
DESILTXAtIPt CONDENSATION REACT1086 01 ELtCTilONCCAtI~LT SUW?ITUT~ 

~-(t~IWtMYLSsL~)CICU)rRorAXCS~ 

Crrlg Blenkenshlp. Gregory J. U*lls. end Ia.3 A. Paquettr* 

Evans Chcmicef Laborecorfcs. The Ohio Sceca Unlvstricy. Columbus, Ohlo 63210 

(Rrcciwd in UK 28 Narmkr I9U7) 

Abstrect : The l~trlorthylellyl derlvetivea of methyl cyclopropenecerboxylete, 
cyanocyclopropen*, end l cetylcyclopropehe l re reedlly comterted into tetra- 
l lkyleaonluo selts of the corresponding enions by deellyletfon. These reec- 
tlons occur at 0 OC in tetrehydrofuren l olutlon end conetitute l preperetlvely 
useful method foe generetlng the l nlohs of cyclopropeneo contelning l eonJu- 
geclve electron-vlthdrevlng group. Bwuylrrlwthyl-nlw fluorlde hes 
l oeraed l e rhe prosorer of choice ln l ffoctlng aidol condeneations of these 
reactfve Lntensedietes. Extensfon of thie chemletry to more highly delocell- 
red l nlons such es those derived from 42 end 46 le else deteiled. 

Protons l tteched to cyclopropenc heve long been recognized co be more l cldlc then their 

counterparts tn lerger, less strelned rlngs.2*3 lhe heightened p cheracter of the orbicels 

external to carbon hes properly been held responsible for this phenomenon. This trend is 

31 rli:r:gly reversed, however, when the three.membered cerbocycllc ring cerrles e cerbony!. 

sulfonyi. cy*no. or nitro group o,) The presence of l h electron-vlthdreulng subrtftuant 

allovs for errfvel at three prfnclpel lloltlng structures lllustrered es 1-3 for the CerbO. 

xethoxy cterlvative. 6 The l ccoopenylog development of a plener cerbenlon center has drexatlc 

consa~~encer. chief among which l re Insteblllty end enhenced reectlvlty. Theta the nltro- 

cyclopropylanlon 1s concerned.’ uncoupling of the electron pelr to glvs l ground-stem 

rrd!cal has brcn postu1eted.g The chenlcel tnd result Is foruetion of 6a and Cb. Attempts 

co deprotonete ethyl cyclopropenecarboxylete heve given rfee to trimor 5.9 Srer 50 OC, the 

dlenlon of cycloproprnecerboxyllc l cld rapidly relf-condeneee to ulve 6.10 

These undcslreble ride reectlons did understandably curtail the we of l lmple electroa 

nep,e:ively substltutcd cyclopropenee es l ynthetlc buiidlng blocke for ease time. tlore re- 

rrntly. however. substentlve progress her been l ede In deelln& ulrh rhelr cheaicel Teat. 
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1” l 1cu removal of .” o-n*]sl group from .n elcccro. 

negatively substituted three-mombared ring 1s sea-~ co be operationally well sul~cd :o 

prsparaclve cyclopropyl carbanlon generation. 

RSSUlCS 

First CO be examined was methyl ester 22. nlcrlle 23. and methyl ketone 24. The cscc:. 

which had been observed orlglnally as l by-product by Ainsuorth and Kuo. 11 Y., prepared !I: 

quantlcy by C.sllylacion of the dlanlon of cyclopropanecrrboxylic acid and cscerlfica:lon 

with dIazomcchana.31 The nicrlla was directly accessad by stspwlrs spiroalkylacion of corf 

merclally available (rrlmschylsllyl)~c~tonicrlle vlth 1.2.dibroooschane lo the presence of 

lithium diisopropylaoide.2sh Treacmnt of the carboxyllc acid precursor to 22 with excess 

mechyllichlua dellwred 24 in 801 yield. This route to 24 is more dlrsct than char reporrc! 

earllar.25’ 

For cha aldol condcnsaclons. use was flrsc made of dry tctra-n-bucylamxwlu fluorldc 

(TBAF) solutions In cold (0 OC) ahydrous cetrahydrofuran. The aldehyde or ketone YU prc. 

olxed vlch the fluoride salt and 22 was slowly introduced. Rapid reaction ensued. After 13 

mln at 0 OC. vorkup afforded the d-hydroxy aster. 25-29 (Table I). lIesa products proved 

amenable to purification by column or gas chromcography vlthout svldence of rscroaldol 

fragmsnracion. 

Although the yields Involving 22 proved l aelsfaccory in most cases (note consequences of 

varlsd equivalents of l lcctrophile). cha stringant need for dry TBAF and Its rccognlrcd :c’: 

dency for parclal dagradacion32 l omecius proved troublasoss. Yields l omeclocs varlcd from 

batch to batch of TMF. &spite careful precautions co dupllcato exactly tha prepar*clon of 









In eumary. the protocol deecrlbed l bove offer. en opportunity for developing nev syn- 

thetic streteRles l round cyclopropyl cerbanione cubetituted ulth electrone&etlve groups. 

The one lialtetlon vould l ppsar co ba the lrurtness of the l lectrophillc prrtner coverd 

direct reeetlon 4th fluoride ion et 0 OC for l hort period8 of time. In no cese hes en 

attswt been cede to mxirrlre yields. Hotulthetendln&. TMF clearly err&es ae the promoter 

of choice for these condeneetlon reectfone. 
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IkperLwntaL Section 

Deeilylerfve Condmmatfon Ieectlone of 22. Generel Procedure. A aolutfon of the ketone 
or eldehyde (1.2-5.0 mol) in dry totrehydrofuran (10 EL) ves cooled to 0 OC. vhereupon l 

solution of enhydrous tetre-n-butyl-nlr fluoride (1.2 awl) in 2-3 rL of the l me Sol* 
vent vae l dded vie syrLnge. To the stirred reectlon alxcurs ves l dded dropvlee over about 
2 h vie l ryrinae pwp l rolutlon of 22 (1.0 wl) in 2 ml. of dry tetrehydrofuren. After 
beins stirred for on l ddltlonel 30 ain, the roeccion iixturs vee poured into l scperetory 
funnel containing 5 ml. of vetor end 25 oL. of ether. Ihe orgenlc phese ves veshed with vetcr 
end secureted sodium blcerbonstc solution before being dried, filtered. end concentretcd. 
The crude products vere further purlfled using convention81 techniques 

fe) NethyL L-(L-Hydroxye&hyl)eycLopropanecerboxylate (2s). Treetment of 23 in the above 
menner vlth S equiv of freshly distilled l ceteldehy& provided 2S In 90t yield es a color. 
less liquid follovtng chrometogrephy on slllce ReL (clution vlch 1st ethyl ecetete In 
hsxenef . A sup10 for l nelyels ves obtelned by WC (6 ft x 0.25 in. 108 SE-30 on Chroao- 
sorb C, 80 0~): IR (CM,]. -*) 3S30 2980 2960 2910 1715 1~0 1360 
1lSS. 1085, 1025. 955. 903: t8;S; lH t& (6. &Cl )‘3.60 is. 3 A,. 3,:s (q.‘J 

1301. 1238, 

2.91s (br s. 1 H), 1.20 (d, J - 6 Hz, 3 H). l.lS- a 
- 7 Hr. 1 H), 

fn+-OHf. 
.70 (20, I H); H!+ a//f 129 (K+.CH3). 127 

Anal. Celcd for C7Hl2O3: C, 58.31; H, 6.&l. Found: C. 58.26: H, 8.42 

(b) Hethy L-(l-L1ydroxy-2.2-direth~LpropyL)cyclopropenecerboxylete (26). Treetoant of 
22 ee above vith S cquiv of freehly distilled trimethyleceteldchyds fumlshed 26 ln Sit 
ylcld follovlng chroutogrrphlc purifleetion on elilce gel (elutlon vtth 1% ether In 
hsxsnc) t A l mple for l rulysle vee obteinod by VPC (6 ft x 0.25 ln. 108 SE-30 on Chromo- 
sorb C. 130 %); IR (CHCl co-l) 3580. 3510, 2960 
1330. 1235, 1212, 1191. l&O, 1050. 1010, 978, 76s: 

i 905, 2875. 17OS, 167.9. 1439. 1360. 
H NHR (6, COC13) 3.6 (e 1 H). 3.55 

(J. 3 Hf. 2.6 (I, 1 H). 1.5-0.7 (a, 4 H). 0.35 (B. 9 H); )(s a/r 169 (@-OH),‘137 (@-OH end 
CH3). 129 ffi+-cllu). 

Anal. Celcd for CLGHLRO3: C, 6G.C?: H. 9.76. Found: C, 69.62; H. 9.75. 

(cl Nothy 1-(2-Llydroxy-2-propyl)c~clopropanecerbo~l~te (27). Subofselon of 22 LO the 
ebove condltlone in the presence of ecetone (S l qulv) geve 27 in 68\ yield following XPLC on 
sillce gel (rlutlon ulth 30r ether ln hexene), A l uple for l ~elysLs vee obtained by VPC (6 
ft x 0.2s In. 101 SE-30 on Cbroaoeorb G. 80 OC): IR (neet. co- ) 3G80, 2955, 2930. 1705. 
1635, 1369. 1320, 1197. ltOS, 1026. 988. 966. 960, 868. 821. 7SO; lH WR (6, CDG13) 3.55 (J, 
3 Hf. 3.50 (8. 1 H). 1.25 (8. 6 HI, 1.20-1.10 (t, J . 2.5 Hz, 2 H), 1.10-0.95 ft. J - 2.5 
Hz, 2 ii); W m/z celcd (If+-CH3) 113.0708, obsd 163.0713. 

Anal. Cslcd for CaHl403: C. 60.73; H. %.QC. Found: C. 60.61; 11, 8.92, 

(d) XethyL L-(CycLoheryLhydroxymethyL)cyclopropenecerboxylete (26). Reectlon of 22 es 
above vlth cyclohexenecerboxaldehyde (1.2 equiv) geve 28 In 278 yield l fter chroaetogrephic 
purlflcetlon on sillce gel (elution vith 4% ethyl l cetete in hexene), A swlc for en 
vee obtelned by WC (6 ft x 0.2s In. 101 SE-30 on ch oaoeorb C. 13s OC); IR fneet. 

Lyris 

3aOO. 2900. 1710. 1630, 1320, 12tO. 1030. 900. 720; f 
co’ r ) 

H HHit (6. COCl ) 3.6 (s. 3 H), 2.7.2.4 
(0. 2 H). 1.9-0.8 (II. lS HI; HS m/z celcd Cff’-M20, 196.1307. obsd 1 4.1311. a 

&al. Celcd for Cl2H2OO3: C, 67.88; X. 9.51. Found: C, 67.96; H, 9.S8. 

(*> Methyl l-(L-~~dro~~y~Lohe~L)c~clogr~necetbo~lete (29). Reectlon of 22 l ccord. 
in& to th* l bove procedure vlth cyclohexenone (1.2 l quiv) 
after workup end dletllletlon in e Ku(le1rOhr l pperetua et !J 

eve 6s) of 29 l e l colorlees oki 

.OS torr end 110 OC. A surplc 
for l *lylfr as obtained by VPC (6 fc x 0.25 in. 108 SE-30 on Chromoeorb C. 135 DC); IR 
(neat. ce- ) 3150. 2900. 1710. 1420. 1210, 1100. 860. 720; lH h)IR (6. cOc1 ) 3.50 (s. 3 H), 
2.20 (a. 1 H). 1.80.1.20 (rB. lo H), 
198.l290. 

l.OS-0.8S (B. G H); MS b/z celcd (@) il 98.1256. obsd 

k&l. Celcd for CllHl603: C. 66.62; H, 9.17. Found: C, 66.82; H. 9.16. 

Oeeilyletlve Ccmdeneetlon of 23 with Bonseldehyde ln the Iresmce of Ceelw, Iluorlde. 
solution of 23 CO.51 1. 3.67 pro11 in 1S OL of l nhydroue tetrehydrofuran we edded dropwfes 

A 

over 2.2 h to a 8aRneticelly l tLrred mixture of benxeldehyde (1.00 s. 9.5 -1) end ceeiur, 
fluoride (0.92 g. 6.1 -1) in 10 et of the l en solvent et too= tempereture. 
indlcetsd ready desilyletlon et thle teqreture. 

CC l nelysie 
The reectfon mixture vee stirred for 30 

ain follwing completion of the eddltion end poured Into SO ti of l etur&ted salt solution en 
50 st of ether. The reectlon flm*k **s rlruad vlth SO mu of other. me leyere wet-a eepere- 
ted end the orgenle pheee wee vaehed vith SO rL of l eturetsd so&as bleerbonete l olutlon. 
dried, end eveporrtad to leeve l uhlte crystrlllne eolid. Thir ruterlel ~4s taken up in SO 





do31 

in patrolaua ether) furn1eh.d 80 .g (27s) of 41. lbe andytlcd waple v.. obtained at . 
colorlcrs ~11 by properetfve VPC (6 ft x 0.23 In. 5% SE.30 on Chromoearb C. 1SO OC); IR 
(nwt. co- ) 3460. 1680; H NHB (6. CDC13) 2.70 (d. J - 7.5 Hz. 1 H). 2.00 (a. 1 H). 1.94 
(8. 3 H), 1.88 (br, 1 H). 1.27 (t, J - 7.5 Hz, 6 H). 1.30-1.13 (a, 2 H). 1.10-0.86 (a, 2 H). 

~nel. Celcd for C9H)6O2: C. 69.19; H. 10.32. Found: C, 68.77: H, 10.41. 

Condmoatian of 42 with lunmLd&iyde in tha horonea cf TW. A ~olutlon of 42 (0.19 6. 
0.91 mol) In 10 ML of l nhydroue tetrahydrofurm van added dropwise to a ugneticelly 
rtlrrd Blurry of BTAF (0.10 g, 1.07 -1) end benxeldehyde (0.24 g. 2.3 WI) in 5 aL of 
the *am. l olvent at 0 OC owr 2 h. The reaction alxture we* l tirrod for en additional 30 
afn and 2 oI. of w&tw Y‘S added. The reectlan aixture we@ traruferrad to l l paretory 
funnsl. diluted with 100 rL of ether. and vwhsd with 50 rL of brlno l nd 50 l L of mtureted 
sodium bicerborute &olution prior to dtyln 
which ws chroutogrephed on sillcr gel f ’ 

Solvent weporatlon geve a clwt yrllou oil 
(a ution with 204 ethyl wzetete in petroleum ether) 

There ~4s obtelned 0.16 g (73t) of b3a l l cioer oil Vtri h solidified to l vhlts solid on 
scmdlng rt roora tmperature ovcrnl@t: up 92.3-94.5 OC: j 
ii). 5.86 (t. J - 

H IWB (C. CDC13) 7.33-7.24 (m. 5 
1.6 Hr. 1 H). 6.71 (s, 1 H). 2.40.2.25 (a, 3 to, 2.X?-ijO7 (a, 1 H). 1.89. 

1.79 (a, 2 Hf. 1.60 fbr, 1 H), 1.03-0.88 (a, 2 H), 0.62-0.72 (a, 2 ii); c B?sB (ppa. CDCl)) 
200.0. 166.2, 141.6. 128.6, 128.3. 128.0, 126.0, 76.9. 37.6, 33.4, 29.2, 23.0. 10.7. 10.0 

Ane1. C4lcd for C;7H2OO2: C, 79.65; H. 7.86. Found: C. 79.58: It. 8.03 

Condmwacion of 42 rlth Ioobutyreldehyde in the ?rewnce of TEM. A solution of C2 
(0.22 g. 1.06 aaol) tn 10 aL of l nhydroua tetrtiydrofuren ves added dropvlse to l wgnc- 
tically stirred slurry of BTAF (0.31 g, 1.6 aaol) and isobutymldehyde (0.25 g. 3.1 sol) In 
10 l L of the mm solvent at 0 *C over 2 h. Vorkup and chroutogrkphy fn tha pradsscribad 
omnar affordrd 60 og (274) of Ub es l colorlesr 011. 
starting material (LOO mg). 

l?re ujor product YN deallylated 
lHM(R(6 CDCl)598(8 1H) 292(d J-78&. 

1 ii), 2.73.2.63 fo. 1 H). 2.4:%:“;. 3 X) Z.iro-1.88 (a; 2 H)’ 1 7S:l.i6 (s ‘2 tl) 6.94 
ct. J- 6.7 Hz. 6 H). 0.89.0.78 (m, 4 4,; HS’o/r caled (H+) 208.i66;. obsd 20%:)455.’ 

O.&l 
Condmrotion of 44 with Benraldrhyde in the Prorww of TM?. A l olutlon of 44 (0.09 g. 

mot) In 10 mt of dry tstrahyrofuron was added to l cold (0 OC), ugnetically stirred 
slurry of TMF (0.20 g, 1.2 aaol) end benx~ldohydr (0.23 g, 2.2 mol) tn 5 mL of the sum 
solvmt. After 30 ain, water (2 EL) ws introduced. 
the usurl vorkup followd. 

stirring was continued for 10 min. and 
SLlice gel chroutography (elution with 201 ethyl acetate in 

her) gave 45 mg (451) of 43 aa a colorle~ rolld. rp 101-102 OC (from ether. 
C NKit (ppm CDCl ) 202.0, 112.0, 141.7, 135.7. 128.1. 127.7. 126.6. 79.1. 40.6. 
23.6, 23.5, 11.2, 11.1. 

k&l. C&led for ~17~2002: C, 79.65: H. 7.86. fou*d: C. 79.36: H, 7.93. 
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