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Summary: Organotitanium reagents undergo Cu(1)-cata- 
lyzed SN2’ substitution reactions with allylic chlorides and 
phosphates in a regie, stereo-, and chemoselective manner: 
in the presence of Me8SiC1 or Me3SiOS02CF3, they un- 
dergo preferential conjugate addition to enones. 

The s N 2 ‘  substitution reaction of an organocopper 
reagent with an allylic alcohol derivative is receiving in- 
creasing attention as a method for stereoselective trans- 
formation of a trigonal carbon to a tetrahedral carbon 
center on an acyclic carbon chain.’ A general drawback 
of this strategy for construction of stereogenic centers has 
been the propensity of such reactions to divert to an al- 
ternative sN2 substitution pathway.2 We wish to report 
here that alkyltitanium reagents8 undergo SN2’-selective 
reactions with allylic phosphates in the presence of a Cu(1) 
catalyst (eq 1). The new catalytic organocopper reagents 

RnTi(O-i-Pr)s.nLi 
cat. CuI*PLiCI 

c 
X JJ THF 

x = CI, OP(O)(OEt)2 n.1,2 

(1) (a) Ibuka, T.; Habmhita, H.; Funakdi,  5.; Fujii, N.; Oguchi, Y.; 
Uyehara, T.; Yamamoto, Y. Angew. Chem., Znt. Ed. Engl. 1990,29,801 
and referencea therein. (b) Nakamura, E.; Sekiya, K.; Arai, M.; Aoki, S. 
J.  Am. Chem. Soc. 1989,111,3091. (c) Denmark, 5. L.; Marble, L. K. J.  
Org. Chem. 1990,66,1984. (d) Marino, J. P.; V i ,  A. J.  Org. Chem. 1991, 
66,1349. 

(2) For pertinent references, see: Underiner, T. L.; Paisley, S. D.; 
Schmittar, J.; Laheaki, L.; Goering, H. L. J .  Org. Chem. 1989,54, 2369 
and referencea therein. 
(3) h t z ,  M. Organotitanium Reagents in Organic Synthesis; 
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prepared by the Ti-to-Cu transmetalation‘ exhibits (1) 
excellent SN2’ regioselectivity, (2) anti selectivity with 
respect to the stereochemistry of the incoming nucleo- 
phile/leaving group pair, (3) excellent diastereoselectivity 
with respect to 1,2-asy”etric induction, and (4) useful 
chemoselectivity.s 

Organotitanium compounds show mild nucleophilic re 
activities toward ketone and ester carbonyl groups yet 
behave as poor nucleophiles toward organic halides! In 
fact, n-B~Ti(0-i-Pr)~ (1.2 equiv) is inert to cinnamyl 
chloride (2b) at -70 OC in THF. However, addition of a 
THF solution of CUI (6 mol 9%) and LiCl (12 mol 9%) to 
this mixture results in the formation of an alkylation 
product (1) in good yield (Table I, entry 1; see also entry 
9). The CuI.2LiC1 combination was found to be a far more 
effective catalyst than CuBr-Me2S, which was used in our 
previous investigations.’ Similarly, the reactions of ate 

(4) Previous exnmplea of transmetalation approaches in catalytic or- 
ganocopper chemistry. (a) From M Kharaach, M. 5.; Tawney, P. 0. 
J.  Am. Chem. SOC. 1941,63,2308. (f) Mn: Cahiez, 0.; Alami, M. Tet- 
rahedron Lett. 1989, 30, 3541. (c) Zn: Sekiya, K.; Nakamura, E. Tet- 
rahedron Lett. 1988,29,6156. In stoichiometric oganocopper chomintry. 
(d) Zn: Nakamura, E.; Sekiya, K.; Arai, M.; Aoki, S. J.  Am. Chem. Soc. 
1989,111, 3091. Knochel, P.; Yeh, M. C. P.; Berk, S. C.; Tdkrt, J. J.  
Org. Chem. 1988,63,2390. Wu, L.; Wehmeyer, R. M.; Rieke, R. D. J. 
Org. Chem. 1991,56,1445. (e )  Sn: hhling, J. R.; Babiak, K. A.; Ng, J. 
S.; Campbell, A. L.; Moretti, R.; Koerner, M.; Lipnhutz, B. H. J. Am. 
Chem. SOC. 1988,110,2641. (0 Ah Ireland, R. E.; Wipf, P. J. Am. Cham. 
SOC. 1990,55, 1425. (g) Zr: Liphutz, B. H.; Ellsworth, E. L. J. Am. 
Chem. SOC. 1990,112,7440. 

(6) Review Nakamura, E. Synlett. In p r e ~ .  
(6) However, it is a good reagent for electrophilic QNl alkylation owing 

to the Lewis acidity of the metal. See also: p 204 in ref 3. 
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Table I. Copper-Catdy& SN2' Allylation and Conjugate 
Addition of Omanotitanium Renuentea 

Communications 

entry "RTi" ekkrophile % yieldb 96 SN2" product 

1 
2 

3 
4 
5 
8 
7 

8 

9 
10 
11 

12 

13 

14 

15 

18 

88 >w.s 
68 >99.7 

8 5 5 4  
98 >w.9 
91 >w.2 
74 85 
75 -100 

88 -100 

81 98 
100 95 
99 98 

92 99 

92 98.7 

86d - 

77 - 
(+11). 

74' - 

O A l l  reactions were carried out with 1.2-1.5 equiv of the titani- 
um reagente in the presence of 6-7.5 mol % CuI.2LiCl in THF at  
-70 OC for 6 h (except for entriea 6-11, 14, and 15, -784 "C). 
bYield is baeed on pure isolated material except in entry 12 (GC 
yield). The isomer ratio was determined by capillary GC analysis 
except in entry 12, wherein the sN2' ratio was determined by 270- 
MHz 'H NMR analysis of the olefinic proton, and the stereo- 
chemistry was determined by GC analysis. dThe reaction was free 
of side producta (<0.1% by capillary GC). 'The yield of the desi- 
lylated conjugate adduct. 

complexes n-B~~Ti(0-i-Pr)~Li (6) and n-B~Ti(0-i-Pr)~Li 
(6Y gave 1 with excellent regioselectivity in higher yields 
(cf. entry 2). While the reactions of these reagents with 
allylic bromides showed only ca. 2:l SN2' regioselectivity 
(entry 31, those with allylic phosphates9 exhibited nearly 
complete sN2' regioselectivity (entries 4 and 5). Thus, the 
reactions of 6 and 6 with cinnamyl phosphate (2a) pro- 
ceeded equally smoothly at -70 OC to give the allylation 

while allylic chlorides and phosphates appear to be of 
comparable use, the latter is of synthetic advantage in 
terms of availability and ease of preparation.1° 

Other representative results of the SN2' allylation are 
shown in Table 1.l1 The high h2' selectivity was generally 

ptoduct 1 h high yield with >99.8% s ~ 2 '  8elediviQ. Thus, 

(7) &ki a, K.; Nakamura, E. Tetrahedron Lett. 1988,29,5166. See 
alm ref 13: 

(8) (a) E& 88 in ref 3, w d  Rsetz, M. T. Top. Cwr. Chem. 1982,106, 
1. (b) Bu2Ti(&i-R) i was prepared from 2BuLi and ClTi(O-i-R),, and 
BuTi(O-i-Pr), from ULi and Ti(O-i-Pr),, 

(9) Uwr of allylic phorphatea in copper chemin bawd on GI' ard 
reagent Bourgain-COmmeqon; M.; Normant, J.-F%iUieras, J. J.  %m. 
Rea., Synop. 1977,183. Araki, 9.; B u t s ~ p ,  Y. J.  Chem. SOC., Perkin 
Tram. I 1984,969. Yanaginawa, A.; Nontake, Y.; Nomura, N.; Yama- 
mob, H. Synlett. 1991, 261. Bannai, K.; Tanaka, T.; Okamura, N.; 
Hazato, A; Sugiura, S.; Manabe, K.; Tomimori, K.; Kato, Y.; Kurozumi, 
S.; Noyori, R. Tetrahedron 1990, 46,6889. 

(10) Prepared by phosphorylation with diethyl hoephonochloridate 
and pyridine or by the action of the chloride on a !thium alkoxide. Cf. 
Miller, J. A.; Wood, H. C. S. J. Chem. SOC. C 1968, 1837. 

Scheme 1 

* + 3 +  1: 76% 79% recovery b' 9% Bu 

8"'. 
2a 

-7ooC, 3 h 
THF 1 

1 .O eq BuTi(O-i-Pr),Li 
5 mol% CUI-PLiCI 

8 
3 

1.1 eq BuTi(O-i-Pr)&i 
5.5 moWoCul*2LiCI 
1.1 eq Me3SiCI 

A + 2a + 

1: 2% 96% recovery 4:46% 
based 

on convenion) 

observed for long-chain alkyl groups12 (entries 7 and 8), 
while a methyl group showed diminished selectivity (entry 
6).13 Generally, the reactions were carried out at -70 "C 
except for the reaction of MeTi(O-i-Pr)4Li, and for the 
cases where a quaternary carbon center is created (entries 
Sll, final warming to - 2 0  OC): the SN2' selectivity may 
be slightly lower in these cases. The reaction with the 
phosphate of deuterium-labeled (-)-ciS-carveol (entry 12) 
proceeded with 99% SN2' regioselectivity and >98.7% anti 
~tereochemistry~~ as judged by comparison with authentic 
samples by NMR and capillary GC. 

The diastereoselectivity was also found to be very high 
in terms of l,&asy"etric induction. Thus, 6 afforded 
a single product upon reaction with a t-benzyloxy-sub- 
stituted allylic chloride (entry 13). This result confirms 
our previous observationslb that the anti diastereoselec- 
tivity is insensitive to the nature of the copper nucleophile. 

In the presence of Me$iC1,lS the catalytic Cu(I)/RTi- 
(O-i-Pr)4Li combination effects conjugate addition to an 
enone (entry 15). With less reactive enones (entry 16), a 
better activating additive, Me3SiOS02CF3,18 may be nec- 
essary. 

(11) General Experimental Procedure. To a solution ofTi(0-i-R) 
(1.5 mmol) 111 3 mL of dry T W  under nitrogen was added 1.5 mmol o# 
BuLi in hexane at -70 OC. A 1 M THF solution (76 &) of CUI d u b W  
with 2LiCl was added to the orange solution, which turned brown. An 
allylic phoe hate (1.0 mmol) was added and the mixture was rtirred for 
6 h at -70 .e. Addition of wet hexane followed by filtration through dliur 
gel gave the deeired alkylation product. 

(12) Available from the correspondq lithium en& Bailey, W. 
F.; Punzalan, E. R. J. Org. Chem. ISSO, 66,6404. N a ,  EA.; Swaneon, 
D. R.; Rowaet, C. J. J. Org. Chem. ISSO, 55,6408. 

(13) Benzyl-, allyl-, and phenyltitanium reagents have no far been 
found to give only moderate regioeelectiviiy either with CUI-2LiCl or with 
CuCN.2LiCl. 

(14) Itoh, A,; Ozawa, S.; Oshima, K.; Saaaki, S.; Yamamoto, H.; HI- 
yama, T.; Nozaki, H. Bull. Chem. SOC. Jpn. 1980,53, 2317. See alro: 
Yamamoto, Y.; Yamamoto, S.; Yatagai, H.; Maruyama, K. J.  Am. Chem. 
SOC. 1980,102,2318. 

(15) (a) Matauzawa, S.; Horiguchi, Y.; Nakamura, E.; Kuw 'ha,  I. 
Tetrahedron 1989,45,349. (b) Corey, E. J.; Boaz, N. W. Tctr%cdron 
Lett. 1981,26,6016. Corey, E. J.; Boaz, N. W. Tetrahedron Lett. 1986, 
26,6019. (c) Ale*, A.; Berlan, J.; Beeace, Y .  Tetrahedron Lett. 1966, 
27, 1047. 

(16) Kim, S.; h, J. M. Tetrahedron Lett. ISSO, 31, 7627. 
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The present catalytic system exhibits chemoselectivity 
toward allylation rather than the conjugate addition 
pathway. Reaction of 5 with chlorinated carvone (entry 
14) took place exclusively on the allylic chloride moiety 
rather than with the enone, and less than 0.1% of side 
products was found on capillary GC analysis." A more 
challenging example between an allylic phosphate and an 
enone is illustrated in Scheme I. Treatment of an equi- 
molar mixture of cinnamyl phosphate (2a) and cyclo- 
hexenone (3) with 1.0 equiv of 6 and 5 mol % of CuI-2LiCl 
at  -70 to -40 "C in THF resulted in the preferential re- 
action with the phosphate, affording the allylation product 
1 in good yield. By contrast, upon introduction of 
MegiCI, the conjugate addition pathway is actiuated and 
now competition between 2a and 3 in the presence of 
Me3SiC1lS (1.1 equivalent) selectively gave the conjugate 
addition product 4. The same competition reaction per- 
formed with BuzCuLi (1.0 equiv) at -70 "C exhibited much 
lower selectivities. 

The nature of the reactive species in the present catalytic 
reaction is presently unclear. However, the following ex- 

(17) The same reaction of Bu,CuLi waa quite complex aa judged by 
GC analysis. 

perimenta for various butyl group transfer reagents indi- 
cated that both titanium and copper metals are essential 
for high regioselectivity. The regioselectivity of the com- 
mon organolithium-based copper reagents is much lower. 
For instance, the reaction of BuCu (BuLi + CUI) with the 
phosphate 2a at -70 "C for 6 h in THF showed only 77% 
SN2' selectivity (88% yield). Similarly, BuzCuLi (2BuLi + CUI) showed 73% selectivity (70% yield). The reaction 
of BuLi with 2a in the presence of a catalytic amount of 
CuI-2LiCl was very complex. All butyltitanium reagents 
examined above were totally inert to cinnamyl chloride or 
phosphate at low temperatures, the copper catalyst thus 
being essential for the reaction. 

In summary, by combining catalytic amounts of CUI- 
2LiC1 with alkyltitanium reagents, a new reactive species 
is formed, which perhaps is acting as a low energy carrier 
of alkyl groups capable of selective synthetic transforma- 
tions under mild conditions. 
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Summary: Optically active 4-lithio-l,3-dioxanes have been 
converted to the corresponding TMEDA-organocopper 
reagents and shown to undergo conjugate addition reac- 
tions to ethyl propiolate with complete retention of con- 
figuration. 

Racemic a-alkoxyorganocuprates have been developed 
as useful reagents for the synthesis of homoaldol products' 
and as nucleophilic capped carbonyl ylide synthons.2 
Recently, we reported that enantiopure higher order cyano 
a-alkoxyorganocupratea could undergo conjugate addition 
reactions with retention of configuration; however, the 
acyclic optically active reagents also readily racemized 
during 1,Caddition  reaction^.^ In this paper, we wish to 
report studies on cyclic enantiopure a-alkoxyorganocopper 
reagents derived from 4-(tributylstannyl)-l,3-dioxanes. 

Cohen and Matz reported the generation of cyclic a- 
lithio ethers by means of the reductive lithiation of a- 
phenylthio ethers? Subsequent studies on 2-lithiotetra- 
hydropyrand revealed that equatorial lithio anions were 
configurationally stable while axial anions could undergo 
inversion at elevated temperatures. Rychnovsky and 
Mikuss have recently reported an extension of this chem- 

(1) (a) Lindenan, R J.; Godfmy, A, Home, K .  Tetrahedron l989,46, 
495-508. (b) Lmderman, R. J.; McKenzie, J. M. Tetrahedron Lett. 1988, 
29, 3911-3914. 

(2) Linderman, R. J.; Godfrey, A. J. Am. Chem. SOC. 1988, 110, 
6249-6261. 

(3) Lindenan, R. J.; Griedel, B. D. J. Org. Chem. lsSo,sb, 6428-6430. 
(4) Cohen, T.; Matz, J. R. J. Am. Chem. SOC. 1980,102,69O(w901. 
(6) Cohen, T.; Lin, M.-T. J. Am. Chem. SOC. 1984,106, 113(t-1131. 
(6) Rychnovsky, S. D.; Mikue, D. E. Tetrahedron Lett. 1989, 90, 

3011-3014. 

Scheme I 
1. MOMCl 

MeOH, HzS04 Hunig's base 
dichlorocthanc) u m 3  CHf212 - 

78% 2. DiBAH 
A, 2 d PHB 

MOMCl MOMO 0 I .  LiSnBu, MOMO O H  

Tw, -780 uSnBul Hunig's base - 
CHlQ 83% 2. H20 (65:35) 

l cqBFjEt20 OA0 + OA0 MOMO OMOM 

-SnBu, - benzene *SnBu3 M S n B u l  

la 100s l b  2 87%(fromRCHO) 25OC 

istry to 4-lithio-l,3-dioxanes. As with the 2-lithiotetra- 
hydropyrans,6 the dioxane anions also undergo inversion 
at elevated temperatures from the kinetic (axial) isomer 
to the thermodynamic (equatorial) isomer. The cyclic 
lithio ethers could also be produced by transmetalation of 
the derived stannane' with retention of configuration. 

To analyze the configurational stability of a cyclic a- 
alkoxyorganocopper derivative, stannane 1 was chosen as 
a common precursor for axial and equatorial organompper 
reagents. The synthesis of 1 from poly(3(R)-hydroxy- 
butyric acid) is shown in Scheme I. Conversion of the 
esteP to the aldehyde followed by condensation with lithio 
tributylstannylate was accomplished by known proce- 

(7) Rychnovsky, S. D. J. Org. Chem. 1%39,64,4982-4984. 
(8) Seebach, D.; Zuger, M. F. Tetrahedron Lett. 1984,26,2747-27M0. 
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