Synthesis of an Ethynyl Carbamate and
Application for Enantioselective

Cyclocarbolithiation

Gabriele Gralla, Birgit Wibbeling,* and Dieter Hoppe*!

ORGANIC
LETTERS

2002
Vol. 4, No. 13
2193—2195

Organisch-Chemisches Institut, Wéitfehe Wilhelms-UniversitaMiinster,

Corrensstrasse 40, D-48149 Mster, Germany

dhoppe@uni-muenster.de

Received April 23, 2002

ABSTRACT
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trans-16a cis-16a
d.r.=50:50, e.r. = 97.5:2.5

The intramolecular trans-cyclocarbolithiation of the a-lithiated 4-substituted 5-hexynyl carbamate (1S,4RS)-14 employing lithiodestannylation
is presented. The 5-exo-dig cyclization products cis-/trans-16a were formed exclusively. The highly enantioenriched organotin precursor (S)-11
was synthesized via an asymmetric deprotonation of the corresponding alkyl carbamate 10 by the chiral complex sec-butyllithium/(-)-sparteine

and subsequent substitution with tributyltin chloride.

Enantioenriched 2-alkylidene-cyclopentanols have been pre-intramolecular carbolithiation reaction of the racemic lithium

pared by asymmetric deprotonattaf 5-alkynyl carbamates
and subsequent &xo-digring closuré of the intermediate
chiral lithium compound:* Funk et al. reported on the

tFax: (+49)251/8336531.

* To whom correspondence regarding X-ray analysis should be addressed.
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compound derived from the 6-ethoxy-5-hexynyl sulfdhe
(Scheme 15.Here the cyclization proceeds with only low

Scheme %
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| | a SO,Ph
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1 rac-2 75:25 rac-3

aReagents: (a) BuLi, HMPA, THF-78 °C to rt, 53%.

regioselectivity to the racemiexo-/endo-adductd and 3.

We expected that by application a@f-carbamoyloxy-5-
hexynyl higher regioselectivities in favor of the five-
membered ring should be achieved (as a result of the
complexation of the lithium cation by the carbamoyloxy
group). Further synthetic options are possible by substitution
via the intermediate lithiovinyl carbamdtén addition, we
expected that the carbon chain of precurs&,&9-14 can



be easily constructed via the substitution of the highly acidic || || }Q|

proton in an ethynyl carbamate.
3-Alkene-1-ynyl carbamatéshave been reported, but

ethynyl carbamates are still unknown. The ethynyl carbamate

7 was synthesized via the corresponding lithium acetylide
by treatment of 2,2,2-tribromoethyl carbamatevith 4.5
equiv of lithiumN,N-diisopropylamide (LDA) at-78 °C in
THF, presumably involving two elimination steps and one
reductive lithiation (Scheme 2)interestingly, under similar

Scheme 2
a b
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aReagents: (a) 4.5 equiv of LDA, THF78 °C. (b) MeOH,
72%. () (i) 3.5 equiv of LDA, THF,—~78 °C; (i) MeOH, 13%
(8), 70% (9) or (i) 3.1 equiv of LDA, ED, —78 °C; (ii) MeOH,
90% (8), 0% 9).

conditions the transformation of the analogous 2,2,2-tri-
chloroethyl carbamatB in THF furnished the dien8 as a
single isomer of unknown configuration in 70% vyield,

whereas when diethyl ether was used as the solvent, the 2,2-

dichlorovinyl carbamafé® 8 was isolated in 90% yield.

The aldehydeS)-12 (=95% ee) was synthesized from 1,4-
butanediol via )-sparteine-mediated lithiatibrand sub-
sequent substitution by tributyltin chloridé The addition
of the aldehyde (S)-12nto the lithium acetylidés in the
presence of LiCl in THF furnished the desired alcohols
(1S,4RS)-13with a ratio of 50:50 in 92% vyield. The
protection of (1S,4RS)-18ith TBSOTT( led to the optically
active key intermediate 8,4RS)-14n good yield (Scheme
3).
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Scheme 3

och
TBse ~~OCh = TBSOTTY
10 (S)-11 SnBu3

J\/\‘/OCb <. /\/Y

SnBu3 SnBu3
(1S,4RS)-13

oTBS

= = ochb +
/\/\( F
CbOo SnBu;  CbO SnBug
(15,45)14 (1S,4R)-14

d.r.=50:50,er.=97525

oTBS
OCbh

aReagents: (a) (i-BuLi, (—)-sparteine,~78 °C, EO; (ii)
BusSnCl, 88%. (b) TBAF, B0, 100%. (c) (COCP, DMSO, EgN,
CH,Cl,, —78°C, 95%. (d)7, LDA, LiCl then (S)-12,—78 to —20
°C, 92%. (e) TBSOTf, 2,6-lutidine, Ci&l,, 0 °C, 86%.

The lithiodestannylatiof*?of (1S,4RS)-14vith 1.5—2.5
equiv of n-butyllithium in diethyl ether or THF at-78 °C
for 4 h resulting in an asymmetric 5-exo-dimg closure
provided the cyclization productss-16a—c andtrans-16a—c
in a ratio of 50:50 after substitution with different electro-
philes (Scheme 4). All productsis-/trans-16a—cwere

Scheme 4
+ ¥
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1880, (NP, ,
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(1S,4RS)-14 — (ﬁ —_—
~ \O
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NiPry
TBSO”SB‘OCb — TBSO ‘SE‘OCb + TBSO'SE‘
trans-16a—c cis-16a—c

d.r. =50:50, El = H (16a), TMS (16b), Me (16c).

aReagents: (a) Method A: 1.5 equiv ofBuLi, —78°C, THF.
Method B: 2.5 equiv oh-BuLi, —78 °C, E£O. Method C: 1.5
equiv of n-BuLi, 3.0 equiv of LiCl, =78 °C, EtO. (b) EIX =
HOMe, TMSCI, or Mel.

isolated in high enantiomeric excess (Table 1). The diaster-
eomerscis-/trans-16a—cwere readily separated by flash
column chromatography. The double bond geometriesspf
trans-16a—cwere determined by NOE experiments. When
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Table 1. Cyclization of (1S,4RS)-14

product yield
entry method® solvent EIX dr50:50 (%) erd

1° A Et,O MeOH 16a 35 97525
2 B Et,O MeOH 16a 59 97.5:25
3 C Et,O MeOH 16a 63 97.5:25
4 A THF MeOH 16a 92 97.0:3.0
5 B Et,O TMSCI 16b 61 97.5:25
6 A THF TMSCI 16b 91 97.0:3.0
7 A THF Mel 16¢ 90 97.0:3.0

aMethod A: 1.5 equiv ofn-BuLi. Method B: 2.5 equiv ofn-BulLi.
Method C: 1.5 equiv ofh-BuLi, 3.0 equiv of LiCl.° The er ratio was
determined forcis- andtrans-diastereomers6a—c.© 46% of the starting
material (1S,4RS)-1#was recovered.

the cyclization precursors §4RS)-14were treated with 1.5 Figure 1. Crystal structure of carbamagis-17.
equiv of n-butyllithium in diethyl ether the desired cyclo-

carbolithiation was incomplete. After quenching with MeOH  ighy acidic allyl sulfone takes place by torsion in the allylic
the productcis-/trans-16awas obtained in 35% yield and  gnion. However, a subsequent isomerization of the double

further 46% of the starting material $¥RS-14 was bond in the vinyllithium15 cannot be excluded completely
recovered (Table 1, entry 1). Employing a substantial excessg; the present stage of investigations.

pf n-butyllithium (2.5 equiv) leads to a marked imprpvement The tricarbamateis-17 was prepared frontis-16avia
in the yield (59%) (Table 1, entry 2). We examined the cieayage of the silyl ether followed by addition onto

addition of lithium chloride to the reaction mixture in order p-bromophenyl isocyanate in a satisfactory yield of 74%
to enhance the reactivity of the intermediate lithium species. (Scheme 5).

However, the isolated yield of the cyclization producis-/
trans-16ashows a slight increase (Table 1, entry 3). By
changing the solvent from diethyl ether to THF, the cyclo-
carbolithiation proceeds smoothly ¢@s-/trans16a, isolated

in high yield (Table 1, entry 4). Other electrophiles such as B’\Q o}
trimethylsilyl chloride and methyl iodide were employed in TBSO'%OCb &b NJ\O%O%
this reaction sequence leading to optically active cyclization W ~och H

Scheme 8

productscis-/trans16b—c in excellent yields (Table 1, entries ciot6a UL
6 and 7). The reaction with trimethylsilyl chloride in diethyl
ether yieldscis-/trans-16bin 62%. aReagents: (a) TBAF, ED, 100%. (b)pBrPhNCO, CHCI,,

From these results, it can be concluded that a lithium cation "€flux, 74%.
might complex the carbonyl oxygen atom of carbamate
groups of (1S,4RS)-1dnd facilitate the addition step.

The er values of the cyclization produdtis-16a—cand

In summary, we have reported the higlitgns-selective
. ) cyclocarbolithiation of aw-lithiated alkynyl carbamate
tran_s—l@a—c were determined b_y HPLC. Runnmg the utilizing lithiodestannylation to highly enantioenriched pro-
cyclization reactions of (3'4R3'14m_ THF leads to a slight tected 2-alkylidene cyclopentane-1,3-diols, bearing a masked
!OSS.Of ee (94% ee) (Tab_le 1, entries 4, 6, and 7), Whereascarbonyl group. The ring closure of thelithiated 4-sub-
in diethyl ether we obtained 95% ee. The absolute and iyt 5-hexynyl carbamate proceeds with complete regio-

r(TIat_l(\j/e (aort;ﬂgurr]atu))(n of the d||astereom«-:rs-1:3a_wasf . selectivity (5-exo-digxclusively), avoiding the prior use of
elucidated by the X-ray crystal structure analysis of its o ovic reagent HMPA.

urethanecis-17 (Figure 1), which shows the geometry of

the double bontf and the R)-configuration in the 1-position. Acknowledgment. G.G. thanks Mrs. U. Janz for technical
The (1R,2Z)-configuration otis-16a implies the usual  ggsistance.

retention at the stereogenic carbon atom andrdiraddition

onto the triple bond to form the vinyllithium intermediate Supporting Information Available: Detailed experi-
15. These cyclization reactions usually proceed ay/m@a mental procedures with spectroscopic data for all new
process. The compoundac-2° in a formal sense arises from  compounds and crystal analysis dat@isf17 in CIF format.
ananti-addition, too. It is possible that isomerization of the This material is available free of charge via the Internet at
http://pubs.acs.org.
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