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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-0-d affords ester 3 of deuterium content do 3%, d l  509'0, Clz 31%, d3 16%, pointing to some at- 
tack at a 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 01 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 reviewed2 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- 
a r a t i ~ n . % , ~  In 1967 we reported the preparation of trans- 
di-tert-butylcyclopropanone,c an isolable cyclopropanone 
of moderate stability. In this and following papers5 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 a-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 Favorskii reactions6 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 

t.BU 4 t - B U  - t.BuO- 

Br 
0 
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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 trans-Di-tert-butylcyclopropanone (1) 

mp 24-26", lop 75-77" (20 mm) 
d 0.8380 (26") 
lH nmr (CC14) 0.96 (s, 18 H), 1.55 (s, 2 H) 
13C nmr (C&, downfield from TMS) 28.4 (CH3), 30.1 [C(CH3)3], 
30.8 (Cz and C g ) ,  215.2 ppm (Cl) 
ir (CC14) 1822 cm-l 
uv (isooctane) A,,, 354 nm (c 33) 
RD and CD (0.053 M in isooctane at 25"; values are for a sample 
of -9% optical purity) 
RD [ Q ' I ~ s o  +96", [$1400 +221", [@I373 +30°, [a1328 -483", [@'I285 
- 267" 
CD [8]396 On, [el334 +870", [8]z~s On; bandwidth at half-maximum 
41 nm 
Major species in mass spectrum at 70 eV: m/e  (re1 intensity) 168 
(1.7, molecular ion), 125 (75 ) ,  83 (loo), 70 (go), 69 (91), 57 (go), 55 
(go), 41 (90) 

The n - T*  maximum a t  354 nm is a t  considerably 
longer wavelength than that for other ketones (cyclobuta- 
none, 290 nm;7a cyclohexanone, 285 nm;* tetrapropylcy- 
clohexanone, 310 nm),% and indeed somewhat longer than 
other cyclopropanones (cyclopropanone, 310 nm; tetra- 
methylcyclopropanone, 340 nm).2a The i3C nmr shows the 
carbonyl carbon a t  215.2 ppm (downfield from TMS)7c us. 
cyclopropenone C-1 155.1, C-2 158.3,8 cyclobutanone 
208.2,y cyclopentanone 213.9 ppm.y 

The cyclopropanone 1 has been partially resolved by 
asymmetric destruction with damphetarnine.* 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- 
erl0 (conversion to the diastereomeric esters with optically 
pure 2-methoxy-2-phenyl-3,3,3-trifluoropropanoyl chloride 
and nmr analysis) and of Whitesides and Lewisll (nmr 
analysis with optically active lanthanide shift reagent). 
Both methods indicate an optical purity of 9 f 1%. (+)- 
Cyclopropanone of 90-100% optical purity was obtained 
by partial reduction with ( +)-diisopinocampheylborane,12 
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 [@I373 +5890", f9660"; differential 
dichroic absorption, A?rt 2.92; optic anisotropy, h / t  0.089; 
molecular amplitude, a&sd +112", a (calculated from a = 
0.0122[0]) +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-butylcyclopropano~e (I) 

in Aqueous Dioxane 

A. Rates 
7 - k  X I O $ ,  6ec-1-- 

[HzOI, iM 111, Ma 46' 800 
- ~~ 

1 . 4 6  0.0367 2 . 3  4.4 
2 . 3 3  0.0381 6 . 4  1 3 . 6  
2 .76  0.0501 8 , 7  17.8  

B. Equilibriab 

lHd31, iM [I], 'MU 273 46' 80 j  

1 . 4 6  0,0367 8 . 6  5 . 3  2 . 3  
2 . 3 3  0 .0435 7 . 8  5 . O  2 . 1  
2 . 7 6  0.0501 7 . 4  5 . 3  2 . 1  
6 . 7 3  C ,3085 4 . 7  

- ----- Kb M-l_--- 

- 

10.51  0.282 2 . 3  2 .0  
13.42 0.262 2 . 1  1 . 9  

a Initial concentration, rnoles4iter. 1 -k H20 + hy- 
drate. 

(+)-Cyclopropanone 1 racemizes a t  80".*3c A detailed 
study is reported in a forthcoming papers3 At higher tem- 
peratures the cyclopropanone decomposes cleanly to 
trans-di-tert-butylethylene and carbon monoxide ( t l ,  2 9.5 
hr in benzene a t  150°), eq 3. Irradiation a t  25" also effects 
clean decarbonylation. 

t-Bu 

h" 2;" 

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 a t  C1-2, 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 wi th  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 a t  
80". Heating an aqueous 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 HO OCH, 

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

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 aqueous dioxane a t  low water concen- 
tration; e .g . ,  a t  2.33 M water in dioxane, t1,z for hydration 
is 3 hr a t  46", and a t  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 inv01ved.l~ 

Reaction with Alcohols. The cyclopropanone reacts 
rapidly with primary alcohols, more slowly with secondary 
alcohols, and is unreactive with terf-hutyl alcohol a t  25". 
The hemiketals from the primary alcohols may be isolat- 
ed. The hemiketals and tine 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 a t  25". Upon heating, the hemike- 
tal is converted to the a-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 a-alkoxy ketone is formed. Both hemiketal forma- 
tion and conversion to alkoxy ketone are accelerated by 
acid. 

Chart I1 
r 7 

COOR 

--h fast 

RO-. ROH+ r K  1 
fast 

t-Bu t-Bu 
2 

t-Bu t-Bu 

fast slow I 
; \  

t-Bu t-Bu 

R = CH,, i-Pr 

OR 
3 

no reaction 

t-BuOH 4 125 

3 (R = t.Bu) 

The results are summarized in Chart 11. Conversion of 
hemiketal under basic conditions (i. e . ,  via the alkoxide 
species) to ester is rapid, and is easily understood.15J6 
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 

The rates of addition of methanol to cyclopropanone 1 
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Table I1 
Format ion  of Methanol  Hemiketal from 

Cyclopropanone 1 in Dioxane at 80" 

{CHIOH], M k X 105, sec-1 
__I____- 

1.08 7 .06  
1 .60  2 1 . 3  
1 . 8 9  36 .2  

in dioxane a t  low methanol concentration to give the 
hemiketal are reported in Table 11. The rate constants for 
both methanol addition (Table 11) 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 a t  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 
111. In order to obtain an indication of the relative impor- 
tance of changes in medium us. changes in steric effects, 
the cyclopropanone was subjected to methanol-isopropyl 
alcohol mixtures (last two entries, Table 111), 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 
isopropyl alcohol, -4 x M-I sec-I, 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 knoa in methanol, 90; ethanol, 20; iso- 
propyl alcohol, 1; tert-butyl alcohol, 0) is associated with 
steric factors. 

The equilibrium constant for cyclopropanone 1 S 
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 2  x IO-' sec- '  
5 1  x 10.' uec-' 

CHIOH 25" 

t-Bu ,fA t-Bu t-Bu t-Bu 

(from Tabl: 111) 

* /A CH,OH 25' 

t-Bu t-Bu 
appearance of the undeuterated methoxyl group by nmr 
analysis of the hemiketal isolated a t  various times. The 
equilibrium constant for methanol hemiketal formation 
from the cyclopropanone 1 in methanol solution at 25" is 
thus 4.3 x lo4 (or 1.7 x lo3 M-- l  if methanol concentra- 
tion is included in the expression). 

Attempted Removal of a Hydrogen of Cyclopropa- 
none 1. Exchangeability of the CY 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 a t  a hydrogen and at- 
tack a t  a carbonyl carbon are competitive reactions, 
markedly dependent on the nature of the attacking base. 

Table I11 
Hemiketal  Format ion  from Cyclopropanone 1 

in Neat Alcohols at 25" 

hob.d X 
104 ROH, 

ROH kobid X lo-, sec-1 ROH', iM M-1 scc-1 
~ ~~~~~~~~~~ 

CHaOH 219 25 .4  8 ,62d 
CZHjOH 3 5 . 3  17.1  2.06 
l-PrOH 1 . 2 4  X 13.1 0.095 
t-BuOH 0 ,a 1 0 . 6  
CHaOH, i-PrOH 7.33  1.41b 4.37e 
CHiOH, i-PrOH 3.58  O.6Oc 3.95: 

d N o  observable reaction at 25" or at 80". 1.41 M 
CHIOH, 12.3 M i-PrOH. r 3.60 M CH,OH, 12.8 M i-PrOH. 

~ ' c ~ I ~ o ~ I  (calculated from /&,bad = I Z ' C H ~ O H  [CH,OH 1 $- 
~ , . P ; O H  [i-PrOH I and assuming that J ~ ; . T + O H  is the same as 
the value in pure i-PrQH. e (methyl hemiketal :isopropyl 
hemiketalj observed by nmr = 5 : 1; calculated on assump- 
tion in footnote d, 5.3: 1. (methyl hemiketa1;isopropyl 
hemiketal) observed = 2 : l ;  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 a-alkoxy ketone 
-under basic or acidic conditions. We have nevertheless 
attempted the reinoval of the 01 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 t,o tert-buty! alcohol-0-d. Triphenyl- 
rnethyllithium 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 a-hydrogen 
exchange. 

Evidence for Exchange of a 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 CY hydrogens in the overall 
process of conversion of 1 to the Favorskii ester. The ex- 
tent of attack on CY hydrogen should be reflected in the ex- 
tent of deuteration of the ester. Subjection of the cyclo- 
propanone to tert-butoxide in tert-butyl alcohol-0-d af- 
forded ester with the deuterium content do 3%, d l  50%, dz 
31%, d3 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 lchich had undergone exchange. 

It is of interest to see what the results imply about the 
relative rates of attack a t  carbonyl carbon with ring open- 
ing and attack a t  N hydrogen. The finding that the ester 
product contains approximately equal amounts of mono- 
deuterated material (the result of attack a t  carbonyl car- 
bon followed by ring opening, hc) and of higher deuterat- 
ed material (the result of initial attack a t  a hydrogen, hlq)  
indicates that  kc and h~ 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 kc N 

k ~ .  The results and interpretation are summarized in 
Chart III.I9 Chart I11 and the brief derivations assume ei- 
ther noninvolvement of cis-di-tert-butylcyclopropanonels 
Or ( j Z ’ ~ / k ’ ~ ) c 2 s - f y c l o p r o p a n o n e  ( ~ c / ~ I I )  t r a n ~ - c y c l o p ~ o r ) ~ n ~ n e .  

Chart I11 

p,,. t-EuO 

0- 

0- k 

0 COO-t-BU 

%dl  = k c  x 100 E 50 . . . - = 1  k c  
k c  + k H  k ,  

%dz = ( k H  ) ( k c  ) x 100 
k c  + k ,  k ,  +- k.l.2 

Qbsd Calcd for k c / k ,  = I 
’%d2 31 33 

%d3 16 17 

In a study of the stereochemistry of ring opening of cy- 
clopropanols and hemiketals,16 the cyclopropanone 1 was 
subjected to sodium methoxide in methanol-0-d and to 
sodium ethylene glycolate in ethylene glycoi-O-do. Only 
monodeuterated esters were observed in contrast to the 
di- and trideuterated esters in the present study. Appar- 
ently the ratio of h c / k ~  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.20 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- 

tion solution to glc 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. 

HQ OH COOH 
09 I 

---+ t-Bu -CHCHz t- BU 
hexane 

t-Bu i-4 t-Bu 455 

t-BU -CHO (t-Bu),CHCHO (7 
18% 4% 

0 
II 

COOH 
I 

t-Bu- CCH,-t-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 0. y, - ,,q - KH - 0 

t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu 
COOH 

t-Bu A O - - O *  L-Bu 

,// 

The presence of such a species was suggested by ir absorp- 
tion a t  1790 cm-l 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.21 Reaction of the methanol hem- 
iketal of tetramethylcyclopropanone with oxygen has been 
reported to yield the ring-opened p-hydroperoxy ester, 
which was cyclized to a peroxy lactone in a subsequent 
step.22 Lability of cyclopropanone hemiketals to oxygen 
also has been reported by de Boer.a 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 hemiketa1.a 
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butylcyclopropanol, 51392-20-2; trans-2,3-di-tert-butylcyclopropyl 
a-methoxy-a-trifluoromethylphenylacetate, 51392-21-3 ( R  iso- 
mer), 51547-28-5 (S isomer); diisopinocampheylborane, 1091-56- 
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W h e n  a n  excess of bromine  was a l lowed t o  react w i t h  2,3-d ibrominated polybromoindoles in acetic acid, t he  
corresponding 3,3-d ibrominated oxindoles were isolated. O n l y  in one case, b o t h  ox ida t i on  a n d  subst i tu t ion took 
place. 2 ,3-Dibrominated polybromoindoles were the  m a i n  react ion products  when  the  b romina t ion  was carr ied 
out in anhydrous carbon tetrachloride. Present resul ts  con f i rm  a prev ious ly  proposed pa thway  according t o  
w h i c h  a 3,3-d ibrominated indolen ine (6) i s  t he  possible in termediate in t h e  fo rma t ion  of 3,3-d ibrominated ox in-  
doles b y  react ion of some indoles w i t h  excess bromine.  W h e n  2,3-d ibrominated polybromoindoles were t reated 
w i t h  chromic anhydr ide or w i t h  peracetic ac id  the corresponding 3,3-d ibrominated oxindoles were isolated in 
fa i r l y  good yields. T h i s  m e t h o d  cou ld  be  used as a diagnostic t oo l  in the  s t ructure de te rm ina t ion  of 2,3-dibro- 
moindoles. 

Halogenation of the indole nucleus has been extensively 
studied. Several halogenating agents. in aqueous and non- 
aqueous media, have been employed, and beside substitu- 
tion products oxindole derivatives were almost always 
found.1%2 I t  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.lbJa,bsd 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 ( la) , la  3,3,5,6-tetra- 
bromooxindole (2a, 67% yield) was formed. Compound 2a 
was hydrolyzed with alkali to 5,6-dibromoisatin (3a)la 
and led. with phenylhydrazine, to  a a-phenylhydrazone 
identical with an authentic sample prepared from 3a; 
these facts indicate that two bromine atoms in compound 
2a are in the 3 position.lb The infrared spectrum of 2a 
shows strong N-H and C=O peaks a t  3200 and 1730 
cm-l, respectively, in good agreement with those found 
for other 3,3-dibrominated oxind01es . l~~~ 

The main product of the reaction of lala with excess 
bromine in anhydrous CC14 was a nonoxindolic material 


