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AI~slracf The reaction 01 ketene alkyl slyI acetals wilh acrylonltnle m Ihe presence 01 lltanlum tetrachloncle In 

dlchloromethane al -80°C leads lo coupled compounds FormalIon 01 these producls can be explamed by me 

transformation of ketene acetals mlo enoxy radicals, trappmg 01 these radicals by acrylonltnle and then dlmenzallon 

W11h blskerene acetals derived lrom glutarate and pimelate a nng closure reachon was observed leadmg lo the 

tormaflon 01 cyclopentane and cyclononane denvatlves No cycllsalron was observed with kelene acelals derived lrom 

ntghrr dleslers 

Addltlon of tltanlum tetrachloride to ketene alkyl silyl acetals was reported to give 

succlnates 1 A slmllar reactlon was observed with vlnylketene s~lyl acerals 2a. and formatlon of 

Irans-cyclopropane 1.2.dlcarboxylate was reported with bisketene acetals derived from 

glularares 2b A dlmenzation of Intermediate enoxyradlcal can be posrulated for these reaclions 

1.2 

Recently 3 we observed that the reactlon of ketene alkylsllyl acetals with acrylonltrile led 10 

cyclobutanolc compounds ( [2+2] cycloaddition) or to y-cyanoesters. depending on Ihe solvent 

and the Lewis acid used Here we would llke to report a very Interesting behavlour of acrylonlrrlle 

with kerene alkylsllyl acetals when used In the presence of titanrum (IV) chloncle 

Monoketene alkylsilyl acetals la - ic were prepared from the corresponding esters 

followlng a standard procedure 4 The yields of blsketene acetals Id-lg were improved when 

prepared by Corey’s procedure5 and dlstllled under very high vacuum to avoid decomposition 

All atrempts to prepare the bls ketene acetal derived from ethyl adlpate were unsuccessful and 

only the enol ether resulting from the Dleckmann condensation was obtained. 

The reactions were carrted out by mixing monoketene acetals la - lc (10 mmol) wtlh 

acrylonitrlle (20 mmol) In dlchloromethane (20 mL) and by adding ar -80-C wllh stIrrIng llranlurn 

tetrachlonde (10 mmol) The color of the reaction mixture changed lmmedlately from colorless IO 

dark red Afrer forty-five mlnures the reaCtIOn mixture was hydrolyzed with waler The mIxlure was 

allOWed to stand at room temperature and the colorless solution was extracted wllh ether The 

organic exrracl and washings were collected Removal of solvent gave an 011 (or a solld) which 

was pu:ifled by liquid chromatography (or crystallization from ether) Twice the amounrs of 

acrylonltrlle and tltanlum tetrachloride were used with bisketene acetals id - lg and the dlenic 

compound 1 h. Results are summarized in Table 1. The products were fully characterized on the 

bass of spectral data (1 H NMR. IR and mass) and elemental analysis The producrs 2a - 2c 

obtained from mono ketene acetals la-lc resulted from the add&on of acrylonlrrlle to the ketene 

7011 
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Table 1. Reaction 01 Ketene Sllyl Acetals wlth Unsaturated Nltrlles In the Presence of TICI, 

Entry Ketene SlyI Acetal 1 

Reactron with acfylonrfrrle 

Product 2 Dfastereolsomerlc Yield 

ratIoa (70) 

a W, OMe 

k 
OSlMl3j 

b 

Me OMe 

x 
Me OSlMf?J 

OMe 
C ck OSIMe, 

OEt 

OSiMe, 

‘OSIMe, 

OMe 

OStMe3 
OMe 

OSlMe, 
OMe 

OSIMe, 
(CH2)9 OMe 

\==c 

OSIMe3 0SMe3 

uOMe 

Me Me 

EtOOC COOEt 

CN 

COOMe 

NC- 
COOMe 

Nc-cooMe 
(CHTL 

NC4COOMe 

0 

NC c COOMe 

NC COOMe 

0 

59.10 76 62 

46 54 63’ 

50 50 66’ 

14153338 52 

<I <14060 53 

46 54 60 

25 75 40 

50 50 61 
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Table 1 : continued 

Reactron with methacrytonrfrite 

k 

&HI! OMe 

i;c 
OSIMe, 

Me OMe 

x 
Me OSIMe3 

Reaction with fumaromtrde 

CN 
CN 

7:12:34:47 37 

10:90 27 

69 

%etermmed by ‘HNMR after liquid chromatography or crystallization b40,& of methyl 4.cyano 2.2 dlmclhyl 

butafloate’ were also Isolated.c 5% of @cyanoethyl).l-cyclohexane carboxylare3 were also isolated 

acetals and subsequent dlmenzation. Blsketene acetals Id-le under slmllar reacllon cond~lions 

undergo Intramolecular cycllzatlon (entnes d. e) leadrng to cyclic systems For the ketene acetal 

Id we observed the incorporatlon of only one molecule of acrylonitrile while with ketene acetal 

le an equivalent reachon to those of monoketene acetals was obtained this allows an easy 

preparation of g-membered carbocycllc compounds, the synthesis of which IS usually dlfflcull 

We were not be able to isolate any cycllzed product for lo-membered and larger rings (entnes f. 

g) Only rhe more electron nch double bond of 1,3-bls-(trimethyMoxy)- 1 -methoxybuta- 1.3.drene 

1 h6 reacted, and the expected dimer 2h was Isolated. 

A possble mterpretatlon of these COUpllng reactlons implies the formatron of radicals. The 

ketene s~ryl acetals are first converted to enoxy radicals, via the titanrum enolates 1.2 : trapplng of 

these radicals with acrylonitnle. an excellent radical acceptor7 give new radicals which undergo 

coupling 8 to the obtalned dimers (Scheme 1). For entropic reasons the lnframolecular 

cycllsarlon dtd no1 occur with bisketene acetals lf,and lg In these two cases quenching of the 
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TICI, Rl OMe 

la-lc - 
-CISiMes x 

R2 OTCls 

Scheme 1 

reactron mixture with deutenum oxide did not grve any deuterium fncorporatron. Formation of 

products 21, 2g can be explained by abstractfon of hydrogen from dichloromethane. The radical 

nature of the intermediate was supported by a cross couplfng experiment : an equrmofar mixture 

of ketene acetals lb and lc was treated under similar reaction conditions. After the usual work- 

up and COlumn chromatography three compounds were isolated : the two homo-couplrng 

products 2b. 2c and the hetero-couplmg product 3 in the ratio 32.38.30 (Scheme 2). However 

attempts to trap the radical intermediates by adding compounds such as FeCl3. CCl4. CBr4 and 

tnbutyltin hydride failed. 

CN CN 
e 

lb+ lc 
CN 

) 2b+2c + 
TrC14 

Scheme 2 

We observed no peculiar stereoselectivity in these reactions, except In one case (table 1. 

entry e) A mixture of all possble diastereofsomers was obtained but no structural assgnment 

was performed This rsomeric distribution IS probably due to the fact that the stereochemrcal 

course of the reactions is controlled by the thermodynamic stability of the products 2b In Order 10 

obtain selectrvity or to Influence the stereochemical course of the reactron we deslgned an 

expenment to modrfy the structure of ketene acetal. Startmg from ketene acetal 4. prepared from 

the correspondrng anhydnde. after reaction with acrylonitnle in the presence of tltanrum (IV) 

chlonde (vide supra) we obtained product 5 which was rmmedfately hydrolyzed (20% aqueous 

HCI. 3 h) and estenfred (CH2N2) to grve the coupled compound In a drastereorsomerrc rat10 of 

88.12 (60% yield) (Scheme 3). 
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0 x OSiMe, 

+\ 
0 

>-( CN 

B 

LDA ) 

CISiMes 0 

0 >-< 

- TICI, 

OSfMe, 
4 

1) aq. HCI 

Oh 
2) C&N, 

2b (88:12) 

‘0 
5 Scheme 3 

We also checked the reactrvrty of methacrylonitnle (table 1 entnes I, J) where the same 

reactron was observed in low yields This IS probably due to the stenc hindrance Introduced by 

the methyl group dunng the coupling reactron. With fumaronitnle no dlmer was obtarned (table I, 

entry k). Methyl acrylate In the same conditions led to a complex mixture of products In which we 

could not detect any coupled compound. 

Experimental Section 

Nuclear magnetic resonance spectra were recorded on Bruker AC200 spectrometer ar 

200 MHz Infrared spectra were recorded on a Perkin Elmer 682 spectrometer and mass spectra 

were determined with a Nermag RlO-10 spectrometer at an lonizlng voltage of 70 eV Chemcal 

lonlzatlons (Cl) were made with ammonra. Elemental analyses were performed by the Servtce 

de Mcroanalyse de Gff-sur-Yvette Melting pomts were determlned on a Mettler FPS appardtus 

Column chromatography was performed wrth SDS silica gel (70 - 230 Mesh) Thin layer 

chromatography was performed on 0.25 mm srlicagel (Merck 6OF254) 

Dry dichloromethane was obtained by drstlllatlon over calcrum hydride. TItanrum (IV) 

chlonde was punfred by dstrllatlon under argon before used. Ketene slyI acetals la - lc. were 

prepared by a ltterature procedure 4 Blsketene acetals Id - lg and 4 were oblalned by 

Corey’s method 5 1.3-Bis(tr~methyls~loxy)-l-methoxy-buta-l.3-d~ene 1 h IS a known compound 
6 

1,5-Bis(trimethylsiloxy)-l,5-diethoxy-l,4-pentadiene (ld).g 011 (70%) 

1,7-Bis(trimethylsiloxy)-l,7-dimethoxy-l,6-heptadiene (1 e). 011 (65%). bp 

71 ‘CO.1 mmHg . 1H NMR (E.E Isomer - CDC13) 6 4 80 (1, J = 4.2 Hz. 2H). 3 53 (s. 6H). 2 32 (m. 

2H). 2 10 (m. 2H). 1 61 (m. 2H). 0.18 (s. 18H). 
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1,8-Bis(trimethyisiioxy)-l,8-dimethoxy-l,7-octadiene (11). 011 (60%). bp 

92YX3.1 O-4 mmHg ; 1 H NMR (E,E-isomer , CDC13) 6 4.18 (1, J = 6.9 Hz, 2H). 3.49 (s, 6H), 1.94 

(m, 4H). 1.26 (m, 4H), 0.2 (s, 18H). 

1,13-Bis(trimethyisiloxy)-l,l3-dimethoxy-l,l2-tridecadiene (lg). oil (68%). bp 

15O”C/3 10-3 mmHg : lH NMR (E.E-isomer , CDCl3) 6 3.67 (1. J = 5.8 Hz, 2H), 3.51 (s, 6H). 1 95 

(m. 4H). 1 28 (m, 14H). 0.23 (s, 18H). 

Di(l-trimethyisiioxy-2-methyl-1-propenyi) ether (4). 011 (92%). bp 50cC/0 2 mmHg 

, ‘H NMR (CDCl3) 6 1.59 (s. 6H), 1.53 (s, 6H), 0.2 (s. 18H). 

General procedure for the reaction of ketene acetais 1 with acrylonitriie in 

the presence of TICi4.in a small flask. under argon, were placed ketene acetal (10 mmol for 

la - Ic or 5 mmol for ld - lh and 4), acrylonrtrile (20 mmol) and drchloromethane (20 mL) 

After cooling at -8O”C, titanium (IV) chloride (10 mmol) was added rapidly usrng a syringe After 

45 mm. water was added (10 mL) and the cooling bath was removed When the mrxture was 

warmed to room temperature the organic phase was separated and the aqueous phase 

extracted with ether (3 x 30 mL). The organic phases were dried (Na2S04) and concentrated to 

grve an 011 or a solid which was punfled by liquid chromatography (S102 ; ether-hexane) or by 

crystallrzation (ether). See table 1 for results. 

Dimethyi 4,5-dicyano-2,7-dipentyioctanedioate (2a). The four isomers were 

separated by lrquid chromatography. Main isomer : tH NMR (CDC13) 6 3.72 (s. 6H). 3 00 to 

2.72 (m. 2H), 2.07 to 1.82 (m. 2H). 1.82 to 1.47 (m. 4H). 1.27 (m. 16H), 0.89 (m. 6H). IR (neat, cm- 

1) : 2240 (CN). 1740 (CO); MS m/e 392 (M+. 0.7). 361 (15), 350 (17). 207 (22). 166 (67). 144 

(24). 87 (100). 55 (98). 

Dimethyi 4,5-dicyano-2,2,7,7-tetramethyioctanedioate (2b). The mixture of the 

two diastereoisomers crystallrzed together ; mp : 112°C : 1 H NMR (CDCl3, mixture) h‘ 3.75 (s. 

6H). 2.90 (m. 2H). 2.23 to 1.84 (m. 4H), 1.37 (s. 6H). 1.26 (s, 6H): IR (nujol. cm-l) 2235 (CN). 

1775 (CO). MS (Cl) m/e 326 (M+, +18, 100) ; Anal calcd for Cl6H24N204 : C. 62 30 ; H. 7.83 

Found C. 62.40 ; H, 8.09. 

Dimethyi 4,5-dicyano-2,2,7,7-dipentamethyieneoctanedioate (2~). The mtxture 

of the two drastereorsomers crystallrzed together ; mp : 149% ; t H NMR (CDC13, mrxture) ii3 75 

(s. 6H). 2.82 (m. 2H). 2.30 to 2.05 (m. 4H), 2.05 to 1.70 (m. 4H), 1.70 to 1 50 (m. 8H). 1 50 to 1 15 

(m. 8H) ; IR (nu)ol. cm-l) 2240 (CN), 1730 (CO) ; MS m/e 388 (M+. 4). 329 (33). 247 (33). 195 

(32). 187 (12). 142 (46). 136 (39). 95 (54). 81 (72). 67 (100). 55 (68). 41 (71) ; Anal talc for 

C22H32N204. C. 68.01 ; H. 8.30 : N, 7.21 Found : C, 67.67, H. 8.42 :N. 6 97. 

Diethyi 2-cyanocyciopentane-1,4-dicarboxyiate (2d). The four Isomers were 

separated by lrqurd chromatography. Main Isomer : 1 H NMR (CDC13) 64 41 to 4.22 (m. 4H). 3 68 

to 2.98 (m. 3H). 2.73 to 2.49 (m. 2H). 2.49 to 2.19 (m, 2H). 1.50 to 1 30 (m. 6H) , IR (neat, cm-t) 

2245 (CN). 1735 (CO) . MS m/e 240 (M+ +l, 5). 239 (M+. 2). 194 (100). 167 (20). 166 (46). 138 

(29). 126 (24). 92 (34), 67 (59). 55 (67) ; Anal calcd for Ct2H17N04 C. 60 24, H. 7 16. N. 5 85 

Found C. 60 32, H. 6 91 1 N. 5.63 
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Dimethyl 3,4-dicyanocyclononane-1,6-dicarboxylate (2e). The mixture of the two 

dlastereolsomers crystallized together ; mp : 276.6% ; 1 H NMR (CDCl3. mlxture) 6 3.73 (s, 6H). 

3.47 (d.d. J= 4.4 and 10.2 Hz, 1.2H). 3.40 (d,d, J= 4.4 and 10.4 Hz, 0.8H), 2.98 to 2.92 (m. 1.2H). 

2.70 to 2.65 (m, 0.8H), 2.30 to 1.50 (m, 10H) ; IR (nujol. cm-l) : 2240 (CN). 1740 (CO) MS m/e 

292 (M+. 10). 260 (21), 222 (16). 218 (23). 190 (18). 136 (24). 124 (26). 79 (30). 67 (45). 55 

(100) : Anal calcd for Cl5H2ON204 : C, 61.61 ; H, 6 90. Found : C. 61 37 : H. 6.94 

Dimethyl 2,7-di(2’-cyanoethyl)octanedloate (21). 011. The two Isomers were 

separated by liquid chromatography Less polar isomer ; ‘H NMR (CDCl3) 6 3 72 (s. 3H). 3.66 

(s. 3H). 2 59 10 2.44 (m. 1H). 2.44 to 2.22 (m, 3H), 2.07 10 1.89 (m, lH), 1.89 to 1.72 (m. lH).l 72 

101 40 (m. 6H). 1.40 10 1.19 (m. 6H) ; IR (neat. cm-l) 2244 (CN). 1740 (CO) , MS m/e279 (M+ - 

CN. 4). 249 (8). 182 (20). 155 (38). 122 (16). 108 (11). 87 (63), 59 (Sl), 55 (100) ; MS (Cl) mie 

326 (M+18.100). More polar isomer : 1 H NMR (CDC13) 6 3.72 (s. 6H). 2.60 to 2 22 (m. 4H). 2 08 

lo 1 76 (m. 2H). 1.76 tol.40 (m. 6H), 1.40 10 1 .17 (m. 6H) ; IR (neat, cm-l) : 2250 (CN). 1735 (CO) 

: MS m/e 309 (M++l. 2). 279 (2). 249 (8). 217 (20), 182 (29). 155 (44). 122 (18). 108 (1 1). 96 

(24). 87 (76). 59 (56), 55 (100). 

Dimethyl 2,12-di(2’-cyanoethyl)tridecanedioate (2g). 011. The two Isomers were 

not separated by liquid chromatography.lH NMR (CDCl3, mixture) 63 71 (s.4 8H). 3 67 (s.1 2). 

2 60 10 2.25 (m, 4H). 2.25 to 1.70 (m, 2H), 1.70 to 1.38 (m, 4H). 1.38 ro 1.17 (m. 18H) ; IR (neat. 

cm-‘) ‘2240 (CN). 1740 (CO) ; MS (Cl) m/e 468 (54), 451 (14), 343 (100). 

Dimethyl 6,7-dicyano-3,10-dioxododecanedioate (2h). The mixture of the two 

dlastereolsomers crystallized together ; mp : 176.5% ; 1 H NMR (CDCi3. mixture) d 3 78 (s. 6H). 

3 51 (s. 4H). 3.05 (m. 2H), 2.90 (m. 4H). 2.31 10 1.87 (m. 4H) ; IR (nujol. cm-l) 2250 (CN). 1745 

(CO,. 1715 (CO) MS (Cl) m/e 354 (Mt. +18. 100) ; Anal calcd for Cl6H2ON206 C. 57.12 : H. 

5 99 N. 8 33 Found C. 57 00 ; H. 6.04, N. 8.04. 

Dimethyl 4,5-dicyano-4,5-dimethyl-2,7-dipentyloctanedioate (2i). The four 

Isomers were separated by liquid chromatography. Main isomer 1H NMR (CDC13) ;i 3 73 (s. 

6H), 2 69 10 2 37 (m. 4H). 1.77 10 1.40 (m, 6H), 1.55 (s. 6H). 1.40 to 1 15 (m. 12H). 0 88 (m, 6H). 

IR (neat. cm-l) : 2235 (CN), 1740 (CO). MS m/e 421 (fvl + +l, 1). 389 (13). 359 (0 6). 329 (1 1). 

210 (23), 194 (100). 179 (22), 157 (12). 144 (34). 101 (10). 87 (37). 69 (22). 55 (64) 

Dimethyl 4,5-dicyano-2,2,4,5,7,7-hexamethyloctanedioate (2j). The mixture of 

the two diastereoisomers crystallized together mp 170°C , 1H NMR (CDCl3. maln Isomer) 6 3 72 

(5. 6H). 2.1 1 (q. A6 system, J = 14 Hz, 4H). 1.50 (s, 6H), 1.39 (s, 6H). 1.35 (s. 6H) ; IR (nujol. cm- 

1) 2240 (CN). 1730 (CO). MS m/e 237 (M + +l. 2.5), 277 (65). 245 (50). 217 (81). 190 (1 1). 168 

(100). 102 (loo), 83 (22). 59 (76). 

Methyl 1-(1’,2’-dicyanoethyI)cyclohexanecarboxylate (2k). Solld mp 159 5.,C : 

1 H NMR (CDCl3) 6 3.81 (s, 3H). 3.98 (dd. J = 6 0 and 7 5 Hz, 1 H). 2 68 (d.d. J = 6 and 7 5 Hz 

2H). 2.30 lo 2 10 (m, 2H), 1.84 10 1.20 (m. 8H) , IR (nujol. cm-l) 2250 (CN). I 740 (CO) , MS m!e 

221 (M++l. 0.8). 220 (M+.0.8). 180 (24). 161 (42). 148 (34). 133 (16). 120 (20). 81 (100). 65 (29). 

56 (16). 41 (48) 
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Dimethyl 1,2-dimethyl-7,7-pentamethylene-4,5-dicyanooctanedioate (3). 

Solid mp 93°C ; 1 H NMR (CDCl3) 6 3.69 (s. 3H), 3.65 (s. 3H), 2.85 to 2.72 (m. 2H), 2.20 to 1.90 

(m. 4H), 1.90 to 1.70 (m, 2H), 1.64 (s. 4H), 1.60 to 1.15 (m, 4H), 1.27 (s, 3H), 1.20 (s. 3H) ; IR 

(nujol. cm-l) 2250 (CN), 1740 (CO) ; MS m/e 289 (M+-COOMe. 26), 247 (21). 229 (12). 142 (19). 

136 (33). 108 (17) 97 (17) 85 (50) 81 (55). 67 (60). 57 (83). 55 (90) 41 (100) ; Anal talc for 

ClgH28N204 : C, 65.48 ; H, 8.10 ; N. 8.04 :Found : C. 65.46 ; H, 8.13 ; N, 7.89. 
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