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Pure Stabilized Azomethine Ylids:
Construction of threo (25, 3R)-3-Aryl-2,3-diaminoc Acids
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Abstract: Chiral stabilized azomethine ylids derived from reaction of (55)—phenylmorpholin-2-one (1) with aromatic
imines undergo efficient and highly diastereocontrolled cycloaddition with a second molecule of imine to furnish
products which may be converted into enantiomerically pure threo (28, 3R)-3-aryl-2,3-diamino acids.
© 1997 Elsevier Science Ltd. All rights reserved.
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ave demonstrated (55)-phenylmorpholin-2-one (1) to be a versatile precursor tem

generation of chiral azomethi
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e ylids. Subsequent trappi
of electron deficient alkene or alkyne dipolarophiles! whi
molecule of aidehyde wilil participate in diastereocontrolied 1,3—dipolar cycloaddition with the E-ylid to form
cycloadducts (2) (Scheme 1) in good to excellent yields. These cycloadducts may be subsequently converted
into enantiomerically pure threo (28, 3R)-2-amino—3-hydroxy acids.?
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Reagents and conditions: (i) RCHO (3 equiv.), solvent, A. (ii) H,-Pd(OH),, TFA, ag MeOH (R = aryl)
Scheme 1
act in an analogous manner to aldehydes and undergo cycloadditions with
various 1,3—dipoles.3 We decided to explore the possibility that use of an excess of aromatic imine would result
in initial condensation with morpholin-2-one (1) to generate an azomethine ylid (3) followed by cycloaddition of
the ylid with a second molecule of imine (Scheme 2) to ascertain if the diastereocontrol observed in the case of
aldehyde cycloadditions would also hold for this system.
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Reagents and conditions: (i) ArCH=NR' (excess), solvent, 4 ; (ii) hydrogenolysis

Scheme 2
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Subsequent degradation of the cycloadduct would furnish 2,3—diamino acids useful as dipeptide
replacements? and components of peptidic inhibitors of aminopeptidases.’ This is a largely overlooked class of
non-proteinogenic amino acids and far less effort has been directed towards developing stereocontrolled
methodology for constructing 2,3—diamino acids compared to other amino acid systems.6 The potential for

diastereocontrol in our enantiomerically pure system therefore prompted us to investigate this process further.
Initial attempts to effect this reaction were carried out with S—(1) and N-methylbenzaldimine, but no
cycloaddition was observed under conditions previously successful with aldehydes. However, due to the earlier
reports that imines will act as dipolarophiles,2 we reasoned that failure of the process lay in the lack of
generation of the azomethine ylid due to insufficient electrophilicity of the imine. In an attempt to render the

imine more electrophilic, one equivalent of pyridinium p-toluenesulfonate was a
t.1.c. and spectroscopic analysis of ¢
56% yield after chromatography on silica, eluting with hexane—ethyi acetate (4 : 1), indicated it to have the gross
structure of the desired cycloadduct (4) and the relative stereochemistry was demonstrated by n.O.e. difference
spectroscopy to be as depicted in Scheme 3.7

Following this observation it was decided to investigate the generality of this methodology using N-benzyl
imines, as hydrogenolysis of the ensuing cycloadducts would afford free 2,3—diamino acids directly. Hence, a

single diastereoisomeric cycloadduct as judged by detailed analysis of the crude reaction mixture. Purification by
column chromatography as before permitted isolation of the pure cycloadducts (4a—e) as yellow foams in good
s 11 PR I B4y o JNG T DERY
to excellent yield (1anie)
Cycloadduct (4) Amino acid (5)
Ar R
Purified yield (%) [ot]p (CHCl3) Purified yield (%) ] (H20)
a a2 W Me 56 -103.6
b W Bn 43 -315 g3 ref 6a -09
\\ /4

c -r-@-OMe Bn 65 -59.8 gref 6b -14.6

3 7\ i n * <5

d +\ /N0 Bn 57 -43.5 66 -2

e +-®—F Bn 70 —49.0 64 78

N A3

*Concomitant reduction of the nitro— group during hydrogenolysis furnished 3—{4—-aminophenyi}-2,3—diaminopropanoic acid (5d)
Table

The relative stereochemistry of each adduct was confirmed by n.O.e. difference studies (mutual

enhancements amongst H2, H7 and H9 proving particularly diagnostic) and reflected the stereochemistry
observed for (4a).” Hydrogenolysis of these adducts under acidic conditions released the corresponding threo
(28,3R)-3-aryl-2,3—diamino acids (Sb-e) in excellent yields, purification being achieved by basic ion-
exchange chromatography on Dowex® 1X8-200 (Dowex-1-chloride) (Scheme 3, Table).8
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The stereochemical course of the cycloaddition thus foliows an analogous pathway to that observed in the
aldehyde cycloaddition reactions,? and can be rationalized by the same model of sterically directed approach of
the dipolarophilic component in an axial manner to C-3 of the E—onfigurated ylid (Figure).

dipolarophile approaches
N P _p, : PP — u _—NR _ aryl group approaches in
in an axial trajectory to —~ - N M
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In conclusion, we have demonstrated that aromatic imines will undergo Brgnsted acid induced condensation
with ($)—(1) to furnish chiral azomethine ylids which undergo diastereocontrolled 1,3—dipolar cycloaddition
with excess imine to furnish cycloadducts (4a—e). Subsequent hydrogenolysis of N-benzyl adducts (4b—e)
leads to isolation of enantiomerically pure threo (2S,3R)-3—aryl-2,3—diamino acids (5).
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under the auspices of the Asymmetric LINK Scheme (to C.E.W.).
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7. (4 )mp 118-120 °C; Found , 78.22, H, 6.53, N, 7.25 %, Cy5H24N20> requires C, 78.09, H, 6.30, N

8 em-1; 8H (500 MHz, CeDg) 7.99 (d, J 7.1 Hz, 2H), 7.41 (t, J 7.7 Hz,

ATIN T IQ /+ T T A TT. 1IN £ 0Q £ 0A fevv ALY £ ON_ A Q7 fen ALY £ QAN A TQ (e DTN A2 /4 T AQ
L), .26 (L, J /.4 NZ, 1r1), 0.70-U.74% (lll, 411}, VU.JU- U.0/ (11}, TL1), U.OU~U.7O (I, &I}y, 4.0V (U, v U.O
- - - ~ s ¥ s N TY ey ~ 0 4TI ~N ™ s 1 YT\ N A 11 ¥y 1.1 -7 YY_ Fr 1A N TTY_\ 1A /733
zZ, 1H), 3.92 (4, J 0.5 Hz, 1H), 3.08 (In, 1), 3.0/ (§, 11). 3. aa, s 1./ iz, J 1U.9 1zj), 5.04 (44,
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.0,
disc) 1752 cm-!; 8y (500 MHz, CgDg) 7.85 (d, J 7.0 Hz, 2H), 7.30-7.27 (m, 4H), 7.00-6.87 (m, 9H),
6.82-6.79 (m, 3H), 6.69-6.67 (m, 2H), 4.73 (d, J 6.1 Hz, 1H), 4.05 (s, 1H), 3.82 (d, J 6.1 Hz, 1H),
3.62 (d, J 14.1 Hz, 1H), 3.53 (dd, J 11.8, J' 4.8 Hz, 1H), 3.49 (dd, J 11.8, J' 9.8 Hz, 1H), 3.45 (d, J
14.1 Hz, 1H), 3.31 (dd, J 9.9, J' 49 Hz, 1H); n.O.e. H7 — H9 (5.3 %), —» H2 (4.4 %), H9 — H2
(12.7 %); 8¢ (50.3 MHz, CDCl3) 171.6, 141.1, 139.2, 137.3, 135.0, 130.4, 129.7, 129.0, 128.7, 128.5,
128.4, 128.0, 127.9, 127.8, 127.5, 127.4, 127.3, 87.0, 71.0, 66.0, 65.7, 61.4, 51.2; m/, (DCI, NH3)
461 (MH*), 266; C31Ho9N20O2 requires 461. 2229 found 461.2221; [a]lp2? -31.5 (¢ 1.0, CHCI3). (4¢)
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m.p. 48-51 °C; Found C, 78.22, H, 6.53, N, 7.25 %, C33H3:N04 requires C, 78.09, H, 6.30, N, 7.29
%: dy (500 MHz, CDCl3) 7.80 (d, J 8.6 Hz, 2H), 7.19 (d, J 8.6 Hz, 2H), 7.05-7.02 (m, 4H), 6.99-6.95
(m, 1H), 6.94 (d, J 8.6 Hz, 2H), 6.86-6.81 (m, 3H), 6.74-6.72 (m, 2H), 6.55 (d, J 8.6 Hz, 2H), 4.70 (d,

J 6.2 Hz, 1H), 4.05 (s, 1H), 3.88 (d, 6.2 Hz, 1H), 3.70 (d, J 14.1 Hz, 1H), 3.54 (d, J 13.8 Hz, 1H),
3.38 (s, 3H), 3.33 (dd, J 8.9, J' 5.6 Hz, 1H), 3.24 (s, 3H); n.O.e. H9 — H2 (10.4%), — H7 (4.8%); "/,
(DCI, NH3) 520 (MH*) 296, 226; [at]p22 -59.8 (c 0.5, CHCI3). (4d) m.p. 68-70 °C; Vnax (KBr disc) 1
751 cml; 8y (500 MHz, CDCl3) 7.99 (d, J 8.7 Hz, 2H), 7.65 (d, J 8.6 Hz, 2H), 7.47 (d, J 8.7 Hz, 2H),

6.89 (d, J 8.6 Hz, 2H), 6.87-6.82 (m, 3H), 6.71-6.64 (m, SH), 6.46 (m, 2H), 4.42 (d, J 6.6 Hz, 1H),
80 (s. 1H), 3.56 (d Iﬁﬁ”—r IH\ 3581 (d J119 J'105 Hz. 1346 (dd,. J 12.0. 7’43 Hz. 1H)
W\, 111]y JedV \My v UlU Lidiy 2X3 e WMy Vv 2R, v AVLWS LR, 41x) STV (U8, VALY, v v..0 114, 22X,
26 (d, J 13.8 Hz, 1H), 3.15 (d, J 13.8 Hz, 1H); n.0.c. H7 — H2 (5.3%), — H9 (4.4%), H9 — H2

3.
3. .
(13.8%); ™/, (DCI, NH3) 551 (MH*), 281, 211, 31; C31H27N4O¢ requires 551 1931,
[ot]p24 -43.5 (c 0.85, CHCI3). (4e) m.p. 53-55 °C; Found C, 75.07, H, 5.37, N, 5.4i %,
requires C, 74.83, H, 5.47, N, 5.63 %; Vmax (KBr disc) 1 751 cm- . 84 (500 MHz, CDCl3) 7.60 (dd, J

8.6, J 5.5 Hz, 2H), 7.01-6.92 (m, 7H), 6.84-6.77 (m, 5H), 6.60-6.55 (m, 4H), 4.56 (d, J 6.3 Hz, 1H),
3.87 (s, 1H), 3.66 (d, J 6.3 Hz, 1H) 3.51-3.48 (m, 2H), 3.47 (d, 13.7 Hz, 1H), 3.32 (d, J 14.0 Hz, 1H),
3.20 (dd, J 8.1, J 6.7 Hz, 1H); n.O.e. H2 — H9 (11.0%), H7 — H9 (4.6%); 8¢ (125.7 Hz, CHCl3)

171.6, 130.1, 136.6, 135.3, 1349, 131.3, 130.3, 130.1, 128.2, 128.1, 127.9, 127.7, 127.4, 115.8,

115.3, 114.9, 114.5, 86.7, 71.1, 65.8, 65.4, 61.7, 51.5; M/, (CI, NH3) 497 (MH*),[a]p20 -49.0 (¢ 1.0,

& /s LN A £ g9 L \
J \im, Jrj, 4.0 5.2 Hz, if 1),4

on
n

A7 (8. 752 Hz 1H) §-(125.7
a, v \Q, v J.2 nZ, 111}, 0C (145./
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MHz, D,0) 169.3, 151.7, 129.8, 128.8, 126.9, 53.0, 52.4; ™/, (CI, NH3) 181 (MH*), CoH{3N20,
requires 181.0977, found 181.0979; [a]p24 -0.9 (c 1.0, H0). (5¢) m.p. 185-186°C (dec.); 8y (500 MHz,
D,0) 7.37 (d, J 8.8Hz, 2H), 7.05, (d, J 8.7 Hz, 2H), 4.66 (d, J 5.1 Hz, 1H), 4.15 (d, J 5.1 Hz, 1H),
3.82 (s, 3H); 8¢ (125.7 MHz, D,0) 170.1, 159.4, 128.5, 122.1, 114.2, 54.5, 53.5, 52.3;, ™/,
(Electrospray) 211 (MH*), 150, C19H15N203 requires 211.1083, found 211.1071; [a]p25 —14.6 (c 1.0,

). (5d) Pale yellow powder; Vmax (KBr disc) 3431, 1679 1631 cmrl; 8y (500 MHz, D,0) 7.25 (d, J

8.5 Hz, 2H), 6.88 (d, J 8.5 Hz, 2H), 4.66 (d, J 4.8 Hz, 1H), 4.23 (d, J 4.9 Hz, 1H); ™/, (CI, NH3)
CoH{4N307 requires 196.1086, found 1,6.1089; [a]lp24 -5.2 (¢ 0.25, H20). (5¢) m.p. 190-195 °C
(dec.); 8y (500 MHz, D;0) 7.47-7.42 (m, 2H), 7.23 (t, J 8.8Hz, 2H), 4.77 (d, J 4.9 Hz, 1H), 4.23 (d, J

9 Hz, 1H I 8.3 3.4; m/, (DCI, NH3) 199

4.9 Hz, iH); 8(:(1'25.7 MHz, D,0) 171.1, 131.1, ‘30.6, 128.3, 11
O,F requires 199.0883, found 199.0892; [ap



