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Ahstmct : Cross coup& of diary1 ketones and enones promoted by Tic14 - Mg leads to the formation of 

products involving a Michael -type addition; this 1,4- addition is on some occasions followed by 

cyclization yielding hemiaceti at&or dihyoiv furans. 

Rtsumi : Lc couple Tic14 -Mg rdduit lea diary1 cclones en dianions qui s’additiionnent en 1,4 sur Ies 

a -&ones pour conduit pn’ncipalement ti des y -citols qui peuvcnt se cycliser et conduire i des 

himiaaitals et/au des dihydrofumnes. 

The use of low valent titanium species to create new carbon-carbon bonds is now well established . Thus 

reductive dimerisation of aliphatic ketones leading to pinacols anchor alkenes has been extensively studied 

(I-3). Reactions of diary1 ketones have received less attention, but it is known that cross-coupling reactions 

(between diary1 ketones and aliphatic ketones) can be promoted by low valent titanium species (4,5) as well 

as by lanthanoid metal reagents (6). In the course of our study on the reactivity of a&ethylenic ketones 

promoted by the TiClq-Mg reagent (7), we now report on the conjugate addition of the fluorenone and 

xanthone dianions to a-enones; this addition is in some cases followed by a cyclization. A preliminary 

communication on part of this work has already been published (8). 

Results. 

The action of the Tic&t-Mm reducing system on an equimolar mixture of diary1 ketone 1 and enone 

2 leads generally to adducts 3, 4 and 5 (scheme I); alongside these three types of products, compounds of 

different structure are occasionally formed (see table I and scheme II). The relative proportions of 

compounds 3, 4 and 5 depend both on the st~chm of the enone involved and on the reaction conditions 

(table I). 
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Scheme I 

Table I : Coupling between diary1 ketones 1 and enones 2. 

Starting Reaction Conditlo~ 

Matarlabi 

Entry MaMmtotm Enone F&tam& TmMC) Tlrm (h) Ketd 

Products 

HenJacstal Endether Others 

1 la 2a TiClq-Mg(4) 
2a 18 2a TiClq+Jg(S) 
3 la 2b Tq-Mg(P) 
4 la 2b TELqMg(3) 
5 la 2c TtQ4&(2) 
6 la 2c TIC~W3) 

7a 
6a 

9 

1Oa 

lb 2c 
lb 2c 

la 2d 

TiCl4-Mg(2) 

TiCl4+&(3) 

TlaoMe(2) 

la 2s TICl4Mg(4) 0 - r.t. 36 

(ratio- 1) 

O- r.t. 
r.t. 

0 + r.t. 

35°C 
r.t. 

35°C 

an2 

35X 

r.t. 72 

7 
4 
6 

2 
4 

0.5 

24 

4a (71%) 
48 (16%) 

3b(32%) 

3b(57%) 

4c (24%) 

4c’ (34%) 

4d (12%) 
4d’ (23%) 

3d @‘/a) 

3d’ (60%) 

6 (6%) 
7(31%) 
6(53%) 

6 (6%) 

SC @No) 
SC (15%) 9(10%) 

5d W/o) 
Sd (23%) 

10(10%) 

11(40%) 

a) these conditions arc the best for the obtention of the describal compounds without too many side products, starting materials 

zvelccwered. 

Adducts 3 are generally the initial products (isolated or not) of the reaction between diary1 ketones I and 

enones 2; hydrocarbon 11, obtained from fluorenone la and isophorone 2e, is the only example of adduct 

resulting from the carbonyl attack (entry 10). 
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Thus, when the reaction is performed with methyl vinyl ketone 2b (entry 4) or (-)-carvonc 2d (entry 9) 

and iluorenone la, the main product is ketol 3b or ketol3d. But with mesityl oxide 2a (entry 1) and 

(+)-pulegone 2c (entries 6 and 8), ketols am probably too unstable and they undergo cyclization leading to 

hemiacetals 4a,c,d. However, in the case of (+)-pulegone 2c, a rapid dehydration of hemiacetals 4c,d 

yielding stable enol ethers Sc,d can take place and an excess of reagent must be used to isolate hemiacctals 

4c,d (entry 6 vs entry 5 and entry 8 ys entry 7). 

Finally, it is worth underlining the unusual sttucture of compounds 7 (entry 2) and 8 (entries 3 and 4). 

Discussion. 

Both the first (leading to the radical anion: E 1/~ - -1.29 V) and the second reduction potentials (leading to 

the dianion : Ey2 = - 1.95 V) of fluorenone 1 a are less negative than the reduction potential for the 

formation of the radical anion of the enone (El/2 - -2.3 to -2.4 V) (9); the iluorenyl dianion can, 

therefore, coexist with the enone. Moreover, apart from a very little amount of bifluorenol6 (696, entry l), 

no symmetrical dimets of diary1 ketones or enones, resulting from a single-electron transfer pathway (lo), 

are formed. A radical process can also be NM out because, in spite of the various enones studied, no 

a-attack has ever been noticed (11). For all these reasons, we think that a 1,4-nucleophilic addition of the 

dianion of the diary1 ketone to the enone is the most likely mechanism (scheme III). Finally, the 

1,4-nucleophilic addition is also supported by the structure of the dianion of iluorenone, which has some 

caracteristics known to promote I ,4 addition (l2- 14): well delocalized negative charge, several occupied 

orhitals and an sp2-hybrided functional carbon. 

Scheme III 

R3 

Carbanionic intermediates have already been proposed by McMurry to explain the cross-coupling between 

diary1 ketones and aliphatic ketones (4) and work, by Walborsky in particular, has provided some 

confirmation to such a mechanism ( 15). 

Since isophorone 2e is known as a poor 1,4 acceptor (16)(because of the presence of a methyl group in 

an axial position), the formation of 11 (entry 10) is not surprising; thus, it can be explained by a 1,2 

nucleophilic addition of the fluorenyl dianion on the isophorone 2c followed by elimination . 

When the 1,4-adduct 3 is formed, depending on different parameters, it can cyclize and yield 4 and even 

5 after elimination. When cyclization is possible (2a,2b and 2c ), the presence of gem- dimethyl groups 

on the f3 carbon (2a and 2c ) seems to be an important factor; indeed, the repulsion between the two methyl 

groups provokes a widening of the angle between the bonds of the two other substituents (Thorpe-Ingold 
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tfkct) (I?) whkh favors the cycftzation. in the absence ofgem - dimethyl substitueat9 (Zb), the process 

stops atIer the t,4-addition. 

Focmatiort of utol etbem 5c and Sd under ‘%tandant” con&tioas rosy be due to their stabrlihy (at feast 

whca c-ompa& with hemiaceadn 4c, 4c’,4d aMf 4d’) or to the fact that the hydroxy group of the 

hemiaa%als cart exist ta an axial pot&ion, aatl with the brid@cad hydrogen atom, and therefore be in a 

favoral position for eiiminatioa (6chane IV). 

schcmeW 

The fact Butt 1,4-addition on (+)-pulegone leads ~~~~tly to etbens is &ready known in the case of 

phot&emicai condersatioa of methauol(l8-21); moreovcc, we have established that condauation of 

l-tria~ethyWyloxy cyclohexene and I-trimtthylsiIyloxy cychqxmtcne on (+)-p&gone under Mukaiyama 

conditions (22) leads to cyclic enol ethers I2 and 13 (23) and not to the expected diketones. 

&ally, the fotmation of 7 (entry 2) and 8 (entries 3 and 4) may result from the attack of tbc substituted 

fluorcnyi carbadon A gtnetatcd by the initial 1,Ccoadcnsation and a reductive loss of OTi gencmting a 

carbanionoid species. In the case of m&y1 oxide 2n (entry 2XR - Me), tbc pmcnce of the gaze- diiethyl 

groups (17) favatrs ioagmolecuIar rau%on leading to the spin, [3.41 octane 7 (scheme V). 

SchemeV 

With methyl vinyi ketone 2b (entries 3 and 4), cubanion A (R = IQ would condense on another molecule 

of fluorenone to form 8 because cyciization is no longer favoured by the presence of the gem - diiethyl 

groups. 
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Conclndon 

The ratctivity of dhyl ketones with enones lows the ability of the TiQ-Mg system to txamfer two 

elcztrons. The 1.4 addition ia a gamal reaction but the exact stmcturc of the enone determinea the eventual 

diiith of the ketol which can undergo various sulxeqxnt transformations. 

Acknowledgements: We are gmtclid to Prof. J.K.Cnmdall (Bloomington - Ind.) for useful diiions and 

we thank the Rowe-Bertrand-Dupont corpation (Gntssc - France) for a gcnemus girt of (+)_pulegonc. 

Experimental 

General Methods. 1~ NMR apactm of CDCl3 solutlonr were obtnlmd on Erucker AC 200 (200 MHz). Verian XL 

200 (200 MHz) and Cameca (250 MHz) spectrometers. 13~ NMR spectra of CDCcj solutions ware recorded on a 

Varlan XL 200 (SO.31 MHz) spectrometer with Me4SI M the internal reference; attributions ware confirmed by 

J-modulated apin echo techn~uas. Maas spectra wure obtained on a Varlan MAT 311 mass spectrometer. IR 

spectra wwo mcorded on a Perkin-Elmer 298 apectronwtar. Optical rotatlons were measured on a Psrtdn-Elmer 

241 In a thermostatad 1Ocm call. Melting points are uncorrected. All reacttons were car&d out In an argon 

atmmphuaandtheadditbe3donatiasy7fnge. 

Yatarlala. Tha various reagents wam obtalnad from Fluka AG (or Aldrlch for (-)-can!or~) and purlfled as usual. 

(+Wulegona was obtalned, by dlstlllation and chromatography on silica gel. from the oil of MentI~a f%kYg8dUm 

(Morocco) ( [a I& - +30.1’. c 224, hexane). 

General Procedure for Reductive Cross Coupllng of Enones and Diary1 Ketones Using 

TiCl4-Mg : In a dry two-necked flask equipped with a magnstlc stkrer , magnwtum (Grlgnard turnlngs)(lO mmol., 

0.243 g) was placed In anhydrwsTHF (10 ml). Tim rexctlon flaskwas cooled to 60 “C before TIC14 (10 mmol., 1.10 

ml) was added dropwlse. The reactlon mbdurs wax allowed to warm to room temperature in 34 h. and the resum 

black slurry was stlrrad for an additIonal h. A solutlon of enone and dlaryl ketone @.5,3.3 or 5 mmol. of each as 

lndlcated In Table I) In 2 ml of THF was added dropwise andthe reaction mixture was stirred (tlme and temperature 

are Indicated In Table I) until It was poured into ke-ammonlum chloride solution. After the usual extracthre work-up 

procedure wlth dlethyl ether. the organic layer was washed with brine, dried over magneskrm sulphatr and 

concentrated under reduced pressure. Finally, th products of the reaction ware Isolated by chromatography on 

slllca gal and if aollds purltled by uystalllzatlon 

Reductive Croat Coupling of Fluorenone la and Mealtyl Oxide 2a. 

Pmparation of hemiacatai 4a and bMuorer?d 6 (24). Table I, entry 7: 25 mrnol. (0.450 g) of la and 2.5 rnmol. 

(0.245 g) of 2a were used; the addltlon was dona at 0 ‘C before temperature was allowed to warm to room 
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temperature oMr 2 h.; stirrtng was continued at mom temperature for an addttlonal5 h. Products 4a (71%) and 8 

(8%) were botated by flash chromatography (ether-pentane : 1288 and 20). Hemlacetal 4a : mP 122 “C 

&x4); IR (CCl4) 3410.1298,1180, 1100.1010.940.908 cm -1; f H NMR (200 MHz) d 7.90 (I, d, J - 7.0 Hz). 7.55 

(2, d. J - 8.0 HZ). 7.44 (I. d, J - 7.0 Hz), 7.16734 (4, ml, 2.57 (I, IA? AB, J - 12.8 Hz). 2.34 (1, InAB), 1.78 (3. br. 

9.). 1.01 (3. s). 0.89 (3, s); 13C NMR d 148.80 (9). 145.93 (s), 140.32 (s). 140.08 (s). 128.83 (d), 128.38 (d), 

127.13 (d), 128.80 (d). 128.58 (d), 128.90 (d), 119.80 (d), 119.45 (d), 105.29 (s), 98.21 (s), 52.18 (t). 48.09 (s), 

30.47 (q), 28.14 (q), 28.45 (q); HRMS Wzcalcd. for Cl~Hm02 280.1483. found 280.1461; Anal. catcd. C 81.40 

H 7.19, found C 81.45 H 7.24. Blfluorenol 8 (24) : 1% NMR d 145.13 (s), 140.58 (s). 129.08 (d), 127.01 (d). 

125.18 (d), 119.20 (d). 88.40 (s). 

prsparafkm ofhemhcef& 48 and akohd 7. Table I, 0nby2: 5 mmoi. (0.901 g) of la and 5 mol. (0.4919) of 2a 

were used to gtve products 7 (31%) and 4a (18%) which were tsolated by flash chromatography (ether-pentane : 

IO-90 and 20.80). Alcohol 7 : mp 9699°C (ether-pentane); IR (CCl4) 3830,342O cm-l: ‘H NMR (200 MHz) d 

7.64-7.89 (I. m), 7.57-7.72 (3. m), 7.237.37 (4, m), 2.38 (I. l/2 AB, J - 12.4 Hz), 2.32 (1. 112 AB). 1.92 (1. br. s.), 

1.38 (3, s). 1.28 (3, s), 1.08 (3. s); ‘3C NMR d 145.20 (s), 143.55 (s), 141.91 (s), 141.52 (5). 128.83 (d). 128.10 

(d). 127.30 (d), 128.83 (d), 128.15 (d). 125.88 (d). 119.84 (d), 119.52 (d), 75.53 (5). 88.10 (s), 48.30 (t), 37.10 (s). 

28.45 (q). 27.48 (q), 28.90 (q). HMRS nvZ catcd. for ClQH200 284.15141. found 264.1511: Anal. ca(cd. C 88.31 

H 7.83, found C 88.38 H 7.84. 

Reductive Cross Coupling of Fluorenone la and Msthyl Vinyl Ketone 2b. 

Preparaflon of 8 and 36 . Table 1. entry 3 : 5 mmol. (0.901 g) of 1 a and 5 mmol. (0.350 g) of 2b were used. 

Addition was done as in entry 1 to gtve compounds 8 (53%) and 3b (32%) which were isolated by flash 

chromatography (etherpentane : 30-70 and 50-50). 

TaMe/,enby4:5mmd.(0.90lg)oflaand5mnol.(0.350g)of2bwsreused~15m~.of~~~g tn2Qml 

of THF. Addition of la and 2b was performed wfthout a cooling bath, so that the temperature of the suspension 

warmed to 30-35 “C. Products 8 (8%) and 3b (57%) were Isolated by flash chromatography. Ketol 8 : mp 

194-195 “C (ether-pentane); IR (CDCl3) 3420, 1710 cm l; 1H NMR (200 MHz) d 7.W7.48 (18, m), 3.10 (2, m), 

2.43 (I. br. s), 1.75 (3. s), 1.58 (2, m); l3c NMR d 208.98 (s), 148.90 (s) (2C). 145.81 (s) (2C), 141.87 (s) (2C), 

140.28 (s) (2C), 128.82 (d) (X). 127.57 (d) (20. 128.83 (d) (2C), 128.49 (d) (2C). 125.11 (d) (2C), 124.82 (dl(2C). 

119.09 (d) (4C). 88.77 (s), 80.73 (s). 38.78 (1). 29.93 (q), 28.29 (1). HRMS Wzcalcd. for C30H24C2 418.17782, 

found 416.1770. Ketol 3b : IR (film) 3410. 1710 cm- 1; 1H NMR (200 MHz) d 7.22-7.85 (8, m), 2.84 (1. br. s), 

2.34 (2, m). 1.99 (2, m). 1.88 (3, 8); 13C NMR d 208.19 (5). 147.94 (s) (2C), 139.43 (s) (2Ch 129.08 (d (2ch 

128.08 (d) (2C), 123.82 (d) (2C). 119.98 (d) (X). 81.71 (s), 38.53 (t), 33.23 (t), 29.77 (q). HRMS mh calcd. for 

C17H1602 252.11502. found 252.1185. 

Reductive Cross Coupling of Fluorenone la and (+)_Pulegone 2c. 

Preparation of etw/ ettwr 5c. Tab/e I, entry 5 : 5 mmol. (0.901 g) of 1 a and 5 mmd. (0.751 g) of 2c wwe used to 
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yield 5c (63%) whkh was isolated by flash chonutography (ethar-pentam : 6%). En01 ether SC : mp 106109 

‘C(pantane);(a I& - +25’ (CHc)3 c 2.1); IR (Cc14) 1720,1290.1210,1175,1110.990,930 cm-l; lli NMR 

(250 MHz) d 8.48 (4. d, J - 8.5 Hz), 8.21 (2. m). 8.08 (2, ml, 1.76234 (8. ml, 1.40 (1. m). 1.09 (3, d. J - 7.5 Hz). 

0.90 (3. s). 0.85 (3, s); 13C NMR d 149.81 Cl, 145.84 (5). 145.50 (s). 140.60 (5). 140.43 (s). 128.83 (d)(2C), 

128.88 (d)(2C), 125.89 (d). 125.72 (d), 119.69 (dl(2C). 115.79 (s). 98.54 (61, 48.85 (s). 31.60 (11, 31.34 (11, 29.74 

(d), 24.43 (q), 23.94 (q). 21.39 (q). 19.78 (1); HRMS mh calcd. for C23H240 318.1827, found 318.1834; Anal. 

calcd. C 87.30 H 7.84, found C 873 H 7.73. 

Preparation of kriacetals 4c and 4~: erol ether 5c and Mlkorykfene Q. Table I. entry 5 :3.3 mm~l. (0.585 9) 

of la and 3.3 mmol. (0.502 g) of 2c ware used. Addltion of la and 2c was dono as In entfy 4 to gk 5c (15%), 9 

(10%). 4c (24%) and 4c’ (34%) which were isolated by flash chromatography (ethar-pentana : !5-95, lo-90 and 

1M). Hsmlacetal4c : mp lS131 “C (athwpentana); [a I& - -13” (CHCb c 1); IR (CClq) 3810,X30 cm-l: 

1~ NMR (200 MHz) d 7.167.68 (8, m), 1.97-2.10 (3, m). l.sl.70 (5, ml, 1.17 (3. s), 1.03 (3, d. J - 6.1 Hz). 0.59 

(3, s); HRMS ti calcd. for C23H28O2 334.19327, found 334.1433; Anal. calcd. C 82.59 H 7.84, found C 82.59 

H 7.84. Hamlaoatal 4c’ : mp W&129 “C (etharqentane); ( a I& - +39” (CHCIs c 1); IR (CCl4) 3800.3410 

cm-l; 1~ NMR (200 MHz) d 7.99 (1, d, J - 7.1 Hz), 7.59 (2, ml, 7.45 (1, d, J - 7.5 Hz), 7.167.37 (4. m), 2.83 (1, 

broad d, J - 8.2 Hz). 1.70-2.17 (5. m). 1.25-1.40 (2, ml, 1.09 (3, s), 1.02 (3, d, J - 5.8 HZ), 0.42 (3. sk 13C NMR d 

148.94 (s), 144.82 (s), 140.71 (s), 139.81 (s). 128.81 (d), 128.11 (d), 128.86 (d). 128.70 (d), 126.36 (d), 126.03 

(d), 119.44 (d). 119.37 (d), 106.15 (s), 97.28 (3). 49.28 (9). 48.72 (d). 48.85 (11, 31.72 (1). 28.57 (d), 24.32 (q), 

23.93 (q), 22.05 (q), 21.83 (1); Anal. calcd. for C&i2802 C 82.59 H 7.84. found C 82.54 H 7.83. 

Reductlvs Cross Coupling of Xanthona lb and (+I-Pulegone 2c. 

Preparation of and et&r 5d. Table I, entry 7: 5 mmol. (0.981 g) of 1 b and 5 mmol. (0.751 9) of 2~ ware umd to 

ghre 5d (45%) w&h was kokted by flash chromatography (~wwo). Enol ether 5d : mp l&l08 ‘C: IR (CDcl3) 

3060.1720,1655,1250,910 cm -1; 1~ NMR (200 MHZ) d 7.49 (2. ml, 7.19 (8, m), 2.44 (1, ml. 1.73-2.06 (5, m), 

1.17-1.43 (1. m). 1.10 (3, d, J - 8.0 Hz), 0.57 (3, s), 0.56 (3, 3); 13C NMR d 151.18 (s)(2C). 148.48 (s), 128.05 

(d)(2C), 128.39 (d). 128.30 (d). 125.70 (s), 125.55 (3. 122.77 (dI(2C). 118.02 (dI(2Ck 112.22 (s), 86.43 (S), 52.92 

(s), 31.14 (11, 30.97 (11, 29.50 (d), 24.49 (q), 24.00 (4). 21.38 (41, 19.21 (1): HRMS mk cakd. for C23H2402 

332.1718, found 332.1778; Anal. calcd. C 83.10 H 7.28, found C 83.13 H 7.21. 

Preparation of hmiacstals Id and 4d’ and enol ether 5d. Table I, entry 8 : 3.3 mmol. (0.647 g) of 1 b and 3.3 

mmol. (0.502 g) of 2c ware used. Addltlon was done as In entry 8 to ghfa 6d (23%). 4d (12%) and 4d’ (23%) 

which were Isolated by flash chromatography (ether -pentana : 1GgO and -70). Hemlacetal 4d : IR (CClq): 

3440,16(X, 1585 cm-l. Hemlacetal4d’ : mp 155-156 ‘C (ether-psntansk I aI& - +W (CHCb c 1); IR (CC141 

3420. lEO0, 1570 cm-l; 1~ NMR (200 MHz) d 8.33 (1, ml, 7.81 (1. ml, 7.12-7.33 (6, m). 2.22-2.36 (2. ml, 

1.261.94 (8. m). 1.01 (3, d. J - 8.2 Hz), 0.81 (3, s). 0.48 (3, s); 13~ NMR d 151.89 (s). 151.81 (5). 128.27 (~1, 

128.02 (d), 127.95 (d), 127.85 (d). 128.78 (d), 125.82 (s), 123.40 (d), 122.49 (d), 118.25 (d). 115.54 (d), 108.26 
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(s), 66.01 (s), 51.45 Q), 43.02 (11, 47.13 (dl, 31.63 (11, 29.04 (d), 24.14 (q). 23.40 (qh 22.14 (q), 21.26 (1): HRMS 

r&z cakd. for C23H2& 3!K.l8816, found =.fses; Anal. caicd. C 78.83 ii 7.48, found C 78.53 H 7.46. 

Raductlvo Cross Coupling of Fluoranona la and (-I-Carvons 2d. 

h~dlon of 3d. Sd’ and 10 : TaMa I, enby 9 :6 mmoi. (0.901 g) of la and 5 mmd. (0.750 g) of 2d were used 

to give 3d &%I, a mixture of diasteraoisomsrs 3d’ 160%) and 10 (10%) which were isoiatsd by flash 

chromatography (ether-pentam : 15-86 and 3370) 

Kstol 3d : mp 236 ‘C (CHCi3); 1 a g6 - +35.6 WiCi3, c I); IR (CDCi3) 3600,302O. 1700,122O. 1030, 1005. 

905 cm-l; 1~ NMR @OO MHz) d 7.59-7.66 (3, ml, 7Z~7.44 (6, ml, 4.97 il. br. s), 4.75 (I. br. s), 2.86-2.79 (3, mf, 

2.48 (2, ml. 2.25 (1. td. J - 13.1 Hz, J - 4.7 Hz). 1.86 (3, $1.0.32 (3, d, J- 7.3 Hz); 13C NMR d 214.26 is), 148.02 

(s), 147.67 ($1, 146.43 (s), 140.24 C), 139.29 (~1. 129.23 (dl (XI, 126.42 (d), 127.57 (d), 125.48 (d), 123.62 (d), 

120.19 (d). 120.09 (d). 112.77 (t). 83.04 (s), 46.76 (d). 43.16 (d), 41.02 (1). 40.16 (d). 22.80 (11, 22.22 (q), 12.02 

(4); HRMS m/t caicd. for C23H24O2 332.t776, found 332.1774 Anal. caicd. C 83.10 H 7.28, found C 82.40 H 

7.30. Ketols 3d’ (mixhrrs of diastareoisomeni: IR (CCi4): 3550, 3420. 3040, 1720. 1645, 1260, 1020, 855 

cm-l; major one: 1H NMR &DO MHz) d 7.587.62 (3, m), 7.24-7.44 (5, ml, 4.64 (2, m), 2.81-2.75 (2, m), 2.33-2.39 

(2, m), 2.W2.27 (3, m), 1.66 8, s), 0.22 (3, d, J - 7 Hzl; 13C NMR d 213.75 b). 147.86 ts), 147.73 fs). 147.44 (s), 

140.11 (s), 139.09 is). 128.98 fd), 128.93 fd). 128.27 (d), 127.42 Id), 126.60 (d), 123.45 (dt, 119.98 id). 119.87 

(d), 109.81 (t), 62.64 (s). 48.63 (d), 46.07 (d). 44.69 (d), 41.97 (1). 25.61 (11, 20.71 (41, 11.41 (4). Trioi 10 : mp 242 

“C (CHCi3); i a & - -7 o (CHCi3. c 2.3); IR (CDCi3) 3600.3010, 1960. 1920, 1640, 1610. 1290. 1180, lox), 

1000,890 cm-l; 1H NMR (260 MHz) d 7.00-7.75 (16, mf, 4.89 [I, br. s), 4.85 (I, br. sf, 3.23 (I, broad d. J - 12.9 

Hz), 2.66 (1, m), 2.2s2.46 (3, m), 1.90 (3, s), 1.51 (1, m), 0.96 (I. m), -0.84 (3. d, J - 7.0 Hz); 13C NMR d 150.60 

(s), 148.40 (s). 148.24 (s), 147.49 (s). 146.24 (s), 140.89 (s), 140.10 (s), 139.54 (s), 138.87 (~1, 128.79 id), 128.71 

(d), 128.47 (dl. 128.35 fd), 127.77 fd), 127.48 Id), 127.26 (df, 127.19 (dl. 126.27 (df. 125.41 (d1(2C), 123.81 (d), 

119.77 fd)(2C), 119.87 (d). 119.51 fd1, 106.79 (tt, 88.00 (sl, 8393 k&80.24 (sl, 44.86 (d). 40.60 (dk 36.34 (d), 

32.99 (1). 26.02 (tI,21.64 (q),8.69 (q) ; HRMS m-!z caicd. for r&H2602 333.1854, found 333.1852: Anal. caicd. 

for C36H3403 C 84.02 H 8.66, found C 64.10 H 6.TI. 

Reductive Cross Coupling of Fluorenone la and lsophorons 20. 

PV$wmtion of 1 f. Table I, entry 10: 5 mmol. (0.901 g) of la and 5 mmd. (0.691g) of 20 were used with 20 mmoi. 

of TiCl4Mg In 20 ml of THF. Addltion to the complex was performed as in entry 1 to giv& 11 @C%) which was 

isolated by ftash chromatography along with unchanged la (233 mg: 26%). Hydrocarbon 11 : mp 257 ‘C 

(hexanasther); IR (CCIS 3060, 1440, 1425 cm -1; 1~ NMR (200 MHZ) d 7.96 (I, m), 7.69 (I. m), 7.77 km), 7.30 

(4, m), 7.18 11. br. s). 2.66 (2, s). 2.06 (2, br. $1, 1.97 (3, br. s), 1.04 (6, si; 13C NMR d 143.72 (s). 141.62 6). 

139.67 fst. 139.36 (sf, 138.59 (sl. 130.74 (sf. 125.84 (sf, 126.50 (d), 126.45 (d), 128.14 (d), 128.07 (d), 125.31 

(d). 125.25 (d), 123.15 Id), 119.41 (d), 44.74 (1). 42.93 (t). 31.81 (s), 28.96 (q)(2C), 24.86 ki); HRMS IW’Z caicd. for 

C22H22 266.1721, found 286.1715. 
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