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Abstract: An optical& pure (+)-S-Halostachine analogue 5a was synthesized in 57% 
total yield and in three steps from optical& pure(-)-aR-[o-toluatdehydeJ-chromium- 
tricarbonyl complex 2a Various optically pure Halos&chine analogues having an 
ortho-substituted aromatic ring and of both conj!gurations (R and S) are thus available 
by this route. An X-ray structure of the intermediate complexed oxazoline 361 allowed 
to contrm the model we proposed for the approach of a nucleophile on these arene 
complexes. 

During studies on the use of chiral arene-chromium-tricarbonyl complexes in enant&elective 

synthesis1 we have investigated the reaction of tosylmethylisocyanide 1 (To&k) with chiral and 

racemic arene-chromium-tricarbonyl complexes 242b2 and found that under Schijllkopf’s c~nditions3 

(K2CO$MeOH) but at O’C nl o y one diastereomer of the four possible was obtained indicating 

complete diastereoselectivity. 

We want to report hen3 an application of this methodology to the synthesis of an optically pun3 

Halostachine analogue starting from optically pure complex 2a. 

Results. 

Synthesis 

The synthesis and the resolution of complex 2a were achieved by the usual methodlr’ as shown on 

scheme 1. The optical purity of both enantiomers of complex 2a has been checked by 2OOMHz ‘H 

NMR in the presence of Eu(hfc)g 5. 

287 



288 A. SOLLADIE-CAVALLO et al. 
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AfIer decomplextttion (hvKH2C12, 6@%j6, the optically pure oxazoline (-Ida (k& = -170 (c, 3.1; 

CHCl3)) was then quantitatively reduced with 3 molar equivalents of LiAlH4 in THF to give the (+I$- 

5a Halostachine analogue ([a]~ = +42 fc, 3.8 ; CHC13f). 

Since natural (-)-Halostachine has the R configuration7 and on the basis that introduction of an 

ortho-methyl on the aromatic ring will have a negligible effect and will not invert the sign of the 

rotation, we assume that (-Ma will also have the R configuration, TTterqfom the S con&pmtion was 
tmswd fo the (+I-5a obfuihed, 

lH NMR 

The 200 MHz lH NMR spectrum of crude complex 3a showed only one singlet for the two methyl 

groups (6 = 2.48 ppm), a nomal (AE%)2 system for the aromatic protons of the tosyl group (Avm = 84 

Hz) and a normal AX system for protons H4 and H5 (6 = 5.03 and 5.91 ppm, Avm = 176 Hz) with a 

coupling constant of 5.5 Hz. 

Because the 5.5Hz value found for the 545 was not indicative of either a trans or a cis structure, 

assignment of the trans-cmfiguration on the oxazuline ring was made on the corresponding 

decomplexed oxazoline 481 by comparison with a mixture of the only two possible trans/cis oxazolines 

4aIl4aII*a9 obtained in a different route. 

Examination of the lH Nh4R spectrum of a 33/66 mixture of 4aI and 4aII respectively showed : 

- a larger non-equivalence, A~=240 Hz,in 4aI (minor, 33%) than in 4aII (major, 66%), A~=60 Hz, 

between protons H4 and H5. 

- a normal non-equivalence, A~=85 Hz, between the ortho- and me&protons of the tosyl-aromatic 

ring in 4aI but an unusual equivalence between these protons in 4aII. 

A larger non-equivalence between protons H4 and H5 is expected in the tmns-isomer due to two 

conjugated effects : a shielding-effect of the aromatic ring A on H4 and a deshielding-effect of the 

strongly polar SO2 group on H5 (effects which are absent in the cis-isomer where H4 and H.5 are in 

front of each other), 

Scheme 3 

NHMe 

@ 

0 
. . H 

1 OH 

R 
aR _.._ .___ __ ._._._. ___, fi,&,5R major .-...A_*.-....e_...) 1s 



290 A. SOLL+DIE-CAVALLO et al. 

Therefote &e ma -co@gumtit?n was os@ned to &omer 4al which had the kger non- 

equivatence ati os a l!I ,meguence also io 3aL l&i9 imns complexed oxuzoliau (-J-3&, ob?&ed@n 
opcicsllypu~ aR com#kx 2a, could thus on@ be either a&rS,SR or aR,4R,.!TS. However acco&g 
kr the Scon@@aak+ of the &kminoakohol Sa okin& it con&i lk conckuk~ hat the 
&as@r~##t~r ob&Gnedks aR,lSSR-3aI which is rir acconl with otrt modet of app& * , schew 3. 

The unusual equiv l$nce between o&o and meta protons of the tosyl-aromatic ring Observed in the 
understood upon examination of molecular-models, where it appeared clearly 
ring B are situated in the shielding cone. of ring A, Figure la, therefore the 

of the SO2 group on the ortho-protons is compensated by the shielding- 

effectofringAon 

0.5% 

Figure lb 
6% 

the camplexed trans oxazoline 3al showed a large (13%) effect on the 

.%) effect on the &SOS-signal upon irradiation of the &&@-singlet 
l-groups), Figure lb. Therefore the signals at 65.03 and 85.91 were 

where the Cr(C0)3 tipod is direct& away from the C4-ring-carbon and 
H5 is closer to the o-methyl of ring A than H4. This conf~tion 

correspondstotheon ;nd in the solid state for complex 3bI (cf. below: Figun! 2). Also of note am 
theidentical6%N n ortho-protons H10 (ring A), and H15. H17(ring B). 

X-ray structure of 3b&zns. 

Ithasnotbeen to obtain a good crystal from optically pure uxnplexed oxahine 3aI, 
however racemic exed oxazdine 3b1, also obtained as the only dh&eomer but from racemic 
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complex 2b in the same conditions*, gave, by slow evaporation of CH2C12, a cryStat suitable for X-my 

analysis, Fip 2. 

All bond-distances and bond-angles of complex 3bI are in the usual range, Table 1. !!&ne important 

torsional and dihedral angles are given in Table 2. 

Table 1: Bond Distances in Angstroms and Bond Angles in Degrees. 

Atom 1 *tom 2 Distance Atom 1 Atom 2 Distance 

CR C6 

CR c7 

CR C8 

CR CP 

CR Cl0 

CR Cl1 

CR c20 

CR c21 

CR c22 

S 02 

S 03 

S C4 

S Cl3 

01 c* 

01 C5 

04 Cl1 

04 Cl2 

05 C2O 

06 c21 

2.209121 
2.202(2) 

2.228(3) 

2.198(3) 

2.226(3) 

2.25013) 

1.818(2) 

1.832(31 

1.830(3) 

1.438(31 

1.437(Z) 

1.817(2) 

1.765(3) 

1.355(3) 

1.440\3) 

1.342(4) 

1.438,4) 

1.15513) 

1.15013) 

Atom 1 Atom 2 Atom 3 

C6 

C6 

C6 

C6 

C6 

C6 

C6 

C6 

c7 

c7 

C7 

c7 

C7 

C7 

C7 

C8 

C8 

C8 

C8 

CB 

C8 

c2 

Cl1 

c2 

01 

b 

S 

N3 

01 
01 

C4 

C5 

C5 

CJ 

C6 

c7 

CR 

CR 
CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

CR 

01 

04 

N3 

c2 

C4 

C4 

c4 

c5 
C5 

C5 

C6 

C6 

C6 

c7 

C8 

c7 

C8 

c9 

Cl0 

Cl1 

c20 

C21 

c22 

C8 

c9 

Cl0 

Cl1 

c21 

c22 

c9 

Cl0 

Cl1 

C20 

c21 

c22 

C5 

Cl2 

C4 

N3 

N3 

C5 

c5 

c4 

C6 

C6 

c7 

Cl1 

Cl1 

C8 

c9 

l( 

1, 

1’ 

1: 

li 
11 

13 
12 
11 

07 c22 1.154(4) 

N3 c2 1.262(3) 

N3 C4 1.461(3) 

c4 C5 1.542(3) 

C5 C6 1.508(3) 

C6 c7 1.388(4) 

C6 Cl1 1.428(3) 

C7 C8 1.426(4) 

CS c9 1.397(5) 

c9 Cl0 1.365(6) 

Cl0 Cl1 1.415(4) 

Cl3 Cl4 1.37214) 

Cl3 Cl8 1.374(4) 

Cl4 Cl5 1.397(41 

Cl5 Cl6 1.375(41 

Cl6 Cl7 1.385(4) 

Cl6 Cl9 1.504(4) 

Cl7 Cl6 1.380(4) 

Angle Atom 1 Atom 2 AtOm 3 Angle 

16.711) 

i7.7(1) 

r9.3i11 

j7.16(91 

l7.34(9) 

)2.2Ll) 

s7.811) 

38.111) 

17.54191 

j6.611) 

17.911) 

j5.811) 

37.7(l) 

10.5(l) 

31.111) 

36.811) 

j5.5121 

18.0111 

11.7llJ 

)5.5(l) 

;4.211j 
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18.013) 

J5.3121 
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12.812) 
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.8.412) 

'1.713) 
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Cl8 

Cl0 
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Cl3 
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C6 

Cl0 
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Cl4 

Cl8 

Cl0 

Cl5 
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Cl9 

Cl9 
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35.911) 

65.811) 

135.1121 

89.1lll 

138.Ol2) 

36.8(l) 

165.411) 

101.111) 

104.2(2) 

137.011) 

133.4(l) 

86.7lll 

88.711) 

86.7(l) 

87.9(l) 

119.4ll~ 

106.511) 

109.0(l) 

106.8(l) 

109.0(l) 

105.3(l) 

121.5(3) 

120.8(3) 

115.3(3) 

125.3(3) 

119.3(3) 

119.012~ 

120.2l2) 

120.8l31 

118.7(2) 

121.3(3) 

:18.5(3) 
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121.2(3) 

120.7(3) 
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Table 2: Selected torsio# and dihedral angles. 

c5-c4-s-c13= 
c4-s-c13-CM= 

+67.4’ ~ 

C4-C5-C6-C7= $Vj” 

C6-Cll-04X12= +165.8” 
Cl l-phenylcenttoid-Cr/@enylcentroid-Cr-C22= 5” 

the configuration at the oxazoiine ring was trans as predicted from the 
the S-configuration at C6 was associated with the S-configuration at 

irming our model of approach1s2, see above, which stated that: upon 
nucleophilic additions, mplexes of US configuration (6s according to crystallographic numbering) 
lead mainly to the S at Cu (C5 according to crystallographic numbering) and of course 

lead mainly to uR WR)). Therefore changing a methyl group by a methoxy 
group on complexed a negligible effect and our previous conclusion that the single 

(-)-aR complex 2a had the aR,4!$,5R-configuration is confirmed, 

Cl2 

Figure 2: Ortep plot 
enclose 50% of the 



An enantiomerically pure Halostachine analogue 293 

It must also be Pointed out that the conformation around C&C5 found for complex 3bI in the solid 
state ~rresponded to the conformation predicted above for complex 3aI from our model of approach 
schemes 2 and 3, and from the NCIE expe&nent, Figure lb. 

Conclusion 
Enantrome&ally pure (-)-~~~)-~6-(o-~l~dehyde)c~~~(0)~~nyl 2s tmde!went 

completely diastereoselective addition of TosMic thus leading, after decornplexation and LiAlH4 
reduction, to optically the pi! (+)S-Halostachine analogue 5a. 

The single diastemmer of complexed oxaz,oline 3b1, obtained from addition of TosMic onto 
racemic complex 2b, was determined by X-ray to have the 4~4~5S/~~~5~~~~ti~ thus 
confirming that complexes of configuration al? bad mainly to the S-configuration at Cu (and 

complexes of uS configuration to the R-configuration at Cu), in agreement with our model of 

approach’ (see above). 
This synthesis constitutes an easy entry to e~tio~~~ly pure ~~~n~~e aminoalcohols. 

ExperImentai se&on 

Inframd have heen recoded on a P&in-Elmer 257 spectmmeter (Y in cm-l). lH (200 MHz) and 
13C (50 MHz) have heen recorded on a Bruker AC-200 (S in ppm refered to TMS. Av and J in I-@ 
Rotations have heen measured on a Perk&Elmer 241 MC. M.p. have heen determined (uncorn%ed~ 
on a Reichert Microscope. Flash-chmmatographies were performed using silicagel 70-230 Mesh 

purchassed from Merck. Kieselgel 60 F 256 (from Merck) have heen used for TLC. All the solvents 
were distilled before use, THF over N~~~o~ and CH2C12 over calcium hydride. All tbe 
compounds but toluylaldehyde, which was distilled before use, were magert grade purchased from 
Aldrich and/or Janssen and used without further purification. 

X-ray: One single crystal was cut out from a cluster of crystals and motmted on a rotation-free 
goniometer head. A systematic search in reciprocal space using a Enraf-Nonius CAD4-F automatic 
diffractometer showed that crystals of 3bI belong to the triclinic system. 

Quantitative data were obtained at room temperature, All experimental ~~~ used are given in 
table 3. The resulting dataset was transfered to a VAX computer, and for all subsequent calculations the 
Enraf-Nonlus SDP/VAX packagelO was used. Three standard reflections measured every hour during 
the entim data collection period showed no significant &end. The data were cone&d for Lozen% 
~1~~~~ and ahsorption factors, the latter calculated from psi scans of 4 reflections, The structure 
was solved using the heavy atom method. After refinement of the heavy atoms, a diffetince-Fourier 
map mvealed maximas of residual electronic density close to the positions expected for hydrogen 
atoms; they were introduced in structure factor calculations by their computed coordinates 
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(C-H=O.WA) and isotropic temperature factors such as B(H) = 1.3 ~eqv(C) A2 but not refined. Full 

least-squares refineme& ; a2(P) = abunts + (~1)~. A final difference map revealed no significant 

maxima. The scattering, factor coefficients and anomalous diipetsion coefficients come mspectively 

from mf lla and llb. 

Table 3: X-my expe’n~mkhtaiparameters. 

Formula 
Molecular weight 
Color 
Cr stat 

x 
system 

a( ) 
b(A) 
c(A) 
o(deg) 

P(deg) 

Dcalc(gcm-t) 
Space group 
Radiation 
Wavelength(A) 

Ir(cm-*) 

: C2fl17NO$Xr 
: 416.42 
: yellow 
: triclinic 
: 10.134(3) 
: 11.404(3) 
: 9.531(2) 
: 98.51(2) 

: 96.50(2) 
: 70.81(2) 
: 1026.4 
:L 

: 1.512 
: P-l 
: MoKa (gnphltemo~mmnate) 
: 0.70930 
: 6.808 

Crystal size(mm) 
Temperature 
Diffractometer 
Mode 
Scan speed 
Scan width(deg) 
Theta limits(deg) 
Octants 
Number of data collected 
Number of data with 
I > 3 o(I) 
Abs. minlmax 

R(F) 
Rw(F) 

&IF 

: 0.23*0.28*0.30 
: 2o”c 
: Enraf-Nonius CAD4-F 
: e/2e 
: variable 
: 1.00 + O.343tg(B) 
. 2121.5 
: fhfk+l 
: 4693 
: 3163 

: 0.97/l .oo 
: 0.040 
: 0.059 
: 0.08 
: 1.267 

chromiumtrIcarbonyk 2a 

g the usual method’*4. 

Total yield from o-to 

[c&~= -727 (C,O.72 

de =23%. Rf= 0.26 (Et20iHex.,l/l) 

J=6,5. H3); 6.07 (1H 

Anal. Calcd for C1 l 

s. CH,-Ar): 5.05 (lH, d, J=6.5. H4); 5.23 (1H. t, J=6.5, H2); 5.73(1H, t, 

5, Hl); 9.82(1H, s, CHO). 

: C51.57; H.3.15. Found: C51.64; H,3.31. 

Condensetion of Tm (-)iaR-Complex 2a. 

To a mixture of ( o-toluylaldehyde)-chromium-tricarbonyl (128 mg, 0.5 mmol.) and TosMic 

(98 mg, 0.5 mmol) i H (5 ml) at O’C was added K2C03 (69 mg, 0.5 mmol). After Stirring at 0% 

for 30 mn. glacial- 8 ml, 0.5 mmol) was added dropwise. Then MeOH was evaporated under 

vacuum (without he and the residue dissolved in CH2C12 (20 ml). After washing with water (2 x 5 

dried over MgSO,, the solvent evaporated and the crude compound analyzed 

after purification (by flash chromatography). 
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Yield 95% (isolated), R&L23 fEtzolHex. 8/21 
[a$, = -299 (C,2.9; CHCl,) 
m (CHCls): Vc__._ = 1975,1900; vC,N = i620 
lH NMR (CDCl,): 2.48 (6H. s, p-CH, and o-CH,); 5.03 (1H. dd, Jd5= 5.5, J%= 1.7, H4k 5.13 (3H, tn. 
Hamm.); 5.44 (lH, td, J= 6, J= 2, Harem.); 5.91 (lH, d, J,= 5.5, H5); 722 (lH, d, Je 1.7, J-E?); 7.41 

(2H, d, J=8.5, Harem.); 7.83 (ZH, d, 3=8.5, Harem.). 
%Z NMR (CDCl,): 19.7 (CHs); 22.4 (CH3); 76.2 (CH-0); 89.3 (CHarom.): 90.1 (S-CH-N); 93.0 
(CHarom); 93.1 (CHarom.); 94.7 (CHarom.); 104.5 (Carom.); 108.6 (Camm.); 130.2 G?CHaron~); 
130.6 (2CHaron~); 132.9 0mm.f; 160.0 (O-CH=N); 235.5 (3 C 0). 

The complexed oxazoline 3a (480 mg 1.06 mmol.) was dissolved in CHaCla (50 ml) and the 
solution placed in day light for 3 days. Every day the chromium oxide which precipitated was filtered 
out. Then, when the yellow colour had desappeamd, the solvent was evaporated under vacuum and the 
crude compound purified by ffash chromatography on silicagel tmated with NIB,. 
(-)-t~5s)-5-[(o-meUlyUphenylf-4-(p-tal oxarolkez 4a-trans 
Uncoloured oil. 
Yield : 60%. RpO.54 (EtaOkIex g/2) 
[aIn= -170 (C,3.1; CHCI,) 
m (CHC13): veN = 1620 

‘H NMR @XC@ 2.46 f3H, s, CH&; 255 <3H, s, CH&: 5.08(lH, dd, J4s= 55, Jda= 1.5, H4); 6.27 
0H, d Js= 5.5, HS); 7.20 (5H, m, 4Harom.+ H2); 7.40 (2H, d, Hatom.); 7.85 (2H d, Hatorn). 

i&duction of ox&&le 4a-trans 
LiARI, (53 mg, 1.45 mmol) in anhydrous THF (10 ml) was refluxed for lh. After cooling down to 

r.t., oxazoline (-)-4a-trans (158 mg, 0.5 mmolf dissolved in THF (5 mlf was added dropwk the 
~wasthenst~atr.t.f~3rnore~~.Ah;ercoolingatO,C’inani~~,a~ 

solution of NaaS04 (0.4 mi) was added dropwise and the mixtum stirmd at r.t. until the precipitate was 
powdered and white. After addition of MgSO, the mixture was heated to mflux and filtemd. The 
pmcipitate was heated in THF (25 ml) and fiitmred twice. The combined organic phases am 
con~ted under vacuum. 
~+)-~s)-N-mett?yI-2-hy~o~2-~(2-m~y~~yll et.byla&nez 5a. 
Uncolored oil. 
Yield : 100% 
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[alo= +42 (C, 3.8; CHCl3) 

IR (CHCQ : ~NH and v 

+ 

3600.3350 

lH NMR (CDCl,): 2.33’ 3H, S, CH,): 2.46 (3H. s, CH,); 2.72 (2H, AB part of an ABX system; Avm = 

= 8.5, CH,); 3.12 (2H, broad s, NH and OH); 5.00 (lH, X part of the ABX, 

7.08-7.27 (3H. m. Harom.); 7Sl(lH, d, J = 7.5, Harem.). 

(CH$; 35.7 (CH3-N); 57.8 (CH2); 68.1 (CH-0); 125.4 (CHarom.); 126.1 

(CHamm); 127.1 (C .I; 134.2 (Carom.); 140.7 (Carom.). 

Anal. Calcd for CloH C, 72.69; H, 9.15; N, 8.48. Found: C, 72.45; H, 9.08; N, 8.22. 

Supplementary 

positionnal paramete 

observed reflections (171 

: Table Sl: temperature factors for anisotropic atoms, table S2: 

S3: observed and calculated structure facton amplitudes (*lo) for all 

I 
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