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Abstract: The title carbanion species are generated from the corresponding a-halo- 
organosificon compounds by the action of a catalytic amount of ~s(di~hyl~o)su~onium 
difluorotrimethylsilicate and are found to undergo addition to aldehyde carbonyl efficiently at 
ambient temperature. The synthetic potential of the reaction is demonstrated by application to 
the synthesis of some insecticides. 

Organometallic compounds having such leaving groups as halogen(s) at the a-position to the metal are 

called carbenoids and are in general thermally unstable to undergo a-elimination readily to give rise to 

carbenes.1 Thus, for synthetic purpose, these must be generated and handled at extremely low 

temperatures:* for example, chloromethyl~t~~ decomposes even at -130 of and preparation of dicNoro_ 

and trichloromethyllithium should be carried out at -110 “C or -78 “C, respectively. The instability is 
attributed to intramolecular coordination by the halogen to the metal.1 In order to weaken the 

i~tramol~ular coordination, basic solvents3 or lithium salt additives’ have been employed. Another 

modification of the procedure for mono- and polyhalomethyllithiums is reported: lithium 

dicyclohexyIamid~ or bu~~thium~ was added to a mixture of ketone and excess ~lyhalometh~e at -95 

*C to 0 “C. In spite of such efforts, however, handling of them still requires careful experimentation. We 

reasoned that, if the counter cation is well separated, the intramolecular coordination diminishes largely or 

disappears, and therefore the corresponding carbenoid anions should have enough life-times to undergo 

synthetic reactions before decomposition. 

The strategy to generate the metal-free carbenoid anions is illustrated in Scheme 1. The key precursors 

are the corresponding a-hal~rgan~ilan~. Reaction of a-haloalkylsilanes with tetrabutylammonium 

fluoride (TBAFI or tris(diethylamino)sulfonium difluorotrimethylsilicate (TASR is expected to generate 

the desired carbanion species.* The ammonium and sulfonium ions exists only as a charge neutralizer 

which does not form covalent bond with the carbanions. 

scheme I 

F - n-Bu&J+ F UBAR, fR2N)fS+ ?&$iF2- (T.&SF) 

The working hypothesis discussed above originates from our earlier observation7 that y.y- and a,a- 

difluoroallyl(dimethyl)phenylsilanes (1 and I’) react with berualdehyde (21) to afford 2,2difluoro-l-pheny- 

3-buten-l-01 (3a) under TASF catalysis at room temperature in l~dimethyl-3,4,5,~te~~y~~2(lH)- 

pyrimidinone (DMPUI and that an equilibrium between 1 and 1’ was not observed under the reaction 
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canditims. These experimental evidences susest a metal f~“er? gem-difhmroallyI anion as the cmmmn 

Intermediate, though gerrr-dinuoranllyrlithium exists only at low temperature of -95 ‘XZ.8 In addition to 

kwnzaldehyde, the difhmroallylsilane 1 underwent addition to a variety of aldehyde and ketcnes at mom 

temperatwe (Table Il. 

7-Q * 
It? 

2 

a:RI =Ph,Rz=H 

c: RI = PhCH--cII, R* = I-I 

E: RI = t-Bu, Rz = H 

8: RI = PhCM(IY¶e~, R2 = M 

kR~=B&?&bCH,R’=H 

3R 11” 

i: PKHQ, TASF (6 ml%), DMPU, rd. 

F i, ii 

F 
1 3 

i: TSF (6 ml%), DMPU, rd. ii: l-i@* 

b:R~=4-csc&$,R2=H 

d: RI = ?!-clQH21, I@ = M 

kRl=Rz=Ph 

h: RI = J,Kl&H3, R2 = H 

Table 1 TASF-Catalyzed Carbonyl Add&m of 1 atad I*n 

Run 

---m----m 

1 

2 

3 

4 

5 

6 

7 

8 

9 

-_- 

Aldehyde or 
Ketane 

-_-------_-_l-l 

2a 

2a 

2a 

2% 

2c 

26 

2d 

24 

2P 

Salvent Product % Yield* 

_----------_I-------_I ._1.,11.- “..._1 

DMPU 3a 93 

THF 3a 1oQ 

DMPU 3.c 90 

DMFIJ 3b 100 

DMPU 3c 52 

DMPU 3d 44 

THP 36 42 

DMPU Se 53 

THF 3f 34 
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Table 3 Aldehyde Addition of Polyhaloethenylsilanes (l2-17)r 

____________________--_--_______------_----------_________------- 

._ 
Run 

-_ -- 

1 

2 

3 

4 

5 

6 

7 

a 

_ 

9 

10 

11 

12 

Aldehyde Silaneb TASF fmolk) Reaction Time (h) Product 96 Yield 

____________________----__________________------- __ .----- 

2a 12 ao: 5.5 18a 42 

21 ud 10 24 1& 66 

2a 120 10 7 18*# 61 

zc l2 10 12 l& 43 

Zd l2i 10 12 18d 59 

2i 12 10 10 18j 39 

21 13 10 4 191 84 

21 14 10 7 201 38 
20’r 48 

2a 15 10 8 21a 86 

2a 16 10 12 221 38 

Zd 16 10 24 22d 39 

Zd 17 10 24 23d 47 
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The extension applies also to polyhaloarylsilanes (24-28) whose Ar groups were smoothly introduced to 

aldehyde carbonyls (Table 4). Though a closely related reaction by means of potassium fluoride catalyst was 

reported by lshikawa and his coworker.23 the present system with TASF catalyst gave better yields. Again, 

decomposition to benzyne seems to be a minor pathway. 

2 24-28 R A Ar 

L: TMF, MF, II: HQ.MeOH 29-33 

24,29zAr=QFs 2.5,3&Ar-4-HC& 26,31: Ar = 4-n-BuQF4 
27,32: Ar = 3,5-Q-QF3 2832: Ar = C&Is 

In conclusion, a- and g-haloorganosilanes are found to generate, with the aid of TASF catalyst, the 

corresponding a- and f3-halo c&anion species which give the corresponding aldehyde adducts at ambinent 

temperature. This methodology allows us to carry out synthetic reactions of versatile carbenoid anions 

conveniently and study the stability and reactivity of a wide variety of metal-free carbanion species whose 

organometalhc compounds are unstable even at low temperatures. 
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Table 4 Aidehyde Addition of Po~yhalmwyLsikmes W-281 

Run Afdehyde ArylsiianC TASF fmolt) Conditions Product 95 Yieldb 
~~~~~~~11~~---1~11~~_---~~1-1-~-~--~~~-~~---~~~~~~~~~~~--~~----~~---~~~ 

1 21 24 10 r.t., 12 h 29a 87 

2 2.a 25 10 0°C I2h 3Oa 43 

3 2a 26 10 r.t., 8 h 31a 89 

4 21 27 5 r.t., 2.5 h 321 37 

5 2a 2.8 10 ct., 3 h 331 87 

6 2e 24 10 r.t., 12 h 2% 63 

7 2e 25 10 O*c, 12h 3k-k 44 
1__-___1_________________1_________1__1_~~~~~~~~~~~~~-~~~~~~~__~~__ 

Vhe silrne (1.2 mot) was used and the 
with HCI-MetXi at room temperahIre. 

rexlion was canied nut in THF. b3lrted yield 

MeltKng polnta and boNfng pdr~te an uncorrected. Bulb-to-bulb dlstthatlan was carz%d out by use of BWhl Kugelrohr 
or GlassTube Oven Bhibata GTO 25tW. lH NMR spectra ttetramethylsttane as an tntcmat stonderd) wax obeafned wtth 
a Vartan EM-390. Vartan XL LOQA. Httachl R-90H. or Bruker AM-400 spectrometer, chemtcal shtfts betn# g&n tn ppm 
untts. % N&W spectra jtrtchlorotluoromeths a8 ark tntcmal standard] wtth a Hltacht R-20B or Vartan XLllxM 
spcstrometer. l3C NMR spectra wtth a Bruker AM-W. a3 data of neat ttqutd rum samptee ~llnlcss uaew nor&J were 
recoded with a &SC0 A-202. Mass spectra 170 &I were recorded wtth a RMU-WC. htgh mass wtth & Hitachi M-BOA 
spectrometer. GLC analyses were petformed with a Shtmadzu GC-7A chromatqraph WtD detector!. Preparattve GLC 
were carrted out wtth a Shtmadzu GC-3BT cbromat~ph tTCD detector). Tu: anatynes were performed by means ot’ 
Merck Sthca Gel $0 F254 IO.25 mm lhtck). Preparattvc TIC plates were parepa& wtth Merck Ktesei-Gel PP254. Cohimn 
chromatcgmphy was corrted out with sthca-gel tWs.kogel C-200) at atmosphcrtc pressun. DMPU. HMPA. and DMP were 
dtstllled over calcium hydrtde and stored over Molecular Slcvc 4A. Ir)tchloromtthy~trtxncthyls~ne (4) and 
(chloromtthyl)trtmethylstlane were purchased from Aldrtck Chcmlcal Co. and dtstillcd before use. ~ollowtng 
hatagenated stlanes 3.3-dllluoro-3-ldlmethylphenylsllyllprap fI’l,s ItrichloromethyPy9trtb~ySsllanc U!i).a5 Lm- 
dtchlor~thyDttrm~thyislianc (6). *5 tdtftuoromcth lfdlmethylphenylstlanc. 
[YBf.23 ItnZchbromahylfdtmethylphenyt~tane I), 

28 bIsltrtmethybtiy9dtchtoromethane 
A ttr&thylstly~)tr&uxoethene t12),z*s trinuoro(trtmethytstiyl)- 

ethenc.2t I-chloro-1-ttrtethytsilytkltfluoroethene UW. 29 
(pcntanuoro)~~~hyis~)b~~en~ (241,30 

t.2-dtfluoro-3.3-dlmethyt-l-ItrWaethylsUyU-l-butenc LlS)?2 
and purtachlo~trinicl~~l)~~~~ (281s1 wcrc prqmred aclcardq to 

thr repotted methods. IDLmcthylphcnylsllylltrlnucrroethen& (1P)21s and l-~thylalYyl-I,2-dltauom-r-h~e~n~ (a3)22 
were prepared by the modlflcd ltteraturc pxvrccdum and showed foUMn# phystcat data. 12’: bp 82-83 oC/ 17 ‘tbrz IH NMR 
~CDC13)60.47Ls.8~,7~7.48fm.3HI.7.5&7.72~m2nl: t%uM.RICDCWs88i3W.J=65.124.7~ 1Fj. ri4.oIds%J= 
115.7I-bL 1~~1197.3Idd.J=it5.7.24.7Ha.LF):IR~~29T5.172& 1425.1285.1255.1130. I115 m4o,840.815.m7;311. 
xX5. m5 ad; MS m/zfrei intm 216 fM*, 7l.201(13). 132 (45). 135 !tW. 1211251,120 MS). 115 (38). 101 @l). 9lB4). 81 
tl0). 77 Isa), 75 HI). 5il(33). 47 (381. Found: C. 55.79; H, 5.0296. Cakd tbrCl@t tP3= C, 556.54; H. 5.t3%, Zs: bp l-t20 
T(k&htcmp)/25Tm: ~HNMR~CDC@i30.51.1 Im. 18HI. 1.1-1.7fm4~,2.43(bdt.J=~.7,~~22~ 19FMbfR(Ci’3Cl$ 
6=145~,~J-127.23ttt1~.l72(dt,J=I27.6Hz.iFt:1R2975,2950.2900.t~6.1410.12r18.i0BB,~aeo.74r.728an-~: 
MS rn/% lrcr lntenqv) 2% fM+. ICI). 107 fzsl.105 (64). 95 (55). 81(591,79 (6% 77 (rool. 67 (22). 55 (131.53 (31). 49 (ML 47 WI, 
41(41). Found: C. 31.7* w. 10.50%. C&d for 612N24FZSt: C, 61.49; H. f0.32%. 
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1gFNMRKClq):689.85(dd.J q 50.8.2.OHz. 1 R.93.00Idd.J= 50.6.25.1 Ht 1 R. FoundCC.61.97.H.6.4GK Cakdfor 
C 1lH 14F2SL C. 62.23 H. 6.6%. 

By using 1.2~dtphenyltctramcthykitstlane (0.284 ml. 1 -1) tn HMPA (2 ml) and TBAF (0.1 mmol) and by trcattng 
Ihc~urromhTFPpsobovr.~obLptncd1(0.180g.8596~. 

Altemattvety. 1 (9.14 g. 6296 yleldl was pnzpanzd by addlng a TIFF 170 ml) solution d dtmcthylphcnytstlylltthtum 
IO.07 mol) to a THF (50 mll duuon dIFP (large cxcessl at nxnn tcmpcnitum and sttrrQ the rmxturr wemIght followed 
by workup and dlstAlatlon BS above. 

13.3~D~uor~2~mcthyt~2.~~Ud~et~fp~ny~Uane /I*). Fry ustng pentamcthylphcnykltstlanc (0.238 ml. 1.0 
mmoll and 2-methyl-3.3.3-trttluoropropcne (26.9 ml at 1 atm. 1.2 mmotl. 1. (0.167 g. 749b ylctdl was &tamed after 

purffkatlon by ci&Ullotbn Bp 130- 140 “c (bath ternpI/ Torr. lH NMR ICC41 60.32 ts. 6 HI. 1.43 It. J = 3 Itz. 3 HI. 1.51 (I. 

J-2HL2M.7.~7.57(mSH):l4‘NMR(CC4)97.U)(d.J;601L lR.99.42td.J=6OHr. lR:tRl755.1260. 1250. 1210. 

1200. 1113. 1067.986.633. 710ax1: MS m/zlnA tntcnstty) 139 13). 136 (131. 135 1100). 107 (41. 105 131.91 13). 77 (2). 43 15). 
Four&C. 63 433: H. 7.27%. CPLCdforCt2Hl6F2Sl. C. 63.68. H. 7.12% 

Reucttn oJ 1 wuh Benaldehyde: TASF (20 mg. 0.06 mm011 was added to a mlxturc of 1 (0.208 ml. 1.0 mmol) and 
bcnzaldchyck I2a. 0.102 ml. 1.0 unnou dtssolvcd tn DMPU (2 ml1 at room tcmpcralure. The rcsulltng mtxturc was tiwrcd 
at room temperature wcm@ht. txmtcd wth 1 M hydrochloric acld and atractcd wtth dkthyl ether me cthcral extract 
was washed wtth sat aq NaCl soluuon. drtcd over magncslum sutfatc. and concentrated tn vacua. Purtfkauon by 
prvparati TLC (haan-ethyl acetate 3 1. R~0.55) gave 2.2.dtfLorc+ I-phcnyl-3-butcn- 101 t3a. 0.172 g, 9396 ylcld) ‘tt 

NMRICC4l:~3.58Id.J=5HrlM.4.79Mt.J=5.l0~l10.5346.l8lm3M.7.207.40Im.5M:1~NMR~CC4I6l0587 
ldt. J=248. 1OHz. 1 FL llO.sS@t. J=248. 1OHz. 1 Fl. IR3440. 1650. 1500. 1421. 1200. llE0.995.955.652.7tX3.-&37an-1: 
MSm/t(ml tntcmIty) 108(91. 107(lOC#. 79I661.77(:)6). 51 1141. Found C. 6501: H. 5.41%. C&d for Clfll0F20. C. 6521. 
H. 5.47%. 

Reacrkm oJ I’ wffh tkvaldew TASF (5 mg. 0 015 mm011 was added to a mtxtult d 1’ 134 mg. 0 16 mmol) and 

bauakkhydc (2a. 16.3 pl. 0.16 mmoll dlssu&d tn DMPU (1 ml). and the mtxlurv WBS stti ovenlIght. Workup and TLC 
purttkatlon Ih-c-ethyl atxtatc 5 I) gave Sa I17 mg. 58% ylckl) as a cobrkss otl whtch cxhtbltcd the -me 1~ NMR 
spectrp as obtalncd a&we. 

2.2~D(/luorxo t~Nd&xopheyU~3~buten 1.d 13bI: TASF (20 mg. 0 06 mmoll was added to a mtxiurr of 1 10.2 1 g, 1 0 
rnmoll and 4-chlorobenzaldchydc 1%~. 0.14 1 g. 1.0 mm011 and the reactton mtxture was allowed to react ovcmtght. 
Workupandp~parauwllE(haarxcthylacetatc5: l.R~O25)gawsbK).222g. 1CXXb~asacobrt~vrrousoU. 1~ 

NMR(CC4)~2.39Id.J=4~l1H).4.f9(d(.J=4.9Hr.lH).5.306.07Lm3H).7.20733Im4H): 19FNMR~CC4)6107.20 
klt.J.250.9HL 1 Fl. 10.70fdt.J.250.9Ht 1~~.tR.3440.1603.1500.1423.1095.1018.855.800.770.~an~t.MSm/+ 
(RI tntcnsttyl 143 (.X3). 141 (1001. 113 1211.77 (65). 51 (151 Found. C. 5501: H. 4 04%. Cakd forCl~HgCtF20: C. 54.94: Ii. 
4.1596. 

4.4.L)(llluw~I.phpnyl.l.S.hLmdlcn.3.d 13~): TASF (20 mg. 0.06 mm011 was added to 1 10.21 ml. 1 0 mmoll and 
ctnnamaldchydc 12~. 0.126 ml. 1 .O mm011 dtssotvcd In DMPU I2 ml). and the ~sulllng mtxturc was sttrrcd ovcrn&ht at 
room tcmpcraturc. Workup and prcparatlve TLC (haan-ethyl acetate 5 1. RJ0.35) gave 3c 10.110 g. 52% yield) as a 

viscous ou. lH NMR ICCI4) 6 2.07 Id. J = 5 Hz. 1 HI. 4 20-4 65 lm. 1 HI. 5 406.83 (m. 5 HI. 7.12-7.45 Im. 5 H):lgF NMR 
lCDct3, 108.17 (dt. J q 250. 10 Hz. 1Fl. 111.57 fdt. J = 250. 10 Hz. 1 FL IR 3925. 1663. 1655. 1600. 1580. 1500. 1450. 1420. 
1180. 1070.970.865. 746,690 cm-l: MS m/r Ircl tntcruttyll33 (lOGi. 115 124). 105 (9). ltX3 19). 77 119). 55 136) Found C. 
68.49; H. 5.72%. Cakd for Cl21112F20: C. 68.56. H. 5 7% 

3.3.Dfluoro J~tetradccen~4~d I3& Undccanal(24. 0.206 ml. 1.0 mm011 tn DMPU was sub&wed to the TASF-catatyzd 
reactton wtth 1 cxxtty as above. Puticatbn of the crude product by column ch-togmphy (haanc-ethyl a&ate 10 

llgavc3d IO 110~. 449bytctdJ ascobrksssdld. MpXt-36 5°C. *II NMRICC4) 60.89(t. J: 6Hz.3 HI. 1.151 70lm. 1611). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1 n: tR lKBrl3425. 1470. 1425. 1090.990.950.810.720cm~t. MS m/t kc1 tntcmlty)l71 137). 111 127). 97 1100). 83 (95). 77 
1101.71 cL~.69~94l.57(421.55(981.431~4).41 Ill). Famd:C.67.95: H. 10.56%. CakxlforCt4H2tjF20 C.6171. H. 10.55%. 

3.3~D(lluoro~5.5~dfmerhyl~4~ld~elhylphmylsUoxyl I hexene 13ek Ptvaldchydc Ilc. 0.109 ml. 1 0 mmoll was 
allcwcd to react with 1 and TASF catalyst as above. Workup fotbwcd by GtI) analysis rcwakd 53% ytcld of Se which 

ahwd tHNMR(C~160.42(s.6H).0.901d. J=3Hz_9H).3.49(dd. J=6. 12lt 1 HL5.25-6.35Im3HI. 72C%765lm. 5 HI. 

‘~~~l68774:~d5.260Hr1~.10722ldJ=2U)1iL1R:IR1650.1580.1~.1420.1310.1253.1115.860.830. 
783.700.650 c?X1: MS m/r bv.l tntcrutly)283 (4). 227 (4). 221 127-J. I36 (1 II. 135 (86). 77 (6). 57 I 100) Found: C. 64.72; H. 
8.21%. CalcdforCt~124F20Sl:C.~4.39:H.8.~l(M. 

2.2-D@uow I. Idtphenyl.3.buten Id (3/, Bcnzophcnone (21. 0.182 g. 1.0 rnmoll was alkwcd to react wtth 1 and 
TASF catalyst as above. Workup and prrparauvx Tu: thuranc-ethyl acctatc 5 : 11 gave a mtxturc d 3f and benzophcnonc 
(0.180 e). me ykld of Bf was csttmatcd to bc 34%. Rcpcatcd TLC putUkatkm Ihcunc-ethyl acctatc 3 : 1. R~0.65) gave 

analyttcally pure 91 whkh cxhtbltcd IH NMR ICC141 6 2.5-8 Ibr s. 1 HI. 5.18-6.22 Im. 3 HI. 7.lG7.70 (m. 5 HI: lgF NMR 

CCDCt3-CFCl33,6 105.36 Id. J = 10 Hz. 2Fl: IR 3580. 1655. 1607. 1500 1450. 1420. 1050.760 an.‘. MS m/z InA tntcrwty)l84 
(13). 163(1001. 106(7X 105B6L77K3l.51 1121 Fowxi.C.72.69:H.522% CakxlforCl6Jit~20 C.72.83:H.542%. 

and 4 (0.193 g. 1.23 mrnot) dtssolvcd tn TXF (2 ml). and the reactlon mktum WBS stkrcd for 8 h at roan tempcnture 
bdorr tmatmtnt with mcthanoltc hydrogen chkwkk (1 M. 0.5 ml 15 mtn. r.t.1. Short path ch-tography followed by 
CLC assay lpcntadccanc tntemal standard. Dtaadtd 1 m. 120 ‘c. N2 50 mt/m.tn. Rc 5.33 rntn) showed 779b ytctd of 2.2. 
d&hlom- I-phenykthanol (Ia). lsolatlon by column ch-tography Iclkhb-thawhuanc 1 : 11 gaVe ia (0.14 1 g. 

74%ylcMma aYuksscU. 1~iNMRICDCb)62.87lbJ=4~l110.4.43Idd.J.4.6~l1M.5.78(d.J~6Htl~0.739ls. 
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$zaz E ll(O.41 g. 2.1 mmol). and lhe SduUon wu etm for 24 h at man lanpcmture. The rcactkm mlxhm 
hat path column to -c the catatyst (elutkm with dkthyl ether). Conccnvalron under 

mduced 9rcseurr by *tkm gave 3-trktbyblkuy~ 1.1.2.Irlfluorw3phcnytpmpcnc (16a) 10.4 1 g. 66% ykkl) as 

amtiul. BplOOT(bathtanpl/lTo~ 1HNMRICDCl&60.SO.8kn.9Hl.0.81.1(m6H).S46Wd.J=2.4.25Ha. 1 
H].7.2-7.5(m.6H):l~NMRI~~1~ldddJ-2.~.80~1~.l~(~J-4.80.115~l~.l~(bdd.J=25.~. 

l 15 Hr. 1 n: IR 296S.289O.l792.13O6.126O.ll12.llOO.1O66.1OO4.856.64O.624.74Oo. 688 cm-l: MS m/t (ml LnlcnJlty) 
274 (11). 273 (M+ - EL 531. 171(n. 151 tu). l4Q 01). 121 (22). lo8 (101. la (la. lm 18. 101(12). 87 (61.78 (d. 77 (741.75 (I). 
58m.49(7l.47m.M(5L lowrLC.58.46zH.6.9896. CakdfcrC1gH2lF3O’%C.SQ.58:H.7.00% 

Aldthydc adducw d 12-17 wuc obtalncd tn a slmllar manner lnvohrlng puAfkaClon b prepantlw TLC Wlka-gel. 
dkhbmmr(hPne-hcxanc 1 : 1 to 1 : 2). 

2.3.3~7V@ua0 I #wny1~2~~~ropen~ 1.d IZbW: TASF I1 M THF solution. 0.1 ml. 0.1 mmol) was added to a THF I2 mU 
solution of bcnzaldchydc (a. 0.107 g. 1.01 mmol) and 12’ (0.26 g. 1.21 mmol). and the solution was stltrrd for 6 5 h at 
- tmpcr~t~rr. men. mcthandk hydr@m chloride I1 M solution. 1 ml1 WBS ad&d. and the whole was sllmd for 0.5 
h at mom temperature. The mactlon mk!urc was ~te?al through a short.path cd-. and the Nlrate was concentrated 
under ruluced pwasure. FwlfkatLon by column chrunatography (dkhbtmuthane-h 1 : 2) gave 16.a 10.115 g. 6196 

y)eld)~a~brLssul lHNMR(~62.50Ibrr1H1.5.46Iddd.J=l.4.25~l1.7.2.7.6Lm.5H):1~NMR~CDC~~ 
lCr2(dd&J=l.X2,76i+& 1?-I119(ddd.J=3.76.115Ht1FL167(ddd.J=25.32. 115Hz.1Fl.1R3350.17% 1308.1253. 
1090. 1074. 1032. 1216.633.735.693 cm-l: MS m/r (nzl IntauIty) 188 (PA*. 35). 151 122). 136 12.6). 137 1100). 109 (A?). 79 
t27).78(251.77W%5lf26L 

3.~llpr~.l.J.2.~5~phmyl~J.4~pcn~r /IW colorless 011. lH NMR (CDCI~ 6 0.5-0.8 Im. 9 W. 0.6. 

1.1~.6~~.5.03(~J=24Hz,1M.6.2l~dd.J~6.1SHr1~Q.6.63ld.J=lS~l1.7.2-7.5Im5~0;1~NMRlCDC~l6 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1118. 1080. 1046. 1006.802.747.~on-1:MSm/t(~lWusny~328(M*.2).300(12).299(55l. 197Wl. 178110). 177(75). 
17s (50). 1.55 M). 147 (42). 146 1331.133 (lol. 126 Oa. 127 144). 115 0 1). 106 (IQ. lo5 (1001.87 WI. 77 191). 7’5 (15). 59 (20% 47 
(14). Found: C. 62.22: H. 7.34%. C&xl lorCl7H23F30SI: C. 62.17: H. 7.06R6. 

3~7Wih&~J.l.2~gFu*oJ~ rr&&ame OMJ : colorless OIL 1~ NMR KDCW 6 0.4-0.75 (m. 6 H). 0.75 1.1 Im. 12 II). 

1.27(s.16H).1.C1.8(m2~.4.28~J=26~1H):L~~R~~6l~~ddd.J=1.~.83~.1~~.l~~ddd.J=3.83. 

114Ha. 1Fj. 187lddd.J=26.33. 114Hz lFXIR2970.2940. 1793. 1471. 1308. 1262. 1096. lC06,750.732an~1:MSm/z(~ 
mvrulty) 337 DA+ - R. 37). 225 118). 211 1241. 183 (191. 145 110). 117 110). 115 1221. 107 llrl. 105 (51). 103 (16). 95 (Ill. 87 
(1~.83(1~.81115).TIlW.75~401.73~15).89126).67~131.59(23).57126).55~391.4705).W147).41129). FouA:C.6252: 
If. 10.05%. CakdforCJ~F~C.62.U:H. 10.1796. 

Ethyl 3~(1~~rhylsUo~~2.3.3~Ir(lluor~2~propcnylJ~2.2~d~efhylcyclopro~necar~~fare Il8jL colorless oU 

obtamcdasthe mms- andc&tsancrkmLxture. 1HNMRICDCb)60.4-0.75(m.6M.0.8-1.1 (m.9HL 1.1-1.4 Im. 911). 1.48 

(m. 1 li). 1.87 (m. 1 HI. 3B4.3 Im. 1 H1. 4.12 (q. 2 M for the bpnc.m. 6 0 4-0.8 (m. 6 Hl. 0.8-l 16 In 9 li). 1.18 Is. 3 HI. 
1.22(r3~9.128(1.J-7~~3t0.1.581.71hn.2M.3.9~4.25hnlM.411lq.J=7I~22~forthe~~r. 

J ~‘Twlhyl~U~~2.3d@oro 1 ~phmy(~2~hepwne 11 SaI: colorless 00. *H NMR lCDCW 6 0.47-0.80 lm. 6 HI. 0.W 1 13 

(m.12~.1.13-1.74hn.4M.2.082.644220.5.77Idd.J=27.4Hz. lM.7.2G748lm.SH1: 1QFNMRICDC13)61521ddI.J= 
125.4.22 Hz.. 1 fl. 193 (ddt. J= 125.27.5 Hz 1 Fl. IR 2970.2890. 14% 1214. 1174. 1091. 1068. 1004.856.745.733.700 
cm-l. MS m/z (RI !wzn&yl312 flOl.311 IM* - Et. 37.). 211 12). 159 (25). 147 147). 133 (201. 117 (93). 115 (261. 105 1871.91 (491. 
85~$).TI(48).75(2~.57~.43~1~.41(21). Folmd:C.6672: H.9.12%. CalcdforCl~130F20SLC.6702:H.E.RA%. 

J .&chylthlo J .2,dllllroro3,lr(cl~U~.3,~f~~e f21(3 COkACss OU. ‘H NMH lCDCl3) 6 0.47-0.85 (m. 6 HI. 

0.~1.14(m9M.1.27(~.J~7Hr3M.2.76Idq.J=1.7Hs.2M.5.82~dd.J=4.25Hz.1111.7.16-7.50~m5H):1~NMR 

/(JDch) 6 131 (dd, J q 4. 142 Hz. 1 Fl. 149 (dd. J = 25. 142 Hz 1 R: IR 2975.2900. 1258. 1097. 1070. 1008.658.638.749.732. 

701.574 an.1: MS m/r (rtl Intm 345 IM* l 1. 1). 344 IM*. 81.316 09L315 (79). 283 152). 213 1201. 163 L?Ol. 151 197). 149 
(63). 135 (351. 129 (36). 105 (100). 91 1221.87 (23). 77 142). 59 120). Founds C. 59.11. H. I.&o%. Calcd for C17H26F2CISSI C. 
59.26; H. 7.61%. 

2~Chl0ro3~McrhyLrPo~y J. J~d(Jtuor~3~ptbfnylpopene [32& colorkss CU. JH NMR ICDCl3l6 0.47.0.62 (m. 6 II). 

0.82-l ll(m.9til.5.67(t.J=3Hz lHL7.237.50h5H): 1~NMR~6~k%J=3.4S5 lFLV2Idd.J =3.4SHz. 1 

F): lR2Q75.2900. 1744. 1267. 1093. 1060. 1014.834. 746.730.703CYK1: MSm/rI~lntemltyl291 I3OL29Ol16L269(76L 
187 (lo). 167 (48l. 166(11). 165 (loo). 152 llOI. 151 (27). 139 (32). 137 (82). 105 i551. 102 (19). 77 (731. 75 I1 1). 59 (12). 47 (10) 
Fcurl:C.5662:H.6.66%. ~forCJSH21C1F2~C.56.50.H.6.~~ 

2CNcvo3~trtethybPary~ 1. Id&xv 1 .trtdecene Ill&. cuJorhs oil. lH IWR KIDCl3l6 0.45-0.8 (m. 8 H). 0.B 1.15 

(m12M.130(s.16M.1.~1.85~.2~0.4.354.65Im1Hl:1~NMR~)6BBId.J~~4l1.s2~.J=44~11n:~ 

2950. 1747. 1470. 1266. 1100. 1002.750.730 an’ l: MS m/t Iml IrMWIyl355 138). 354 125). 353 PA+ - El. 96l. 24 1 (27). 115 
1361. 109061. 105l72,. 104 111). la3(lW.97135). 95137). 911151.8Qf35). 87W). 63I42LElW). 77W). 7S18SL 71051.69 
(43). 67 (26). 59 (26). 57 132). 55 WI.47 (26X 43 159). 41 WI. Fand: C. 60.02; li. 9.4496. Cakd for Cl9H37ClF2OSL C. 59.58: 
H. 9.74%. 

3.7Wthy&&aq J.2.M J@kieome f2Sdt: c&dew d. lH NMR ICDCW 6 0.4-0.8 (m. 6 HI. 0.S 1.1 lm. 12 HI. 1.27 

~.16~.1C1.8Lm2H1.4.57~.J=27Hr1Hl.6.83lbbJ.5.74Ht1H):1~NMH~~C~6175Ibdd.J=6.27. 
127 Ha. 1 FL 180 (ddd. J = 7.74. 127 Ha. 1 Fl: IR 2970.2%5.1800.2675. 1033. 1097. 1007.749.732 an-l: MS m/r Ire1 
hlarrpy) 919 QP . n. 37). 207 US). 18) 146% 123 WI. 115 F321.119 MI. 107 07). 106 (86% 99 0.96 USL 93 (36). 87 (3% 83 
(34). 81 (351.7Q (27L 77 (851.75 (41). 69 (loo). 67 (SC+. 59 (26). 57 (4Ol.55 (74). 47 125). 43 (75). 41 193). Found: C. 65.59. H. 
11.01% C&d la C19H38F2CEiIz C. 65.47: H. l0.m 



l3emddew T~(iMTHP~utbn.O.i~.Q.lnrmoU~adrtcdtoaTHF[~~mlJrrdrotJcrnot~ 
to. 2~~~~~ 14 (0.233 g 2.21 mmoU. and the mJxture was st.Jnzd fbr 7 h at mom temperature. Wor2mp and 
preparative TLC [dJchloromethane-hexane 2 : 21 gave [W-f-trlmethylsiloxy-~,9-df~uoro-4,4-da~thy2- 2-phenyl-2- 
2xntenc {Z#tJa. 0.2 t2 g. 33% yield) along wlth [El- i-phenyl-2,3-dinuoro-4.~dimethyl-~-ptnttn- l-02 {ma. O. IO6 g, 48% 
yJekU both aa colorfesa A. The product 2& exhJbned fo2Jm m. 1 H NMR lCDCl3.I I 0.19 {sir. 9 Ho, 1 .!Z3 8. S = 2 HE. 9 

NJ. 6.77 [dd, J- 5.26 Hz. i H’), 7.26-7.49 (mm, 5 H): 2% NMR (CJX&j I 154 Id, Y = 123 Hz, 2 R, 2@J (dd. J = 26. r2B kt~~ f tq: HI 
2975.1252. X234.1120.1090. W66,980,859,840~ 749s 708.699 cm-2: MS tiz [rcl JnQz&tyl242 (26~. 242 [M+ - t-&a. 200). 
169 (1 il. 279 (2O). 174 (23). 149 (32). 243 [la). 229 Ill). 127 Ilo]. it-J5 (22). 92 Ilot. 77 i26I. 75 (1 il. Y3 #72)* 67 126). 45 (201.43 
(2OL42~221. Foz.u&C.64~29;H.8.2545. CalcdibC2~2~2QGf:C.~.39;H,3.2296. = ‘HrJMR[~I2.25M&J=22. 
~~z.9~.2.~~%2~U,5.~[dd.~=5,25Hz.2Hl.7.25[7.4?[m,5H): 29FNMR[~8253@.[d= 226Hz~ JFj, J69&&J 
= 25, 226 Hz, 2 FE: x13 3380 (brl. 2980. 22.33. 1224.1026,956.73Q760 Cm -~:MSm/~~nllLntulsltyl227~M+~1.3~,229~+. 
221. 169 (74). 243 (254). 136 [IOO), lO9 t391. lO7 (62). 105 (59). 92 L29l. 79 I69). 76 13sl. TJ t6N.59 (431% 57 17OL 62 [XU, 41 t27). 
Fourn?l: C, 66.73: H. 7.26%, Calcd fmC2#226F2& C, 69.01; H. 7.23%. 

12,3,5,6-~etnSflua~~~n~~t~J~~t~2sliane f20: JAhium a2umJnJum hydrJde [O. 298 g. 5.2 mmo2) was added 
gDNonwlsctoasalutlsnafUI2.24g.5.2mmoilIrrTHf(2Om4.andUlemlffure~rfilrredfor7hatrooortemperatu~. 
The excess hydride was carefully quenched with aq sat s&turn sulfate solutJon and Jhe react&n mtxtum was diluted wJth 
diethyl ether. me resultmg mtxture was dried over anhydmus sodium su2faate. fJltered. and concenJ.ratd IEn vucuo. 
DJ&tUatJon gave 95 IO.66 g. 78x1 ylcld) as a colo*ss oil. Bp -65 C (bath ten@/20 Ton; lH NMR [CDC&) II 0.4 1 [t. J 31 1.5 
Eiz,9M.tX~[tt.J=8. tOEke. 12-R 16FNh8R[CDCJ318 126[m.2R 139[m2R;~247Q X26& 2242L2. 2228 21?‘2,922.6@7, 
65O. 83Z. 77!& 722.634 cm-2; MS m,‘t [nl tntenSr&l224 IM+ +2,2].223(N++ 2.7),~~+.~).uTB[~.207(383.i25(5]. 
P 2 2 (251. XC@ 156.2O7 @zJ]. IO2 lzol, 61 I42), 78 M. 77 [loo), 75 181.73 I2O). 63 1251. M M. 61 A. 57 (23). 52 &I. 49 12211.47 @3). 
Fa4lnl: C, 46.64: H. 4.62%. GGzz &r CgM JoF41sx: C. 48.64; J-2.4.54%. 

;r”su~f*r.r~~tharlsiu~~~~~~~ I26): Butylllth~um (2.77 M hexane solution. 2.8 ml, 5.9 mmoU was added 
to a solution of 24 (2.20 g. 5.0 mmo&) d&&cd In THF I 1O mU at -76 “CA and Jhe reaction mkture was stllllFCd for 0.6 h at 
mom teinjxrature before quenching w$th dlcfrlommethane [ 10 m2I and water tcu 0.5 mU. The rcsu2tJng mJxture was &ted 
wer anhydrous nragnczllum sulfate. Ntered and concenwxted under reduced pmssun?. DistJJlatJon gave 26 (2.2 2 g, 8096 

yJdd)asac&xIesaoJJ. Bp6O~(bathtempl/l’I”orr: xHMuR~~bO.#tt.J= 2.5HE,9H!.0.82.2[m3H9. 2.2-2.7[m.4 

HI, 2.66 tt. J = 7 Hz. 2 H): 19F NMR (CDCl3) 6 126 [m. 2 1. 245 [m. 2 PI: IR 2960, 1448.1266.96?,774 cm-l: NE6 ml2 [ni 
J11tenrrltyj279[IM+ + 1.5). 276(M+.24). 263(24),222 (16I.221 (llorrl. 255[14). 201 K30).82 [la). 77 G?3).57121). 55[23L49Q9121. 
43(24),42[28). FavidrC.55.9EJ;H,6.6@. CakxlfbrC2~2~4sl:C.56.08:H.6.~ 

3.5-Dtchl5r5-2.4.S-t~~uor5- I-ftrtmethylstlyubenzene W?): iln ethereal saiutlcrn (3 ml) of X.3.5-ttYchi#ro- 
?_rd’Juorobcnztne 12.35 g. 10.0 mmoU was added to a mtxjtum of buty22JthJum hexane so2utJon (X.70 M. 6.9 ml. 20 mmoU 
and d&thy1 &xr 45 LIQ at -78 YZ orer 15 mtn. and tit mixturr: WMI stLrrcd for 1. h at -78 %. ChlofoWIm&yisllane (1.27 
ml. 10.0 nunoU was added to the reacUon mlxtunz at -78 “C. and stJn?ng was fxnIl!~ued for 0.6 h at -78 *C snd 0.5 h at mom 
temperature. Workup and pur&auon by column chromatography ~hexanodlchloromcthant 5 : 11 .gwc 2T (2.49 g, 96% 
yk~)~~JorJ~crylstals.mp43-44’YZ. tHNM’FUCaC~60.40~t.J= 1.7Hz,9J-U: 29FF&fiXKXXlg)G9B[~zJ?). ios[t.J= 
4 Hz. J m; JR 2600. 24O6.1254.2U7O. 646.79!&769 cm-J: MS m/z[m2 JntensJty) 274 (M4 c 2.m. 272 &uJ+. 42). 259 (391,257 
[=I. 192 laQ1.269 (29). 257 P9). 243 (32). 242 LB}. 2OlI272.97 (41). 62 (39). 77 IiOOI, 73 (2@. 49 (36). 47 135). Rxuxk c. 39.22: 
H. 3.07%. C&d for QH~C$F#JZ 6.39.57: H. 3.32%. 

Reaction oY 2 rl wtth Benzatdehyde. A ?‘y~Ncol P~ocedurir jbr TASF-Ccrtaiyzt?d AlLZehyde Additbn OJ 
PdyMWbties. TASF 12 M THF solutlan. 0.2 ml. 0.2 mmol) was added to a mF (2 mU sob&Jon ofhen~~Jdehv& [p. 
0.222% 2.O5mmoUand24iO.29g. 2.19mmoUatO*C. Thcmtxturr!waaatIrrrrdf~20~atOQCandfor22h~tat 
tempemturc befont treatment wJth 1 M HCI methanol SolutJun (2 mu. Workup as before fo22owed by preparative ntc 
tdtchloromcthanc-hcane 2 : U gave t-[pentaJ2uorophenyU-I-phnrylmethanol [2-, 0.25 g. 67% yJe2d) as colorless 
cQ’stak mp 49 “CL IH NMR (CJXJ3l8 3.x) fbr s, 1 HI. 6.23 @I- 8.2 HI. 7.2-7.4 [no, 5 H): 29F NMR [CDC~ I 142 @I 3 Fj. 254 
(m, 1 FL 162 @I. 2 I?): R m, 1526.1508, 1127,996*95O* 706.646 cm-i: MS tR/zlrcr IIltensIty) 275 &P-+ 
273 [6), 267 

2.7). 51). 274 m+. 
ClO). 197 112). 195 (36). 267 [S]. 107 [XI]. 205 (Ill. 6O (‘p1. Found: C. 56.75: H. 2.54%. Cakd iii Ct$I7F#: C. 

!s95; H, 2.57%. 

~-@.3,as_TetmJ2uorophmyt)-.6-~~_&Ui=$?~Z!. I-@i?n#n&xmoJ Isod: co2orkss vtscous oJJ. tH NMR fCDCl316 2.86 fbc 8. 2 HI. 6.21 (br 
s. 2 w. 6.94 !ttn, *i= 7. 10 Hz, 2 H)o. 7.2-7.6 [no 5 H): II? 34OO. 25C&225S, lO97.932 TlOcm-2: MS m&[re2 JntensJtyj 257 (M+ + 
2. 2Q. 2561M+. 631,219 tll), 179 IlO]. 277(40), 249 [IO]. 207 KEJ). 2% (14). 791JtX~I. 78[27L 1”p[33]. 52 [27j. ~our&c. 60.76: 
J-L 3.2096. C&2 for C23H6Fdo: C. 6O.m H. 3.15%~ 

I-C4-sugir-t-pherzyl~thand fSla& czrlarkm all. bt BtMR ICEXQj 6 0.93 (t, J P 7 Hz, 3 H). 2.2- 2.6 
(m.4H).2.li9(t.J=7~,2H),2.98[d.J=6~ 2HI,air~d.Y=6Hz, 2HI,7.257.5OIm,$Hj: 2%~MRKxx~b245~s3.~ 
3390.2975. 2469,2~.976.7O2.64Ocm-2: NfSm/x[re2JntensJtyI313(M++ 1, JJt.322@J+.6O).312 (ll],!EJ6(16j.!Z33~3C& 
JO7 (27). 205 (3@. 79 [lOOI, 76 I59L 76 (691, 77 124). 43 1321, 41 [24). Found: C. 65.12: H, 6.32%. Cakd for C27JJl6F4a C. 
65.s: H, 5. I#%. 

r.i3.5-D~~~2,4,5~u~~~U-f-~~~i~tha~ I32uJ: cobrlesa oil. 2H NlMR [CDcIgJ 5 2.w) #r d. ,.i = 6 HZ, 2 

PO.6.l6(brd.J=6Hr.1Hl.7~[s.52~,1~~[C~~~ll2[t.J=3Hz2~.ll6[d,J~2~2~;~~,2622.2~. 
J2 2Q. 2 29O. JO92. I_* 1040. lO25,766,727* 697.593 cm-2; MS m/2 Ire1 JntensJtyl3O6 W’ + 2. 291.307 &t+ + P.R. 3O6 
f&P, 29J, 229 IlSl. 227 I17). JO7 (271. 105 623). 79 (2OO). 76 (341, 77.t26). Si [14j.-Found: 1. 50.70: H, 2.27%. Cal&i for 
C ,@~~CI~F~CJE C, 5O.m H. 2.3096. 

l-fmae~~-I-p?aerl~- ISScJ:co2or2wscIysJa2s.mpB9OC; iHnJMR@xxIJ3I83.46Ibrd.J= 2oHz. 1 
EJL6.67Ibrd.J= iOHr; lH3.7.1-7.4(m,5?U,J~U#rj 32OO&a3Ibrl. 2356.2226.2O42.2O!z6?727,693.~552an*2:Ms 
m/2 Ire2 tnterts1tyj 356 [h8+ + 4.2Oj.356 &fM* + 2.321.354 NJ”. 2Ol. 277 (23). 207 [;s). 79 76 Found: 
43.72; H. 2.&Y%. CalcdfbrC23H7Cl50: C. 43.80: H. 1.96% 

LXDCj. 4331.77 (3s). c. 



Fluondc ton-catalyrcd gencratron or a-halo carbanrons 4145 

~~~lq/l~a’ophnut~I~~denurd c1W: mp 28 l C. lH NMR iCDC1(7 6 0.87 tbr 1. J = 6 HZ. 3 H). 1.25 Rx s. t6 HI. 1.4-2 1 

~2~.2.1-2.3Im1M.5.~tm1Ht:14‘~~~~61~lm.2R.155lm1R.162tm2~~;~~.~.28?0.1526. 
1507. 1133. 111~.9%4,9f90n~‘: MSm/tht tnteruity)338bf*+ ttXd. 198181. 197 Iloo). lWt6& 5fl121.55(9j. 43f241.41 
(15). Feud: C, 60.43: H. 6.82% CakdfocCt~~50: C. 60.3!% H. 6.6%. 

1 ~f2.3.5.6~Tetm.Jh~0phengU~ 1. tuxdmmd 1SOet colorless etystahs. mp 50-Sl *C. *H NMR ICDCl$6 0.88 fbr t. J = 6 I&. 

3H). 1.27Ibrs 16H). 1.5-2.2tm2Hl.2.2~2.4~m. 1 IfL5.03Rxs. 1 W.6.97ftt.J=8. 10&z. 1 HI: t%NMR(CLXi$i 1381m.2 

R. 143Im.2Fj:lRXXX2935.2B70. 1508. 12%. l172.912.8)60n~1:MSm/zI~mleral~yll(M~. 1). 180110). 17911001. 
167(B).?Sl6). 71 1~.89l$1.57l15).5SllOt.W125j.41 115). Found:C.63.65:H. 7.67%. Cak4IarCl7H24f4OzC.fD.73:H. 
7.55% 
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