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The asymmetric synthesis of protected 1,2-diamines 4 by aza-ana-
logous Michael addition of (—)-(2S,3R,4R,55)-1-amino-3,4-di-
methoxy-2,5-bis(methoxymethyl)pyrrolidine (ADMP) to nitroalk-
enes 1 in good overall yields and high enantiomeric excesses
(ee = 93-96 %) is described. The auxiliary constitutes a novel chiral
equivalent of ammonia and is removed under reductive N-N bond
cleavage with Raney nickel, which also reduces the nitro group.
The absolute configuration was determined by NMR-spectroscopic
methods and polarimetry.

In the last few years vicinal diamines have developed into
a class of compounds of extraordinary importance. Mo-
lecules with the 1,2-diamino structural unit are not only
building blocks for natural products and medicinal
chemistry,' but there is also a steadily increasing interest
in these compounds because of their important role as
chiral ligands in transition metal complexes and Lewis
acids as well as auxiliaries in asymmetric synthesis. For
example, they are frequently used for enantioselective
Diels—Alder, Michael and Aldol reactions, the asym-
metric dihydroxylation of alkenes, the enantioselective
reduction of ketones or the 1,2-addition of organome-
tallics to aldehydes.?~® In addition, a new method for
the determination of the enantiomeric excesses of chiral
alcohols, thiols and amines is based on the application
of vicinal diamines.” Furthermore, they are effective chi-
ral reagents for the determination of the optical purity
of chiral carboxylic acids by NMR spectroscopy.® In
contrast to their importance, relatively few general me-
thods are known for their diastereo- and enantioselective
synthesis from readily available starting materials.” Most
of these methods are based on the transformation of
chiral alcohols via the corresponding azides'? or the tran-
sition-metal-mediated reductive coupling of imines.'!
The latter is generally limited to the synthesis of sym-
metrical 1,2-diamines.!? Some interesting new strategies
are; the addition of aminomethyl carbanion equivalents
to imines,'? the diastereoselective a-alkylation of N,N-di-
benzylaminoacetaldehyde SAMP-hydrazones,'* or the
diastereoselective addition of organometallics to enan-
tiopure hydrazones.!®

Although the conjugate addition of N-nucleophiles to
electron-deficient C—C double bonds is an efficient me-
thod for the stereoselective introduction of the amino
moiety,'® surprisingly only a few efforts have been made
to develop a method for the synthesis of vicinal diamines
using Michael addition of N-nucleophiles to nitroalkenes
as the key step.!”

We now wish to report the first auxiliary-controlled dia-
stereo- and enantioselective synthesis of unsymmetrical
and symmetrical vicinal diamines via the aza-analogous
Michael addition using (—)-(2S,3R,4R,55)-1-amino-3,4-
dimethoxy-2,5-bis(methoxymethyl)pyrrolidine (ADMP)
as a chiral equivalent of ammonia.

The priniciple of the synthetic strategy is shown in the
retrosynthetic analysis of Schemel. Through highly
enantioface-selective conjugate addition of the chiral am-
monia equivalent D to nitroalkenes C the S-amino-
nitroalkanes B are formed. These are transformed to the
corresponding vicinal diamines A by reduction of the
nitro group and removal of the auxiliary by N-N bond
cleavage.

NHo NH, HaN*
R1)*\*rNH2 - R’)’N(NOZ = +
R% R2 R

A B C

HsCQ  OCH

*NHy = H3CO\IN>~,,, _-OCHg

I
NH,
D (ADMP)

Scheme 1

The chiral ammonia equivalent used in such a synthesis
must fulfill a basic requirement; it should be easily remov-
able, liberating the free amino function. With regard to
this restriction, various chiral amino group equivalents
were examined. It was found that the highest diastereo-
selectivities were obtained using ADMP as nitrogen
nucleophile in diethyl ether. In general, the asymmetric
induction increased with decreasing polarity of the sol-
vent system and lower temperature. Nevertheless, tem-
peratures below — 20°C turned out not to be practicable
because of rapidly decreasing reaction rates.

As shown in Scheme 2, the pre-cooled nitrogen nucleo-
phile ADMP dissolved in diethyl ether was added drop-
wise to a solution of the nitroalkenes 1 in diethyl ether
at — 78°C. The reaction mixture was warmed to — 20°C
and kept at this temperature until the reaction was com-
plete. The reaction could easily be monitored by TLC,
because even trace amounts of ADMP or the product
hydrazines 2 react with phosphomolybdic acid without
heating while the nitroalkenes can easily be detected by
aqueous KMnO, solution. The crude products were
purified by column chromatography on deactivated silica
gel. In nearly all cases (except 2e) it was possible to
separate the major diastereomers in this way (silica gel,
petroleum ether/Et,0, 5:1-9:1 + 1 Vol% NEt;) leading
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to de >98%. It is very important to use deactivated
silica gel, because the products show a strong tendency
to undergo a retro-Michael reaction leading to the iso-
lation of the starting materials. Afterwards the eluate
was concentrated to one third of its initial volume and
neutralized by washing with aqueous pH 7 buffer solution
to remove the triethylamine, which decomposes the prod-
ucts at higher concentrations. However, during the whole
workup procedure it is very important to avoid acidic
conditions. Otherwise, rapid epimerization occurs during
storage of the products. The nitrohydrazines 2 were ob-
tained as slightly yellow oils in 59—81 % yield with dia-
stereomeric excesses ranging from 66—84 % and can be
stored under an argon atmosphere at — 20°C for several
months without epimerization. Only the de value of the
aryl-substituted nitrohydrazine 2f was low (31 %). The
spectroscopic data of the nitrohydrazines 2 are summa-
rized in Table 3.

SYNTHESIS
HoCQ, c|>0H3
o ADMP, Et,0 R
N
R1/\’/ 2 -78°C 5-20°C HeCO \ 9y
R2 59-81% N7

1 HyCO R1/ﬁ/N°2

2
l -

R' = alkyl: de = 66 - 84 % (= 98 %)
34-44%
(4 steps)

R'= aryl: de=31%
2 after chromatography
Raney-Ni, Hy
ﬂ MeOH/H,0 (5:1)
30 - 40 bar, RT

then 70 - 80 °C

Boc,O, NEt3
MeOH/H,0 (5:1) WM
EDTA, 1.5h %)

NHBoc

R1/\rNHBOC

R1/\(NH2

———
2 o, 2
The nitrohydrazines 2 were reduced to the corresponding . ‘}2 st?ps/; 3R
aminohydrazines using Raney nickel/H,. A multitude of 4
other methods or catalysts were not successful due to 1-4 Rt R2
epimerization or unselective reaction. Without their iso- RZ = H
lation the auxiliary was removed by reductive N-N bond a “ée :
cleavage in a one-pot procedure leading to the vicinal 2 P: H
diamines 3, which were immediately transformed to the d wr H
bis-Boc protected derivatives 4 due to their enhanced e By H
stability and easier purification. In the presence of Raney f Ph H
nickel it was essential to sonicate the reaction mixture g ~(CHo)g
during the protection step. Otherwise, only 30% of the  Scheme2 h cHex H
Table 1. f-Hydrazinonitroalkanes 2 Prepared
2 R? R? Time Yield [l de*® Config®
(@ (%) (¢, CeHe) (%)
a  Me H 6 75 —10.8 (0.98) 66 [> 98] )
b Et H 7 75 —17.8 (0.74) 72 [ > 98] S)
¢ Pr H 7 81 —22.5 (0.94) 73 [> 98] (S)
d i-Pr H 9 78 — 5.6 (1.06) 84 [> 98] S)
e t-Bu H 25 73 —11.3 (0.94) 83 (S)
f Ph H 14 65 + 0.7 (0.86) 31 )
g ~(CH,)~ 10 81 +40.5 (1.26) 82[=98¢  (S.5)
h c-Hex H 9 59 — 5.4 (0.95) 82 )
® In brackets de after chromatographic enrichment.
® Determined by 'H and 3C NMR spectroscopy.
¢ Absolute configuration of the new formed stereocenter.
4 trans/cis 8 :1 {10 : 1] (determined by *HNMR spectroscopy).
Table 2. Protected Vicinal Diamines 4 Prepared
4 R? R? Time*  Yield fol" ee® Config®
(d/d) (%) (¢, CHCly) (%)
a Me H 2/0 70 —22.8 (0.94) 9% )
b Et H N it —29.5 (0.98) 93 )
c Pr H 32 52 —27.8 (1.06) 96 (s)
d i-Pr H 3/4 48 —28.7 (1.32) 95 (S)
g —~(CH,),~ 3/3 st —34.5 (1.05) 964 (5.5)

® Reaction times during N-N cleavage (70°C/80°C).
® Determined by GC-CSP analysis.

¢ Determined by 'H and 13C NMR spectroscopy.

4 transjcis 4 : 1 (determined by GC analysis).
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diamine could be converted. After column chromato-
graphy the desired protected vicinal diamines 4 were ob-
tained in 48—71% yield over three steps with regard to
the nitrohydrazines 2 with only a little loss of enantio-
meric purity. The spectroscopic data of the protected
diamines 4 are summarized in Table 4.

The diastereomeric excesses of the crude S-nitrohydra-
zines 2 were determined by 'H and '3C NMR spectro-
scopy ranging from de = 66—84 % for aliphatic groups
R!, whereas with an aromatic substituent (R! = phenyl)
the asymmetric induction was rather low (de = 31 %).

The enantiomeric excesses of the protected vicinal di-
amines 4a—d were determined by GC— CSP analysis
(column: 10% heptakis(2,3,6-tri-O-methyl)-f-cyclodex-
trine). Due to the small peak separation of the enantio-
mers of 4g, they were transformed into the corresponding
diastereomeric  bis(O-methylmandelic acid amides)
[MPA-amides (5g)]. For this the biscarbamate 4g was
hydrolyzed with triffuoroacetic acid and the resulting co-
lorless salt was transformed into the corresponding bis-
amide Sg by treating it with MPA-Cl in the presence of
triethylamine. Then the enantiomeric excess was deter-
mined by 'H and *C NMR spectroscopy of 5g.

The absolute configuration of the diamines 4 was deter-
mined by a new NMR spectroscopic method, which was
independently developed by Trost!® and Riguera.!® The
method is based on the preferential conformation of
O-methylmandelic acid amides and the anisotropic mag-
netic shielding due to the phenyl ring of the MPA moiety.
Therefore a racemic and an enantiomerically enriched
sample of the biscarbamate 4a were transformed into the
bisamides 5a.

RR RS
0O H 0O H
Ph Ph
HaZ N\ "CHa Hak N\ CH2NHR
| CHoNHR | CHg
HCO H HsCO H
5a
H H
Ph H Ph H
HaC CHoNHR RHNH,C CHs
OCHj3 OCHz
5CHs < 5 CHg
8 CH, > 8 CHo

R = (A)-COCH(OCHg)Ph

Figure Preferred configurations of the bisamide 5a

As shown in the extended Newman projection in the
Figure, using (R)-MPA a significant upfield shift should
be expected for the methyl signal of the amino portion
of the molecule in case of the R configuration relative to
the S configuration. Due to the observed chemical shifts
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(6 = 1.10 and 1.19) the absolute configuration S could
be assigned to the newly formed stereocenter.

This result was confirmed by determining the absolute
configuration of 4g to be (S,S) in the same way. In
addition, this was verified by comparison of the optical
rotation value of 4g with those of carbamates prepared
from commercially available 1,2-diaminocyclohexane of
known configuration [[o]s" + 33.4 (¢ =1.23, CHCl,)
(R,R)/—32.3 (¢ = 0.91, CHCl,) (S,9)].

The enantiopure C,-symmetrical nitrogen nucleophile
ADMP (9) was synthesized according to a procedure
developed in our group.?® As shown in Scheme3, the
hydrazine 9 was obtained starting from commercially
available D-mannitol in seven steps in large scale quan-
tities. After the literature known conversion of D-man-
nitolinto 2,5-di-O-benzyl-b-mannitol (6),%! the latter was
transformed in two steps into the diol 7, which could
casily be mesylated affording 8. Finally, the bismesylate
8 was cyclized leading to the enantiopure hydrazine 9.

OBn OQH
Mannitol Lit22 H :
annitol
17% OH
(3 steps) OH OBn
6
1. NaH, (CH3)2804
o] DMF,12h, RT
ﬂ 81%! 2. Hp, PAC, EIOH
RT,8h
10 % ﬂ OH QCH;
(7 steps) HaCO H
7 OCHjg
HyCcO  OH
ﬂ 7
CH3S0,Cl, NEt;
89 %lCHZCIg, 0°C
HaCQ, OCH;3 NoHy
\ FPrOH  CHy0,S0  QCHg
h H
HaCO_ A P, OCHg _AT4h co
N 83 % OCHs
NHz HsCO  OSO,CH3
ADMP 8

Scheme 3

In summary, an efficient, diastereo- and enantioselective
synthesis of unsymmetrical, as well as symmetrical, pro-
tected vicinal diamines has been developed using, to the
best of our knowledge, the first auxiliary controlled dia-
stereoselective conjugate addition of a chiral ammonia
equivalent to nitroalkenes as the key step. An extension
of this C-N connective methodology with regard to al-
ternative transformations of the nitro group is currently
being investigated in our laboratories.

Solvents were dried and purified according to known procedures.
Allreagents were distilled prior to use or were of commercial quality
from freshly opened containers. Analytical TLC plates (silica gel
60 F,5,) and silica gel (100200 mesh) were purchased from Merck,
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Table 3. Spectroscopic Data of p-Hydrazinonitroalkanes 2*°

2 IR (CHCly) 'THNMR (C4Dy/TMS) B3CNMR (C¢Dy/TMS) MS (70 eV)
¥ (cm™Y) 4, J (Hz) é m/z (%)

a  3283,2980, 2927, 0.83(d,3H,J=6.32, CH;CHN),3.16,3.17 16.72 (CH,CHN), 53.04 (CHNH), 321 (24, M*"), 277 (13),
2896, 2827, 1550, (2s, 12H, CH,0), 3.32-3.40 (m, 2H, 58.08, 358.69, (CH,0), 66.60 (br, 276 (100), 233 (14), 140
1456, 1382, 1270, CHN), 346 (dd, 2H, J=9.61/522, CHN), 70.70 (br, CH,0), 80.13 (12),101(50),75(12),71
1201, 1105, 993, CHHO), 3.57-3.70 (m, 1 H, CHANH), 3.66 (CH,NO,), 84.57 (CHO) (31), 57 (11), 55 (13), 45
953, 876, 795, (dd,2H, J=9.61/4.95, CHHO), 3.70-3.76 (79), 44 (12), 43 (31), 41
736, 611 (m,2H,CHO),3.91(dd, 1 H,J = 11.54/5.77, 42)

CHHNO,), 4.27 (dd, 1H, J = 11.54/5.50,
CHHNO,)

b 3286, 2974, 2927, 0.75 (1, 3H, J=7.41, CH,), 1.24-1.36 (m, 9.79 (CH,CH,), 23.98 (CH,CHN), 335 (26, M*"), 291 (13),
2894, 2828, 1551, 2H,CH,CH,),3.17,3.18 (2s,12H, CH,0), 58.10, 58.68, 59.06 (CH,O/CHNH), 290 (100), 233 (12), 101
1461, 1382, 1201, 3.34-3.43 (m, 2H, CHN), 3.44-3.55 (m, 66.80 (br, CHN), 70.60 (br, CH,0), (21), 71 (12), 55 (8), 45
1107, 975, 953, 3H, CHNH/CHHO), 3.67 (dd, 2H, 78.38 (CH,NO,), 84.59 (CHO) (23), 41 (8)

755 J=19.61/4.95, CHHO), 3.70-3.77 (m, 2H,
CHO), 4.08 (dd, 1H, J=11.82/550,
CHHNO,), 427 (dd, 1H, J=11.82/5.77,
CHHNO,)

c  3285,2958,2929, 0.75(t, 3H, J=6.87, CH,), 1.12-1.29 (m, 14.24 (CH,CH,), 18.98 (CH,CH,), 349 (25, M*"), 305 (14),
2828, 1551, 1462, 4H, CH,CH,), 3.17 (brs, 12H, CH;0), 33.35 (CH,CHNH), 57.73, 58.09, 304 (100), 233 (16), 101
1382, 1242, 1200, 3.36-3.42 (m, 2H, CHN), 348 (dd, 2H, 58.70 (CH,O/CHNH), 67.10 (br, (32), 71 (16), 69 (11), 45
1108, 976, 952, J=9.61/5.22, CHHO), 3.57-3.65 (m, 1H, CHN), 70.80 (br, CH,0), 78.57 (31), 43 (11), 41 (18)
888, 756 CHNH), 3.68 (dd, 2H, J=9.61/495, (CHO), 78.85 (CH,NO,), 84.57

CHHO), 3.72-3.76 (m, 2H, CHO), 4.08 (CHO)
(dd, 1H, J= 11.81/5.49, CHHNO,), 4.30
(dd, 1H, J=11.81/5.49, CHHNO,)

d 3312, 2960, 2929, 0.75 (d, 3H, J=17.02, CH,), 0.77 (d, 3H, 17.61, 18.12 (CH,),CH,), 28.57 349 (30, M*"), 305 (16),
2895, 2828, 1553, J=7.02, CH,), 1.73-180 (m, 1H, (CH,CHNH), 58.12,58.68 (CH;0), 304 (100), 233 (16), 101
1465, 1426, 1383, CH(CH,),), 3.18 (brs, 12H, CH,0), 62.52 (CHNH), 66.50 (br, CHN), (30), 71 (18), 69 (10), 45
1371, 1200, 1106, 3.37-3.42 (m, 2H, CHN), 3.35 (brs, 1H, 70.50 (br, CH,0), 77.00 (CH,NO,), (36), 43 (12), 41 (19)
976,953, 757,667 NH), 3.48 (dd, 2H, J=9.76/5.19, CHHO), 84.50 (CHO)

3.55-3.59 (m, 1 H, CHNH), 3.66 (dd, 2H,
J=9.76/5.19, CHHO), 3.71-3.75 (m, 2H,
CHO), 4.02 (dd, 1H, J=11.91/4.58,
CHHNO,), 4.24 (dd, tH, J=11.91/7.02,
CHHNO,)

e 3314, 2927, 2828, 0.78 (s, 9H, C(CH,),), 3.16, 3.18 (25, 12H, 26.37 (CH,),C), 32.89 ((CH,),CH), 363 (35, M™"), 319 (17),
1554, 1471, 1424, CH,0),3.36-3.44(m,2H,CHN),3.52(dd, 57.99, 58.64 (CH;0), 66.50 318 (100), 260 (24), 257
1398, 1381, 1369, 2H, J=9.61/5.49, CHHO), 3.68-3.79 (m, (CHNH), 68.10 (br, CHN), 70.80 (15), 233 (24), 215 (24),
1196, 1105, 992, 5H, CHNH/CHO/CHHO), 4.04 (dd, 1H, (br, CH,0), 77.76 (CH,NO,), 84.50 140 (11), 101 (41), 83
974, 953, 706 J=12.91/3.57, CHHNO,), 434 (dd, 1H, (CHO) (14), 75 (13), 71 (31), 57

J=12.91/6.32, CHHNO,) (19), 55 (19), 45 (65), 43
(25), 41 (35)

feo 3264, 3031, 2982, 3.07, 3.19 (2s, 12H, CH,0), 3.16~3.27 (m, 5794, 58.74 (CH,0), 6231 383 (7, M*"), 338 (10),
2927, 2895, 2827, 2H, CHN), 3.30-3.42 (m, 2H, CHHO), (CHNH), 65.50 (br, CHN), 70.10 234 (12), 233 (100), 201
1551, 1494, 1456, 3.51-3.63 (brs, 1H, NH), 3.53 (dd, 2H, (br, CH,0), 80.19 (CH,NO,), 84.70 (13), 201 (13), 101 (13),
1378, 1344, 1310, J=9.61/5.77, CHHO), 3.64-3.72 (m, 1H, (CHO), 128.03, 128.11, 128.87 71 (12), 45 (27)

1200, 1106, 1030, CHO), 4.17 (dd, 1H, J=11.81/6.87, (CH,,.), 139.23 (C,.,.)
974,952,761,702 CHHNO,),4.81(dd, 1 H,H,J = 11.81/6.32,
CHHNO,), 4.94-4.99 (m, tH, CHNH),
7.03-7.13 (m, 3H, p/m-H-Ar), 7.20-7.29
(m, 2H, o0-H-Ar)
g° 3281, 2930, 2827, 0.75-1.08 (m,4H, CH,CH,), 1.30-1.42(m, 23.59, 24.12 (CH,CH,CH,CH,), 361 (22, M*"), 317 (16),

1550, 1453, 1374,
1292, 1241, 1200,
1107, 1029, 992,
976, 956, 899,
756, 7135

2H, CH,CHNH), 1.58-1-73 (m, 1H,
CHHCHNO), 1.73-185 (m, 1H,
CHHCIMP,), 3.20, 3.23 (25, 12H, CH,0),
3.30-3.39 (m, 1 H, CHNH), 3.42-3.48 (m,
2H, CHN), 3.54 (dd, 2H, J=439/9.61,
CHHO), 3.61 (brs, 1H, NH), 3.68 (dd, 2 H,
J=9.61/4.94, CHHO), 3.74-3.79 (m, 2H,
CHO), 419 (ddd, J=11.27/9.35/4.39,
CHNO,)

2981  (CH,CHNH),  30.75
(CH,CHNO,),” 58.25, (CHNH),
58.67, 58.87 (CH,0), 64.60 (br,
CH,N), 7030 (br, CH,0), 84.66
(CHO), 90.35 (CHNO,)

316 (100), 233 (10), 140
(10), 128 (11), 110 (10),
101 (40), 81 (12), 75 (10),
71 (23), 55 (11), 45 (46),
43 (16), 41 (21)
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Table 3. (continued)
2 IR (CHCL) 'THNMR (C,D¢/TMS) I3CNMR (C¢D4/TMS) MS (70 eV)

§(cm™1) 8, J (Hz) o mfz (%)

h 3308, 2980, 2926,
2856, 2828, 1552,
1451, 1383, 1307,
1268, 1201, 1106,
1031, 976, 953,
892, 875, 746

0.65-1.73(m, 11 H, CH,CH), 3.16,3.18 (2s,
12H, CH,0), 3.36 (brs, 1H, NH),
3.39-3.47 (m, 21, CHN/CHNH), 3.52 (dd,
2H, J= 9.34/5.22, CHHO), 3.54—3.63 (m,
1H, CHN), 3.69 (dd, 2H, J=9.34/4.95,
CHHO), 3.72-3.78 (m, 2H, CHO), 4.05
(dd, 1H, J= 12.08/4.67, CHHNO,), 4.27
(dd, 1 H, J = 12.08/6.87, CHHNO,)

26.66,26.70,26.79, 28.64,29.11 (CH,
c-Hex), 39.09 (CHCHNH), 58.13,
58.73, (CH,0), 62.43, 66.80 (br,
CHN), 70.70 (br, CH,0), 77.33
(CH,NO,), 84.53 (CHO)

389 (74, M*), 346 (11),
345 (70), 344 (100), 329
(19), 283 (37), 253 (13),
234 (13), 233 (85), 215
(17), 189 (22), 140 (12),
125 (13), 115 (13), 110
(16), 101 (50), 95 (12), 85
(12), 81 (14), 71 (46), 67
(20), 55 (30), 45 (49)

2 Satisfactory microanalyses obtained: C + 0.49, H 4+ 0.12, N + 0.37.

o

Data given are those of the major diastereomer.
IR (neat).

@

Table 4. Spectroscopic Data of the Boc-Protected Vicinal Diamines 4*

4

IR (KBr)
¥ (cm™ 1)

IHNMR (C,Dy/TMS)
é, J (Hz)

13CNMR (C4Dg/TMS)
b

MS (70 eV)
mfz (%)

3568, 3356, 2979, 2931,
1685, 1532, 1458, 1390,
1346, 1317, 1277, 1256,
1238, 1177, 1065, 998,
914, 655

3356,2977, 2932, 1687,
1538, 1454, 1390, 1367,
1328, 1291, 1271, 1249,
1229, 1176, 1147, 1074,
1039, 1019, 999, 976,
881, 778, 754, 643
3354,2964, 2930, 2873,
1686, 1530, 1458, 1392,
1367, 1327, 1295, 1270,
1253, 1171, 1080, 1051,
1023, 1023, 980, 879,
781, 651

3361, 3339, 2980, 2963,
2932, 2876, 1686, 1655,
1637, 1543, 1458, 1391,
1368, 1338, 1312, 1300,
1277,1267, 1254, 1229,
1175, 1093, 1022, 973,
875, 784, 754, 656
3371, 3013, 2989, 2974,
2930, 2859, 1683, 1637,
1518, 1446, 1392, 1367,
1321, 1283, 1248, 1234,
1173, 1059, 1044, 1023,
1029, 1008, 956, 925,
865, 853, 780, 757

1.12(d,3H,J=6.72, CH,CHNH), 1.44
(s, 18H, C(CH,);), 3.10-3.20 (brm,
2H, CH,NH), 3.66—-3.80 (brm, 1H,
CHNH), 4.75 (brd, 1H, J=17.06,
CHNH), 4.90-5.03 (brm, 1 H, CH,NH)
094 (t, 3H, J=17.42, CH,), 1.41-1.50
(m, 2H, CH,CH,), 144 (brs, 18H,
C(CH5);), 3.12-3.23 (brm, 2H, CH,N),
3.46-3.61 (brm, 1 H, CHN), 4.70—4.86
(brm, 1H, CHNH), 5.00-5.10 (brm,
1H, CH,NH)

0.88—0.96 (m, 3H, CH,), 1.18—1.41 (m,
4H, CH,CH,CH,CHNH), 1.65 (brs,
18H, C(CHj;);), 3.10-3.26 (brm, 2H,
CH,N), 3.54-3.71 (brm, 1H, CHN),
4.64 (brd, 1H, J=28.24, CHNH),
4.85-5.20 (brm, 1H, CH,NH)

092 (d, 3H, J=6.87, CH;), 0.94 (d,
3H, J=6.87, CH;), 1.44 (brs, 18H,
C(CH;);), 1.64-1.81 (m, 1 H, CH(CH,),),
3.10-3.26 (brm, 2H, CH,N), 3.41-3.56
(brm, 1 H, CHN), 4.59-4.72 (brm, 1 H,
CHNH), 4.78-4.94 (brm, 1 H, CH,NH)

1.04-1.33(m,4H, CH,), 1.42 (brs, 18 H,
C(CH,),), 1.67-1.81 (m, 2H, CH,),
1.97-2.07 (m, 2 H, CH,), 3.20-3.36 (m,
2H, CHN), 4.89-499 (brm, 2H,
CH,NH)

18.65 (CH,CHNH), 28.39, 28.40
(C(CH,),), 46.13 (CH,NH), 47.27
(br, CHNH), 79.33 (br, C(CH,),),

155.90, 156.6 (br, CO,N)

10.33 (CH,CH,), 25.91, (CH,CH,),

28.27, 28.40

(C(CHy)s),

44.51

(CH,NH), 52.76 (br, CHNI), 79.19,
(br, C(CH.),), 156.35, 156.6 (br,

CO,N)

13.96 (CH,CH,), 19.11, (CH,CIi,),
28.40 (C(CT1,),), 35.18 (CH,CHNH),
44.98 (CH,NH), 52.76 (br, CHNH),
79.26 (br, C(CH,)5), 156.3, 156.6 (br,

CO,N)

18.03, 19.25 ((CH,),CH),

28.40

((CH,),C), 30.68 (CH,),CH), 42.85
(CH,NH), 56.25 (CHNH), 79.26,
((CH,),)C), 156.68 (br, CO,N)

2489  (CH,CH,CH),
((CH,),C), 33.01

28.40

(CH,CH,CH),

55.09 (CH,NH), 79.12 ((CH,),C),

156.52 (CO,N)

274 (0.58, M ™), 229 (8),
173 (38), 129 (16), 113
(15), 57 (100), 41 (16)

288 (0.07, M*"), 171 (8),
159 (8), 159 (7), 158 (19),
115 (15), 102 (43), 76 (9),
75 (8), 59 (11), 58 (98),
57 (100), 41 (22)

185 (4), 172 (13), 129
(13), 116 (50), 76 (6), 75
(1), 72 (88), 59 (7), 57
(100), 41 (19)

185 (5), 173 (9), 172 (23),
129 (19), 116 (63), 85 (6),
72 (86), 59 (13), 58 (6),
57 (100), 56 (9), 55 (7)

197 (19), 185 (6), 157 (6),
142 (6), 141 (67), 114 (6),
97 (75), 96 (25), 81 (5),
70 (15), 59 (7), 58 (5), 57
(100), 56 (30)

* Satisfactory microanalyses obtained: C +£0.49, H + 0.11, N + 0.42; mp 4a 110°C, 4b 102°C, 4¢ 80—-81°C, 4d 68—70°C, 4e 160—-161°C.
® Data given are those of the major diastereomer.-

Darmstadt. All melting points (Biichi apparatus, system Dr. Tottoli)
are uncorrected. Optical rotation values were measured using a
Perkin-Elmer P241 polarimeter. Microanalyses were obtained with
a Heraeus CHN-O-RAPID eclement analyser. IR spectra were re-
corded on a Perkin-Elmer FT/IR 1750 spectrophotometer.'H and
13C NMR spectra were measured on a Varian VXR 300 (300 and
75 MHz), Varian Gemini 300 (300 and 75 MHz) or Varian Unity
(500 and 125 MHz). MS were recorded on a Varian MAT 212
spectrometer (EI 70 eV, 1 mA) with DEI ionization (relative inten-
sities in parentheses).

The nitroalkenes were synthesized according to literature procedu-
res.2? 1-Nitrocyclohex-1-ene and (R)- and (S)-O-methylmandelic
acid were purchased from Aldrich Chem. Co. Ni/Al alloy was a
donation from Degussa AG. D-Mannitol was purchased from
Fluka. Abs hydrazine was prepared according to a literature proce-
dure.?3

Synthesis of p-Nitrohydrazines 2; General Procedure:
A pre-cooled solution of ADMP (515 mg, 2.2 mmol) in abs Et,O
(4 mL) was added dropwise to the nitroalkene 1 (2 mmol) dissolved
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Table 5. Spectroscopic Data of the Diamides 5°
5 IR (KBr) "HNMR (CDCl,;/TMS) 13CNMR (CDCL/TMS) MS (70 eV)
¥(em™Y) 8, J (Hz) é mfz (%)
a  3313,3063,2981,2933, 119 (d, 3H, J=6.59, CH,CH), 18.36 (CH,;CHNH), 44.55 250 (7), 249 (40), 217

2824, 1661, 1601, 1528,
1496, 1454, 1381, 1362,
1311, 1258, 1196, 1145,
1098, 1030, 986, 913,
788, 736, 698, 607

g 3281,3062, 3032, 2983,
2930, 2858, 2823, 1646,
1602, 1532, 1497, 1453,
1384,1340, 1317, 1298,
1298, 1274, 1251, 1194,
1145, 1103, 1091, 995,
725, 698

3.11-3.49 (m, 2 H, CH,NH), 3.22(s, 3H,
OCH,), 3.32 (s, 3H, OCH,), 3.98-4.15
(m, 1H, CHNH), 4.53 (s, 1 H, CHO),
4.57 (s, 1H, CHO), 6.91 (brd, 1H,
J=1.69, CHNH), 7.05-7.12 (brm, 1 H,
CH,NH), 7.29-7.43 (m, 10H, H-Ar)

1.13-1.44 (m, 4H, CH,), 1.62-1.83 (m,
2H, CHH), 2.09-2.23 (m, 2H, CHH),
3.23 (s, 6H, OCH,), 3.63-3.73 (m, 2 1,
CHNH), 4.45 (s, 2H, CHO), 6.81-6.91
(m,2H, NH), 6.91-7.99 (m, 10 H, H-Ar)

(CH,NH), 4542 (CHNH), 57.07,
57.25 (CH,0), 83.68, 83.79 (CHI),
126.99, 127.06, 128.34, 128.44,
128.49,128.60 (Cypop), 137.05 (Corom)s
170.89, 171.29 (CONH)

(25), 189 (13), 122 (11),
121 (100), 118 (7), 105
(10), 91 (20), 77 (20)

2519 (CH,CH,CHNH), 32.98
(CH,CH,CHNH), 53.23 (CHNH),
57.59 (CH,0), 84.10 (CHO), 128.00,
12889 129.04 (CH,,.), 137.49
(Corom), 171.45 (CONH)

290 (10), 289 (54), 257
(40), 229 (23), 139 (17),
122 (12), 121 (100), 106
(10), 105 (10), 91 (24), 77
19

* Satisfactory microanalyses obtained: C £ 0.35, H + 0.22, N + 0.21; mp5a 74—-75°C, 5g 160°C; yiclds: 5a 58 mg (78 %), 5g 67 mg (82 %).
® Data given are those of the diastereomers (R',R’,S) 5a/(R,R,S,5) 5g.

in abs Et,0 (6 mL) at — 78°C under argon. After stirring for 1h,
the reaction mixture was warmed up to —20°C and kept at this
temperature until the reaction was complete (TLC control). After-
wards the solvent was evaporated at r.t. and the crude product was
immediately purified by column chromatography (silica gel, petro-
leum ether/Et,0, 5:1-9:1 4+1 Vol% NEt;). The eluate was subse-
quently concentrated to 25% of the initial volume and neutralized
by washing with aq pH 7 buffer solution (3 x 20 Vol % of the eluate).
After drying (MgSO,) the solvent was evaporated in vacuo and the
products 2 were obtained as colorless to slightly yellow oils, which
can be stored under argon at — 20°C for several months without
racemization.

The nitrohydrazines 2 are very sensitive to racemization in the
presence of traces of acids due to retro-Michael reaction. The silica
gel was therefore deactivated prior to use by addition of 1 Vol%
NEt, to the eluent. Caution is recommended concerning the drying
agent. Especially Na,SO, turned out to be slightly acidic.

Synthesis of the Protected Vicinal Diamines 4; General Procedure:
The synthesis starting from the nitrohydrazines 2 consists of three
steps: reduction of the nitro group leading to the corresponding
aminohydrazines, removal of the auxiliary by hydrogenolytic
cleavage of the N-N bond and transformation of the resulting
vicinal diamines 3 into their Boc-protected derivatives 4.

The appropriate nitrohydrazine 2 (1 mmol) was added to a suspen-
sion of freshly prepared Raney nickel in MeOH/H,O (5:1, 30 mL)
and stirred under a hydrogen pressure of 10 bar for 12h at r.t.
After complete transformation to the aminohydrazine, the reaction
mixture was heated to 70°C/80°C according to Table 2 until clea-
vage was completed (TLC control). Afterwards the autoclave was
cooled to r.t. and immediately after opening Na,EDTA -2 H,O
(652 mg, 2 mmol), Boc,O (1.31 g, 6 mmol) and NEt; (3 mL) were
added prior to sonication for 1.5h at r.t. After stirring for additio-
nally 12h the reaction mixture was filtered over Celite and the
product eluted with small portions of MeOH. After evaporation of
the MeOH in vacuo the residue was dissolved in Et,0 (25 mL) and
washed with aq pH 7 buffer solution (3 x 25 mL). The organic layer
was dried (MgSO,) and the crude products were purified by column
chromatography (silica gel, petroleum ether/Et,O, 5:1) affording
4 as colorless solids.

Preparation of the Raney Nickel:

Ni/Al alloy (3 g/mmol) was suspended in water (50 mL/mmol) and
cautiously treated with NaOH until hydrogen evolution ceased. The
suspension was heated to 70°C for 30 min and the black solid
obtained was washed with water (25 x 50 mL/mmol).

Synthesis of the Bis[(R/S)-(—)-O-methylmandelic Acid] Amides 5
(MPA-Amides); General Procedure:

The Boc-protected diamine 4 (0.2 mmol) was suspended in TFA
(5mL) and water (1 mL). This suspension was stirred for 20h at
r.t. and then the reaction mixture was concentrated to dryness in
vacuo yielding the trifluorocetate as colorless solid. After addition
ofabs CH,Cl, (5§ mL) and (—)-(R)-O-methylmandelic acid chloride
((R/S)-MPA-CI) (92 mg, 0.5 mmol) NEt; (1 mL) was added. After
stirring at r.t. for 20 h the reaction mixture was washed with aq pH
7 buffer solution (3 x 20 mL), dried (MgSO,) and the solvent was
evaporated in vacuo. The crude product was purified by column
chromatography (silica gel, Et,0/MeOH, 20:1) leading to the
analytically pure diamide 5 as a colorless solid.

Synthesis of (—)-(25,3R,4R,55)-1-Amino-3,4-dimethoxy-2,5-bis-
(methoxymethyl)pyrrolidine [ADMP (9)]:

NaH (24.0 g, 1 mol) was suspended in DMF (1 L) under argon.
Afterwards 2,5-di-O-methyl-D-mannitol (6)2! (45.0 g, 0.124 mol)
was slowly added and the suspension stirred for 1 h. After dimethyl
sulfate (70.4 g, 0.75 mol) was added dropwise, the reaction mixture
was stirred overnight at r.t. MeOH was added until gas evolution
ceased and the solvents were evaporated in vacuo. The resulting oil
was separated between CHCI, and water and the organic layer was
dried (Na,SO,). After filtration over silica gel the solvents were
evaporated affording the resulting ether as a colorless oil, which
was dissolved in EtOH (600 mL) followed by the addition of Pd/C
(1 g). After hydrogenation for 4h at r.t. and a hydrogen pressure
of 4-5 bar, the catalyst was removed by filtration and the solvent
was evaporated in vacuo. A small amount of Et,O was added
leading to crystallization of the diol 7 upon cooling to 0°C (yield:
23.8 g, 81 % over two steps). NEt; (40.5 g, 0.4 mol) was added to
the crude diol 7 (23.8 g, 0.1 mol) dissolved in CH,CI, (1 L). After-
wards MsCl (40.1 g, 0.35 mol) was slowly added at 0°C and the
solution stirred for another 10 min. After addition of dil HCl
(500 mL, 1 M) the organic layer was separated, washed with sat.
NaHCO, and dried (Na,SO,). The solvents were evaporated in
vacuo and the bismesylate 8 was obtained upon cooling to 0°C as
acolorless solid (vield: 35.1 g, 84 %). Bismesylate 8 (35.1 g, 89 mmol)
was dissolved in -PrOH (250 mL) and abs hydrazine (61 g, 1.9 mol)
was added prior to reflux for 14h. Then the reaction mixture was
concentrated in vacuo and the residue separated between water and
CH,Cl,. The organic layer was dried (K,CO,) and the solvents
were evaporated in vacuo. Afterwards the crude product was pu-
rified by distillation yielding the hydrazine 9 as a colorless oil; yield:
173g (83%); bp 97-103°C/0.3 Torr; [al5" —37.7 (c=1.42
CHCL,).
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IR (neat): ¥ = 3340, 2980, 2930, 2890, 1610, 1450, 1385, 1370, 1340,
1280, 1195, 1110, 1020, 990, 970, 955, 935, 865, 720 cm L.
'THNMR (300MHz, CDCl,): 6=335 (s, 6H, CH,OCH,),
3.25-3.40 (m, 4H, NH,, NCH), 3.41 (s, 6 H, CHOCH,), 3.46 (dd,
2H, J = 7.7/5.0 Hz, CHHOCH,), 3.67 (dd, 2H, J = 7.7/4.4 Hz,
CHHOCHS), 3.84 (m, 2 H, CHOCH,).

3CNMR (75MHz, CDCL): §=58.59 (CH,0CH,), 59.3
(CHOCH,), 66.25 (NCH), 70.85 (CH,OCH,), 84.57 (CHOCH,).
MS: m/z [%] = 234 (19, M*"), 233 (14), 189 (39), 174 (13), 140 (20),
125 (12), 115 (18), 110 (14), 105 (11), 101 (43), 98 (14), 96 (21), 85
(13), 84 (11), 75 (40), 71 (26), 55 (15), 45 (100), 44 (11), 42 (11), 41
24).

C;0H,,N,0, (234.29) calc.: C, 51.26; H, 9.46; N, 11.96; found: C,
51.20; H, 9.42; N, 11.48.
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