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The asymmetric synthesis of a fully protected ent-actinoidinic acid derivative 14 is described. As key steps, an enantioselective deprotonation
of an arenetricarbonylchromium(0) complex and a diastereoselective Suzuki coupling were applied. The asymmetric centers of the amino acid
function were created via stereocontrolled Strecker reactions.

Planar chiral arenetricarbonylchromium(0) complexes have antibiotics. Recently total syntheses of vancomycin agly-
found, in recent years, a significant place in the range of cone® vancomycin 1) (Figure 1) itself? and teicoplani#?
organic synthetic protocols Several methods have been
established to produce these complexes in enantiopure form
viz. resolution of a racemategiastereoselective complex-
ation? and diastereoselecti¥@nd enantioselective depro-
tonations> Previously we have published our own investi-
gations of arenetricarbonylchromium(0) complex deprotona-
tion with the sparteine/BuLi base systémnd we now report

the application of the methodology so developed to the
synthesis of the chiral biangntactinoidinic acid.

Actinoidinic acid @) is the biaryl di-aminoacid unit in
vancomycin and related compounds such as teicoplanin. The
vancomycin class of glycopeptitlantibiotics is widely used
in the treatment of antibiotic-resistant bacteria and also for
bacterial infections in patients allergic to thdactam-derived

(1) Rose-Munch, F.; Rose innumammiiam 1999 3, 445-467.

(2) For examples, see: (a) Solladie-CavalloGhiral Arene Chromium
Carbonyl Complexes in Asymmetric Synthed Press: London, 1989;
Vol. 1. (b) Bromley, L. A.; Davies S. G.; Goodfellow, C. Efiiaaias: Figure 1. Vancomycin

991 2, 139-156.

(3) For examples, see: (a) Alexakis, A.; Mangeney, P.; Marek, |.; Rose-
Munch, F.; Rose, E.; Semra, A.; Robert, il d 992 114
8288-8290. (b) Uemura, M.; Minami, T.; Hirotsu, K.; Hayashi, ¥.Qrg, have been published. Thus far, two groups have reported

m&?gﬁfﬁf&:ﬁ%}fg‘ée: Han, J. W.; Son, S. U.; Chung, Qig the synthesis of a protected actinoidinic atidnd there is

Chem.1997 62, 8264-8267. one approach for the asymmetric generation of the isolated

10.1021/0l016218n CCC: $20.00  © 2001 American Chemical Society
Published on Web 09/11/2001


http://pubs.acs.org/action/showImage?doi=10.1021/ol016218n&iName=master.img-000.png&w=83&h=74
http://pubs.acs.org/action/showImage?doi=10.1021/ol016218n&iName=master.img-001.png&w=196&h=159

Scheme 1

HOOC.S NH,

Strecker Reactions HO.,
| ' NH
HO 2

N
HO
ent-actinoidinic acid 2

MeQ
i\CHO . -i Ly .
MeO —> MeO
OMe OMe
rz'co Cf “GOMeO
(pPS,M)-3 (PSP)

diastereoselective
Cross-Coupling

MeO Oj
* Me0>@| cl o
/Cr/:
OMe co” &
6 (pS)-5

B(OH),

Ring B Ring A

biaryl system via an enantioselective cross-coupling reac-

Diastereoselective cross-coupling with arenetricarbonyl-
chromium(0) complexes has been well studied by M.
Uemural® and our own investigations of cross-coupling with
arenechromium complex€sconfirmed that, in a Suzuki
coupling with these complexes, the larger of ¢inho-groups
of the attacking areneboronic acid will bgyn to the
chromium fragment in the biaryl product as indicated in
structured. Because of the small size of the liberated formyl
group, deprotection of the acetal functiondpeven at room
temperature, would result in rotation about the biaryl axis
to the thermodynamically more stable diastereofer

Given the widely different pharmacological effects of
enantiomeric materials, it was of interest to synthesiae
actinoidinic acid, but this stereochemistry was, in any case,
dictated by the use of the commercially availabte)(
sparteine and the stereoselectivity stemming from this as set
out below. (+)-Sparteine is not currently commercially
available but can be readily prepared from){upaninel’

The first target was enantiopure arenetricarbonylchro-
mium(0) complex (-5 (Scheme 2). Commercially avail-
able aldehyd& was protected as the ace&{HOCH,CH,-
OH/benzene&X) in 95% yield. The arene ring & was then
complexed (Cr(CQJBuO/THF/A) to produce9 in 91%
yield. Lithiation of 9 occurs preferentially at C-4 of the aryl
ring, so this position was blocked with a trimethylsilyl group
(BULI/ITMEDA/TMSCI/—78°C) to producel0in 98% yield.

An enantioselective deprotonation @b with the (—)-

tion.!2 Furthermore, after submission of our work Uemura Sparteine/BuLi system removed thepls-(S)-hydrogen, as
et al’3 reported their preparation of the chiral AB-system of Previously describefiand 5 equiv of TMEDA was added

vancomycin.

to displace the bulky {)-sparteine ligand prior to the
addition of a hexachloroethane quench. The addition of

Scheme 1 shows our retro synthetic approachend
actinoidinic acid. We considered that the amino acid stereo- TMEDA to the lithiated complex proved necessary in order
centers on the two aromatic ringsZ)Woukj be formed using to enhance the reactivity and to Optimize the yleld Complex
stereocontrolled Strecker reactions from the dialdetgde  (PS)-11 was so obtained in 98% yield with an ee of 76%.
monoaldehydel. The complex4 would be formed directly ~ During the workup process the-f-sparteine ligand was
through a diastereoselective coupling of ring A and B recovered in 95% yield after purification.
analogues. The planar chiral ring A analogu&){p would Desilylation of complex (f)-11 (TBAF/AcOH/THF) gave
be prepared by deprotonation of the precursor withthe ( (p9-5in 96% yield and 76% ee. It was possible to enhance
sparteingt-BuLi system and quenching with hexachloro- the ee of complex @-5 by three crystallizations from DCM/
ethane, while the ring B analogu® would be prepared hexane, which gave a 60% recovery in essentially enan-
according to literature procedur¥s. tiopure form ¢95% ee). The process was monitored via

Scheme 2
ethylene i) n-BuLi, TMEDA
egcoI CO)G MeO: 0 THF, -78°C, 1 h MeO, ]
_— > TMS—’—<
benzene Buy O /THF MeO s o ii) TMSCI MeO
reflux, 16 h ico Crico
] MeO 91% CO™ o 98% CoO” "o
95% 9 10
i) 1.2 equiv. n-BuLi, Et,0
) i h, -78° TBAF "
(-)-sparteine, 6 h, 78 C= TMS§©—< j - MeO 76% ee 3 recrystallisations
} , MeO AcOH, THF MeO DCM / hexane
ii) 5 equiv. TMEDA, 1 h Cr Cr/ 60% yield
co” NCo 95% co” (':%o >95% ee
iii) 2 equiv. C,Clg, THF co o
(-)-(pS)-11 (-)-(pS)-5
98%, 76% ee
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Scheme 3
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OMS~ p-Tolyl 21%
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chiral HPLC (OD-H-column). Interestingly, it was the and axial stereochemistry. The acetal function was removed
racemate that crystallized preferentially, leaving th&{p  in 90% vyield by subjection of @P)-4 to 2 M H,SO, in
enantiomer in the mother liquor. THF (2:1) far 1 h asshown in Scheme 3. The methoxy group

The enantiopure complex 5 was then coupled with ~ of ring B in the product (§,M-3 was assigned aanti to
boronic acidé to form (pSP)-4 in 88% yield (Scheme 3).  the chromium fragment by the upfield shift of the ring B
An X-ray analysis of (§P)-4 confirmed the absolute planar MeO-group resonance from 3.99 ppm folS(p)-4 to 3.84

ppm for (+)-(pS,M)-3 in the proton spectra and by analogy

(5) For examples see: (a) Pache, S.; Botuha, C.; Franz, RiLE. with the results of Uemur&who demonstrated the free axial

P. i 2000 83, 2436-2451. (b) Ewin, R. A.. MacLeod, A. rotation when the aldehyde group on the complexed ring was
M.; Price, D. A.; Simpkins, N. S.; Watt, P. S.

11997, 401415, (c) Schmalz, H. G.; Schnellnaas, inmassseemuegtt.  'COCNErated. _
1995 36, 5515-5518. (d) Uemura, M.; Hayashi, Y.; Hayashi, Y. The dialdehyde (B,M)-3 was then converted into the

94 5, 1427-1430. (e) Siwek, M. J.; Green, J. i 11 fion: :
r11996w§3549—2360 (€) Siwe reen disulfinylimine complex13 (86%) by treatment with the

R . . . . . .
(6) Wilhelm, R.; Sebhat, I. K.; White, A. J. P.; Willams, D. J; sulfinylamine )-(9-12 and titanium tetraethoxid® in

Widdowson, D. A—@OOQ 11, 5003-5016. readiness for a chiral Strecker reaction after Davis ét al.
(7) For reviews, see: (a) Williams, D. H.; Bardsley, . . . "

LoL Ed.1999 38, 1173-1193. (b) Nicolaou, K. C.; Boddy, C. N. C.; Bsa, The Strecker reaction with EXICN gave the desired nitrile

S.; Winssinger, N_d999 38, 2096—_2%‘52 ~ complex, but the complex proved to be very unstable.

Ba&fgvfla)J_E‘g_‘.”ia?z' '3:’ Wood, MR, Trotter, gég\éé?ch?(;gfggbl S Therefore decomplexation with air and light was carried out

(b) Evans, D. A.; Dinsmore, C. J.; Watson, P. S.; Wood, M. R.; Richardson, immediately during which, interestingly, the sulfoxide group

T.l.; Trotter, B. B.; Katz, J. L | S 4098 37, 2704 i idi i

2708. (c) Nicolaou, K. C.; Natarajan, S.; Li, H.; Jain, N. F.; Hughes, R.; O.n ring B W&}S oxidized to the S.UIfon.e’ Whll? the grO.Up on

d1998 37, 2708-2714. (d) Nicolaou, K. C.; Jain, N. F.;  purify the diamino dinitrile product, the crude compound was

-’F‘gﬁgﬂﬁgg,\/\/ M. HEES;E,SR A SEO '°g“a°nr(‘jo"" == L AR nglv|- directly methanolysed to the methyl ester by treatment with
1998 37, 2714-2716. (e) Nicolaou, K. C.; Takayanagi, M.; Jain, N. F.; HCI gas in methanol, a reaction that also removed the
Eﬁjiggﬁ 3'§°5?‘1b7'52¢lgE (f?aB"§°erTDRfm&T"§z”a|f.m sulfoxide group on ring A. The crude product was then Boc-
Wu, J. H.; Castle, S. L.; Lmseleurgo Jin, J_Daggg protected to give the fully protecteentactinoidinic acid

121, 10004-10011. _ o derivate 14 in a yield of 21% over the four steps (67%
(9) Nicolaou, K. C.; Mitchell, H. J.; Jain, N. F.; Winssinger, N.; Hughes, Vsi fi d the absol
R.; Bando, T |- 009 38, 240244, average per stage). An X-ray analysis confirmed the absolute

(10) Boger, D. L.; Kim, S. H.; Mori, Y.; Weng3JH.; Rogel, O.; Castle stereochemistry.
S. L.; McAtee, J. J it ©001, 123 1862-1871. 4. the absol il hemi ined
(11) (a) As a mixture of diastereomers: Rao, A. V. R.; Chakraborty, T.  AS expected, the absolute axial stereochemistry remaine

K.; Joshi, S. Pjiinsisssissmsisnt1992 33, 4045-4048. (b) Enantiopure (M), while on ring B an §)-center was formed, as expected,
via separation of diastereomers after biaryl formation in a 1:1 ratio:
Boisnard, S.; Neuville, L.; Bois-Choussy, M.; Zhu,ggelegit. 200Q 2,

2459-2462. (15) For a review, see: Kamikawa, K.; Uemura, §inlejt200Q 938—
(12) Nicolaou, K. C.; Lui, H.; Boddy, C. N. C.; Ramanjulu, J. M.; Yue,  949.

T.-Y.; Natarajan, S.; Chu, X.-J.; Bsa, S.; Rbsam, F (uiaiitekeJ1999 (16) Sebhat, I. K. PhD Thesis, University of London, London, 1996.

5, 2584-2601. (17) Ebner, T.; Eichelbaum, M.; Fischer, P.; Meese, Caftaititii -
(13) Kamikawa, K.; Tachibana, A.; Sugimoto, S.; Uemura Qg leatt 1989 322, 399-403.

2001, 3, 2033-2036. (18) Davis, F. A.; Zhang, Y.; Andemichael, Y.; Fang, T.; Fanelli, D. L.;
(14) Eicher, T.; Fey, S.; Phul, W.; Bhel, E.; Speicer, A Zhang, H.gainiteaimign 1999 64, 1403-1406.

Chem.1998 877-888. (19) Davis, F. A.; Fanelli, D. L joninifiasisiagin 1998 63, 1981-1985.
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from sulfoxide stereocontr®l of the Strecker reaction. In  between 0 and 20C, an efficient methotd that has been
contrast, on ring A anR)-center was formed because of the applied to amino acids and peptides without any epimeriza-
dominance, over sulfoxide control, of stereodirection by the tion of the a-center?*

tricarbonylchromium unit by which the attacking,B&tCN In conclusion, a protectedntactinoidinic acid was
was only able to approach the imine carbon from the side prepared via a short route involving three elements of
opposite to the chromium fragment with the imino function stereocontrol: enantioselective deprotonation of an arenetri-
in the preferred conformatioanti to the adjacent aryl ring  carbonylchromium(0) complex, a sulfinylimine-directed Streck-
This is well know for imin@® and aldehyd@ arenetricarbo- ~ €F reaction, and a chromium-directed Strecker reaction. Full
nylchromium(0) complexes. details and further developments will be published in a future

The fortuitous formation of a sulfonyl group on the ring paper.

B amino function established differential protection of the Supporting Information Available: Detailed descrip-
amino functions irl4 and hence allows selective deprotec- iqng of experimental procedures and X-ray structures. This
tion, a feature essential for further elaboration of the product. aterial is available free of charge via the Internet at
Although the sulfonyl group is generally a very stable http://pubs.acs.org.

protecting group for amine methods to remove the group

under mild conditions include electrolysis at temperatures OLO16218N

(22) Greene, T. W.; Wuts, P. G. MProtectve Groups in Organic
(20) For an example, see: Farkhani, D.; Solladie-Cavall ggiaaaasan Synthesis2nd ed.; John Wiley & Sons: New York, 1991.

Lett. 1986 27, 1331. (23) Horner, L.; Neumann, HahaaleRer 1965 98, 3462-34609.
(21) For an example, see: Uemura, M.; Kobayashi, T.; Isobe, K.; Minami, (24) Roemmele, R. C.; Rapoport, jainktaisiain 1988 53, 2367
T.; Hayashi, Y jainiieimigin 1986 51, 2859-2863. 2371.
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