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Abstract: The lithio derivatives of (§)- and (R)-2-(N,N-diben-
zylamino)akyl carbamates 3 and ent-3, generated by substrate-di-
rected deprotonation from the precursors 2 and ent-2, add with high
diastereosel ectivity to (S)-2-(N,N-dibenzylamino)akanals. The (9-
aminoaldehyde 5a, derived from (S)-phenylalanine, is produced in
situ from the lithium compound 3a by the controlled addition of di-
oxygen to the reaction mixture affording the protected anti,syn,anti-
a,6-diamino-B,y-diol 6aa which is the core unit of anti-HIV 1 pro-
tease agents. Several symmetric and unsymmetric structure analogs,
differing in the substitution pattern and the configurations, have
been synthesized. A further approach to thetitle compound is given
by the acylation of lithium derivatives 3/4, followed by ahydridere-
duction. The reaction of the lithium derivatives 3a/4a with CuCl
leads to an eliminative oxidative coupling with formation of (3E/Z,
2S,59)-2,5-dibenzylamino-1,6-di phenylhex-3-enes (E)- and (2)-26.
Key words: 2,5,-diamino-1,6-diphenylhexane-3,4-diols, dioxygen,
oxidative coupling, TMEDA-mediated deprotonation, lithiation,
HIV-1 protease inhibitors

I ntroduction

C,-Symmietric 2,5-diamino-1,6-diphenylhexane-3,4-diols
1 find application as core-units of pseudopeptides capable
of very efficient HIV-1 protease inhibition.! Several ap-
proaches for their synthesis have been published,? among
them pinacol-type homo- and cross-coupling reactions of
a-aminoalkanals with low-valent metal salts’® or by ela-
boration of compounds from the “ chiral pool” such as D-
mannitol?4¢ or p-tartrate.?"9

NBn, OH

Ph ANER Ph

OH NBn,

Figurel 2,5-Diamino-1,6-diphenyl-3,4-hexanediols 1

We found recently,® that the carbamates 2, derived from
(9-2-(N,N-dibenzylamino)alkanols, are easily deproto-
nated by sec-butyllithium/TMEDA adjacent to the car-
bamate moiety* to form the epimeric lithium compounds
3 and 4 with good diastereoselectivities (90:10 for 2a,
R!= CH,Ph, Scheme 1).% From this observation, agener-

a and simplerouteleading to C,-symmetric diamino diols
10 and 13 (R* = R?), to the configurational unsymmetrical
diastereomers 11 and 12, and as well, to the constitutional
analogs 10-13 (R!# R?) is obvious: It consists in the ad-
dition of the lithium reagents 3 and 4 onto (S§-2-(N,N-
dibenzylamino)alkanals 5.

Taking into account the ratio of epimers 3 and 4 and the
Re-facial selectivity predicted by the Felkin~Anh model®
of (9-2-(N,N-dibenzylamino)alkanals 5, which are easily
prepared from natural L-amino acids,® the adducts 6 and 8
are expected to bethe major isomers. The efficient synthe-
sis of the diastereomers 7 and 9, which are not found as
byproducts, should require more indirect approaches. We
present in this paper a flexible brick-box system for the
preparation of different stereoisomers and analogs of 1 by
reliable and predictable routes, including oxidative dimer-
ization of 3 and 4.

Results and Discussion

Aldehyde Addition Reactions

The addition of 3a/4a (approx. 90:10), prepared by the
TMEDA-assisted deprotonation® of the (S-phenyl-
alaninol carbamate 2a, to the amino adehyde 5a yielded
6aa as a single product in 61% yield, besides some start-
ing material 2a (Scheme 1, Table 1). Another diastere-
omer could not be detected. The same procedure for
homo-coupling, starting from the (S)-leucinol derivatives
2b (via 3b/4b, 80:20) and 5b, afforded a separable mix-
ture of 6bb and 8bb (88:12) in 79% yield. The appropriate
(9-phenylglycinol pair 2c/5¢ - via 3c/4c (40:60) - yielded
the epimers 6¢c and 8cc (52%, 33:67). In thelatter two ex-
amples, the diastereomer ratio roughly reflects the epimer
ratio in the carbanionic intermediates 3/4.

When performing cross-coupling reactions we were sur-
prised when an apparently lower selectivity was observed.
Thereaction of 2a and 5b gave after usual workup, which
includes warming-up the reaction mixture before neutral-
ization to room temperature, in addition to the expected
product 6ab (48%), another unknown isomer in 25% yield
(ratio 66:34) (Scheme 2). When the reaction mixture was
neutralized by formic acid at —78°C, the ratio shifted to
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Scheme 1

83:17. After deblocking the hydroxy group in both iso-
mers the same diol 10ab was obtained. On the basis of
these results it became clear, that the unknown compound
differs from 6ab only in the position of the O-carbamoyl
group and hasto be assigned the structure 16ab. Therear-

Tablel Coupling Products 6, 8, and 16 Prepared?

rangement proceeds on the stage of the originally pro-
duced lithium acoholates 14ab/15ab. Further support
comes from the deblocking of the constitutionally inverse
mixture 6ba/16ba[R! = (CH,),CHCH,, R?= CHCH,] to
give aso the diol 10ab. This feature aready excludes the

Products Starting R! R? Yield (%) mpP [a]%¢
Materials (Ratio) (°C)

6aa 2a,5a CeH:CH, CeHsCH, 61 72-73 +17.7

6ab (=16ba), 2a,5b CeHsCH, (CHa),CHCH, 48, 25 (66:34) 58-62, 285

16ab (=6ba) 56-61 —24.9

77 (83:17)°

6ac 2a,5c CgHsCH, CgHs 45 71-75 +31.4

6ad,16ad 2a,5d CeHsCH, (CH.),CH 47, 36 (57:43) 49-51, - 40
51-54 —22.6

6bb,8bb 2b,5b (CH4),CHCH,  (CH2),CHCH, 68, 11 (86:14) 48-50, —53.8
50-52 -23.4

6ba,16ba,8ba 2b,5a (CH4),CHCH,  C4H<CH, 44, 22, 17 (53:27:20) 48-50 —53.8

6cc,8cc 2c,5¢ CgHs CgHs 13, 39 (33:67) - -,
84-88 +63.4

a All new compounds gave correct C,H-analyses (C + 0.4, H £ 0.4).
b From Et,O/pentane.

¢(c =1, CH,Cl,).

4 Hydrolysis at room temperature.

€ Hydrolysis at —78°C.

f Mixture of 6¢c and 2c¢, which is not separable by flash chromatography.
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Bn,N O Bn,N OH ium salts of hemiacetals 21, and elimination of thelithium
. oW A R? LA, carbamate (LiOChy) furnishes the intermediate aldehydes
R R 5 which undergo addition to the remaining lithium com-
O"\n/o NBn, Cbyo  Nen, pounds 3. Surprisingly the diastereomeric purity of 6bb is
o ™ 6 higher than in the two-step process described above. We
Bn,N  OH . ) X oo
gz ossume thgt the minor epi mer 4b hasahigher reactivity in
R' - the oxidation process and is removed preferentially.
o OH NBn,
)J\ 10
BN O TOx BN  OCby 2
/E\KK/RZ H /H/K/Rz LiAIH see Scheme 1
R' ; R' ; 4
OLi Iian2 OH lEan2 )\ 1..0.5 mol-tjq. Ca)2 during 30 min NBn. OH
15 16 5 in Et,0, -78°C : 2 ,
ox= N o 3/4ab s " E R
) OCby NBn,
For yields with R' and R?in 6, 10, and 16 see Tables 1 and 3. 6aa: 48%
Scheme 2 0, 6hb: 44%
+3a,b
NBn, NBn,
__OOLi _3/4ab i _OLi| _-Cbyoui
structures 7 and 8 to be the major isomers, since here dif- |’ R’ Sab
ferent diols must be formed from constitutionally inverse OCby OCby
isomers. 20 21
As Scheme 3 demonstrates, further series of diastere-  schemes

omers can be synthesized by selecting both starting mate-
rials with different absolute configurations. From the (R)-
2-(N,N-dibenzylamino)butyl carbamate ent-2e via
TMEDA-mediated deprotonation and addition to (-
N,N-dibenzylalaninal (5f), the adduct 18 was prepared to
give asingle all-anti-diol 19 on O-deprotection.

Bn,N s-BuLli, Bn,N
Ha TMEDA Li-TMEDA
R Hg
OCby OCby
ent-2e
ent-17e
o]
S
H Bn,N  OH Bn,N OH
_ MNem 3 A s o _Lan_ A s
86% RY7S™ 69% RY7S™
OCby NBn, OH NBn,
18 19
Scheme 3

Oxidative Coupling

When dioxygen was introduced to the ethereal solution of
the lithium/TMEDA complexes 3a/4a or 3b/4b in a con-
trolled way, the aldehyde adducts 6aa (48%) or 6bb
(44%) could beisolated as the sole diastereomers besides
some starting material 2a (23%) or 2b (14%) (Scheme 4).
Itisquite likely that the reaction starts with the formation
of the lithium peroxides’ 20, which oxidize 3/4 to the lith-

We al so undertook some experiments for accomplishing a
“true” oxidative coupling of the carbanionic intermediates
3a/4a by means of copper(I1)® and copper(l)° salts
(Scheme 5). After treating 3a/4a with 1 equivalent of
CuBr, and finaly with dioxygen, from the multicompo-
nent reaction mixture, the dimer 23aa (30%) and again
6aa (10%) could beisolated. Thus, minor amounts of fur-
ther diastereomers can not be excluded. Presumably the
(configurationally labile) radical 22 is the intermediate,
which dimerizes with pronounced substrate-induced dia-
stereoselectivity.

Using CuCl as the oxidation reagent, a surprising result
was obtained. An E/Z-mixture of the diaminoalkenes 26
was isolated; the relative configuration of (Z)-26 was elu-
cidated by asingle crystal X-ray analysis'® (Figure 2). We
assume the copper (1) carbene complex 25 to be the essen-
tial intermediate.!*

anti,anti,syn-Diols 11 via Acylation/Reduction

An efficient, selective approach to the anti,anti,syn-diols
11 consistsin the acylation of the lithiocarbamates 3/4 by
(9-N,N-dibenzylamino acid benzyl esters 27 and reduc-
tion of the ketones 28 (Scheme 6, Table 2). When the re-
duction is performed with LiAIH, in refluxing THF, the
carbamate group is removed simultaneously to give di-
rectly the pure alcohols 11 viathe carbamates 7. Obvious-
ly, the stereodirecting power of the chiral centersin 3 and
28 is extremely high, since no other diastereomers could
be detected by TLC or *H NMR spectroscopy. The prize
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For yields with R' and R® in 27, 28, and 11 see Table 2.
E-26 (27%) 7-26 (25%)
Scheme 6
Scheme5
NBn, O
ni-2e + 27f
OCby NBn,
29
|55%
NBn, OH NBn, OH
r_A_s + R_A_S
R H S H R H R
OCby NBn, OCby NBn,
18 30
. . )
Figure2 X-ray structure of (2)-26%° LAHELO — 92% s 2
LIE,BH/THF  73% 4 : 9
LIAIH/ELO, 1. MeSO,H, MeOH
reflux 2. K,CO;, MeOH
to pay for the high selectivity is in some cases the low (69%) (89%)
yield, which arises from the low reactivity of the benzyl
esters 27 NBn, OH NBn, OH
o ' ) RS R_AS
Similarly, from the (R)-aminoalkyl carbamate ent-2e and RY S RY R
benzyl (S)-N,N-dibenzylalaninate (27f), the “mixed” ke- OH  NBn, OH  NBn,
tone 29 was obtained (Scheme 7). The reduction of 29 19 3
could be directed by the selection of the reducing agent:
LiAlH, in diethyl ether at 0°C yielded the all-anti-mono- ~ Scheme7

carbamate 18 in excess, whereas lithium triethylboronate
furnished the anti,syn,syn-diastereomer 31. Monocarbam-
ate 18, on deprotection with excess LiAlH,, led to the
crystaline diol 19, from which an X-ray analysis? was
performed (Figure 3).

Deprotection and Configurational Assignment

The reductive decarbamoylation of monocarbamates 6, 7,
or 8to form the free bis(dibenzylamino)diols 10, 11, or 12

is the most convenient procedure on a laboratory scale*
(Method A, Scheme 8, Table 3). The usual procedure,
which consists in the acid-catalyzed cleavage of the ox-
azolidine ring and subsequent base-catalyzed cleavage of
the intermediate N-hydroxyalkylcarbamate*®* was ap-
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Figure3 X-ray structure of diol 19

plied (Method B, Scheme 8). 1,3-Propanedithiol was
used* for deblocking the dicarbamate 23aa by transace-
talization and the bis(N-monoalkyl)carbamate 32 formed
was then treated with K,CO,/MeOH.

NBn, OH NBn, OH
H 2 a)orb)
R * : R #’ R ko : R?
OCby NBn, OH NBn,
6-8 10-12
Method C
NBn, OCb
H 2 y +Hs SH
Ph ;
TP Y
OCby NBn, “s__s
23aa X o
. OJ\N>\/°H
K,CO4/MeOH 20N I
10aa ———— Ph ;
68% (based : Ph
on 23aa)

H :
N_ _O NBn
HO/Y hig ’
* 0 32

Examples and yields see Table 3.

Reagents and conditions: @) LiAIH, (4 equiv)/THF, reflux, 5 h (Me-
thod A); b) i. MeSO;H (5 equiv)/MeOH, reflux, ii. K,CO; (8 equiv)/
MeOH, reflux (Method B)

Scheme 8

Evidence for the correct stereochemical assignment of di-
ols 10aa, 10bb, and 10cc, in addition to the presented ar-
guments, comes from the 'H NMR spectra. As expected
from their C,-symmetry, the appropriate signals of the
“left hand” and the “right hand” side coincide. Com-
pounds 10aa, 10bb, 10ab and 10ad, bearing a syn-diol
unit, easily cyclized on treatment with dimethyl
carbonate' to give the trans-disubstituted 1,3-dioxolan-2-
ones 33 (J,5 = 7.0-7.2 Hz)*»16, whereas the diastereomers
7 failed to givethe highly stericly encumbered cis-isomers
34.

0
NBn, OH
g2 (Me0)C-0,K,CO\ A S
R : He=—— H
OH rian 71 -88% R'—<2 2% R?
2 Bn,N NBn,
10 a3
0
NBn, OH (Me0),C=0, K,CO,, A oJ\ o
H H 2
R‘/Y\./R /7 H H
: 1 2
OH NBn, R SR
BN NBn,
n 34

For examples and yields of 33 see experimental section.

Scheme9

Finally, diols 10aa and 11aa were separately converted to
the known bis-Boc derivatives’® 37aa and 38aa via the di-
aminodiols 35aa and 36aa, respectively (Scheme 10).

10aa 11aa

60 mol% PdjC, Pd(OH),, Boc,0O

MeOH/HCO,H H,, EtOAc
92%
NH, OH NH, OH
Ph. A Ph_ H
; Ph ; Ph
OH NH, OH NH,
35aa 36aa
(Boc),0, Et,N
81%
0 o}
rBqu\r;lH OH tBuO/U\I:lH OH
Ph. A Ph_ A i
~"Ph \/Y\/\Ph
OH HNYOIBU OH HN\”/OtBu
37aa 0 38aa o)
Scheme 10

In conclusion, several methods are now available for the
synthesis of the enantiopure title compounds, differing in
the substitution pattern and the rel ative configuration by a
simple “brick-box system®.

All reactions which are sensitive to moisture were carried out under
argon. All solvents were purified by distillation and dried, if neces-
sary, prior to use. *H and 3C NMR spectrawere recorded on Bruker
WM300, AM 360 or U600 spectrometer. Optical rotations were re-
corded on a Perkin-Elmer polarimeter 241 at 20°C. Mps were ob-
tained on Gallenkamp melting point apparatus MFB-595 and are
uncorrected. Products were purified by flash column chromatogra-
phy on silicagel (4063 um).
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Table2 Acylation Products 28, Diols 11, and Derivatives 7 Prepared®
Product Starting R! R? Yield (%) mp [a]
Materials (°C)®
28aa 2a, 27a C¢HsCH, CsHsCH, 59 58-62 +35.1
28ab 2a, 27b CeHsCH, (CH,3),CHCH, 50 45-48 +43.0
28bb 2b, 27b (CH,),CHCH, (CH,),CHCH, 26 45-50 +14.3
28ba 2b, 27a (CH3),CHCH, CeHsCH, 29 - -
7aa 28aa CeHsCH, CsHsCH, 89¢ 6872 -17.4
7bb 28bb (CH3),CHCH, (CH,3),CHCH, 93¢ 46-49 -322
1laa 28aa CeHsCH, CsHsCH, 76 53-56 +48.6
1lab 28ab CeHsCH, (CH,),CHCH, 77 47-50 +32.2
11bb 28bb (CH3),CHCH, (CH,),CHCH, 81 46-49 +17.9
11ba 28ba (CH3),CHCH, CsHsCH, 86 57-59 +52.4

aAll new compounds gave correct C,H-analyses (C + 0.4, H £ 0.4).
b From Et,O/pentane.
¢(c =1, CH,Cl,).

d Mixture of 28ba and 2b, which is not separable by flash column chromatography.

€ Reduction with NaBH, in EtOH.

Deprotonation of Carbamates2 and ent-2 with s-BuLi/TMEDA
and Prepar ation of Substituted Products6, 8, 16, 18, 28, and 29;
General Procedure

Carbamate 2 or ent-2 (1.00 mmol) and TMEDA (232 mg, 2.00
mmol) were dissolved in anhyd Et,O (15mL) under argon in a
dry ice/acetone bath and s-BuLi (1.3 M) in cyclohexane/hexane
(2.50 mL, 2.00 mmol) was added to the solution dropwise. After
stirring for 4 h (ent-2) or 6 h (2) the electrophile (3.00 mmol) was
slowly introduced with asyringe. The mixture was alowed to warm
uptor.t. for 12 h and H,O (10 mL) was added. The Et,O layer was
separated and the aqueous phase was extracted with Et,O (3 x 10
mL). The combined Et,0 phaseswere dried (MgSO,) and evaporat-
ed in vacuo. The residue was purified by flash chromatography
(Et,O/pentane, 1:1 to 1:8) to afford the substituted carbamate. For

Table3 Deblocking of Monocarbamates 6, 7, 8, 18, and 302

yieldsand physical data of substituted carbamates 6, 8 or 16 see Ta-
bles 1 and 4. For yields and physical data of substituted carbamates
28 see Tables 2 and 4.

(25,3S,4R,5R)-2,5-Bis(N,N-dibenzylamino)-4-O-(2,2,4,4-tetra-
methyl-1,3-oxazolidine-3-car bonyl)-3,4-heptanediol (18)
Thereaction of ent-2ewith (S)-N,N-dibenzylalaninal as el ectrophile
yielded 18 (583 mg, 86%, dr >95:<5) as a colorless solid; R; 0.56
(Et,Of/pentane, 1:1); mp 54-56°C (Et,O/pentane); [a], +28.6
(c=1, acetone).

Anal. Calcd. for CygHgsN5O, (677.9): C, 76.18; H, 8.18; Found C,
76.13; H, 8.23.

For *H, 3C NMR, and IR data of 18, see Table 4.

Product Starting R! R? Method Yield (%) mp [a]%F
Material C)y
10aa 6aa CeH<CH, CeH<CH, A 72 46-49 +20
11aa 7aa CeH<CH, CeH<CH, B 75 —d —d
10ab 6ab CeH<CH, (CH,),CHCH, B 91 43-47 -12.0
11ab 7ab CeH<CH, (CH,),CHCH, B a7 —d —d
10ac 6ac CeH<CH, CeHs C 73 61-63 +43.4
10ad 6ad CeH<CH, (CH,),CH A 74 39-43 -19.1
10da® 6da (CH,),CH CeH<CH, B 90 e e
10bb 6bb (CH,),CHCH, (CH,),CHCH, A 83 36-41 232
B 94
11bb 7bb (CH,),CHCH, (CH,),CHCH, B 83 . .
12bbf 8bb (CH,),CHCH, (CH,),CHCH, A 43 . .
10cc 6cc CeHs CeHs B 86 77-81 +836
12cc 8cc CeHs CeHs A 36 76-79 +83.2
B 74
19 18 - - A 69 212-214 +11.4
31 30 - - B 89 98-99 +50.5

aAll new compounds gave correct C,H-analyses (C + 0.4, H £ 0.4).
b From Et,O/pentane.
¢(c=1, CH,Cl).

dSee Table 2.

€ Compound 10da corresponds to 10ad.

f Compound 12bb correspondsto 11bb in Table 2.
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(25,4R,5R)-2,5-Bis(N,N-dibenzylamino)-4-0-(2,2,4,4-tetrame-
thyl-1,3-oxazolidine-3-car bonyloxy)-3-heptanone (29)

Benzyl (S)-N,N-dibenzylaaninate 27f was used as electrophile after
deprotonation of ent-2e. Purification of the crude product by flash
chromatography (Et,O/pentane 1:10 - 1:6) gave 29 (372 mg, 55%,
dr >95:<5) as a colorless solid; R; 0.69 (Et,O/pentane, 1:1); mp
124-126°C (Et,O/pentane); [a], —106.0 (c = 1, acetone).

Anal. Calcd. for C,5HsN;O, (675.9): C, 76.41; H, 7.90; Found C,
76.39; H, 7.94.

For H, 13C NMR, and IR data of 29 see Table 4.

Dimerization of 2ain the Presence of CuBr,; (2S5,3S,4S,55)-2,5-
Bis(N,N-dibenzylamino)-1,6-diphenyl-3,4-bis(2,2,4,4-tetrame-
thyl-1,3-oxazolidine-3-car bonyloxy)hexane (23aa)

To asolution of carbamate 2a (486 mg, 1.00 mmol) and TMEDA
(232 mg, 2.00 mmol) in anhyd Et,0O (15 mL) was added dropwise
s-BuLi (1.3 M) in cyclohexane/hexane (1.50 mL, 2.00 mmol) at
—78°C. Stirring was continued for 6 h and subsequently anhyd
CuBr, (223 mg, 1.00 mmol) was added to the mixture under an ar-
gon stream. The durry was alowed to warm up to r.t., oxygen
(12 mL, 0.5 mmol) was introduced via syringe during 30 min, and
finally H,O (10 mL) was added. The two layers were separated and
the agueous phase was extracted with Et,0O (3 x 10 mL). The com-
bined organic layers were washed with satd EDTA-solution, dried
(MgSO,) and concentrated in vacuo. The residue was purified by
flash chromatography (Et,O/pentane, 1:6-1:3) to yield 23aa
(291 mg, 30%) as a colorless solid and 6aa (82 mg, 10%) beside
some starting material 2a (44 mg, 9%); R; 0.31 (Et,O/pentane, 1:2);
mp 94-98°C (Et,O/pentane); [a]p +22.2 (c = 1, CH,CL,).

Anal. Calcd. for Cg,H,,N,Oq (971.3): C, 76.67; H, 7.68; Found C,
76.67; H, 7.91.

For H, 13C NMR and IR data of 23aa see Table 4.

Conversion of 2ain the Presence of CuCl; cis- and trans-
(25,59)-2,5-Bis(N,N-dibenzylamino)-1,6-diphenyl-3-hexene (Z-
26 and E-26)

To asolution of carbamate 2a (486 mg, 1.00 mmol) and TMEDA
(232 mg, 2.00 mmol) in anhyd Et,0O (15 mL) was added dropwise
s-BuLi (1.3 M) in cyclohexane/hexane (1.50 mL, 2.00 mmol) at —
78°C. After stirring for 5 h anhyd CuCl (150 mg, 1.50 mmol) was
added under an argon stream and the mixture was allowed to warm
up tor.t. Oxygen (12 mL, 0.5 mmol) was slowly introduced via sy-
ringe and then H,O (10 mL) was added. The two layers were sepa
rated and the aqueous phase was extracted with Et,O (3 x 10 mL).
The combined organic layers were washed with satd EDTA-solu-
tion, dried (MgSO,) and the solvents were evaporated in vacuo. Pu-
rification of the crude product by flash chromatography (Et,Of
pentane, 1:12) afforded a mixture of (2)-26 and (E)-26 (170 mg,
54%) as colorless crystals; ratio 47:53. (2)-26 could be obtained as
pure diastereomer by recrystallization from CH,Cl,/pentane.

(2)-26
R 0.66 (Et,O/pentane, 1:2); mp 165-167°C (Et,O/pentane), color-
less crystals; [a]p +83.1 (c = 1, CH,Cl,).

Ana. [Mixture of (2)-26 and (E)-26] Calcd. for C,sH,N, (626.9):
C, 88.14; H, 7.40; Found C, 88.05; H, 7.40.

For *H, 3C NMR, and IR data of Z-26 and E-26 see Table 4.

Reduction of Ketones 28aa and 28bb with NaBH , in EtOH;
Preparation of Monocarbamates 7aa and 7bb

NaBH, (114 mg, 3.00 mmol) was added to asol ution of ketone 28aa
(488 mg, 0.60 mmol) or 28bb (448 mg, 0.60 mmol) in EtOH (10
mL). The solution was stirred for 3 h at r.t. and then refluxed for
24 h. After addition of H,O (20 mL) the aqueous phase was extract-

ed with Et,O (3 x 20 mL). The combined organic layers were dried
(MgS0O,) and the solvents were removed in vacuo. The residue was
purified by flash chromatography (Et,O/pentane, 1:8) to give 7aa or
7bb as pure product.

For yields and physical data of 7aa and 7bb see Tables 2 and 4.

Reduction of Ketone 29; Preparation of Monocarbamates 18
and 30

Reduction with LiAlH,: A solution of ketone 29 (600 mg,
0.88 mmol) in anhyd Et,O (20 mL) was added dropwiseto asuspen-
sion of LiAlH, (57 mg, 1.50 mmol) in anhyd Et,O (10 mL) at 0°C.
The suspension was stirred for 1 h and then hydrolyzed with succes-
sively H,0O (57 pL), 15% NaOH solution (57 pL), and H,O (171
UL). The precipitate was filtered off and washed with Et,O (20 mL).
The filtrate was dried (MgSO,) and the solvent was evaporated in
vacuo. The crude product was purified by flash chromatography
(Et,O/pentane, 1:8) to give 18 (440 mg, 74%) and 30 (110 mg,
18%) as colorless solids; diastereomeric ratio 80:20.

Reduction with LiEt;BH: To asolution of 29 (450 mg,
0.67 mmol) in THF (20 mL) was added LiEt;BH (2.60 mL, 2.60
mmol, 1.0M in THF) at 0°C. The mixture was refluxed for 2 d and
then hydrolyzed with H,O (5 mL). The agueous layer was separated
and extracted with Et,O (3 x 15 mL). The combined organic phases
were dried (MgSO,) and concentrated in vacuo. Purification of the
residue by flash chromatography (EtOAc/cyclohexane, 1:15) af-
forded the diastereomers 18 (20 mg, 4%) and 30 (310 mg, 69%) in
aratio of 6:94 beside some starting materia 29 (52 mg, 12%).

(2S,3R,4R,5R)-2,5-Bis(N,N-dibenzylamino)-4-O-(2,2,4,4-tetr a-
methyl-1,3-oxazolidine-3-car bonyl)-3,4-heptanediol (30)

R 0.60 (Et,O/pentane, 1:1); mp 134-135°C (Et,O/pentane); color-
less solid; [a]p +64.2 (¢ = 1, acetone).

Anal. Calcd. for CygHgN5O, (677.9): C, 76.18; H, 8.18; Found C,
75.93; H, 8.09.

For *H, ®*C NMR, and IR data of 30 see Table 4.

Simultaneous Reduction and Decar bamoylation of 28aa, 28bb,
28ab, and 28ba with LiAlH,; Preparation of Diols 11aa, 11bb,
11ab, and 11ba

LiAlIH, (0.5 mL, 0.5 mmoal, 1M in Et,0) was added dropwise to a
solution of 28 (0.1 mmol) in THF or Et,O (5mL) at 0°C. Theice
bath was removed and the suspension was refluxed for 24 h. After
successive hydrolysis with H,O (20 pL), ag NaOH (20 pL, 15%),
and H,O (60 pL) the slurry was heated under reflux for 30 min. The
solid materials were filtered off and washed with CH,Cl, (10 mL).
Thefiltrate was dried (MgSO,) and the solvents were evaporated in
vacuo. Purification of the residue by flash chromatography (Et,O/
pentane, 1:8) yielded analytically pure diol 11.

For yields and physical data of diols 11aa, 11bb, 11ab, and 11ba
see Tables2 and 4.

Decar bamoylation of Monocarbamates6, 7, 8, 18, and 30; Prep-
aration of Diols 10, 11, 12, 19, and 31; General Procedures
Method A: To asuspension of LiAIH, (76 mg, 2.00 mmol) in anhyd
THF (7 mL), was added dropwise a solution of the monocarbamate
6 or 8 (0.50 mmol) in THF (8 mL) at 0°C. After heating under re-
flux for 6 h, the mixture was hydrolyzed successively with H,O (76
pL), 15% NaOH solution (76 pL), and H,O (228 pL) at 0°C. After
heating under reflux for further 30 min the precipitate was filtered
off and washed with THF (15 mL). The filtrate was dried (MgSO,)
and concentrated in vacuo. Flash chromatography of the residue
(Et,Of/pentane, 1:4 to 1:8) afforded the free diol 10 or 12.

Method B: A solution of the monocarbamate 6, 7, or 8 (1.00 mmol)
and MeSO;H (324 pL, 480 mg, 5.00 mmol) in MeOH (15 mL) was
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Table4 Selected Data of Compounds 6, 7, 8, 10, 11, 12, 18, 19, 23, Z-26, E-26, 28, 29, 30, 31, and 332
Product IR (KB/ H NMR (300 MHz, CDCly), 3, J (H2) 13C NMR (75 MHz, CDCly), 3
I,"m) 1-H 1-H 2-H 2-H N-CH,Ph C1 C1 C2 G2 N-CH,
(em) o
6aa 3420, 5.49 (dd, 442 326- 2.93- 3.60,3.82 258-273(m,3-H), 755 714 589 614 538, 32.7(C-3),
1675  33,3,%31,= (brs) 339 3.18° (2d,2,= 274-2.88(m, 3-H,), 54.6 33.4(C-3)
5.4, 8.3) (m) (m) 145),3.68, 293-3.18"(m, 3-H,,
369(2d,  3-Hy)
235, = 10.4)
6bb 3430, 5.36(dd, 415 283- 2.62- 3.61,3.89 040,049(2d,3,s+5 758 718 556 57.2 54.0, 20.8,210,
1680 3314, 301,= (brs) 297 274 (2d,%p,= =6.4,5H;5-Hy), 547 23.8,239
51,10.1) (m (m) 143),3.70, 0.84,0.89(2d, (C-5, C-5,
382,384 %Ju4cupaachy = 6.7, 4-CH,, 4-
(2d,2Jg,= 4-CHg, 4-CHj), 0.85— CH,), 23.8,
13.8) 0.96, 1.67-1.88 (2 m, 23.9 (C-4,
3-H,, 3-H,), 0.97— C-4), 349
112, 1.67-1.88" (2 m, (C-3), 36.7
3-H, 3-H,), 1.89-2.12 (C-3)
(m, 4-H, 4-H)
6ab 3430, 5.40 (dd, 434 183 2.65- 355,389 0.34,082(2d, 75.6 710 59.1 572 538, 20.6,23.9
(=16ba) 1685 2J;;,%),= (brs) 200 285 (2d,2s= pschy as= 64 6.7, 547 (C-5, 4-
458,7.4) (m) (m) 14.3),3.62- 5-H, 4-CHs), 0.84— CH.), 238
378°(m,  0.95 1.65-1.80 (2 m, (C-4), 33.4
4H) 3-H,, 3-H,), 1.83-2.00 (C-3), 35.2
(m, 4-H), 2.65-2.85, (C-3)
2.95-3.10(2m, 3-H,,
3-Hp)
6ba 3430, 5.46 (dd, 421 290- 2.90- 3.55-3.90° 0.47,0.89(2d, 75.6 723 554 614 540, 21.0,24.0
(=16ab) 1680 2J;;,%);,= (brs) 3.10° 310° (M, 8H) 3,4 cuy 45= 6.4, 69, 547 (C-5,
45,9.1) m (m) 5-H,, 4-CH.), 1.00— 4-CH.),24.2
1.20, 1.70-1.90° (2 m, (C-4), 325
3-H,, 3-H,), 1.70-1.90° (C-3), 36.7
(m, OH), 1.90-2.05 (m, (C-3)
C-4), 2.60-2.73, 2.90—
3.10° (2 m, 3-H,, 3-
Hy)
6ad 3430, 5.62(dd, 435 3.40- 2.64 3.40-3.85° 0.96,0.97(2d, 333,3.(:H3 748 701 64.7 587 540, 203,223
1680 33, =638, (dd, 3.85° (dd, (m,8H) =3034=6.4, 4-H;, 3- 55.6 (C-4,
3,,=35) Vpp=(m) 3= CH,), 1.84-1.92 (m, 3- 3-CHy),
7.4) 3.3 H), 2.94 (dd, 25, = 28.4(C-3),
14.4,%3,5,= 3.4, 3-Hy), 33.2(C-3)
3.22(dd,%3,5,= 9.9, 3-
Hy)
6da 3430, 541(brs) 434 264 3.12- 345,372 1.09,1.13(2d, 3\]3,3,CH3 75.0 715 644 615 544, 212,215
(=16ad) 1680 (brs) (brs) 324 (2d,205,= =35,=6.7, 4-Hy, 3- 56.0 (C-4,
(m) 13.8),3.58, CHj),1.98-2.16 (m, 3- 3-CH,),28.2
3.88(2d, H),2.94(dd, 2z,3,= (C-3),322
2)gn=143) 14.1, %, 5,= 3.6, 3- (C-3)
H,), 3.07 (dd,3J; 3,=
9.5, 3-Hy)
6cct - 593 (brs) - - - - - - - - - - -
8cc 3450, 5.90(brs) 450- 3.95 335 294,395 6.49(brs, OH) 75.1 744 63.4* 65.6* 54.7, —
1680 465 420" (d, 4.20°(dand 55.4
m (M =m0, =
86) 13.6), 3.00,
3.80(2d,
235, = 13.4)
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Table4 (continued)

Product IR(KB/ IH NMR (300 MHz, CDCl,), 8, J (H2) 13C NMR (75 MHz, CDCl,), &
Ulm) 1-H I'"H 2-H 2-H N-CH,Ph Cl C1I C2 C-2 N-CH,
(em ) P
6ac 3400, 5.49(d,%J,, 455 350~ 3.84/ 318,394 284 (bd, 2Jy5=145 740 70.8 59.7 655 540, 33.1(C-3)
1680 =7.9) (d, 368 387 (2d,%g,= 3-H,),3.13(dd, %,5= 55.1
p,=(m) () 139),342, 126,3H,)
7.2) 3.77 (24,
23, =13.8)
7aa 3380, 5.66(brs) 4.91 330- 280- 3.35 3.70- 2.80-3.26(m, 3-H,, 72.7* 73.3* 60.5" 61.6" 53.8, 34.2,35.2
1680 (brs) 342 326" 3.82°(dand 3-H, 2-H), 3.30-3.42 539 (C-3,C-3)
m (m mg= (M2H)
13.6), 3.45,
3.70-3.82°
(dand m,
23, = 14.5)
7bb 3430, 543 (brs) 332 275 275 341,397- 046,084 (2d, 3J4y5= 73.7 73.7 56.7%* 59.0r 544, 212, 223,
1680 (d, 295" 295" 418(d+m, 3J,5=64,5H,,5- 544 24.4(C-5,
33,,=(M) (M) g, =14.1), Hy), 1.03(d, 6H, C-5, 4-CHj,
8.1) 369,389 %, cugaschs =64, 4-CH,),
(2d, 4-CHa, 4'-CH,), 1.30— 245, 25.6
2J,,=14.6) 1.80 (m, 3-H,, (C-4, C-4),
3-H,), 1.80-2.10 (m, 38.3,38.4
4-H, 4-H), 452 (br s, (C-3,C-3)
OH)
8bb 3430, 5.08 (dd, 450~ 3.06- 271 3.41,3.97- 0.70,0.87(2d, 3\]4,5,4,,5, 738 712 56.1 572 553, 216,218,
1680  3J,,%) .= 470 319 (brd, 418(dand =6.7,5Hs 5-Hy), 555 24.3,24.4
33,76) (M) (M) %J,5=m, 25, =  0.86,091(2d, (C-5, C-5,
112) 14.1),369, 34 chzuschy= 64, 4-CH,, 4-
3.89(2 d, 25, 4-CHa, 4-CHs), 1.05— CH,), 24.1,
= 14.6) 1.15 (m, 3-H,), 1.20— 24.2 (C-4,
1.60° (m, 3-H,), 1.63— C-4),31.6
1.79 (m, 4-H), 1.71 (C-3),346
(ddd, 2y 5 = 14.3, (C-3)
gy e =31,
3-H,), 1.90-2.05
(m, 4-H)
gbal - 515528 445~ — - - - - - - - - -
(m) 4.65
(m)
23aa° 1680 6.01 (brs) 3.26 3.65,387 2.66(brd,Js5,=145, 718 58.0 52.3 33.2(C-3)
(br d, (2d, 23, = 3-H,), 3.02(dd, 3-H,)
o3 = 14.3)
12.0)
28aa 1710, 6.05(brs) - 357— 370- 343,392 274(dd, ¥y,4=14.1, 755 2069657 585 53.8, 338, 34.0
1680 368 388 (2d,20g,= 3J,5,=33,3H,), 277 53.8 (C-3,C-3)

(m) (M) 14.3),3.70- (dd,2)s,5,=15.0,%3; 5,
388 (m)  =8.4,3-H,),3.00-3.09
(m, 3-Hy), 3.19 (dd,
33, 3 = 6.9, 3-Hy)

28bb 1710, 6.05(d,%J;, - 318 347 350,376 047,048(2d,%,5 45 757 2084550 637 541, 20.9,233,
1680 =1.4) 329 (dd, (2d,%g,= =6.4,5Hs, 5-Ha), 54.6 24.2 (C-5,
(M) 3, 14.3),3.70- 0.86,0.93(2d, C-5,4-CH,,
3y =382 (M) 3,4 cHaucry = 6.7, 4 4-CH,),
5.3, CHa, 4-CH.), 0.79— 23.9,24.3
9.8) 1.11 (m, 3-H,, (C-4, C-4),
3-H,), 1.35-2.12 (m, 36.6,37.5
3-H,, 3-Hy, 4-H, 4'-H) (C-3,C-3)
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Table4 (continued)
Product IR(KBr/ IH NMR (300 MHz, CDCly), 8, J (Hz) B3C NMR (75 MHz, CDCl,), &
Ulm) 1-H 1I"H 2-H 2-H N-CH,Ph C1 C1 C2 C-2 N-CH,
(cm) P
28ab 1710, 6.08(d, - 345- 345 354,399 0.50(d,3J,5 =64, 75.6 2079586 634 539, 211,231
1680  3J;,=1.4) 363" 3.63° (2d,25,= 5-Hs), 0.85(d, 544 (C-5,4-
(m (m) 14.6),3.70- 3Jgy.cu, =67, CH,), 24.4
3.85°(m)  4-CHjp), 1.40-1.95" (C-4),34.0
(m, 3-H,, 4'-H), 2.83 (C-3),37.2
(d, 23555, = 13.2, 3-H,), (C-3)
3.06, 3.15 (d,
3-Hy)
28ba’ - 6.05(brs) - - - - - - - - - - -
10aa® 3540, 4.05(d, 2.90— 353,366 2.03(brs OH),290- 721 61.5 54.6 33.0(C-3)
3440 %),,=5.7) 3.120 (2d,%Jg,= 3.12°(m, 3-H,)
(m) 13.8)
1laa 3420  4.07 (dd, 2.85- 2.85- 285~ 3.38,3.79 218(brs OH),2.85~ 70.1 747 642 59.2 54.8, 282(C-3),
33, = 324> 324b 324 (2d, 2, = 3.24°(m, 3-H,, 3-H,), 55.7 32.6(C-3)
3,,=85) (m) (m) (m) 13.0),352, 5.78(brs, OH)
4.31 (d and
brs, 21, =
13.6)
10ab 3550, 4.01 (dd, 392 298 272 354,372 0.76(d,3),;5=6.7, 72.0* 72.1* 62.0 574 54.6, 23.0,23.1
3440 %), =19, (dd, 313" (ddd, (2d,2s,= 5-H3), 0.88(d, 54.6 (4-CHj,
8,,=48) p,=(m) 31,3,=138),358, 3Jpy.cn, =67, C-5), 255
6.7) 3),3,=3.65(2d,  4-CH3), 1.37 (ddd, (C-4),32.8
6.4) 2Jg,=13.6) Ayu3p,=13.8,%05,,= (C-3),36.4
6.7, 3-H,), 1.58 (ddd, (C-3)
3334 =6.7,3-H;), 1.79
(ddqq, 4'-H), 2.18 (br s,
2 H, OH), 2.98-3.13"
(m, 3-Hy)
1lab 3380 3.99(dd, 288 3.09- 2.68- 3.39,4.15 0.77(d,*J,5 =57, 70.6 752 641 547 54.8, 219,244
(=12ba) 3, = 3.08" 3.24* 280 (dandbrs, 5-Hs),0.98(d, 556 (4-CH,,
3,,=80) (M) (m) (M) g, =131), 3Vpycu, =60, C-5),24.8
343,377 4-CHj), 1.35-1.55 (m, (C-4), 305
(2d,%Jg,= 3-H, 4-H), 1.88 (dd, (C-3),32.7
12.9) 233030 = 9.9, 33, 3y OF (C-3)
%J3pge = 9.9, 3-Hy),
2.88-3.08° (m, 3-H,),
3.09-3.24° (m, 3-H,)
10ac 3550, 4.49(d, 456 3.13- 3.76 3.00,3.75 227,255(2brs,OH), 71.0 704 615 640 546, —
3400 3,,=72) (d, 325 (d) (2d,%g,= 3.02-3.12(m,3-H,), 54.7
335 =(m) 13.8),3.58, 3.13-3.25° (m, 3-H,)
10.0) 3.72(2d,
235, =13.8)
10ad 3550, 4.20(d, 420 3.00- 254 343,355 1.06 (d,3Jsvy4~:7.2, 71.4* 69.8* 61.8" 61.0" 54.6, 19.3,24.2
3430 3,,=81) (d, 322 (dd, (2d,%g,= 4-H,), 1.08(d, 54.7 (3-CH,,
3p,=(M)  3p5=134),346, ggcn, =77, C-4Y,24.9
9.6) 1.9) 366(2d, 3-CH,), 3.00-3.22 (C-3),33.2
235,=13.8) (m, 3-H,) (C-3)
10bbe 3550, 3.91(d, 2.72 3.69,3.71 0.76 (d, 3\]45:6.4, 71.6 57.9 546 229231
3430  3,,=509) (ddd, (2d,2Jg,=  5-Hy),0.89(d, *Jss chy (4-CHs,
RS 13.6) =6.7,4-CH,), 1.40 C-5), 25.3
3,5 = (ddd, 23, 5, = 13.6, (C-4), 36.0
6.2) 3)3,4 = 6.5, 3-H,), 1.61 (C-3)
(ddd, 34, 4= 6.5, 3-Hy),
1.79 (ddqg, 4-H), 2.49
(br s, OH)
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Table4 (continued)
Product IR(KBr/ IH NMR (300 MHz, CDCl,), 3, J (Hz) 13C NMR (75 MHz, CDCl,), &
Ulm) 1-H I"H 2-H 2-H N-CH,Ph C-l1 C1 C2 C-2 N-CH,
(cm) P
11bb 3550, 3.94(dd, 313 270- 2.70- 3.39,4.22 0.79,1.00(2d, 3\]4‘5: 713 755 59.8 54.6 544, 221,232,
(=12bb) 3400 3Jp,.= (dd, 2.80° 2.80° (dandbrs, 3J,5=6.2,5-Hz5-Hy), 55.6 23.3,24.4
),=82) 3Jp,=(m) (m) 2Jg,=134), 0.83,0.88(2d,%J,,ch, (C-5, C-5,
3.8) 349,375 =3%J.cn, =654 4-CH, 4
(2d,2Jg,= CHg, 4-CHs), 1.35— CH,), 25.1,
13.6) 1.65 (m, 3-H,, 3-H,), 26.0 (C-4,
1.80-1.95 (m, 4-H, 4- C-4Y), 30.6
H) (C-3), 36.8
(C-3
1lba 3550, 4.02(dd, 2.88- 2.57- 2.88- 3.39,4.32 0.75-0.85(m, 5-H,, 713 751 59.2 60.2 543, 22.9,23.6
3410 3),.= 327" 268 327° (dandbrs, 4-CH,),1.35-1.58(m, 55.8 (4-CHj,
3,,=84) (M) (M) (m) Zp,=131), 3-H,), 1.70-1.80 (m, C-5)26.3
352,377 4-H),2.08,6.04(2brs, (C-4),28.2
(2d,2J,= OH), 2.88-3.27° (m, (C-3),36.8
13.4) 3-H,) (C-3)
10cc® 3550, 5.03(d, - 383 - 2.96,3.82 4.12(brs, OH) 69.2 64.1 544 -
3400 3,,=98) (d) (2d, 25, =
13.8)
12cc 3550, 4.02(dd, 429 382 372 294,409 - 70.3* 74.7* 63.2" 66.7" 54.7, —
3400 %,,=70, (dd, (d) (d) (2d, 2, = 54.9
3),,=39) 3,= 13.4), 3.09,
8.0) 3.80 (24,
23y, = 13.6)
33aa® 1790 4.27 (brs) 2.87- 343,363 279 (dd, s =129, 80.7 61.7 54.7 31.0(C-3),
3.10° (2d,20g,=  ¥,3,=6.2,3-H,), 2.87- 154.5 (C=0)
(m) 14.2) 3.10° (m, 3-Hy)
33ab 1795  4.52 (dd, 426 306 253 310,368 061(d%J,5=64,5- 807 782 618 579 545 215, 237
33,,=72, (dd, (ddd, (ddd, (2d,%Jg,= Ha),0.90(ddd,ysz,= 54.7 (4-CH,,
33,,=12)  30y,=33,5,=%,5,=14.0),3.68, 13.93J;,,=98, 3- C-5)24.2
17) 67, 33, 380(2d, Hp),091(d ppchs= (C-4),30.9
33,90 =305 3y =20, = 14.3) 6.7, 4-CHj), 1.67 (ddd, (C-3),34.0
6.4) 9.8) 3354 = 3.7, 3-Hy), (C-3),154.7
1.75-1.95 (m, 4-H), (C=0)
2.89 (dd, 233,49, = 13.4,
3-H,), 3.15 (dd, 3-H,)
33ad 1790 4.73(d, 414 3.08- 238 314,360 074(d,3);3,=6.7, 824 782 649 627 547, 204,220
33,,=70) (dd, 3.21° (dd, (2d,2Js,= 4-H;), 0.98(d, 55.1 (3-CHa, 4
3p=(m)  %Jy5=141),376 2Jyg.cn,=6.7, H,), 26.6
3.3 6.9) (brs 3-CH,), 1.96 (dqg, (C-3),30.7
3-H), 2.94 (dd, 23, 3 = (C-3),154.8
15.5,3J,5,= 9.3, 3-H,), (C=0)
3.08-3.21° (m, 3-H,)
33bbe 1800 4.53 (brs) 2.68 340,390 0.68(d,%),5=64,5 78.2 57.9 545 216,238
(dd, (2d,2Jg,=  Hy),0.98(d, 3yscny = (4-CH3,
33,50 = 14.2) 6.7, 4-CH,), 0.99 (ddd, C-5), 24.2
3.0, 203030 = 14.3,30504 = (C-4), 34.0
33,9, = 10.0, 3-H,), 1.81 (ddd, (C-3), 154.8
10.2) 33354 = 3.6, 3-Hy), 2.00 (C=0)
(ddog, 4-H)
Z-26° 15909 5.87 (dd, 3.57 328,371 271(dd, Vg3 =14.1, 1316 57.2 53.6 39.8(C-3)
33,,=93, (dddd, (2d,23g,= 3-Hp), 2.97 (dd, 3-Hy)
4, =24) 3y = 14.3)
5.7,
Do =
9.3)
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Table4 (continued)

Product IR(KBr/

H NMR (300 MHz, CDCly), 8, J (Hz2)

13C NMR (75 MHz, CDCly), &

film)

N 1-H I'"H 2-H 2-H N-CH,Ph C1l C1I C2 C-2 N-CH,
(cm™ Ph
E-26° -9 5.40(dd, 3], , 3.34- 342,382 2.68(dd, )55 =139, 1309 61.6 53.8 38.7(C-3)
=50,4,, = 3.48 (2d,%0g,=  33,5,=7.6,3-H,), 2.96
2.4) (m) 13.8) (dd,3J,4,= 6.8, 3-Hy)
18 3300~ 5.23(dd, 345- 298 2.73- 345-390° 1.01(d,%),;=74,3- 721* 719" 612 544 550, 85 (C-4),

3510, 3J;,,%,,= 390° 310 298 (m)
1680 48,790 (m) (m)* (m)*

Hy), 1.18 (t, 335, = 7.2, 540 12.9(C-3),
4-Hy), 1.40-1.60 (m,

19.9 (C-3)

3-H,), 1.60-1.80 (m, 3-

19 3250- 3.40(dd, 325 277 298 328,382

115 (t, 305, = 7.4,

745 744* 50.8 649 541, 7.9(C-4),

3550 3J,,=87, (dd, (ddd, (dg, (24,2, = 4-Hs), 1.16 (d, 3-Hy), 545 14.4(C-3),

,,=9.3) 2y, =3,,,=31,,= 129), 341,

1.53 (br s, OH), 1.63—
1.85 (m, 3-H,)

2.60- 356 3.13,3.72- 0.75-0.90 (m, 3-Hs,,

18.4 (C-3)

775 2089582 564 540, 122128

3.84° (dand 4-H,), 1.20-1.34 (m, 541 (C-4,C-3),
3-H,), 1.70-1.75 (m,

20.2 (C-3)

93) 3J,4=6.7) 3.80(2d,
4.5) 23y, = 12.9)
29 1700, 5.88(brs) -
1680 270 (q,
(m)  3Jz=m, g, =
6.7) 13.8),3.72— 3-H,)
3.84° (m,
4 H)
30 3340- 5.01(dd,(dd,3.50- 3.02 255 3.18,3.71

1680 3J,,=56) (m)

1.00/1.01 (t,%;,=7.3, 719, 700, 624 552, 530, 7.6(C-4),
3520, 2J,,=122, 377 (ddd, (dg, (2d,%g,= 4-Hj),1.08,1.10(d,
33,,= 3J;,=132),350- 3-Hy), 1.60-1.85 (m,

72.1* 70.2* 554 545 12.6(C-3),
20.8 (C-3)

97, 3,5 =3.77°(m, 4H)3-H,), 4.15 (br s, OH)

56) 6.6)

31 3300~ 3.38(d,%,, 357 262 287 331,378
3520 =7.1) (d,

97) 3),,=66) 3.68(2d,2,
7.1) = 13.4)

101 (t, 335, = 7.1,
(ddd, (dg, (2d,%g,= 4-Ha), 1.03(d, 3-Hy), 546 13.3(C-3),
30y, = 30p5,= 30y 5= 129),362, 1.62-1.75 (m, 3-H,)

70.6* 69.7* 54.6 62.3 534, 8.2(C-4),

19.7 (C-3)

aNMR data of the Cby group and the aromatic rings are omitted. * or * NMR data, signed by these symbols, are interchangeable.

b As part of amultiplett.
¢ Data from a mixture of 6¢cc and 2c.
d Data from amixture of 8ba and 8b.

€ Compound is C,-symmetrical. The 'H and *C NMR data are only given for one half of the molecule.

fData from mixture of 28ba and 2b.

9 Z-26 could be obtained diastereomerically pure from a diastereomeric mixture of E-26 and Z-26 by recrystallization.

refluxed for 12 h. After the addition of solid K,CO; (1.11g,
8.00 mmol) the suspension was refluxed for 4 h. Theinorganic salts
were removed by filtration over silica gel (1 g) and washed with
MeOH (30 mL). The solvent was evaporated in vacuo and the resi-
due was purified by flash chromatography (Et,O/pentane, 1:4 to
1:8) to give the pure diol.

Method C: Monocarbamate 6ac (120 mg, 0.15 mmol) or dicarbam-
ate 23aa (78 mg, 0.08 mmoal), 1,3-propanedithiol (59 pL, 64 mg,
0.60 mmol), and MeSO;H (48 pL, 72 mg, 0.75 mmol) were dis-
solved in CH,CI, (3 mL) and the solution was stirred for 24 h at r.t.
After addition of solid K,CO; (207 mg, 1.50 mmol) stirring was
continued for 30 min and subsequently the inorganic salts were fil-
tered off and washed with CH,Cl, (10 mL). The solvent was re-
moved in vacuo and the residue was dissolved in MeOH (10 mL).
Solid K,CO; (207 mg, 1.50 mmol) was added and the suspension
was refluxed for 24 h. The solid materials were filtered off and
washed with CH,Cl, (10 mL). The filtrate was dried (MgSO,) and

concentrated in vacuo. Purification of the crude product by flash
chromatography (Et,O/pentane, 1:6 to 1:8) yielded the diol 10ac
(71 mg, 73%) or 10aa (36 mg, 68%).

For yields and physical data of diols 10, 11, 12, 19, and 31 see Ta
bles 3 and 4.

Cyclic Carbonates 33aa, 33ab, 33ad, and 33bb; General
Procedure®

A suspension of diol 10 (0.40 mmoal) in excess dimethyl or diethyl
carbonate (10 mL) and K,CO; (280 mg, 2.00 mmol) was heated at
80 °C, until the substrate could not longer be detected by TLC (ap-
prox. 2-3 d). The solids were filtered off and washed with Et,O (30
mL). Thefiltrate was concentrated in vacuo and the residue was pu-
rified by flash chromatography (Et,O/pentane, 1:6 to 1:10) to give
the cyclic carbonate 33 as pure compound. For 'H, 3C NMR, and
IR data of 33aa, 33ab, 33ad, and 33bb, see Table 4.
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[4S,45(19),55,55(19)]-4,5-Big[ 1-(N,N-dibenzylamino)-2-phe-
nylethyl]-1,3-dioxolan-2-one (33aa)

Yield: 193 mg (72%); colorless crystals, mp 199-201°C (Et,O/pen-
tane); R; 0.52 (Et,O/pentane, 1:2); [a]p —32.2 (c = 1, CH,CI,).

Anal. Calcd. for C,;HgN,O; (686.9): C, 82.18; H, 6.75; Found C,
82.29; H, 8.78.

[4S,45(19),55,55(19)]-5-[1-(N,N-dibenzylamino)-3-methylbu-
tyl]-4-[1-(N,N-dibenzylamino)-2-phenylethyl]-1,3-dioxolan-2-
one (33ab)

Yield: 225 mg (88%); colorless solid; mp 138-140°C (Et,O/pen-
tane); R; 0.57 (Et,O/pentane, 1:2); [a]p —66.0 (c = 0.5, CH,Cl,).

Anal. Cacd. for C,,H,gN,O; (652.9): C, 80.95; H, 7.41; Found C,
80.98; H, 7.61.

[4S,45(19),5S,55(19)]-5-[1-(N,N-dibenzylamino)-2-methylpr o-
pyl]-4-[1-(N,N-dibenzylamino)-2-phenylethyl]-1,3-dioxolan-2-
one (33ad)

Yield: 209 mg (83%); colorless solid; mp 53-55°C (Et,O/pentane);
R; 0.55 (Et,O/pentane, 1:2); [a]p —50.0 (c = 1, CH,CL,).

Anal. Calcd. for C,5H,6N,0;5 (638.8): C, 80.48; H, 7.40; Found C,
80.63; H, 7.36.

[4S,45(19),55,55(19)]-4,5-Big 1-(N,N-dibenzylamino)-3-me-
thylbutyl]-1,3-dioxolan-2-one (33bb)

Yield: 176 mg (71%); colorless solid; mp 147-150°C (Et,O/pen-
tane); R; 0.77 (Et,O/pentane, 1:2); [a]p —112.3 (c = 1, CH,CI,).

Anal. Calcd. for CyHsN,O; (618.9): C, 79.57; H, 8.14; Found C,
79.57; H, 8.34.

Debenzylation®” of Diol 10aa and Subsequent Conversion tothe
Bis-N-Boc-Protected Derivative 37; (2S,35,4S,55)-2,5-
Bis{[(tert-butyloxy]car bonyl)amino}-3,4-dihydr oxy-1,6-
diphenylhexane

A suspension of diol 10aa (182 mg, 0.27 mmol) and palladium (180
mg, 60 mol%, 10% on charcoa) in MeOH/HCO,H (20 mL, 95:5)
was stirred under a H, atmosphere for 48 h at r.t. The solids were
filtered over Celite (500 mg) and washed with MeOH (10 mL). The
solvents were removed in vacuo and the residue was dissolved in
MeOH (10 mL) without any further purification. After addition of
di-tert-butyl dicarbonate (219 mg, 1.00 mmol) and Et;N (0.17 mL,
121 mg, 1.20 mmol) the solution was stirred for 4 d at r.t. The sol-
vent was evaporated in vacuo and the residue was purified by flash
chromatography (Et,O/pentane, 1:8-1:3) to give 37 (110 mg,
81%, two steps) as acolorless solid. The *H NMR data were identi-
ca to those from the literature;® [a], —6.0 (¢ =1, CHCI;); mp
211°C (Et,O/pentane) (Lit.2 mp 172-173°C).

Debenzylation of Diol 11aa and Conversion to the Bis-N-Boc-
Protected Derivative 38 in a One-Pot Synthesis;®
(2S,35,4R,55)-2,5-Bis{[ (tert-butyloxy] car bonyl)amino}-3,4-di-
hydroxy-1,6-diphenylhexane

A suspension of diol 11aa (80 mg, 0.12 mmoal), di-tert-butyl dicar-
bonate (33 mg, 0.33 mmoal), and Pd(OH), (32 mg, 20% on charcoal,
50% neat) in EtOAc (3 mL) was stirred under a H, atmosphere for
24 h at r.t. The solid materials were filtered off and washed with
EtOAc (10 mL). The filtrate was concentrated in vacuo and the
crude product was purified by flash chromatography (Et,O/pentane,
1:6) to afford 38 (54 mg, 92%) as a colorless solid. The IH NMR
data are identical to those from the literature;?® [a]p -53.2 (=1,
CHCl,); mp 171°C (Et,Ofpentane).
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