 3616. (c) Moreno-Mafias, M.; Morral, L .; Pleixats,
R. J. Org. Chem. 1998, 63, 6160.

(a) Ziegler, F. E.; Kneidley, A.; Wester, R. T. Tetrahedron
Lett. 1986, 27, 1221. (b) Ziegler, F. E.; Cain, W. T;
Kneisley, A.; Stirchak, E. P.; Wester, R. T. J. Am. Chem.
Soc. 1988, 110, 5442.

(&) Conndll, R. D.; Rein, T.; Akermark, B.; Helquist, P. J.
Org. Chem. 1988, 53, 3845. (b) Sakamoto, M.; Shimizu, |.;
Y amamoto, A. Bull. Chem. Soc. Jpn. 1996, 69, 1065.
Selected papers: (8) Tamura, R.; Kai, Y.; Kakihama, M ;
Hayashi, K.; Tsuji, M.; Nakamura, T.; Oda, D. J. Org. Chem.
1986, 51, 4375. (b) Tamura, R.; Kato, M.; Saegusa, K.;
Kakihama, M.; Oda, D. J. Org. Chem. 1987, 52, 4121.

(c) Tamura, R.; Kamimura, A.; Ono, N. Synthesis 1991, 423.
For review, see: (a) Muzart, J. Tetrahedron 2005, 61, 4179.
Seedso: (b) Lumin, S.; Falck, J. R.; Capdevila, J.; Karara,
A. Tetrahedron Lett. 1992, 33, 2091. (c) Tsay, S,; Lin, L.
C.; Furth, P. A.; Shum, C. C.; King, D. B.; Yu, S. F.; Chen,
B.; Hwu, J. R. Synthesis 1993, 329. (d) Masuyama, Y .;
Kagawa, M.; Kurusu, Y. Chem. Lett. 1995, 1121. (¢) Hirai,
Y .; Shibuya, K.; Fukuda, Y .; Y okoyama, H.; Y amaguchi, S.
Chem. Lett. 1997, 221.

©)

(10)

(11)
(12)

(13)
(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)
(22)

(23)

(24)

(&) Itoh, K.; Hamaguchi, N.; Miura, M.; Nomura, M. J.
Chem. Soc., Perkin Trans. 1 1992, 2833. (b) Satoh, T.;
Ikeda, M.; Miura, M.; Nomura, M. J. Org. Chem. 1997, 62,
4877. (c) Yang, S.-C.; Hung, C.-W. J. Org. Chem. 1999, 64,
5000. (d) Shue, Y .-J,; Yang, S.-C.; Lai, H.-C. Tetrahedron
Lett. 2003, 44, 1481.

(8) Kimura, M.; Horino, Y .; Mukai, R.; Tanaka, S.; Tamaru,
Y. J. Am. Chem. Soc. 2001, 123, 10401. (b) Kimura, M ;
Futamata, M.; Shibata, K.; Tamaru, Y. Chem. Commun.
2003, 234. (c) Kimura, M.; Tomizawa, T.; Horino, Y .;
Tanaka, S.; Tamaru, Y. Tetrahedron Lett. 2000, 41, 3627.
Stary, |.; Stard, |. G.; Kocovsky, P. Tetrahedron Lett. 1993,
34, 179.

(8) Masuyama, Y .; Takahara, J. P.; Kurusy, Y. J. Am. Chem.
Soc. 1988, 110, 4473. (b) See also reference 8d.

Lu, X.; Lu, L.; Sun, J. J. Mol. Catal. 1987, 41, 245.
Sakamoto, M.; Shimizu, |.; Yamamoto, A. Bull. Chem. Soc.
Jpn. 1996, 69, 1065.

(a) Ozawa, F.; Okamoto, H.; Kawagishi, S.; Yamamoto, S.;
Minami, T.; Yoshifuji, M. J. Am. Chem. Soc. 2002, 124,
10968. (b) Ozawa, F.; Y oshifuji, M. Dalton Trans. 2006,
4987.

Yasuda, M.; Somyo, T.; Baba, A. Angew. Chem. Int. Ed.
2006, 45, 793.

Sanz, R.; Martinez, A.; Miguel, D.; Alvarez-Gutiérrez, J. M..;
Rodriguez, F. Adv. Synth. Catal. 2006, 348, 1841.

During this manuscript preparation, a bismuth-catalyzed
allylic substitution was reported. In this reaction, the
additives such as KPR, were usually required: Qin, H.;
Yamagiwa, N.; Matsunaga, S.; Shibasaki, M. Angew. Chem.
Int. Ed. 2006, 46, 409.

For reviews on gold-catalyzed reactions, see: (a) Dyker, G.
Angew. Chem. Int. Ed. 2000, 39, 4237. (b) Hashmi, A. S. K.
Gold Bull. 2003, 36, 3. (c) Hashmi, A. S. K. Gold Bull.
2004, 37, 51. (d) Hoffmann-Rdder, A.; Krause, N. Org.
Biomoal. Chem. 2005, 3, 387. (€) Hashmi, A. S. K. Angew.
Chem. Int. Ed. 2005, 44, 6990. (f) Ma, S,; Yu, S,; Gu, Z.
Angew. Chem. Int. Ed. 2006, 45, 200.

(a) Liu, Y.; Song, F.; Guo, S. J. Am. Chem. Soc. 2006, 128,
11332. (b) Liu, Y.; Liu, M.; Guo, S.; Tu, H.; Zhou, Y .; Gao,
H. Org. Lett. 2006, 8, 3445. (c) Liu, Y.; Song, F.; Song, Z.;
Liu, M.; Yan, B. Org. Lett. 2005, 7, 5409.

Liu, Y.; Song, F.; Cong, L. J. Org. Chem. 2005, 70, 6999.
Guo, S.; Zhang, H.; Song, F.; Liu, Y. Tetrahedron 2007, 63,
2009.

For gold-catalyzed substitution of propargylic, and/or
benzylic alcohals, see: (a) Georgy, M.; Boucard, V .;
Campagne, J.-M. J. Am. Chem. Soc. 2005, 127, 14180.

(b) Terrasson, V.; Marque, S.; Georgy, M.; Campagne, J.-M.
Adv. Synth. Catal. 2006, 348, 2063.

For gold-catalyzed addition of amines to olefins, alenes or
alkynes, see: (a) Zhang, J.; Yang, C.; He, C. J. Am. Chem.
Soc. 2006, 128, 1798. (b) Brouwer, C.; He, C. Angew.
Chem. Int. Ed. 2006, 45, 1744. (c) Han, X.; Widenhoefer, R.
A. Angew. Chem. Int. Ed. 2006, 45, 1747. (d) Nishina, N.;
Yamamoto, Y. Angew. Chem. Int. Ed. 2006, 45, 3314.

(e) Patil, N. T.; Lutete, L. M.; Nishina, N.; Yamamoto, Y.
Tetrahedron Lett. 2006, 47, 4749. (f) Zhang, Z.; Liu, C;
Kinder, R.; Han, X.; Qian, H.; Widenhoefer, R. A. J. Am.
Chem. Soc. 2006, 128, 9066. (g) Morita, N.; Krause, N.
Org. Lett. 2004, 6, 4121. (h) Alfonsi, M.; Arcadi, A.; Aschi,
M.; Bianchi, G.; Marinelli, F. J. Org. Chem. 2005, 70, 2265.
(i) Arcadi, A.; Bianchi, G.; Marindlli, F. Synthesis 2004,
610. (j) Mizushima, E.; Hayashi, T.; Tanaka, M. Org. Lett.
2003, 5, 3349.

Synlett 2007, No. 6, 964-968 © Thieme Stuttgart - New York



968

S. Guoet al.

LETTER

(25)

(26)

(a) Terrasson, V.; Marque, S.; Georgy, M.; Campagne, J.;
Prima, D. Adv. Synth. Catal. 2006, 348, 2063. (b) Liu, J.;
Muth, E.; Florke, U.; Henkel, G.; Merz, K.; Sauvageau, J.;
Schwake, E.; Dyker, G. Adv. Synth. Catal. 2006, 348, 456.
Typical Procedurefor AuCl;-Catalyzed Direct
Amination of Allylic Alcohols

A solution of AuCl;in MeCN (0.05 M) was prepared. Under
N, atmosphere, 1,3-diphenylprop-2-en-1-ol (1a, 0.11 g, 0.5
mmol) and p-CIC;H,NH, (0.13 g, 1 mmol) were added to a
25 mL round-bottomed flask containing a stirring bar, and
then 5 mL MeCN was added. To the mixture, 0.2 mL AuCl,
(0.01 mmol) was added. Theresulting solution was stirred at
50 °C until the reaction was completed as monitored by thin-
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layer chromatography (3 h). The solvent was removed in
vacuo and the residue was purified by flash chromatography
onsilicagel (PE-EtOAc = 30:1) afforded product 2cin 92%
isolated yield.
N-(E)-(4-Chlorophenyl)-(1,3-diphenylallyl)amine (2c): *H
NMR (CDCl;, TMS): 8 =4.12 (br s, 1 H), 5.02 (d, J=5.7
Hz, 1 H), 6.35(dd, J = 6.0, 15.9 Hz, 1 H), 6.50-6.61 (m, 3
H), 7.04-7.09 (m, 2 H), 7.19-7.41 (m, 10 H). ®*C NMR
(CDCl;, TMS): 6 = 60.65, 114.64, 122.23, 126.48, 127.13,
127.67, 127.77, 128.56, 128.87, 128.93, 130.12, 131.25,
136.40, 141.53, 145.66. HRMS (El): m/z calcd for
C,H1CIN: 319.1128; found: 319.1121.
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