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Abstract: Reaction of 7-, 8- and 9-membered cyclic allylic compounds 2 with (r$- 
propene)Ti(O-i-Pr)2 (1) via an oxidative addition pathway provides the corresponding 
allylic titanium compounds, which, in turn, react with aldehydes and imines 
stereoselectively, thus providing an eflicient and stereoselective method for 
synthesi.&g cycloakenes having a side chain at the allylic position. 
0 1997 Elsevier Science Ltd. 

Reaction of acyclic allylic compounds such as halides, acetates and carbonates with (q2-propene)Ti(O-i- 

Pr)2 (l), which is readily generated in situ from Ti(O+Pr)4 and 2 equiv. of i-PrMgCl, results in an oxidative 

addition reaction to provide allylic titanium complexes in excellent yield. The allylic titanium complexes thus 

prepared exhibit good to excellent diastereoselectivities in their reaction with aldehydesla and imines.lb With 

these results in hand, we were interested in expanding the reaction to cyclic allylic compounds 2 (i.e., the 

reaction sequence shown in eq. l), because the reaction might furnish a selective method for synthesizing 

cycloalkenes having a side chain at the allylic position. 2 We took particular interest in applying the reaction to 2 

with a medium ring since development of stereoselective access to medium-ring carbocycles has attracted 

considerable attention.3 

1 

X = Br , OCQEt 

Y=O syn-3 

Y = NR2 syn-4 
anti-3 

anti4 

To determine the feasibility of the reaction under our conditions, we carried out the reaction of 1 with 6- 

, 7-, 8-, 9- and 12-membered 2 at -50 to -40 “C for 1.5 h in ether, the reaction mixture was then treated with 

propanal at around -40 “C for 1 h (eq. 1, Y = 0, R1 = C2H5). The results are summarized in Table 1 (entries 

l-8).4 

It can be seen from Table 1 that 6-membered substrates gave unsatisfactory results with respect to both 

yield and stereochemical outcome (entries 1 and 2). The bromide ?+a provided only 3% yield of the expected 3 
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Table 1. Synthesis of cyclic allyltitanium compounds from 2 and their reaction with an electmphile* 

Substrate 2 Product (3 or 4)* 

Entry Electrophile 
n X 

Yield ( % ) c Diastesrsektiiity d 

1 1 Br a EtCHO 3f not determined 

2 OC02Et b . 269 _- h 

3 2 Br C . 14’ 84: 16 

4 OC02Et d 71 80 : 20 

5 3 Br e . 85 95 : 5 

6 . OC02Et f 83 95 : 5 

7 4 9 . 98 90: 10 

8 7 h’ . 70 _- ! 

9 3 Br e PhCHO 93 97 : 3k 

10 . 0, rY/LPh 72 5 : 95’ 

‘The reaction was carried out with a reactant ratio of 2:Ti(O+Pr).+:i_PrMgCl: electrophile = 1:1.1:2.2:0.7. 

*The products have (Z)-olefin geometry (no @-isomer was detected) except for entry 8 which was confirmed 

by ‘H NMR analysis.clsolated yields based on electrophile. d Determined by ‘H NMR. e Determination of the 

stereochemistry, see text. ‘The homocoupling product of 2 was obtained in 68% yield in entry 1 and 55% 

yield in entry 3. 0 The starting 2b was recovered in 35% yield. h Two diastereomers were obtained in a 64:36 

ratio. ‘The starting 2h was an (E)- and (Z)-mixture in a ratio of 85:15. jAt least three stereomixtures in a ratio of 

4:2:1. kDetermination of the stereochemistry was based on ‘H NMR analysis (ref. 5). ‘For the determination 

of stereochemistry, see ref 8. 

(Al= Et, n=l) and 68% yield of 1, I’-bi(2-cyclohexene) which might be obtained by the coupling of the 

resulting allyltitanium complex and 2a under the reaction conditions. The reaction with the carbonate 2b 

resulted in a better yield, but it was still 26% and the diastereoselectivity was low. In this case, the starting 2b 

was recovered in 35% yield, supposedly due to the lower reactivity of the carbonate. Seven-membered bromide 

2c also provided a self-coupling product mainly (entry 3); however, the corresponding carbonate 2d afforded 3 

(Rl= Et, n=2) in high yield and in an 80:20 diastereomeric ratio where the major product has syn 

stereochemistry with respect to the newly-created stereogenic centers (entry 4). Gratifyingly, the reaction with 

8- and g-membered substrates 2e-g provided excellent results; the reaction, regardless of whether the starting 

compounds was bromide or carbonate, provided the corresponding 3 with (Z)- and syn-configuration with high 

selectivity and in excellent yields (entries 5, 6 and 7). Reaction of 12-membered carbonate 2h also gave the 

expected adduct, but the products consisted of at least three compounds in a ratio of 4:2: 1 (entry 8). This result 

indicated that the reaction afforded not only a mixture of diastereomers dependent on the newly-created 

stereogenic centers but also on oletinic stereochemistry. To ascertain that the reaction provided the mixture of 

olefinic isomers, we treated the allyltitanium intermediate derived form 2h with non-prochiral acetone, and 

found the production of the corresponding adducts, (I?)- and (Z)-2-(2-cyclododecen-1-yl)propan-2-01, in a ratio 

of Efz=7/3. 

The result that the major product obtained by the reactions shown in entries 4-7 has syn-configuration 

was confirmed by derivatization to the corresponding acyclic 4-ethyl-3-alkanol 5. Thus, each product was 
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converted into the corresponding 5 according to the procedure shown in Scheme 1, and it was found that the 

major product was coincident with the 5 having anti, and not syn, stereochemistry, both of which were 

synthesized unambiguously according to the procedure shown in Scheme 2. 

Scheme 1: Derivatization of 3 to 5 

OH 1) TBSCI OTBS OH 

3) Zn, CH212, 2) TBAF 
Ti(OPr-I) 4 

3 n = 2 , 3 , 4  5 

Scheme 2: Synthesis of authentic syn- and anti- 5 

OH 
(1) m-CPBA ,, , ~  

( 2 ) ~ g B r  \ 
Cul (cat.) anti-5 

n = 2 , 3 , 4  

O_H 

1)PCC . anti-5 + 
= 2) NaBH4 

syn-5 
(ca. 1 : 1) 

Several aspects of the reaction shown in Table 1 deserve further comment. The diastereoselectivity 

attained in the reaction with 8- and 9-membered 2 was far better than that observed for the reaction of acyclic 

allylic titanium complexes which was represented by the production of a 75:25 diastereomixture from a 

crotyltitanium complex and propanal. 1 a The production of the syn-adduct with respect to the newly-created 

stereogenic centers shown in entries 3-7 is seemingly a striking contrast to the reaction of acyclic allylic titanium 

complexes with aldehydes which affords anti-adduct predominantly. This result can be explained by assuming 

the generation of a cyclic allylic titanium complex with (Z)-stereochemistry from 2d-g which is 

conformationally inevitable and/or favorable, but not (E)-allylic titanium complexes as is the case of acyclic 

allyltitaniums, and that the reaction with propanal proceeds via a cyclic six-membered transition state (A) rather 

than (B) as shown in Scheme 3. 7 The production of both olefinic isomers of the propanal adduct from 12- 

membered substrate 2h can be explained by the formation of the allyltitanium complex having both (E)- and 

(Z)-stereochemistry. 

With synthetically very useful results starting with 8- and 9-membered 2, we then carried out the 

reaction of the allylic titanium complex derived from 2e with benzaldehyde and N-benzylidenepropylamine. The 

reactions similarly proceeded with high stereoselectivity (the results also included in Table 1, entries 9 and 10). 

Thus, the reaction with benzaldehyde proceeded with 97 % diastereoselectivity to afford the syn-addition 

product. The reaction with N-benzylidenepropylamine was slow at -40 °C, but it proceeded readily at -40 - -20 

°C, eventually affording amine 4 (RI= Et, Y = NBn, eq. 1) having anti-stereochemistry with respect to the 

newly-created stereogenic centers in excellent diastereoselectivity of 95 %. The ant/-stereochemistry observed 

here can be explained by the similar six-membered chair-like transition state shown in Scheme 3 in which the 

imine R 1 group occupies an axial position as was proposed by Yamamoto. 8, lb 

In conclusion, the reaction of 7-, 8- and 9-membered 2 with 1 afforded the corresponding allylic 

titanium compounds in excellent yield. The allylic titanium compounds thus obtained react with aldehydes and 



2870 

imines with high stereoselectivity, thus providing an efficient and stereoselective method for synthesizing 

cycloalkenes having a side chain at the allylic position. 

Scheme 3 

~ Ti(OPr-/)2X 

n=2,3,4 

RCHO 

H OPr-i 
~ ..T~i .~OPr-i 

H ~  ~'X 

A 

OH 

syn-3 

R ~ OPr-i 
| X ] ..~.OPr-i o .  

B anti.3 
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