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Reaction of aldehydes 2, anilines 3, and enecarbamates 4 in dichloromethane in the presence of EtOH and a catalytic amount of chiral
phosphoric acid 5 afforded the Mannich adducts which were in situ reduced to anti-1,2-disubstituted 1,3-diamines 1 in excellent diastereoselectivity

and enantioselectivity.

Enantiomerically enriched 1,3-diamines are very important
chiral building blocks in the synthesis of natural products,
pharmacologically active compounds, and ligands.' For this
reason, much effort has been devoted to the development of
new effective methods to access these compounds.2 However,
only few direct asymmetric syntheses of 1,3-diamines have
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been described, contrary to their 1,2-diamine counterparts.3
Kobayashi and Terada* have developed an elegant two-step
synthesis of 1,3-diamines by reaction of enamides (enecar-
bamates)’ with preformed N-acylimines or N-acyl aminoether
followed by reduction of the resulting aminoethers. We report
herein the first multicomponent synthesis of 1,3-diamines 1
via an enantioselective Mannich reaction of aldehydes 2,
anilines 3, and enecarbamates 4 in the presence of ethanol
and a chiral phosphoric acid 5. The direct condensation
products were the aminoethers 6, which without isolation
were in situ reduced to 1,3-diamines 1 (Scheme 1).
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Scheme 1. Catalytic Enantioselective Three-Component
Synthesis of 1,3-Diamines
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We have recently reported a chiral phosphoric acid
S-catalyzed enantioselective Povarov reaction for the syn-
thesis of tetrahydroquinolines 7.°~® Inspired by Lavilla’s
observation that a classic Povarov reaction pathway can be
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Table 1. One-Pot Synthesis of 1,3-Diamines: A Survey of
Reaction Conditions”

ArNH, 3 NHP  5(0.1equiv) AHN NHP
PhCHO 2a * o7
o™ it e o
. NaBH:CN, pTSA AHN  NHP

EtOH, 0 °C to 1t Ph ]

EtOH  yield yield yield ee
(equiv) 6 (%) 7% 1 (%) (¥

p—MeOCeH4 17

entry Ar

[u—y

6a (21) 7a(50) 1la (327 77

2 Ph 17 6b(77) 7b(11) 1b (1?92
3 p-CICgH, 17 6c¢(85) - 1c (82 92
4  p-ClC¢H, 17 6d(85) - 1d (76)¢ 90
5  p-NO,CeHy 17 6e(72) - le (700Y 93
6  p-NO,CeH, 10  6e(63) - le 81 94
7 p-NO,CgH, 5  6e(55) - le (64) 95
8  p-NO,CeH, 17 - - le (86)° 96
9  p-NO,CgH, 17 - - le (72)¢ 92

“ General conditions: 2a/3/4/5 = 1.1/1.0/1.5/0.1 in CH,Cl, (¢ = 0.1) at
0 °C. ?Yields refer to chromatographically pure products. ¢ Reduction
conditions: NaBH3;CN (20 equiv), pTSA (10 equiv) in EtOH (¢ = 0.05).
¢ Yields calculated from 6. 4b was used. ¢ Sequential one-pot 4CR/reduction
process, yields calculated from 3.7/ Reaction performed at rt. ¢ Enantiomeric
excess was determined by chiral HPLC analysis. For details see Supporting
Information.

interrupted by a suitable external nucleophile,” we set out
to examine the S5-catalyzed enantioselective reaction of
benzaldehyde (2a), 4-methoxyaniline (3a), and benzyl N-
vinylcarbamate (4a) using EtOH (17 equiv) as a trapping
reagent to intercept the initial Mannich adduct.'® Under these
conditions, we did isolate the four-component adduct 6a as
a mixture of two diastereoisomers (21%), together with the
Povarov adduct 7a (R = OMe, R! = Ph, R> = H, P = Cbz,
50%, entry 1, Table 1). Using electron-neutral aniline (3b,
Ar = Ph) as an input, the Mannich adduct 6a (R! = Ar =
Ph, R? = H, P = Cbz) was isolated as a major product in
77% yield (entry 2).'° With electron-poor 4-chloroaniline
(3¢, Ar = 4-CIPh) and 4-nitroaniline (3d, Ar = 4-NO,Ph),
the four-component Mannich adducts 6¢ and 6e were formed
exclusively at the expense of the tetrahydroquinolines (entries
3—5). Reducing the amount of EtOH resulted in the low yield
of 6 (entries 5—7). We stress that in the absence of EtOH
under otherwise identical conditions, only Povarov products
7 (R = Cl or NO,) were obtained.
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2005, 44, 6521. (b) Isambert, N; Cruz, M.; Arévalo, M. J.; Gémez, E.;
Lavilla, R. Org. Lett. 2007, 9, 4199.
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J. Am. Chem. Soc. 2007, 129, 6756. (b) Uraguchi, D.; Terada, M. J. Am.
Chem. Soc. 2004, 126, 5356. (c) Rueping, M.; Sugiono, E.; Schoepke, F. R.
Synlett 2007, 9, 1441. (d) Tilman, A. L.; Dixon, D. J. Org. Biomol. Chem.
2007, 5, 606. (e) Guo, Q.-X.; Liu, H.; Guo, C.; Luo, S.-W.; Gu, Y.; Gong,
L.-Z. J. Am. Chem. Soc. 2007, 129, 3790. (f) Sickert, M.; Schneider, C.
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Reduction of aminoether 6 to 1,3-diamines 1 was next
investigated and was best realized using an ethanol solution
of NaBH;CN in the presence of pTSA. These conditions
being perfectly compatible with the Mannich reaction, a one-
pot Mannich reaction/reduction process was performed and
was found to give 1,3-diamine in higher yield than the two-
step procedure (entries 8 vs 5 and 6). Overall, the reaction
of benzaldehyde, 4-nitroaniline, and N-benzyl enecarbamate
under optimized conditions afforded directly 1e in 86% yield
and 96% ee (entry 8). N-Boc vinylcarbamate (4b) can also
be used as a nucleophile to provide 1d in 65% yield and
90% ee (entry 4).

Using 4-nitroaniline (3d) as a fixed input, we next
examined the scope of this one-pot synthesis of 1,3-diamines
varying the aldehyde and enecarbamate structures (Table 2).
The enantiomeric excesses and yields of products resulting
from aromatic aldehydes were generally high irrespective
of the electronic nature of the aromatic rings (1f—1i, entries
1—4). A heteroaromatic aldehyde such as furan-2-carbalde-
hyde (2d) and an o,5-unsaturated aldehyde (cinnemaldehyde,
2e) were suitable substrates to afford the corresponding
diamines in good to excellent yields and ee’s (entries 3, 4,
8, and 11). Most remarkably, the one-pot process worked
well with an array of enolizable a- and 3-branched aldehydes
to give the corresponding diamines in good yields with high
enantioselectivities (entries 5, 6, and 13—17).ll

The potential of this catalytic approach is further demon-
strated using substituted enecarbamates as nucleophiles.
Reaction of aniline 3d, (E)-benzyl-prop-1-enylcarbamate (4c,
R? = Me), or (E)-benzyl-pent-1-enylcarbamate (4d, R> =
"Pr) with a range of aliphatic and aromatic aldehydes afforded
the anti 1,3-diamines 11—1u with excellent diastereomeric
(anti/syn > 95/5) and enantiomeric excesses. 2 The (Z)-4c,
although less reactive than the (E)-4¢, displayed the same
selectivity as its (E)-counterpart, affording the anti-isomer
as a major product. Thus the reaction of (Z)-4¢ with
propionaldehyde (2f) afforded the anti-adduct 1r in 62%
yield with 90% ee (cf. entries 13 and 17)."° A Z/E
isomerization of enecarbamate under these reaction condi-
tions was apparently faster than its addition to the imi-
n e.12,14,15

The 4-nitrophenyl group was removed following a two-
step procedure reported recently by Snapper and Hoveyda.'®
Thus, reduction of 1k (Zn, NH,CI) followed by oxidative
cleavage of the resulting aniline in the presence of PhI(OAc),
afforded amine 8 in 40% nonoptimized yield (Scheme 2).

A mechanistic proposal for this one-pot process is outlined
in Scheme 3. Condensation of an aniline and an aldehyde

(11) In all these examples, aminoethers 6 were formed as a mixture of
two diastereomers without appreciable diastereoselectivity.

(12) The anti stereochemistry was determined by conversion of isolated
aminoether 6 into the Povarov adduct 7 under acidic conditions and detailed
NMR studies of the resulting tetrahydroisoquinoline

(13) Terada has recently shown that stereochemical outcome in the
addition of enecarbamate to aminoether depended on the geometry of the
starting enecarbamate. See ref 4c.

(14) For Lewis acid-catalyzed E/Z isomerization, see: Matsubara, R.;
Kobayashi, S. Angew. Chem., Int. Ed. 2006, 45, 7993.

(15) For phosphoric acid-catalyzed E/Z isomerization, see: Baudequin,
C.; Zamfir, A.; Tsogoeva, S. B. Chem. Commun. 2008, 4637.

(16) Wieland, L. C.; Vieira, E. M.; Snapper, M. L.; Hoveyda, A. H.
J. Am. Chem. Soc. 2009, 131, 570.
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Table 2. Scope of the Enantioselective Brgnsted Acid-Catalyzed
One-Step Synthesis of 1,3-Diamines”

ArNH, NHCbz CH:Clp EtOH, ArHN  NHCbz
3 + 0°C,5
RICHO 2° 4 R ™Y
R then NaBH3CN, R2
2 TSA 1
P Ar = p-NO,CeHy
yield ee
il ! o0 (%)
NHAr
1 NHCbz 1f 79 79
Br
NHAr
2 /©/'\/\NHCbz 1g 74 94
MeO
NHAr
3 = NHCbz 1h 86 83
\_o
4 Iy li 92 76
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5 Iy 1j 97 88
\/'\/\NHCbz J
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6 \H\/\NHCbz 1k 76 90
NHAr
7 Ph/’\/\NHCbz 11 80 84
NHAr
8 X NHCbz 1m 72 83
N\ 6 :
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9 NHCbz 1n 70 85
MeO :
NHAr
10 NHCbz 1o 78 82
Ph :
NHAr
" ph/WNHCbZ 1p 81 >99
Br NHA—r
12 @A/\NHCDZ 1q 55 84
NHAr
13 \/k/\NHCbz 1r 794 914
NHAr
14 BHO\/K/\NHCM 1s 70¢ 89"
NI—;Ar
15 ph/vk/\NHCbz 1t 89" 97¢
NHAr-
16 \)\/\NHCbz 1u 95¢ 90?
~
NHAr
17 \/k/\NHCbZ 1r 62d 90d

“ General conditions: 1a/2a/3/4/5 = 1.5/1.1/1/17/0.1 in CH,Cl, (¢ =
0.1) followed by addition of NaBH;CN/pTSA = 20/10 in EtOH. * Yields
refer to chromatographically pure products. ¢ Enantiomeric excess was
determined by chiral HPLC analysis. ¢ Reaction performed at —30 °C.

would give imine 9, which was susceptible to nucleophilic
addition of ethanol leading to aminoether 10."” However,
this step was degenerative since 10 was readily converted

Org. Lett, Vol. 11, No. 23, 2009



Scheme 2. Reaction Sequence and Stereochemical Issue
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Scheme 3. Reaction Sequence and Stereochemical Issue
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back to imine 9 under the reaction conditions. On the other
hand, activation of both imine 9 and enecarbamate 4 via
H-bonded transition state 11 followed by pseudointramo-

(17) The aminoether 10 has been isolated in certain cases.
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lecular si-face attack of (E)-enecarbamate to imine would
afford new imine intermediate 12 with concurrent creation
of two stereocenters. Trapping of the acylimine 12 by ethanol
would then afford the aminoether 6, which is reduced in situ
to form the anti 1,3-diamine 1. It is interesting to note that
further addition of enecarbamate 4 to the N-acylimine 12
did not occur even when 2 equiv of 4 was used,'® presumably
due to (a) the presence of a large excess of EtOH and (b)
the enhanced stability of the N-acylaminoether function in
6 relative to N-arylaminoether 10.

In summary, we have developed a chiral Brgnsted acid-
catalyzed enantioselective three-component synthesis of 1,3-
diamines via a key Mannich reaction. The reaction provides
an efficient entry to anti-1,2-disubstituted 1,3-diamine de-
rivatives in high yields with excellent enantioselectivities.
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