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Abstract: Brgnsted acid-catalyzed general Petasis allylation and
isoprenylation of unactivated ketones have been developed using o-
hydroxyaniline and the corresponding pinacolyl boronic esters. This
robust methodology has provided access to a broad variety of
quaternary homoallylic amines and dienylamines in high yields,
proved applicable to a gram-scale synthesis, and allowed the
formation of a potentially bioactive quaternary homoallylic aminodiol.

Introduction

Nucleophilic allylation has been among the most studied C-C
bond formations to transfer a synthetically useful allyl functional
group. Compared with the well-established aldimine allylation to
form tertiary homoallylic amines, the reaction using ketimines has
remained a major challenge for their low electrophilicity.’
However, this analogous reaction represents a convenient access
to quaternary homoallylic amines,? which are key structural motifs
in numerous biologically active molecules such as 1,2 11,4 111, and
IVé (Figure 1). Therefore, diverse novel allylation strategies
involving the use of ketimines have been devised to address the
synthetic issues. To date, two main types of protocols involving
ketimines have been documented: (1) The two-component
allylation of isolated ketimines, where ketimines must be formed
and purified prior to C—C bond formation. Recently, several
allylation systems using a variety of stoichiometric metal or
metalloid reagents” and metal catalysts® have been identified. (2)
The three-component allylation of in situ-formed ketimines; either
from the condensation of ketones and primary amines (Scheme
1),% or via other one-pot methods.”® In contrast to the two-
component approach, less progress has been achieved here
although this more direct method can obviate the need for the pre-
installation of moisture- and acid-sensitive ketimines.
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Figure 1. Selected bio-active molecules bearing quaternary homoallylamine
motifs.

The Petasis allylboration of ketones® belonging to the second
reaction type has remained scarce and underdeveloped, although
the Petasis allylboration of aldehydes has been well
established.' In 2005, inspired by the seminal work of
Kobayashi’s Petasis-type aminoallylation of aldehydes,'? Thadani
et al. accomplished the allylation and crotylation of in situ-formed
N-unprotected ketimines using boronic acids in the presence of
ammonia (Scheme 1a);% however, a 10-fold excess of NH3 had
to be used. In 2017, Zhang et al. reported a diastereospecific
Petasis allylboration of isatins using boronic acids in the presence
of an optically pure primary aminoalcohol to give access to the
corresponding products bearing two adjacent quaternary
stereogenic centers (Scheme 1b);®® however, unfunctionalized
ketones proved to be unreactive. In contrast to the corresponding
boronic acids, cyclic allylboronic esters of the pinacol-type display
a relatively high stability and thus a low reactivity."® Therefore,
the challenge has been to activate these cyclic allylic boronic
esters, unactivated ketones, and the corresponding in situ-formed
ketimines in order to develop a general and robust Petasis allyl-



and isoprenylboration for the construction of highly functionalized
quaternary amines (Scheme 1c). In this context, as part of our
research interest in organoboron chemistry,' we report here a
Bronsted acid-catalyzed Petasis allyl- and isoprenylboration of
unactivated ketones by exploiting a neighboring hydroxyl group-
activation strategy;'® a derivative of compound IV (Figure 1)
proved to be readily accessible as well.

(a) Aminoallylation of unactivated ketones (ref. 9a)
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Scheme 1. Petasis allylborations of various ketones.
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Results and Discussion

In our previous work, we have reported on the Petasis
allylboration using aldehydes, a 1,2-aminoalcohol, and pinacolyl
allylboronic ester.'®¢  Accordingly, we sought to extend this
methodology to the use of unactivated ketones (Table 1).
However, the use of acetophenone (1a), o-hydroxyaniline (2; 1.2
equiv), and pinacolyl allylboronic ester (3a; 1.2 equiv) under the
reported reaction conditions (rt, 48 h) gave the expected
quaternary homoallylic amine 4aa in only 18% yield (entry 1).
This result may be attributed to both the sluggish in situ-
generation and the low electrophilicity of the corresponding
ketimine. As Brgnsted acids have been shown to accelerate both
imine formation and aldehyde allylboration,'® several Brgnsted
acids (5 mol%) were screened (entries 2-4). Para-toluene-
sulfonic acid (TsOH) exhibited a slightly better performance than
benzoic acid and camphorsulfonic acid (CSA); the yield of product
4aa increased to 40% (entry 4). Subsequently, the loading effect
of TsOH was examined (10-30 mol%; entries 5-7); the use of 10
mol% proved to be the best compromise (56% yield; entry 5).
More importantly, the use of an increased amount of 3a gave
product 4aa in 84% yield (1.5 equiv; entry 8). In contrast to our
earlier work,'? the use of 4A MS was not required (entry 9).
Similarly, further increasing the amount of 3a or conducting the
reaction at 50 °C proved to be ineffective (entries 10—12). Finally,
extending the reaction time led to a slight increase in the yield of
product 4aa (entries 13 and 14); the best compromise proved to
be 96 h (90% yield; entry 14).

Table 1. Optimization of the Petasis allylation conditions.?
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catalyst

: :OH
MeOH, rt, time NH
—_—

(0}
@ACHS ’ 5 J§< OH
NP X
= O ©: ©/C,?3/\
NH2 2

1a 3a 4aa
entry 3alequiv catalyst/mol% time/h yield/%?
1 1.2 - 48 18
2 1.2 PhCO,H/5 48 36
3¢ 1.2 CSA/5 48 38
4 1.2 TsOH/5 48 40
5 1.2 TsOH/10 48 56
6 1.2 TsOH/20 48 60
7 1.2 TsOH/30 48 51
8 1.5 TsOH/10 48 84
9d 1.5 TsOH/10 48 82
10 1.8 TsOH/10 48 85
11 2.0 TsOH/10 48 89
12¢ 1.5 TsOH/10 48 82
13 1.5 TsOH/10 72 86
14 15 TsOH/10 96 90

@Reaction conditions: 1a (0.20 mmol), 2 (0.24 mmol), catalyst, MeOH
(0.20 mL), rt, 2 h; 3a, T, time. b |solated yields. ¢ Racemic product was
obtained. 94A MS (50 mg) was used. ® Run at 50 °C.

Next, the ketone scope was investigated under the optimized
conditions (Table 1, entry 14). Various aromatic and aliphatic
methyl ketones proved to be effective substrates (Table 2). The
use of para-substituted aromatic ketones (Me, Hal, CF3) gave the
corresponding quaternary homoallylic amines 4ba—fa in 70—-87%
yield (entries 2—6). Similar results were obtained for meta-
substituted aromatic ketones (MeO, Me, Hal, CF3); the
corresponding products 4ga-la were formed in 72-86% yield
(entries 7-12). Similary, meta,para-disubstituted products 4ma
(Me) and 4na (F) were obtained in 76% and 80% yield,
respectively (entries 13 and 14). Furthermore, the use of ortho-
substituted aromatic ketones (Me, Hal) and the 2-naphthyl
derivative gave the corresponding products 4oa-ra in 76-82%
yield (entries 15-18). Notably, the synthesis of the quaternary
aliphatic homoallylic amine 4sa from ketone 1s was achieved in
94% vyield (entry 19).

Table 2. Ketone scope for the Petasis allylation.?



2 (1.2 equiv)
o TsOH OH
)y . Q/& (10 mol%) ©:
R™ CH,3 A~ By MeOH NH
rt, 96 h HsC SN
1 3a 4
entry ketone (1) product (4) yield/%"

1 R =Ph (1a) 4aa 90
2 R = 4-Me-CgH,4 (1b) 4ba 70
3 R =4-F-CgH4 (1c) 4ca 75
4 R = 4-CI-CgHy4 (1d) 4da 79
5 R = 4-Br-CgH4 (1e) 4ea 87
6 R = 4-CF3-CgH, (1f) 4fa 70
7 R = 3-MeO-CgH,4 (19) 4ga 72
8 R = 3-Me-CgH,4 (1h) 4ha 80
9 R = 3-F-CgHy4 (1i) dia 86
10 R = 3-CI-CgH4 (1)) 4ja 82
11 R = 3-Br-CgH, (1k) 4ka 82
12 R = 3-CF3-CgH4 (11) 4la 80
13 R = 3,4-(Me),-CgH3(1m) 4ma 76
14 R = 3,4-(F),-CgHs3 (1n) 4na 80
15 R = 2-Me-CgH4 (10) 4oa 79
16 R = 2-F-CgH,4 (1p) 4pa 82
17 R = 2-CI-CgHy4 (19) 4qa 82
18 R = 2-naphthyl (1r) 4ra 76
19 R = c-hexyl (1s) 4sa 94

@ Reaction conditions: 1 (0.20 mmol), 2 (0.24 mmol), TsOH (10 mol%),
MeOH (0.20 mL), rt, 2 h; 3a (0.30 mmol), rt, 96 h. ? Isolated yield.

We also probed the versatility and robustness of this Petasis
reaction by using isoprenylboronic ester 3b," instead of 3a, to
access the corresponding quaternary dienylamine 4ba (Table 3).
Under the standard reaction conditions the expected product 4ba
was formed in 72% yield (entry 1); this result was slightly
improved by conducting the experiment at 50 °C (75% yield; entry
2). A dilution of the reaction mixture (1 M) proved to be to
somewhat effective (0.5-0.67 M; entries 3 and 4); the best
compromise was observed at 0.67 M (82% vyield; entry 3).

Table 3. Optimization of the Petasis isoprenylation conditions.?

OH
(1.2 equiv) ©:
1a + TSOH 10 mol%) NH
MeOH, T, 96 h
CHy |
4ab
entry MeOH/mL T/°C yield/%?
1 0.2 rt 72
2 0.2 50 75
3 0.3 50 82
4 0.4 50 77

4 Reaction conditions: 1a (0.20 mmol), 2 (0.24 mmol), TsOH (10 mol%),
MeOH,; rt, 2 h; 3b (0.30 mmol), T, 96 h. b|solated yields.

Here again, the ketone scope was investigated under the
optimized conditions (Table 3, entry 3). Various aromatic,
heteroaromatic, and aliphatic methyl ketones proved to be effective
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substrates (Table 4). The use of para-substituted aromatic ketones
provided quaternary dienylamines 4bb—fb in 65-82% yield (entries
2-6). Similar results were observed for meta-, meta,para-di-, and
ortho-substituted aromatic ketones; the corresponding products
4gb-qgb were formed in 60-77% yield (entries 7-17). Importantly,
the quaternary aliphatic target compound 4sb was generated in
89% yield (entry 18). Finally, the use of 1-naphthyl and 3-pyridyl
derivatives gave the corresponding products 4tb and 4ub in 76%
and 90% vyield, respectively (entries 19 and 20). These data
highlight the generality of this Petasis methodology in terms of
unactivated ketones.

Table 4. Ketone scope for the Petasis isoprenylation N

2 (1.2 equiv) OH
TsOH @[
i , 10 mol%) NH
R” “CHj \ " MeoH HaC 4\ )H
50°C, 96 h R ‘
1 3b 4
entry ketone (1) product (4) yield/%?
1 R = Ph (1a) 4ab 82
2 R=4-Me-CgH, (1b) 4bb 65
3 R = 4-F-CgH,4 (1c) 4cb 73
4 R = 4-Cl-CgH, (1d) 4db 77
5 R = 4-Br-CgH,4 (1e) 4eb 82
6 R = 4-CF3-CgH,4 (1f) 4fb 81
7 R = 3-MeO-CgH, (19) 4gb 72
8 R = 3-Me-CgH, (1h) 4hb 60
9 R = 3-F-CgH, (1i) 4ib 73
10 R = 3-CI-CgH4 (1j) 4jb 76
11 R = 3-Br-CgHy4 (1k) 4kb 77
12 R = 3-CF3-CgH4 (11) 41b 75
13 R = 3,4-(Me),-CgH3 (1m) 4mb 61
14 R = 3,4-(F),-CgH3 (1n) 4nb 75
15 R = 2-Me-CgH,4 (10) 4o0b 63
16 R = 2-F-CgH, (1p) 4pb 68
17 R = 2-Cl-CgH,4 (19) 4qb 70
18 R = c-hexyl (1s) 4sb 89
19 R = 1-naphthyl (1t) 4tb 75
20 R = 3-pyridyl (1u) 4ub 90

@ Reaction conditions: 1 (0.20 mmol), 2 (0.24 mmol), TSOH (10 mol%),
MeOH (0.30 mL), rt, 2 h; 3b (0.30 mmol), 50 °C, 96 h. b |solated yield.

The para-toluenesulfonic acid catalyst is proposed to promote
these Petasis reactions in distinct ways (Scheme 2). First, TsOH
may enable ligand exchange processes'” at boron between cyclic
allylboronic ester 3a and MeOH (excess) to generate in situ the
more reactive'® acyclic allylboronic ester 3a’ (Scheme 2a); or an
acyclic hybrid (not displayed).'”” Second, the protonation of the
oxygen atom of ketone 1a by TsOH would increase substantially
the carbonyl electrophilicity (A; Scheme 2b); such fast pre-
equilibrium would result in a facilitated nucleophilic addition of
aniline 2 and thus a more effective condensation to form in situ
the corresponding ketimine B. Third, a TsOH-promoted ligand
exchange at boron between 3a or 3a’ and bidentate species B
would lead to boron—ate complex C and thus a cyclic transition
state for C—C bond formation (Scheme 2b);'” in C, a basic oxygen
atom is likely protonated by TsOH increasing the Lewis acidity of
the adjacent boron atom'® to favor the B«N interaction and thus



the ketimine allylation. Finally, TsOH should promote the B—O(Ar)
bond hydrolysis to give product 4aa.

TsOH pinacol

? _MeoH )
MeOH
o _~_B(OMe),
8o
3a 3a’
b)
o TsOH
Q)kCM
1a
Tsoe
OH
3a or 3a' MeQ Oj@ TSOH, MeOH
NH
TsOH, MeOH M
Ph X
cH3 CHs
(o3 4aa

Scheme 2. Possible roles of TsOH in the Petasis allylation.

In order to demonstrate the practicality and utility of this Petasis
methodology, we first attempted a gram-scale synthesis (Scheme
3); gratifyingly, quaternary homoallylic amine 4aa was obtained in

, a derivative of biologically active compound IV, was formed in
75% yield.

OH
TsOH
)k (10 mol%
M OH NH
e
NHz B‘ t, 96 h HSCM
Ph
1a (5.0 mmol) 2 (6.0 mmol) 3a (7.5 mmol) 87% 4aa (1.10 g)
OMe
CH3l 1) TCCA, HySO0y, 24 h HaC 'NH3 CI-
4daa ———————————> NH
acetone, rt, 48 h M 2) KOH Ph X
HsC X 3) HCl 6
80% Ph 65%
5
MOH 2 and 3a
conditions as
#%o in Table 2 Q/\%

75%

Conclusion

In summary, we have developed Brgnsted acid-catalyzed Petasis
allylation and isoprenylation of unactivated ketones using o-
hydroxyaniline and the corresponding cyclic boronic esters to give
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various quaternary homoallylic amines and dienylamines in high
yields. Plausible roles of the TsOH catalyst include the promotion
of: ligand exchange processes at boron; the in situ ketimine
generation; the C—C bond formation through the activation of a
boron—ate intermediate. This general and robust methodology
has proved applicable to a gram-scale synthesis and the
formation of a complex, potentially bioactive quaternary
homoallylic aminodiol. Further studies towards an asymmetric
version of these processes
are ongoing in our laboratory.

Experimental Section

General Information. All reactions involving air-sensitive compounds
were performed in oven-dried glassware by using standard Schlenk
techniques. All reactions were monitored by TLC, and TLC analysis was
performed by illumination with a UV lamp (254 nm). Flash column
chromatography was carried out using silica gel of 200-300 mesh;
preparative thin-layer chromatography (PTLC) was conducted using silica
gel GF254. NMR spectroscopy was performed using a Bruker Avance 500
instrument ("H NMR: 500 MHz; 3C NMR: 126 MHz; '°F NMR: 471 MHz).
In "H NMR spectra, chemical shifts were reported in ppm downfield from
internal TMS with the solvent resonance as the internal standard (CDCls,
8 =7.26 ppm). In 8C NMR spectra, chemical shifts were reported in ppm
downfield from TMS with the solvent resonance as the internal standard
(CDCls, d = 77.2 ppm). Infrared spectra were recorded on a NICOLET
FT/IR-200 spectrometer. High resolution MS (ESI-orbitrap) were obtained
on a Thermo Fisher Q Exactive Mass Spectrometer.

General procedure for the Petasis reactions with pinacolyl
allylboronic ester (3a): A solution of the corresponding ketone 1 (0.20
mmol), o-hydroxyaniline (2; 0.24 mmol, 1.2 equiv), and TsOH (0.02 mmol,
10 mol%) was stirred in MeOH (0.2 mL) at rt for 2 h. Pinacolyl allylboronic
ester (3a; 0.30 mmol, 1.5 equiv) was added, and the mixture was stirred
at rt for 96 h prior to purification by preparative thin-layer chromatography
on silica gel to give the corresponding product 4a.

Analytical data of compounds 4ca, 4ga, 4ha, 4ka and 4la:

2-((2-(4-fluorophenyl)pent-4-en-2-yl)amino)phenol (4ca): Brown oil,
40.5 mg, 75% yield, Rr = 0.50 (PE/EA = 10:1). "H NMR (500 MHz, CDCl3)
5 7.49-7.38 (m, 2H), 7.08-6.97 (m, 2H), 6.76-6.67 (m, 1H), 6.63-6.51 (m,
2H), 6.14-6.01 (m, 1H), 5.74-5.60 (m, 1H), 5.16-5.10 (m, 2H), 2.67 (dd, J
=13.5, 7.0 Hz, 1H), 2.58 (dd, J = 13.5, 7.0 Hz, 1H), 1.62 (s, 3H) ppm;
signals for O—H and N-H were not observed. '*C NMR (126 MHz, CDCls)
0 161.58 (d, J = 244.8 Hz), 144.70, 142.31, 133.96, 133.31, 127.77 (d, J =
7.8 Hz), 120.81, 119.30, 118.01, 116.64, 115.16 (d, J = 21.0 Hz), 114.25,
57.54, 48.57, 25.49 ppm. "F NMR (471 MHz, CDCls) & —117.08 ppm. IR
(neat): v = 3421, 2976, 1609, 1511, 1444, 1264, 1166, 1101, 918, 816,
701 cm™'. HRMS (ESI; m/z): [M-H]- calcd for C17H17FNO-, 270.1299,
found: 270.1297.

2-((2-(3-methoxyphenyl)pent-4-en-2-yl)amino)phenol (4ga): Brown oil,
40.6 mg, 72% yield, Rf = 0.48 (PE/EA = 10:1). "H NMR (500 MHz, CDCl3)
6 7.30 (d, J = 7.5 Hz, 1H), 7.16-7.04 (m, 2H), 6.83 (dd, J = 7.5, 2.5 Hz,

H), 6.78-6.50 (m, 3H), 6.19-6.18 (m, 1H), 5.84-5.64 (m, 1H), 5.16 (d, J
=13.0 Hz, 2H), 3.82 (s, 3H), 2.72 (dd, J = 13.5, 7.5 Hz, 1H), 2.63 (dd, J =
13.5, 7.5 Hz, 1H), 1.64 (s, 3H) ppm; signals for O-H and N-H were not
observed. 3C NMR (126 MHz, CDCls) & 159.78, 148.66, 145.09, 133.96,
133.59, 129.40, 120.76, 119.06, 118.55, 118.26, 117.30, 114.15, 112.43,
111.41, 57.92, 55.25, 48.30, 25.41 ppm. IR (neat): v = 3423, 1607, 1512,
1433, 1260, 1043, 918, 748 cm™'. HRMS (ESI; m/z): [M—H]~ calcd for
C1sH20NO2™, 282.1499, found: 282.1495.

2-((2-(m-tolyl)pent-4-en-2-yl)amino)phenol (4ha): Brown oil, 42.6 mg,
80% yield, Rr = 0.49 (PE/EA = 10:1). '"H NMR (500 MHz, CDCl3) & 7.40-
7.31 (m, 2H), 7.28 (d, J = 7.5 Hz, 1H), 7.11 (d, J = 7.5 Hz, 1H), 6.84-6.16
(m, 4H), 5.85-5.64 (m, 2H), 5.19 (d, J = 3.5 Hz, 1H), 5.16 (s, 1H), 2.74 (dd,
J=13.5,7.5Hz, 1H), 2.65 (dd, J = 13.5, 7.5 Hz, 1H), 2.40 (s, 3H), 1.65 (s,
3H) ppm; signals for O—H and N-H were not observed. '3C NMR (126 MHz,
CDCls) d 146.74, 145.27, 137.94, 133.99, 133.74, 128.30, 127.24, 126.70,
123.13, 120.71, 118.97, 118.32, 117.52, 114.15, 57.88, 48.30, 25.43,
21.76 ppm. IR (neat): v = 3419, 2977, 1607, 1511, 1444, 1262, 1185,1099,
917, 742 cm~'. HRMS (ESI; m/z): [M—H]- calcd for C1sH20NO-, 266.1550,
found: 266.1546.



2-((2-(3-bromophenyl)pent-4-en-2-yl)amino)phenol (4ka): Brown oil,
54.1 mg, 82% vyield, R = 0.50 (PE/EA = 10:1). "H NMR (500 MHz, CDCls)
67.65(s,1H), 743 (d,J=7.5Hz, 1H), 7.39 (d, J=7.5Hz, 1H), 7.21 (t, J
= 8.0 Hz, 1H), 6.84-6.04 (m, 4H), 5.77-5.61 (m, 1H), 5.24-5.03 (m, 2H),
2.69 (dd, J=13.5,7.5Hz, 1H), 2.58 (dd, J=13.5, 7.5 Hz, 1H), 1.62 (s, 3H)
ppm; signals for O—-H and N-H were not observed. '3C NMR (126 MHz,
CDCl3) 6 149.43, 144.63, 133.79, 133.02, 130.06, 129.67, 129.22, 124.89,
122.83, 120.90, 119.55, 118.12, 116.64, 114.29, 57.70, 48.22, 25.36 ppm.
IR (neat): v = 3443, 2360 ,1637, 1511, 1443, 1251, 1206, 997, 749 cm™".
HRMS (ESI; m/z): [M-H]- calcd for C17H17BrNO-, 330.0499, found:
330.0496.

2-((2-(3-(trifluoromethyl)phenyl)pent-4-en-2-yl)Jamino)phenol  (4la):
Brown oil, 51.2 mg, 80% vyield, R = 0.53 (PE/EA = 10:1). '"H NMR (500
MHz, CDCl3) 6 7.62-7.56 (m, 4H), 6.80-6.66 (m, 1H), 6.61-6.49 (m, 2H),
6.14-5.96 (m, 1H), 5.72-5.62 (m, 1H), 5.22-5.02 (m, 2H), 2.70 (dd, J =
13.5,7.5 Hz, 1H), 2.60 (dd, J = 13.5, 7.5 Hz, 1H), 1.66 (s, 3H) ppm; signals
for O—H and N—-H were not observed. '3C NMR (126 MHz, CDCl3) & 147.97,
144.51, 133.77, 132.83, 130.79 (q, J = 32.0 Hz), 129.74, 128.94, 124.33
(9, J = 272.3 Hz), 123.47 (q, J = 3.6 Hz), 122.77 (q, J = 3.5 Hz), 120.90,
119.72, 118.06, 116.38, 114.31, 57.81, 48.18, 25.46 ppm. "9F NMR (471
MHz, CDCl3) 6 —62.36 (s, 3F) ppm. IR (neat): v = 3450, 2360 ,1637, 1511,
1331, 1262, 1124, 1073, 748 cm~'. HRMS (ESI; m/z): [M—H]~ calcd for
C1gH17F3NO-, 320.1267, found: 320.1263.

General procedure for the Petasis reactions with pinacolyl
isoprenylboronic ester (3b): A solution of the corresponding ketone 1
(0.20 mmol), o-hydroxyaniline (2; 0.24 mmol, 1.2 equiv), and TsOH (0.02
mmol, 10 mol%) was stirred in MeOH (0.2 mL) at rt for 2 h. Pinacolyl
isoprenylboronic ester (3b; 0.30 mmol, 1.5 equiv) was added, and the
mixture was stirred at 50 °C for 96 h prior to the purification by preparative
thin-layer chromatography on silica gel to give the corresponding product
4b.

Analytical data of compounds 4ab, 4fb, 4jb, 4kb and 4qgb:
2-((4-methylene-2-phenylhex-5-en-2-yl)amino)phenol (4ab): Brown oil,
45.6 mg, 82% yield, Rt = 0.49 (PE/EA = 10:1). '"H NMR (500 MHz, CDCl3)
6 7.52 (d, J = 7.5 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.30-7.21 (m, 1H),
6.76-6.67 (m, 1H), 6.60-6.48 (m, 2H), 6.39 (dd, J = 17.5, 10.5 Hz, 1H),
6.11 (d, J=7.0 Hz, 1H), 5.28 (d, J = 17.5 Hz, 1H), 5.25 (s, 1H), 5.05 (d, J
=10.5 Hz, 1H), 4.84 (s, 1H), 2.85 (d, J = 13.5 Hz, 1H), 2.78 (d, J = 13.5
Hz, 1H), 1.63 (s, 3H) ppm; signals for O—H and N-H were not observed.
3C NMR (126 MHz, CDCls) & 146.80, 145.24, 141.98, 140.04, 133.99,
128.42, 126.49, 126.24, 120.67, 120.34, 118.10, 117.18, 114.19, 113.95,
58.70, 44.82, 25.11 ppm. IR (neat): v = 3410, 2977, 1606, 1511, 1445,
1375, 1264, 992, 905, 742 cm™'. HRMS (ESI; m/z): [M-H]" calcd for
C19H20NO-, 278.1550, found: 278.1547.

2-((4-methylene-2-(4-(trifluoromethyl)phenyl)hex-5-en-2-
yl)amino)phenol (4fb): Brown oil, 56.1 mg, 81% vyield, R = 0.52 (PE/EA
=10:1). '"H NMR (500 MHz, CDCl3) & 7.66-7.56 (m, 4H), 6.77-6.48 (m,
3H), 6.36 (dd, J=17.5, 11.0 Hz, 1H), 6.03-5.95 (m, 1H), 5.24 (s, 1H), 5.23
(d, J=17.5 Hz, 1H), 5.04 (d, J = 11.0 Hz, 1H), 4.81 (s, 1H), 2.82 (d, J =
13.5 Hz, 1H), 2.77 (d, J = 13.5 Hz, 1H), 1.67 (s, 3H) ppm; signals for O—H
and N-H were not observed. 3C NMR (126 MHz, CDCl3) & 150.89, 144.49,
141.42,139.76, 133.84, 128.79 (q, J = 32.4 Hz), 126.75, 125.39 (q, J= 3.8
Hz), 124.33 (q, J = 274.7 Hz), 120.85, 120.68, 117.80, 116.16, 114.34,
114.11, 58.61, 44.83, 25.18 ppm. '°F NMR (471 MHz, CDClz) & —62.26 (s,
3F) ppm. IR (neat): v = 3413, 2976, 1608, 1511, 1327, 1262, 1164, 1122,
905, 841, 749 cm™'. HRMS (ESI; m/z): [M—H]~ calcd for C20H19F3NO-,
346.1424, found: 346.1419.

2-((2-(3-chlorophenyl)-4-methylenehex-5-en-2-yl)Jamino)phenol (4jb):
Brown oil, 47.5 mg, 76% vyield, R = 0.50 (PE/EA = 10:1). '"H NMR (500
MHz, CDCl3) 6 7.50 (s, 1H), 7.40 (d, J = 7.5 Hz, 1H), 7.28-7.21 (m, 2H),
6.71 (d, J = 5.2 Hz, 1H), 6.63-6.45 (m, 2H), 6.36 (dd, J = 17.5, 11.0 Hz,
1H), 6.06 (d, J = 6.3 Hz, 1H), 5.25 (d, J = 17.5 Hz, 1H), 5.24 (s, 1H), 5.04
(d, J=11.0 Hz, 1H), 4.82 (s, 1H), 2.80 (d, J = 13.5 Hz, 1H), 2.73 (d, J =
13.5 Hz, 1H), 1.61 (s, 3H) ppm; signals for O-H and N-H were not
observed. 3C NMR (126 MHz, CDCls) d 149.17, 144.77, 141.58, 139.82,
134.42, 133.84, 129.70, 126.71, 126.57, 124.62, 120.83, 120.59, 117.97,
116.57, 114.30, 114.10, 58.52, 44.88, 24.99 ppm. IR (neat): v = 3414,
2969, 1592, 1511, 1375, 1263, 1095, 903, 748 cm~'. HRMS (ESI; m/z):
[M—H]- caled for C19H19CINO=, 312.1161, found: 312.1156.

2-((2-(3-bromophenyl)-4-methylenehex-5-en-2-yl)Jamino)phenol (4kb):
Brown oil, 54.8 mg, 77% yield, R¢ = 0.50 (PE/EA = 10:1). '"H NMR (500
MHz, CDClI3) 6 7.65 (t, J = 2.0 Hz, 1H), 7.47-7.35 (m, 2H), 7.20 (t, J= 8.0
Hz, 1H), 6.77-6.49 (m, 3H), 6.36 (dd, J = 17.5, 11.0 Hz, 1H), 6.11-5.99
(m, 1H), 5.25 (d, J = 17.5 Hz, 1H), 5.24 (s, 1H), 5.05 (d, J = 11.0 Hz, 1H),
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4.83 (s, 1H), 2.80 (d, J = 13.5 Hz, 1H), 2.73 (d, J = 13.5 Hz, 1H), 1.61 (s,
3H) ppm; signals for O—H and N-H were not observed. '3C NMR (126 MHz,
CDCl3) 5 149.46, 144.77, 141.56, 139.80, 133.82, 130.01, 129.65, 129.43,
125.11, 122.76, 120.84, 120.60, 117.99, 116.60, 114.30, 114.12, 58.49,
44.92,24.99 ppm. IR (neat): v = 3413, 2977, 1607, 1511, 1374, 1262, 994,
903, 743 cm™'. HRMS (ESI; m/z): [M—H]- calcd for C1sH19BrNO-, 356.0656,
found: 356.0652.

2-((2-(2-chlorophenyl)-4-methylenehex-5-en-2-yl)Jamino)phenol (4qb):
Brown oil, 43.7 mg, 70% vyield, Rr = 0.49 (PE/EA = 10:1). "H NMR (500
MHz, CDCl3) & 7.43-7.37 (m, 2H), 7.24-7.18 (m, 2H), 6.86-6.69 (m, 2H),
6.51 (t, J = 7.5 Hz, 1H), 6.36 (dd, J = 17.5, 11.0 Hz, 1H), 6.18 (d, J=7.5
Hz, 1H), 5.36 (d, J = 17.5 Hz, 1H), 5.20 (s, 1H), 5.04 (d, J = 11.0 Hz, 1H),
4.83 (s, 1H), 3.19 (d, J = 13.5 Hz, 1H), 3.02 (d, J = 13.5 Hz, 1H), 1.62 (s,
3H) ppm; signals for O—H and N-H were not observed. '3C NMR (126 MHz,
CDCls) d 149.29, 142.42, 142.30, 140.12, 132.54, 132.21, 131.97, 130.16,
128.41, 126.94, 121.68, 120.69, 120.19, 119.99, 114.04, 113.95, 60.61,
41.82,24.51 ppm. IR (neat): v = 3413, 2980, 1607, 1511, 1375, 1261, 1095,
903, 831, 749 cm~'. HRMS (ESI; m/z): [M=H]- calcd for C1gH19CINO-,
312.1161, found: 312.1157.

2-((1-(4-(heptyloxy)phenyl)-3-(hydroxymethyl)hex-5-en-3-
yl)amino)phenol (8): A solution of ketone 5 (55.6 mg, 0.20 mmol), o-
hydroxyaniline (2; 26.3 mg, 0.24 mmol, 1.2 equiv), and TsOH (4.2 mg, 0.02
mmol, 10 mol%) in MeOH (0.2 mL) was stirred at rt for 2 h. Pinacolyl
allylboronic ester (3a; 50.4 mg, 0.30 mmol, 1.5 equiv) was added, and the
mixture was stirred at rt for 96 h prior to purification by flash column
chromatography on silica gel (PE/EA = 3:1) to give 8 as a yellow oil (61.7
mg, 75% yield). '"H NMR (500 MHz, CDCl3) & 7.13-6.66 (m, 8H), 6.02—
5.83 (m, 1H), 5.33-5.13 (m, 2H), 3.91 (t, J = 6.6 Hz, 2H), 3.52 (s, 2H),
2.78-2.52 (m, 2H), 2.50-2.30 (m, 2H), 1.88-1.64 (m, 4H), 1.50-1.39 (m,
2H), 1.40-1.26 (m, 6H), 0.89 (t, J = 6.8 Hz, 3H) ppm; signals for O—-H (2x)
and N-H were not observed. 3C NMR (126 MHz, CDCls) & 157.40, 150.27,
133.91, 133.29, 131.88, 129.11, 124.43, 123.60, 120.67, 118.93, 115.48,
114.53, 68.06, 65.59, 60.51, 38.79, 36.14, 31.81, 29.33, 29.09, 28.59,
26.03, 22.63, 14.11 ppm. IR (neat): v = 3854, 3748, 2928, 2858, 1607,
1510, 1491, 1242, 1176, 1032, 824, 747 cm~"'. HRMS (ESI; m/z): [M+H]*
calcd for C2sHssNOs*, 412.2846, found: 412.2845.
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Brensted acid-catalyzed general Petasis allylation and isoprenylation of unactivated ketones have been developed giving access to

various quaternary homoallylic amines and dienylamines.



