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ABSTRACT

0" N + R,3[Cu]L

Addition of organocuprates to

N-sulfinyl o, f-unsaturated imines proceeds in good yields and with good diastereoselectivities.
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Yields up to 91%
dr's up to 96:4

o,B-Unsaturated

sulfinyl ketimines and aldimines have both been shown to be suitable substrates for this reaction.

N-tert-Butanesulfinyl imines are extremely versatile synthetic

enriched amine products. In initial efforts, we demonstrated

intermediates and are increasingly being used for the thato-deprotonation oN-tert-butanesulfinyl imines gener-

asymmetric synthesis of aminéétert-Butanesulfinyl imines
are readily prepared by condensationteift-butanesulfin-

ates metalloenamides that react with high diastereoselectivity
with a number of electrophiles, including alkylating agents,

amide with aldehydes or ketones. Subsequent diastereo-aldehydes, and Michael acceptéiderein we report for the

selective addition of diverse nucleophiles followed by acidic
removal of the sulfinyl group efficiently provides enantio-
enriched amine productg.

first time that N-tert-butanesulfinyl imines wittg-stereo-
centers can be accessed by the diastereoselective conjugate
addition of organocuprates d-sulfinyl imines derived from

Recently we have embarked on an effort to access more®.S-unsaturated aldehydes and ketohes.

complex amine products with multiple stereocenters by first

Preparation of.,3-unsaturated\-tert-butanesulfinyl imines

performing diastereoselective transformations upon starting 1 required slight modification of our reported protocol for
N-tert-butanesulfinyl imines to provide more complex imine the condensation dert-butanesulfinamide with aldehydes

intermediates that are subsequently converted to enantio-2nd ketones, in which 2 equiv of Ti(OEfy used as a Lewis
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acid catalyst and water scavenger. Under these conditions,
incomplete conversion to the imine product was observed.
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However, good conversion could be obtained by increasing ||| | | |  NRRNENNNNGEEEEEE

the amount of Ti(OEg)in the reaction from 2 to 4 equiv.  1pe 2. Optimization of Ketimine Additions
Using this modified stoichiometry, both,S-unsaturated

ketimines and aldiminelcould be prepared in yields ranging ~ -
from 74% to 86% for a range of aromatic and aliphatic 5. _S.
substitution patterns (See Table 1). ol + BuCu] + additive 8 o r T
)\/\ . solvent
1a 2a
|
Table 1. Condensation ofert-Butanesulfinamide with equiv %
a.B-Unsaturated Aldehydes and Ketones entry Cu salt of BuLi additive solvent yield® dr®
\l/ 1 Cul 2 none Et20 71¢ 2:1
o E 2 Cul 2 none THF 23  86:14
o) &+ Tiom oSN 3  CuBr 2 none THF 40 89:11
NN >r NH, CTE T gl 4  CuCN 2 none THF 66  71:29
4 5 CuBr-SMe, 2 none THF 68 85:15
6  CuBr 2 TMSCI THF 41  74:26
1 5 . 7  CuCN 2 TMSCl THF 33  73:27
product R R femp % yield 8 CuBr-SMe; 2 TMSCI THF 48 78:22
la Me Me reflux 74 9  CuBr 1 BF3-OEt; Et,0 51  89:11
1b Ph Me reflux 74 10 CuBr 1 BF3-OEt; THF 17 919
1c Me Ph reflux 81 11 CuCN 1 BF3-OEt; Et:0 99 2:1
1d Ph Ph reflux 77 12 CuCN 1 BF3-OEt; THF 65  89:11
le -(CHg)s- reflux 86 13 CuBr 2 BF;:OEt; Et20 33 3:2
1f H Me rt 82 14 CuBr 2 BF3-:OEt; THF  61c 92:8
15 CuCN 2 BF3-OEt; Et:0 33 2:1
16 CuBr-SMe; 2 BF3-:OEt; THF 58 919
17 CuCN 2 BF3-OEt; THF 68  93:7

Sulfinyl ketimineladerived from 3-penten-2-one was first
selected to optimize conditions for the conjugate addition aDetermined by NMR analysis of the crude mixture containing 2,6-
reactions. The addition of the butyl Gilman cuprate was first ﬁimgzhgxyéomggg gzl:nsgg%dfﬁf]feﬁri?;gedrgguﬂfLC analysis Deter-
evaluated and provided addition prod@zt in 71% yield, Y P P '
but with a low 2:1 diastereomeric ratio (entry 1, Table 2).
Despite the low selectivity, this result provided an appropriate
starting point for optimization efforts.

conjugate addition greatly exceeds this mod&& isomer

S ratio, suggesting that one of the imine isomers preferentially
O.p_t|m|zat|.on focused on copper sources, solvent, a_nd reacts with the cuprate concomitant with rapid imine isomer

additives o increase the diastereomeric ratio of the reaCtlonequiIibration. Enhanced diastereoselectivities over substrate

whilg mai?tart]ipiﬁg gqcr)]d yields.hDiahstereomeL raticl)s WEr€ £/7 isomer ratios have previously been observed for nucleo-
consistently higher with THF rather than,Etas the solvent. philic additions toN-sulfinyl ketimines®

(Table 2). When no ac_jditives were used, C_u!3r was the The scope of the conjugate addition reaction was next
CcOpper source that prowd_ed the highest selectivity (_entry 3)- evaluated using the CuCN conditions for optimal yield and
Additives that have previously been reported 1o improve diastereoselectivity. Addition of the butyl cuprate to sulfinyl

cuprate conjugate_ f_:ldditions were test_ed next. TMSCI de- ketimine1b also proceeds in good yield and diastereoselec-
creased the selectivity of the reaction with each of the COppertivity (entry 2, Table 3). Additions of methyl cuprates, which

sources (entries 6—8). In c_ontrast, _the.best r_esults WEre Se€ e documented to be the least reactive of the alkyl cuprates,
when BE'OEE was usgd in combination with 2 equiv of were next investigated. Unfortunately, the optimal conditions
the lithium rgagent. Using QuBr as the copper source und,erfor the conjugate addition of butyl cuprate were not effective
these conQ|tlons, a 61% y|eld.and 92,:8 dlastereqmer ratiot; the less reactive methyl cuprate. Not only were the desired
were qbtalned (entry_14). A slightly higher 68% yield and i products obtained in modest yield, but sulfenyl
93:7 diastereomer ratio were observed when CuCN was useqi‘etimines were produced as major byproducts. Cuprates are
as the copper source (ent'ry'17). ) . documented to be more reactive in@&than in THF. Indeed,
Thea,f-unsaturated ketimine starting matedalexisted  g,ccessful additions of MEuLi in ELO were observed with

as a 2:1 mixture of/Z isomers as determined by NMR ;561 elimination of sulfenyl ketimine byproducts (entries
spectroscopy. It is notable that the diastereoselectivity of the 3-5). Good yields and diastereoselectivities were observed

: : — with a phenyl substituent present & @ntry 3) and at both
(5) Relatively few examples of asymmetric additionsdf-unsaturated

aldimines and ketimines have been reported. None of these methods havelR and R (entry 4), a”q !n _|n|t|al studies, addllt'on of th_e
been utilized for the asymmetric synthesis of amines. For leading references,methyl cuprate to a cyclic imine also proceeded in good yield

see: (a) Esquivias, J.; Arrayas, R. G.; Carretero, J. ©rg. Chem2005, ; i i
70, 7451—7454. (b) Soeta, T.; Kuriyama, M.; Tomioka,JKKOrg. Chem. with promising select|V|ty (entry 5)'
2005 70, 297-300. (c) Bonini, B. F.; Fochi, M.; Franchini, M. C.; Mazzanti,

G.; Ricci, A.; Picard, J. P.; Dunogues, J.; Aizpurua, J. M.; Palom&y@lett (6) (@) Cogan, D.; Ellman, J. Al. Am. Chem. S0d. 999,121, 268—
1997, 1321-1323. (d) Enders, D.; Heider, K. J.; Raabé\i@gew. Chem., 269. (b) Borg, G.; Cogan, D. A.; Ellman, J. Aetrahedron Lett1999,40,
Int. Ed. Engl.1993,32, 598—601. 6709—6712.
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Table 3. Substrate Scope Table 4. Optimization of Aldimine Additions
L L < PN
o +RYCu PN R oS 78°C oSN B SN B
RJ\/\Rz e R1J\/LR2 HJ\/\"’ BulCul 0 H)J\/k + HJ\/?\
1 2 1 additive 2f (3R) 2 (39)
entry product method®  yield® dr’
é/ equiv % drb
! o J\)B: A 68% 93:7 entry Cu salt of BuLi additive yield* (3R:3S)
o 2a ¢ Cul 2 none 52¢ 1:1
H 2 Cul 2 BFs-OEt, 78 75:25
5 O®N Bu A 6% 928 3 Cul 1 BFs-OEt; 15 70:30
4 CuCN 2 BFs-OEt, 71 79:21
b 5 CuCN 1 BFs-OEt; 62 80:20
< 6 CuBr 2 BFs-OEt; 92 76:24
oSN Me 7  CuBr 1 BF3-OEt; 48 79:21
3 ! B 70% 8515 8 CuBr-SMe; 2 BFs-OEt, 64 77:23
)\/‘\© 9 CuBr-SMe; 1 BFs:OEt, 4 62:38
2¢ 10  CuCN 1 PBuj 73¢  85:15
~- 11 CuCN 2 PBu 65  72:28
oSN Me 12 CuCN 1 PCys 484 21
4 ® 0 B o 964 13 CuCN 1 PPhs 524 76:24
2 14 Cul 1 PBus 59 76:24
< 15  CuBr-SMe; 1 PBus 15 77:23
3 16 (CuOTf)gbenzene 1 PBus nr
5 o N 3 s 8713 17 CuOAc 1 PBu 55 1585
) 18¢ CuCN 1 PBus 57d ~2:1
5. Ve 19 CuCN 1 PBu 489 ~2:1

aDetermined by NMR analysis of the crude mixture containing 2,6-
aMethod A: 0.5 M solution ofy,S-unsaturated imine in THF was added  dimethoxytoluene as a standabdetermined by HPLC analysigReaction

to a—78°C 0.5 M solution of BUCUCN-BFR-OEtL in THF via cannula. was run in E40. 9 Determined by a mass balance of the purified product.
Method B: A 0.5 M solution ofx,5-unsaturated imine in &D was added ¢ Correspondingp-toluenesulfinyl imine was used as starting material.
to a—78 °C 0.5 M solution of MeCuLi in EtO via cannula® Isolated f Corresponding 2,4,6-triisopropylbenzenesulfinyl imine was used as starting
yield of purified mixture of diastereomer&lsolated yield of purified major material.

diastereomerd Determined by HPLC analysis.

which have previously been reported to enhance diastereo-
The absolute configuration at thg-stereocenter was  selectivities, were next evaluated. Indeed, when CuCN was
determined for the conjugate addition products in entries 1, used as the copper source with tributylphosphine as the
3, and 4 by hydrolysis to the corresponding ketones followed additive, the product was obtained in a moderate 85:15 dr
by correlation with the literature optical rotations for these and 73% yield (entry 10). Modification of the structure of
compounds. The configuration of the conjugate addition the phosphine additive resulted in a slight drop in the
product in entry 5 was determined by comparison with the diastereoselectivity (entries 12 and 13). Different copper

imines prepared by condensation &)-tert-butanesulfin- sources had a pronounced effect on the diastereoselectivity
amide with the commercially availablR¥ and (3-3-methyl observed when PBwas used as an additive (entries-14
cyclohexanone¥ 17). Most exciting was CuOAc, which gave an 85:15 dr

Conjugate additions tert-butanesulfinyl aldiminéf were favoring the opposite diastereomer while maintaining an
also investigated (Table 4). Initial experiments, however, acceptable 55% yield (entry 17). This allows for access of
gave low diastereoselectivities. Addition of ®uLi to either diastereomer of the addition product using the same
aldimine 1f proceeded in 52% yield and was not selective sulfinyl stereocenter. Conjugate additions to ¢h8-unsatu-
(entry 1). Using the conditions optimized for butyl cuprate rated sulfinyl imines prepared from-toluenesulfinamide
addition to ketiminela gave a better diastereomer ratio, but (entry 18) and 2,4,6-triisopropylbenzenesulfinamide (entry
the selectivity was still low (entry 4). Reduction in the 19) were also carried out using the optimized conditions
stoichiometry of BuLi to CUCN (entry 5) or use of alternative (CUCN as the copper source and RBas an additive).
copper sources with BFEL,O as an additive did not result However, additions to these sulfinyl imine derivatives
in any improvement in reaction diastereoselectivity (entries proceeded with poor diastereoselectivities.

6—9). Different copper(l) sources and phosphine additives, The facial selectivity for conjugate additionsNesulfinyl
o,f-unsaturated ketimines and aldimines can be rationalized

(7) (a) For entry 1, see: Yamaguchi, M.; Igarashi, Y.; Reddy, R. S.; by the model shown in Figure 1. The cuprate coordinates to
Shiraishi, T.; Hirama, MTetrahedron1997,53, 11223—11236. (b) For the sulfinyl oxygen on the opposite face from teet-buty!

entries 3 and 4, see: Oi, S.; Taira, A.; Honma, Y.; InoueQOry. Lett. A - !
2003,5, 97-99. group. Coordination both activates the molecule to conjugate
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s butanesulfinyl ketimines with aliphatic and aromatic substi-

tution patterns. Conditions were also identified for the
NP \k \k addition of butyl cuprate ta,S-unsaturatedert-butane-
: sulfinyl aldimine2f to provide either diastereomeric addition

P ’S‘I - Nl’s\\o"'U3 . N[/S\O product with 85:15 diastereomer ratios depending on the
“}\?3 R! l RH\; ,,,,, ‘c’imen R’ copper source. These first examples of conjugate additions
Sulx, “R? Cre H '}53 to unsaturatedN-tert-butanesulfinyl imines providg-sub-
stituted imines that should serve as useful intermediates in
Figure 1. Model for diastereofacial selectivity. the asymmetric synthesis of a varietyjesubstituted amine
products.
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