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Abstract: The l.trimethylsilyl derivatives of methyl cyclopropanecarboxylate,
cyanocyclopropane, and acetylcyclopropane are readily converted into tetra-
alkylammoniun salts of the corresponding anions by desi{lylation. These reac-
tions occur at 0 9C in tetrshydrofuran solution and constitute a preparatively
useful method for generating the anions of cyclopropanes contsining & conju-
gative electron-withdraving group. Benzyltrimethylammsonium fluoride has
eaerged as the promoter of choice i{n effecting aldol condensations of these
reactive internediates. Extension of this chemistry to more highly delocall-
zed anions such as those derived from 42 and 44 {s also detafled.

Protons attached to cyclopropane have long been recognized to be mcre acldic than their
counterparts in larger, less strained rln;:.2~3 The heightened p character of the orbitals
external to carbon has properly been held responsible for this phenomenon. This trend {s
strikingly reversed, however, when the three-menbered carbocyclic ring carries a carbony!.
sulfony., cyanoc, or nitro group,"‘v5 The presence of an electron-withdrawing substituent
allows for arrival at three principal liamiting structures tllustrated as 1-3 for the carbo-

methoxy derivative.® The accompanying development of a planar carbanion center has drawatic
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consequences, chief among which are instablility and enhanced reactivity. Wwhere the nitro-
cyclopropylanion is concerned,’ uncoupling of the electron pair to give a ground-state
radical has been postul;ced.a The chemical end result s formation of 4a and 4b. Attempts

to deprotonate ethyl cyclopropsnecarboxylate have given rise to trimer 5.9 Near 50 °C, the

dianion of cyclopropanecarboxylic acid rapidly self-condenses to give 6.10
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These undesirable side reactlions did understandably curtail the use of simple electro-
negatively substituted cyclopropanes as synthetic buflding blocks for some time. Hore re-

cently, however, substantive progress has been made in dealing with their chemical reac-
4023
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tivicy., For example, it {s now recognizsd that the disnlen of cyalopropanscarboxylic acid
{s capable of condenssation with select resctive $E§G€XS§hilﬁg,zﬁ”33 Bulky groups appendad
te the carbonyl [s.g., -SgartBu, 13:14 grepenu, 15 ﬁ.ﬁ-di(tafa-ﬁu)u&mmathylphﬁnoxylﬁi retard
the proelivity for dimerization snd allow varisus condensation reactions to procesd ner-
mally. Relasip’s study of 2-silyloxy substicuved wmethyl cyelopropsnecarbowylates (7) has
shown not only that deprotonation csn be conveniently achisved, but that high diastevee-

selection favoring 8 often operates during subseguent alkyi&ticnniéaz?
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Other electron-withdrawing groups have proven less troublesome, perhaps becauss of
their differing conjugative demand at the s-carbon. ¥ Thus, the a-lithic derfvacives of
cy&ﬁ$,§§ iﬁncyans,zg p&eﬂylsulfaﬁy1,21 and disthylphosphinoxy cyclmpr@panaszi have besn
reported and rather extensively examined.

Wirh the exception of the Hivse szaﬁygg and eonsidevably older work on benmpoyleyclo-
prapane‘QS,E& the counterion in &ll of the sarlier {nvestigstlions has been lithium,
Although the precise role of the catfon is, &5 slwvays, 4ifficult to delineats precisely,
factors such as ion palring and degree of aggregatlon are certain to play & vele in chemi-
¢dl reactivity. During an investigation of the chemistry of functionalized silvieyelopre-
panes, 2225 oy sought to deternine if tetraalkylamsonium fluoride-induced desilylation of
veadily availabls wolecules typifisd by 10 might ba 2 convenisnt source of carbanions such
as 11 wheve the counterion is now Rg¥Y. Since sldel condensetions of eyclopropyl anfons
had not been examined at the time this work was uﬁﬁartakem327v23 this utilivarian ©-C bond.

forsing process is highlighted hevs.
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Tetraalkylammonium fluorides ave well known to act effectively on silyl substituted
compounds such ss 13-16 te deliver the corrvespending stabilized carbanions snd to vavalyze
certain aldel and alkylanien resctions. ¥ The ebilicy of 2-Functionalized cycloprapyl-
zilanes o underge faclle f-eliminsvion {n the presence of fluoride fon iz vecognized to ba
a genersl vyclopropens syﬂahasis(3$ Furthermovs, dlcyolopropylidencethsne (18} hss been
arrived at in essentlally quanticative yield upon exposure te the gonditions f1lustrated, 23]
Heating 19 with snbydrous tetrs-a-butylasmeniuvs flusride {n tetrshydrefuran selution
generates pentadienyl snion 20, which entsrs Inte regloselective elactrophile capture at
the cyclopropyl carbon atom to give 21 in ovdar to skirt arsund the development of methy-

lenscyclopropans charscter, <981
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As vill nov be shown, comparable i{n situ removal of an o-Me3S{ group from an electro:
negatively substituted three-meabered ring is seen to be operationally well suited o

preparatlve cyclopropyl carbanion generation.

Results
First to be examined wvas methyl ester 22, nitrile 23, and methyl ketone 24. The este:
vhich had been observed originally as a by-product by Afnsworth and Kuo, 1l was prepared in

quantity by C-silylation of the dianion of cyclopropsnecarboxylic acid and esterification
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vith diazomethane.3l The nitrile vas directly accessed by stepwise spiroalkylation of cor-
nercially available (trimethylsilyl)acetonitrile with 1,2-dibromoethane in the presence of
lithium dllnopropylunide.zSh Treatment of the carboxylic acid precursor to 22 with excess
methyllithius delivered 24 in 808 yleld. This route to 24 {s more direct than that reportc:
earlier 23¢

For the aldol condensations, use vas first made of dry tetra-n-butylemmoniun fluoride
(TBAF) solutions in cold (0 °C) anhydrous tetrahydrofuran. The aldehyde or ketone wvas pre:
nixed with the fluoride salt and 22 vas slowly introduced. Rapid reaction ensued. After 3J
min at 0 °C, workup afforded the S-hydroxy esters 25-29 (Table 1). These products proved
amensble to purification by column or gas chropatography without evidence of retroaldol
fragrmentation.

Although the yields involving 22 proved satisfactory in most cases (note consequences cof
varied equivalents of electrophile), the stringent need for dry TBAF and {ts recognized te:
dency for partial do;rad.tlon32 sosetimes proved troublesome. Yields sometimes varied from

batch to batch of TBAF, despite careful precautions to duplicate exactly the preparstion of
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Tabls I. Desilylation-Aldel Condensations of 22.

flueride mol {soleted
source carbonyl reagant equiv product yield, &
Chig
TBAF ! 5.0 ~ O 50
CH3CH ‘ COOMe :
a5
(%Hs 8 5.0 D(tcm 51
TBAF e £ s . -
CHy— (e COOMe
GHy
28
CHy  CHy
il
TBAT 5.0 H 3
CH3CCHy OOMe
27
TBAF g 1.2 27
O
§><\ OH
2.2 COOMe 48
28

TBAF G;o 1.2 45

2o CooMe 0z

the reagent. When veaction efficiencles dropped, product purification became wore tedious
and involved, because of the similar Ry values of the impurities.

For these ressons, the declsion was made to treat 23 with different flueride socurces in
the presence of resctive carbonyl partners. The sultsbilicvy of dry cesium fluoride was
therefore tested. In tetrahydrofuran at room temparature, desilylstion of 23 was found te

oceur readily in the presence of this salt. However, straightforwsrd gemeration of the

expected products did not oceur. With benzaldehyds ss eleactrophile, the O-silylated aleohol
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30 was obtained in 59% yield alongside 7% of 31. Sinilar results were encountered with {so-
butyraldehyde, the condensetion affording 24% of 32 and 23% of 33. Although the combined
ylelds of these product pairs could pass as acceptadble, the generation of mixtures vas not.
Interestingly, such trimethylsilyl group transfers were vitnessed only with cesium fluoride
Although the more steble benzyltrimethylamaoniun fluoride (BTAFYZ3f {4 not as soluble in
tetrahydrofuran, its presence served {n almost every instance to fmprove substantially the
yield of aldol product (Table I11). Aa bafore, advantage was taken of the volatility of the
lover molecular weight carbonyl co-resgents. They could be introduced in multiple molar
equivalents and the excess subsequently removed during solvent eveporation. Self-condensa-
tion was not troublesome. In genersl. the use of TBAF as promoter groatly faci{litated pro-
duct purification, because the reaction mixtures were significantly less contasinsted with

{apurities.

Table II. Desilylation-Aldol Condensations of 23.

fluoride »ol isolated
source carbonyl reagent equiv product yield, o
TBAF o 2.4 47
1]
CH
BTAF 3.0 OH 83
CN
k-
CH
TBAF c 2 2.2 cH 3 13
N
/,CH-—CH OH
BTAF CHy 2.0 CN 60
33
TBAF o 2.0 21
CH
BTAF H
A 2.0 CN 56
38
TBAF 1.5 43
OH
(O=o N
BTAF 2.6 4
35 3

o CH CHy
1
BTAF CH3CCHy 4.3 % 55

CN
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One ressen underlying our interest {n ketone 24 wss ths latent tendency of inltially
formed enclate anion 37 to ewparience prototrople shift prior te cspture of the electre-

phile. The extent of leakage from 37 to 38 could easily bs messured by analysis of the
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product distribution. When 24 was vesctad with BTAF in the pressnce of benzaldehyde (2.3
egquivy, 3% often proved to be ths only praduct isolated (58-838). On ocemsion, varying
amounts {up ©o 198) of 40 were obtalined. Although the underlying cause of this fluctua-
tion in product distribution waz nevey slucidsted, we convinced ocurselves that proton
transfer is not a saricus side veactiom.

In the single experiment performed In the presence of isobutyraldshyde, 41 was the
only aldol product lsclsted.

The response of 24 prompted examinstion of the wmors extended kevonic silyleyclopre-

panes 42398 gnd 44 250 10 these examples, the enclates produced by desliylation will be

Sitey _ TBAF R
RCHO OH
O THF 0
%2 43g, R = Cghg

B, A= (CHyl,CH

Hi L
Sibley -
. o é% A
CgHgCHO

a8 THF 4

more delocallzed than heretofors and consequantly less reactive as nucleophilic reagents.
Honetheless, both substrates were successfully engaged in aldel condensations. For sxample,
the conversion of 42 to 43s proceeded in 73% vield. W¥With an incresse in steric bulk as
found in {scbutyraldehyde cams a lower vield (27%) of the corresponding aldel 43b. The
protenation product, J-cyclepropyloyclohexencne, was now the major product (708). Under
snalogous reaction conditions, 44 was transfovsed in the pressnce of banzaldshyde into &3

(43%). Especially noteworthy is the high vegioselectivity of these cendensations.
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In sumsary, the protocol described above offers an opportunity for developing new syn-
thetic stratagies around cyclopropyl csrbanions substituted with electronegative groups.
The one limitation would appear to be the inertness of the electrophilic partner towvard
direct reaction with fluoride ion at 0 °C for short periods of time. In no case has an
attempt been made to maxinmirze yields. Notwithstanding, TBAF clearly emerges ss the promoter

of choice for these condensation reactions.

Experimental Section

Desilylative Condensation Reactions of 22. General Procedure. A solution of the ketone
or aldehyde (1.2-5.0 amol) in dry tetrahydrofuran (10 al) was cooled to 0 °C, whereupon a
solution of anhydrous tetra-n-butylammonium fluoride (1.2 mmol) in 2-3 mL of the same sol.
vent was added via syringe. To the stirred reaction aixture was sdded dropwise over about
2 h via & syringe punp & solution of 22 (1.0 mmol) in 2 wl of dry tetrahydrofuran. After
being stirred for an additional 30 min, the reaction mixture was poursd into & separatory
funnel containing 5 al of water and 25 al of ether. The organic phase was washed with vater
and saturated sodium bicarbonste solution before being dried, filtered, and concentrated.
The crude products were further purified using conventional techniques.

(a) Methyl 1-(l-Hydroxyethyl)cyclopropanecarboxylate (25). Treatament of 23 {n the above
manner vith 5 equiv of freshly distilled acetaldehyde provided 25 {n 90% yield as a color-
less liquid followi{ng chromatography on s{lica gel (elutfon with 15% ethyl acetate in
hexane). A sample for analysis was obtsined by VPC (6 fr x 0.25 in. 108 SE-30 on Chromo-
sorb G, 80 °C): IR (CHCly, ea”l) 3530, 2980, 2960, 2940, 1715, 1440, 1360, 130%, 1238,
1155, 1085, 1025, 955, 905, 855; 1K MMR (6, CDClq) 3.60 (s, 3 H), 3.55 (Q. J = 7 Hz, 1 H),
2A25 (br s, 1 H), 1.20 (d, J = 6 Hz, 3 H), 1.15-8.70 (20, & H): NS a/r 129 (M*-CHy), 127
(M7 -OH) .

Anal. Calcd for CyHy20y: C, S8.31: H, 8.41. Found: C, $8.26; M, 8.42.

(b} Methyl 1.(l.-Bydroxy-2.2-dimethylpropyl)cyclopropanecarboxylate (26). Treatment of
22 as above with 5 equiv of freshly distilled trimethylacetaldehyde furnished 26 in 51%
yield following chromatographic purification on silica gel (elution with 15% ether in
hexane). A sasple for analysis was obtsined by VPC (6 ftr x 0.25 {n. 108 SE-30 on Chromo-
sorb G. 130 °C); IR (CHCly, cm-l) 3580, 3510, 2960, 2905, 2875, 1705, 1478, 1439, 1360,
1330, 1235, 1212, 1191, 1150, 1050, 1010, 978, 765; ‘H NMR (8, CDCly) 3.6 (s, 1 H), 3.55
(s. 3 H), 2.6 (s, 1 H), 1.5-0.7 (m, & H), 0.85 (s, 9 H); NS a/z 169 (X*-OH), 137 (M*.OH and
CHy), 129 (M*-tBu).

Anal. Cslcd for CygHyg03: C, 64.47;: H, 9.76. Found: C, 64.42; H, 9.75.

{c) Methyl 1-(2-Hydroxy-2-propyl)cyclopropanscarboxylate (27). Subaisaion of 2Z to the
above conditions in the presence of acetone (5 squiv) gave 27 in 68% yleld following MPLC on
silica gol (elution vith 308 ether in hexans). A sample for apalysis vas obtained by VPC (6
ft x 0.25 in. 10% SE-30 on Chromosord G, 80 C); IR (neat, cm"*) 3480, 2955, 2930, 1705.
1435, 1369, 1320, 1197, 1105, 1026, 988, 966, 940, 868, 821, 750; lW MR (§, CDCl3) 3.35 (s,
3 H). 3.50 (s, 1 H), 1.25 (s, 6 H), 1.20-1.10 (&, J » 2.5 Hz, 2 H), 1,10-0.95 (¢, J = 2.5
Hz, 2 H); MS o/z caled (M*-CH3) 143.0708, obsd 143.0713.

Anal. Calcd for CgHyf03: €, 60.73; H, 8.94. Found: C, 60.64; H, 8.92.

(d) Nethyl 1-(Cyclohexylhydroxymethyl)cyclopropanscarboxylate (28). Reaction of 22 as
above with cyclohexanecarboxaldehyde (1.2 equiv) gave 28 in 27% yleld after chromstographic
purification on silics gel (elution with 4% ethyl scetate in hexane). A saaple for 1n!lysis
was obteined by VPC (6 fr x 0.25 in. 10% SE-30 on Chionoaorb G, 135 °C): IR (neat, ca"*)
3400, 2900, 1710, 1430, 1320, 1240, 1030, 900, 720; H NMR (§, CDCly) 3.6 (s, 3 H), 2.7-2.4
(@, 2 H), 1.9-0.8 (m, 15 H); HS o/z calcd (K‘-H;O) 194.1307, obsd 1% .1311.

Anal. Caled for CygHyg03: C, 67.88: N, 9.51. Found: C, 67.96; H, 9.58.

(o) Methyl 1-(l-Hydroxycyclohexyl)cyclopropanecarboxylate (29). Reaction of 22 sccord-
ing to the above procedure vith cyclohexanone (1.2 equiv) gave 45% of 29 as & colorless ofl
after vorkup and distillation in s Kugslrohr spparatus at 0.05 torr and 110 °C. a sample
for analys{s vas obtained by VPC (6 fr x 0.25 in. 10% SE-30 on Chromosord G. 135 °C): IR
(neat, ce'%) 3450, 2900, 1710, 1420, 1210, 1100, 860, 720; K MMR (4, CDCly) 3.50 (s. 3 H),

fégolgg. 1 H), 1.80-1.20 (@, 10 H), 1.05-0.85 (m, & H): MS m/r calcd (M*) 198.1256, obad
. 4.

Anal. Calcd for CyyMig03: C, 66.62; K, 9.17. PFound: €, 66.82; H, 9.16.

Desilylative Condensation of 23 with Benzaldehyds in the Presence of Cesium Fluoride. A
solution of 23 (0.51 g, 3.67 mmol) {n 15 al of snhydrous tetrahydrofuran vas sdded dropwise
over 2.2 h to a amagnetically stirred mixture of benzaldehyds (1.00 8. 9.5 mx0l) and cestum
fluoride (0.92 g, 6.1 amol) in 10 sl of the same solvent at room teaperaturs. GC snalysis
indicated ready desilylation at this tempsrature. The resction mixture vas stirred for 30
ain following completion of the sddition and poured into 50 sl of saturated salt solution an
SO ol of ether. The reaction flask was rinsed with SO al of ether. The layers wers sspara-
ted and the organic phase was washed with 50 ml of saturated sodium bicarbonate solution,
dried, and evaporsted to loave a white crystalline solid. This materisl vas taken up in 50

4029
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sl of 10% aquesus methanol and the solid wes collected by suction filtvstion; the flask was
ringed with an sdditionsl amosunt of agueous methanol. Additional product crystallized from
the filtrate as methanel evaporated from the mixturs. Ths filtration process was repsated
four times and the vhite crystalliine 30 was dried in vacuo over phosphorus pantoxide ovex-
night. There was oh@a%gaﬁ 0.53 g {59%) of 30, wp 97-98 9C; IR (Bujel, ca‘i} 2340, 1155,
1085, 106%, 880, B4D; ¢ W (ppm, CDCly) 180.8, 129.2, 128.2, 1221, 74.4, 18.1, 12.2,
1.4, -0.2.

4dnsl. Caled for Gy HyeNOSL: €, 68.52; H, 7.80, Found: ¢, 68.60; H, 7.82.

The residue whish remained after collection of 30 was chromstographed on silica gel as
described sbove and .05 g (78) of 31 was isclated. This compound is charscrerized below.

pezilvistive Condensstion Resctloms of 23 with TBAF. Generxsl Procsdure. (a) 1-(1-
Hydroxny-2-methylpropylleyelopropyl Oyanide {33). A solutlon of 23 {0.33 g, 2.4 mmel) in 15
@l of srhydrous tstrshydrofuran was slovly added to s magnetically stirred slurxy of BTAF
(0.65 g, 3.8 mmol) snd isobutyraldehyde (0.35 g, 5.9 mmol) in 10 mL of the sams selvent at
0 ©C. The reastion mixture was stirred for 30 min after completion of the addivion and 5 =l
of water was sdded. The reactlon mixturs was trensferred to s separatory funnel and 100 mlL
of ether was added. The organic layer was wahsad with 50 ml of saturated salt solutien snd
50 ml of saturated aguecus sodium bicarbonate solution prior to drying. Evaporstion of the
solvent gave a clear, colorless liguld which was further purified by chromstography on
silica gel {elutfon with 15% ethyl acatste in ga;xsiﬁuﬁ ethar). There was isolsted 0.20 g
{61%) of pure 33; IR (neat, cwm™*) 3460, 2340, *H NMR (8§, CDCly) 2.6% {(bx 4, g = 7.9 Hz, 1
Hy, 2.10 fm, 1 83, 1.81 (br, 1 B}, 1,35-1.20 {m, 2 H}, 1.08-079% (m, 8 H}; 13C ¥R (ppm,
CDC1q) 121.7, 80.0, 18.3, 18.8, 15.6, 13.3, 11.7.

Anal. Caled for CgHyaNO: ¢, 6%.03; H, 9.41. Found: C, 68.80; H, 9.48,

{b) 1-{i-Hydvomybenzylisyelopropyl Cysnide (31). Cyvanide 23 (0.33 g, 2.5 mmol) wae
gdded to a alurry of BTAF {(0.39 g, 3.5 maol) and benzeldehyds (0.746 g, 7.8 meol) over 1 h as
described shove. Pure product was collscted by chromatoegraphy on silliea gel {elution with
158 ethyl acestate in pstrolsum ether} to give 0,346 g (83%8) of 31 as & clear, celorlsss oil
which orystgllized upon standing at O 9C overnight: mp 78.35-79.5 G (from hexsnss); IR
(Hujel, cm™t) 3430, 2260, 1085, 1060, 1y MR (8, CDCLa) 7.45-7.35 (m, 5 H), 6.37 (s, 1 W},
2.7§ (b;, 1 HY, 1.31-1.06 {m, & H}; L3¢ e {ppa, ﬂﬁﬁig) 140.0, 128.6, 128.5, 126.2, 131.7,
5.1, 17.4, 12.5, 11.4.

Anegl. Caled for Cq B H: G, 76.28: H, .40, Pound: C, 76.01; H, 6.47.

(e} 1-{Cyclohsnylhydroxynethyileyelipropyl Cyenids (34). OCyanide 23 (0.32 g, 2.3 mmol)
was added to & slurry of BTAF {0.37 g, 3.4 muweol) snd cyelohexnsscsrboxaldshyde {0.53 g, 6.7
muel) over 3 h as deseribed sbove. Purs product was collected by chromstography on silica
gel {slutlon with 208 sthyl acetate in petrolsum ether). sre was Lsclaved 0.23 g (568) of
% as s clear, colorless oll: IR (nesz, cm™>) 3460, 2230; iH WMR (§, €DCly) 2.66 {d, J = 8.3
He, L MY, 2.08-2.03 ¢brw, 3 H), 1.93-1.65 (=, & H), 1.39-1.0% (m, 5 H), i.OévQ.QO {m, & H).

Anal. Caled for CqyHyyNO: ©, 73.70; H, 9.36. Foumd: ¢, 73.33; H, 9.39.

¢d) 1-¢i-Rydroxycyclohaxyl)eyelopropyl Cyanide (35}, Oyanide 23 (0.37 g, 2.7 mmeol) was
added o a slurry of BTAF (0.51 g, 3.0 momol) and cyclohexanons (0,38 g, 3.9 mmol) ovear 3 h
as describad sbove. A clssr ligquid was obtained after removal of volaziles on the rotary
evaporator and cyclohexancne under vacuum (0.3 mﬁ}. A white solid was obtained (0.19 g,
43%), mp 93-96 YC_(from hexanes); IR (CHCls, cw’4) 3810, 3480, 3010, 2950, 2870, 2250, 1435,
% 60, 1070, 990: 1H MMR (4, ohelyd 1.83~1.22 (w, 10 H), 1.13 {br, 1 #), 1.08-1.02 {(m, & H);
¢ R (ppm, CDCLly) 123.0, 69.3, 35.4, 25.2, 21.35, 20.4, 9.4,

Ansl. Caled for CppHyisNO: € 72.6%: H, $.15, Found: £, 72.86; H, 9.18.

1-acatyl-l-trimsthyleilyicyelopropane {24). & 1.7 ¥ solution of methyllithium in ether
(78 mi, 133 mesl) was added dropwise ovar 25 min te a magnetically stirrsd solutien of 1-
{trimethylsilvlleyelopropanscerboxylic scid (7.0 g, %6 mmol) in 230 wl of sther covled in an
ice water bath. Hidway through the addition, the cooling bath was rvemoved snd the reaction
mixture was allowed to come to room temperature, &t which polnt stirving was maintalned for
an additionsl 5.5 k. The rsaction mizture was transferrsd te s ssparatory funnel and sdded
to & sclution of 15 g of smmondum chloxide in 500 ml of wvater over 10 min with magnetic
stirring. The layars wers separatad sud the organic phese was wsshed twice wich 150 sl
portions of ssturated squeous sodium bicarbonsts sslution prisr to drying. Concentration on
# rotary svapurater gave & clear yellow liguid which was distilled under reduced pressurs to
give 5.5 g (80%) of 24, bp 62-81 V¢ §§,$ =a}. The spectral propextiss of this seterlsl were
tdentical to thoss reported ssriiey <%

L-Acetyl-l-(hydroxybenzyl)eyclopropane {39), A 0.39 g (2.5 mmel) sample of 24 was added
te & slurry of BTAF {0.84 g, 5.0 mmol) snd benzaldehyds (0.66 g, 6.2 wmol) over 2 h as
deseribed for 23, afger workup, thes crude product was chromstographed om silica gel (elu-
sion with ?Q:&G ethe:»pet{cienﬁ ether). HMajov product 3% sluved first: 0.328 p (38%); I
{neat, om 4} 3450, 1690; *H NMR {§, CDCls) 7.35-7.23 {m, 3 H), 5.03 (s, 1 H}, 3.3 (by, 1 H),
1.94 (s, 3 H), 1,32-1.20 {», 1 M), lgl?~%,§3 (@, 1 H), 1.09-1,02 (m, 1 H), 0.85-0.78 (=, 1
H); YSC MR (ppm, CDCla) 209.8, 140.9, 128.1, 127.6, 126.9, 74.3, 37.3, 24.9, 13.9, 11.8.

Angl. Caled for GyoHyeDa: €, 75.76; H, 7,62, Found: G, 78.58; M, 7.63.

l-Acetyl-1-{l-hydeexy-2-methylproprl)cyclopropense (41). 4 0.30 g (1.92 mmol) ssaple of
26 fn 15 mlL of sphydvous tetrahydrofursn was sdded te & slurvy of BIAF (0.353 g, 3.3 mwol)
and isobutyraldshyde {0.53 g, 4.4 mmol) im 10 ml of the same solvent st U °C over 2 b as
described for 23.° The usual workup and chromstography (silics gal, elution with 50% ether



1 {Tnmethylulyl)xcyclopropanes

in petroleun ether) furnished 80 mg (278) of 41, The analytical sample was obtained as &
colorless Yll by preparative VPC (6 ft x 0.25 {n. 5% SE-30 on Chromosord G, 150 °C); IR
(neat, co”*) 3660, 1680; *H NMR (8, CDCly) 2.70 (d, J = 7.5 Hz, 1 H), 2.08 (m, 1 H}, 1.94
(s, 3 H), 1.88 (br, 1 H), 1.27 (v, J = 705 Hz, 6 H), 1.30-1.13 (=&, 2 H), 1.10.0.86 (m, 2 H).

Anal. Caled for CgHygOz: C, 69.19; H, 10.32. Found: C, 68.77: M, 10.41.

Condenaation of 42 with Benzaldehyde in the Presence of TBAY. A solution of 42 (0.19 g,
0.%1 mmol) in 10 ml of anhydrous tetrshydrofursn was added dropwise to a magnetically
stirred slurry of BTAF (0.18 g, 1.07 smol) and benzaldehyds (0.24 g, 2.3 mmol) in 5 al of
the sams solvent at O °C over 2 h. The resaction mixture wvas stirred for sn additional 30
3in and 2 al of water was added. The resction mixture was transferred to a separatory
funnel, diluted with 100 sl of ether, and wvashed with 50 sl of brins and 50 al of saturated
sodiun bicarbonate solution prior to dryin{. Solvent evaporation gave & clear yellow oil
which vas chromatographed on silica gel (elution with 20t ethyl acetate in petroleun ether)
There was obtained 0.16 g (73%8) of 43a as a clear ofl uhigh solidified to & white solid on
standing at room temperature overnight; mp 92.5-94.5 °C; 'H NMR (4, CDCl3) 7.33.7.24 (m, S
H), 5.86 (¢. J = 1.6 Hz, 1 H), 4.7) (s, 1 H), 2.40-2.25 (m, 3 H), 2.17-2 07 (m, 1 H), 1.89-
1.79 (m, 2 H), 1.60 (dr, 1 H), 1.03-0.88 (m, 2 H), 0.82-0.72 (=, 2 H); 3¢ i {(ppam, CDCly)
200.0, 166.2, 141.6, 128.6, 128.3, 128.0, 126.4, 76.9, 17.6, 33 .4, 29.2, 23.0, 10.7, 10.0

Anal. Calecd for CygyHgg0z: C, 79.65; H, 7.86. Found: C, 79.58; H, 8.0).

Condensation of 42 with Isobutyrsldehyde in the Presence of TBAY. A solution of 42
(0.22 g, 1.06 mmol) {n 10 ol of snhydrous tetrahydrofuran vas added dropwise to a magne-
tically stirred slurry of BTAF (0.31 g, 1.8 mmol) and isobutyraldehyde (0.25 g, 3.5 mmwol) in
10 al of the same sclvent at 0 °C over 2 h. Vorkup snd chromstography in the predescribed
sanner afforded 60 mg (27%) of 43b as a colorless ofl. The major product vas desilylated
starting material (100 mg). For 43b: 4w (8, CDCly) 5.98 (s, L H), 2.92 (4, J = 7.8 Hz,
1 H), 2.73-2.63 (m, 1 H), 2.41-2.31 (m, 3 H), 2.00-1.89 (m, 2 H), 1.75-1.66 (m, 2 H). 0.9
(t, J=6.7 Hz, 6 R), 0.89-0.78 (=, & H); NS =/z calcd (N*) 208.1463, obsd 208.145%.

Condensation of 44 with Benzaidehyde in the Presence of TBAF. A solution of 44 (0.09 g,
0.41 maol) in 10 ml of dry tetrshyrofursn was added to a cold (0 °C), msgnetically stirred
slurry of TBAF (0.20 g, 1.2 mmol) and benzaldehyde (0.23 g, 2.2 omol) in 5 al of the same
solvent. After 30 ain, water (2 ml) vas introduced, stirring was continued for 10 ain, and
the usual vorkup followed. Silfca gel chromatography (elution with 20% ethyl acetate in
petroleun !5het) gave 45 mg (45%) of 43 as & colorless solid, mp 101-102 °C (from sther-
hexanes); *°C NMR (ppms CDCl,) 202.0, 142.0, 141.7, 135.7, 128.1, 127.7, 126.4, 79.1, 40.6,
28.2, 26.0, 23.6, 21.5, ll.g. 11.1.

Anal. Calcd for CyjHpg0z: C. 79.65; H, 7.86. Found: C, 79.38: H, 7.93.
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