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&stract: Successive treatment of IE)-Cor,CB-dfsubstituted N-enoyl sultans 5 and 13 with 
orgsnocopper reagents (Ne2CuLi. (CH+H) 
NIf4Cl gave products 2 and &_, respective y, f 

CuLi, ph2CuLi in the presence of PBug or SCN-) and aq. 
with good to excellent stereoface differentiation at 

Ca and Co. Crystallization and mild saponification 2 + 11 and a + fi furnished snantiomerically 
pure carboxylic acids containing two new stereogenic centers. The postulated reaccfon topology 
is supported via acetylation of the transient "enolats" (2 f a) and compared with that of the 
related organomagnesium- addition/protcnation sequence. 

.Introductim 

Since the pioneering work of Gilman ' the conjugate addition of organocopper reagents to 

enones and enoates has become one of the more powerful carbon,carbon-bond-forming processes 2. 

Accordingly, asymmetric versions have attracted widespread attention during the last years. The 

most elegant concept, the use of chfral copper ligands has so far met encouraging but relatively 

limited success 3. A further option is a non-destructive chfrality transfer via covalently bound 

chiral auxiliary groups. These may be attached either to the organocopper ' or to the enoyl 

unit. The last approach has shown considerable potential in our 5*6 and other laboratories s.'. 
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Thus, the chirophor X* may be part of an acyl group directing the organocopper addition 

either to the top- or bottom face of the enoyl substrates & (Scheme 1). To control the 

developing stereogenic center at Cfi + B or si it is. furthermore, essential that one of the two 

conformers, s-trans- 4' or s-cis- A', predominates. Therefore, highly r-face-selective 1,4- 

additions of organocopper reagents to carboxylate esters &, X* - OR* were observed only in the 

presence of a Lewis acid which, via C-O-coordination, favors the s-trans conformer of A @. 
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480 W. OPPOLZER et al, 

Thus, addition of PBu3-stabilized R’Cu to BF3-coordinated E-enoates 1 gave, after aqueous 

work-up, p-substituted esters 2 in good yields and in 94 - 98% d.e.(Scheme 2) 5c05e. 

Scheme z 

2 
The topological bias of this readily available ester auxiliary ’ was also applied to 

asymmetric functionalizations of Ca by deprotonation of 2 followed by electrophilic attack lo. 

More recently, we have described the EtA1C12-promoted conjugate additions of R’Cu.PBu3 to Cfl 

substituted E-N-enoyl sultans 1 (Scheme 3) “*ll. 

Scheme 3 

3 s-c& 4 s-cis 5 
SO*IC=O-anti SO*IC=O-syl 

A’ = SiPhMez , Ph ; R’ = alkyl , 1 - alkenyl , SiPhMe2 

The observed diastereoface differentiation (88 to 96% d.e.) is consistent with an 

organocopper approach from the bottom face of 4 which features s-cis-disposed C-O/Co,C@- bonds, 

as well as a chelation of the S02- and C-O groups. Intrigued by the practical advantages which 

the sultan chirophor confers to substrates and products such as easy purification by 

crystallization, facile stereochemical analysis and mild non-destructive removal ‘,” (e.g. + 1) 

we explored the possiblity of generating two stereogenic centers at CD and Co in one operation 

by subjecting N-enoyl sultans to an organocopper addition/protonation sequence. 

x-Face-Selective Coniueate Additions of Gilman Rewents to u.d-Disubstituted fE)-N-Bornvl-10.2- 

Scheme 4 
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Asymmetric 1,Cadditions of Gilman reagents 481 

As en extension of a preliminary communication I2 this article describes in detail the 1,4- 

additions of Gilman reagents (R2)2CuLi to enoyl sultams 6 followed by proton&ion of the non- 

isolated "enolates". The results of this tandem reaction, which does not require any additional 

Lewis acid, are summarized in the Schemes 4,5 and in the Table. 

Table: Conjugate Additions of (R2)2CuLi.Ln to a,p-Disubstituted (E)-Enoylsultams 

and Subsequent 'Emlate Proton&ion: 6 -t 7 + 6 + 9 + 10. 

Series Enoyl- Organocopper- Yield Ratio 7(crystallized) 

sultam Reagent [%I 

R1 B* CuI-Salt 7/8/ 7/a/9/10 
9/10 Yield Purity Configu 

[%I [%I ration 

1 a C2H5 CH3 GUI a5 85 :15 :0 :0 

2 a C2H5 CH3 CuI.PBu3 94 91 : 9 :o :o 85 298 2S,3R 

3 b n-C4Hg CH3 CuI.PBu3 78 89 : 4.5~2.7~3.8 63 298 2S,3R 

4 c 'gH5 CH3 C"I.PBu3 67 90 : 6 :[ 4 ) 54 298 2S,3S 

5 d CH3 'gH5 CuSCN 60 83.4:10.5:0.4:5.7 42 98.5 2S,3R 

6 e CH3 CH2-CH CuI.PBu3 72 86.3:12.3:0 :1.4 53 98.5 2S,3S 

The starting enoylsultams were readily accessible by acylation of chirophor u with either 

NaH and enoyl chlorides (&), or with a methyl enoate/He3Al (u) 13.1'. 

In view of the ubiquitous occurrence of methyl-substituted chiral centers in natural 

products we concentrated our efforts first on the conjugate additions of dimethylcopperlithium. 

The latter, prepared as usual ', from MeLi (6 equiv) and GUI (3 equiv) added smoothly to 

enoylsultam a in toluenefiexane at -80' to -40" to give, after protic quenching (sat aq. 

NH4C1/THF, -40'). an 85:15-mixture of & and & (entry 1, 65% yield) 15. Comparison of entries 1 

and 2 shows, however, the advantageous influence of a phosphine ligand on the yield and 

stereoselectivity of the overall conversion h + &. 'Il-~us, addition of MeLi (6 equiv) to a 

solution of CuI.PBu3 (3 equiv) in toluene at -40" followed by the addition of enoylsultam & ( 1 

equiv in toluene) at -800, stirring the mixture at -40" for 16h and quenching at -40" with an 

emulsion of sat. aq. NH4C1 solution in THF afforded products & + & in 94% yield (entry 2). The 

crude reaction mixture, shown by capillary GC to contain 7a/8a in a ratio of 91:9 gave, after 

flash chromatography (FC) and crystallization (hexane), the virtually pure 2S,3R- product & in 

85% yield (from &). Similarly, enoyl sultans ab (R' - n-B") and & (R1 - Ph) when treated 

successively with dimethylcopperlithiu (PBu3) and aq. NH4C1 provided mixtures of three to four 

of the possible stereoisomeric products Z - J_.Q with isomer z predominating (entries 3,4). 

Analogous 1,4-addition of the phenyl (entry 5, using CuSCN I') and vinyl (entry 6) groups to u 

-A (RI - Me) and subsequent proton&ion showed the same sense of induction, although with a 

somewhat lower stereoselectivity. However, in all cases (entries 2-6). the major isomer 1 could 

be routinely isolated in almost pure form by FC and crystallization. 

Scheme 5 
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Excellent stereoselection was again observed on subjecting 1-cyclohexenoylsulta u to the 

tandem Cfl-methylation/Co-protonation which gave the lS,2R -isomer 14 as the sole product, 

obtained in ca. 100% purity (72% yield) after crystallization. 

Stereochemical Ass- and Non-Destructive Hvdrolvsis of the Ornanocouoer- 

Addition/Protonation Productg. 

Direct determination of the product ratios J/8/9/19 by GC (entries 1-4) or HPLC (entry 5) 

was based on comparison with samples obtained by acylation of sultam u with stereoisomer 

mixtures of the corresponding acyl chlorides. Olefinic products Je/&a/9e/lO% (entry 6) were 

readily analyzed (GC) and assigned after subjecting the crude reaction mixture, as well as 

crystallized &, to a Rh-catalyzed hydrogenation " (eg. & + &, Scheme 6). 

x*N$gm;h.,, _..h HoocqJ _ HNp 

7e 9a IIC 16 R=H 
17 R=COPh 

Authentic samples of & 6*17, a I', J& I', & I', J& I', && 14.17, m I', and the identity a 

- s allowed us to assign conveniently the minor products, as depicted in the Table, as well as 

the major products a, m. Mild saponification (LiOH, aq. THF, 65') of the crystallized major 

products &, 2, k, Ir: and & furnished, without Ca-epimerization, the corresponding, 

enantiomerically pure carboxylic acids J&, U, &, && and u, respectively, (60-70%) 

together with recovered sultam auxiliary 12 (91-94%). The absolute configurations of u, J& 

and 15 were determined by comparing their optical rotations with reference values. The unknown 

acid b, when subjected to a Curtius degradation, gave amine x (Scheme 6); both J& and its N- 

benzoyl derivative u showed chiroptic properties which agree with measurements reported in the 

literature. 

Stereochemical Rationalization of the 1.4-Addition/Protonation Seauence: Dichotomy between 

Gilman- and Grienard ReaPents, 

The stereodifferentiations described above are consistent with the transition state 

topologies depicted in the Scheme 7. 

Scheme 7 
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It thus appears that the a,b-disubstituted E-enoyl sultams p and l;a react with the Gilman 

reagents in a conformation where the carbonyl is s-trans to the Cu,@- bond to avoid steric 

repulsion of the Ca-substituent R3 with the C(3')H2 group Is. We assume, furthermore, that a 

planar, dimeric organocopper lithium cluster, as proposed for Me2CuLi forms initially a K- 

complex $, 13'. featuring Li-chelated C-O and SO2 groups and a coordination of copper (I) with 

the C-C bond from the bottom face opposite to the lone electron pair on the nitrogen atom Zoo 'l 

Bond formation between Cfl and R2 (e.g. via a Cu(III)-C,9-intermediate), directed by the geometry 

of the n-complex $, 131 ", leads to O-lithium ketene-h',@acetals Is. This process obviously 

entails a "translation" of the reactive C-O/Co,Cp-s-trans- conformation of 6 and JJ into the E- 

configuration of "enolate" u (vide infra). u seems to adopt a conformation with the lone 

electron pair on a pyramidal nitrogen in the nodal plane of the C-C-n-system ". 
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Moreover ) chelation of the "awlate"- and the lover SO2 oxygen stoma by Li, ss well as 

association of the latter with Hz0 complies plausibly with a protonstion from the C(o)-Re 

(front) face of u (+ L, J&4). Comparison of Schemes 7 and 8 shows that 1,4-sddition/protonations 

of [E)- Ca,Cg- disubstituted enoylsultams 6 proceed with opposite overall topicitfes on C@ 4 

Co depending on the deployment of s Gilmsn- (+Z) or a Grignsrd u(+ 21) nucleophile. 

19 •/= 20 21 

We attribute the stereochemistry of the transformation 6 -, 2.l to a chelation by Mg (C-O/SO;! 

synperiplsnar) and the operation of a cyclic transition state C-O...Hg...Rz...Cfl which enforces 

the C-O/Ca,C,S-s-cis conformation of p despite the Ca-methyl/bornsne repulsion I'. 

Scheme 9 
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This essential topological difference between conjugate additions of Gilmsn- versus Grignard 

reagents to Ca-substituted N-enoylsultsms is visualized by acetylation of the transient 

"enolates" (Scheme 9). Thus, successive treatment of methacryloyl sultsm a with, either Me2CuLi 

and AcCl or, alternatively, with MeMgCl and AcCl gave predominantly (E)- or (2)- 0-acetyl- N,O- 

ketene acetal 23 or 24, respectively ". 

ConclusiQn. 

Starting from easily accessible (E)- Co,@-disubstituted enoyl sultans, 1,4-addition of 

methyl-, vinyl- and aryl- Gilmsn reagents " and proton&ion, followed by non-destructive 

removal of the sultan auxiliary, provides ensntiomerically pure carboxylic acids (or smines) 

containing two new stereogenic centers, This methodology complements the related 1,4- 

addition/protonstion using alkylmagnesium nucleophiles l'vl*. The latter proceeds either with 

inverse, or, in the presence of CuCl I*, identical r-face differentiation and allows effictent 

conjugate additions of alkyl groups whereas Gilmsn reagents are more suitable for methyl (vinyl 

and aryl) transfer. This work exemplifies once more the wide applicability of sultan JJ (and its 

ensntiomer) ss a chiral auxiliary E*9*12; its exploration is subject of further studies in our 

laboratory. 

Financial support of this work by the Swiss National Science Foundation, Sandoz Ltd, Basel, 
and Givaudan SA, Vernier is gratefully acknowledged. We thank Mr J.P. Ssulnier, Mr. A. Pinto and 
Mrs. C. Clement for NMR and MS measurements. 
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General. All reactions were carried out under Ar with magnetic stirring, ~111ess othenrise 
specified. Solvents were dried by distillation from drying agents as follows: Et20 (Ha); THF 
(Na); toluene (K). MeLi and PbLi (both 1.6 L[ in hexane) were purchased from Ffuka. The 
concentration was determined by addition of a measured excess of aq. HCl and "back-titration" 
with 0.1 I aq. NaON using pbenolphthalein as indicator. 
Tetrakis[(tributylphosphine)copper(I)iodide] was prepared according to ref.". Temperatures are 
indicated in degrees Celsius. 
with sat. aq. Nii4Cl soln., 

"Workup" denotes extraction with Et20, washing of tha org. phase 
drying (MgSO4) and evaporation (rotary evaporator). Flash CO~UIMI 

chromatography (FC): SiO (Herck 9385). GC: Hewlett-Packard 579OA, integrator BP 3390, capillary 
column (fused silica, 0.3 
160’ ) 

mm ID, 12 m), OV-1, 10 psi Hp. A: 160", 10 min -L 7.5"/min + 250’; B: 
10 min -t 10w,'min -, 250”, retention time in min (area%). HPLC: Wffters AIC/GFC-244 (Li 

Chrosorb, 5160 5 pm), retention time in min (ares %). Mp.: Kcfler hot stage: uncorrected. 
Perkin-Elmer-241 polarimeter; CHC13 unless otherwise specified. IR : Polaris/ fiattson; CC14 

[a],: 

unless otherwise specified. 'Ii-NMR 
at 360 MHz, CDCl3, 
specified; 

unless otherwise specified: 'sC-NMR at 50 MHz, CDCl3, unless otherwise 
standard tetramethylsilane (6 - 0 ppm); J in Hz. MS: m/z (rel.-%). 

Freoarati of N-Enovl S ltams, (ZR)-Bomane-lO,Z-sultan U. Auxiliary jJ as was prepared from 
(lSf-(+)-labor-lo-sulf~nylchloride following the procedure described for the preparation of 
its antipode 'r, 

W-ffE)-2-Methyl-Z-pentenoyl]bornane-lQ,2-auit~ 4s. Prepared according to ref.'4. 

N-[(E)-Z-Nethyl-2-heptenoy~]bom~e-lO~2-sult~ a. Prepared according to ref."". 

N-[(E)-Z-Hethyl-3-~~henyl-2-propenoyl]bom~e-lO,2-sult~ &. Following the procedure 
described previously for the preparation of N-((E)-2-hexenoyllbornane-lO,Z-sultan, (~)-a- 
methyl-cinnsmie acid (2.72 g, 18 mmol) was converted (oxalyl chloride) into its acid chloride 
vhich served to acylate sultam l;t (3.9 g, 18 mm&) to give, after crystallization (hexane), & 
(5.0 g, 77%). GC (B): 20.91. Mp. 125-6*. IR: 3010, 2970, 2890, 1675, 1335, 1270, 1165, 1110, 
1060, 990. 'H-NMR: 1.03 (s, 3Hf, 1.33 (s, 3H), 1.35 - 1.52 (2H), 1.57 (8, 3H), 1.86 - 2.14 (3H), 
2.13 (d, J - 1.8, 2H), 3.42 (d, J - 14, lH), 3.53 (d, J - 14, lH), 4.13 (dd, 3 = 5, 7, lH), 7.29 
- 7.45 (5H). '3C-NMR: 172.58 (s), 138.59 (d), 135.39 (8). 131.49 (s), 129.41 (d), 128.29 (d), 
128.18 (d), 65.35 (d), 53.38 (t), 47.93 (s), 47.66 (s), 45.14 (df, 38.23 (t), 33.04 (t), 26.45 
(t), 21.31 (q), 19.81 (q), 14.70 (q). MS: 359 (12, C20H25N03S+.), 145 (loo), 117 (27), 91 (8). 
HR-MS: 359.1555 (C201i25N03S+., talc. 359.1555). 

N-[(E)-Z-Methyl-2-butenoylJbo~e-lO,2-s~~t~ a, Prepared according to ref."'. 

N-fl-Cyclohexenoylfbo-e-lO,Z-sultan ;1l. A 2 & solution of trimethyl aluminium in hexane 
(9.9 ml, 19.8 mmol) was added slowly at r.t. to a solution of sultsm JJ (3.88 g. 16.1 mmol) in 
toluene (50 ml). After stirring the mixture for 15 min. methyl l-cyclohexene-l-carboxylate (3.7 
ml, 27.0 mmol) was added and the resulting mixture was heated at 90" for 3 d. Workup, FC 
(hexane/EtOAc 4:l) and crystallization from hexane gave 13 (4.07 gi 70 %). GC (A): 18.91. M.p. 
129-30'. IR: 2980, 2940, 2890, 1680, 1340, 1280, 1240, 1150, 540. II-NMR: 0.93 (s, 3H), 1.18 (s, 
3Hf, 1.28 - 1.44 (2H), 1.52 - 1.77 (SH), 1.83 - 2.50 (8H), 3.37 (d, J - 13.5, lH), 3.47 (d, J - 
13.5, lH), 4.02 (dd, .7 - 7.5, 4.5, ll?), 6.56 (m, 1H). 'sC-NMR: 171.51 (s), 139.63 (d), 133.19 
(s), 65.21 fd), 53.44 ft), 47.80 (sf. 47.61 (s), 45.12 (d), 38.16 (t), 33.08 (t), 26.46 (t), 
25.17 (t), 24.19 (t), 21.72 (tf, 21.28 (t), 21.22 (q), 19.83 (qf. MS: 323 (6, C H NO St.) 
244 (2), 231 (3), 216 (3), 149 (4), 135 (Is), 109 (loo), 79 (72), 53 (62). HR-&:2~233154; 
tC17H25N03S+., talc. 323.1555). 

Coniueate Additions of Gia Reae nts to (Ed-a.B-Disubstituted Enovl Sultams and Subseo uent 
"En0 ate"- rotoneti on. General pro:ed"re. A 1.5 - 2 M solution of alkyllitbium (6 mol.-squiv.) in 
hexane was slowly added to a ca. 0.3 M solution of Tetrakis[(tributylphosphine)copper(I)iodide] 
[unless otherwise specified] (3 mol-equiv.) in toluene at -40'; stirring was continued for 30 
min at -4O", followed by cooling to -80'. At this temperature a 0.1 - 0.2 n solution of the 
enoyl sultam (1 mol-equiv.) in toluene was added and stirring continued for 30 min warming up to 
-40“ stirring (16 h), followed by addition of an emulsion THP/aat. aq. NH4C1 and workup gave a 
crude product mixture which was analysed by CC and purified by flash chromatography and 
crystallization. 

N-[(2S,3R)-2,3-Dimethy.lpentanoyl~bomane-lO,2-sultara &. Using the general procedure, 
addition of MeLi (0.38 ml, 0.62 mmol) to CuI.PBu3 (121 mg, 0.31 mmol), followed by the addition 
of the enoyl s&tam &R (34.2 mg, 0.11 mmol), aq. quenching and workup gave a mixture of 
stereoisomers; GC (A): 15.24 (91). 15.40 (9). FC (hexane/EtOAc lO:l, 34 mg, 94%) and 
crystallization from hexane furnished & (30.6 mg, 85%). GC (A): 15.24 (100). M.P. 72-3". IR: 
2970, 1700, 1340, 1210, 1140, 500. 'H-NMR: 0.80 (d, .7 - 7.5, 3H), 0.84 !t, J - 7, 3N), 0.92 (s, 
3H), 1.03 (d, J _ 6.5, 3H). 1.12 (8, 3H); 1.17 - 1.41 (4H); 1.74 - 1.90 (4H), 1.95 - 2.07 (2H), 
2.96 (dq, J - 6.5, lH), 3.41 (d, J . 13.5, lH), 3.47 (d, J - 13.5, 1H); 3.88 (dd, J = 7, 5, 1H). 
'sc-NMR: 176.41 (s), 65.26 (d), 53.14 (t), 48.03 (s), 47.63 (s). 44.58 (d), 44.32 (d), 38.59 
(t), 38.11 (d), 32.82 (t), 27.33 (t), 26.44 (t), 20.66 (9). 19.87 (q), 14.76 (q), 12.32 (q), 
11.35 (q).- MS: 312 (0.8, C17H 9NO S+.- 15). 271 (S), 152 (5), 135 (20). 113 (42), 107 (lo), 93 
(15), 85 (loo), 55 (34).- HR-MS: 231.1230 fC17H29N03S'. - C4HS, talc. 271.1231). 
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Following the same procedure as above but using copper(I)-iodide (488 mg, 2.57 mmol) instead 
of the tributylphosphine-complex. MeLi (2.25 ml. 1.6 I4 in hexane, 5.14 mmol) and the enoyl 
s&tam Q were added. Aq. quenching and workup gave a mixture of stereoisomers; GC (A): 15.24 
(85), 15.40 (15). FC (hexane/EtOAc 8:l) gave the same mixture of stereoisomers (265 mg, 85%). 

N-[(2S,3R)-2,3-Dimethylheptanoyl]bomane-lO,2-sultam a. Using the general procedure, 
addition of MeLi (14.1 ml, 22.6 mmol) to CuI.PBu3 (4.44 g, 11.3 mmol), then addition of the 
enoyl sultam a (1.28 g, 3.77 -01). aq. quenching and workup gave a mixture of stereoisomers; 
GC (A): 18.27 (74.1), 18.40 (3.7), 18.51 (2.7), 18.77 (3.8). FC (hexane/EtOAc 6:1, 1.04 g, 78%) 
and crystallization from hexane furnished & (844 mg, 63%). GC (A): 18.27 (100). H.p. 78-9". IR: 
2980, 2930, 2880, 1690, 1460, 1340, 1260, 1210. 1140, 540. 'H-NMR: 0.75 (d, J - 7, 3H), 0.77 
(t, J- 7, 3H), 0.88 (s, 3H), 0.99 (d, J - 6.5, 3H), 1.08 (s, 3H); 1.11 - 1.38 (BH); 1.72 - 1.90 
(4H), 1.91 - 2.60 (2H). 2.90 (dq, J - 7. 1H). 3.39 (d, J - 13.5, lH), 3.46 (d, J - 13.5, 1H); 
3.86 (dd, J * 7.5, 5, 1H). I'C-NMR: 176.42 (s), 65.25 (d), 53.15 (t), 48.03 (s), 47.63 (s), 
44.83 (d), 44.61 (d), 38.58 (t), 36.69 (d), 34.50 (t), 32.83 (t), 29.06 (t), 26.44 (t), 22.81 
(t), 20.66 (q), 19.85 (q), 15.25 (q), 13.96 (q), 12.42 (q). MS: 340 (0.9, C gH33N0 S+.- CH ), 
271 (18), 152 (7), 135 (25), 113 (41), 93 (lo), 83 (7), 71 (90). 57 (100). !&MS: 340.1923 
(ClgH33N03S+.- CH3, talc. 340.1946). 

N-[(lS,2R)-2-Methyl-l-cyclohexanoyl]bom~e-lO,2-sult~ fi. Using the general procedure, 
addition of HeLi (47 ml, 75.6 mmol) to the CuI.PBu3 (14.8 g, 37.8 mmol), then addition of the 
enoyl sultan u (4.07 g, 12.6 mmol), aq. quenching end workup gave a crude mixture containing 
one stereoisomer; CC (A): 19.26 (84) (no other peaks between 17.00 and 21.00). FC (hexane/EtOAc 
8:1, 3.33 g, 78%) and crystallization from hexane furnished 14 (3.07 g, 72%). GC (A): 19.26 
(100). t&p. 190-l". IR: 2970, 2890, 1695, 1340, 1220, 1140, 550. 'H-NW 0.83 (d, J - 7.5, 3H), 
0.92 (s, 3H), 1.10 (s, 3H); 1.22 - 1.42 (5H); 1.42 - 1.60 (5H), 1.65 - 1.80 (2H), 1.81 - 1.90 
(2H). 1.91 - 2.10 (lH), 2.27 (m, lH), 3.09 (dq, J - 4, 8, lH), 3.41 (d, J - 14, X-I), 3.48 (d, J 
- 14, 1H); 3.88 (dd, J - 7.5, 5, 1H). Selective decoupling at 2.27 ppm caused the doublet of 
quartets at 3.09 ppm to collapse into a quartet (J - 8 Hz). Following the Karplus-curve the 
angle between the two methine protons approximates to 60'. 13C-NNR: 174.88 (s), 65.04 (d), 53.12 
(t), 48.08 (s), 47.67 (s), 46.67 (d), 44.56 (d), 38.67 (t), 32.72 (t), 31.82 (t), 31.65 (d), 
26.50 (t), 24.08 (t), 22.75 (t), 21.11 (t), 20.62 (q), 19.86 (q), 14.73 (q). MS: 339 (10, 
C H gNO S+.), 324 (0.8), 284 (4), 270 (7), 257 (6), 216 (ll), 152 (7), 125 (9). 107 (6), 97 
$Of, 54 (87). HR-MS: 339.1863 (C18H2gN03S+., talc. 339.1868). 

N-[(2S,3S)-2-Methyl-3-phenyl-butanoyl]bom~e-l0,2-sultam &. Using the general procedure, 
addition of MeLi (48.7 ml, 78 mmol) to the CuI.PBu3 (15.3 g, 39 rmnol), then addition of the 
enoyl sultam k (4.65 g, 13 mmol), aq. quenching and workup gave a mixture of stereoisomers; GC 
(B): 19.27 (go), 19.72 (6), 20.23 (4). FC (hexane/EtOAc 6:1, 3.29 g, 67%) and crystallization 
from hexane furnished & (2.65 g, 54%). GC (B): 19.27 (100). M.p. 108-10". IR: 3030, 2980, 2880, 
1690, 1340, 1210, 1140, 550. 'H-NMR: 0.38 (s, 3H), 0.70 (s, 3H), 1.14 (d, J - 7, 3H), 1.16 (d, J 
- 7.5, 3H), 1.05 - 1.25 (3H), 1.48 - 1.54 (lH), 1.64 - 1.73 (3H), 2.97 (dq, J - 7.5, 10, lH), 
3.20 (dq, J - 7, 10, lH), 3.22 (d, J - 14, lH), 3.27 (d, J - 14, lH), 3.65 (dd, J - 8, 5, lH), 
7.05 - 7.13 (lH), 7.14 - 7.24 (4H). =C-NMR: 175.39 (s), 144.50 (s), 128.16 (d), 127.94 (d), 
126.38 (d), 65.09 (d), 53.16 (t), 47.83 (s), 47.39 (s), 46.69 (d), 44.55 (d), 43.85 (d), 38.23 
(t), 32.84 (t), 26.41 (t). 20.64 (9). 19.79 (q). 18.58 (q), 15.09 (9). MS: 375 (5, 
C H NO S+.), 
Mz? 53 i 

296 (2). 271 (12), 161 (18), 133 (77), 105 (loo), 91 (76), 79 (25). 55 (24). HR- 
5. 870 (C21H2VN03S+.. talc. 375.1868). 

N-[(2S,3R)-2-Hethyl-3-phenyl-butanoyl]bom~e-lO,2-sult~ u. Using the general procedure, 
addition of PhLi (2.1 ml, 4.2 mmol) to copper(I)thiocyanate (257 mg, 2.1 mmol), then addition of 
the enoyl sultam @ (209 mg, 0.7 mmol), aq. quenching and workup gave a mixture of 
stereoisomers. HPLC (hexane/EtOAc 4:l): 6.00 (0.4), 6.29 (10.4), 6.66 (82.4), 7.29 (5.7). FC 
(hexane/EtOAc 8:1, 158 mg, 60%) and crystallization from hexane furnished 14 (110 mg, 42%). GC 
(B): 20.23 (100). HPLC (hexane/EtOAc 4:l): 6.29 (1.5), 6.66 (98.5). M.p. 209-10". IR: 3030, 
2980, 2880, 1690, 1340. 1210, 1160, 550. 'H-NNR: 0.85 (d, J - 6.5, 3H), 0.88 (s, 3H), 1.11 (s, 
3H), 1.17 (d, J - 7, 3H). 1.23 - 1.37 (2H), 1.77 - 1.90 (3H), 2.00 - 2.10 (2H), 2.87 (dq, J - 
6.5, 10, lH), 3.23 (dq, J - 7, 10, lH), 3.40 (d, J - 13.5, lH), 3.50 (d, J - 13.5. 1H); 3.88 
(dd, J - 6, lH), 7.14 - 7.29 (5H). +XTMR: 176.23 (s), 144.35 (8). 128.46 (d), 127.68 (d), 
126.55 (d), 65.46 (d), 53.27 (t), 48.18 (s), 47.73 (s), 46.42 (d), 45.26 (d), 44.74 (d), 38.58 
(t), 33.01 (t), 26.45 (t), 20.88 (q), 20.46 (q), 19.96 (q), 16.19 (q). MS: 375 (1, 
C H NO St.), 
MZf 5s ? 

296 (2), 271 (12), 161 (18), 133 (77), 105 (100). 91 (76). 79 (25), 55 (24). HR- 
5. 863 (C21H2VN03S+., talc. 375.1868). 

N-[(2S,3S)-2,3-Dimeth~~-4-pentenoyl]bom~e-lO,2-sult~ &. Using the general procedure, 
addition of vinyllithium 
mol), 

(9.4 ml, 20.6 mmol, 2.2 & in THF) to the CuI.PBu3 (4.03 g, 10.3 
then addition of the enoyl sultam 6d (1.02 g, 3.43 mmol), aq. quenching and workup gave a 

mixture of stereoisomers. GC (A): 15.84 (88) [the different stereoisomers could not be 
separated, except via reduction of the alkene (see ref. I‘) to h; GC (A): 15.53 (1.4), 15.86 
(86.3). 16.24 (12.3)]. FC (hexane/EtOAc 8:1, 801 q g, 72%) and crystallization from pentane 
furnished & (590 mg, 53%). GC (A): 15.65 (100) [reduced to $&: GC: 15.79 (98.5), 16.06 (1.5)]. 
M.p. 117-8'. IR: 2980, 1690, 1320, 1210, 1140, 550. 'H-NMR: 0.95 (s, 3H), 1.01 (d, J * 7, 3H), 
1.08 (d, J - 6.5, 3H), 1.16 (s, 3H), 1.30 - 1.43 (2H), 1.83 - 1.96 (3H), 2.04 - 2.10 (2H), 2.50 
(dq, J - 7, 8. lH), 2.95 (dq, J - 6.5, 8, lH), 3.44 (d, J - 14, X-I), 3.52 (d. J - 14, 1H). 3.91 
(dd, J- 7, 5, lH), 5.03 (m. 2H), 5.62 - 5.73 (1H). 13C-NMR: 175.80 (s), 140.56 (d), 115.34 (t), 
65.34 (d), 53.19 (t), 48.09 (s). 47.67 (s), 44.72 (d), 44.66 (d), 42.67 (t), 38.58 (d). 32.93 
(t), 26.42 (t), 20.82 (q), 19.89 (q), 18.40 (q). 14.37 (q). MS: 325 (2.3, C17H27N03S+.), 310 
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(4), 218 '2:; 152 (3). 135 (13), 111 (23). 93 (11). 83 (88). 69 (22). 55 (loo).- HR-MS: 325.1716 

(c17H2JN03s , oalc. 325.1711). 
Hy rogenation of the double bond with H /Rh, A1203, according to Ref i' gave N-((2S,3S)-2,3- 

dimethylpentanoyl]bornane-10,2-sultan p1. &?KR- and GC-comparison as well as mixed m.p. (94- 
5') with a sample obtained by another route I* proved the expected (2S,3S) configuration. 

and GC-&&yses of Kixtures of N-f(2R.S.3SRI- and (afEs.3RS1 12.3 __ 
>lbornane 10.2 s!.&g~g. _ _ 

N-[(2,3-Dimethylpentanoyl)]bom~e-lO,2-sult~. Prepared and analysed according to ref.". 

N-~(2,3-Dim~thylheptanoyl)]bornane-10,2-sult~. Prepared and analysed according to ref.". 

N-j(2-Metlryl-3-ph~y~-butanoyl)]bom~e-~O,2-sult~. A mixture of racemic (major) syn- and 
(minor) anti-2-methyl-3-phenyl-butyric acid was prepared according to ref.". Following the 
procedure described above for the preparation of N-[(E)-2-methyl-3-phanyl-I-propenoylfbornane- 
10,2-s&tam $9, 2-methyl-3-phenylbutyric acid (620 mg, 3.5 mmol) was converted (oxalyl chloride 
into its acid chloride which served to acylate sultan JJ (828 mg, 3.85 mmol) to give a mixture 
of stereoisomeric (2-methyl-3-phenyl-butanoyl)bornane-10,2-sultems (923 mg, 70%). CC (B): 19.27 
(38.3). 19.72 (34). 20.23 (27.7). 

Saooniffcations of N-Acvl St&~. General procedure. A 7 @ aq. solution of LiOH'H20 was added 
to a 0.35 @! solution of the sultam z in THF and vigorously stirred at 65* for 3 - 5 d. 
Eveporation fn vacua, trituration of the residue with CH2Cl and evaporation of the dried 
extracts gave sultam u. Acidification of the CH2C12-ins01 u&e residue with 2 B aq. HCl, 
saturation with NaCl, extraction with CH Cl2 
the crude acid J& which was purified by 2 

and evaporation of the dried (KgS04) extracts gave 
istillation. 

(.?S,3R)-2,3-Dimethylpentanoic acid &,&g. Following the general procedure LIOH'H 0 (1.26 g, 30 
mmol) and the sultan & (980 mg, 3 mmol) were stirred for 5 d, workup and bulb-to- b ulb 

+35.7'(neat). 

- 7, 3H), 0.89 (t, J - 7.5, 3H), 1.07 (d, J - 6.8, 3H), 1.22 (lH), 1.40 (lH), 1.81 (dq, J - 7, 
6, lH), 2.44 (dq, J - 6.8, 6, 1H). '+XE4R: 183.45 (a), 43.66 (d), 36.78 (d), 27.39 (t), 15.04 
(q), 11.73 (q), 11.60 (9). MS: 115 (22, C7Hl 02+' - CH ), 101 (68), 97 (10). 85 (171, 74 (1001, 
57 (18). HR-MS: 115.0773 fC7H1402+. - CH3, ca c. k 115.0359) 

(ZS,3R)-Z,3-Ri~thy~hept~oi~ acid U. Following the general procedure s&tam 6.R (605 mg, 
1.7 mmol) was heated with LiOH.H20 (716 lag, 17 mmol) in THF/H20 (l:l, 10 ml) for 16 h at 65'. 
Workup and bulb-to-bulb distillation (bath 150", 0.4 Torr) gave sultan U (340 mg, 93%) and acid 
$,;T;stilled, 172 mg, 64%) [u] - +40.65'; 

- +140.85" (c - .64, CH2C12, T - P 
1015~ 

9 
- +42.68'; [a]546 - +48.64'; [a]436 - 

~408;j$$; :42.6'; [a] 
3'); authentic sample of enantiomer i7:[o]0 - 

- -48.7'; [a] 6 - -85.8'; [a]365 - -141.7" (c * 1.7, CH2C12, T 
3000, 298ij462940, 2880, 2843, 1710. 'H-NMR: 0.86 (d, J - 7. 3H); 0.88 (t,J - 

7, 3H); 1.08 (d, J - 7, 3 H); 1.12 - 1.40 (6 Hf; 1.88 fm, 1 H); 2.44 ( m, 1H). 

(2S,35)-2,3-Dimethyl-4-pentenofe acid &. Acylsultam & (459 m8, 1.41 mmol) was heated with 
Li0H.H 0 

1 
(592 mg, 14.1 -01) in THF,'H20 fl:l, 8 ml) at 65 * for 24 h. Workup and bulb-to-bulb 

distil ation ( 135" (bath)/12 Torr) furnished the recovered auxiliary U (276 m8, 91%), as well 
as the acid && ( 110 mg, 61%) [a]0 - -37.4": [a] 

fa] 65 - -135.0" (c - 1.18, CHC13, T * 
21'). IR (~&II~:-:!O~'~ :$~4groad44&b ";!$a6 ;Q,y'""' 

1713, 1445, 1420, 915. 'Ii-NKR: 1.03 (d, J - 7, 3H): 1.06 (d. J - 7, 3 H);'2.27 ; m, lH,; 2.42 
(m, 1H); 5.20 fm, 2H), 5.63 (m, 1H). 

(ls,2R)-2-Hetbyl-I-cyclohex~ecar6oxylic acid u. Following the general procedure LiOHH20 
(3.70 g, 88 mol) and the sultam g (3.01 g, 8.8 mmol) were stirred for 4 d, workup and bulb-to- 
bulb distillation (bath 95'/1.5 Torr) gave U a8 an oil (937 mg, 75%). [a] - -8.0°; lo] 78 = 
-8.24"; [o] 
[al 

B 
= +7.651f6 

- -8.97'; [a]436 = -11.3"; [a] 
94% e.e. for the antipode (c - ?6;1 

- -8.8" (c - 6.02, EtOH. P - 21.50), 1lt.Y 
5, EtOH, T - 21.5'). IR: 3300 - 2500, 2930, 

288 , 2660, 1710, 1450, 1420, 1260, 940.-iH-NMR: 0.97 (d, J - 7, 3H), 1.22 - 1.45 (ZH), 1.45 - 
1.78 (6H), 2.20 (m, lH), 2.56 (m, 1H). 13C-NHR: 182.14 (s), 45.83 (d), 31.72 (t), 30.98 cd). 
24.35 (t), 23.64 (t), 21.42 (t), 15.13 (q). MS: 142 (14, C8Hl 0 
82 (73). 73 (77). 55 (100). RR-MS: 142.0996 fC8H1402+', talc. 

L4$+:;ig;:4 (67). 96 (46), 87 (44). 

(Zs,3S)-2-~ethy~-3-phenylbut~ofc acid I&. Following the general procedure LiOH'H20 (2.94 g 
70 mmol) and the sultam & 12.65 8, 7 rmaol) were stirred for 5 d, workup and bulb-to-bulb 
distillation (bath 120 - 125'/0.5 Torr gave U& as an oil (832 mg, 67%). [aI - +53.1*; [a] - 
;:;07"jo;;]5~8 - +64.0'; [a]43 - +116.2'; [a'136 - +2OO.l' (c - 1.17, T = 2P.5'). IR: 33005T8 - 

80, 1710, 1480, 
J - ;.5, 3H), 2.71 (dq, J 

p290, 1240, 1230, ?220, 910. 'H-NMR: 1.16 (d, J - 7, 3H), 1.27 (d, 
- 7, lH), 3.16 (dq, J - 7.5, lH), 7.20 - 7.34 (5H). 13C-NMR: 182.10 

(s), 144.55 (s), 128.28 (d), 127.37 (d). 126.41 cd), 46.30 (d), 41.63 cd). 16.91 (q). 13.37 (4). 
MS: 178 (10, CllH1402+'), 149 (7), 105 (loo), 91 (S), 77 (9). HR-MS: 178.1004 (CllH1402+., talc. 
178.0904) 



Asymmetric 1,4-additions of Gilman reagents 

[ZS,3R)-Z-amino-3-phenylbutane fi. To a solution of (2S,3S)-2-methyl-3-phenylbutanoic acid 
&I (832 mg, 4.7 rmsol) and triettylamine (0.65 ml, 4.7 mmol) in benzene (30 ml) at 0' wss added 
diphenylphosphorylaside (DPRA) (1.01 ml, 4.7 rmool) in bensena (20 ml). The mixture was 
stirred for 1 h at r.t. and heated et reflux for 16 h. After evaporation of the solvent an IR of 
en aliquot confirmed the formation of the isocyanate. To the residue wes slowly added cont. HCl 
(20 ml) and stirring continued (2 hf at r.t. Washing with Et 0, treatment with aq. NH (24%), 
workup and bulb-to-bulb distillation (bath 95'/3 Tarr) gave f as an oil (388 mg, 56%j. [a] - 
+44.9'; [a)378 - +47.1'; [a] 46 - +54.6'; 
lit.": [a]D - 41.2' (neat, 15- 25'). 

[a]43 - +103.3'; [a] - +186.9' (neat, T * 25 *P 
IR: 3380, 9030, 2980, 166$lp51610, 1490, 1450, 1360, 70;. 

'H-NMR: 1.16 (d, J - 6, 3H), 1.28 (d, J - 7, 3X), 1.24 - 1.35 (2H), 2.52 (dq, J - 7, lH), 3.04 
- 6, 8, lH), 7.21 - 7.38 (5H). '3C-NNR: 145.01 (s) 128.40 (d) 127.72 (d) 126.28 (d) 

:?;9J(d) 48 46 (d) 21 23 (q) 18 54 (q) MS: 148 (11 'C H N+.-1,' 134 (22) i21 (14) 105 
(2i), 91 i26,: 86 (63). 84 (loo;, 7; (24);70 (59). HR&:lP4851119 ~C10H14N+.,'calc. 148:1127) 

N-Benzoyl-fZS,3R)-Z-amfno-3-phenplbutHne a. To a solution of (2S,3R~-2-~ino-3-phenylbutane 
Lb (135 mg, 0.9 mmol} in CN Cl2 
benzoylchlorfde (0.1 ml, 0. 4 

(2 ml) wes first added pyridine (0.7 ml, 9 mmol) followed by 
mm&). After stirring (1 h at r.t.), the mixture was poured onto 

ice, acidified with 2 E HCl and worked up. FC (hexane/EtOAc 4:l) and crystallization 
(hexane/Et 0) gave pure u (216 mg, 95%). M.p. 141', Lit.s3: 141". [olD - -20.5"; 
::;1;';c["f1$6 ; :25.4'; [a]4 - -52.9'; [o]~~ - +109.7' (c - 10, T - 25'). Lit. k;5i8]- _ 

25'). IR: @SO, 3350, 3080, 3020, 2980, 2940, 2880, 1670, 1510, 148:Dl450, 
710. lX-NMR: i.21 (d, J - 6.5, 3H), 1.37 (d, J - 7.5, 3H), 3.00 (dq. J - 6.5, lH), 4.44 (m, lH), 
5.88 fd (br.), J - 8, IH), 7.22 - 7.48 (8H), 7.57 - 7.65 (2H). "C-NMR: 166.80 (II), 142.83 (s), 
134.92 fs), 131.25 (d), 128.49 (d), 127.94 (d), 126.76 (d), 126.72 (d), 50.05 (d), 44.78 (d), 
18.93 (q); 17.58 (q). MS: 253 (8, C17HlgNG+.). 148 (52), 105 (100). 77 (31). HR-MS: 253.1469 
(C17HlgN0 ', talc. 253.1466). 
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