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ABSTRACT

o-Imino anions are generated under neutral reaction conditions via a Pd-mediated decarboxylation of allyl diphenylglycinate imines with
concomitant formation of a  s-allylpalladium species. The resulting delocalized anion can attack the sr-allyl-Pd(l1) species or be intercepted by
aldehydes to afford homoallylic amines or protected 1,2-amino alcohols, respectively.

The a-imino anion (2-azaallyl anion) is a valuable synthon nation of the conjugate acid with a strong base. Herein, we
for the construction of organoamin&¥Ve were particularly report a “neutral” Pd-mediated decarboxylative method for
interested in employing an-imino anion-based protocol  generating nucleophilic-imino anions from allyl diphen-
toward the synthesis of homoallylic amines, which serve as ylglycinate imines. Alkylation of the resulting-imino anion
useful synthetic precursors for aza-heterocychrsl alka- with the correspondingr-allyl-Pd intermediate establishes
loids® Such a strategy would run counter to standard the desired homoallylic amine framework. Furthermore, the
approaches toward homoallylic amines, namely, the addition a-imino anions can be intercepted by aldehydes prior to
of allyl organometallics or allylboranes into activated imifies. allylation to afford protected 1,2-amino alcohols.
Generation of am-imino anion typically involves deproto- We were inspired by recent observations that under general
acid—base catalysis, diphenylglycine (D¢g) will readily
(1) For recent examples and reviews: (a) Lee, J.-H.; Jeong, B.-S.; Ku, mi ; ity - i
J.-M.; Jew, S.-s.; Park, H.-gl. Org. Chem2006,71, 6690. (b) Nakoji, undergo_ imine formatlon_ witho ketoamd_s followed by_
M.; Kanayama, T.; Okino, T.; Takemoto, ¥. Org. Chem2002 67, 7418. concomitant decarboxylation and protonation of the resulting
gi) Ofoqﬂglrl; '\n/% gdAlgECfér\sﬁéca Aga2001y3v‘\1/ |§|-_(g) Pears?n{z\c/)\c/i H. a-imino anion to afford the corresponding-(diphenyl-
Pure Appl. Chem2002 74, 1339. (e) Pearson, W. H.; Stoy $nlet2003 - ethylene)amino acidsTo further explore the potential of
(2) (a) Puentes, C. O.; Kouznetsov, ¥.Heterocycl. Chen2002,39, D¢g imines asa-imino anion precursors, we sought to
595. (b) Chiou, W.-H.; Mizutani, N.; Qjima, J. Org. Chem2007,72, i ; ;
1871. (¢) Ramachandran, P. V.. Burghardt, T. E.: Bland-Bernd. Org separate the imine formation anq decarboxylatlon st_eps. Allyl
Chem.2005,70, 7911. (d) Gille, S.; Ferry, A.; Billard, T.; Langiois, B. R.  esters of D¢g seemed well-suited for this goal, given that
J. Org. Chem2003,68, 8932, . . they should not interfere with imine formation and they can
(3) (a) Atobe, M.; Yamazaki, N.; Kibayashi, Tetrahedron Lett2005, b d dil ith Pd | Pd diated
46, 2669. (b) Randl, S.; Blechert, $. Org. Chem2003, 68, 8879. (c) e removed readily with Pd(0) catalysts. Upon Pd-mediate
Kimf.; Jung, S}-md'l; Lee, E.-j.; Kim, NL. Org. Chem2003,68, 5395. édg deallylation and ensuing decarboxylation, the resulting
Wright, D. L.; Schulte, J. P., Il; Page, M. Arg. Lett.2000,2, 1847. (e i ; ;
Danieli, B.; Lesma, G.; Passarella, D.; Sacchetti, A.; Silvani, A.; Virdis, a |m|r_10 anion Cou!d the_n attack the Pd(lrt)-allyl species,
A. Org. Lett.2004,6, 493. affording homoallylic amines (Schemell;—~ 3 + 4). Shortly
(4) (a) Sugiura, M.; Hirano, K.; Kobayashi, $.Am. Chem. So004, initi i i i
126, 7182. (b) Wada, R.; Shibuguchi, T.; Makino, S.; Oisaki, K.; Kanai, after we |n|t|ate(_j these investigations, Burger aer Tu.nge
M.: Shibasaki, M.J. Am. Chem. So2006,128, 7687. (c) Friestad, G. K.;  reported a complimentary method toward homoallylic amines
Korapala, C. S.; Ding, HJ. Org. Chem2006,71, 281. (d) Pandey, M. K.;

Bisai, A.; Pandey, A.; Singh, V. KTetrahedron Lett2005,46, 5039. (e) (5) (@) Liu, L.; Zhou, W.; Chruma, J.; Breslow, BR. Am. Chem. Soc.
Ramachandran, P. V.; Burghardt, T.Fure Appl. Chem2006,78, 1397. 2004,126, 8136. (b) Chruma, J. J.; Liu, L.; Zhou, W.; Breslow Bforg.
(f) Kobayashi, S.; Ishitani, HChem. Re»1999,99, 1069. Med. Chem2005,13, 5873.

10.1021/0l071080f CCC: $37.00  © 2007 American Chemical Society
Published on Web 06/20/2007



s excellent yield. Amines8 were not amenable to long-term

Scheme 1. Complementary Homoallylic Amine Syntheses storage, but the corresponding acetate salts or Cbz-carbam-
— ates7 can be stored indefinitely at 4C.

, Lt ) .
j\/OPh Ph pﬁ“ﬁ fdy\ j\h 1 D¢g esters8 were readily converted to the corresponding
TO%N[k . R! Ph T\/K imines 1, typically by condensation with the requisite aryl
R ij R? or heteroaryl aldehydes (Table ®)ln the case of 3-pyridi-
1 {this work) I 3
Pd(0) ?
or or . ¥
/! R, Ph Pho L L R! Ph. _Ph ] ]
/l\/o\“/k o Phx\kpdu\/& N Table 1. Generation of Imined
« N Ph N J[ Ph
o ij R R - 1 Rt Ph/gN
Ph_ Ph
2 {reference 6) lp 4 }\/O%NHZ S )\/ \[% [
— - X=0orNH P
© Conditions A-C
8 1 9
employing allyl esters oN-(diphenylmethylenejx-amino substrate R R conditions* is;’;:rjd
acids (Scheme 2,— 3 + 4).6 Both strategies should proceed =
through the same putative intermediatesaf |,) and thus 1a H \© A 5%
afford the same products and product ratios. Employing &
imines2, however, necessitates access to the corresponding ™ . \©\F A 80%
a-amino acids, which may represent a greater synthetic 1o y s“x@\ A 069
challenge than the desired products. This requirement is N
particularly disadvanta.geou.s for obtaining comptexaryl 1d u f\@ B 63%
or heteroaryl homoallylic aminésWe therefore focused our p
initial studies with allyl diphenylglycinate iminektoward 1e H \©\ A 94%
the construction oft-aryl or heteroaryl homoallylic amines. ome
The required H-D¢g allyl esters8aand8b were obtained 1# H A A 79%
q g ally
in three steps and good overall yield on a multigram scale OMe
(Scheme 2). Chz protection of commercially availablggD 1g H # A A 53%"
18}
| " " ; i
>
Scheme 2. Synthesis of D¢g Ester8 i " £EOE‘ c S0
R
Ph_Ph PN &
Cbz-Cl, NaOH, : ‘[ ) o0
HO% Z/—\cetone HOﬁNHCbZ EtsN, CH.Clp k v ’ o
Dég (5) (84%) 6 aConditions: A= 8 + aldehyde (1 equAN) PhH, reflux (Dean-Starke),
24 h; B= 8 + imine (1 equiv), CHCl,, 4 A MS, 23°C, 24 h; C=8 +
ethyl glyoxylate (-1 equiv), PhCH, 4 AMS, 23°C, 24 h. bOnIy performed
T _PhPh TMSI, CHaC onee
TMSI, CHeCla
)\/O%NHCM )\/ j])<NH2
0
7aR=H (67%) aaH_H(gz%) necarboxaldehyde, however, heating with amiBe in
7b R = Me (46% over 2 steps) 8b R = Me (88%) benzene at reflux resulted in imine formation followed

unexpectedly by deallylation, decarboxylation, and proto-
nation to afford benzophenone imifein 92% vyield. To

(5) proceeded in 84% isolated yield,and the resulting  circumvent this problem, amin@a was stirred with 3-py-
carboxylic acid6 was allylated with allyl bromide or ridinecarboximine at room temperature overnight. Under
2-methylallyl bromide to afford esterga and 7b, respec-  these milder conditions, transimination proceeded without
tively. Although the allylation reactions proceeded in modest concomitant decarboxy|a’[ion, affording imirddn in good
yield, the remainder of the mass balance was unreacted aClq/|e|d Iminesl were purified by flash Chromatography using
6, which was readily recovered by flash chromatography and ethy| acetate and hexanes buffered with2% EtN as
resubjected to the reaction conditions. Selective deprotectionejuent. The noncrystalline electron-rich aldimines (elg),

of the Cbz-carbamate over the allyl ester was performed exhibited increased sensitivity toward hydrolysis during
using iodotrimethylsilané,providing amines8a or 8b in chromatography, thus accounting for the corresponding

modest isolated yields.

(6) Burger, E. C.; Tunge, J. Al. Am. Chem. So@006,128, 10002. " . L .

(7) Crisma, M.; Valle, G.; Bonora, G. M.; De Menego, E.; Toniolo, C; Initial reaction optimization studies were performed on
Lelj, F.; Barone, V.; Fraternali, BBiopolymers1990,30, 1. benzaldiminela (Table 2). The ratio of regioisomeric

(8) Unless otherwise noted, all reported yields represent average isolated
yields for at least two runs.

(9) Lott, R. S.; Chauhan, V. S.; Stammer, C. H.Chem. Soc., Chem. (10) Though considerably more sensitive to hydrolysis, imihean also
Commun1979,11, 495. be derived from aliphatic aldehydes (e.g., isobutyraldehyde).
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Table 2. Solvent and Catalyst Effects

Ph

/\/o;%i; Pd(dba), (10 mol %), on /gN . P:I]>jph

© kPh dmgﬁ, 2:;)["(/;)' Ph)\/\ Ph) Z

1a 3a 4

isolated ratio

solvent catalyst time yield (3a/4a)
toluene? 15% Pd(dba)z2, 15% dppf 1h 82% 2.6:1
THF-ds 10% Pd(dba)s, 10% dppf 15 min® 92% 3.8:1
CHyCly 10% Pd(dba)e, 10% dppf 25 min  94%4 5.2:1
dioxane 10% Pd(dba)2, 10% dppf 40 min  83%1 5.5:1
MeCN  10% Pd(dba)s, 10% dppf 30 min 96% 6.1:1
THF 10% Pd(dba)s, 10% dppe 1h 79%4 2.5:1
MeCN  10% Pd(dba)s, 20% PPhs 15 min 89%4 4.5:1
MeCN 5% (PdCsH5Clg, 10% dppft — 0% —
MeCN  10% Pd(OAc). - 0% —

aRequired continuous bubbling of Ar through the reaction mixture.
bMonitored by'H NMR spectroscopycNaOAc addeddOnly performed
once.

products3a and4awas determined bjH NMR analysis of
the unpurified reaction mixture. Employing asHtbuffered
eluent,3a and 4a were purified from the reaction mixture
by flash chromatography, though they coeluted; the corre-
sponding'H NMR spectra typically provided a product ratio
similar to the unpurified reaction mixture. Subjection of the
mixture of imine products toonbufferedsilica gel resulted

in preferential hydrolysis of aldiminela, allowing for
exclusive isolation of the desired-(diphenylmethylene)-
imine 3ain spectroscopically pure form. This behavior was
general for all compounds tested.

Solvent appears to play only a minor role in regards to
isolated yield and product ratio. In most solvents studied,
using 10 mol % of Pd(dbapnd 10 mol % of diphenylphos-
phinoferrocene (dppf) at 23C, imine 1a was converted to
homoallylic amines8aand4ain excellent yield and a-5:1
ratio, respectively. Acetonitrile (MeCN) afforded the best

yields and product ratios. Toluene, however, was an excep-

tion, in that reaction rates were slow; the product ratio was

relatively low; and great care had to be taken to degas the

solvent to prevent precipitation of the catalyst. Modification
of the palladium source or ligands did not favorably impact
yield or product ratio. The ligand diphenylphosphinoethane
(dppe) in THR! proved inferior to dppf in MeCN in all
regards. Likewise, use of triphenylphosphine (BRis the

ligand accelerated the reaction rate but decreased the yieloD

and product ratio. Interestingly, Pd(Il) catalysts, including
the z-allyl palladium dimer (PdgHsCl),, did not effect the
desired reaction.

Imines 1b—j were also converted to the corresponding
homoallylic amines3 and 4 under our optimized reaction
conditions (Table 3). The electronic character of the imine
proved to have a significant impact on the reaction rate, yield,
and product ratio. Except for imingh, all imines were
converted to the corresponding mixture of homoallylic imines

(11) Poor solubility of the Pd—dppe complex in MeCN resulted in no
conversion in that solvent.
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Table 3. Pd-Mediated Decarboxylative Allylations

Ph Ph

R e pn Ph
/J\/O Pd(dba), (10 mol %), )\
TN om0+ )
0 k]# MeCN, 23 °C RZJ\/& R? R
1 3 4
substrate R R? time isolated yield ratio (3:4)
S
1a H 05h 96% 6.1:1
A
1b H 1h 97% 5.5:1
F
#
1c H 1h 91% 20:1
CN
LA )
1d H \@ 2h 75% 4.1:1
~
1e H 7h 52% 2.2:1
OMe
OMe
1f H ff\@\ 5h 76% 2.4:1
OMe
A 0
1g H > 3h 70% 3.4:1
o
ENPON
1h H | ~ 25Hh 47% =20:1
OFEt
1i H "H\n/ 1.5h 91% 2201
(o]
) # . . .
1j Me 2h 82% =201

apetermined by!H NMR spectroscopy of the unpurified reaction
mixture. Plmine 9 isolated in ca. 50% yield®Reaction heated to 4€C.
dOnly performed once.

3 and 4 in nearly quantitative yield. The electron-rich
aldimines (i.e.4d—g), however, were particularly sensitive

toward hydrolysis during chromatography, even undeXEt

buffered conditions, resulting in lowered isolated yields for
3 + 4. Electron-donating substituents also decreased the
reaction rate and reduced the ratio of homoallylic imines
3/412 Alternatively, electron-withdrawing groups that can
shift the electron density in the intermediatémino anion
toward the substituent via delocalization (e.g., 4-cyanoben-
zaldiminelc or ethyl glyoximineli) increased the reaction
rate and afforded theéN-(diphenylmethylene)imined as
essentially the sole product 0:1 product ratio) in excellent
yield.

Electronegative substituents that cannot further delocalize
the negative charge in the intermediatémino anion (e.g.,
-fluorobenzaldiminelb) did not dramatically impact the
reaction profile in comparison to benzaldimiri&a. An
apparent exception to these trends is 3-pyridylcarboximine
1h, in which the benzophenone imirgh was the sole
homoallylic imine product, though it was isolated in only
47% vyield. The remaining mass balance was imfhe
suggesting that protonation of the intermedi@tienino anion
competes with allylation. The strong preference for product
3h was surprising, given that the 3-pyridyl substituent has

(12) O, must be excluded from the reaction mixture with imides-g
to prevent precipitation of an organometallic species, presumably arising
from imine-directed electrophilic addition of Pd(Il) into the electron-rich
aromatic rings: Ryabov, A. DSynthesis 985, 233.
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an electronic profile similar to phenyl (i.eLa). Protonation

of the pyridine nitrogen is expected to shift the electron
density of the intermediate anion to favor productior8Bbf
over4h as well as to provide an acidic proton source leading
to methylene amine9; DFT calculations support this
hypothesis (see Supporting Information). Alternatively,
coordination of the pyridine nitrogen to the Pd(Il) intermedi-
ate would have a similar effect on the electron density of
the anion, but this would not account for the production of
the conjugate aci®. The source of the acidic proton is
currently under investigation.

Substituents on the 2-position of the allyl ester also
favorably impact the product ratio (3:4). 2-Methylallyl ester
1j was readily converted to the homoallylic imiBgas the
sole product in good yield, though the reaction required
gentle heating (40C). The requirement for elevated reaction
temperatures is most likely a result of the higher activation
energy required for initial complexation of the Pd(0) catalyst
to the less accessible 2-methylallyl substituént.

We also investigated combining imine formation and Pd-
mediated decarboxylative allylation into one reaction vessel.
Our initial attempt at a “one-pot” protocol involved premix-
ing amine8awith benzaldehyde in MeCN (5 min), followed
by addition of catalytic Pd(0) (Scheme 3). In addition to the

Scheme 3. Attempted “One-Pot” Reaction
Ph Ph

PhCHO (5 min); . . Ph)§ N Ph)§N
_— a + 4a + +
Pd(dba), (10 mol %), ph/Kr Ph ph/K/ Ph
dppf {10 mol %), o\)[ 6\J
MeCN, 23 °C

10b

expected homoallylic amine produc@a and4a, a diaster-
eomeric mixture of allyl etheré0a and 10b was observed
(as determined byH NMR spectroscopy and HPLC/MS).
Unfortunately, the protected 1,2-amino alcohtilmand10b
coeluted with3a, and'H NMR analysis of the unpurified
reaction mixture was not sufficient for determining product

(13) Tsuda, T.; Chujo, Y.; Nishi, S.-i.; Tawara, K.; Saegusa).TAm.
Chem. Soc1980,102, 6381.

(14) Subjection of crotyl estetk to our reaction conditions resulted in
a complex mixture of inseparable produd®a, 12b, and13.

Ph

S

Ph. P
N N
S o
NG R! NG
13

12a:R'=Me, RZ=H
12b: R' = H, R%2 = Me

Pd(dba), (10 mol %),
Todba) (IO mot ),

dppf {10 mol %),
MeCN, 23°C, 1 h
(+99%)
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and diastereomeric ratios. Production of diastereoriérs
most likely results from interception of the-imino anion
intermediate by unreacted benzaldehyde, followed by ally-
lation of the resulting alkoxide, thus representing a Pd-
mediated decarboxylative variant of the Erlenmeyer reac-
tion.!5 Increasing the amine/aldehyde mixing time did not
dramatically reduce formation of amino alcoHd).

This intriguing reaction pathway can predominate over
homoallylic amine synthesis if more electrophilic aldehydes
are employed. Specifically, treatment of benzaldimirze
with 10 mol % of Pd(dbaJdppf in the presence op-
cyanobenzaldehyde (2 equiv) afforded the allyl ettkain
53% isolated yield as an inseparable mixture of diastereomers
(Scheme 4). The remaining mass balance was the 1,2-imino

Scheme 4. Interception of thex-Imino Anion
o Ph
Pd(dba), (10 mol %), PhAN CN
1a + H _——
dppf (10 mol %)
CN MeCN, 23 °C OR
11a:R=allyl
11b:R=H

alcohol 11b, presumably arising from protonation of the
intermediate alkoxide with adventitious water. Importantly,
only trace amounts<(5%) of homoallylic amine products
were observed. Optimization of this novel reaction manifold
is the subject of current investigation.

In summary, we report the mild conversion of allyl
diphenylglycinate imines inta.-aryl and heteroaryl homo-
allylic amines employing a Pd-mediated decarboxylative
generation and allylation @f-imino anions. The intermediate
anions can be intercepted with aldehydes to afford protected
1,2-amino alcohols. Further investigations will focus on
developing asymmetric variants of these efficiert@bond-
forming events.
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