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from 5 ml of dry ether at  -78'. The overall yield of 
purified cyclopropenone, showing no trace of impurities 
in the nmr, is 2.01-2.26 g (41-46z overall from tetra- 
chloropropene), mp -29 to -28", mje 54.0107 (calcd 
54.0105). 

Pure cyclopropenone is stable at least over many 
weeks below its melting point, but on standing at room 
temperature it is converted to an insoluble polymer with 
infrared absorption at 1750 cm-I. Polymerization is 
very rapid on heating of the neat liquid to  SO", but 
solutions in organic solvents are stable at room tem- 
perature. The spectra of purified cyclopropenone are 
similar to  those we have reported2s3 for the solutions 
previously, but in the ultraviolet spectrum we can now 
identify a band at  276 nm ( E  31) as the n-r* transition, 
while the T-T* maximum occurs below 190 nm.4 On 
protonation of cyclopropenone in strong acid the nmr 
coupling constants change, going from JW-H = 217 =t 
1 and JH-H = 3.9 f 0.1 HZ in CDC13 to JIc-H = 250 
+ 1 and JH-H = 1.3 f 0.1 Hz in concentrated H2S04. 
Observing these coupling constants in aqueous sulfuric 
acid of intermediate concentrations, and assuming the 
validity of H o  for these compounds, we deduce a 
PKBH - of - 5.2 f 0.3 for cycl~propenone.~ 

On catalytic hydrogenation of cyclopropenone in 
tetralin with platinum the only detectable product is 
acetone, produced along with recovered cyclopropenone 
if the hydrogenation is stopped partway. With 1,3-di- 
phenylisobenzofuran, cyclopropenone reacts quantita- 
tively at room temperature to form an adduct 2, mp 
151-153", mje 324, with infrared bands at 1875 and 
1815 cm-' and an nmr singlet at 6 2.75 in addition to  the 
aromatic protons. This singlet shows J ~ ~ c - H  = 173 =t 

1 and JH-H = 9.0 i 0.2 Hz. A similar cyclopro- 
panone is formed on reaction of cyclopropenone with 9,- 
10-dimethylanthracene, affording compound 3, mje 
260. Again the infrared spectrum is characteristic, 
with bands at  1838 and 1802 cm-I, and the cyclopropane 
protons are found at 6 2.17 in the nmr. Both 2 and 3 

compound (Scheme I) is, t o  an appreciable extent, 
formed by carbanion inversion of an axial lithium com- 
pound following the initial kinetically controlled 
lithiation. 
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The Isolation and Characterization of 
Pure Cyclopropenone 

Sir: 
Cyclopropenone (1) is one of the simplest possible 

HT7H 
0 
1 

organic compounds, and it is a substance of great 
theoretical interest. Many stable derivatives of this 
system have been prepared and explored over the past 
few years,' and we have reported2m3 the preparation of 
solutions of parent cyclopropenone and some char- 
acterization of the chemistry of this compound. How- 
ever, there are many purposes for which only the pure 
isolated substance would be suitable. We now wish to  
describe the preparation and isolation of pure recrystal- 
lized cyclopropenone and some further chemical and 
physical characterizations of this compound. 

The synthesis follows the general sequence we have 
already d e ~ c r i b e d . ~ , ~  Thus, treatment of 16.3 g of 
tetrachlorocyclopropene in 150 ml of purified paraffin 
oil with 69.5 g of tri-n-butyltin hydride under argon for 
1 hr, followed by collection of the volatile products, 
affords 7.65-8.25 g of a colorless liquid consisting of 
85 % of dichlorocyclopropenes, 7-8 % of 3-chloro- 
cyclopropene, and 6-8 % of trichlorocyclopropenes. 
This mixture was stirred at  0" for 3 hr with 60 ml of 
CH2C1, and 6.0 ml of water. Then 10 g of NaHC03  
was added cautiously, followed by 70 g of Na2S04. 
The solution was separated at  0" and dried with an 
additional portion of anhydrous Na2S0,, and the 
solvent was carefully removed at reduced pressure. 
The residue was distilled at  0.45 Torr, yielding 2.98- 
3.35 g of colorless cyclopropenone, bp 30" (0.45 Torr). 
The only impurity is ca. 5% of dichloroacrolein which 
can be removed by recrystallizing the cyclopropenone 

(1) Diphenylcyclopropenone: R.  Breslow, R. Haynie, and J. 
Mirra, J .  Amer .  Chem. SOC., 81,247 (1959); R. Breslow, J. Posner, and 
A. Krebs, ibid., 85, 234 (1963); R. Breslow, T. Eicher, A. Krebs, R. 
A. Peterson, and J. Posner, ibid., 87, 1320 (1965). Dialkylcyclo- 
propenones: R .  Breslow and R. Peterson, ibid., 82, 4426 (1960); 
R. Breslow, L. J. Altman, A. Krebs, E.  Mohacsi, T. Murata, R .  A. 
Peterson, and J. Posner, ibid., 87, 1326 (1965). Methylcyclopropenone: 
R .  Breslow and L. J. Altman, ibid., 88, 504 (1966). 

(2) R. Breslow and G. Ryan, ibid., 89,3073 (1967). 
(3) R. Breslow, G .  Ryan, and J. T. Groves, ibid., 92,988 (1970). 
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form hemiketals on treatment with methanol. Treat- 
ment of cyclopropenone with diphenyldiazomethane in 
methylene chloride aflords a 28% yield of the unusual 
diazo ketone 4, by cycloaddition to the carbon-carbon 
double bond and opening of the rings. 4 shows the ex- 
pected infrared bands at  2096 and 1628 cm-' and on 
treatment with HCl it is converted to 5, mp 109-llOo, 

4 

identified by characteristic mass, nmr, infrared, and uv 
spectra. 

(4) These findings are consistent with the results of preliminary gas- 

(5) CJ. values1 of -2 .3 for dimethylcyclopropenone and -3.5 for 
phase electron impact studies on 1 by M. Robin of Bell Laboratories. 

methylcyclopropenone. 
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The procedure we have described makes pure cyclo- 
propenone conveniently available for chemical and phy- 
sical studies, and many such studies are under way. 
However, the properties already observed are striking. 
The remarkably high boiling point of this compound 
indicates its very polar character. This, and the fact 
that such a strained molecule can be prepared and 
handled as a neat liquid or solid, again confirm the idea 
that cyclopropenone shares some of the aromatic sta- 
bilization of the cyclopropenyl cation, t o  which it is re- 
lated. 
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Substrate Distortion in Catalysis by Lysozyme. 
Interaction of Lysozyme with Oligosaccharides 
Containing N-Acetylxylosamine 

Sir : 
Studies of hen egg white lysozyme have given the 

strongest support available to  date for the theory that 
enzymes may catalyze reactions by binding substrates 
in the geometry of the transition state more strongly 
than in that of the ground state.'S2 On the basis of 
crystallographic studies and model building, Phillips 
and his coworkers have proposed that, in subsite D of 
the enzyme, steric hindrance to the C-6 hydroxymethyl 
group of an N-acetylglucosamine (GlcNAc) residue 
prevents it from being bound in the "chair" conforma- 
tion, and requires that it adopt the "half-chair'' con- 
formation to fit into the active ~ i t e . ~ ' ~  The expected 
oxonium ion-like transition state for cleavage of the 
glycosidic bond at this residue3 will prefer the half- 
chair conformation, which allows overlap between 
oxygen lone-pair electrons and C- 1.'j Several studies 
have provided indirect evidence for hindrance to binding 
in subsite D,437 and recently Secemski and Lienhard 
have demonstrated strongly enhanced binding for an 
N-acetylglucosamine tetramer with its terminal residue 
oxidized to  a 6 lactone,8 which should be stable in the 
half-chair conformation. We wish to  report here 
studies of oligosaccharides containing N-acetylxylos- 

(1) J. H. Quastel, Biochem. J., 20, 166 (1926); H. von Euler and K. 
Josephson, Z. Physiol. Chem., 157, 122 (1926); L. Pauling, Amer. Sci., 
36, 58 (1948). 

(2) For penetrating recent discussions of this notion see: W. P. 
Jencks in "Current Aspects of Biochemical Energetics," N. 0. Kaplan 
and E. P. Kennedy, Ed., Academic Press, New York, N. Y., 1966, p 
273; W. P. Jencks, "Catalysis in Chemistry and Enzymology," Mc- 
Graw-Hill, New York, N. Y., 1969, p 2 8 2 f f ;  D. M. Blow and T. A. 
Steitz, Annu. Rea. Biochem., 39, 63 (1970). 

(3) C. C. F. Blake, L. N. Johnson, G. A. Mair, A. C. T. North, D. C. 
Phillips, and V. R.  Sarma, Proc. Roy. SOC., Ser. B, 167, 378 (1967). 

(4) L. N. Johnson, D. C. Phillips, and J. A. Rupley, Brookhacen 
Symp. Biol., 21, 120 (1968). 

(5) J. A. Rupley, V. Gates, and R .  Bilbrey, J .  Amer. Chem. Soc., 
90, 5633 (1968); F. W. Dahlquist, T. Rand-Meir, and M. A. Raftery, 
Biochemistry, 8, 4214 (1969). 

(6 )  R. U .  Lemieux and G. Huber, Can. J. Chem., 33, 128 (1955); 
J. T. Edward, Chem. Ind. (London), 1102 (1955); B. Capon, Chem. Rec.,  
69,407 (1969). 

(7) D.  M. Chipman, V. Grisaro, and N. Sharon, J .  B id .  Chem., 242, 
438 (1967). 

(8) I. 1. Secemski and G .  E. Lienhard, J .  Amer. Chem. Soc., 93, 3550 
(i971). 

amine (XylNAc) which provide further support for 
Phillips' theory. The model3 would predict that a 
XylNAc residue, in which the C-6 CHzOH of GlcNAc 
has been replaced by a proton, may be bound in 
subsite D without distortion. 

The saccharides (GlcNAc),XylNAc, n = 1 .  , .3, all 
linkages p( b 4 ) ,  were prepared by two different 
procedures: chemical synthesis from (GlcNAc),+l, 
and lysozyme-catalyzed transglycosylation. For ex- 
ample, (GICNAC)~~O (I, Scheme I) was converted to the 
Scheme I 

no HNAC 
Ho HNAC 

9 

diethyl dithioacetal I1 by reaction with ethanethiol and 
concentrated HC1 at 0". l 1  I1 was isolated as a crystal- 
line solid, mp 152-159", [ a I z3~  - 13.4" (c 0.82, ethanol). 
I1 was oxidized by treatment with a 3 0 x  excess of 
sodium metaperiodate at 0" for 5 min12 and the reaction 
quenched with barium hydroxide. 111 was not isolated, 
but was directly reduced with 3H-NaBH~ in ethanolic 
solution and demercaptalated with mercuric chloride 
and lead carbonate to  yield crude V. A similar pro- 
cedure yielded (GlcNAc)2XylNAc. Details of the 
syntheses will be published elsewhere. 

In a typical transglycosylation experiment, 17 mg of 
(GlcNAc)4Io (20 pmol) and 17 mg of X ~ I N A C - . ~ - ~ H ' ~  
(85 pmol, 3.1 X IO6 dpm/mg) were incubated with 2 mg 
of lysozyme in 2 ml of pH 5.2 acetate buffer at 39.5" 
for 25 hr. The mixture was chromatographed on a 
1 x 30 cm charcoal-Celite c0lumn,1~~1~ with a 2-1. 
0-40 linear water-ethanol gradient, and the effluent 
monitored for 3H and uv absorption (227 nm, amide 
end absorption). GlcNAc-XylNAc and (G1cNAc)z 
were readily resolved, but the pairs (G1cNAc)zXyl- 
NAC-(G~CNAC)~ and (GlcNAc)3XylNAc-(GlcNAc)~ 
could not be completely resolved. 

Oligosaccharides produced either synthetically or 
enzymically were purified by rechromatography one or 
more times on longer charcoal-Celite columns with 
more gradual gradients. Crude synthetic GlcNAc- 
XylNAc was found to be contaminated with a sac- 
charide containing N-acetylarabinosamine, l4 pre- 

(9) J. J. Pollock, D. M. Chipman, and N. Sharon, Bmchem. Biophqs. 

(IO) J. A. Rupley, Biochim. Biophys. Acta, 83,245 (1964). 
(11) M. L. Wolfrom and I(. Anno, J .  Amer. Chem. Soc., 74, 6150 

(12) M. L. Wolfrom and M. W. Winkley, J .  Org. Chem., 31, 1169 

Res. Commun., 28, 779 (1967). 

(1952). 

(1966) ~.. __,_ 
(13) S. A. Barker, A. B. Foster, M. Stacey, and J. M. Webber, J .  

(14) R.  Kuhn and G. Baschang, Justus Leibigs Ann. Chem., 628, 
Chem. Soc., 2218 (1958). 

193 (1959). 

Journal of the American Chemical Society 1 94:13 1 June 28, 1972 


