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Summary - Enantiopure N-Rot-P-anlitlonidellydes arc eficientiy prcpnred in good yields from N-Rot-P-alninollitrilcs by 
recluclion of the nitrile function with diisobutylalumirlrlm hydride (Dll3AL-II). 

P-nminonldchydo / ,%ominonitrile / cr-uminoacid / homochirnl / onontiomeric excess / reduction / DIBAL-H 

R&urn6 - Synthbso de N-Boc-P-nminonld6hydes ‘Iu~mochirnux h pnrtir des N-Boc-fl-nminonitriles. Les N-Boc-a-tmlino- 
niclehydes dnuntiom6riqueIneIIL purs sont pr6pnrBs de furon simple CL nvcc de bans rendement,s it parlir des fl-anlinoniI,riics 
par rbduction nvec i’iiycirurc de diisobutyii~lun~inium (DIUAL-II). 

&~minonld$hyde / ,buminonitrilo / cr-nminoncido / ho.mochiral / ex&s BnnntiomQrique / rbduction / DIBAL-H 

Introduction 

a-aminoacids, protected at nitrogen in various ways, 
can be transformed without racemizntion into the 
corresponding ~-aminoaltlel~ydcs. Then, provided one 
chooses the right protective groups, it is possible 
to transform these aldellydes into a wealth of very 
useful synthetic intermediates [l]. The situation is 
completely different with the homologous homochiral 
,&aminoaldehydes which have found little use in organic 
synthesis due to the lack of generaI methods for their 
preparation and their instability. Few efficient methods 
are described in the literature for the preparation of pro- 
tected non-chirsl or rncemic P-aminoaldehydes includ- 
ing ozonolysis of homoallylic amities (21, nucleophilic 
substitution on ,&Moro or bromo ncetnls with prl- 
mary or secondary amines [3] and conjugate addition of 
amines or imides to cr,@unsaturated aidehydes [4, 51. 
Other routes, such as the reduction of ,8-aminoimides 
[6], the oxidation of y-aminoalcohols [7], the reduc- 
tive ring opening of 5-allcoxyisoxnzoklines [8], the &Ian- 
nich reaction [9] or the hyciroboration of propargylic 
amines [lo] also leacl more or less efficiently to &amino- 
aldehydes. Serious problems were encountered as to the 
stability of free &mkoaldehydes such as condensa- 
tion reactions [3] and facile p-elimination of the amino 
group [4, 91. H owever, fi-aminoaldehydes show excel- 
lent stabilities when masked as acetals, oxaiates or 
hydrazones. Usually, the free P-aminoaldehydes may 
be isolated when protected at nitrogen as an amide, 
carbamate, imide, sulfonamide or phosphonamide [lo]. 
Nevertheless, some non-protected /?-aminoaidehydes 
could be prepared in solution and used as such [4, 51. 

* Correspondence and reprints 

Homochiral 8-aminonldeliycles 1 protectecl at nitro- 
gen (scheme 1) shoulcl be very versatile intcrmcdiates 
but no general and simple access to these con~l~oru~cls 
exists. The alclel~yde 2 deriveci from aspartic acid has 
been clescribecl as a naturally occurring molecule and 
folmd important synthetic applications [ll]. Optically 
pure &aminoacetai 3 [12] and a:-hyclroxy-&amlno- 
alclehycle 4 [13] were used in the synthesis of tax01 side 
chains. P-aminoaldehydcs of type ‘5 were prepared from 
cv-aminoacids through an Arndt-Eistert reaction involv- 
ing the use of diazomethane and were utilieed for the 
synthesis of pseuclopeptides [14] and enzyme inhibitors 
P51. 

An asymmetric synthesis of the alclehydes 6 was 
recently proposed and involves the l&addition of 
an homochiral lithium amide to a,&unsaturated 
N-mcthoxyamides Followed by a t1iisobuty1aluminun~ 
hydride (DIBAL-H) reciuction of the obtaineci 
N-methoxyamides [la]. Other syntheses of non-racemic 
&uninoaldehydes were reported, including the ozono- 
Iysis of dihydropyrroles [17] or the opening N-tosyi- 
aziridines by dithiane anion [IS]. In this paper, we 
describe a simple synthesis of homochirnl N-Boc-fl- 
aminonldehydes from the corresponding optically pure 
~--nminonitriIes. 

Results and discussion 

Our synthesis .is based on the partial reduction of the 
nitrile function of &nminonitriles. Such an approach 
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Scheme 1. Known homochirnl P-aminoaIdehydes. 

TabIe I. Synthesis of N-Boc-P-aminoaldchydes 9. 
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a Isolatecl yields of nnalytically pure products. 

was already attempted by Msrko et al [4] and re- 
ported to lead only to decomposition products and poly- 
mers. We suspected that the reason for such a failure 
was the basicity of the nitrogen of the tertiary amino 
groups in the examined S-aminonitriles. Therefore, we 
adressed to the reduction of N-Boc-S-aminonitriles 
Sa-e (scheme 2). Recently, 8 has been prepared by 
Caputo et al from the S-aminoalcohol 7 via the 
corresponding N-Boc-P-aminoiodides and nucleophilic 
displacement of the iodide by tetraethylammonium 
cyanide in dichloromethane [19]. Although giving good 
yields, we did not use this method, instead we have fol- 
lowed a more conventional and convenient line, as far as 
scale-up is concerned, previously developed in our lab- 
oratory for the synthesis of l,&diamines [20]. Thus, the 
sequence described in scheme 2 allows the preparation 
of multigram quantities of pure /3-aminoaldehydes 9. 

R’NH 

L 

i, ii, iii R’NBoc 

A/ 

iv R’NBoc 
. OH - . 

R 
CN - 

R R l 
L CHO 

7a-e 0a-e 9a-e 

Scheme 2. i: (Boc)zO, THF, RT. ii: McsCl, 1.5 equiv TEA, 
CHzC12, RT. iii: NaCN, DMSO, 45 OC. iv: DIBAL-Ii [for 
addition mode, see experimental part), toiuene/ether. 

Accordhrg to this scheme and after optimization, the 
obtained results are reported in table I. 

Commercially availabIe aminoalcohols 7a-e were 
N-Boc protected at nitrogen under standard conditions; 
mesylation with methanesulfonyl chloride in the pres- 
ence of triethylamine at room temperature led quan- 

titativcly to mesylates [21]; nucleophilic substitution 
with sodium cyanide in DMSO at 45 OC for 15-18 h 
gave t.he nitriles 8a-e in 47-79s isolated yields from 
the P-aminoalcohols. The reduction of the nitrile func- 
tion is commonly performed with DIBAL-H and usually 
leads to good results [22]. Under standard conditions, 
we could not get yields better than 20%. Nevertheless, 
under optimized experimental conditions, the addition 
of an excess of DIBAL-H led to pure 9 with good yields. 
Ether or toluene were found to be better solvents than 
heptane or THF for this reduction. Addition rates of 
the reductive agent also played an important role (see 
experimental section). 

Purification of aldehydes Qa-e was easily performed 
by bulb-to-bulb distillation under vacuum, provided 
that the crude reaction mixtures were thoroughly 
washed with dilute aqueous HCl and then NaHCOs. 
If not, complete degradation may be observed. Flash 
chromatography was also adapted to the purification of 
9a-e with yields comparable to those obtained by dis- 
tillation, except for Qd which is unstable on silica gel. 
Enantiomeric excesses were determined by using Alex- 
akis and Mangeney’s method [23]. Aldehydcs 9a-e were 
reacted with both enantiomers of the N,N’-dimethyl- 
1,2-diphenylethane-1,2-diamine 10 optically pure. The 
corresponding 10 aminals 11 were obtained according 
to scheme 3. So, starting from an aldehyde 9 (8)) we can 
obtain two diastereomers 11 (S,S,S) and 11 (S,&Ji!). 
If we would react a mixture of 9 (S) -i- 9 (R) with one 
enantiomer of the diamine (10 (S,S) for example), we 
would obtain 11 (S,S,S) + 11 (R,S,S). 11 (R,S,S) is 
enantiomer of 11 (S,R,R) and would not be distinguish- 
able by NMR in the absence of a chiral shift reagent. 
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Scheme 3. Determination of the optical’ purity of the 
obtained uldehydes. 

Reacting 9 (R or (and) S) with both enantiomers 
10 allows the determination of the enantiomeric ex- 
cesses simply by lI-l NMR spectroscopy since, as in 
Alexakis and Mangeney’s [23] examples, every pair of 
dinstereoisomeric aminals had very distinct chemical 
shifts, in particular for the protons on the carbon cr to 
the phenyl rings. The enantiomeric excesses here found 
to be equal to or better than 99% in all the cases re- 
ported here, except for 9a (97% ec measured) obtained 
from starting aminoalcohol 7a purchased with D70Jo op- 
tical purity. 

In conclusion, we have described an efficient and 
simple access to enantiomerically pure IV-Boc-P-amino- 
aldellydcs which offers a profitable alternative to the 
Arndt-Eistert llomologation and the subsequent use of 
diazomethane. The development of the chemistry of 
these interesting homochiral building blocks is under 
active investigation in this laboratory. 

Experimental section 

Melting points were determined with an Electrothermal 
IA9300 apparatus and are uncorrected. Thin-layer chro- 
matography (TLC) analysis were performed on aluminum- 
precoated plates (silica gel GO, 0.2 mm) purchased from 
Merck For preparative chromatography, Geduran SI GO 
(Merck, 0.040-0.063 mm) silica gel was used. Gas chro- 
matography (GC) analyses were conducted on a Fisons 8000 
instrument equipped with a DB-17 Megabore column from 
J&W Scientific. Oven program for all products: 100 OC dur- 
ing 2 min, then 100 to 240 OC at a rate of 10 “C/min. Op- 
tical rotation measurements were performed on a Perkin- 
Elmer 241C polarimeter (concentrations in g/100 mL). ‘H 
and r3C NMR spectra were recorded at 300 and 75 MHz 
respectively on a Bruker AC-300 in CDC13 with TMS as in- 
ternal standard. High-resolution mass spectra were obtained 
on a Varian MAT 311 (CRMPO, University of Rennes I). 
Microanalyses were performed at the Central Laboratory for 
Analysis, CNRS, Lyon, Prance. 

All solvents were dried before use [24] and reactions re- 
quiring a neutral atmosphere were carried out under nitro- 
gen in flame-dried glassware. DIBAL-H (1.0 M.solution in 
toluene) was purchased from Aldrich. Ya (97% ee) was pur- 
chased from Accros; all other @aminoalcohols were prepared 
on a 30 g scale from the corresponding o-aminoacids in their 

purest enantiomeric form by reduction with LAH [25]. The 
N-Boc-fl-aminonitriles Sa-e have already been prepared in 
our labotratory [20]. The diastereoisomeric aminals (imi- 
dazolidines) lla-e were obtained in good yields following 
the procedure of Alexakis and Mangeney [23] in sulhcient 
amount to record a ‘H NMR spectrum. No kinetic resolu- 
tion was allowed, since the completion of the reaction was 
evidenced by the absence of the starting aldehyde in the 
crude reaction mixture as observed by NMR speclroscopy. 
The optically pure diamines 10 (R,R) and 10 (S,S) were 
readily prepared at the laboratory on a 5 g scale [2G]. 

Reduction of the P-aminonitriles h-c; procedure A 

In a typical procedure, 5.20 g (20.0 mmol) of the pure nitrile 
8c were partially solubilized in a 250 mL round bottom 
Raslc in 100 mL of dry ether and cooled at -GO “Cl. While 
vigorously stirred, 24 mL (24 mmol, 1.2 equiv) of DIBAL- 
II (1.0 M in toluene) was added to the susnension of the 
nitrile via a syringe-pump within 4 h. Another 1.2 equiv 
of DIBAL-I-I was added at this same temperature within 
2 h and a last 1.6 equiv in 1 11. After stirring for additional 
30 min, the clear solntion was quenched by cautious addition 
of 5 mL of methanol and then immediatly poured on 100 mL 
of a saturated ammonium chloride solution in a separatory 
funnel. The mixture was shaken and left until it reached 
room temperature. A thick white gel appeared. The gel 
was then progressively destroyed by the addition, in small 
portions, of 100 mL of 0.1 M HCl, 100 mL of 1 M HCl, and 
as much of 3 M I-ICI as necessary to reach a pH of 23. The 
solution was then extracted twice with 100 mL ethyl acetate 
and the organic phases were washed with 100 mL of a 1 M 
I-ICI/brine (1:I) solution, twice with 100 mL of a saturated 
NaHCOJbrine (1:l) solution and dried over &COc. After 
removal of the solvents, 4.38 g of the crude 9c were obtained 
as a yellowish solid with was purillcd by prompt bulb-to- 
bulb distillation (110-130 OC; 0.01 mm Hg) to give, after 
recrystallisation in the minimum of a 2:l hexane/diisopropyl 
ether mixture, 3.82 g (14.5 mmol, 72%) of the pure product. 

Reduction of the p-aminonitriles 8d,e; procedure l3 

Poor 9d, 4.0 equiv of DIBAL-H were added within 15 min 
at -40 ‘C. Par 9e, 3.0 equiv of DIBAL-H were added 
within 1 11 at -80 ‘C. The work-up remains the same. 9d 
was obtained as a solid and, after bulb-to-bulb distillation, 
recrystallized from a 1:4 diisopropyl ether/hexane solution. 
9e is an oil and was purified by Gash chromatography (ethyl 
acetate/heptane, 1:G) instead of being distilled. 

l (5%)~b/(tert-buto~Jcarbonyl)amino/pentanal 9a 
White solid after recrystallisation from petroleum ether; 
yield: G8%; Mp = 67-68 OC; Bp(c.cr “u,, 13s) = GO-80 OC; 
RF = 0.65 (ethyl acetate/heptane, 1:l); GC = 5.95 min; 
[o]“D” = 49.6 (c = 1.3, CHC13). 

‘1~ NMR: 6 = 0.95 (t, 3H, J = 7.4 Hz, CHzCH3), 1.43 (a, 
9H, C(CH3)3), 1.49-1.59 (m, 2H, ClfsCHa), 2.56 (ddd, 
1H; J .= lG:5_Hz, J = 7.O‘Hz, J = 2.6 Hx,~CHHCHO); 
2.62 (ddd. 1H. J = 16.5 Hz, J = 5.7 Hz, J = 1.2 Hz. 
CHH’CHC), 3185-4.00 (m, III, CIfNH), 4.62 (broad s; 
III, NH), 9.74 (dd, lH, J = 2.6 Hz, J = 1.7 Hz, CHO). 

13C NMR: 6 = 10.4 (CHeCHs), 28.0 (tiHcCH,>, 
28.3 (C(CH3)3), 47.9 (CHNH), .48.8 (CH&HO), 79.4 
(C(CH,),), 155.3 (C(O)NH), 201.3 (CHO). 

Anal talc for CrcHrgNO3: C = 59.68, H = 9.52; found 
C = 59.68, H = 9.56. 
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l (3R)-3-f(te~~t-bu,tox~~car6o~~~yl)arnino/-~-me thgl- 
pentanal (I,-Boc-homovalinal) 9b 

White solid ol,tained in 73% yield ak+r recrysLaItisaLion 
from l~etrolcum ether; Ml) = 74 OC; 13p(o.ol $,,,,, 1~) = 70- 
DO “C; 12r = O.G3 (ethyl ncctatc/heptane, 1:l); CC = B.22 min; 
[cT];f,” = -Gl*O (c = 1.2, CHC13). 
‘11 NMR: 6 = 0.03 (d, Gil, .I = G.8 Hz, Cl-i(C&)& 1.43 (Y, 

!)IJ, C(CJls)3), 1.83 (act, II-I, J = 6.0 J-h, CIf(Ci-I&), 
2.~18 (ddd, III, J = 13.7 IIz, J = 8.4 Hz, J = 3.2 I-ix, 
CHI-ICHO), 2.59 (dd, 11-1, J = 13.7 Hz, J = 4.9 Hz, 
CIfJ-JCJIO), 3.87-4.01 (III, 11-1, CI-INJ-I), 4.75 (d, 111, 
.J = D.1 Ilz, NH), 9.75 (dd, 11-1, J = 3.2 Ilz, .J = 1.5 Ha, 
CHO). 

13C NMlt: 6 = 18.3 (CHCH3), ID.1 (Ci-ICI-I& 28.3 
(C(CH3)3), 32.5 (CH(CI13)2), 46.7 (Ci-IaCHO), 51.5 

r (C(CI-I3)3), 155.6 (C(O)NII), 201.5 [:;;I), 79.0 

AnnI talc for Clli121N03: C = 61.37, II = 9.83; found: 
c = Gl.48, I-I = D.81. 

l (3S)-3-~(te~t-bzrto.~ycel~borL~~l)ar~l.iltO]-~-~ILcR.~JI1- 
hutad (I,-Boc-lr.omophen.~lale7li7tal) 9c 

White solid obtniued iu 72% yield; hJJ> = 92 OC; 
J~I’(O.01 *,,,a, II&$) = 110-130 oc; nr = 0.57 (ethyl accLaLc/ 
Ilcpt,ane, 1:l); CC: = 9.55 mill; [a]? = -23.8 (c = 1.2, 
CJJCJ3). 

‘1.J NMJI: 6 = 1.43 (s, Dii, C(CI-I&), 2.53 (ddd, ii-l, 
J = 10.8 klz, .J = ,7.0 Hz, .I = 2.3 Hz, Cl-II-ICI-IO), 
2.5D (ddd, 11-1, J = lG.8 lIz, J = 5.1 J-h, J = 1.2 I-lx, 
CffHCJ~IO), 2.80 (dd, 11-1, .I = 13.4 Hz, J = 7.6 J-Ix, 
CJ-J~K!~J-Ja), 2.94 (dcl, 111, J = 13.4 Hz, J = 6.2 Hz, 
CI/HCoJ-Ifi), 4.20-4.33 (m, 11-1, CffNH), 4.8D (broad cl, 
111, J = 8.8 I~Jz, NJ-J), 7.12-7.34 (m, 51-1, J-l nrom), 9.75 
(dd, 11-1, J = 2.1 Ii&, J = 1.2 J-h, Cl-IO). 

‘“C NMR: 6 = 28.3 (C(CkI3)3), 40.7 (CI-I&G[_I~), 47.5 
(Cl-J&X-JO), 47.7 (Cl-JNJ-I), 79.G (C(CH3)3), 120.8, 128.G, 
129.3 (C arom), 137.2 (C cJuaL arom), 155.2 (C(O)NJ-I), 
201.1 (CHO). 

Anal talc for C,sH21N0:~: C = G8.42, I-1 = 8.04; found: 
C = 08.12, Ii = 7.83. 

l (3s)-3-[(te~t-6uto.q~carbon$)amino/-3-phenyt- 
propan.al (D-Boc-ho7no2)iLenlll~l~~i~lal) *9d 

White solid obtained in GD% yield; Mp = 91-93 "C; 
BJ,(O.OI ,n,l, 11s) 80-100 OC; Rr = 0.65 (etJlyJ acetate/ =2, _ 
liepLane, 1:l); [a] o - -30.1 (C = 1.5, CJ-1cJ3). 

‘II NMR.: 6 = 1.41 (s, 91~1, C(CH3)3), 2.89 (dd, Ii-l, 
J = 16.7 I-Jz, J = 4.7 He, CHffCiIO), 2.90 (cld, 11.1, 
J = 16.7 HZ, .I = G.9 HZ, CI-IHCHO), 5.12-5.33 (m, 21-1, 
CIfNi-I, NH), 7.23-7.32 (m, 511, Harem), 9.72 (dd, 11-1, 
J = 2.6 Hz, J = 1.8 Hz, CHO). 

‘:‘C NMR: 6 = 28.3 (C(Ci-i3)3), 49.9 (CI-IzCJIO), 50.1 
(CHNH), 80.0 (C(CH3)3), 126.3, 127.7, 128.9 (C arom), 
141.0 (C cpat arom), 155.0 (C(O)NH), 200.2 (CJ30). 

Anal talc for Cl,1i-ilgN03: C = 67.45, i-l = 7.68, N = 5.62; 
found: C = 67.48, i-i = 7.G5, N = 5.81. 

l (%S)-l-(tel-t-6~~to.~~~carbon~~l)~~~ol~d~~~e- 
2-acetaldchydc (t-Boc-homoprolinal) 9e 

Coloriess oil obtained in 44% yield; Bp(o.el ,,,,,, ug) = GO- 
80 “,C; Rr = 0.40 (ethyl acetate/heptanc, l:l); GC = G.93 min, 
[N]E = -4G.5 (c = 1.5, CHCJ3). 
‘I-1 NMR (2 rotnmers A, 55% and B, 45% are observed at 

room temperature): 6 = 1.45 (s, 91-I, C(CH3)3), 1.59- 
1.71 (m, lH,’ CHCff&H2), 1.85 (quint, 21-1, J = 7.1, 
CIICI-IzCN~), 2.03-2.19 (m, 113, CHCH~CHz), 2.48 (dd, 

11-1, J = 15.5 I-Ix, J = G.9 Hz, CJJHCHO), 2.70 (B, 
broad d, 0.451-I, J = 15.G He, CIIHCHO), 2.D1 (A, broad 
d, 0.551-1, J = l&2 J-h, C/-II-ICI-IO), 3.30-3.47 (in, 21-1, 
CIJzN), 4.18-4.30 (111, 11-1, CIJN), 9.77 (t, lJ-I, J = 2.1 11x, 

13,c&?k: 6 = 22.9 (B Cl-iCH~CIJ ) 23 7 (A Cl-ICI-1 CH ) 
28.3 (c(CJ-i3)3), ‘31.1 (A, “ci-I&I&I~), 32?1 (k: 
c~-~ci-~~c~~), 4ci.2 (B, CII~N), 46.5 (A, CJJ~N), 48.9 (A, 
Ci~I&XIO), 49.5 (B, CHzCJJO), 52.3 (CJIN), 7D.5 (A, 
C(CI-i:,)~), 80.0 (13, C(CJ-I:I)J), 154.0 (C(O)NII), 201.0 
(CI-IO). 

I-JRMS: talc for Cl,,I-JlaNOz (R?+’ - CO) 185.1407, i’ouud 
185.14lG. 

Diastcwoisomwic aminals 1 la-e 
from the P-aminoaldehgdcs Da-e 

In a typical procedure, 20.15 mg (0.1 r1ur~o1) of 9a wtls 
reacted wit11 24.05 mg of the dinmiue 10 (&IX) (0.1 mmol), 
in 5 mL of ether, in the presence of molecular sieves (4 A, 
about 100 ms), witlh 1 11. The mixture wus then LJioroughJy 
Jiltered on silica gel (5 g), Lhc residual moiecular sieves 
being washed several Limes with cthcr. ‘i’llc solutiou was 
concentrated mlder vacuum, and a ‘I1 NMR spccLt’~~tn of 
tile crude white solid obtuiued was recorded. 

l Anidazohline 11 a (R, R, R) 
White solid; MJ> = 126 OC. 
‘1-J NMR; 6 = 1.00 (t, 31-1, .I = 7.5 HZ, CI-l:,CH2), 

1.45 (s, 91-1, c(cI-]a);~), l.GO-1.77 (Ill, dJ-1, cFf&I-ki + 

NHCHCf~~CklN~), 2.lG (s, 311, NCJ~fa), 2.4G (s, 3~1, 
NCH3), 3.55 (cl, 11-1, J = 8.5 Hz, CffC&,), 3.G3 (d, 
lH, J = 8.5 Ha, CIfC~Hfi), 3.87-3.DD (m, 111, NJ-ICI-I), 
3.9D (t, II-I, J = 5.7 IJz, CHNn), 5.25 (broarl S, 111, NH), 
7.11-7.31 (m, 101-1, II arom). 

l hidazoll:dh 11 a (R, S, 5') 
Colorless oil. 
‘1-l NMR: 6 = 0.97 (L, 31-1, ,J = 7.5 i-I%, c1f&I-Iz), 

1.47 (s, DH, C(CH3)3), 1.61-1.71 (m, 31-1, CfhCH:, -I- 
NI-ICI-IC1~&lIN2), 1.93 (dt, 111, J = 14.3 iiz, J = 4.8 Hz, 
NHCHCH&HN& 2.20 (s, 3H, NCi-Ia), 2.32 (s, 31-1, 
NCH3), 3.54 (d, lH, J = 8.8 Hz, CI-ICei-Ia), 3.76 (d, 
111, J = 8.8 HZ, CXCGHG), 3.73-3.8G (m, 111, NHCI-I), 
3.81 (6, 11-1, J = 5.7 Hz, CHNs), 5.G4 (broad s, lH, Nil), 
7.14-7.29 (m, IOH, I-I arom). 

l Imidazolidinc 11 b (R, R, R) 
Colorless oil. 
‘H NMR: 6 = 0.911 (d, 3H, J = 7.5 i_Iz,~CH(CH3)~), 0.9G 

(d, 31-1, J = 7.5 Hz, Ci-I(c&),), 1.47 (s, 9H, c(ci-I13)3), 
1.56 (ddd, 11-1, J = 14.G I-Ix, J = 10.1 Hz, J = 4.7 Hz, 
NI-ICI-ICIf&HN2), 1.93 (ddd, II-I, J = 14.5 Hz, 
J = 5.7’Hz, J = 1O.l Hz, NHCHCH&X-1N~), 1.95-2.07 
(m, 11-1, CI-I(Ci-13)2), 2.23 (s, 31-1, NCI-is), 2.30 (s, 31-i, 
NCH3), 3.50 (d, 11-1, J = 8.5 Hz, C(ICGI-IS), 3.76 (d, 
lH, .I = 8.5 HZ, CI-ICsI-Ie), 3.77-3.87 (m, 21-1, NiICIf, 
CHNz), 5.35 (broad s, lI_I, NI-I), 7.19-7.29 (m, 101-1, I-I 
arom) . 

o Imidazolidinc 11 b (R,S,S) 
Colorless oil. 
‘I-1 NMR: 6 = 0.98 (d, 31-1, J = 7.0 Hz, ciI(cff&), 0.99 (d, 

3H, J = 6.7 i-12, CH(C&)z), 1.46 (s, 91-1, C(Ci-i3)3), 1.59- 

1.97 (m, 3H, NHCHC1f~CHNz -t- CH(CH3)2), 2.14 (s, 
3H, NCH3), 2.50 (s, 3H, NCH3), 3.58 (s, 2H, CHCoH6), 
3.87-3.99 (m, lH, NHCH), 3.99 (dd, lH, J = 8.q HZ, 
J = 2.6 Hz, CHNz), 4.90 (broad s, lH, NH), 7.10-7.21 
(m, 101-I, J?I arom). 
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a Imidatolidin~e 11 c (S’,R,R) 
Colorless oil. 
‘II Nhllt: 6 = 1.43 (s, 911, C(CH3)3), 1.86 (ddd, III, 

J = 14.7 Hz, J = 9.7 112, J = 5.0 Hz, NI-ICIiCH&I-IN~), 
1.91 (dL, 11-1, J = 14.5 Hz, J = 4.0 Hz, NHCI-ICH&I-IN2), 
2.07 (s, 311, NCH_la), 2.24 (s, 31-1, NCI13), 2.82 (dd, II-I, 
J = 13.5 IIz, ./ = 7.0 I-Is, CH&eI-Ic), 3.14 (brood d, 
111, $1 = 8.1 Hz, CIf&&), 3.52 (d, 111, J = 8.8 Hz, 
C~Ksl-Is), 3.78 (d, 11-1, J = 8.7 IIx, CHC~IIs), 4.05-4.17 
(ttt, 11-1, NJ-ICN), 4.25 (t., 114, J = 4.7 I-la, CHNz), 6.03 
(broad s, 111, NH), 7.2G-7.34 (tn, 1511, II nrom). 

l hnidazolidinc llc (S,S,S) 
Colorless oil. 
‘I-l NMR: 6 = 1.48 (s, 911, C(C11~)s), l.fG-1.90 (tn, 21-1, 

NIICI-ICH&I-INz), 2.05 (s, 311, NC&), 2.42 (s, 31~1, 
NCI-Is), 2.79 (dd, lH, .I = 13.1 I-Iz, J = 8.1 112, 
Cl&CsIlg), 3.09 (broad d, 11-1, J = 12.6 I-Iz, CH&jIIfi), 
3.73 (broud s, 21-1, CHCsI&), 4.03-4.13 (tn, 11-1, NJ-ICI-I), 
4.16-4.27 (tn, 11-1, .I = 4.7 I-ls, CI-INz), 5.47 (broad s, lI_I, 
NJ-I), 7.06-7.42 (tn, 151~1, I-I t1rotn). 

l Imidazolidine 1 Id (S,S,S) 
Colorless oil. 
‘II NMn: 6 = 1.45 (s, 91-1, C(CII3)3), 1.7G-1.90 (m, 21-1, 

NIICI-IUF.$XN2), 2.05 (s, 31.1, NCH3), 2.42 (s, 311, 
NCN3), 2.79 (dd, 11-1, J = 13.1 Hz, J = 8.1 Hz, 
CI-1&0115), 3.09 (bt’otld d, 11-1, J = 12.0 I-Is, C&CGI-IG), 
3.73 (broads, 21-1, CI-ICGI&), 4.03-4.13 (tn, 11-1, NHCH), 
4.16-4.27 (tn, 11-1, CI-INz), 5.47 (broad s, 111, NH), 7.OG- 
7.42 (111, 151-1, II nrotn). 

l Imidazolidirte 11 e (S, R, R) 
c010r1css oil. 
‘1-I Nh4R: (two rolatners, A 52% tmd B 48%, arc visible 

on one sigttnl ttL room LctttperaLurc) 6 = 1.53 (S, 911, 
C(Cr-13)3), 1.60-2.29 (tn, GI-I, all Clla I>uL CI&N), 2.20 
(s, 313, NC&), 2.3G (s, 31-1, NCI-13), 3.38 (broad s, 21-1, 
<=I-IaN), 3.50 (d, 11-1, ./ = 8.5 I-Ix, CfifCeI-I~), 3.67 (broncl 
s, 111, CI-INI~oc), 3.87 (rottuner B, cl, 0.481-1, J = 7.9 Hz, 
cII&I-lO), 3.88 (rotutner A, d, 0.52I.1, J = 8.1 He, 
C:IICsH5), 4.24 (hod S, 11-1, CIINz), 7.17-7.27 (111, 101-1, 
II nl’ot11). 

l hidazolidine 11 e (S, S, S) 
Colorless oil. 
‘t-1 NMR: (two robners, A G5% and B 35%, are visi- 

JtJe on one signal at root~t temperature) 6 = 1.49 (s, 
91-1, C(CI-13)3), 1.51-2.44 (tn, GN, all CI-12 but C&N), 
2.27 (s, 31-1, NCI-Is), 2.37 (s, 313, NCH3), 3.38 (d, 11~1, 
J = 8.2 Hz, CHCe&), 3.40 (broad s, 21-1, C&N), 3.07 
(d, IH, J = 8.2 I-b, CH&IIs), 3.77 (broad s, 111, 
CI-INBoc), 4.05 (rotatner A, brood s, 0.651-1, CXINz), 4.13 
(rotatncr B, broad s, 0.35lI, CI-INz), 7.11-7.27 (111, 101-I, 
II arotn). 
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