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mole (50 g.) of antimony pentachloride added. There 
was attached to the reaction flask an eight-inch air reflux 
condenser which in turn was connected to an air condenser 
for distillation. On the application of heat the reaction 
proceeded smoothly and approximately one-half the prod
uct was distilled. Thereupon the reaction mixture was 
kept a t reflux for thirty minutes and then the remainder 
of the product distilled after which it was washed with 
warm hydrochloric acid, then with water and dried over 
calcium chloride. Fractionation indicated 64 g. (VI) , 
b. p . 92-92.5°, nmv> 1.3787, d*>4 1.645 and 58 g. (V), 
I). p . 134.6°, m. p . 65.1" (from freezing curve). Anal. 
Calcd. for (VI) , C3HF4Cl3: Cl, 48.48. Found: Cl, 47.61. 
Calcd. for (V), C8HF3Cl4: Cl, 60.13. Found: Cl, 60.44. 

Dehydrochlorination of C H C I 2 - C C I 2 - C H F S (II) . - I n a 
two-liter three-neck flask, 2.35 moles (512 g.) of (II) was 
treated with 2.6 moles (104 g.) of sodium hydroxide dis
solved in 780 ml. of methyl alcohol. The sodium hy
droxide was dropped into the organic material with con
stant stirring, the temperature being kept at 25-30° by 
moling with water ns necessary. At the conclusion of the 

An improved method of carrying out the Knoe-
venagel type of condensation, developed several 
years ago, involves continuous removal of the by
product water by distilling it into a phase separa
tor.3'4 Under the conditions used by previous in
vestigators, however, the reaction mixture ordi
narily was not homogeneous and the aqueous 
phase which appeared in the separator was not 
pure water so that no attempt was made to use 
the rate of appearance of the aqueous phase as 
anything more than an indication of the time nec
essary for complete reaction. The results de
scribed in previous papers of this series suggested 
that if certain modifications were introduced re
actions of the type 

/>-RC6H4CHO + R 'CH 2 R" — > 
£-RC„H,CH=CR'R* + H2O 

in which R' and R" are electron attracting groups, 
could be accurately followed by noting the rate of 
evolution of water. I t seemed desirable to inves
tigate the effects on the rate of variations in R, R' 
and R" since in spite of the wide application of 
condensations of this type little quantitative in
formation on these fundamental points has here
tofore been available. To our knowledge none of 
the condensations considered here have previously 
been carried out by the distillation method. 

(1) From a portion of the Ph.D. thesis of Eleanor Werble, Sep
tember, 1948. 

(2) Por the preceding article in this series, see Pratt, Preston and 
Draper, THIS JOURNAL, 72, 1367 (19.50), 

'.'A) Cope, Hofmann, Vyckoff and llardenberKli. ibll., 63, 34.">2 
{ Kt 1.1). and earlier papers. 

(1) MOOT)-, ibi-L, 67, 10MJ (l'.llfj). 

reaction the mixture was poured into water, the product 
was separated, dried and fractionated to give 345 g. of 
(VH), boiling from 113-114°. Passage of chlorine into 
this olefin in ultraviolet light produced ( I I I ) . 

Acknowledgment.—The authors are indebted 
to the Research Fund of the University of South 
Carolina for some financial assistance. 

Summary 
The hydrogen in a -CHF2 has been found to be 

more resistant to displacement by chlorine and 
attack by alkali than that in a -CHCl2 group. 

Four new compounds, CHCl2-CCl2-CHF,, 
CCl8-CCl2-CHF2, CFCl2-CCl2-CHF2 and CF8Cl-
CCl2-CHF2 were prepared in the course of this in
vestigation. 
COLUMBIA, S. C. RECEIVED MARCH 13, 1950 

Experimental" 
Purification of Materials.—All starting materials were 

purified by the usual methods until their physical con
stants agreed closely with the values in the literature. 
These constants were as follows: benzene, » M - 6 D 1.4978; 
toluene, rea-sD 1.4935; caproic acid, W20D 1.4147; piperi-
dine, M20D 1.4530; benzaldehyde, W20D 1.5450; anisalde-
hyde, »28-5D 1.5700; p-chlorobenzaldehyde, m. p . 46.5-
47.5°; £-nitrobenzaldehyde,7 m. p . 105-106°; 2-ethyl-
hexanal, n22-6D 1.4154; diethyl malonate, W20D 1.4136; 
ethyl cyanoacetate, »2 2-6D 1.4165; ethyl acetoacetate, 
«22-6D 1.4188; phenylnitromethane,8 n2l-8D 1.5318; 
phenylacetone, n21-'D 1.5161; phenyl benzyl ketone,9 

m. p . 58.5-59.5°; malononitrile,10 m. p . 30-32°; acetyl-
aeetone, »2 4-2D 1.4485; dibenzoylmethane, m. p . 78-
79°; phenylacetonitrile, K'-'8-5D 1.5189; ethyl phenylace-
tate, «20D 1.4985; phenyl benzyl sulfone,11 m. p . 146-147°. 

Standard Procedure.—The precautions previously de
scribed12 were taken and the same apparatus and procedure 
were used except for the following modifications. One-
eighth mole of active methylene compound and the de
sired amounts of piperidine and caproic acid were dis
solved in sufficient benzene to fill a 250-ml. volumetric 
flask to the mark. A second 250-ml. volumetric flask 
was filled to the mark with benzene, a volume equal to the 
volume of aldehyde to be added was removed with a pipet 
and the remainder was mixed in the reaction flask with the 
solution of active methylene compound and catalyst. Be
cause of its decreased volatility and water solubility the 

(5) Microanalyses by Mrs. Mary Aldridge. Values given are 
averages of duplicates. 

(6) All melting points are corrected. 
(7) Prepared by procedure of Leiberman and Connor, "Org. 

Syntheses," Coll. Vol. 2, p. 441 (1943). 
(8) Prepared by procedure of Black and Babers, ibid., p. 512. 
(9) Prepared by procedure of Ballard and Dehn, T H I S JOURNAL, 

5*, 3970 (1932). 
(10> Prepared by procedure of Corson, Scott and Vose, "Org. 

Syntheses," Coll. Vol. 2, p. 379 (1943). 
• 11) Prepared by procedure of Pummerer, Ber., 43, 1407 (1910). 
(12) Pratt and Draper, Tins JOURNAL, 71, 2846 (1949). 

!CONTRIBUTION' FROM THE DEPARTMENT OF CHEMISTRY, UNIVERSITY OF MARYLAND] 

Reaction Rates by Distillation. HI. The Effect of Changes in Structure on the 
Rate of the Knoevenagel Reaction12 

BY ERNEST F. PRATT AND ELEANOR WERBLE 



Oct., 1950 EFFECT OF CHANGES IN STRUCTURE ON RATE OF THE ICNOEVENAGEL REACTION 4639 

readily available caproic acid was used in place of acetic 
acid. An excess of the acid prevented volatilization of the 
piperidine. The phase separator was filled with benzene, 
the solution was brought to reflux and a vial containing 
the proper amount of aldehyde was dropped in. One-
eighth mole of aldehyde was used unless otherwise noted. 
The maximum voltage which would not cause flooding of 
the condenser was applied to the heating mantle; a num
ber of check runs a t lower voltage gave the same rates. 
The total yield of water was 98 to 102% unless otherwise 
noted. After evolution of water ceased the reaction 
mixture was washed four times with 10% sodium bicar
bonate solution, then with water and finally with 5 % 
acetic acid solution. The solvents were distilled off and 
the products isolated by crystallization or distillation. 
The tabulated yields are for once-distilled or once-crys
tallized products. This standard procedure was followed 
in all cases except where obvious modifications were re
quired as indicated by the data in the tables. 

Over the 20 to 70% portion of a given experiment the 
maximum temperature variation was 0.3 ° from the median 
value. Among all the experiments the temperature was 
almost invariably 83.8 =*= 1.0° and for most of the experi
ments the temperature was 83.8 =*= 0.5°. The probable 
variations were only about half these values for the total 
variations. 

The rate constants tabulated were calculated as pre
viously described.12 For some unknown reason the rate 
constants for about half the experiments tended to drift 
downward slightly during the latter half of the reaction. 
By not extending the calculations beyond the point for 
70% reaction the total drift was kept to less than 5 % ex
cept that with acetoacetic ester (Table I) the drift was 
8%. Most of the experiments were repeated and in all 
cases the rate constants were readily checked to within 3 
to 6%. 

For three of the compounds in Table I the first order 
rate "cons tants" steadily decreased as the reaction pro
gressed. With malononitrile the value was 0.023 m i n . - 1 

at 3 0 % reaction and 0.0071 min." 1 at 80% reaction; 
the corresponding values for acetylacetone were 0.017 and 
0.0093 m i n . - 1 ; for dibenzoylmethane the values were 
0.0070 and 0.0040 min . - 1 . Calculations of rate constants 
based on the assumption that the reactions were first order 
with respect to both the active methylene compound and 
the benzaldehyde were then made. With malononitrile 
the "constants" fell steadily from 0.13 at 30% reaction to 
0.076 at 80% reaction; with acetylacetone the values rose 
only slightly from 0.089 to 0.10; with dibenzoylmethane 
the values rose gradually from 0.037 to 0.045. In all 
these cases the dimensions were liters X moles - 1 X min . - 1 . 

Reaction Products.—Physical constants and analytical 
results for the new compounds follow: ^-Chlorobenzal-
malonic ester, b . p . 156-158° (1.5 mm.) , re27-^ 1.5470. 
Anal. Calcd. for C14H16O4Cl: C, 59.47; H , 5.37. Found: 
C, 59.63; H, 5.68. 2-Ethylhexylidenemalonic ester, 
b . p . 108-110° (0.6 mm. ) , m"-6D 1.4471. Anal. Calcd. 
for C16H26O4: C, 66.63; H, 9.72. Found: C, 66.69; H, 
9.96. Benzaldibenzoylmethane, recrystallized from al
cohol, m. p . 87-88°. Anal. Calcd. for C22H16O2: C, 
84.59; H, 5.16. Found: C, 84.38; H, 5.60. 

The refractive index or melting point of all known prod
ucts was determined and found to agree closely with the 
recorded values except in the cases of anisalmalonic ester 
and benzalacetoacetic ester. Although anisalmalonic 
ester is reported in the literature as a low-melting solid 
(m. p . 38-40°) our attempts to crystallize it were unsuc
cessful. The analytical results on the liquid, b . p . 166-
168° (1.2 mm.) , »30-°D 1.5563, were satisfactory. Anal. 
Calcd. for C15H18O6: C, 64.74; H, 6.57. Found: C, 
64.84; H, 6.63. Five of the R 'CHjR" compounds in 
Table I are unsymmetrical and hence might give both cis 
and trans products. Sharply melting solids were obtained, 
however, from cyanoacetic ester, phenylnitromethane and 
phenylacetone with no indication of a second isomer. 
Ethyl acetoacetate gave a liquid product, b . p . 125-126° 
(0.9 mm.) , «2 6-3D 1.5545, which resisted attempts at 
crystallization although a solid compound, m. p . 60-61°, 

has been reported.13 This suggests that our product con
tained a t least some of the second isomer. Anal. Calcd. 
for C18H14O3: C, 71.54; H , 6.47. Found: C, 71.88; 
H, 7.04. With phenyl benzyl ketone recrystallization of 
the total solid product from 60-80° ligroin gave a first 
crop of material, in 5 5 % yield, which melted at 100-100.5° 
(lit. m. p . for one isomer 101-102°M). A mixture of two 
types of crystals deposited from the mother liquor. Me
chanical separation followed by further recrystallization 
gave a large proportion of crystals which melted a t 99 -
100° and only a small amount of material which melted 
at 87-89° (lit. m. p . for other isomer 88-89°16). 

Study of Side Reaction of Benzaldehyde.—When expt. 
2 of Table I I I was repeated using 0.250 mole of benzalde
hyde (100% excess) 182% of the theoretical amount of 
water was evolved in about one hundred hours. Benzal-
malonic ester was isolated from the reaction mixture in 
60% yield together with 22.6 g. of a tarry residue. In a 
similar experiment except that no malonic ester was pres
ent 0.062 mole of water (50%) was evolved in twenty-
eight hours and 0.11 mole (88%) was obtained in ninety-
one hours. No sharply boiling product could be isolated 
from the reaction mixture; a resinous distillation residue 
which weighed 13 g. was obtained. 

This side reaction of the benzaldehyde was apparently 
the only reaction which occurred to an appreciable extent 
when an at tempt was made to condense the aldehyde with 
ethyl phenylacetate. The standard procedure was fol
lowed using 0.250 mole of piperidine and 0.500 mole of 
caproic acid. The theoretical amount of water (0.125 
mole) was evolved, half of it being evolved in about nine 
hours. Upon working up the reaction mixture the ethyl 
phenylacetate was recovered almost quantitatively and 
about 11 g. of the resinous by-product was obtained. 
Essentially the same results were obtained with phenyl-
acetonitrile and with phenyl benzyl sulfone. 

Calculations based on the assumption that the 
reactions were first order with respect to the active 
methylene compound gave satisfactory rate con
stants in most cases as shown in the tables. The 
proportionality between rate and catalyst con
centration found for benzaldehyde and malonic 
ester (Table III) was assumed to hold for the 
other condensations for which relative reactivities 
are given in Table I.16 Unit reactivity was arbi
trarily assigned to malonic ester. 

TABLE I 

CONDENSATION OF BENZALDEHYDE WITH R ' C H 2 R ' 
Cat. /1A, Yield, k, ReI. 

R/CH2R" concn." min. % min. ' 1 X 10"» rate 
CNCHsCN" 1 53 74 c 

C N C H J C O O C J H J 2 36 72 2 0 . 4 0 * 0 . 3 1 66 
CH.COCHjCOOCsHi 8 25 83 26.74 ± 0 . 8 1 22 
C H I C O C H S C O C H J 4 48 67 " 
CnH5COCH1COCeH. 8 I U 61 ' 
C 8 H I C H I N O J 64 49 68 1 1 . 7 5 * 0 . 2 2 1.2 
CjH.OCOCHjCOOCsHs 64 75 89 9 . 9 6 * 0 . 0 7 1 
C H 1 C H S C O C H I • 128 63 59 1 1 . 4 2 * 0 . 3 2 0.58 
CHjCHiCOCaHi 128 61 886 11.01 * 0 . 2 0 0.56 

" Unit catalyst concentration equals 9.76 X 10~* mole 
of piperidine and 2(9.76 X 1O-4) mole of caproic acid per 
500 ml. b Both cis and trans isomers obtained; see Ex
perimental. " Rate "constants" rapidly decreased as the 
per cent, reaction increased; see Experimental. In these 
three experiments the yield of water was only 88 to 92%. 

(13) Claisea and Matthews, Ann., 281, 177 (1883). 
(14) Knoevenagel and Weisgerber, Bn., 26, 442 (1893). 
(15) Thiele and Ruggli, Ann., 393, 71 (1914). 
(16) An experiment with cyanoacetic ester at twice the catalyst 

concentration listed in Table I gave a rate constant of 34.7 X 10"' 
min. "'. It should be noted that the effect on the reaction medium 
of tlie rather large changes in catalyst concentration required for the 
experiments of Table 1 may not have been insignificant. 
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TABLB I I 

CONDENSATION OF ALDEHYDES WITH MALONIC ESTER" 

Aldehyde 

P-CH3OC6H4CHO 

C6H6CHO 

^-ClC6H4CHO 

P-O2NC6H4CHO 

CH3 (CH2) 3CH (C2H5) CH O 

*'-h, 
min. 

62 

75 

91 

98 

120 

Yield, 

% 
86 

89 

85 

56 

87 

k. 
min. -i X 1 O - ' 

11.77 ± 0.15 

9.96 = 0.07 

7.78 ± 0.11 

6.85 ± 0.11 

5.17 =i= 0.11 
0 The catalyst concentration was 0.0625 mole of piperi-

dine and 0.125 mole of caproic acid per 500 ml. This cor
responds to a value of 64 in Table 1. 

TABLE I I I 

CONDENSATION OF BBNZALDEHYDE WITH MALONIC ESTBR0 

Mole of Mole of '1A, k, 
Kxpt, piperidine caproic acid min. miu. ~& X 10 'J 

1 0.0625 0.0625 63 11.07 ± 0.10 

2 .0625 .125 75 9.96 ± 0.07 

3 .0625 .250 114 6.09 ± 0.05 

4b .0312 .0625 117 5.96 =* 0.08 

nb .0625 .125 71 10.18 ± 0 . 0 5 

0" .125 .250 34 2 1 . 5 3 * 0 , 1 6 

7,: .0625 .125 60 9 . 0 0 * 0 . 2 5 

8J .0625 .125 38 7 . 3 8 * 0 . 1 3 

9b-' .0312 .0625 33 2 2 . 5 1 * 0 . 1 5 

" In expts. 2, 3, 4 and 5 the product was isolated in 83 to 
% yields; in the other cases the product was not iso

lated. ' A 10% excess of benzaldehyde was used in these 
expts. ' A 2 0 % excess of malonic ester was used. Calcu
lated on the basis of the benzaldehyde the value of k was 
11.9 * 0.21 X 10~3 min . - 1 . d A 100% excess of malonic 
ester was used. Calculated on the basis of the benzalde
hyde the rate "constants" steadily increased from 17.2 X 
l O - 8 min ," 1 a t 3 0 % reaction to 22.6 X 10"» min . - 1 a t 8 0 % 
reaction. " Toluene was used as a solvent in place of 
benzene; reaction temperature 114.5 * 0.1°. 

Although, as noted in Table I, three of the 
compounds followed kinetics which were higher 
than first order17 a comparison of plots of per cent, 
reaction versus time allowed them to be tabulated 
according to decreasing reactivity.13 Phenylace-
tonitrile, ethyl phenylacetate and phenyl benzyl 
sulfone were all found to be less reactive than any 
of the compounds of the table, but with none of 
these, three was an appreciable yield of the ex
pected product obtained. 

The approximate order of decreasing activating 
ability of the electron attracting groups is: -NO2, 
-CN, -COCH3, -COC6H6, -COOC2H5 and -C6H5.19 

This series can be only approximate since in a 
given methylene compound the activating effect 
of one electron attracting group alters the effect 

(.17) The different kinetic results obtained with acetyiacetone ami 
dibenzoylmethane may be ascribable to their exceptionally high de
gree of enolization (Zuffanti, J. Chem. Ed., 22, 230 (1945)). 

(18) I t is apparent that the small difference in reactivity found for 
benzyl methyl ketone and benzyl phenyl ketone is not significant; 
ethyl acetoacetate also appears to be only very slightly more re
active than acetyiacetone, 

(19) Related series arrived at from other standpoints are given in; 
(a) Hammett, "Physical Organic Chemistry," McGraw-Hill Book 
Co., Inc., New York, N. Y., 1940, p. 188; (b) Fieser and Fieser, 
"Organic Chemistry," D. C. Heath and Co., Boston, Mass., 1940, p. 
558; c) McElvain, "The Characterization of Organic Com
pounds," Tile Macmillan Co., New York, X. V., 194.", i. .">«: wh 
l!unK-lt .ii"! l.i--.-i(f. Tm=. ft.tiuN.u , 70;'27"S (lw4Si. 

of the second electron attracting group because of 
some type of interaction such as chelation, reso
nance or steric hindrance. A comparison of cyano-
acetic ester and acetoacetic ester (or of malono-
nitrile and acetyiacetone), for example, indicates 
that the -CN group is more strongly activating 
than the -COCH3 group while a comparison of 
phenylacetone and phenylacetonitrile, which re
acted little, if at all, indicates that the reverse is 
true. However, if all compounds containing a 
a -COOC2H5 group, for example, are compared 
the relative activating abilities of the -CN, 
COCH3 and -COOC2H5 groups are shown by the 

values 66, 22 and 1. 
The rate of condensation of malonic ester with 

para-substituted benzaldehydes decreased only 
gradually as the electron releasing ability of the 
substituent decreased (Table II).20 There is an 
apparent conflict between the fact that the over
all kinetics were found to be first order and the 
fact that the rate changes as the structure of 
either the aldehyde or the active methylene com
pound is changed. When, as in most cases, 
equivalent amounts of the two reactants were 
used, the calculations do not determine which re-
actant is involved in the rate controlling step. 
The large changes in rate obtained upon varying 
the structure of the active methylene compound, 
however, as well as the effects observed upon car
rying out the reaction in the presence of excess 
malonic ester (expts. 2, 7 and 8, Table III) sug
gest that it is the active methylene compound 
rather than the benzaldehyde which enters into 
the rate expression. The fact that the effect of 
decreasing the electron releasing ability of the 
para-substituent in the benzaldehydes is the re
verse of that ordinarily observed for addition to 
the carbonyl group21 is also consistent with this 
view. Conceivably the changes in rate shown in 
Table II are the result of medium effects which are 
often large in benzene type solvents.12'22 2-
Ethylhexanal (Table II) reacted only slightly 
more slowly than the benzaldehydes. The prod
ucts from the reaction with heptaldehyde dis
tilled over a wide range and neither diethyl ketone 
nor cyclohexanone reacted with malonic ester to 
an appreciable extent even at high catalyst con
centrations. 

The reaction of benzaldehyde with malonic es
ter was studied in further detail as shown in Table 
III. As mentioned above, the rate is approxi
mately proportional to the catalyst concentration 

(20) For the condensation of para-substituted acetophenones with 
malonomtrile, Mowry (ref. 4) found that both nitro and ethoxyl 
groups had an activating effect. 

(21) Johnson, "Organic Reactions," Vol, I, John Wiley and Sons, 
inc., New York, N. Y., 1942, p. 218. 

(22) The following is proposed as a possible explanation; As 
the electron releasing ability of the para substituent of tire aldehyde 
decreases, the availability of the unshared electrons of the carbonyl 
oxygen would be expected to decrease. The extent to which these 
oxvKt-tis form hydrogen bonds with, and thereby "deactivate," tht-
oHiiroc aeid would then be diminished and the reaction rate would 
d. err,,.<• :,ivimliii>; to tin results of expts 1, 2 :iud 3, Table TU 
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(expts. 4, 5 and 6) and the rate decreased as the 
concentration of caproic acid increased (expts. 1, 
2 and 3).23-24 A comparison of the results of expts. 
4 and 9 shows the effect of carrying out the reac
tion in refluxing toluene instead of benzene. 
When excess malonic ester was used, the rate 
constants decreased appreciably (cf. expts. 2, 7 
and 8); again this may be a medium effect. At
tempts to determine the effect on the kinetics of a 
large excess of benzaldehyde were unsuccessful be
cause under these conditions a normally slow side 
reaction seriously interfered (see Experimental). 

Because of this side reaction and the somewhat 
anomalous effects encountered upon using excess 
malonic ester and upon varying the para substitu-
ent in the benzaldehydes a detailed interpreta
tion of the results in terms of the mechanism is not 
given here. I t should be noted, however, that 
the weight of the evidence is consistent with the 
favored mechanism26 if the over-all rate is chiefly 

(23) This negative effect of increasing acid concentration and the 
relatively small effect of varying the para substituent in the benzalde
hyde indicate that the dehydration step of the process is not the rate 
controlling one. 

(24) The decrease in catalytic activity of piperidine with increasing 
acidity has been previously noted for the reaction of formaldehyde 
with cyanacetamide. See Enkvist, / . prakt. Chem., 149, 65 (1937) 
and Enkvist and Andersson, ibid., 153, 116 (1939). 

(25) See Hammett, ref. 19a, p. 343, for a general discussion of the 

The determination of molecular weights of pro
teins, from measurement of light scattered by 
their solutions, was apparently first carried out by 
Putzeys and Brosteaux4 who studied egg albumin, 
serum albumin and certain hemocyanins. They 
employed amandin as a standard protein, assum-

U) This paper is Number 88 in the series "Studies on the Plasma 
Proteins" from the Harvard Medical School, Boston, Massachu
setts, on products developed by the Department of Physical Chemis
try from blood collected by the American Red Cross, and Number 
KXVII in the series "Preparation and Properties of Serum and 
Plasma Proteins" from the same Department. A preliminary ac
count of some of this work was presented at the 114th Meeting of 
the American Chemical Society in Washington, D. C , August 30 
to September 3, 1948; see the abstracts of this meeting, page 2.3C. 

(2) This work was originally supported by grants from the Rocke
feller Foundation and from funds of Harvard University. It was 
aided early in 1941 by grants from the Committee on Medicine of 
the National Research Council, which included a grant from the 
American College of Physicians. From August, 1941, to July, 1946, 
it was carried out under contract, recommended by the Committee 
on Medical Research, between the Office of Scientific Research and 
Development and Harvard University. Since then it has been aided 
by a grant recommended by the Panel on Hematology of the National 
Institutes of Health. 

(3) National Cancer Institute Postdoctorate Research Fellow, 
1847-1949. 

(4) P. Putzeys and J. Brosteaux, Trans. Faraday Soc, 31, 1314 
(1935); Med. Kon. Vl. Acad. Wetensch., I l l , No. 1 (1941). 

controlled by the rate at which the piperidine re
moves a proton from the active methylene group. 
The question of mechanism is, of course, not nec
essarily involved in using the results for predicting 
the optimum conditions for condensations of this 
type. 

Acknowledgment.—It is a pleasure to acknowl
edge generous financial support by the Research 
Corporation which greatly aided the progress of 
this work. 

Summary 
It has been found that the rates of condensa

tion of certain active methylene compounds with 
benzaldehyde decreased in the order: CNCH2-
COOC2H6 (66), C H 3 C O C H 2 C O O C 2 H 6 (22), C6H6-
CH2NO2 (1.2), H2C(COOC2H6)2 (1), C6H6CH2-
COCH3 (0.58) and C6H6COCH2C6H6 (0.56). The 
numbers in parentheses are a quantitative measure 
of the relative reactivities. The rates of conden
sation of malonic ester with benzaldehydes de
creased only gradually in the order: ^-CH3OC6-
H4CHO, C6H6CHO, P-ClC6H4CHO and £-02N 
C6H4CHO. The over-all decrease was about 
40%. 
mechanism of these reactions. Also see Coombs and Evans, J. 
Chem. Soc, 1295 (1940). 
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ing its molecular weight to be 330,000; the rela
tive molecular weights of the other proteins they 
studied agreed well with those obtained by other 
methods. More recently, Bucher6 has used light 
scattering to measure the molecular weight of eno-
lase, employing edestin as a standard of reference. 
Heller63 has reported measurements on egg albu
min; and Halwer, Nutting and Brice6b have de
termined on an absolute scale the molecular 
weights of (3-lactoglobulin,'ovalbumin and bovine 
serum albumin with results in good agreement 
with the values obtained by other methods. 
Campbell, Blaker and Pardee7 have determined 
the molecular weight of a rabbit antibody. Oster, 
Doty and Zimm8 studied tobacco mosaic virus, 
which, unlike the other molecules previously 
mentioned, is in its longest dimension comparable 
with the wave length of visible light; thus they 
were able to determine not only the molecular 

(5) T. Bucher, Biochim. et Biophys. Acta, 1, 467 (1947). 
(6) (a) W. Heller and H. B. Klevens, Phys. Rev., 67, 61 (1945). 

(b) M. Halwer, G. C. Nutting and B. A. Brice, Abstracts of Papers, 
116th Meeting, American Chemical Society, page 3G, 1949. 

(7) D. H. Campbell, R. H. Blaker and A. B. Pardee, THIS JOUR
NAL, 70, 2496 (1948). 

(8) G. Oster, P. Doty and B, H. Zimm, ibid., 69, 1193 (1947) 
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