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trans.Di-tert-butylcyclopropanone (1) has been prepared by reaction of potassium tert-butoxide with a-bro-
modineopentyl ketone, Partial resolution has been effected by reaction with d-amphetamine and with diiso-
pinylcampheylborane. Reaction of 1 with water affords the hydrate (rates and equilibrium constants are re-
ported in Table I). Reaction of 1 with alcohols affords the hemiketals, isolable for primary alcohols (relative
rates of formation of hemiketals in alcohol solution at 25° follow: methanol, 90; ethanol, 20; isopropyl alcohol, 1;
tert-butyl alcohol, 0). The rate of reversion of the methanol hemiketal to 1 in methanol has been determined by
use of deuterium-labeled hemiketal. Under basic conditions the hemiketals are converted to the ring-opened
Favorskii ester 2, under acidic conditions to a-alkoxy ketone 3. Reaction of 1 with potassium tert-butoxide in
tert-butyl alcohol-O-d affords ester 3 of deuterium content dg 3%, dy 50%, da 31%, da 16%, pointing to some at-
tack at o hydrogen. The cyclopropanone is stable to oxygen; the hydrate and hemiketals are not.

The cyclopropanone functionality has been an elusive
one. Considerable interest attaches to this class, however,
because of the possible breadth of reactions associated
with the carbonyl group in a three-membered ring and the
synthetic relevance to the Favorskii reaction. Cyclopropa-
nones might be expected to possess three points of reac-
tivity: (1) the carbonyl group, (2) the hydrogens « to the
carbonyl group, and (3) the C-2~-C-3 bond. The possibility
of reactivity of C-2-C-3 is associated with the question of
small-ring valence isomerization of the type shown in eq
1.
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Various aspects of cyclopropanone reactions have been
examined and reviewed?2 over the past few years, primarily
with cyclopropanones containing small substituents. The
high reactivity of these cyclopropanones has precluded
isolation and has often involved special methods of prep-
aration.?,3 In 1967 we reported the preparation of trans-
di-tert-butylcyclopropanone,* an isolable cyclopropanone
of moderate stability. In this and following papers® we de-
scribe the preparation, properties, and a number of reac-
tions of this cyclopropanone.

Preparation and Properties. trans-Di-tert-butylcyclo-
propanone may be prepared by the action of potassium
tert-butoxide on «-bromodineopentyl ketone. The reaction
may be carried out heterogeneously in ether or homoge-
neously in tert-butyl alcohol (eq 2). The latter case corre-
sponds to conditions of the Favorskil reaction.® Use of 1
equiv of base affords the cyclopropanone; use of even a
small excess of base results in complete conversion to the
ester. Assignment of the trans structure, originally made
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on nmr evidence of the hemiketal from benzyl alcohol,* is
confirmed by the partial resolution of the cyclopropanone
(see below).

Chart I

Physical Data for irans-Di-tert-butylcyclopropanone (1)
mp 24-26°, bp 75-77° (20 mm)
d 0.8380 (26°)
*Hnmr (CCly) 0.96 (s, 18 H), 1.55 (s, 2H)
13C nmr (CSg, downfield from TMS) 28.4 (CHaz), 30.1 [C(CHa)sl,
30.8 (Cg and Cs), 215.2 ppm (C4)
ir (CCly) 1822 cm~1?
uv (isooctane) Apax 354 nm (e 33)
RD and CD (0.053 M in isooctane at 25°; values are for a sample
of ~9% optical purity)
RD [@l4s0 +96°, [@lso0 +221°, [@]grs +530°, [@]a2s —483°, [®]ags
—-267°
CD [Blass 0°, [0la5¢ +870°% {61285 0°; bandwidth at half-maximum
41 nm
Major species in mass spectrum at 70 eV: m/e (rel intensity) 168
(1.7, molecular ion), 125 (75), 83 (100), 70 (90), 89 (91), 57 (90), 55
(90), 41 (90)

The n — 7* maximum at 354 nm is at considerably
longer wavelength than that for other ketones (cyclobuta-
none, 290 nm;" cyclohexanone, 285 nm;™ tetrapropylcy-
clohexanone, 310 nm),™ and indeed somewhat longer than
other cyclopropanones (cyclopropanone, 310 nm; tetra-
methylcyclopropanone, 340 nm).22 The 13C nmr shows the
carbonyl carbon at 215.2 ppm (downfield from TMS)% vs.
cyclopropenone C-1 155.1, C-2 158.3,% cyclobutanone
208.2,° cyclopentanone 213.9 ppm.°

The cyclopropanone 1 has been partially resolved by
asymmetric destruction with d-amphetamine.® The RD
and CD values are summarized in Chart I. The degree of
optical purity was determined by reduction to the corre-
sponding cyclopropanol and determination of enantiomer-
ic composition by the methods of Dale, Dull, and Mosh-
erl® (conversion to the diastereomeric esters with optically
pure 2-methoxy-2-phenyl-3,3,3-trifluoropropanoyl chloride
and nmr analysis) and of Whitesides and Lewis!! (nmr
analysis with optically active lanthanide shift reagent).
Both methods indicate an optical purity of 9 £ 1%. (+)-
Cyclopropanone of 90-100% optical purity was obtained
by partial reduction with (+)-diisopinocampheyiborane,!2
but the product from this route was much harder to pur-
ify.

The RD and CD values given in Chart I are for cyclo-
propanone 1 of 9% optical purity, indicating values for op-
tically pure 1 of [®]a73 +5890°, [#]ss4 +9660°; differential
dichroic absorption, Ae 2.92; optic anisotropy, Ae/e 0.089;
molecular amplitude, agpsa +112°, a (calculated from a =
0.0122[6]) +117°.13 The absolute configuration of the cy-
clopropanone is not known. The configuration of (+)-1 as
R,R (shown in eq 2) is that suggested by the octant rule.
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Table I
Hydration of trans-Di-tert-butyleyelopropanone (1)
in Aqueous Dioxane

A. Rates
~—k X 105, sec ~l——
(H:01, M ], Mo 16° 80°
1.46 0.0367 2.3 4.4
2.38 0.0381 6.4 13.6
2.76 0.0601 8.7 17.8
B. Equilibria®
KO, M ———
[H.0], M 1], M© 27° 46° 80°
1.46 0.0367 8.6 5.3 2.3
2.38 0.0435 7.8 5.0 2.1
2.76 0.0501 7.4 5.3 2.1
6.73 0.3035 4.7
10.51 0.282 2.3 2.0
13 .42 0.262 2.1 1.9

o Initial concentration, moles/liter. *1 + H,O = hy-
drate.

(+)-Cyclopropanone 1 racemizes at 80°.%.¢ A detailed
study is reported in a forthcoming paper.® At higher tem-
peratures the cyclopropanone decomposes cleanly to
trans-di-tert-butylethylene and carbon monoxide (t1,2 9.5
hr in benzene at 150°), eq 3. Irradiation at 25° also effects
clean decarbonylation.

~ tBu
807 1507
(+)~1 —> di-1 —— + CO (3)
C.H, C.H,
or t-Bu
w25

Reaction with Nucleophiles. General Considerations.
Cyclopropanone 1 has two features of consequence in reac-
tions with nucleophiles. The contraction of the C-C-C
angle of the ketone from the preferred 120° to 60° provides
strong driving force for nucleophilic addition to the car-
bonyl group. The trans-oriented tert-butyl groups, how-
ever, shield the carbonyl from attack. The net effect is a
carbonyl group that might be expected to be inert toward
large nucleophiles but reactive toward small ones.

A variety of results are obtained upon addition to the
carbonyl group. The adduct may be stable, or may under-
go ring opening at Cy.o, ring expansion, fragmentation, or
dehydration, Reaction with water and alcohols are consid-
ered in this paper. In a following paper we describe exam-
ples in which addition is followed by some of the other
possibilities.

Reaction with Water. The cyclopropanone hydrates
readily. The hydrate, a solid of mp 105-107°, decomposes
in air (see below). It is also sensitive to acids and bases. In
a vessel of carefully cleaned surface a solution of the hy-
drate in dioxane or DMF was unchanged after 3 days at
80°. Heating an agueous dioxane solution of the hydrate
containing acid results in clean conversion to a a-hydroxy-
dineopentyl ketone.

Reversibility of hydrate formation is seen in the conver-
sion (slow) of the hydrate to the hemiketal upon addition
of methanol to a solution in DMF (eq 4).

HO OH 0 HO OCH,
CH,0H
_ (4)
)/ DMF K DMF /
t-Bu  #+Bu t-Bu t-Bu t-Bu #Bu

A Dbrief study has been made of the hydration of the cy-
clopropanone in degassed aqueous dioxane. Rate and

J. Org. Chem., Vol. 39, No. 14, 1974 1991

equilibria data are summarized in Table I. The data were
obtained by determination of cyclopropanone concentra-
tion by ultraviolet analysis at 354 nm.

The principal conclusions are that hydration does not
go to completion in agueous dioxane at low water concen-
tration; e.g., at 2.33 M water in dioxane, ty,9 for hydration
is 3 hr at 46°, and at equilibrium approximately 8% of the
initial cyclopropanone remains as free cyclopropanone. In-
crease in temperature shifts the equilibrium toward free
cyclopropanone. The concentration equilibrium “‘con-
stant” is shifted to lower values by increasing water con-
tent, a not unexpected type of change in view of the sub-
stantial medium changes involved.**

Reaction with Alcohols. The cyclopropanone reacts
rapidly with primary alcohols, more slowly with secondary
alcohols, and is unreactive with tert-butyl alcohol at 25°.
The hemiketals from the primary alcohols may be isolat-
ed. The hemiketals and the hydrate are unstable in the
presence of oxygen.

Under neutral conditions in a degassed solution con-
taining an excess of the alcohol, no further change in the
hemiketals is observed at 25°, Upon heating, the hemike-
tal is converted to the «-alkoxy ketone and/or the Favor-
skii ester. Under basic conditions the hemiketal undergoes
rapid ring opening to the Favorskii ester. Under acid con-
ditions «-alkoxy ketone is formed. Both hemiketal forma-
tion and conversion to alkoxy ketone are accelerated by
acid.

Chart I
_ O OR COOR
RO, ROH
1] —m—— _—
fast / {ast
t-/Bu +Bu t-Bu ¢-Bu
2
HO OR 0
ROH, 25° CH,0H, 80° ,_L.BU\J\'/ t-Bu
] e
fast / slow
I3
t-Bu  ¢+-Bu 3 OR
R = CH,, i-Pr
no reaction
3 (R=+tBu)

The results are summarized in Chart II. Conversion of
hemiketal under basic conditions {i.e., via the alkoxide
species) to ester is rapid, and is easily understood.!®:16
Conversion of hemiketal to alkoxy ketone is slow, and the
mechanism is less apparent, It probably involves reversion
to the cyclopropanone, ring opening to oxyallyl species or
the corresponding protonated form, and capture by sol-
vent (eq 5).17.18
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The rates of addition of methanol to cyclopropanone 1
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butyl slcohcl and stann
electrolyically veduced) ard horls acid Cappros 13 mg) Weve heated at reilux unger  Sardlaed by back tirracien of an aliguot acidafled with a3 811340 Cf 0.1 N ECL
I\'z for 4 kr. The pot temp vas rafsed to 350° and the velazile CORPONENLE WETE COi-
lected by distfllation. Byralysis began ac 2750,
pentane, filtered, washed with 1N Yaok

shenylethyl srine and by 4

Srans-2,3-pi-tert-suiyleyslopropanol was prepared by resusiion
When the mixture solidifiae, :he ice-bach nad tc be removed.
The distallase wes added to

= the cy-
The mxture was ciopropenone with Lialty, mp 49-51%, §661,) 2,28 {1, dowler of dowsiess),
concentrazed (ce 60°C, 5 mm) snd trap-te-trap distilled (0,1 my, 23-100°C). Ee- LB aad D87 (oo shaxp peaks of oqual aras;
driad (vgs9,}, concencraced and discilied; cryetallizacton of the disziilare from pemcone (~78°C) yie.ded 16,8 g (750 yleid)
Fraccion 1, bp 63-75°C/98 mm, 1 g, 1dentified by ir and nor as methyl acopentyl 3
ketone! Fracrion 2, bp 108-L189¢/05 em,

ancegrazed avea fxom 0.7 to L1 {5
20k, § for each of two Alffezent zeri-busyl grevps and 2 for the Syélopropyl
cyslopropancne . The yield s veriabia (30-75%).

, M 5 (30% yieid), ¢imecpentyi ketome

If a8 mpeTative nor rc hyéropans
; excesd 0,95 squivaience of base and to add the base siewly, Fhysical data om the Aagg, Calzd for € yFp00 €, 77,575 -
(L4277 75479 at 20 am); Praction 3, bp 115-120°¢/85 noty 3 g, tdencified as 2+ cyclopropancaw are summacized in Gharc 1. Found: &y 77.17; W, 1338,
Lertsbutyl-benaopentylfuran: ir (CCL.) 316D (w), 2660 (s), 3330 13), L473 (), dpaz; Galsd £o% ©)jHyg0i ©) TE.31) W) 11,98 Determin 9% gstical Puricy, NYR echod hizesid o Lews.
1460 (¢}, 139C {m), 1360 (), 1275 (s}, 1225 (s}, 1200 (5), B140 (3), L025 (%), Peund: €, 78.70; M, 18,06, ‘2 3 " fMrieY. L techo aad Lew
) L, o oo 4 To & sorutfon of rran:-?,J-¢i-zeri-dityleyclapropansi 1o CC, [obidined by

LOI0 (80, 988 () en T ome (COL) 5.7 (3, ), 24 G2y 61, L35 (9%, ), 0190 i 1 Resoluion of § . L LiaIn, recuczion of cyclopropanone o (3]s, +344° (¢, 0.2¢ fr isooctane)! was
(9, 831 cass spactrum, mie (rel insancilry) 194(18), L19(23), 136517), 1375100}, Beis oL §180512 3BA-CE LTy 0yc) by _d-dophe s et it 5 eeriebinyins 2 A5 (€, 0.2 in Lz !

IR - ( :, 7 B 3 34 <ded tric-| ~butylnyds
L3323, 1220103, 950103, E7(13), L3(54), 4113}, s crasostans) r_. 224 um anine. amphecamine (1,10 mi, 1,03 g, 7.6 mmol) was added to rrane-2,3wdi- 13 (exg-buzylny
(lag e = 4). max sere-pucyicyclogropanone (3,9 g, 23 mmol) (K,). Alter ccuple

Anai, O 3 ¢ o N 1
ai. Saled for ¢ g 00 €, 80.35 E, 1141

e caylene) -d-cangherazcl euroztun (171,
on of reaction the presence of approizacely 0,2 suropiun conpound,
mizkure wap Lrep-to=trap distilled @t S0°C ard €,1 mm yielding the cyccpropancue,

ond: ¢, 80.28: ard approwimately 200 g of & sscond phase {naier).

In the
% sigaal for the gert-butyl
: 3 0.82) appears ac a broa¢ singiet ac
to toe hycrogyl (origtnslly at ¢ 1,GD) ag-
pears as an enancilomeric pair of signals at 1,% and 2,10, Incegracicn of the

06 (@, cignals st 2 sweep wid meter inalcated & fatio of 34,7/

ysis of :he same sciution at 120
Mz gave a separation of 12 A7 and an cprical purity of 9.6%.

, 153,

gToup rrems te cne aydroayi {originally
The orgapic fraction was 3

nore, [dlyg, = +76° (¢ 0.5,
socczane), [1:3;3 «
moarized 5 Chare I.

acparaced and fousd To be grearer than 96% cyclcprapa
Freccion &, bp 120-123°C/95 mm, 4 g, was tdentifted by ¥ and mwe a3 rere-butyl-
acstic anhydride.

.13, and she feri-puiyl ErOup cig
L)

vom anather Tun, (373, = +56% (C, 0,44 fn 1
0.26 1n. tacoctane).

Dinespancyl ketone was ales prepared by the slow addiclen of echereal peos

Additlonel RD and (D daca are su
pentylnagnesium chloride sol

of 100 1z usicg & pl
5.3 5x & pexcent ¢

ton to 3, 3-dimethylbutyryl shienide,’”

1 purisy of 9,241,
The tesidue fxom the trap-zo-txap dfstillation

snd cocled za -730C.

:Bromocinecoentyl Kebone. «= Te a 12.61 g (0.074 mol) sample of dincapentyl

Reioe In 50 mL 9f CCl, was added & aolucion

was added o 2 mh of pentan:
Tha resuleing preclpitaie was recrystallized from pencane
(-78°C) to yield 600 mg of wemy selid, mp 57.%

46°¢, prans-?,3-dt

Ner Metbod of Dais, Jull, and Mesher,'’
Sors-buryie-

2 bromine {11.85 5, 0.072 mol} in 6C
OCL, over & pericd of 30 man while Flushing ulth niteogan to halp elininace the

Lrarse?, 3eDi-g
{1-nechyl-Zphanylethyl} eyelopropantuine.

hydrogen sremide.,

-batyleyc lopropyl
gemethorgerrifivorcretiylphenylacecace, -+ T¢ Lrans~,3-di Yoy lopro-
4 eecond rezrysuallizaticn (pensans, Fa0cl (83 rg, G.3 TWOL) Wes added 4 mixcire of Che Acid chiorite of (t)=MTEA
-20°C) raised the melting poiat to 39-40°C. Sublimatiza (40°C) yieldsd masersal
After addition uas completed, more nitrcges was flushed for 46 of rp G4a46.5% Le {003,) 3630 (), 2970 (a3, 1775 (m) e
a7, The GGl was evaporates and the product discilied, affsrding 14,0 g (0.086
L) of a-tromodinacpenty) Ketone ia 70% yied

ame s .07
ceel,) o

{235.6 m, .9 mncly and pyricine (6.5 ml, fresaly eistiiied frem Cax,).

1nz, wacer (1 ml) vas adced ang ke :
B2 46+07° (011w r (cOlp,

1722, ATW0 en”tinmr (CCL.), .03 (s, SH), L.18 (s, 9K}, 2.5 (s, 2}, 4.1 ¢s, LM,
Anal, Caled fer Gy liy Br0: ¢, 53.32; d, 8.5C1 B, 42.07

Pound: ¢, 53.19;

Atzer

), 0.70 (%8, 8).
4nal, Caled for C

) 2 = 6z, D.50 (9,

Xtbre excracied o

ith etrer (20 @l). The
cther cxtracis were washed with dii &g 1Ci, sat'c ay l\'dlzL’U3 s2ln, and waeter, dried
(M550}, and concentrated. The r
%, 481

2ty €, 8h1d 3, 10,95

Fourd: €, 83.95; 3, 1115,
H, 8.48; 3x, 12.3¢,

fxcire of Giasterecteric esters wes purified by
preparative gs, mp 727870

N, 5.06. 2865 (m), 1730 (a), 2440 (
¢ Ner eaalysis

Meoublec! At § 5.73

L3 ACE),) 060 (W), 303D (wy, 293¢ (s}, 29%3 im),
), 13880v), 1360 (m), 1236 ¢
115 (m), 1100 (m), 1373 (w3, 1050 tw), 1015 {m3, 980 iw)
wnr (prasom, CCl,) § 7.37 (3K, 5, brsad), €15 (lH, m),

(6536‘. Yarien HA-10C) indicared tha: the downfieid part cf the
The residue was found sc be mostly one component, Crystailization from

wae actially wo lines,

pentans afforded a whice soiid o,&'-d{bromecinecpentyl ketong, mp 70-71° {lir.’
70-71%).

When tne multiplet et g 3.50 vas

=vern ac & .75 merged to two lines 3f approximazely equal in-
tensity, separaced by 2 ka.

trradiatec, ine p

.57 (3M, s, breac), 0.E7

and 0,80 {two sherp signais of cquel area, irtegrated area rom 0.6 €0 L. is
Thie sbaetvabion suggesss chat the imive sample is & 208, ¢ for each of w3

. mirture of low diascersomeric purity,;

Exansed,d:Bi-gorc butyleye) (13, - 7o grbr  ketene € of dow pazeey

(32.6 4, 0.135 mol} in & Elameréried

diffezent text-putyl groaps ame 2 for the cyclopropyl ny-
actenpred fractionsl cryecaliizarion of che drogens); flusrine, 56.43 Mz, OCL /€7 ) two dissteveoneric CF, singlets $i ppn
dsuatisld from O F, and sepeseied Sy

Glastereomers was uncuzcessful,
a5k (%) equipped wlth magnecic starrer

125 ppm (34,1 Ea).

Anal. {Mistire of Diasterccmers):

COC35m
Lgg0aFai €y 65,205 H, 7,36

300-35-5
Caled for G Analyeis (gle)
Found: €, 65.87; %, 7.57

retenrion time, 7 min) and grars-

at amblent remperature with v 275 wakr Gemeral Zlectric sunlamp.
after 6 by showed only

uben the ¢izsterecmeric esterd vere prepaved searting from (4)-frens-2,i-

di-gexe-batyleyeicprepanone,

cyelepropanone (5291

00355
Metnanol Heriketal of grams-diwteve-buiyicyel
1, Sedintegtebacylethylena (467

. =~ A eclucion of

(00375 #3640 (C, 6.28 Lssoetana},

.68 g (1.0 micle) of cyciopropencoe (3% rure by vpe) and 0.32 g (10 mwole of
retenticn time, 2 min). In g pavailel experi- aetayi aleskel disciled from sediur wes alioved 3 react al rocm temperatire
solvad by par- ment 8 so. or A0 CCl, was degassed, saslad and irrediated voder tae skove cnder a pesitive ritrcgen rassure 3 two fr. The exce:s methazol ues removed
tiel esymmetric destriction with 0.33 squivalents of d-amphetamine and (-)-0- condizions. Aralysis {omr) after 6 hr choued the cyzleprepanore and trans-l,2- wncer recuced press.cre, afloréing 0.195 g (97%) of a white crystaliine soild, mp
methoxy-a-triflucronzthy lphenylacetyl ch:unca,‘c mezguremunt of the relative di-tert-butyletaylene anly 94-95° (seeled tube); ir {CCl,) I70 13), 33¢G (br), en¢ 1125 {s) cm ; nomr
Intenstties of the dlasteresmeric CF, signals gave an optlesl perity ef §.231% Staviliey of Cysiopropanoae L in pioxass at 100°. -~ A 6.0374 I solution (DL, 0,93 amd LOD(ECEs, 20 1, 267 (5, M, 3.4 (3, T,
(planimecer) ©f 94717 (pesk Meight) for the eyelopropanona. (Tae pesi faxthest of cyclopropanone & io dicmans (dhetiiled frem todium nad bensophenone) wes da- bmel. Gaice 1o ()fy Q0 € 71,335 1, 12,07
downfield TXom €7 vas the Zore inlense). gessed and seaied Ln @ Fyrex uy call; A= 330 am (5 - $1,9), Caly 2Uh of e Tound: G, 72,08, 8, 12,06,
Asymmecilc Radustlon of crana-,3-Di-gers-butyleyc:oprapanons wish Difso- cyeloprapanone was destzoyed in 30 days s5 100°. Ameiysis by glc indicared the The material decenposad whem exposed ko the atmeapheze for seversl heurs
igosampheylborans. -- Te a solasion (-)-2-pinene (2.46 g, 8.1 mmol, 10% ex- only produce was grags-dis butylathylana. 4 dagassed sslurion of tne hemikszal in dsvterschlowsicrm was umchanged sfter
Geas) in 5l of TP (freshly discilled Erom LAALW,) uas addec 3,82 ml of 108k fethyls - & sealed tube contéining the eyelopropinone and trie neating for chrea daye al 80°
ddberans 4 THF (8,25 nmel of 3y) 4r 9°C, After & h¥ 8c C°C the minture vas :nylamine wae heazed 3 100° for 2 hr. [nfrared analysis indicated ne rascticn Zenzy? Alcohol Eemikera) o Craqs«z,3sDi-geduryicyeicorerangne. ne Te evelos
esolad eo =783 sad foxe butyleyeicprepansne (2.7€ §, 16,3 mmol) vas ted occerred. rcpacone (0,137 &, 0,935 rzl)
edéad. Lher the mixcure was warmed to 0% che pracipitazed crgancbovane quickly
ddssalvad. The solucion was maintalned ai 0% for 2 hr and &% room femperacus

51} anc vemzy! alcchel (G.151 g, 0,833 Tmcl} were

<he reaction mixture wes flizered, sffording 0.166% g (631
JLeld) of crudz product, £p $3°98°,
an addiciensl 2 hr, concencraced, and trap

mixed neal. Afier 2 %
c-erap distilled,

1-5-butylejelopropenone Hydsate. -- ALl giassware emplayed in this experi
The discillate (an-
alyzed by gle, uv, ard iz} contained spprox squal amoun:s of cthe cyclopropancre

men: was sosked £0r Tio days in ¢istilled water uhick had beew ¢isiiiled from
E

Ko, and atored in o drying ovan prio Lo use.

and Z-pinene (cotal;

Recrystalilzation gavi

pure trgzs-2,3-dicLe
butyicycloproparcie bensyl aicghcl hemikeral, mp 132-1337, ir (£Ci,) 3330 (no
& mixture of 2.156 g (1,0 mole) JeorTon Y -
. sersenyl sbsorpiion)i amr (ICL,), §.37 and 1,02 Itwc sharp resss of €9ua. area;
of cyslcpropanore }) 0.4 p (22 mmole) of distilled water an¢ 3.0 Wi of dioxane i “ .
Attempeed fractional sryssallinacion at -78°C wa = R fntesrete area from 0.9 €9 1.6 As 2 ¥, § for each of vy different -3ucyl groups
ful R fn s 23 mh flask was allowed o ecand 8T room Semperature Lnder 3 pesitive nizro-
not suscessful. Tae cyclopropancae could be purifisd by go withoot racemization | £nd 2 for the cyclopropyi hyirogens) 2.8 (s, M), 4.¢ (quartet,
i ) X " gen pressure for 48 hr. The addicion of L0 ml of water afforded 8 white fluify ¢
under the feilowing conditiona: 2° x L/4% ecluza of 20% SE 30 on 6C/AC mesk sl Caled for Cpgfygo,i €, 7821, B, 13,235 mol
o eoer e precipizae, facleted by filtracfon under a mitroga: atmosphere aad drted under £aeme
Chromosorb W, 50°C, 150 cc He/min, injector at 70°C, dececcer b 63°C, retention !
N . & sirear of rapidly flowing altrogen,
time = 5 win. Cyelepropancae which was collected neat decomposed rapldly (ss déid

The seltd, 0.162 p (0.87 mmole), 8
samples cf racemic materisl) s that Lt uas nececssry to coilast 1t directly vk

Eovac: ©, 78.06 a.35; 27
% yleid,
mp 105-107 (sesles tubz) shows ir bands in GCl, et 3750 e} mnd 3260 enl, Eae ne erdketal was fauné te e uns:ale in soluticn: ir and nmr spectra had
4 .

2 caive of & 25-ng sample sf the hydrate :c che atr Fer 33 min res:lted in complete be measured Lrmediately after che sclid had been diesclvad

scoctane soluticn (2125 = 43,550° (¢ 0.28, isooctana), For cyelepropansne of ® 6 aane ” in e

1 . s e o s ) desivactlon. The lnfrared spectzum of the residue showe s stzcag earbenyl peske
9217 cprical purtty, (G133, 4304° (¢ 0.28, lscceiane) so that the optical suricy et o

. B at 1750 et end 1700 =
of the rescyered cyeloprapanone is approwimasely 190% Lxll%).

Becorposizion 9%

Ressticn of crans-ai-terg-buyleysioprapanone

wiih_poraseium gert-bucox-
" tre cyclopropanene to teXt-3uOE-tsri-BUOK resulis in rapld
Forzzcon 0 a-Hydroxydineopentyl Keicae £Iom grans-Di-LeIt-burylcyciopros cenveraton te the esier, ert-buiyl 2-feze-burylec,t-direchylpencancatei ¥ (0G,)
frana-di-ters-putyicycioprapanons, TRETMA & solution " 1723 ¢ (CoL.s C.88 (g, 9M} 45 18, SE), L,0-2.% {muit, 3
panope. =~ & solution of cyclopropanone § (132 mg, 0,90 mrel) 3 al of 0% 723 (8); v (CCL,) 0.83 (e, 9K, ) 5 usy SE), L.0o2.b {muiny 2E).
£ 0.2470 5 (5,86 mmoi) of the cyclopropancoe and 0,3409 § R-RTANE iR 7.0 mi - ot T, 76,33 2.0
eqaecud dioxane coNiaining 5 Mg of tolugnesuiicnic &cid mopohydiate (C.02% rmoi) apal; Celed for ¢ ghypdyi Gy FE33; ny cE.
bensana (Eroshiy distilied from sodium) in Pyrex subes was degossed and oealed o
was degassed, sesled in @ Pyres tube, and heated a1 80° fox 66 hr, Ths craeaic Founs
(-76%, .03 mw), and heated 4c L5034%, Ansiysis {glc, S5 39 ca Chwcwosaxh ) 707}
sheued tha disappeszance of the cyclopropancae (i), 9.3 br) and the appeazance
of grana-1,2-4

s S, 1L K
cpletiylene (354 afzer 45.5

x an 150%),
28 dscmer by comparison of ir ani nm spectra v

macerisl was exbrecied With stner, washed once wich water and dTied With K00,
eified as che

Legt-butyl glcal

i .
Evaporation wf the 30ivents ylelde am sii wnicn gave s single Feak on glc,

«+ & sample of che cycleproparone {n 1-Bult was iegassed,
Hud- sealed, eateg ar i0CT for 6 diys. 3vaporatica cf the scivear ard aralysis
these of suchontic asmples. tamation yielded arhydroydinecpentyl kscoenei mp “C"f‘l% Le (5C1,) 2680 mBrosd; gicy ingicatec a singic product, {deRtified &s Grgerr-bucorydinoportyi orome:
o ochar oduces were cheerved. 2950 3, 1703 =, 1480 s, LUEO m, 1365 5, 106C &, 1C20 =m 7; nmc (CClL) 0.30 (98, - ::‘:ﬂ 2960 15), 1710 (8), 473 (my, 1363 (53, 1192 i 128G {s), 1020 Ty
i )y 100 (9, e}, 2033 (25) A250v =30 Rey 3 = R (CCL,) 0,90 (3, 81, L.OD (3, 19N, £), 2,43
Phorochemscat, +- & sclution of G.0135 g 13.092 mwol) of the cyeloprosa« (1M, bzead)), 3,90 (lH, broad) ppr ddenticsl with en suthentic sample prepaxed by p
nene and 0.9185 2 n-éueane . degessad ard sealad ia Eyrew tubes and irradiata hydrelyeds of o-acetonyeinecpentys. ketone

L ADgay % 19 E, 0 =

E2), 127 i, 5 pRmi W =305 € = 92.3),

w

st CCm¥5m?
) o287 - o e prepara:ion vas 1 et e V"C‘“'js'g a5 25° in & fismewdeisc Flask. The exzees slochol uas svaperazed ané i '?Cug‘p;n>
dmal. Caled for ()i Cor €, Th33 ¥, 1247 D¢ CRITINECSS BCLG, I6 PrEpAYALLON WS Tepeated seversl riped With “he sane tite uss added. The ubite s0lid hemikeral wes ellowed ro szend undes the pentene
Toend: €, 74.28; &, 12.42. resuls. 8t 9% for 16 hr. Tha pencene was dr
4ith thancl. == Cyciopropanoae | in R:CZ, degassed and sealed, healed at 80 for <f fienone, -- v1 kerone
50 x, afferded a single prosuct, Srethoxy ALNRODNNLYl defore! v (CCl,) 2960 (&), (973 By 2.2 o) and 9T g of AgN
1710 (s), 2480 18), 1360 (2}, 1213 (g¢),

n o€ uith o caruls and sne resulting scils
1120 im), 1035 {2) em ; mmr (CCL) 0,90

G, e), 3036 ¢

lakeled ox

3 444 TR93) AR 3 =k of Jethansl was de-

digsolved ie § mi
S ¢ :
gassed aud szaizd In & Pyrex tube and healed ag 100° fer 4b hr,

Lo, ), 100 U, €, 136 (3, ©), 2.32 (2R, 8,

Thic soliclon was degacmad ard resist in

3.3

ive tubs: und placad in a 257 oil besh

The =echanol was
Anai, Cales Fox W0 L, 72.83;

The tbes wers remsved from the bath a
varicue ives sod arol eveserazed. ine nsmikesai shes Sbiained ves die-
avaporeted and ChE CIgARLC PYOCUTEs were obralned by Sriuratiod Will pentane. beived £n G0l and exemdred by mwrs time in v, Sraciien of iebed presert, & x
b 1005 Arnlysls (glc) showed bremd Ketcie (70%) and three preducts In the ratic of 207 wec™ 0o, Loy 72, 0088, user 6T, B34, 3,005 353, 0,597, abls 97,
ent G, 70781 K, 12.45. 2313264, sempies cF each of :hese pesks vere collected fox spectral analysis, 0.524, 5.6 5w 207 see™h 4 simtiar epesiment ot 50° hat 8 k| m
) ) R , o The first reck was assianed as 2,3,6,6+Cs Crametkyi-2-Nepien-teone on che bast 56w 10
"‘:f‘; Lsuzon. 2iconol. aridic onditions,, « Cyelcpropancna !in Lnl of a 1.7 x of its spectral properties: ir (CCL,3 2960 1s), 17:0 (), 3640 (m), L83 (m), )
1372 % solutton of toluenzéulfcnic acid monchydrate ln Z-prepancl degassed and P T Kineties of hydrerion of Cyclopropan
socied, heared 32 80° fox 2.5 e, atfortad ¢ single predus: uisoprssntiesnenarl (oo 00 G, ey pem.
xetone: fr (SCi,) 2960 {s), 1710 (s), 470 {m), 1360 (e}, LifC (s} em *i nmr
SCL,) 0.50 W9, ), L. 34, 8), L.1L (6K,

ne L Ln iowane st 5CF, -~ Stock solu-
tiens of cycioarepancre : o dioxane

46}, 2,35 (24, partialiy zesolved ABg),

16 Uik, ), 3,40 (3B, sepre:) ppm.

he second peak was Zound to be identfeal to emetnoxyélaecpentyl katene

OpTOpY- SEEL-ouLyl-neopentyoscerate:

tum cepsigres for the hydra
o grmethonydis

and :123 in dloxane werz rade up by weight in
ame-dried flases sicppered i cazs. Ir ealculacing the molsrity the
volunes are assumed to be adsitive. Equal aliquass (1.5 mi) of esch 2alurien were
By ir and omr. The third peak was idectified 2s 2,3,6,6-tetraneshyl-2-rechoxy- “ransferred by syrings to cven-dries Fyrax w cells, fegessec, and sealad. The
- one: 10 < 15 (5), 1660 (wy, 156D (3), 1230 (s}, sere o B ‘e inicial e w
Jich Iscsresyt a:cohol. besis Lions. -~ Keaction of the eyeiosiopanone with d-heptanone: dr (€O, 296C {e), 1715 (3), L4GC (n), 1363 (3), 1230 (s}, 2070 solutions were sllowed o wer< Co room temperatice anc the iniilal sbaorbance was
b ? e Ty omr (COL) 0.95 (SH, 8}, 1.95 (3K, &, J =7 Aa), 1.1G (e, s}, 2.32 (2K, The cells ware bestes in an ai predecermined time inter-
L-Br0, 1-PEONe repidly effoxéed isopropy’ gert-vutyl-neogentylecerste: ir {CGL) . g 305 o ¥ s = b P m e
60 Core 1120 ey, Dty LHTC oy, AT ey sy e 2, 266 (1, 5, T =7 ), 3.05 OH, 9 Vils (50 seconds ailoved for warneup tima) and e quescnad by cooling it an ics
Sy TET RSN A s e, SRR AW R nal. Coled for SyoHy0pi €, 71.95; ead goae ‘e cel sned te the © X
WCCL,) 0,82 185, 83, D92 K, 83, L20 6K, &), L322 (3h, m), C.93 (1K, septes) 1fas > avstriance vwas xead goitkly sne tre tell Tetuzned o the ©ii aath, Ade
pm Found: €, 71.73; scrbange values at iaf: time were zaxen afcer ac least .0 Laif lives. The
" smst. caled €, 73.67; K, 12,35 Bmr_S:udy 3f the Formaziop of gt L tyl Ketenz. -- Cyeloprope- results are sumarized o lable I.
¢, 73.5 , 126 nene | (90 mg, 0,36 muol) and telueresuliontc ecid monohydrace (5 mg, 0.03 mrol) The squili
were dissolved tn 1 ml of methanol in an aor tuks, Tha Zorma::
Witk Isosropvi alcenol, neurral itiena, -- Cyclopropancne L ia isoprepyl alcs-
hot, degassed and sealed, haated ac 80° for § caye affstded Gritcpropoxydinecpentyl

neopentyl kecone was Zoiloved at roor tempevaturs by omr
ketore (307%), Lsopresy

n reaction were zaiculitec by the

Hhore Ay 13

i 15 the abscrbance of the sell [ilsd
urs avoids tie ceed Le celermine

utylnecventyl acecate (304} anc B mincr products.

~= Cyelopropanos

jp W8S about 5 br),
After mizing, only the methansl hemiketa: (singles az 0,95 and 1,00 337m) was

visible dr the nrr spectrum;
With Mathanol

initial sbsorbance,
in gkya

degasasc, seald, heated at 83° for
mechoxydznzopentyl kecone:
1708 (s), 480 1s), 1370 ¢s), 1105 us) en
2,60 (26, 4508V = 13 Mz, I

0o cycloproganone remained.

ceeded the specsrum of Lhe mehoxy Aetone appe
60 hr afforded & singla product ir cccl,) 2580 (8), At me time vere any jeaks otier char those o
wme CGL.) 6.96 (3K, s), 1.G1

mechaxy ketore observed in tite mar spectrum,
5 ra), 2,93 (i, s), 3.33 (3K, s} opmy

is proce
4s the vesction prov

the extinezion cos
nglets et C.3C eng 1,01 am}.

x
2 the soivens, the he

o5,

v {dicrane)

kezal, ard the
=316 an (6 = 20,0)

ciopropasone | an dickane st
Tre sreceéure

Blven @bave for the fyiraticn wee ueed hers with [reshly dis-
ciiied setnancl ¢ from magnesium -

Kiretics of Hem:ketal Formation at 25° from Cyciopropsnene |

Coled for Tk, 0,1 €, TL95: B, 12.67

snoxidel repla

5 the duet
Found:

case equilibriun constente could ot be cataired dive

Lec wate

r-burylcycicprcpansie {approximateiy 50 ma) was tlaced dn o dry v cell,

Approximately 3 ml of the anhydrous aicohcl was added et 5
¢, 7194 W, 12,14,

o chis

e eyeiozropancae
concentration at equilibrive wes teo smali.
© and the cisaprearance
zeriur Sxchange cf gams-Di-rert-baiyleyelozrosenone with fotassium fere-
CF ke cyelopropancne was folicwed by cv at 350 am. The soluTions were net dex Jepzerius xchang Oloiert L 2noe wiil Lert
‘her tic methans. hertkebsl ef cyclspropazose was pre-farmed 1 flave-detad gussed and were seaied only with Tabbex serum sazs, The vesulte aze sumwari Butceids in tzrs-Putenol-G-d. == A S3lution of porassiur terr-butoxade (G.07 ¥ by
sware, wasked with penzene, dissolved in neutzel zetharcl ead heated at 807, in Tabie T11. vitration) was repared by reactisn of 12 ng of porassium recsl witn & mi of
“ess thar 2% foxmazion of the wethowy keicae was obaerved by wv after 0 days, . buzanol-0-4, 96% ceuserated by omr.
5 Exchange of Deuterazed ethanol Hemiketal of Cycloprojanons 1, == Cyclopro-
This observalion irplies & meximum raze of mathexy ketone Ecrratica of 2 x 1T
sec”t, die., ration of the metnoxy i descrived above s cacal

Cycioprozancaz | (63,8 me, 0.26 mici) was added
0 2 ml of Eais selerssn and allowed fo reacc Zox 20 min 8t reom Lamperatare, The
pazonc L (108 mg, .64 mmol} was sllowed to rescr witn i g of ~¢thanol-d, for 1 hr

alcchol was taen evaperatsd ard e Yesidus trit The ferz-vusyl

ted uith peniane



trans-Di-tert-butylcyclopropanone

Zze-3g-10

£-buiyl-necpentylacatate was collactad {IGM g0 87C andlyzed foT deutecivm com-

Since tue ester ha¢ no rolsculer dem
: hiad to be Lsed Lo celerine ¢

The
¥ of 40 1l (2.7 mwl) of water: tife in minutes, volume
orbed dn wl [8,C; 10,51 25, 9.8; 35, 1487 45, 2.4 36, 26.6; T

4 Vith oxvgen anc quilibuaced fellevea
. as-

f the cyclopropa

Table 11
Formation of Methanol Hemiketal from
Cyclopropanone 1 in Dioxane at 80°

Gardj in 4.0 m. of pepeane was exposes co O, szmos

J. Org. Chem., Vol. 39, No. 14, 1974 1993

St

©:}.. [ solution con

ur had ¢ &g

For €, Ky, 0p0 € 7690 Hy 1nd

ri aralysie (2lc) Foued: €, TL.18; h, 150

Table III
Hemiketal Formation from Cyclopropanone 1
in Neat Alcohols at 25°

[CH:O0H}, M k X 108, sec !
1.08 7.06
1.60 21.8
1.89 36.2

in dioxane at low methanol concentration to give the
hemiketal are reported in Table II. The rate constants for
both methanol addition (Table II) and water addition
(Table I) are markedly dependent on the concentration of
the nucleophile; rough interpolation indicates a several-
fold faster rate of addition for the methanol. The amount
of free cyclopropanone at equilibrium is too low for direct
measurement in the methanol-dioxane studies.

Rates of addition of a few simple alcohols to the cyclo-
propanone in alcohol solution are summarized in Table
IIL. In order to obtain an indication of the relative impor-
tance of changes in medium vs. changes in steric effects,
the cyclopropanone was subjected to methanol-isopropyl
alcohol mixtures (last two entries, Table III), following
both the rate of disappearance of the cyclopropanone and
analyzing for the relative amounts of the two hemiketals.
The resulting rate constant for the methanol addition in
isopropy! aleohol, ~4 X 10-% M~ sec™?, is within a fac-
tor of 2 of the corresponding rate constant in pure metha.-
nol, suggesting that much of the observed change in rate
constants (relative Arog in methanol, 90; ethanol, 20; iso-
propyl alcohol, 1; tert-butyl alcohol, 0) is associated with
steric factors.

The equilibrium constant for cyclopropanone 1 =
methanol hemiketal could not be measured directly but
was obtained by exchange experiments with deuterium-
labeled methanol hemiketal (eq 6), following the rate of

HO OCD,

2 1

. 22 x 107 % sec”
51 % 1077 sec * (from Table 1I)
—_— ———————— i
, CH,OH, 25° , CH,0H, 25°
/! [4
t-Bu  ¢-Bu t-Bu  tBu
1 HO\ OCH;
(6)
/
?
+Bu  t-Bu

appearance of the undeuterated methoxyl group by nmr
analysis of the hemiketal isolated at various times. The
equilibrium constant for methanol hemiketal formation
from the cyclopropanone 1 in methanol solution at 25° is
thus 4.3 X 10% (or 1.7 X 103 M~ if methanol concentra-
tion is included in the expression).

Attempted Removal of « Hydrogen of Cyclopropa-
none 1. Exchangeability of the o hydrogens was of interest
both with regard to the acidity of these hydrogens and to
the possible use of the enolate anion in subsequent syn-
thetic reactions. In general, attack at « hydrogen and at-
tack at a carbonyl carbon are competitive reactions,
markedly dependent on the nature of the attacking base,

kovsa X
10¢/ROH,
ROH Fobsd X 10%, sec ™! ROH!, M M~1sec™!
CH;0H 219 25.4 8.627
C.H;0H 35.3 17.1 2.06
i-PrOH 1.24 X 10-¢ 12.1 0.095
t-BuOH 0.2 10.6
CH;0H, i-PrOH 7.33 1.41° 4.37¢
CH,0H, i-PrOH 3.58 0.60° 3.957

2No observable reaction at 25° or at 80° *1.41 M
CH,0H, 12.3 M -PrOH., ¢ 0.60 M CH,0OH, 12.8 M {-PrOH.
dk’cngou (calculated from kobsd = IE'C}IEQH[CHBOH] +
Eov.ouli-PrOH] and assuming that kipon is the same as
the value in pure i-PrOH. ¢ (methyl hemiketal/isopropyl
hemiketal) observed by nmyr = 5:1; calculated on assump-
tion in footnote d, 5.3:1. / (methyl hemiketal/isopropyl
hemiketal) observed = 2:1; calculated on assumption in
footnote d, 1.95:1.

An immediate difficulty in the study of these reactions
with a cyclopropanone is the irreversible conversion to
ring-opened products—Favorskii ester or «-alkoxy ketone
—under basic or acidic conditions. We have nevertheless
attempted the removal of the o hydrogens under a variety
of conditions. No exchange was observed upon exposure of
the cyclopropanone to triethylamine (which does not add
to the cyclopropanone) and deuterium oxide, to deuterium
oxide in DMF, or to tert-butyl aleohol-O-d. Triphenyl-
methyllithium in dimethoxyethane rapidly destroyed the
cyclopropanone but no volatile products were obtained on
quenching with acetic anhydride. Lithium diisopropylam-
ide in dimethoxyethane effected the reduction of the cy-
clopropanone to the cyclopropanol rather than «-hydrogen
exchange.

Evidence for Exchange of « Hydrogens of Cyclopro-
panone 1 by tert-Butoxide in tert-Butyl Alcohol, In view
of the difficulties described above, we examined the ques-
tion of exchangeability of the « hydrogens in the overall
process of conversion of 1 to the Favorskii ester. The ex-
tent of attack on o hydrogen should be reflected in the ex-
tent of deuteration of the ester. Subjection of the cyclo-
propanone to tert-butoxide in tert-butyl aleohol-O-d af-
forded ester with the deuterium content dg 3%, d4 50%, ds
31%, ds 16%. Samples of undeuterated ester subjected to
the reaction conditions for a.time period severalfold longer
than the reaction were shown not to undergo exchange.
Thus the di- and trideuterated ester must have come from
cyclopropanone molecules which had undergone exchange.

It is of interest to see what the results imply about the
relative rates of attack at carbonyl carbon with ring open-
ing and attack at « hydrogen. The finding that the ester
product contains approximately equal amounts of mono-
deuterated material (the result of attack at carbonyl car-
bon followed by ring opening, kc) and of higher deuterat-
ed material (the result of initial attack at o hydrogen, ki)
indicates that kc and ky are approximately equal. The
observed values of dideuterated ester (31%) and trideuter-
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ated ester (16%) are also consistent with a value of kr =~
k. The results and interpretation are summarized in
Chart IIL*® Chart III and the brief derivations assume ei-
ther noninvolvement of cis-di-tert-butyleyclopropanone!®
or (k/C/krH)Dls-cyclopropanone = (kc/k}l)zrans-cyclopropanone-

Chart III
0 ) COO-t-Bu
ke t-BuO
R=t-Bu Jo20 gl cupr
R;— 9 t-BuOD 50%
n R (98%)
'/kH,t»Buo‘
o
]
H C00-t-Bu
[ g—
op B
31%
D
R}
0 C00-t-Bu
}2(‘
— R—l—-CD2
RY \ N
S N P
16%
k b
d = —c—“‘ X E . a —_C‘ -
%a, P 100 = 50 T 1
k kb
ds = H ) < < ) X
ody (kc + ky ke + kypm 100

— kH ) ( kH/Z )
Tody = (kc + Ry ke + Ry x 100

Obsd Caled for ke/ky = 1
%d, 31 33
%dy 16 17

In a study of the stereochemistry of ring opening of cy-
clopropanols and hemiketals,*® the cyclopropanone 1 was
subjected to sodium methoxide in methanol-O-d and to
sodium ethylene glycolate in ethylene glycol-O-ds Only
monodeuterated esters were observed in contrast to the
di- and trideuterated esters in the present study. Appar-
ently the ratio of k¢ /ky increases with decreasing size of R
in the attacking RO~, ROH.

Reaction of the Cyclopropanone Hydrate with Oxy-
gen. Because of the instability of the cyclopropanone 1 in
air, the effect of oxygen was briefly examined in the pres-
ence and absence of water. Under anhydrous conditions
the cyclopropanone is stable to oxygen.?® Shaking of a
hexane solution of the cyclopropanone with water in the
presence of oxygen resulted in the absorption of ~0.3 mol
of oxygen per mole of 1 in 3.5 hr. Subjection of the reac-

Pazos, Pacifici, Pierson, Sclove, and Greene

tion solution to gle analysis afforded a complex mixture
{eq 7). The major product was the ring-opened isomer of
the hydrate, 2-tert-butyl-4,4-dimethylpentanoic acid.
HO OH COOH
02
——
hexane

l
t-Bu——CHCH,-#-Bu

! 45%

#Bu #Bu
¢t-Bu—CHO (¢-Bu),CHCHO (7
18% 4%
0 COCH

I l
t-Bu-—CCH,¢-Bu t+-Bu~~—CHCHOH-t-Bu
3% 4%

The products of oxidation are derivable by hydrogen
atom abstraction from hydrate with ring opening and
reaction of the carbon radical with oxygen, followed by
various routes, possibly including a peroxylactone (eq 8).

HO OH HO O
COOH 0,
— —_— —r
t:Bu t-Bu t:Bu -Bu +-Bu t-Bu
COOH
0—0
t-Bu 1-Bu
Ve
e
¥
0 O

, —> products  (8)
tBu t-Bu

The presence of such a species was suggested by ir absorp-
tion at 1790 cm~?! in the crude reaction mixture. Good
analogy for the products tert-butyl neopentyl ketone and
di-tert-butylacetaldehyde is found in studies of decompo-
sition of peroxy lactones.?! Reaction of the methanol hem-
iketal of tetramethylcyclopropanone with oxygen has been
reported to yield the ring-opened @B-hydroperoxy ester,
which was cyclized to a peroxy lactone in a subsequent
step.?? Lability of cyclopropanone hemiketals to oxygen
also has been reported by de Boer.2d The major product
from oxygen and 2,2-dimethylcyclopropanone methylhemi-
ketal is the hydroperoxy ester, methyl 3-hydroperoxy-3-
methylbutyrate. Under radical initiation but insufficient
oxygen, the major products are the ring-opened esters,
methyl 3-methylbutyrate and methyl pivaloate, isomers of
the starting hemiketal 2d

Registry No.—1, 14743-58-9; 3,3-dimethylbutyric acid, 1070-
83-3; methyl neopentyl ketone, 590-50-1; dineopentyl ketone,
4436-99-1; 2-tert-butyl-5-neopentylfuran, 51392-18-8; «-bromodi-
neopenty! ketone, 33712-48-0; trans-2,3-di-tert-butyl-N-(1-methyl-
2-phenylethyl)cyclopropanimine, 51392-19-9;  trans.2,3-di-tert-
butyleyclopropanol, 51392-20-2; trans-2,3-di-tert-butylcyclopropyl
a-methoxy-a-trifluoromethylphenylacetate, 51392-21-3 (K iso-
mer), 51547-28-5 (S isomer); diisopinocampheylborane, 1091-56-
1; a-hydroxydineopentyl ketone, 51392-23-5; trans-di-tert-butyl-
cyclopropanone methanol hemiketal, 51392-24-6; trans-2 3-di-tert-
butyleyclopropanone benzyl alcohol hemiketal, 51892-25-7; potas-
sium tert-butoxide, 865-47-4; tert-butyl 2-tert-butyl-4,4-dimethyl-
pentanoate, 51392-26-8; tert-butyl alcohol, 75-65-0; a-tert-butoxy-
dineopentyl ketone, 51392-27-9; ethanol, 64-17-5; a-ethoxydineo-
pentyl ketone, 51392-28-0; isopropyl alcohol, 67-63-0; a-isopropoxy-
dineopentyl ketone, 51392-29-1; isopropyl tert-butylneopentyl ace-
tate, 51392-30-4; methanol, 67-56-1; «-methoxydineopentyl ketone,
51392-31-5; 2,3,6,6-tetramethyl-2-hepten-4-one, 51392-32-6;



2,3-Dibromoindole Derivatives with Bromine

2,3,6,6-tetramethyl-2-methoxy-4-heptanone, 51392-33-7; tert-butyl
neopentyl ketone, 868-91-7; tert-butyllithium, 594-19-4; tert-butyl-
acetyl chloride, 7065-46-5; tert-butylneopentylacetic acid, 51392-
34-8,
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Remit check or money order for $4.00 for photocopy or $2.00 for
microfiche, referring to code number JOC-74-1990.
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Reactions of 2,3-Dibromoindole Derivatives with Bromine and Other
Oxidizing Agents. 2,3-Dibromoindole — 3,3-Dibromooxindole

Transformation
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When an excess of bromine was allowed to react with 2,3-dibrominated polybromoindoles in acetic acid, the
corresponding 3,3-dibrominated oxindoles were isolated. Only in one case, both oxidation and substitution took
place. 2,3-Dibrominated polybromoindoles were the main reaction products when the bromination was carried
out in anhydrous carbon tetrachloride. Present results confirm a previously proposed pathway according to
which a 3,3-dibrominated indolenine (6) is the possible intermediate in the formation of 3,3-dibrominated oxin-
doles by reaction of some indoles with excess bromine. When 2,3-dibrominated polybromoindoles were treated
with chromic anhydride or with peracetic acid the corresponding 38,3-dibrominated oxindoles were isolated in
fairly good yields. This method could be used as a diagnostic tool in the structure determination of 2,3-dibro-

moindoles.

Halogenation of the indole nucleus has been extensively
studied. Several halogenating agents, in agueous and non-
aqueous media, have been employed, and beside substitu-
tion products oxindole derivatives were almost always
found.1+2 It is known that an aqueous medium favors oxi-
dation and an anhydrous one bromination, and that the
two reactions are always competitive, neither one being
completely excluded. However, more than one pathway
has been proposed to explain the formation of 3-halooxin-
doles from indoles.*p-28:b.4 We have now investigated the
behavior of some 2,3-dibrominated polybromoindoles with
bromine in aqueous (acetic acid) and in nonaqueous
media (carbon tetrachloride).

When excess bromine was added to an acetic acid sus-
pension of 2,3,5,6-tetrabromoindole (1a),’# 3,3,5,6-tetra-
bromoozxindole (2a, 67% yield) was formed. Compound 2a
was hydrolyzed with alkali to 5,6-dibromoisatin (3a)la
and led, with phenylhydrazine, to a G-phenylhydrazone
identical with an authentic sample prepared from 3a;
these facts indicate that two bromine atoms in compound
2a are in the 3 position.’™ The infrared spectrum of 2a
shows strong N-H and C==0 peaks at 3200 and 1730
cm~1, respectively, in good agreement with those found
for other 3,3-dibrominated oxindoles.1?:3

The main product of the reaction of lal® with excess
bromine in anhydrous CClsy was a nonoxindolic material



