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Abstract: Enantioenriched 1-oxy-2-benzyl-substituted indolizidines Compoundrac-4 was treated witlsecbutyllithium in the presence of
with functionalized side chains were easily prepared from racemic 2-)-sparteine in diethyl ether at78 °C,the reaction mixture was stirred

(carbamoyloxy)methyN-cinnamylpiperidine by  +)-sparteine- at this temperature for 8 to 32 h, and methanol was subsequently added.

mediated one-step kinetic resolution and intramolecular carbolithiationIn order to improve the efficiency of the kinetic resolution, different
reaction conditions were checked (Scheme 3, Table 1).

Hydroxylated indolizidine alkaloids such as lentiginosine, NR;

castanospermine, swainsonine, and related compbuieisonstrate a i ‘matched" Ho o H B PGy Ph
high pharmacological potential as specific inhibitors of glycosidase and C‘AObe A SN
glycoprotein processifgas well as anticancer, antiviral, antiretroviral, N Ph H M
and immunoregulatory agentsThus, the development of methods for (R4 57

the synthesis of enantioenriched hydroxylated indolizidines has +

become important for the discovery of new pharmacologically H H H OCby
interesting heterocyclic compounds and attracted great attention durin ; OCby . 5-exg: sg 3 ph
the last decad®.Among a great diversity of synthetic methods, N__~x_Ph e ph 119 7 ¥
intramolecular cyclocarbometallatiomeactions have been applied for (Sr4 "mismatched" H 68

the construction of five- and six-membered nitrogen heteroc§cles, 56' M=Li
including one example utilizing an enantioenriched lithiated carbanion. @ = Li-)-sparteine (3) b[,. 78:M=H

We wish to report herein a short but efficient stereoselective approach t Scheme 3. a) (—)-sparteine (3), s-BuLi, EtO, — 78 °C, 8 — 32 h. b)
hydroxylated  indolizidines via the -)-sparteine-mediated MeOH,-78°C —r.t.

enantioselective deprotonatiBnAs we previously reported, the

enantioselective  deprotonation and intramolecular exé&-rig

cyclocarbolithiation of 6-phenyl-5-hexenyl carbamatessirned out to Table 1. Conditions for the Kkinetic resolution and resulting

selectivities

be a useful tool.for' generating enantiomerically pure 2-substituted Entry Equiv. Equiv. Time dr. Yield Ee Yieldd

cyclopentanol derivative® (Scheme 15. No. (-)-spart.(3) s-BuLi [h] (78 7[%] 7® [%]
HiG CHs [%}
MRS )CJ)\N/k 1. -)-sparteine (3) ! - 100 20 96:49 30 - -

1/\)\/\ Bt ELO, 2 1.00 091 8 91:9 54 67 23
Bh /J\/O “—78Ccaan > X H 3 1.00 097 22 92:8 42 91 25
2. ElX Ph—F  OCby 4 1.00 091 32 92:8 45 89 22

— El 5 0.80 075 22 98:24 34 95 460

Cby >95 % ee, > 98 de
1 2 [a] Determined by gas chromatography. [b] DeterminedHyNMR

shift experiments with the acetates. [c] Racemates. [d] Optical rotation
of 7: [a]?% = + 3.9 € = 1.09, CHCL,). [e] The ee of 63 % was
determined by'H NMR after decarbamoylation and formation of the
In order to transfer this method to the synthesis of bicyclic heterocyclesjosher ester with~)-(S)-a-methoxya-(trifluoromethyl)-phenylacetic

we supposed that indolizidines can be synthesized by stereoselectizgid. [f] Optical rotation of recoveredt [q]20D = - 232 ¢ = 1.13,
intramolecular  carbolithiation. The diastereoselectivity of the CH,CI,).

deprotonation and substitution @falkyl and3-amino-substituted alky!
carbamates as well as the)-6parteine-mediated kinetic resolution of
these compounds have been investigated extensively in our §roup.
Therefore, the<)-sparteine mediated deprotonation even of racemic 2-
(carbamoyloxy)methyN-cinnamyl-piperidinerac-4 seemed to be an
elegant method to obtain enantioenriched indolizidines via kineti
resolution and subsequent diastereoselective anionexo%rig
cyclization by a one-step procedure. The precuraoid was easily
prepared by a two-step sequence (Scheme 2).

Scheme 1

The 5exo-trigcyclization reaction led to theans-fused five-membered
heterocycles? and 8 with excellent diastereoselectivity. Thes-fused
heterocycles could not be detected in any case. The anion emerging
grom the matched pair as well as the anion derived from the mismatched
pair underwentransselective 5exo-trig cyclization! Therefore, the

two diastereomers resulted from incomplete differentiation within the
deprotonation step and not within the cyclization step.

As Table 1 shows, the use of 0.80 eq.fqparteine ), 0.75 eq. o6

i oH 4 l oH . bl ocby BuLi .a.nd. areaction time of 22 h (Entry 5) rgsulted ina yiglq of 34 % of
CL:\ —Z Ci/\ ph ™ CL/\ Ph indolizidine 7 (based orrac-4) with high diastereoselectivity7@ =
~ TN ~TR 98:2) and an enantiomeric excess of 98%aInder these conditions,
75 % rac4 94 % (9)-(-)-4 was recovered with 46 % yield and 63%
Scheme 2. a) 1.5 eq. K>CO;, toluene, reflux, 2 h, then 1.05 eq. These optimized conditions were used for trapping the intermediate
cinnamyl bromide, reflux, 20 h; b) 1.5 eq. NaH, THF, r.t., 1 h, then benzylic anion with different electrophiles. Thus, further

1.5 eq. ChyCl, reflux, 24 h functionalization of the side chain and the generation of one more
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stereogenic center via benzylic substitution was possible in the same
reaction step (Scheme %.

H
@ N o) —_—
a
4 5> ®- (/\an
H
X—El
5I(Ff)
©=Li3
H HOCby w H OCby
: Ph 5 Ph
8 NS & 13 Bl
H El H El
9 10
[1S8,2R.8aR,2(18)] [15,2R,8aR,2(1R)]

Scheme 4. a) 0.80 eq. (—)-sparteine, 0.75 eq. s-BuLi, Et;O, — 78 °C;
b) 22 h, 5-exo-trig-cyclization; c) El-X, - 78 °C — r.t.

The reactions with all tin and silicon electrophiles yielded mixturés of
and 10 in different ratios which could be separated easily by flash
chromatography (silica gel, petroleum ether/ethyl acetate/
triethylamine). With CQ, after converting the crude acid to the methyl
ester 9f with diazomethane, one single diastereomer with the
configuration [B2R,8aR,2(15)] could be detected. Table 2 shows the
results of benzylic substitution depending on the electrophile.

Table 2. Compounds 9 and 10 obtained by trapping the intermediate
benzyllithium

El-X Comp. dr. Yield Yield [a]? (o]
Nol  9:10 9+10[%] 4[%] (9)@1 ae®™
D-OAc 9a/10a 25:75 40 31 - -
BuzSn-Cl  9b/10b 11:89 33 64 -544 +56.1
MesSn-Cl 9¢/10c¢ 25:75 31 67 —424 +388
MesSi-Cl 9d/10d  45:55 29 61 -247 + 39 Figure 2. X-ray crystal structure of 9f
Me,PhSi-Cl  9e/10e 75:25 32 63 -30.6 +12.6
CO,Me 9f >95: 5 30 51 +346 -
[a] All compounds gave satisfactory elemental analyses (C = 0.40; H Table 3. '"H NMR data of the remaining proton at C1 of products 9
1 0.23; N £ 0.42) or correct high-resolution mass spectra. [b] Optical and 10
rotations measured in CH2Cl, (¢ =0.3 - 1.2) Compd. 9 10
No. | 8(H1)[ppm] T, [Hz] *Jyg, [Hz] | S(HD [ppm] Ty, [Hz) V4 [Hz)
) ] ] ) 9a/10a 4.7 4.79 7.88 47 4.79 7.88
The diastereome&and10 have the same relative configuration at C1, |gy1op 468 429 765 471 333 6.18
C2, and CB8a, and must differ in the side chain. The absolute| 9¢/10¢ 470 429 7.62 478 3.59 6.68
configuration of the minor diastereom8d'*1® (Figure 1) and the  |94/10d| 474 453 7.62 4.90 429 6.66
relative configuration of the racemic est@f'®>1 (Figure 2) were 9e/l0e | 4.65 429 7.62 4.81 4.05 6.42
determined by X-ray crystal structure analysis. The relative -t aE 224 7388 - - -

configuration of 9b/10b, 9d/10¢ and 9¢/10e was determined by
correlation offH NMR data of the remaining proton at C1 with the data

of 9d/10d (Table 3).
( ) in equilibrium with 5(R). Presumably, a dynamic kinetic

resolutiorf®184-20js operating in the substitution reaction with slower
The high diastereoselectivity found for the benzylic substitution ofelectrophiles, such as silicon and tin chlorides.
related carbocycldsis not operating in the indolizidine system.
Obviously, the interconversion of the epimeric ion p&i(R) and5 (S)
proceeds with a rate comparable to the rate of the substitution step,

The method described here allows a short but efficient approach to
tenantioenriched 1,2-disubstituted indolizidines establishing up to four
Isqt%reogenic centers under the action of the recoverable auxiiary (

Ialttetr dl:'lenrll%/ S|gn|f|cantlyth|n bOtT_ reafcttrl]ond pi‘hg}?’_? for' each sparteine. The key steps are a kinetic resolution and a stereospecific and,
electrophile. We assume, with exception ot the deuterclysm/ersion as well, diastereoselective anionic cyclization starting from readily

O_fl clo?ﬂguratlton mltht_e SUbStl'tult'(I_n step. Ir(;versmn lhas tt))eenlf(;und fofr ag\vailable racemic material. Moreover, further functionalization of the
silylations, stannylations, alkylations, and several carboxylations o side chain can be established by trapping with electrophiles. The

_ o o« . 9
hetero Sl_JbSt'tUted bgnzylllthlum compouﬁaé. Qnder the§e enantiomerent-5, ent-9 andent10 are accessible from the recovered
assumptions, the major product®a and 9f, formed in very rapid (9-(-)-4

deuterolysis or carboxylation, arise from the ion EaiR), which is
expected to be primarily formed in the intramolechanaddition. In
contrast, the major product®b-d emerge from the ion pai(S), being
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The determination of the relative configuration7ond 8 was
established byH NMR NOE experiments. We gratefully thank
Dr. Klaus Bergander for the measurements at the 600 MHz NMR
spectrometer.
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7 8

The enantiomeric eccess of the acetate was determined by 300
MHz 1H NMR shift experiment using 11 mol% (+)-Eu(hfdp
CDCls.

Typical procedure:

To a solution of racemic 2-(carbamoyloxy)methil-
cinnamylpiperidinerac-4, 193 mg, 0.50 mmol) ane)-sparteine

(3, 94 mg, 0.40 mmol) in diethyl ether (3 mL) a 1.3dc
butyllithium solution in hexanes (0.375 mmol) was added Z8

°C. The solution was stirred for 22 h at this temperature and
subsequently chlorotrimethylsilane (0.13 ml, 1.0 mmol) was
added. The reaction mixture was slowly warmed to rt (5 h), aqg.
K,COs solution (2mL) was added, the layers were separated and
the agueous layer was extracted three times with diethyl ether. The
combined organic layers were dried overL81@, and evaporated

in vacuo The purification of the remaining crude product by flash
chromatography (silica gel, petroleum ether/EtOAGNEL
10:0.5:0.15) yielded 36 mg @Dd (R; = 0.50) and 30 mg &fd (R
=0.36) p.r. (9d:10d) = 45:55, 29 %) as well as 118 mg (61 %) of
remaining4.

10d: Ry = 0.50 (PE/EtOAC/NEt10:0.5:0.15). §]°%; = + 3.9;
[a]?%g5 = + 51.4 ¢ = 0.28 in CHCL,). 'H NMR (300 MHz,
CDCly): & = 0.00 (s, 9HS(CH3)3); 1.46, 1.48 (s, 6H), 1.62 (s,
6H, Cby-CHy); 1.40 - 1.64 (m, 5H), 1.79 (m, 1H), 1.90 (m, 2H, H-
54/6/7/8/8a); 2.39 (dd, 1H), 35= 9.75 Hz2J3, 3= 8.82 Hz, H-
30); 2.43 (d, 1H33 (1) = 10.98 Hz, H-2(1)); 2.69 (m, 2H, H-2/
3,); 2.85 (m, 1H, H-p); 3.78 (s, 2H,Cby-CH,); 4.90 (dd, 1H,

3)) ga= 6.66 Hz,%J; 5 = 4.29 Hz, H-1); 7.07 — 7.28 (m, 5H, H-
aryl). 13C NMR (75 MHz, CDC}): 8= - 1.4 q Si(CHg)3); 24.1 t,
24.2 t (C-6/7); 25.5, 25.1 ¢, 25.7, 26.1@h{rCHy); 29.2 t (C-8);
41.3d (C-2(1)); 43.5 d (C-2); 52.9 t (C-5); 58.9 t (C-3); 59.7, 61.1
s (Cby-C(CHs),); 70.5 d (C-8a); 76.5, 76.2 €Eby-CH,); 82.4 d
(C-1); 96.0, 95.1 sQby-C(CHj),); 124.7 d, 128.0 d, 128.8 d,
143.9 s (C-aryl); 152.6, 151.6 BIG=0). IR (Film): v [cm™Y:
3060 - 2780 (s, C-H); 1685 (s, NC=O); 1450, 1365.
CoeH4oN,03Si (458.718): Calc.: C 68.08, H 9.23, N 6.11. Found:
C 68.36, H 9.46, N 6.539d: Ry = 0.36 (PE/EtOAc/NEt
10:0.5:0.15). Mp: 89 °Créhexane). di]%% = - 24.7, ]%%g5= -
109.4 € = 0.32 in CHCl,). 'H NMR (300 MHz, CDC}): & = -
0.05 (s, 9HSi(CHg)3); 1.15 - 1.90 (m, 19HChy-CHy/H-6/7/8/
8a); 2.03 (m, 1H, H-; 2.38 (d, 1H3% ¢ = 11.19 Hz, H-2(1));
2.65 (m, 2H, H-2/3; 3.01 (m, 2H, H-g5,); 3.72 (s, 2H, H-5";
4.74 (dd, 1H3), go= 7.62 Hz2J; 5 = 4.53 Hz, H-1); 7.02 - 7.07
(m, 3H), 7.15 - 7.22 (m, 2H, H-aryh3C NMR (75 MHz, CDC}):

8 =-1.1 q GBi(CHg)3); 24.0 t (C-7); 24.8 t (C-6); 25.4 q, 25.6,
25.9, 27.0 qCby-CHy); 28.7 t (C-8); 42.1 d (C-2(1)); 43.0 d (C-
2); 53.3 t (C-5); 58.8 t (C-3); 59.3, 60.3G@biC(CHs),); 69.0 d
(C-8a); 76.4, 76.1 1Qby-CH,); 82.9 d (C-1); 95.7 [94.4] Lpy
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C(CHy),); 124.7 d, 127.6 d, 128.9 d, 142.6 s (C-aryl); 151.6,16.
151.0 s KC=0). IR (KBr): v [cm™]: 3050 - 2780 (s, C-H); 1695

(s, NC=0); 1465, 1395, 1365, 1335,¢H,,N,04Si (458.718):

Calc.: C 68.08, H 9.23, N 6.11. Found: C 68.48, H 9.42, N 6.07.
X-ray crystal structure analysisaf: formula GgH4oN,03Si, M
=458.71, 0.30 x 0.10 x 0.10 ma= 8.146(1)b = 16.250(2)¢ =
10.581(1) AB = 104.28(1)°V = 1357.4(3) &, pege= 1.122 g

cml, p= 9.71 cmt, empirical absorption correction vig scan

data (0.97% C<0.999),Z = 2, monoclinic, space groig2; (No.

4), A= 154178 A, T = 223 K, w/20 scans, 6169 reflections
collected (, +k, 1), [(simB)/A] = 0.62 A%, 5562 independent and
4492 observed reflections? 2 o(1)], 296 refined paramete®,=
0.043,wR2 = 0.105, max. residual electron density 0.41 (-0.22) e
A3, Flack parameter 0.00(3), hydrogens calculated and refined agy
riding atoms.

Data sets were collected with an Enraf Nonius CAD4
diffractometer. Programs used: data reduction MolEN, structurg g
solution SHELXS-86, structure refinement SHELXL-93, graphics
SCHAKAL-92.

Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with the
number: 101328 at the Cambridge Crystallographic Data Centre
as supplementary publication. Copies of the data can be obtain
free of charge on application to The Director, CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK [fax: int. code +44(1223)336-
033, e-mail: deposit@ccdc.cam.ac.uk]. 20.
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From a 28 mg portion of the highly enantioenriched methyl ester
9f could be crystallized less than 2 mg of racemic material.
X-ray crystal structure analysis 8f. formula GsHzgN2,O5 M

= 444.56, 0.50 x 0.30 x 0.10 manF 9.120(1)b = 12.047(1)c =
12.252(1) A,a = 78.17(1),B = 80.14(1),y = 70.96(1)°, V =
1237.5(2) &, peac = 1.193 g crif, i = 6.69 cm', empirical
absorption correction vi@ scan data (0.958 C < 0.999),Z = 2,
triclinic, space grouplbar (No. 2)A = 1.54178 AT = 223 K,w/
20 scans, 5387 reflections collectech(+k, £l), [(sinB)/A] = 0.62
Al 5053 independent and 4144 observed reflection2[o(1)],
295 refined parameter® = 0.060,wR = 0.171, max. residual
electron density 0.59 (-0.36) e 3 hydrogens calculated and
refined as riding atoms.

For similar observations see: a) Faibish, N. C.; Park, Y. S.; Lee, S.;
Beak, PJ. Am. Chem. So¢997 119 11561. b) Thayumanavan,
S.; Basu, A., Beak, B. Am. Chem. So997, 119 8209.

a) Hoppe, D.; Carstens, A.; KramerAhgew. Cheml99Q 102,
1455; Angew. Chem. Int. Ed. Endl99Q 29, 1424. b) Derwing,
C.; Hoppe, D.;Synthesis1996 149. c¢) Hammerschmidt, F;
Hanninger, A.Chem. Ber1995 128 1069. d) Gallagher, D. J.;
Du, H.; Long, S. A.; Beak, B. Am. Chem. So&996 118 11391.

Little is known about the stereochemistry of the substitution in
carbon-substituted benzyllithium compounds; a different reaction
pattern cannot be strictly excluded.

Review: Caddick, S.; Jenkins, ®hem. Soc. Re%996 447.
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