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Enantioselective Synthesis of 1,2-, 1,3- and 1,4- Aminoalcohols by the Addition of
Dialkylzines to 1,2-, 1,3- and 1,4- Aminoaldehydes

Christian Lutz, Volker Lutz and Paul Knochel”

Fachbereich Chemie der Philipps-Universitit Marburg, Hans Meerwein StraBe,

Abstract: Chiral 1,3- and 1,4- aminoalcohols were prepared by the addition of functionalized
dialkylzincs to 1,3-aliphatic and 1,4—unsaturated aminoaldehydes with good to excellent
enantioselectivity. Sywn- or anti-1,2-aminoalcohols are stereoselectively obtained by

asymmetric addition of dialkylzincs to o-aminoaldehydes depending on the choice of the

Recently, we have shown that functionalized diorganozincs ((FG-R);Zn 1)l can be added to various aliphatic
and aromatic aldehydes in the presence of Ti(OR); and the «chiral -cataiyst (1R,2R)-
bis(trifluoromethanesulfonamido)cyclohexane” 2 leading to polyfunctional secondary alcohols 3 with high
enantioselectivity (Scheme 1).> Although many oxygen-containing functionalities like esters and ethers are well
tolerated in this reaction, the presence of nitrogen-functionalities either in the zinc reagent or in the aldehyde
leads to considerable loss of reactivity and enantioselectivity. This is a result of the strong coordinating ability
of the amino function to the titanium metal center which desactivates the chiral catalyst and favours achiral
addition pathways.
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Herein, we wish to report the preparation of various nitrogen protected |,n-aminoaldehydes (n = 2, 3, 4) and the
enantioselective addition of dialkylzincs leading to secondary aminoalcohols with good to excellent
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enantioselectivity. In previous work, we focused® our attention on the use of amino functionalized
diorganozings or introduced the nitrogen-functionality at a later state of the synthesis.*™ > More recently, we
have succeeded in the addition of dialkylzincs to some borane protected nitrogen-heterocyclic aldehydes;6 We
have now investigated the addition of dialkylzincs to various aliphatic aminoaldehydes. Only a few examples
have been known so far.” Soai’® could show that in the case of a-aminoaldehydes the role of the added catalyst

was to activate the dialkylzinc reagent and to allow a reaction by a non chelating Felkin-Anh-transition state
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Herein we report the successful addition of various dialkylzincs to protected 1,n-aminoaldehydes (n = 2, 3

with good enantioselectivity.

Results and Discussion

We found, that various protective groups’ like benzyl-, tert-butoxycarbonyl- and triflate groups are well
tolerated in the asymmetric addition of diorganozincs to aidehydes. These protective groups are all well suited
for the preparation of protected aminoaldehydes.'® Racemization'' and polymerization'? which are often
observed side-reactions with these substrates could be kept to a minimum.

The preparation of the starting aldehyde 4 was achieved in two steps using a substitution reaction of 3-
chloropropanol (5) with N-benzyltrifluoromethanesulfonamide (6) followed by Swem oxidation'’ in 16 %
overall yield. The catalytic enantioselective addition of dialkylzincs to 4 resulted in the formation of the desired
alcohols 7a-c in 74 - 81 % yield. With diethyl- and dipentylzinc, good to excellent enantioselectivities were
obtained (84 % ee and 97 % ee; Scheme 2). Disappointingly, the enantiomeric excess dropped to 31 % ee by
using the functionalized dialkylzinc reagent (PivO(CH,)4)2Zn (7¢).

H ,
on /\N/\/& o (FG-R);Zn R /\/(iH
Tf 2:8mo% 0 N RFG
Ti(Oi-Pr), T
4 ether, -20 °C

7a: Et, 74%, 84 %ee

7h: Pent, 75%, 97 %ee

7c: (CH,)4OPiv, 81%, 31 %ee
Scheme 2

Despite extensive experimentation, no further improvement could be obtained. We decided to use a Boc-
protecting group instead of a triflamide. Access to aldehyde 8 was easily achieved by performing a reductive
amination'* with 3-aminopropanol (9) and benzaldehyde followed by conversion into an intermediate carbamate
by the reaction with Boc,0° and subsequent Swern oxidatvion13 in 57 % overall yield (Scheme 3).
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Scheme 3



The reaction of 8 with dialkylzincs under our standard reaction conditions affords the desired aminoalcohols
10a-e in good to excellent yields and enantioselectivities (79 - 90 %, 95 - >98 % ee; Scheme 4). Moreover, high
enantioselectivities were also observed with functionalized dialkylzincs (entries 3 - 5, Table 1).

| 9 H ;9 OH
4\0’U\N’\/§o (FGRjZn /1\0)1\ N NREG

N ) 2:8 mol% X

[T Ti(O/-Pr), [ »

N 8 ether, -20 °C N 1la-e

Scheme 4

Table 1. Preparation of y-aminoalcohols 10a-e by enantioselective addition of dialkylzincs to the
aldehyde 8 in the presence of the catalyst 2.

entry (FG-R)2Zn product of type yield ee
(FG-R) 10 (%) (%)
| (0] OH
1 Et /kﬁ nl/\_ ra 20 >QQ
l v N cl v s
P 10a
N2
|9 OH
2 Pent ADOTONT et 90 >98
PN
0T 10b
N

0
3 (CH,);OPiv /}\OAN 79 95

o] OH
A (O NDi _Jj\ LN )\ o ac
4 (L1 jguriv <170 N~ 7 o/ 0
J 10d
= .
v PivO
| 0 OH
5 {(CHN-OPivy P AJL“/\ an Q7
- \\VILLIDVA AV | U N ~ FAv) o
J 10e

? Isolated yields of analytically pure products. ® The enantiomeric excess was
determined by HPLC analysis (Chiracel OD).
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Next, we have examined the possibility of preparing chiral $-aminoalcohols. Synthesis of aldehyde 11 was
achieved in analogy to 8 in 50 % overall yield, starting with commercially available 2-N-benzylaminoethanol.
The addition of Et;Zn gave the $-aminoalcohol 12 in only 42 % yield and 24 % ee showing a strong influence
of the polar amino group in & position to the aldehyde function (Scheme 5).
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/l\n N0 EtyZn /LAJL“/\-/\_
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Scheme 5
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3. Swern oxidation | J
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On the other hand, Wittig-Horner homologation'® of aldehyde 11 with diethyl phosphonoacetate, followed
by i-Bu;AlH reduction,'® Swern oxidation'? resulted in the formation of a new o, B-unsaturated aminoaldehyde
13 in 59 % yield starting from 11 (Scheme 5). Catalytic enantioselective addition of dialkylzincs gave y-
aminoallylic alcohols 15a-e in good yields and enantioselectivities: 66 - 85 %; 79 - 95 %ee (see Scheme 6 and
Table 2).

: 8 mol% N OH
| H{@ YA =TaY
‘ I\\Jl'rl]4 |
A . ether, -20 °C A ‘g
19 194-C
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So far we have shown, that an amino functionality is well tolerated in the enantioselective synthesis of some
1,4- and i,3-aminoaicohols using diaikyizincs. The remote position of the amino group prevents from
interactions with the reactive carbonyl center and does not strongly interfer with the asymmetric addition. A
more difficult situation arises when the amino group is in -position to the carbonyl group.



Table 2. Preparation of y-aminoailylic aicohols 14a-e by enantioselective addition of dialkylzincs to the
aldehyde 13 in the presence of catalyst 2.

entry (FG-R)2Zn product of type yield ee
(FG-R) 3 14 (%) (%)

| 11

1 Et Ao NN B 86 95
L]
N
0

2 Pent /{\OJ\N/\/\_/PW 69 90

J OH 14b

o)
3 (CH2);0Piv /%\O/U\':‘/W e 66 79
N OH
(J
| o PivaA\l
4 (CHOPiv /I\OJ\NW 14d 85 87
I X OH
o’
~
| ﬁpivo”\/\j
5 (CHy)sOPiv /]\OANW 14e 75 90

* Isolated yields of analytically pure products. > The enantiomeric excess was
determined by HPLC analysis (Chiracel OD).

Lewis acidic catalysts like 2 have the ability to induce chirality despite the presence of carbon and oxygen
containing chiral center at the o-position. *>'7 It is a challenging problem to examine the addition of
diorganozincs to chiral a-aminoaldehydes of type 15.'® It was known that the addition of diethylzinc to 15
selectively affords syn-aminoalcohols in the absence of a chiral catalyst.'

Et,Zn OH
B N A 20rent-2:8 mol% M/\)\/
L ] l |9} . rn *
BnzN Ti{OI-Pr),, (0-1.5 equiv) an;“:
Et,0, -20°C
15 16a,b

Scheme 7
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We have observed a strong dependence between the diastereomeric excess of products of type 16 and the
number of equivalents of Ti(Oi-Pr), used (Scheme 7, Figure 1).

100

syn:anti - / 96=4

in % go+ /

—m— catalyst 2
60
—e— catalyst ent-2

" —1 24:76
a
(T'y/\‘*"’/./

f v T T T T T y T \ v T T T
0,0 0,2 0.4 0,6 08 1,0 1,2 1.4

equiv. Ti{Oi-Pr)
19

4

Figure 1. Diastereomeric excess of 16a,b as a function of the amount of Ti(Oi-Pr), using either catalyst 2 or

ent-2.

If more than one equivalent of Ti(Oi-Pr)4 is used, the diastereoselectivity is controlled by the topicity of the
catalvst 2. With 2 the svn-nroduct fsvynr-16a) i1s formed nreferentially (cvn © anti = 76 - 24) and with ont.? the
Lataiyst &, WL & UIC S /M-PrOauls (3yn=20a; 15 1000 PItiSt LARkQAly SN L LQra iU . &5 Allu Wil €fs=4a, uic
Aiacteranmearie aminnalonhal fanfi_18h) 1c nhtaimed with onnd Anticaaloptivity {ovm A~y = A QALY Ny vicirme Jasa
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tnan oifie equivaient o1 11(Vi-r1js, € Syn-proauct (sy#-10a) iS nOWEVEr Oviainea regaraiess ot tne topicity ot

the chiral catalyst. Syn-16a is also the product which would result from a chelate controlled reaction.'® Thus,
our resuits are best expiained by assuming that the presence of at least one equivaient of Ti(Oi-Pr),, the amine
function is complexed with Ti(Oi-Pr)s and therefore this "protected™-amino group does not interfer with the
asymmetric addition which is entirely directed by the chiral catalyst (2 or ent-2). However, if less than 0.4 equiv
of Ti(Oi-Pr), are used, a Zn-induced chelate controlled reaction takes place leading to syn-16a. Similar results
were obtained with the functionalized zinc reagent (PivO(CH;)4)2Zn.

Further investigations under optimized reaction conditions (1.2 equiv Ti(Oi-Pr)s) using mixed dialkylzincs
17°% 2 resulted in moderate yields (36 - 74 %, Scheme 8, Table 3), but good to excellent syn : anti ratios were
observed.

2 or ent-2 : 8 mol% OH

X
PR Y0, egRzncHySiMes s NN N

Bn,N i(Oi-Pr),, (X eq.) L
ether, -20°C Bn,N
15 17 16ad:36-74%

Scheme 8
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Table 3. Preparation of B-aminoalcohols 16a-d by addition of dialkylzincs to the aldehyde 15.

entry (FG-R):Zn reaction syn : anti product of type yield
(FG-R) conditions ratio® 16 (%)°
OH

1 Et 2; -20°C 84 : 16° PN 74
1
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4 (CH;)4OPiv ent-2; 0°C 15 : 85° ph/\/\/\ 36

anti-16d
* Determined by 'H, '°C NMRspectroscopy of the crude product. ° Isolated yields of
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ialkyizincs to some 1,3- or 1,4-aminoaldehydes giving rise to chiral
aminoalcohols in up to >98 %ee. In the case of (-aminoaldehyde 15 both diastereomeric syn- or anti- 1,2-

aminoalcohols can be obtained selectively by choosing the appropiate catalyst 2 or ent-2. Furthermore, a chelate
controlled addition is observed if less than stoichiometric amounts of Ti(Oi-Pr), are used.

Experimental Section

General Considerations
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chromatography (GC) and thin-layer chromatography (TLC) analysis of hydrolyzed aliquots. Optical purities
were determined either by derivatisation using Parker’s method®' or chiral HPLC analysis (for details see
below). 'H and °C NMR spectra were recorded on a Bruker ARX 200 and AC 300 spectrometer. IR spectra
were recorded on a Perkin-Elmer 281 and Nicolet 511 spectrometer. Optical rotations were measured with a
Perkin-Elmer 241 polarimeter. Mass spectra were recorded on Varian MAT CH 7 A. Elemental analyses were
performed by the Microanalytical Service Laboratory of the Fachbereich Chemie (Marburg).
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Starting materials

Ti(Oi-Pr)4 was distilled before use. The following starting materials were prepared according to literature
procedures: dipentylzinc,” (R,R)-, (S,5)-1,2-bis(trifluoromethanesulfonamido)cyclohexane 2.Zb The alkyl
iodides required for the preparation of the corresponding dialkylzincs 1 were prepared by standard methods: 3-
iodopropyl pivalate, 4-iodobutyl pivalate, S-iodopentyl pivalme,23 and (25)-2-dibenzylamino-3-phenylpropanal
15.'8

In a three necked flask, equipped with a reflux condenser, a magnetic stirring bar and a rubber septum, was
charged with K,COs (3.32 g, 24 mmol), N-benzyl-trifluoromethanesulfonamide (3.54 g, 15 mmol) and Nal
(2.44 g, 3 mmol) in DMF (10 mL). 3-Chloropropan-1-ol (1.4 mL, 17 mmol) was added and the reaction mixture
was heated to 50 °C for 18 h. After hydrolysis with H,O (50 mL) the product was extracted with ether (4 x 50
mL) and the combined organic phases were washed with brine. After drying (MgSO,) and evaporation of the
solvents, the crude product was purified by chromatography (hexanes/ether). The product was obtained in 71 %
vmld (3.18 g, 10.7 mmol). Rr— 0.13 (hexanes/ether 1:1); IR (neat): 3600 (br), 3500 (br), 3040 (w), 2958 (w),

L)y SOV (VL

II/'\!/’

2890 (w) 1456 (m), 1386 (s), 1227 (s), 1191 (s); 1H NMR (CDCI3, 300 MHz): & = 7.45 - 7.29 (m, 5 H), 4.57
(s, 2 1), 3.55 - 3.32 (m,5h‘),i.66 (quint, J = 5.8 Hz, 2 H); 13C NMR (CDCI3, 75 MHz): & = 134.5, 128.9,

128.7, 128.5, 120.2, (q, J = 321.5 Hz), 58.9, 52.7, 45.6, 30.8; MS (EQ): m/z 164 (28), 91 (100); C; H4FsNO5S
(297.29): caled C 44.44, H 5.65, N 4.71; found C 44.70, H 5.87, N 4.86. The aminoaldehyde 4 was prepared
from 3-(N-benzyl-N-trifluoromethanesulfonamido)propan-1-ol (3.57 g, 12 mmol) by Swern oxidation' using
oxalyl chloride (2.1 mL, 21 mmol), dimethylsulfoxide (2.8 mL, 39 mmol) and triethylamine (6.7 mL, 49 mmol)
in 23 % yield (0.83 g, 2.8 mmol). Rf=0.11 (hexanes/ether 4:1); IR (neat): 3036 (w), 2960 (w), 2842 (w), 2740
(w), 1730 (m), 1455 (w), 1387 (s), 1190 (s), 1145 (s), 1105 (m); 1H NMR (CDCI3, 300 MHz): 8 = 9.56 (s, 1

H). 7.41 - 7.34 (m. 5 H). 4.51 (brs. 2 H). 3.63 (t. J= 7.0 Hz. 2 H). 2.59 (s. 2 H): 13C NMR (CDClx. 75 MHz)

H), 34 (m,5H), 451 (brs, 2H),3.63(t,J=70Hz 2 H),2.59 (5,2 H); 1°CNMR (CDCl3, 75 MHz)

S=1024 12472 17072 1720 17 4 19NV (A T=21 X 1T>) §T K A2 2 AY 2 MC (LT s /e Q1 1NN QA 210N
(8] 170.0, 15%.0, 147.3, 140.7, 140.U, L4AV.L \{, v JLl.J KIL), JINU, DT, RL. T, IS\, FTA/Z 71 (1VV), 07 (31,
- B 4 2" ral T T RNTMA O NS NON ~~Y1_ 3 M AA"MA IY A NN AT A "1 A Lo 3 M AA N TY ™Y NN LT 4 01

57 {63); Cy 1 H 2F3NOsS (295.28): calca C 44.74, H 4.09, N 4.74; found C 44.69, H 3.96, N 4.81.

3-(N-Benzyl-N-tert-butoxycarbonylamino)propanal (8).

A 100 mL flask equipped with a magnetic stirring bar was charged with 3-aminopropan-1-ol (3.8 mL, S0
mmol) and benzaldehyde (5.1 mL, 50 mmol) in ethanol (25 mL) at 0 °C. After 30 min, NaBH4 (0.95 g, 25
mmol) was added and the reaction mixture was stirred for 18 h. The reaction mixture was quenched with H,O
(10 mL). After evaporation of the solvent in vacuo, stirring was continued for further 30 min. Extraction of the

remaining aqueous phase with ether (5 x 80 mL), drying (MgS0Os) and evaporatlon of the solvent gave the crude

et L o Boaaluad in D N NaOE calin and fert-butyl pyvruvate A9 ~1\
proauct wniCn was aissoived il 2 IN U lution \4.) ulL) aila feri-outy p Tuvaie (7.u4 g, 4o IMimoi)

N
J
-]

o on L SR )

added. The reaction was stirred for 6 h at RT. After extraction of the aqueous phase with ether (4 x 80 mL), the
combined organic phases were dried (MgSQy). Evaporation of the solvent gave 3-(N-benzyl-N-fert-butoxy-
carbonylamino)propan-1-ol after chromatographical purification in 59 % yield (7.86 g, 19.6 mmol). Rg= 0.19

(hexanes/ether 1:1); IR (neat): 3500 (s), 3033 (w), 2930 (m), 2860 (m), 1670 (s), 1470 (s), 1415 (s), 1250 (s),
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.8 /“2(m,>m,440(s 2 H),3.57 (t, J = 5.4 Hz, 2 H), 3.40 (s,
s, 2 H), 1.48 (s 9 H); 13C NMR (CDCl3, 75 MHz): 6 = 156.0, 138.2, 128.5, 127.3, 80.5, 58.6,
50.5, 42.4, 30.3, 28.4; MS (ED): m/z 229 (28), 165 (4), 164 (31), 151 (1), 150 (12), 121 (5), 120 (63), 106 (29),
91 (100); C;sH»3NOj; (265.34). The analytical data are identical to those of the literature.?* Aminoaldehyde 8
was prepared form 3-(N-benzyl-N-rerr-butoxycarbonylamino)propan-1-ol (3.18 g, 12.0 mmol) by a Swem
oxidation® using oxalyl chloride (2.2 mL, 21.6 mmol), dimethylsulfoxide (2 8 mL, 39.6 mmol) and

triethylamine (6.8 mL, 50 mmol) in 97 % yield (3.05 g, 11.58 mmol). R¢ = 0.20 (hexanes/ether 2:1); IR (neat)
3030 (w), 2978 (m), 1724 (s), 1696 (s), 1467 (m), 1415 (m), 1246 (s), 1167 (s); TH NMR (CDC13, 300 MHz): &
=9.69 (s, 1 H), 7.32 - 7.20 (m, 5 H), 4.41 (s, 2 H), 3.46 (s, 2 H), 2.61 (s, 2 H), 1.42 (s, 9 H); 13C NMR {CDCl3,
75 MHz): 6 = 202.0, 155.4, 138.0, 128.4, 127.2, 127.1, 80.2, 52.0, 43.0, 40.6, 28.3; MS (EI): m/z 235 (5), 178
(9), 109 (14), 91 (79), 57 (100); CsH21NO; (263.33); caled C 68.41, H 8.04, N 5.32; found C 68.14, H 7.81, N

4.99.

2-(N-Benzyl-N-tert-butoxycarbonylamino)ethanal (11).

A 100 mL flask with a magnetic stirring bar was charged with 2-(benzylamino)ethanol (7.56 g, 50 mmol)
dissolved in 2 N NaOH solution (25 mL). After coolin ng to 0 °C tert-butyl pyruvate (9.04 g, 48.0 mmol) was

JL1 1 1L 4L ai% 2112212015

slowly added. The reaction mixture was stirred for 6 h at RT and diluted with ether (50 mL). Extraction with
ether and drying (MgS0O,) gave 2-(N-benzyl-N-fert-butoxycarbonylamino)ethanol in 63 % yield (7.96 g, 31.6
mmol) after cnromatograpmcal purification (hexanes/ether). Rf= 0.15 (hexanes/ether 1:1); IR (neat): 3500 (s),
3030 (w), 2975 (s), 2930 (s), 2870 (m), 1690 (s), 1455 (s), 1415 (s), 1250 (s), 1170 (s); 1H NMR (CDCl3, 300
MHz): § = 7.34 - 7.23 (m, 5 H), 4.50 (s, 2 H), 3.70 (s, 2H), 3.23 (s,2 H), 3.19 (s, 1 H), 1.49 (s, 9 H); 13C NMR
(CDCl3, 75 MHz): § = 138.3, 128.6, 127.3 126.9, 80.5, 62.0, 52.0, 49.8, 28.4; MS (ED): m/z 220 (4), 195 (21),
164 (17), 120 (48), 91 (100), 57 (94), 41 (20); C14H NO; (251.32); caled C 5.57, H 66.90, N 8.42: found C

5.59, H 66.84, N 8.29. The analytical data are identical to those of the literature.>® This aminoaldehyde 11 was

prepared form 2-(N-benzyl-N-fert-butoxycarbonylamino)ethanol (1.26 g, 5.0 mmol) by a Swem oxidation

procedure using oxaly! chloride (0.9 mL, 9.0 mmol), dimethylsulfoxide (1.2 mL, 16.5 mmol) and triethylamine
o I « ey ¢ emmamm 1N 2 N O/ 211 71 NN - AN 1Y = N NA ~non
(2.8 mL, 21 mmol) in 80 % yield (1.00 g, 4.0 mmol). Ry = 0.24 (hexanes/ether 2:1); IR (neat): 3037 (w), 2980

oo

1

(m), 2835 (m), 2735 (m), 1728 (m), 1455 (m), 1388 (s), 1226 (s), 1145 (s), 1100 (m); 'H NMR (CDCl3, 300
MHz): 8 =9.44 (s, 1 H), 7.32 - 7.16 (m, 5 H), 4.45 (s, 1 H), 4.34 (s, 1 H), 3.88 (s, 1 H), 3.74 (s, 1 H), 1.45 (s, 9
H); 13C NMR (CDCI3, 75 MHz): & = 198.7, 156.0, 137.3, 128.7, 128.6, 128.2, 127.7, 127.6, 81.0, 56.4, 52.0,
51.6, 28.3; MS (ED): m/z 220 (10), 164 (12), 91 (81), 57 (100), 48 (19); C14H;sNO; (249.30); caled C 67.44, H
7.68,N 5.61; found C 67.02, H 7.53, N 5.27.

4-(N-Benzyl- N_farf-hurnﬂ:r-nrhnnvlnmngv)hu!-z-gna! (13)

e e A o ).

A 100 mL two-necked flask with an argon inlet, a dropping funnel and a magnetic stirring bar was charged
with sodium hydride (1.71 g, 54.6 mmol) and ether (70 mL). The resulting suspension was cooled to 0 °C and
ethyl diethylphosphonoacetate (10.9 mL, 54.6 mmol) was slowly added over 5 min. Aminoaldehyde 11 (12.01
g, 47.8 mmol) dissolved in ether (20 mL), was added within 25 min. After warming to RT and stirring for 1 h,
the reaction mixture was quenched with aq. sat. NH4Cl solution (20 mL). After extraction with ether (3 x 80
mL), the combined organic phases were dried over MgSO; and the solvent was evaporated. After
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chromatographical purification (hexanes/ether), (E)-ethyl 4-(N-benzyl-N-tert-butoxy-carbonylamino)but-2-

enoate was isolated in 91 % yield (13.89 g, 43.5 mmol). Rf = 0.41 (hexanes/ether 2:1); IR (neat): 3030 (w),

2890 (s), 1720 (s), 1400 (s), 1270 (s), 1180 (s); 'H NMR (CDCI3, 300 MHz): 8 =7.33 - 7.19 (m, 5 H), 6.77 (br,

1 H),5.80(brd, J=159Hz, 1 H), 439 (brs,2H),4.17(q, J=7.1 Hz, 2 H),3.93-3.83 (brs,2 H), 1.44 (s, 9

H). 1.17 (t, J= 7.1 Hz, 3 H); 13C NMR (CDCl3, 75 MHz): 8 = 165.9, 155.4, 143.5, 137.6, 128.8, 128.5, 127.9,

127.3, 122.0, 80.3, 60.3, 50.0, 46.8, 28.3, 14.1; MS (EI): m/z 319 (M", 0.6), 263 (8), 146 (25), 128 (25), 106
4

41,H4.57, N 7.74.
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with diisobutylaluminium h‘y‘arme16 (21 mL, 116 mmol) gave 4-(N-benzyl-N-feri-butoxycarbonylamino)but-2-
en-1-ol in 72 % (7.74 g, 27.9 mmol). R¢ = 0.22 (hexanes/ether 1:1); IR (neat): 3500 (br), 3030 (w), 2960 (m),
2870 (m), 1690 (s), 1460 (s), 1415 (s), 1250 (s), 1170 (s); 1H NMR (CDCI3, 300 MHz): & = 7.32 - 7.18 (m, 5
H), 5.63 (brs, 2 H), 4.41 (brs, 2 H), 4.06 (br s, 2 H), 3.74 (br s, 2 H). 1.77 (br s, 1 H), 1.44 (s, 9 H); 13C NMR
(CDCl3, 75 MHz): & = 156.2, 138.3, 131.6, 128.5, 128.3, 127.2, 126.9, 79.8, 62.8, 49.5, 47.5, 28.3; MS (EI):
m/z 277 (M, 0.6), 221 (11), 203 {(23), 150 (7), 120 (12), 91 (100), 41 (17); C16H23NO5 (277.35); caled C 69.28,
H 8.36, N 5.05; found C 68.91, H 8.20, N 5.38. Amino aldehyde 13 was obtained from 4-(N-benzyl-N-fert-
butoxycarbonylamino)but-2-en-1-o0l (1.39 g, 5.0 mmol) by Swemn oxidation'® procedure using oxalyl chloride

N KA AT &

3 mmol) . dimet ide (0.7 mL. 9.8 mmol) and triethviamine
(V.04 mL, 2.0 minoi) , aimet a

1y15u1 € \V./ Iil, 7.0 0iiiii01) ana uicmymuuuc \1 mL, 12.0 mimn l)in 83 %
yield (1.15 g, 4.2 mmol). Rf = 0.18 (hexanes/ether 2:1); IR (neat): 3030 (w), 2960 (m), 2870 (m), 2720 (w),
1696 (s), 1454 (m), 1407 (m), 1165 (s); THNMR (CDCl3, 300 MHz): 6 = 7.34 - 7.21 (m, 5 H), 6.65 (brs, 1 H),
6.06 (dd, J = 15.8 Hz, J = 5.9 Hz, 1 H), 4.42 (s, 2 H), 4.06 (br s, 2 H), 1.47 (s, 9 H); 13C NMR (CDCl3, 75
MHz): § = 192.9, 155.3, 152.5, 137.4, 132.4, 128.6, 127.5, 80.6, 50.5, 47.4, 28.3; MS (EI): m/z 277 (M", 0.6),
221 (11), 203 (23), 150 (7), 120 (12), 91 (100), 41 (17); C,cH21NO; (275.34); caled C 69.79, H 7.69, N 5.09;

found C 69.47, H7.51, N 5.18.
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A 100 mL two necked-flask equipped with an argon inlet, a magnetic stirring bar, a dropping funnel and a
septum cap was charged with an iodoalkane (50 mmol) and Cul (29 mg, 0.3 mol %). Diethylzinc (7.7 mL, 75
mmol, 1.5 equiv) was added dropwise to the iodoalkane at 25 °C. The reaction mixture was heated to 55 °C for
16 h. The conversion of the iodoalkane was checked by GC-analysis of hydrolyzed and iodolyzed aliquots.
Finally, the reaction flask was connected to the vacuum line and the formed ethyl iodide and excess diethylzinc
were distilled off (0.1 Torr, 55 °C) in two cooling traps filled with liquid nitrogen. After 2 h, decane (1.5 mL)

was added and the evaporation was continued. This coevaporation procedure was repeated three times. The

resu P 1~ v\/\ vangant urac dicanluad te ar f1N =T\ amd vands; e Tha dict:llad A na Anllactad
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cooling traps was quenched by addition of mixtures of hexanes/acetone and warming to rt.

General Procedure 2 for the Asymmetric Addition of Functionalized Dialkylzincs 1 to Aldehydes 4, 8, 11, 13.

A 100 mL two-necked flask equipped with an argon inlet, a septum cap and a magnetic stirring bar was
charged with ether (3 mL), Ti(Oi-Pr)4 (1.8 mL, 6.0 mmol, 1.2 equiv) and (R,R)-1,2-bis(trifluoromethanesulfon-
amido)cyclohexane 2 (165 mg, 8 mol %). After cooling to -20 °C, a solution of the functionalized dialkylzinc 1
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was slowly added (2.0-2.7 equiv). The mixture was stirred for 0.5-1 h and aldehyde 6 (5.0 mmol) was added as
ca. | M solution in ether. The reaction was stirred for 16 h. It was diluted with ether and quenched with aq. sat.
NH4Cl and 10 % aq. HCI until a clear solution resulted. The aqueous layer was extracted with ether (3 x 50
mL). The combined organic layer was washed with aq. 2 N NaOH solution (20 mL) to remove the catalyst and
dried (MgSOy4). After filtration and evaporation of the solvents, the residual oil was purified by flash
chromatography (hexanes/ether) affording pure alcohol. The enantiomeric excess was determined in "H NMR
analysis of the corresponding O-acetyl-mandelic ester prepared using (S)-(+)-O-acetyl-mandelic acid and DCC
ording to Parker’s metmri,z1 or by HPLC analysis (for detailed description see below).

General Procedure 3 for the Asymmetric Addition of Mixed Zinc Reagents 17 to Aldehyde 15.

A 100 mL two-necked flask equipped with an argon inlet and septum cap was charged with ether (3 mL),
Ti(Oi-Pr)4 (1.8 mL, 6.0 mmol, 1.2 equiv) and (R,R)-1,2-bis(triflucromethanesulfonamido)cyclohexane 2 (165
mg, 8 mol %). Meanwhile the dialkylzinc (0.8 equiv) and (Me3;SiCH;),Zn were mixed at 25 °C in another
Schlenk-flask. In the case of functionalized dialkylzinc (FG-R),Zn 1 (1.2 equiv) and (Me3SiCH,),Zn (1.3 equiv)
was used. After cooling to -20 °C, the mixed zinc reagent 17 was slowly added. The mixture was stirred for 0.5-
1 h and aldehyde 15 (5.0 mmol) was added as ca. 1 M solution in ether. The reaction was stirred for 16 h. It was

EEEEEESS

diluted with ether (15 mL) and quenched with 10 % aq. citric acid (10 mL) and stirred until a almost clear
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was washed with aq. 4 N NaOH soiution ( I'l'l.L,) to remove the cata1ysx ana dariea (ivigaug). ARECr 1iwation
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and evaporation of the solvents, the residual oil was purified by flash chromatography (hexanes/ether) affording
pure alcohol. The diastereomeric excess of the crude product was determined in 'H NMR and "*C NMR
spectroscopy.

(S)-1-(N-Benzyl-N-trifluoromethanesulfonamido)pentan-3-ol (7a).
Aldehyde 4 (1 A8 g 5.0 mmol) was treated with diethylzinc (2 equiv)

S zin f 1g procedure 2 yielding

\* ~ ’ L 7 =

aminanlan hol 7a (121 ¢. 3.6 mmnl 74 04 24 04 aa) The anantinmaric aveaes wae datarminad aceonrdino tn
aiiiivals UL 7@ \(1.41 &y J.U  LHLIUL, 77 /0, OF 70 Vo /. 110 PUALUVILUVIIY vAVWO0 TFao Ubiviiilllvy avevViviuige v
a2l D N AN Mavamacfatlias 2:01Y m25 — 1792129 fh £ NE COLICI N TD (nant). 200 (L 2800

Parker’s method.”” R = 0.20 (hexanes/etner 4:1); O +23.32 (¢ 5.06, CHCl3); IR (neat): 3600 (br), 3500

(br), 3035 (w), 2970 (w), 2880 (w), 1458 (m), 1385 (s), 1226 (s) , 1188 (s), 1146 (m);
MHz): 8 = 7.42 - 7.26 (m, 5 H), 4.48 (brs,2 H), 3.51-3.40 (m, 3 H), 1.74 - 1.55 (m, 4 H), 0.82 (t, /= 7.5 Hz, 3
H); 13C NMR (CDCl3, 75 MHz): § = 134.6, 128.9, 128.7, 120.4, (q, J = 321.5 Hz), 70.0, 52.8, 45.9, 35.1, 30.2,
9.7; MS (EL): m/z 277 (M", 0.6), 221 (11), 203 (23), 150 (7), 120 (12), 91 (100), 41 (17); C;3H,sFsNO;S

(325.34); caled C 47.99, H 5.58, N 4.31; found C 47.94, H 5.30, N 4.49.

Aldehyde (O 49 g, 1.7 mmol) was treate d ith dlpentylzmc (2.5 equiv) following procedure 2 yielding

aminoalcohol 7b (0.47 g, 1.3 mmol, 75 %, 98 % ee ) The enantiomeric excess was determined according

o

t
Parker’s method.?! Rf = 0.42 (hexanes/ether 1:1); ozDA = +14.30 (¢ 9.02, CHCIs); IR (neat): 3500 (br), 3030
(w), 2930 (m), 2860 (w), 1456 (m), 1387 (s), 1226 (s), 1189 (s), 1145 (m); IH NMR (CDCl3, 300 MHz): & =
7.41 - 7.24 (m, 5 H), 4.44 (br s, 2 H), 3.46 (br s, 3 H), 1.62 - 1.18 (m, 10 H), 0.87 (t, J = 7.1 Hz, 3 H); 13C
NMR (CDCl3, 75 MHz): & = 134.7, 128.9, 128.7, 128.6, 68.7, 52.9, 45.9, 37.4, 35.5, 31.7, 25.1, 22.6, 13.9; MS
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(S)-7-(N-Benzyi-N-trifluoromethanesuifonamido)-5-hydroxyheptyl pivalate (T¢).

Aldehyde 4 (0.99 g, 3.3 mmol) was treated with di(4-pivaloxybutyl)zinc (2.5 equiv) following procedure 2
yielding aminoalcohol 7¢ (1.21 g, 2.6 mmol, 81 %, 35 % ee). The enantiomeric excess was determined
according to Parker’s method.”! Rf=0.09 (hexanes/ether 4:1); O‘DZS = +8.54 (¢ 13.11, CHCl;); IR (neat): 3500
(br), 3037 (w), 2960 (s). 2875 (m), 1728 (s), 1458 (m), 1385 (s), 1285 (s), 1188 (s); |H NMR (CDCI3, 300
MHz): 8 = 7.33 - 7.26 (m, 5 H), 4.12 (br s, 2 H), 3.95 (t, /= 6.5 Hz, 2 H), 3.40 (m, 3 H), 1.54 - 1.31 (m, 8 H),
1.13 (s, 9 H); 13C NMR (CDCI3, 75 MHz): § = 178.5, 134.6, 128.9, 128.6, 125.5, 120.1 (g, J = 321.5 Hz),

AR 1 20 5§78 4509 KA B R O3ISS 284 271 218 MS (ED: m/> 120 (10 Q1 (100 87 78K\
UVo.5, u cZy LG, TALT, SV, JUL0, JU.d, 20U, L7.y LU, IV (k). WA 34U (LT ), T1 \AVV), J7 (IJU);
CoIT L ANND.Q (ARSI calad C €206 £ 67 N 200 Fannd €701 LT£ 74 N 10
oIzl 3MNUsS (425,01 ); CaiCa L 52.50, 1 0.0/, N O.U7, T0UNG L 02.71, 1 6./4, N 5.10

(S)-1-(N-Benzyl-N-tert-butoxycarbonyl)pentan-3-ol (10a).

Aldehyde 8 (1.32 g, 5.0 mmol) was treated with diethylzinc (2.0 equiv) following procedure 2 yielding
aminoalcohol 10a (1.31 g, 4.5 mmol, 89 %, >98 % ee). The enantiomeric excess was determined by HPLC
analysis; Chiracel OD, heptane/isopropanol = 93 : 7; flow 0.6 mL/min. (6.92 min : minor isomer, 7.35 min :

major isomer).”® Ry = 0.14 (hexanes/ether 2:1); o2 = -11.2 (¢ 4.09, CHCl;); IR (neat): 3500 (s), 3030 (w),
2970 (s), 2880 (3), 1675 (s), 1480 (s), 1250 (s), 1170 (s), 1070 (m); IH NMR (CDCl3, 300 MHz): & = 7.29 -

OOV Dy AV PR AINAY. i IY LRy 2 A2 ANAVRAN (aSNa

7.15 (m, 5 H), 4.50 - 416(m,4H),372(br1H)336(br1H),296(br1 )1.61(br2H) 40 (s, 9H)

a7 Y A M. 75 RAT O A 14

079, /=74 Hz); U\, NMR (CDCl3, 75 MHz): 6= 138.2, 128.4, 127.2,
29.7, 28.3, 10.1; MS (ED): m/z 293 (M, 0.8), 237 (9), 120 (40), 106 (2

(293.40); calcd C 69.59, H9.28, N 4.78; found C 69.21, H 9.21, N 4.50.

127 4, 42.
7) 1 (100), 57 (82) Cyy

(S)-1-(N-Benzyl-N-tert-butoxycarbonyl)octan-3-ol (10b).
Aldehyde 8 (1.24 g, 4.7 mmol) was treated with dipentylzinc (2.5 equiv) following procedure 2 vielding
aminoalcohol 10b (1.42 g, 4.2 mmol, 90 %, >98 % ee) The enantiomeric excess was determined by HPLC

analvsis: Chiracel OD. hentane/isonronanel = 93 : 7: flow 0.6 mI/min. (6.29 min : minor isomer. 6.98 min
culal]ala, dliravel ras, l\ll—‘ QLA lsJ\JrJ.UlJu—l‘lU A L] Ve K&ui AEL. l \V-J.l ARRR11I . 133113VVR IA)V].LIUA, V./ U 112111 .
et e 2N 26 AN Mhavamac/athar Te1Ye 2D = T2 /a1 E1 OLIOIN T fandd. L0 LY AN 7N
major 1somer).” Rf = U.UY (i€Xanes/etner 2:1); p -3¢ 101, \.‘n\,13), 1. \I U): 35UV (Or), 3USU (W),
2930 (s), 2860 (m), 1690 (s), 1470 (w), 1420 (s), 1240 (m), 1170 (s), 1130 ( (m), NMR (CDClis, 300 MHz): 6

=731 -7.17 (m, 5 H), 4.35 - 4.18 (m, 2 H), 3.98 - 3.76 (m, 2 H), 3.45 (br, IH) 2.98 (m, 1 H); 13C NMR
(CDCl3, 75 MHz): & = 138.2, 128.4, 127.2, 127.1, 80.2, 69.1, 50.4, 42.9, 34.9, 29.7, 28.3, 10.1; MS (EI): m/z
335 (M", 1.29), 279 (8), 234 (8), 208 (4), 120 (5), 106 (39), 91 (100), 57 (76); CsH3sNO; (335.47); caled C
61.70, H 9.91, N 4.18; found C 61.39, H 9.55, N 3.97.

(S)- ﬁ-/N.an—ml-N.tprt-hnmrw arbonvl)-3- hwlrnn;hprvl mvnlnm lﬂg

Aldehyde 8 (1.14 g, 4.3 mmol) was treated with di(3-pivaloxypropyl)zinc (2.1 equiv) following procedure 2
yielding aminoalcohol 10c¢ (1.39 g, 3.4 mmol, 79 %, 95 % ee). The enantiomeric excess was determined by
HPLC analysis; Chiracel OD, heptane/isopropanol = 93 : 7; flow 0.6 mL/min. (12.70 min : minor isomer, 13.99
min : major isomer).® Rg= 0.10 (hexanes/ether 2:1); a2 = -89.6 (¢ 3.81, CHCly); IR (neat): 3500 (br), 3090
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(w), 3030 (s), 2980 (m), 1725 (s), 1700 (s), 1690 (s), 1490 (s), 1410 (s), 1300 (s), 1180 (s); IH NMR (CDCI3,
300 MHz): § = 7.29 - 7.15 (m, 5 H), 4.51 (s, 1 H), 4.46 (s, 1 H), 4.21 - 4,07 (m, 3 H), 3.99 (t, J = 6.6 Hz, 2 H),
3.76 (br, 1 H), 3.42 (m, 2 H), 2.94 (br, 2 H), 1.72 - 1.50 (m, 4 H), 1.36 (s, 9 H), 1.16 (s, 9 H); 13C NMR
(CDCl3, 75 MHz): & = 178.6, 138.3, 128.6, 127.4, 80.6, 67.4, 64.5, 50.7, 43.1, 38.8, 35.7, 33.3, 28.5, 27.3,
25.3; MS (EI): m/z 120 (2), 85 (67), 83 (100), 47 (23); C23H3NOs (407.54); caled C 67.78, H 9.15, N 3.44;
found C 67.34, H 8.77, N 3.06.

£Cy_T_NT

Doy AT tout hartmsmsnmudsnaa ]V & Jasdun s laemt] vl etas (10N
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Aldehyde 8 (1.52 g, 5.8 mmol) was treated with di(3-pivaloxybutyl)zinc (2.3 equiv) following procedure 2

yielding aminoalcohol 10d (2.13 g, 5.1 mmol, 87 %, 96 % ee). The enantiomeric excess was determined by
HPLC analysis; Chiracel OD, heptane/isopropanol = 93 : 7; flow 0.6 mL/min. (12.23 min : minor isomer, 18.75
min : major isomer).” Rf=0.12 (hexanes/ether 2:1); (1[)25 = -80,0 (¢ 1.50, CHCls); IR (neat): 3500 (br), 3030
(W), 2980 (s), 2870 (m), 1730 (s), 1700 (s), 1680 (s), 1480 (m), 1420 (m), 1290 (m), 1160 (s); |H NMR
(CDCl3, 300 MHz): 6 =7.27-7.14 (m, 5H), 449 (s, 1 H), 444 (s, 1 H), 4.19-4.14 (m, 2 H), 3.97 (t, J= 6.6
Hz, 2 H), 3.72 (br, 1 H), 3.41 (br, 2 H), 2.94 (br, 2 H), 1.57 (m, 4 H), 1.39 (s, 9 H), 1.26 (m, 2 H), 1.12 (s, 9 H);
13C NMR (CDCl3, 75 MHz): 8 = 178.7, 138.3, 128.6, 127.4, 80.5, 67.7, 64.5, 50.7, 43.1, 38.8, 36.9, 35.7, 28.7,

90 C A7 IET AT T MG ENY. pi/r A1 (MT 0 02Y 24Q Y 90 (8) 190 (1Y 106 (71) 01 (7€) €7 (10Mm
28.5, 27.3, 26.1, 25.7; MS (El): m/z 421 (M, 0.03), 348 (2), 220 (5), 120 (61), 106 (71), 91 (75), 57 (100);
Fanl ry - TN A~ m TYTY R 'ﬁ. 1 1 A1 ﬁﬂiﬂ. Fag 1 . AM1T AD1 N
Ca24H30NUs ( 21.50), HKKIVId! calCd.. 4£1.431%, TOUNd © 4.1.481Y

(S)-8-(N-Benzyl-N-tert-butoxycarbonyl)-6-hydroxyoctyl pivalate (10e).

Aldehyde 8 (1.52 g, 5.8 mmol) was treated with di(5-pivaloxypentyl)zinc (2.3 equiv) following procedure 2
yielding aminoalcohol 10e (2.27 g, 5.2, 90 %, 97 % ee). The enantiomeric excess was determined by HPLC
analysis; Chiracel OD, heptane/isopropanol = 95 : 5; flow 0.6 mL/min. (13.35 min : minor isomer, 15.37 min :

H) 1 H . . .
58(br2H)341(br2H)295( 2 H),2.59-1.50 (m, 2 H), 1.39 (5, 9H), 1.34 - 1.31 (m, 2 )11'7(59
H); 13C NMR (CDCl3, 75 MHz): § = 178.6, 154.0, 138.3, 128.5, 127.3, 80.4, 67.5, 64.3, 50.6, 43.1, 38.7, 36.5,
35.7, 28.6, 28.4, 27.2, 22.3; MS (EI): m/z 435 (M", 0.04), 362 (2), 334 (14), 164 (12), 120 (75), 106 (72), 91
(87), 57 (100), 41 (19); CasH4NOs (435.59); HRMS: calcd 435.29770; found C 435.29778.

(S)-1-(N-Benzyl-N-tert-butoxycarbonyl) butan-2-ol (12).
Aldehyde 11 (1.0 g, 4.0 mmol) was treated with diethylzinc (2.5 eqmv) llowmg procedure 2 yleldmg
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analysis; Chiracel OD, heptane/isopropanol = 95 : 5; flow 0.6 mL/min. (7.68 min : minor isomer, 9.20 min :

major lsomer). Rf— 0.04 (hexanes/ether 4:1); OLD"S =-1.34 (¢ 11.21, CHCL); IR (neat): 3500 (br), 3030 (w),
2975 (s), 2930 (m), 2880 (m), 1694 (s), 1455 (s), 2366 (s), 1166 (s); 1H NMR (CDCl3, 300 MHz): 6 = 7.31 -
7.17 (m, 5 H), 4.46 (br s, 2 H), 3.64 (s, 1 H), 3.42 (br s, 1+1 H), 3.14 (s, 2 H), 1.42 (5, 9 H), 0.87 (t, /= 7.5 Hz,

3 H); 13C NMR (CDCI3, 75 MHz): & = 138.1, 128.6, 128.4, 127.1, 80.4, 72.6, 53.2, 52.2, 28.3, 27.9, 9.6; MS



(S)-1-(N-Benzyl-N-tert-butoxycarbonyl)hex-2-en-4-ol (14a).

Aldehyde 13 (0.63 g, 2.3mmol) was treated with diethylzinc (2.0 equiv) following procedure 2 yielding
aminoalcohol 14a (0.60 g, 1.9 mmol, 86 %, 89 % ee). The enantiomeric excess was determined by HPLC
analysis; Chiracel OD, heptane/isopropanol = 95 : 5; flow 0.6 mL/min. (10.29 min : minor isomer, 13.23 min :
major isomer).”” R¢ = 0.07 (hexanes/ether 2:1); 25 = +2.6 (c 3.83, CHCls); IR (neat): 3500 (br), 3033 (w),
2965 (m), 2870 (m), 1696 (s), 1455 (m), 1416 (m), 1246 (m), 1167 (s); LH NMR (CDCl3, 300 MHz): § = 7.28 -
7.16 (m, 5 H), 5.45 (br s, 2 H), 4.33 (br s, 2 H), 3.91 (brs, 1 H), 3.76 - 3.66 (br s, 2 H), 1.70 (br s, 1 H), 1.41 (s,
9 H), 0.81 (1, J = 7.4 Hz, 3 H); 13C NMR (CDCI3, 75 MHz): § = 156.4, 138.2, 135.6, 128.3, 127.7, 127.3,

1770 17249 702 724 405 475 20 122 01+ MSQ (BTN /> 2N& (MY 07 921 MO 1(’{\/")1\ Qo /17 Q1
1270, 140.2, 17,0, 13.4,497.0,41.3, 2U.0, 10.5, 7.1 VIS \L1j I/Z SUD (V1 , V.7, &J1 (&7, 12U (21}, 70 {12}, Ti
71 NN 09 7™ AN o= I\ A1 100N ~ T AT FANA AN Anl 1 M 1T To IT O N NT 4 & L~ BV B Fa¥ f1 TY O -1 2T

), 83 (24), 57 (71), 41 (19); C1sH6NU3 (304.40); calcd C 70.78, H 8.91, N 4.59; found C 70.61, H 8.79, N

(E)-(S)-1-(N-Benzyl-N-tert-butoxycarbonyl)non-2-en-4-ol (14b).
Aldehyde 13 (0.63 g, 2.3 mmol) was treated with dipentylzinc (2.0 equiv) following procedure 2 yielding
aminoalcohol 14b (0.55 g, 1.6 mmol, 69 %, 90 % ee). The enantiomeric excess was determined by HPLC

analysis; Chiracel OD, heptane. pmpannl 95 : 5; flow 0.6 mL/min. (10.10 min : minor isomer, 12.80 min :
maiar ieamar) 27 = () 0Q (havanec/ather 2:1): I‘n—\25 = 4+18(c §2. CHCLY TR (naat) 3500 (hr) 3030 (w)
ll‘oJUl IDUILIUI"J I\I AV AN g \ll\/l\ml\lo!\al“\ll h-L}’ \)du Lol W Ladey R ANiy e AEN \ll"ﬂ‘j A \Ul,, ARV AV \V'I,
AOIN F N NOEN (N YLOYT I TAZA (N 1TATE £ 1AL FnnY 1170 (o) IU\T\m SOTW e 3NN AATTN. Q:"T‘TC

2930 (s), 2860 (my), 1697 (s), 1454 (), 1415 (8}, 1246 (m), 1170 (s); *H NMR (CDCl3, 360 MHdz): 6 = 7.35 -
7.23 (m, 5 H), 5.54 (br s, 2 H), 4.40 (br s, 2 H), 4.05 (dd, J = 14.8 Hz, 6.0 Hz, 1 H), 3.75 (br s, 2 H), 1.65 (1 H),
1.48 (s, 9 H), 1.42 - 1.35 (m, 6 H), 0.89 (1, J = 6.8 Hz, 3 H); 13C NMR (CDCl3, 75 MHz): § = 156.3, 138.5,

136.0, 128.5,127.5,127.2,126.2,79.9,72.3,49.7,47.7,37.2, 31.8, 28.5, 25.1, 22.6, 14.1; MS (EI): m/z 291 (2),

273 (6), 150 (9), 108 (11), 91 (100), 60 (12), 57 (35 ), 41 (22); C1;H33NO4 (347.48); calcd C 72.58, H9.57, N
4.03; found C 72.32, H 9.55, N 3.97.

E)-(8)-7-(N-Benzyl-N-tert-butoxycarbonyl)- 4-hw]rnrv- S-heptenyl mvnlnrp (14c).

E) viszliis

Aldehyde 13 (1.08 g, 3.9 mmol) was treated with di(3-pivaloxypropyl)zinc (2.4 equiv) following procedure
2 yielding aminoalcohol 14¢ (1.08 g, 2.6 mmol, 66 %, 79 % ee). The enantiomeric excess was determined by
HPLC analysis; (,mracel OD, heptane/isopropanol = 95 : 5; flow 0.6 mL/min. (i5.41 min : minor isomer, 23.12
min : major isomer).”” R¢ = 0.08 (hexanes/ether 2:1); ap23 = -0.52 (c 13.4, CHCL;); IR (neat): 3500 (br), 3030
(W), 2975 (s), 1728 (s), 1694 (s), 1481 (s), 1418 (s), 1370 (s), 1165 (s); LH NMR (CDCl3, 300 MHz): § = 7.34 -
7.20 (m, 5 H), 5.52 (brs, 2 H), 4.39 (br s, 2 H), 4.06 (t, J = 6.5 Hz, 2 H), 3.75 (br s, 2 H), 1.77 - 1.51 (m, 4 H),
1.47 (s, 9 H), 1.19 (s, 9 H); 13C NMR (CDCl3, 75 MHz): § = 178.5, 156.4, 135.4, 128.4, 127.1, 126.6, 79.9,

71.7, 64.1, 49.6, 47.6, 38.7, 33.3, 28.3, 27.1, 24.6; MS (EI): m/z 150 (1), 103 (12),, 91 (10), 85 (12), 57 (100),

41 (26): CH:H:-NQ: (419 55): calcd C 68,70 H 2 89 N 3 33: annrl("ﬂﬂ Qq H201 N1
1 s \Fi7.30 ), LAk
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(E)-(S)-8-(N-Benzyl-N-tert-butoxycarbonyl)-5-hydroxy-6 octenyl pivalate (144).

Aldehyde 13 (1.48 g, 3.4 mmol) was treated with di(3-pivaloxybutyl)zinc (2.4 equiv) following procedure 2
yielding aminoalcohol 14d (1.98 g, 4.6 mmol, 85 %, 87 % ee). The enantiomeric excess was determined by
HPLC analysis; Chiracel OD, heptane/isopropanol = 95 : 5; flow 0.6 mL/min. (21.60 min : minor isomer, 24.54
min : major isomer).”® Rg=0.17 (hexanes/ether 2:1); ap23 = -1.34 (¢ 8.19, CHCLy); IR (neat): 3030 (w), 2974
(s), 2875 (w), 1727 (s), 1695 (s), 1457 (w), 1414 (m), 1285 (m), 1162 (s); 1H NMR (CDCl3, 300 MHz): § =

OO
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m/z 315 (1), 103 (18), 91 (20
N 3.23; found C 68.91, H 8.7

(E)-(8)-9-(N-Benzyl-N-tert-butoxycarbonyl)-6-hydroxy-7-nonenyl pivalate (14e).
Aldehyde 13 (0.94 g, 3.4 mmol) was treated with di(5-pivaloxypentyl)zinc (3.3 equiv) following procedure 2
vielding aminoalcohol 14e (1.98 g, 4.6 mmol, 75 %, 90 % ee). The enantiomeric excess was determined by

HPLC analysis; Chiracel OD, heptane/isopropanol = 95 : 5; flow 0.6 mL/min. (14.41 min : minor isomer, 21.43

et 2T D NT (hava nes/ether 2:1): o 25 - 1144~ A Q2 CHCL): IR (neat): 3500 (br). 3060

min : major isoIer). Rf = U.U/ (nexanes/etner 2:1); &P -1.14 {c 4.95, COlL); IR (neat): 53500 (br), 3060
~ ~ ﬂ PR 1 ‘/f\ LN “f VRN 1»‘\(\"! VY I VAR 1"' ™~

(w), 2986 (s), 2870 (s), 1731 (s), 1683 (s), 1460 (s), 1415 (s), 1287 (s), 1190 (s), 1165 (s); *H NMR (CDClI3,

14
300 MHz): § = 7.27 - 7.15 (m, 5H),545 (brs, 2 H), 4.32 (s, 2 H), 3.99 (dd, J = 16.0 Hz, J = 6.4 Hz, 1 H), 3.74
-3.66 (m, 2 H), 3.56 (1, J = 6.5 Hz, 2 H), 1.84 (brs, 2 H), 1.64 - 1.48 (m, 8 H), 1.40 (s, 9 H), 1.12 (s, 9 H); 13C
NMR (CDCI3, 75 MHz): & = 178.7, 156.6, 138.4, 135.6, 128.5, 127.5, 127.2, 126.3, 79.9, 72.2, 64.3, 52.6,
49.8,47.8,38.8, 37.1, 32.3, 28.7, 28.5, 27.3, 25.9, 28.1, 22.3; MS (EI): m/z 103 (20), 85 (20), 69 (36), 68 (44),
57 (100), 41 (33); CagHaNOs (447.60); caled C 69.76, H 9.23, N 3.23; found C 69.50, H 8.91, N 3.02.

/7C 2C) 7 Nihonrvlamina. _nhowvlnontan..al (cuyn16a)
(22, JI2J~4 UlUl:m_)/Lullunu 4 IJUCH)«L CriLUdn=J=viL \Dyn=iuvda .
Avs D was treated with dieth - I S Y - S L | (Me-SiCT
A e yae 13 {U DD g, L. U mimoli } was treatea wiin a .0 IIUNOL) 4na (v 3 anz)an kU ID

iethylzinc (0.35 mL,
g, 3.2 mmol) following procedure 3 using catalyst 2, yielding aminoalcohol syn-16a (532 mg, 1.48 mmol, 74
%) after chromatographical separation of the crude product (hexanes/Et,O 9:1 — 4:1). The diastereomeric ratio
16 : 84 (anti : syn) of the crude product was determined by "H NMR and *C NMR spectroscopy. Rf=0.11
(hexanes/ether 2:1); ap2? = +16.44 (¢ 5.17, CHCL3); IR (neat): 3500 (br), 3026 (s), 2930 (s), 2860 (s), 2800
(m), 1602 (w), 1493 (s), 1450 (s), 1360 (m); IH NMR (CDCl3, 300 MHz): & = 7.40 - 7.26 (m, 15 H), 3.72 (m, 4

H), 3.11 (m, 2 H), 2.85 (q, /=73, 1H), 2.17 (s, 1 H), 1.78 (m, 1 H), 1.43 (m, 1 H), 0.99 (t, /=74 Hz, 3 H);

13CNI\/IR(CDCB, 75 MHz): & = 140.9, 140.0, 129.5, 128.9, 128.4, 128.3, 127.0, 125.9, 73 .4, 63.2, 55.1, 32.0,
AGA AN 1N O TT. N (180 AQY Tha ahtainad analutical data je idantinal $a tha 15t 19
L7, ‘., L0, U, lU.y, \425“291‘\} \JJ7-“?‘7). 1110 UuUiallicu alialyiuval uaia 1o xucuuucu W s utcxalu.lv

(2S, 3R)-2-Dibenzylamino-1-phenylpentan-3-ol (anti-16b).

Aldehyde 15 (0.66 g, 2.0 mmol) was treated with diethylzine (0.35 mL, 2.8 mmol) and (Me;SiCH;),Zn (0.76
g, 3.2 mmol) following procedure 3 using catalyst ent-2, yielding aminoalcohol anti-16b (474 mg, 1.32 mmol,
66 %) after chromatographical separation of the crude product (hexanes/Et;O 9:1 — 4:1). The diastereomeric
ratio 96 : >4 (anti : syn) of the crude product was determined by 'H NMR and *C NMR spectroscopy. Rf=
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0.24 (hexanes/ether 2:1); ocD" = +26.44 (c 2.08, CHClL3); IR (neat): 3500 (br), 3026 (s), 2930 (s), 2860 (s),
2800 (m), 1602 (w), 1493 (), 1450 (s), 1360 (m); 'H NMR (CDCI3, 300 MHz): 8 = 7.38 - 7.23 (m, 15 H), 4.45
(s, 1 H), 3.95 (s, 1 H), 3.91 (s, | H), 3.56 (dt, J= 8.2 Hz, J= 3.7 Hz) 3.42 (s, 1 H), 3.38 (s, 1 H), 3.11 (m, 1 H),
2.93 (m, 1 H), 2.70 (m, 1 H), 1.52 (m, 1 H), 1.14 (m, 1 H), 0.83 (t, J = 7.38 Hz); 13C NMR (CDCl3, 75 MHz):
8 =140.6, 138.9, 129.4, 129.2, 128.5, 128.4, 127.2, 126.2, 71.6, 63.5, 53.9, 32.4, 27.0, 9.8; C35HNO (359.49).

The obtained analytical data are identical to those of the literature.'’
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2 .2 mmol, 1.5 equiv) following procedure 3 using catalyst 2, yielding aminoalcohol
syn-16¢ (480 mg, 0.99 mmol, 47 %) after chromatographical separation of the crude product (hexanes/Et,0 4:1
— 2:1). The diastereomeric ratio 16 : 84 (anti : syn) of the crude product was determined by '"H NMR and 1°C
NMR spectroscopy Rg = 0.36 (hexanes/ether 2:1); ap22 = +19.75 (¢ 1.62, CHCl3); IR (neat) 3500 (br), 3026
(s), 2930 (s), 2860 (s), 2800 (m), 1602 (w), 1493 (s), 1450 (s), 1360 (m); IH NMR (CDCI3, 300 MHz): § =
7.25-7.15(m, 15 H), 4.02 (t,J = 5.8 Hz, 2 H), 3.79 - 3.62 (m, 4 H), 3.04 (m, 2 H), 2.81 (m, 2 H), 2.19 (s, 1 H),
1.59 - 1.37 (m, 6 H), 1.21 (s, 9 H); 13CN]\/IR(CDC12 75 MHz): 6 = 178.5, 140.5, 139.7, 129.3, 128.7, 128.3,
1282, 126.9, 125.9, 71.4, 64.2, 63.2, 55.1, 38.7, 34.3, 31.9, 28.5, 27.2, 22.7; MS (EI): m/z 486 (M", 0.2), 472

Lba Ve y hdmnialy Tedey W1y JSrly UL L8, AVaD \dvay TOW \4Va 4 V., T L

(1), 397 (11), 330 (5), 300 (79), 91 (100); C3;H4oNO; (486.65); HRMS: calcd 486.3007; found 486.3039.

(58, 6S)-6-Dibenzylamino-5-hydroxy-7-phenylheptyl pivalate (anti-16d).

Aldehyde 15 (686 mg, 2.1 mmol) was treated with di(4-pivaloxybutyl)zinc (2.3 mmol, 1.1 equiv) and
(MesSiCH,),Zn (0.76 g, 3.2 mmol, 1.5 equiv) following procedure 3 using catalyst ent-2, yielding
aminoalcohol anti-16d (480 mg, 0.99 mmol, 36 %) after chromatographical separation of the crude product
(hexanes/Et,0 4:1 — 2:1). The diastereomeric ratio 85 : 16 (anti : syn) of the crude product was determined by

'H NMR and °C NMR spectroscopy R = 0.17 (hexanes/ether 2:1); ap2 = +10.17 (¢ 1.77, CHCl3); IR (neat)
2ENN0 el NN () IRTO () TAAN () 1840 (1) 1490 (<Y 1200 () 1110 () 1 NMR (CTNC'17 N0 MH»)- & =
[N AY LY} \Ul}, ~SJUIY \DI]’ -0 v \a}, LVUTV \J}, L T \LLI},L‘\'JV \0}, A e NS \9}, A ALV \ﬂ’, AR LNiIVRAN \\JU\JIJ, [eAVAN l‘u-lL}- v

e s VA [ RN W 1 TIN 2 OO0 (4 F— £ £ 1¥-. DI 2770 QLN (e ALTIN 2 119 AN0N0 7 NI N O1 N TE fan Y LT
71.30-/7.14 (lTl, 12 1'1), 2. I7 (L J = 0D s £ I1), 2./7 = 3.0V 1L, 411}, J.1& - L7711, £ 11), £.01 -~ 2£./0 (1}, £ H},
~ <~ PR Py PR p n e Y Y s s I e s et Y 2 Y — an o am o tmn A
2.15(s, 1 H), 1.65 - 1.25 (m, 6 H), 1.18 (s, 9 H); 1°C NMR (CDCl3, 75 MHz): 6 = 178.6, 140.5, 139.7, 129.3,

128.8,128.4, 128.3, 127.1, 126.0, 71.7, 64.2, 63.3, 55.2, 38.7, 34.3, 31.9, 28.6, 27.2, 22.7; MS (EI): m/z 397 (1),
396 (12), 301 (19), 300 (100), 92 (5), 91 (83), 57 (6); C32H4oNO; (486.65); HRMS: caled C 78.97, H 8.29, N
2.89; found C 78.76, H 7.99, N 2.65.
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