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Chiral Phosphoric Acid Catalyzed Enantioselective Annulation of
Acyclic Enecarbamates to

In Situ-Generated ortho-Quinone

Chandan Gharui, Shreya Singh and Subhas Chandra Pan*

The first organocatalytic asymmetric reaction of acyclic
enecarbamates with o-quinone methides is disclosed. BINOL-
based phosphoric acid catalysts were found to be suitable for the
annulation reaction. With 10 mol% of TRIP catalyst, high yields as
well as excellent diastereo- and enantioselectivities are achieved

for a variety of 2,3,4-trisubstituted chroman products.

Over the years, o-quinone methides have been established as
important synthetic intermediates in organic synthesis and
material chemistry and also in biological processes.1 The
interesting structural figure and inherent reactivity with highly
electrophilic character have led to the development of a
variety of reactions namely Michael additions, 6
electrocyclizations and [4 + 2] cycloadditions. Despite long
history of o-quinone methides, the catalytic asymmetric
versions have only been realized in recent years possibly due
to transient nature of o-quinone methides.? The initial
important contributions have been documented by the groups
of Sigman,3 Lectka,* Schaus,’ Ye® and Scheidt’ respectively on
enantioselective palladium-, cinchona alkaloid-, BINOL-, and
NHC catalysis with o-quinone methides. Later on, the groups of
Bach,8 Rueping,9 Schneiderm, sun* and others®? have
demonstrated the chiral Brgnsted acid catalyzed generation of
o-quinone methides from o-hydroxybenzyl alcohols/o-hydroxy
styrenes and applied in a variety of nucleophilic additions and
cyclization reactions. In a parallel way, few reports on
bifunctional tertiary amine-thiourea/squaramide as well as
metal catalyzed employment of in situ generated o-quinone
methides have been disclosed.”**

Densely functionalized chromans are important structural
motifs that are present in many natural products and bioactive
agents.15 Though a range of organocatalytic asymmetric
approaches have been documented in Iiterature,w'17 only two
reports employing o-quinone methides are known as disclosed
by Rueping9a and Shi*®® for the synthesis of 2,4-disubstituted
chromans using styrenes and vinyl indoles respectively.
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Scheme 1 Enantioselective annulation of Enecarbamates with in situ Generated
0-Quinone Methides.

Enamides and enecarbamates are also potential reactive
nucleophiles that have been utilized in a wide range of C-C
bond formation reactions.'® Schneider et al. has elegantly
employed cyclic enamides with in situ generated o-quinone
methides for the asymmetric synthesis of xanthene based
heterocyt:les.loc'd Though one example of reaction of cyclic
enecarbamate has been demonstrated by Schneider and co-
the best of our knowledge acyclic
enacarbamates have not studied. Realizing the
importance of highly substituted diverse chromans in natural
products and for other studies, we embarked in the Brgnsted
acid catalyzed reactions of acyclic enecarbamates and o-
quinone methides.

We first attempted the reaction between o-hydroxybenzyl
alcohol 1a and enecarbamate 2a using BINOL-phosphoric acid |
in toluene at room temperature (Table 1, entry 1). Though the
reaction led to the formation of chroman mixtures 3a/3a' in
high yield but the enantiomeric excess was low. The relative
structures of 3a and 3a' were solved by 2D NMR experiments.
Then we planned to screen 3,3'-substituted BINOL-phosphoric
acids and the results are pleasing. For example, catalyst Il and
Il having 1-naphthyl and 2-naphthyl substitutions provided
the products 3a/3a' in good enantioselectivities but the
diastereoselectivity was not improved. Sterically demanding
catalyst IV having bis meta-CF; groups on the 3,3'-phenyl
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groups could not change the outcome of the reaction. An
improvement in enantioselectivity was observed with catalyst
V having 9-anthryl groups on the 3,3'-positions. Interestingly,
more sterically demanding catalyst VI having 2,4,6-
triisopropylated 3,3'-phenyl groups delivered the products in
higher enantioselectivities and with higher
diastereoselectivities (entry 6). The major diastereomer 3a was
obtained in 90% ee. The enantioselectivity did not improve
after lowering the temperature. Other solvents were also
screened but toluene was found to be the best solvent (see
supporting information for details).

Table 1 Catalyst Screening and Optimization of Reaction Condition
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Table 2 Scope of N-Cbz Enecarbamates

OMe

OMe

catalyst
Ph (10 mol%) ~Ph
oH \l .
toluene, rt, 3 d
OH NHCbz NHCbz
3a: B-aryl
1a 2a 3a" a-aryl
R R=H ()
R = 1-Naphthyl (II)
SN R = 2-Naphthyl (Ill)
“ oH R = 3,5-(CF3),CeH3 (IV)
0 R = 9-Anthryl (V)
R =2,4,67(iPr)3CgH3 (VI)
R
Entry” Catalyst Yield” dr (3a/3a")* ee (3a/3a')"
1 | 77 1:2 20/14
2 1] 60 1:1.4 78/72
3 ] 62 1:1 60/80
4 v 65 1:1 54/70
5 \" 71 1:2 88/74
6 Vi 81 5.6:1 90/82

“Reaction condition: 0.04 mmol of 1a and 0.06 mmol of 2a in 0.2 mL toluene
using 10 mol% catalyst at room temperature for 3 days. blsolated yield after silica
gel column chromatography. ‘Determined by 1H NMR. “Determined by HPLC
using stationary phase chiral column.

After the optimized conditions got established, the scope of the
reaction was studied. Initially a variety of enecarbamates 2 having
substitutions on the aryl group of the olefin was examined (Table
2). Delightfully, the reactions proceeded well in all cases and
typically completed within 3-4 days at room temperature. At the
beginning, different para-substitutions were screened and high
yields as well as excellent enantioselectivities were achieved for the
products 3a-3g (Table 2, entries 1-7). To our delight, products 3e-3g
having 4-halo substitutions were obtained in acceptable yields and
with high diastereo- and enantioselectivities (entries 5-7). Then
different meta- and ortho-substitutions were studied and here also
the products were attained in high yields as well as with high
enantioselectivities (entries 8-14). Interestingly, here the products
with halo functionalities 3I-3n were isolated almost as single
diastereomers (entries 12-14). A disubstituted enecarbamate also
withstood the reaction condition and delivered the major product
30in 92% ee (entry 15).

2| J. Name., 2012, 00, 1-3

catalyst VI

O on Ar\l (10 mol%)

oH NHCbz toluene, rt

1a 2a-20

Entry” Ar 3 Yield” dr* ee’
1 Ph 3a 81 5.6:1 90
2 4-MeCgH4 3b 84 5:1 92
3 4-[PrC5H4 3c 85 8.3:1 88
4 4-BuCH, 3d 87 9.1:1 88
5 4-FCgH4 3e 74 >20:1 84
6 4-CICgH4 3f 48 8.3:1 92
7 4-BrCgHs 3g 53 9:1 94
8 3-MeCgHs 3h 70 10:1 92
9 3-CICeHa 3i 48 5:1 94
10 3-BrCeH, 3j 80 20:1 94
11 2-MeCgH,4 3k 72 4.2:1 88
12 2-FCeHq 3| 83 >20:1 94
13 2-CIC¢H, 3m 88 >20:1 94
14 2-BrCgH, 3n 89 >20:1 94
15 2,4-Me,CgH3 30 63 4.3:1 92

“Reactions were carried out with catalyst VI in toluene at room temperature for
3-4 days. “Isolated yield after silica gel column chromatography. ‘Determined by
1H NMR. “Determined by HPLC and of the major diastereomer.

The next phase of experiments involved variation the car-

bamate moiety and gratifyingly, the fate of the reaction was
unaffected (Table 3). Good to high yields as well as high
enantioselectivities  were maintained with S-benzyl
carbamothioate 2p and other enecarbamates 2qg-2s albeit
slight less diastereoselectivity was obtained for product 3q
(Table 3).
The generality of the reaction was further shown by employing
a range of o-hydroxybenzyl alcohols (Table 4). Gratifyingly, a
range of o-hydroxybenzyl alcohols having variations both on
the quinone methide fragment and B-aryl substituent could be
engaged in the reaction and good results were produced.
Initially different halo substitutions on the quinone methide
component was screened and high enantioselectivities were
attained for products 3t-3v which can be further functinalized
via metal catalyzed cross-coupling reactions. To our delight,
excellent diastereoselectivity was observed for product 3u.
However, the reactions were sluggish for products 3u and 3v
and needed to run for 6 days at room temperature and at 50
°C for 3 days respectively. The enantioselectivity was also high
when the B-aryl substituent was varied and acceptable yields
were observed for products 3w and 3x (Table 4). Then we
investigated reaction with different 8-alkyl substituents and

This journal is © The Royal Society of Chemistry 20xx
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Table 3 Scope of Other Enecarbamates®’

OMe

OMe

catalyst VI

Ph (10 mol%)
L N s
OH NHR toluene, rt

Ar
OMe ©f'j\mh
)
Ar= o NJ\S/\Ph
H
3p

74%, 20:1 dr, 95% ee

Ar

OO L

3q
78%, 1.5:1 dr, 90% ee

Ar Ar

R WP
o ”J\OM o ”J\O/\\\
3r 3s

61%, 6.7:1 dr, 90% ee 89%, 12.5:1 dr, 90% ee

“Reaction was carried out with catalyst VI in toluene at room temperature for 3
days. “Isolated yield after silica gel column chromatography, diastereoselectivity
was determined by 1H NMR and enantioselectivity was determined by HPLC using
stationary phase chiral column.

Table 4 Scope of o-HydroxyBenzyl Alcohols®?

Ar

P catalyst VI
0, \Ph
N OH | (10 mol%) IS
R—+ + R
Zon NHCbz toluene Z 0" SNHCbz
1b-1g 2a 3t-3y
OMe

86%, 2.6:1dr,84%ee  30%, >20:1dr, 88% ee 33%, 11:1dr, 92% ee

(@) NHCbz

3y
61%, 2.5:1 dr, 52% ee

3x
70%, 2.2:1 dr, 86% ee

3w
38%, 14.3:1dr, 88% ee

“Reaction was carried out with catalyst VI in toluene at room temperature
for 3 days. bisolated yield after silica gel column chromatography,
diastereoselectivity was determined by 1H NMR and enantioselectivity was
determined by HPLC using stationary phase chiral column. ‘Reaction was

run at room temperature for 6 days. At 50 °C for 3 days.

This journal is © The Royal Society of Chemistry 20xx

gratifyingly the reaction progressed well with alcohol 1g having
phenyl acetylene motif delivering product 3y in 61% yield with
52% ee.

A plausible mechanism for the formation of chroman 3 has
been depicted in Scheme 2. In the first step, protonation
followed by dehydration of the o-hydroxybenzyl alcohol 1
catalyzed by phosphoric acid leads to the formation of o-
quinone methide A. Then the bifunctional character of
phosphoric acid plays a role in bringing o-quinone methide A
and enecarbamate 2 together. Presumably, the catalyst is
hydrogen-bonded to the oxygen atom of the o-quinone
methide A through its acidic group O-H and simultaneously
connected to the enecarbamate N-H moiety through an
additional hydrogen bond from the basic phosphoryl oxygen
atom (Scheme 2).1%

Also, the enecarbamate 2 adjusts in endo fashion and
consequently the reaction occurs in a concerted pathway that
explains the relative trans-structure of 3 (see supporting
information for additional experiments). The absolute
structure of compound 3q was determined to be (2S,3R,4R) by
Mosher amide method® and the other products are assumed

to have same absolute configuration (see supporting
information for details).
Ar! At
JAr?
. OH
B
[0) NHCbz OH
3 1
Ar?
Arl g\ Art
) CbzN ®
H\ j@,«HZ
=q 9 A
H'O'F."OW O-H
A (0] Ar?
\/\F
\
CbzHN

Scheme 2 Proposed Mechanism

In summary, this work represents a fascinating catalytic
asymmetric reaction between o-quinone methides and acyclic
enecarbamtes. The reaction is catalyzed by commercially
available chiral phosphoric acid TRIP. The synthesis of chroman
products having two aryl substitutions is difficult and thus our
is significant which allow for the synthesis of
chromans having three stereogenic centres and could be

method

applied in natural product synthesis.
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