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Abstract--The preparations of cyclopropanone (1), methylcyclopropanone (2), 2,2-dimethylcyclo- 
propanone (3) and tetramethylcyclopropanone (4), are described. The spectral properties of these 
molecules demonstrate unambiguously the ring closed structure for cyclopropanones. The reactions of 
cyclopropanones with methanol, diazomethane and furan are employed as chemical means of 
characterization. 

I N T R O D U C T I O N  

NUMEROUS alleged isolations of cyclopropanones previously reported in the literature 
have not withstood the criteria of reproducibility or the scrutiny of spectral analyses. § 

On the other hand, a large body of experimental work strongly implicates cyclo- 
propanones as intermediates in various reactions such as the preparation of cyclo- 
propenones, 4a the Favorskii rearrangement, 4b and the reactions of cyclopropanone 
derivatives. 4c 

Thus, at the advent of this work, there appeared to be no general and useful 
methods available for the preparation of cyclopropanones. This family of molecules 
had evaded unequivocal characterization, even though cyclopropanones were 
invoked as reaction intermediates before the turn of the century. 5 

The syntheses and characterization of cyclopropanones is of importance because 
the physical and chemical manifestations of the unique strain involved in these 
systems should lead to a better understanding of bonding in small ring compounds. 
In addition, the expected reactivity of these compounds makes them attractive 
intermediates for organic syntheses. There has not been universal acceptance of the 
ring closed form as the equilibrium structure of cyclopropanones. Burr and Dewar, 6 
for example, have proposed that the energy content of the open "dipolar" form I[ 7 
of cyclopropanone (5) might be comparable to that of cyclopropanone itself. 

* The generous support of this research by the Air Force Office of Scientific Research (Grant AFOSR- 
1000-66) and the National Science Foundation (Grant NSF-GP-4280) is gratefully acknowledged. 

t Alfred P. Sloan Fellow 1966-1968. 
:~ National Science Foundation Predoctoral Fellow, 1964-1967. 
§ For example, the reported oxidation of a bicyclic cyclopropanol to a cyclopropanone 3a was shown 

to be incorrect, ab Similarly the structure proof of the alleged cyclopropanone from the degradation of 
material believed to be the active principle of the cockroach sex attractant ac has been questioned? a 

II The dipolar form 5 is completely planar and possesses a ~-orbital system related to trimethylene 
methane. 7 
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Hoffmann 8 has come to similar conclusions on the bases of extended Hiickel calcula- 
tions. Furthermore, the chemistry of ~-bromoketones in basic medium (Favorskii 
rearrangement conditions) may be rationalized by assuming that a dipolar ion 9 
either precedes cyclopropanone formation 1° or that the ion is in equilibrium with 
the cyclopropanone. ~1-13 Finally, the 1,3-cycloadditions of cyclopropanones to 
dienes ~4 and olefins 15 are most easily explained in terms of a dipolar ion inter- 
mediate. 16 

O O- O- 

÷ + 

1 5 5 

Synthesis of cyclopropanones. Because of their high reactivity, especially toward 
nucleophiles, the use of mild neutral, non-nucleophilic solvents is required for 
preparation of simple cyclopropanones) 6 Three general schemes which we have 
employed are (a) photolytic elimination of a small molecule 17 (b) addition of diazo 
compounds to ketenes,~ 8 (c) extraction of a cyclopropanone from an equilibrium, 4c' ~ 9 
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Photolysis of cyclobutane-l,3-diones. The photodecarbonylation of cyclic ketones 
is a general reaction 2° if the (presumed) biradical intermediate is resonance stabilized 
and undergoes rapid loss of CO. Thus, photodecarbonylation 17 of the readily 
available tetraalkylcyclobutane-l,3-diones 21 offers a potential path to tetraalkyl- 
cyclopropanones. 

Irradiation 17.22-24,, of tetramethylcyclobutane-1,3-dione, 6, in methylene chloride 
results in rapid evolution of carbon monoxide ((I) = 0-30) 17 and formation of tetra- 
methylcyclopropanone, 4. The formation of 4 is easily monitored by IR spectro- 
scopy, the photolysis being terminated when the characteristic carbonyl doublet of 
4 (1843 and 1823 cm- ~) reaches a constant intensity (10-20 ~ conversion of 6). Some 
dimethyl ketene and tetramethyl ethylene t7 are also formed. Higher conversions are 
precluded by the secondary photodecarbonylation of 4 to tetramethylethylene (TME). 

* Hanovia 450-watt immersion photolysis reactor, aqueous nickel sulfate filter (transmission maximum 
3200A). Some care should be taken to avoid excessive contact of the photosate with air, since 4 undergoes 
rapid oxidation. ~ 7 
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O # v< co 
CH2C12 

4 

÷ TME 

C o o l i n g  of  the  p h o t o s a t e  ( - 7 8  °) r e m o v e d  m o s t  of  the  u n r e a c t e d  d i o n e  by  re- 

c rys ta l l iza t ion .  V a c u u m  d is t i l l a t ion  of  the  s u p e r n a t a n t  l i qu id  (10°/20 m m )  afforded 
a 10-159/o s o l u t i o n  of  4 a l o n g  wi th  m i n o r  a m o u n t s  of  T M E  a n d  6 (NMR) .  T h e  
spectra l  p rope r t i e s  of  m e t h y l e n e  ch lo r ide  so lu t i ons  of  4 p r o d u c e d  in  this  m a n n e r  

are  g iven  in  T a b l e  1. 

TABLE 1. SPECTRAL PROPERTIES a OF CYCLOPROPANONES 1, 2, 3 ANO 4 

Cyclopropanone IR (C=O) UV NMR c 

1 1813 cm -1 3100/~,(e ~ 23) 3 1-65 (s) 
3300 A (sh) 

2 1822 cm- 1 3300 ~ (e ~ 18) 3 1.9 (m, 1) 
1850 cm- 1 ~ 0.9-1-7 (m, 5) 

3 1815cm -1 3400A (~ ~ 27) ~5 1.40 (s, 6) 
1.20 (s, 2) 

4 1843 cm -lb 3400 J~ (~ ~ 20) 3 1.19 (s) 
1823 cm- lb 

a Methylene chloride solvent. 
b Doublet collapses to singlet at 1825 cm-1 in pentane. 
c TMS external standard. 

Compound 4 was found to react quantitatively with methanol to yield the hemi- 
keta117'22 7. In refluxing furan, 4 yields the adduct 8 in good yield. Reaction of 4 
with diazomethane yields 2,2,3,3-tetramethylcyclobutanone 9. 

CH30H H ~  CH3 

7 

8 

9 
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Tetramethycyclopropanone is stable for weeks in methylene chloride at - 7 8  °, 
but is destroyed in several hours at 25 °. The ketone apparently polymerizes to yield 
a mixture of dimers and higher oligomers. 25 

Irradiation of 2,2-dimethylcyclobutane-l,3-dione, 26 10, 2,4-dimethyl-2,4-diphenyl- 
cyclobutane-l,3-dione, 26 11, and tetraphenylcyclobutane-l,3-dione, is 12, results in 
formation of the corresponding cyclopropanones, but in low yields (IR). Instead a 
number of complex photoreactions occur. 25, 26 

The photolytic elimination of carbon monoxide thus appears to be of limited 
synthetic value for the preparation of cyclopropanones.* 

Addition of diazomethanes to ketenes. Evidence exists 2s that the addition of diazo- 
methane to ketene yields cyclopropanone, at least as a transient intermediate. We 
have verified and extended these results. 18, 29 

A cold methylene chloride ( - 7 8  °) solution of diazomethane 3°' 3~ was added to a 
4--6 fold excess of ketene at - 130 °. Nitrogen was rapidly evolved. The excess ketene 
was removed ( - 7 8  °) on a conventional vacuum line, 25 and the remaining solution 
was then flash distilled and maintained at - 7 8  °. It was possible, in this manner, to 
prepare 0-4 to 0.8M methylenechloride solutions of 1. The spectral properties of 1 
are listed in Table 1. 

Cyclopropanone reacts quantitatively with methanol to yield the hemiketal 13a. 
Addition of diazomethane to 1 yields cyclobutanone in good yield. Attempts to add 
furan to 1 at - 7 8  ° were unsuccessful. At room temperature rapid polymerization 
of 1 occurs to the exclusion of adduct formation. 

CH2:::~::::::::O ÷ CH2N 2 CH2C12 [ ~  
- -  7 8  ° 

1, 90% 

CH3OH ~ H  CH2CO ~ . O A c  

-- 78 ° CH 3 I /  "OCHa 

13a, 100% 13b, 100% 

CHzN2 ~ r  ~O 
-78 ° 

1 4 ,  90% 

25 ° 

15 

Addition of a cold ( - 7 8  °) methylene chloride solution of diazomethane to a 4-5 
fold excess of cold ( -  78 °) dimethyl ketene in methylene chloride results in formation 
of 2,2-dimethylcyclopropanone 3 in excellent yield. The excess dimethyl ketene is 
removed by vacuum distillation. The resulting methylene chloride solution, after 

* Attempts to eliminate molecules other than CO has lead to similar results, zr 
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flash distillation, contains only a few percent impurities (NMR). Spectral properties 
of 3 are given in Table 1. 

CH2N 2 + (CH3)2C--~O 
CH2CI 2 
-78 ° 

3, 90% 

2,2-Dimethylcyclopropanone (3) reacts quantitatively with methanol to yield the 
hemiketal 16. Furan and diazomethane react with 3 to yield the adduct 17 and the 
cyclobutanones 18, respectively. 

CH3OH n ~  OCH3 

16, 100% 

17, 100% 

\ CH2N2 [ ~ )  

18a, 25% 18b, 75% 

2,2-Dimethylcyclopropanone possesses moderate stability at room temperature 
(20% solution in CH2C12 shows a half life of several days) and is stable for months 
at - 78 °. 

Addition of diazoethane 32 to ketene, in the manner described above, yields 
methylcyclopropanone, 2. The spectral properties of distilled methylene chloride 
solutions of 2 are listed in Table 1. The NMR integration indicates some impurities 
are present. 

Analogous 25'26 to 3 and 4, methylcyclopropanone reacts with methanol, furan 
and diazomethane. 

CHz~------C.-~-O + CHaCHN 2 CH2C12 L 
-78 ° 

Methylcyclopropanone in methylene chloride is moderately stable at room 
temperature (t ½ = several hr). 

Attempts to make methylcyclopropanonefrom methylketene 32 and diazomethane 
have been unsuccessful so far because of the rapid polymerization of the ketene. 
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However, 2- and 3-methylcyclobutanones were isolated, which indicates that methyl 
cyclopropanone was formed. 

Attempts to prepare cyclopropanones derived from methylchloroketene 33 also 
have been unsuccessful. It appears that this ketene must be trapped in situ and was 
not isolable, in our hands, even at - 110 °. 

Extraction of cyclopropanones from an equilibrium. The hemiketals of cyclo- 
propanones are presumable in mobile equilibrium with the corresl~onding cyclo- 
propanone.19, 34 The position of the equilibrium is far in favor of the hemiketal, such 
that no C-----O stretch is observable when the IR spectra of hemiketals are measured. 

However, cyclopropanones are enormously more reactive than their hemiketals 
towards many reagents. Thus, addition of appropriate reagents should utilize the 
cyclopropanone from its equilibrium with the hemiketal. Several examples of the 
effect are known. 34 The most convincing evidence for a free cyclopropanone in 
equilibrium with its hemiketal is probably the reaction of the methylhemiketal of 4 
with furan which yields the furan adduct 8. 

H _ ~  CH3 4 ~ 8 

DISCUSSION 

We have described three potentially general syntheses of cyclopropanones. Of 
these methods, the addition of diazoalkanes to ketenes at low temperatures is the 
most promising. 

The data in Table 1 coupled with the reactions of cyclopropanones leaves little 
doubt that these compounds are best represented as ring closed structures rather 
than the dipolar species. However, the dipolar structure nicely rationalizes the 
formation of adducts with furan and other dienes, 15, lc although the addition of the 
C 2 ~ 3  single bond to a diene may occur in a concerted fashion. 35' * 

The position of the infrared C------O stretching frequency of cyclopropanone may 
be predicted from consideration of the known frequencies of 6, 5, 4 and 2-ring ketones. 
Extrapolation from these numbers (Table 2) yields a value of 1815 cm- ~ (5"52 ~t) 
for the expected position of the ~ O  band for 1. This is also in good agreement 
with the value of 1815 cm- ~ assigned to cyclopropanone produced by the photolysis 
of CH2N2 in a nitrogen matrix (77°K) containing ketene. 36 

The NMR spectra of cyclopropanones 1-4 seem unexceptional. Compound 3 was 
found to possess a j~3 coupling of 160 c/s, a value consistent with a cyclopropane 
structure. 37 

* The three carbon system of the dipolar ion is considered as an allyl cation attached to an alkoxy 
anion. 
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TABLE 2. C O  STRETCHING FREQUENCIES OF CYCLIC KETONES 

( C H 2 ) n C O  

n v (C-- - -O)  

1 a 2130 c m -  1 

2 (calc.) ~ 1815 c m -  1 

2 b ( found)  1813 c m -  1 

3 c 1775 c m -  
4 c 1740 cm- 

5 c 1710 c m -  1 

a L. G.  D r a y t o n  a n d  H.  W. T h o m p s o n ,  J. Chem. Soc. 
1416 (1958). 

b Th i s  w o r k .  

c D. H.  Wiffm a n d  H.  W. T h o m p s o n ,  J. Chem. Soc. 1005 

(1946). 

The UV spectrum of the cyclopropanones 1--4 all show an n,rc* transition near 
3300 A. It is interesting to note that this band falls between that of ketenes 3sa and 
alkyl ketones 38b (3800-3400 A) but is closer to the value for ketenes. A formal analogy 
of the properties of ketenes and cyclopropanones is possible. Indeed, the chemistry 
of cyclopropanone is much more similar to that of ketene than it is to that of cyclo- 
butanone. 

Definitive evidence 39 for the ring-closed form of cyclopropanone in the vapor 
phase has been obtained from the microwave spectrum of 1. 

The mechanism of the photochemical formation of 4 has been discussed.17 Although 
the addition of diazomethane to ketenes is formally a simple methylene transfer 
reaction, the mechanism is far from clear since the decomposition of azo com- 
pounds to yield carbenes generally requires either high temperature, or a catalyst. 3° 
Although 1,3-cycloadditions of diazomethane and ketene to yield 19, 20 or 21 may 
occur, that any of these compounds should spontaneously evolve nitrogen requires 
documentation. Indeed, 
thermolysis. 

compound 22 was found* to be exceedingly stable to 

N:=~ II N:=~ 
N -  

19 2 0  2 2  

21 

It may be, therefore, that a zwitterion intermediate such as 23 is formed. 
- 6  

C H  2 . . . .  C . . . .  O 

I 
CH~ 

I 
N 2  + 3 

* See f o o t n o t e  * o n  p a g e  6020  23  
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It should also be pointed out that the addition ofdiazomethane to heterocumulenes 
may be a general method of generating small ring carbonyl compounds. 4° 

E X P E R I M E N T A L  

IR spectra were taken on a Perkin-Elmer 137 spectrometer or a Perkin-Elmer 421 grating spectro- 
meter. NMR spectra were taken on a Varian A-60 or A-60A Analytical High Resolution NMR Spectro- 
meter. Chemical shifts are reported in 8 (ppm) from internal TMS (8 0.00) or from internal CHeCI 2 (8 5.30) 
unless specified. Mass spectra were taken on a Hitachi Perkin-Elmer RMU-6D Mass Spectrometer. 
VPC was performed on an aerograph A90P gas chromatography. Elemental Analyses were performed by 
Schwarzkopf Microanalytical Laboratory, Woodside, N.Y. Unless specified, yields are based on NMR 
integrations of product absorption versus CH2CI 2. All commercial chemicals were reagent quality. 

Preparation ofcyclopropanone (1). Ketene was prepared by pyrolysis of acetone in a ketene generator 41a 
and was collected at - 1 3 0  ° (pentane: liq. N 2 slurry). One bulb to bulb distillation on the high vacuum 
line ( -  78 ° to - 1 3 0  °) gave essentially pure ketene which was stored at - 7 8  ° until needed. 

Ketene was measured for reactions by distilling a sample into a receiver graduated in ml and connected 
to a conventional vacuum line. In one example ketene (2 ml at - 1 3 0  °) was distilled into a calibrated 
tube and then into a receiver containing methanol (2 g) and CHzCI 2 chloride (5 ml). The receiver was 
removed from the line under N2 and maintained at - 9 5  ° (acetone: liq. N2 slurry) until the highly exo- 
thermic reaction was over. 42" By measuring the ratio of MeOH to AcOMe in the final solution by NMR 
the weight of ketene measured can be calculated (ca 13 mmoles per ml). 

Diazomethane was prepared by a modified procedure of Closs and Coyle. 31 Best results were obtained 
as follows: 

To a rapidly stirred mixture of CH2C1 z (75 ml) and K O H  (25 g) dissolved in water (to make 50 ml) and 
cooled to 0 ° was added N-methylnitrosourea 4xb (10 g, 0.1 mole). Addition took about 5 min. As soon as 
the solid had dissolved the two phase system was freeze dried by cooling to - 7 8  °. The organic layer was 
decanted from the solid aqueous phase and stored at - 7 8  ° over K O H  pellets. The diazomethane soln 
was standardized by the benzoic acid method 41~--¢ and found to be 1.0 to 1.2M in diazomethane. 

Ketene (ca. 65 mmoles) was distilled into an elongated flat bottom reaction vessel containing a stirring 
bar. The reaction vessel and ketene were removed from the vacuum line at - 130 ° and treated with a cold 
( - 78 )* CH 2C12 soln (70 ml) of diazomethane 3 J (1.0 to 1 5 moles, 20-- 30 mmoles). Rapid reaction occurs 
as evidenced by the rapid evolution of N2 and disappearance of the yellow color of diazomethane. The 
reaction vessel was connected to the vacuum line and the ketene 4~b removed at - 7 8  °. 

When the pressure in the system was reduced to less than 1 ram, the soln of cyclopropanone was flash 
distilled into a receiver cooled to - 1 9 5  °. The resulting soln of cyclopropanone can be stored at - 7 8  ° for 
several days and contains I in concentrations of 0.5 to 0.8M. 1" The yield of 1 varies from 50 to 70~o based 
on diazomethane. Cyclopropanone shows the following spectral properties: IR 2,,,x~2C~2 (cm-1) 3045 
(cyclopropane CH), 1813 (C~--O stretch, strained); NMR (CH2C12) 8 1.65 (s), ultraviolet 2,~,n~ °~ 310 mix 
(c ~23), 330 mix (sh, e ~15). 

Polymerization of 1 to polycyclopropanone (15). A soln of 1 in methylene chloride on warming to room 
temperature produces a polymeric material which can be isolated as a white solid by evaporation of the 
solvent. The polymer possesses the following properties: infrared 2,~x ~°2 (cm-1) 1130 (C-M) stretch), 
1050, 980 and 950 (cyclopropanone C ~  stretch); NMR (CHzClz) 6 0-9 (broad singlet); molecular 
weight, 3000--4000. 

Preparation of 1-hydroxy-l-methoxyeyelopropane (13a) and 1-methoxy-l-acetoxycyclopropane (13b). 
A cold ( - 9 5  °) soln of ketene (40 mmoles) in CHzC12 (5 ml) was treated with diazomethane (10 mmoles) 

* CAUTION: At higher temperatures ( - 7 8  °) and without dilution, ketene and methanol can react 
violently. 

Ketene has a vapor pressure of ca. 50 nun at - 78 °. Once the air was removed from the vacuum system, 
the system was isolated from the pump and the ketene was allowed to distill into traps at - 9 5  °, - 1 3 0  °, 
and - 195 °. Efficient stirring of the ketene, cyclopropanone solution makes this process faster. 

t The concentration of 1 was measured by converting a sample to its hemiketal with methanol and 
integrating the area of the hemiketal peak (8 0.8) relative to methylene chloride (8 5-30). 

:~ The authors are grateful to Dr. Eugene Magat, of the E. I. duPont Company for this measurement. 
This compares favorably with the value found in ref. 40. 
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in CH2C12 (10ml) at - 9 5  °. An NMR spectrum at - 5 0  ° of the resulting soln showed an 89~o yield of 
cyclopropanone (s, 6 1-65). Addition of one equivalent of MeOH to the NMR tube converted 1 quanti- 
tatively to 13a is, 6 0'8). Upon warming, 13 slowly (5 min) disappeared while a new broad absorption de- 
veloped at ~ 1.1 also in quantitative yield. No AcOMe could be detected in the NMR (5 o/, or more could have 
easily been observed). The remaining soln was treated with MeOH (0.44 ml, 11 mmoles) for i hr at - 78 ~ 
then warmed to 25 °. The resulting soln was concentrated and analyzed by VPC on a 4 ft. 20~o 1,2,3-tris- 
cyanoethoxypropane on Chromosorb P (131313) column at 150 °. (lml/sec flow of He): this is the standard 
flow rate in the following sections. The major product (retention time 3 min) was collected and identified 
as 13b by the following spectral properties: IR ~c l  x' (cm-1) 2883 (CH30--) ,  1740 (C~---O), 1240 (acetate); 
NMR (CCI.~) 6 1.08 (broad s, 4H), 2-09 (s, 3H). 3-48 (s, 3H): mass spec., m/e. (°,% 115 (3). 88 (12). 71 (7). 
57 (13), 43 (100, Ac ÷) 28 (22). 

Reaction of 1 with diazomethane; cyclobutanone (14). Cyclopropanone (6.1 mmoles in 11 ml CH2C12) 
was reacted with diazomethane (8.8 mmoles) in CH2C12 (8 ml) at - 9 5  °. After warming to room temp 
and removing the solvent by distillation, 14 was obtained in 90~o yield (estimated by VPC on a 10 ft, 20~o 
131313 column at 115 ° using cyclopentanone as an internal standard). 

UnsuccessJul attempts to prepare 1,4-adducts ofl. Compound 1 (5 mmoles) in CH2CI 2, 10 ml) was allowed 
to react with furan (50 ml) overnight at 25 °. The NMR showed a broad singlet at 6 0'9 to 1.0 (polymer). The 
concentrated soln was resolved into many components on a 4 ft, 20% 131313 column at 155 °. Only one com- 
ponent was present in sufficient quantity to identify as propionyloxyacetone by comparison with a known 
sample. 

When acetyl chloride was added to inhibit polymerization no furan adduct was detected after 3 days. 
Slow polymerization of 1 occurred during this time. Similar results were obtained with cyclopentadiene. 

Preparation of methylcyclopropanone (2). In a typical preparation, ethylnitrosourea* (5 g 43 mmoles) 
was added to a magnetically stirred mixture of CH2CI 2 (40 ml) and K O H  aq (12-5 g in enough water to 
make 25 ml) cooled to 0 °. The resulting mixture was cooled to - 78 ° and the red soln of diazoethane 
decanted from the frozen aqueous layer and stored at - 7 8  ° over K O H  pellets.t 

To ketene (8 ml, 100 mmoles) at - 1 3 0  ° was added diazoethane (21 ml) prepared as described above. 
N 2 was evolved and the soln faded to a pale orange. The excess ketene was removed at - 7 8  ° on the high 
vacuum line and the resulting soln flash distilled to give an 0'4M soln of 2 in CH2C12 (NMR). 2 showed 
the following spectral properties: IR 2mC~ c12 (cm- 1) 1822, 1850 (strained, ~ O ) ;  NMR (CH2C12) 6 1.85-2.1 
(m, 1H), 0.9-1-8 (complex, 3'3-3.9H); UV 2 ~  °h . . . . .  330 mix. On addition of methanol the UV and IR 
absorptions disappeared. The NMR of the resulting hemiketal 2 showed a complex absorption at 6 1"05 
and a multiplet at 6 0.3 in the relative areas of (6.2-7.3 to 1). The methyl hemiketal of 2 was formed in 85 
to 95~o yield. 

Preparation of 2,2-dimethylcyclopropanone (3).~ Dimethylketene was prepared by pyrolysis of tetra- 
methyl-l,3-cyclobutanedione over a hot filament in an apparatus described by Hanford and Sauer. 38 
The dimethylketene was collected and stored at - 7 8  °. It was stable at - 7 8  ° for prolonged periods of 
time and dimerized only slowly at 0 °. The product collected from the generator contained as much as 10~o 
tetramethylethylene along with lesser amounts of higher boiling materials. One contaminant appeared 
to be 2,4-dimethyl-l-penten-3-one from the N M R  of crude product. The receiver for the dimethylketene 
was connected directly to the high vacuum line and the material was distilled into the system as it was 
needed. The amount of dimethylketene used in a reaction was measured by distilling it into a cold finger 
of known volume at - 78 °. A weighed amount of methanol was then added and after warming slowly to 
room temp the ratio of remaining MeOH to methyl isobutyrate was measured by NMR (ca. 15 mmoles 
per ml at - 78°). 

Compound 3 was readily handled on a conventional vacuum line. Dimethylketene was stored on the 
line at - 7 8  °. In a typical preparation a reaction vessel was connected to the line and dimethylketene 
(2-1 g, 30 mmoles) was distilled into a calibrated cold finger. The dimethylketene was diluted with CH2C12 
(5 ml) and the reaction vessel was removed from the line under N2 at - 78 °. Addition of diazomethane 
(15 mmoles) in cold CH2C12 ( - 7 8  °, 15 ml) produced immediate evolution of N2 and 3 was found in high 

* Ethylnitrosourea was prepared according to the procedure of Org. Syn., Col. Vol. II, p. 461, for 
methylnitrosourea. Ethylamine was substituted for methylamine. 

t Diazoethane should be prepared fresh before use since it is known to be less stable than diazomethane. 
~i CAUTION : Care must be taken to keep dimethylketene from contact with oxygen since it readily forms 

an explosive peroxide. 
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yield (> 90%, NMR). The resulting soln was transferred under N 2 to a round bottomed flask containing a 
magnetic stirrer and connected to the vacuum line. The system was evacuated to less than 0.1 mm and the 
excess dimethylketene removed by co-distillation with CH2C12 at - 4 5  ° (chlorobenzene slurry). When 
the volume had been reduced to ca. 2 ml distillation was stopped and CH2CI 2 (5 to 10 ml) was added. 
The resulting soln of 3 contained small amounts of dimethylketene (3 1.55), tetramethylene (3 1.60), and 
dione 6 (3 1'28). 

Compound 3 shows the following spectral properties: IR, 2 ~  cl2 (cm-1) 3050 (C--H stretch, cyclo- 
propane), 1815 ( ~ O )  stretch, strained, 1380-1387 (doublet, gem-dimethyl); NMR (CH2C12) 3 1-20 
Pr : (s, 6H), 1.40 (s. 2H) : ultraviolet ~cH~cl2 337 mla (F. = 27). 

C t3 Satellites of 3. A soln of 3 prepared as described above and concentrated to ca. 2 ml, was distilled 
into two NMR tubes which were sealed. The first tube contained a soln of 3 (14 mole%) in CH2CI 2 and 
the second tube contained a 42 mole % soln of 3 in the same solvent (measured by NMR). The NMR at 
high amplitude of each tube showed small but reproducible peaks separated by 130 c/s and 160 c/s sym- 
metrically disposed about the methyl and methylene hydrogens of 3 respectively. These peaks were 
assigned to the C 13 satellites of 3. 

Preparation of 16: 1-methoxy-l-hydroxy-2,2-dimethylcyelopropanone. Addition of excess MeOH to a 
soln of 3 produces the methyl hemiketal 16 of 3 in quantitative yield (analysis by NMR). 16 shows the 
following spectral properties: IR, 2~c~ " (cm- 1) 3330 (OH stretch), 2850 (--OMe),  1150 ( C ~ - - - C ,  broad); 
NMR (CH2Cl2) 3 0-47 (A of AB, J = 5 c/s, 1H), 0.55 (B of AB, d = 5 c/s, 1H), 1.12 (s, 3H), 1-17 (s, 3H), 
3.41 (s, 3H), 3.85 (s, 1H); mass spec. m/e l l6  (M +, C6I--11202). 

Preparation of 2,2-dimethylcyclobutanone (18a) and 3,3-dimethylcyclobutanone (18b). A CH2CI 2 soln 
(20 ml) of dimethylketene (10.6 mmoles) and diazomethane (17-4 mmoles) in CH2CI 2 (20 ml) were allowed 
to react at - 7 8  . The IR sho~cd peaks of ca. equal intensity at 1820 (3). 1785 (cyclobutanone) and 1720 
(acetone) cm 1. The soln remained yellow on addition of more diazomethane (8.7 mmoles in 10 ml of 
CH2C12). The resulting soln was concentrated by distillation through a short column and the residue was 
analyzed by VPC on a 10 ft 131313 column at 100 °. Two cyclobutanones 1 8 a  a n d  1 8 b  were formed in the 
ratio of 1:3 and were identified by their spectral properties: 2,2-dimethylcyclobutanone (18a): *2 IR 
2c~ + (cm-1) 1785 ( ~ O ) ,  1380, 1365 (gem-dimethyl); NMR (CCI,) 3 1.68 (s, 6H), 1"78 (A of A2B2, 2H), 
3.00 (B of A2B2, 2H); mass spec, m/e 98 (M ÷, 23%), 70 (CsHlo , 98%), 70 (metastable (98-83), 56 (98%), 
55 (66%), 50.5 (metastable, 98-70), 43-3 (metastable, 70--55), 42 (71%), 41 (100%), 39 (50%), 30 (metastable, 

(56--41). 3,3-dimethylcyclobutanone (18b): IR: )cc~, 1785 c m - t  (C------O); N M R  (CC14) 3 1.38 (s, 6H), 2.73 
(s, 4H); mass spec. m/e 98 (M +, 3"3%), 83 (2%), 70 (79%), 56 (100%), 55 (36%), 42 (56%), 41 (61%), 39 
(33%), 30 (metastable, 56-41). 

Preparation oftetramethylcyclopropanone (4) and its hemiketal, 7. Compound 6 (50 g) in CH2C12 (250 ml) 
was irradiated for 4 hr* in a Pyrex vessel using a 450 watt Hanovia immersion lamp. The lamp was cooled 
by circulating a 50°,i N~SOaaq+ through the Pyrex lamp .jacket and a 20 ft copper heat exchange coil 
immersed in ice. After replacing the lamp jacket with a large stopper, the soln of 4 and 6 was cooled to 
- 78 ° to precipitate most of the unphotolysed dione 6. The CH2C12 soln was separated from the solid dione 
by a siphon and concentrated to ca. 15 ml by slow vacuum distillation (200 mm) at ca. 10 °. The remaining 
soln was flash distilled into a receiver at - 78°.:~ This soln contained 4 along with small amounts of dione 
6, tetramethylethylene and dimethylketene. Compound 4 showed the following spectral properties: 
NMR, 3 1.09 (s); IR 2c~  c~ 1843, 1823 c m -  1 strained C-----O; UV 2 ~  c~ 350 mp. Addition of MeOH to 4 
converted it rapidly to 7 identical with authentic material17, 34 

Preparation of the furan adduct 8. To a soln of 4 (ca. 10%) in pentene was added 5 ml of furan at - 7 8  °. 
The resulting soln was warmed to 25 ° and showed no IR absorption at 1843 cm - t  characteristic of 4. 
The soln was concentrated to an oil under vacuum and analyzed by VPC on a 6 ft silicone gum rubber 
column at 75 °. A product was isolated with retention time and IR spectrum identical to that of authentic 
1 : 1 adduct (8). 22. 24 

Preparation of 9. A soln of 4 (ca. 7%) in toluene (15 ml) was treated with diazomethane until a yellow 

* The formation of 4 was followed by infrared. 4 shows a characteristic doublet at 1843 and 1823 c m -  t 
which reaches a maximum concentration after 4 hours. 

t This solution in pyrex transmits light between 300 and 340 m~t with a transmittance maximum at 
320 m~t. 

~: All operations with 4 were done under a nitrogen atmosphere since 4 and dimethylketene are both 
sensitive to oxygen. 
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color persisted. The resulting soln was concentrated by distillation to a few ml and analysed by VPC on 
a 10 ft 1,2,3-tris-(13-cyanoethoxy) propane column (131313) at 150 °. The major product was identified as 9 by 
its spectral properties: IR, 2c°  x' (cm-1), 1790 (C------O), 1390, 1378 (gem-dimethyl); NMR 6 1-05 (s, 3H), 
1.18 (s, 3H), 2-72 (s, 1H); mass spec. m/e 126 (M+), 84 (C6H~2), 70 (C4H60+), 69 (CsH~-), 56-7 (metastable 
84-69). No 2,2,4,4-tetramethylcyclobutanone could be detected by VPC analysis on the crude reaction 
mixture. 42 

Reaction of hemiketal 7 with furan to yield the adduct 9. Compound 7 (1 g) was refluxed in furan for one 
week and left at 25 ° for 4 days before removing the furan under vacuum. A small amount of 1 : 1 adduct of 
4 and furan was isolated by prep. VPC on a 6 inch SE 30 column at 100 ° and identified by comparison 
of its retention time, infrared and mass spectrum with authentic material 9. 
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