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The products formed in the reactions of diazomethane with ketones (acyclic 
and cyclic) have been thoroughly investigated. A priori, it would appear that 
ethyl diazoacetate should give rise to similar products. This is not, however, 
the caae. 

The ketones (cyclohexanone and acetone) here investigated did not react 
with ethyl diazoacetate below 120". The use of promotors, however, permitted 
the reaction to be conducted at lower temperatures. Among the promoters 
tested (Pt, Pd, Raney Xi, AgzO, AgIi03, Cu), copper was most effective, facili- 
tating smooth reaction with steady evolution of nitrogen gas a t  90". 

Early in the investigation it became apparent that complex mixtures of 
products are formed in reactions of ethyl diazoacetate with ketones. For this 
reason trial experiments were performed with several ketones. Cyclohexanone 
was finally selected for intensive study. Progress was hampered for some time 
by ignorance of the effects of ctmospheric oxygen on the reactim products. 
All efforts to purify even the simplest adduct, A, (see reaction schcme below) 
resulted in a product which, although apparently homogeneous, mill gave low 
and inconsistent carbon and hydrogen analyses. The chemical reactions of this 
adduct, however, had clearly shown it to  be the cyclohexen-1-01 ether of ethyl 
glycolate. 'The difficulty was finally traced to the peroxidation of the reaction 
products. Oxygen was, therefore, rigorously excluded from the initial reaction 
and from all subsequent operations. Once this precaution was taken, the ana- 
lytical difficulties previously encountered disappeared, and the separation of 
individual reaction products became much less difficult. 

The  reaction of ethyl diaxoacetale with cyclohexanone in the presence of copper 
powder. The course of the reaction of ethyl diazoacetate with cyclohexanone in 
the presence of copper powder is indicated below. 

+ o-ocHz C02Et 

cu 
90' 

+ XzCHCOzEt -+ Nz f 

A (4301, crude) 
o-" 

For a bibliography of reaction of ethyl diazoacetate with a miscellany of inorganic 
compounde, the Doctoral Dissertation of Rudy (University of Chicago, 1953) should be 
consulted. 

E Atomic Energy Commission Predoctoral Fellow. 
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OCHCOzEt 
OCHn COzEt 

4- CHCOsEt 

C (16%) G (4% est.) I(l% est.) 

Separation and characterization of Compound A. Compound A was separated 
from the reaction mixture by distillation. Analyses, molecular weight, and 
saponification equivalent indicated that A is a 1:l a d d ~ c t . ~  The structure of 
this compound was established by the following sequence of reactions. 

--+ 0' + WOCHzCOzEt 

A NOz C (CHd4COzCH2 COpEt -+ H o p  C (CH2),COZH + HOCHzCOzEt 

Separation and characterization of Compozhnd C .  Compound C was removed 
from the mixture of C, G, and I4 as indicated in the experimental part. hnaly- 
ses, molecular weight, and saponification equivalent indicated that C is a 1 :2 
adduct. The structure of this compound was established by the following se- 
quence of reactions. 

HOz C(CH2).jC02CHCOZEt 

c 

HOCHCOzH 
Pb(0AC)r + HOzC(CHd4COd3 

O H !  

+ (IICOC0zH) +- 

O F  H 

coz + 

8 When reference is made t o  a 1:1, 1:2,2:1, or 3: l  adduct, the first number refers to  the 
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Characterization of the mixture of Compounds G and I. After removal of G 
from mixture B there remained a difficulty separable mixture which exhibited 
the properties of G and These compounds were prepared independently and 
characterized as indieated below. 

Preparation alzd characterization of Compound G. Compound G was prepared 
by heating pure 61 in an evacuated sealed tube or a solution of C in cyclohexa- 
none. Unchanged e was removed by ozonolysis, leaving pure G. Analyses, 
molecular weight, and saponification equivalent of G showed it to be an isomer 
of 6. The structure of G was established by the following sequence of reactions. 

/\--OCHCQ~E~ - 170”_, ox,, OCHCOzEt 

0 

F .c 

C G (60%) 

OR-, H+ 

OCHCOzH 

0 - O  oob + H:&cozH <HaOf 35 1 I 
\ 

Preparation and characterization of Compound I .  Compound I was prepared 
by the reaction of ethyl diazoacetate with A in the presence of copper powder. 
Distillation, followed by ozonolysis to remove unsaturated impurities, gave 
pure I. Analyses, molecular weight, and saponification equivalent of I showed 
it to be a 2:9 adduct. The structure of I was determined by the following se- 
quence of reactions. 

OCHzCOzEt 

A 1 (79%) 

number of -CHCOzEt groups in the molecule, while the second number refers t o  the 
number of ketone molecules similarly incorporated. 

4 This mixture is referred t o  as B in the Experimental Par t .  
6 This mixture is  referred to  as D in the Experimental Part. 
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A similar reaction takes place when cyclohexen-1-01 acetate is used instead of 
A (see experimental part). 

T h e  reaction of ethyl diazoacetate with cyclohexanone in the absence of copper 
powder. The reaction of ethyl diazoacetate with cyclohexanone in the absence 
of copper powder was conducted a t  the reflux temperature of cyclohexanone. 
The evolution of nitrogen was sluggish; the products were mostly the pre- 
viously described compounds A and G .  In  view of the observed thermal isom- 
erization of C it appears probable that the primary products are the same in 
the presence or absence of copper powder. 

T h e  reaction of ethyl dinxoacetate with acetone in the presence o f  copper powder. 
A large number of reaction products are formed when ethyl diazoacetate is 
heated with acyclic ketones in the presence of copper powder. In  general, the 
separation of these compounds is difficult. The separation of the reaction prod- 
ucts n7as found less difficult \Then acetone was used. The reaction was carried 
out in a pressure vessel a t  90" and a t  a pressure of 30 lb./sq. in. (gauge). The 
following reaction products were isolated. 

CHs 
c u  I 

C a C O C H s  + NzCHCOzEt 7 K'i + C H ~ = C - O C H ~ C O Z E ~  + 
K (24%) 

CHs CH3 
I I 

CHZ=C-OCHCOzEt + CHsC-OCHC02Et + 
I \ I  

HOC(CHs)z 0- C(CHa)2 

L1 (Total L, 9%) Lz 

CH3 
I 

CH2-C-OCH2COzEt + 3:1 

P (4%) \ I  CHCOzEt 

6) (23%) 

Examination shows the reaction products to  be similar to those formed when 
ethyl diazoacetate reacts with cyclohexanone. The following significant differ- 
ences were noted: (a) the 1:2 adduct Ll appeared to be largely isomerized to Lz; 
( 6 )  what appears to  be a 3: l  adduct, compound P, was isolated. No such ad- 
duct xas isolated in the reaction with cyclohexanone. The structure of the 3: 1 
adduct has not been determined, but it appears unlikely that any of the char- 
acterized products can be precursors. It is concluded that compound P is formed 
by a reaction which is independent of those established for the formation of 
the other reaction products. 
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Characterization of the products qf the reaciioiz of ethyl diazoacetate with acetone 
in the presence of copper powder. The structures of the products of this reaction 
(c~mpounds IC, 0, and L2) weye determined by the same methods that were 
used for the products of the cyclohexanone reaction. The methods are indicated 
in the foilowing reaction sequence. 

C Ns 

-_ NzCHCOzEt I Ha0 + 

i-+ Na + CH~--C--OCH~COzEt 

CHCOzEt 

c u ,  BO" 

0 

CHs CO(CHz)z COzEt + HO CHzC OzEt 

M CHjCOCHj + HOCHCOzH 
I 

KO C (C N3 ) z  

N 

Pb(OA0)a I C H a C O C S  + (HCOCOnH) -j 
160" I 

COS + (CHs)zCHCHO 

The  mechanism of the reaction of ethyl diaxoacetate with ketones. As previously 
indicated, ethyl diazoacetate, when heated with either cyclohexanone or ace- 
tone in the presence of copper powder, gives rise to  a variety of products (A, C, 
G ,  and I with cyclohexanone; K, h, La, 0, and P with acetone). In the con- 
sideration of the mechanism of this reaction it is of utmost importance to ascer- 
tain whether all of these compounds are primary products, or whether some 
of them result from the interaction of ethyl diazoacetate or the ketone with a 
primary reaction product. It has been demonstrated that the unsaturated 1 : 2 
adduct C rearranges at elevated temperatures to give compound G .  Likewise, 
the umaturated 1:2 adduct L1 undergoes thermal rearrangement to give Lz. 
Furthermore, it has been demonstrated that the 2:1 adducts, I and 0, are 
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formed by the reaction of ethyl diazoacetate with the I :  1 adducts, A and IC, 
respectively. The 1 : 1 adducts, A and K, are obviously primary reaction prod- 
ucts. Thereiore, it remains only to consider the unsaturated 1:2 adducts, C 
and The unsaturated 1:2 adduct C could not be prepared by ‘creaiment 
(under a variety of conditions) of the 1:l adduct A with cyclohexanone, al- 
though a similar reaction between tert-butyl acetate and acetophenone has 
been successful!y carried out with the aid of lithium amide (1). 

LiNHz CeIXOCHs I 
CHa C02C(CHs),  - LiCHzCOz C(CHa), -+ M O C C G H ~  

I 
CHa 

It appears, therefore, that a satisfactory reactioii mechanism must account for 
the formation of the 1: 1 adducts, A and K, and the 1:2 adducts, C and L1, as 
primary reaction products. 

At first glance, the compounds A and IC formed in the reaction of ethyl diazo- 
acetate with cyclohexanone and with acetone, respectively, suggest that the 
enolic forms of the ketones react in much the same manner as carboxylic acids 
react with ethyl diazoacetate or enols react with diazomethane. However, the 
strength of this argument is somewhat weakened since only a very small amount 
of reaction product similar to  A is formed when ethyl methylacetoacetate (2) 
(which is two hundred times more highly enolized than cyclohexanone) is 
heated with ethyl diazoacetate in the presence of copper powder. In  this in- 
stance a large quantity of ethyl fumarate is obtained, whereas only traces of 
it are formed when ethyl diazoacetate is heated with cyclohexanone or with 
acetone. 

It is submitted that neither the experimental work with diazomethane, nor 
the theoretical speculations which have been suggested t o  account for reactions 
of the latter reagent with acidic hydrogen atoms, carbonyl compounds, etc. 
(3), permits an unequivocal choice of a mechanism or mechanisms to  account 
for the primary reaction products formed when ethyl diazoacetate reacts with 
ketones. The formation of these products may be rationalized on the basis of 
the following sequence of rea~t ioi is .~ 

6 The 3:l adduct, P, is formed in small amount (4%). It is regarded as a primary reac- 
tion product. The structure of this substance has not been determined. 

7 It should be borne in mind that  ethyl diazoacetate reacts with unsaturated compounds 
and ketones t o  give primary products, the nature of which is independent of the presence 
or absence of copper powder in the reaction mixture. The only apparent effect of the cop- 
per powder is t o  lower the temperature a t  which reaction takes place. 
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R 

RCHzCOR' T 
R' 

12' 
I M  

RCH=C-0 C C OzEt 
If 

T 
c u  RC NzCO R' 1 

+ RCHz C-O-CHCOZ Et  + .. NzCHCOzEt -4 Nz $. :CHCOzEt 
- 

R' 0 
I I I I 

RCHXC-OCHCOEt t--+ RCH=C-OCH=COEt .. - 
Y 

]+E+ \ SRCHzCOR' 

R' R '  R '  

- H+ 

I I +H+ I 
3 RCH-C-OCHC02Et RCII=C-OCHi C OzEt RCH-C-0 CHC OzEt ~ .. I I 

* '  I I 
HO C CHa R 1:1 

- :O-C CH2 R 

R' R' 
1:2 

The interpretation here advanced satisfactorily accounts for the formation of 
the primary reaction products (A, C, K, and L). Formation of the secoiidary 
reactior, products (G, I, Es, and 0) is in accord with the chemistry of the former 
substances. 

EXPERIMENTAL Pa4RT 

REAGEKTS 

Eth$ diazoacetate. Ethyl diazoacetate was prepared according to  the directions given 
by Hickinbottom (4) with the following important modifications. Four times the indi- 
cated quantities of reagents may be safely used. Sodium sulfate was used in place of cal- 

8 It is claimed that alloxan forms a stable adduct of the type 

H H 
K-c=o N-C=O OH 

/ \ /  
\ /  

c=o 3 o=c C--C (Xz) C 0 OE t 
/ \  
\ /  

KZCHCOzEt + O=C 

N-c=o N-(3-0 
H H 

[Biltz and Kranier, Ann., 436, 160 (1924)l. 
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cium chloride to  dry the ethereal solution of the crude product. Most of the ether was 
removed by distillation a t  atmospheric pressure until the temperature of the residue 
reached 45". The remaining ether was removed a t  6 mm. pressure. Distillation a t  reduced 
pressure gave a pure product (82%; b.p. 32-33"/6 mm.). Temperature control of the re- 
action was not critical as long as the temperature was kept below 20". Furthermore, larger 
quantities of dilute sulfuric acid may be used without sacrifice in yield, thereby decreas- 
ing the time required for the preparation. 

Cyclohexanone. Eastman's white label cyclohexanone was distilled through a 15 X 700 
mm. Fenske column (b.p. 97"/130 mm.). 

Acetone. Reagent grade acetone (Merck) r a s  used without further purification. 
Other ketones. 911 other ketones (the reaction products of which were not rigorously 

Copper powder. Venus natural copper (United States Bronze Powder Works) was used. 
investigated) were purified by simple distillation a t  atmospheric or reduced pressure. 

APP-4RATL-S AND PROCEDURE 

The reaction of ethyl diazoacetate with ketones, except acetone, was conducted in a 
three-necked, round-bottomed flask of suitable capacity, n-hich was equipped with an 
internally-vented dropping-funnel, a silicone-lubricated Trubore bearing stirrer, and a 
reflux condenser with gas outlet. +4 thermometer suspended in the reflux condenser was 
arranged t o  measure the temperature of the contents of the reaction vessel. The reaction 
vessel was heated by an electric mantle which could be removed easily when cooling was 
necessary. The gas evolved in the reaction (nitrogen) was measured by a Precision Wet- 
test meter. 

The ketone and copper were placed in the reaction vessel, and a mixture of ketone and 
ethyl diazoacetate was placed in the dropping-funnel. All ground glass joints were lubri- 
cated with silicone grease. The entire system, with the exception of the gas meter, was 
evacuated and refilled with pure, dry nitrogen gas three times in order to  remove oxygen 
gas. A slight positive pressure of nitrogen was maintained ahi le  the gas meter was con- 
nected to  the gas outlet of the reflux condenser. Not until the contents of the reaction 
vessel were heated t o  the desired temperature, was the flow of nitrogen stopped. When 
pressure equilibrium was established, the initial reading of the gas meter was taken, stir- 
ring was begun, and addition of the ethyl diazoacetate-ketone mixture vas started. The 
addition was performed cautiously and gradually until evolution of nitrogen became ap- 
parent. Since the reaction is exothermic, and temperature dependent, i t  was occasionally 
necessary to  remove the heating mantle in order t o  maintain temperature control. Ad- 
justment of the rate of addition, in conjunction with adjustment of the heating mantle, 
served t o  control the temperature of the reaction. When addition was complete, the tem- 
perature of the reaction mixture was maintsined until nitrogen evolution ceased. The 
final reading of the gas meter was then taken, stirring was stopped, and a slight positive 
pressure of pure, dry nitrogen was again applied. The reaction mixture was cooled under 
the nitrogen atmosphere and subsequently worked up as indicated in a following section. 

The reaction of ethyl diazoacetate with acetone was conducted in a one-piece glass 
apparatus which was capable of withstanding internal pressures up to  150 lb./sq. in. The 
apparatus consisted of a long-necked reaction vessel with an internally-vented dropping- 
funnel. Bcetone and copper powder were placed in the vessel, while a mixture of acetone 
and ethyl diazoacetate was placed in the dropping funnel. The apparatus was connected 
by pressure tubing to  a pressure gauge and a three-way needle valve. The valve arrange- 
ment permitted the apparatus t o  be evacuated and filled with pure, dry nitrogen gas. 
It further permitted controlled release of evolved nitrogen through a gas meter. The sys- 
tem was evacuated and refilled with nitrogen gas three times, the pressure being raised 
t o  30 lb./sq. in. with the last filling. The apparatus was suspended so that  the reaction 
vessel only was immersed in a steam-heated water-bath, and a shaking device was at-  
tached. A thin layer of mineral oil on the surface of the water bath prevented steaming 
a t  bath temperatures up t o  95". As the temperature of the water bath was raised, the in- 
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creased pressure of gas was relieved through the needle valve. The vented gas passed 
through the gas meter a t  atmospheric pressure. The temperature of the contents of the 
reaction vessel (under reflux) was regulated by maintaining the pressure a t  a suitable 
value. When the reaction mixture reached the desired temperature, and eqnilibrium was 
established with shaking, the initial reading of the gas meter was taken, and addition 
of the acetone-ethyl diazoacetate mixture was begun. The rate of addition was adjusted 
so that  the reaction mixture refluxed gently in the long neck of the apparatus. Kitrogen 
pressure was maintained a t  the initial value by careful and frequent adjustment of the 
needle valve. When the evolution of nitrogen decreased to  an inappreciable rate, the final 
reading of the gas meter was taken, the needle valve was closed, and the reaction mix- 
ture was cooled under the nitrogen atmosphere. The nitrogen gas was then allowed t o  
escape, and the reaction mixture was worked up as indicated in a following section. 

The reaction o j  ethyl diaxoacetate wi th  cyclohexanone i n  the presence of copper powder. 
A mixture of ethyl diazoacetate (22.0 g., 0.19 mole) and cyclohexanone (44.0 g., 0.45 mole) 
was slowly added (1.5 hours) to  a suspension of copper powder (0.1 g.) in cyclohexanone 
(88.0 g., 0.90 mole). The reaction mixture was maintained a t  90-95". Nitrogen evolution 
began when abcut 10 mi. of the ethyl diazoacetate-cyclohexanone mixture had been added. 
Steady nitrogen evolution continued throughout the addition of the ethyl diazoacetate- 
cyclohexanone mixture. Five minutes after the addition was complete, the evolution of 
nitrogen ceased rather abruptly. The total volume of evolved nitrogen was 4.25 1. N.T.P. 
(Calc'd 4.25 1.). Excess cyclohexanone was removed from the reaction mixture by distilla- 
tiong (b.p. 30-36"/9 mm.). Distillation of the residue gave the following fractions: Crude A 
(15.0 g., b.p. 55-110°/0.06 mm.); Crude B (13.6 g., b.p. 110-145"/0.07 mm.); Dark viscous 
residue (3.2 8.). 

Purification and characterization of fraction A. Two fractional d;stillations of the crude 
A (15.0 g.) through a small Vigreux column gave pure A (10.2 g., b.p. 103.5-104.6"/6 mm., 
n:' 1.4665). 

A n a l .  Calc'd for ClaHle08: C, 65.2; W, 8.7; Mol. Wt. 184. 

On exposure to  air and light the refractive index of A increased, its carbon and hydro- 
gen contents decreased, and it liberated IZ when shaken with aqueous iodide aolution.11 
Treatment of A with a 2,4-dinitrophenylhydrazine reagent (5)  gave a heavy precipitate 
of the 2,4-dinitrophenylhydrazone of cyclohexanone. The material melted a t  160-161' 
and did not depress the melting poinL of an authentic sample. Treatment of A with 
a methanolic solution of semicarbazide acetate failed to  give a derivative when the mix- 
ture was allowed t o  stand for 12 hours. Hydrolysis of A (7.0 g.) mas effected by 1.5-hour 
reflux in 25 ml. of a 2% solution of HCl in 90% ethanol. After removal of the ethanol at 
reduced pressure, distillation of the residue gave 4.5 g. of a mixture of cyclohexanone 
(the semicarbaaone of this mat,erial melted a t  165-165.5", and the melting point was not 
depressed by admixture with an authentic sample) and ethyl glycolate. Treatment of the 
mixture with p-nitrobenzoyl chloride in dry pyridine gave the p-nitrobenzoate of ethyl 
glycolate. Upon crystallization from aqueous methanol the material separated as pale 
yellow needlea, which melted a t  38.8-39.2". The melting point of this material was not 
depressed upon admixture with an authentic sample of the p-nitrobenzoate of ethyl gly- 
colate. 

Found: C, 65.1; H, 8.9; Mol. Wt.,lo 188; Sapon. Equiv., 186. 

A n a l .  Calc'd for CIIHd?Oe: C, 52.2; H, 4.3; N, 5.5. 

At -60" in  ethyl acetate 2.06 g. of A absorbed approximately 13 mmoles. of ozone 
(Calc'd for one double bond, 11.2 mmoles.). The ethyl acetate was removed a t  reduced 

Found: C, 52.4; H, 4.6; N, 5.3. 

Q This, and all subsequent distillations, were performed under a nitrogen atmosphere. 
10 All molecular weights were determined cryoscopically in benzene. 
11 The facile peroxide formation by compounds of this type is currently under investi- 

gation in this laboratory. 
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pressure, and the ozonide was hydrolyzed by heating with water for 16 hours on a steam- 
bath. Upon cooling, 0.4 g. of a white crystalline solid separated from the aqueous solution. 
The solid, when crystallized from aqueous ethanol, melted a t  86-87'. 

Anal .  Calc'd for CloH~60s:  C, 51.7; H, 6.9. 

This compound is acidic and is presumably the half ester of adipic acid. Repeated con- 
centration and cooling of the aqueous solution of the hydrolyzed ozonide gave 0.8 g. of 
adipic acid which melted a t  150-151". The melting point of the acid thus obtained did 
not depress the melting point of an authentic sample of adipic acid. The mother liquor 
from these crystallizations gave a positive color test for glycolic acid (6). 

Separation of fraction B into components. Repeated fractional distillation of B failed 
t o  yield a homogeneous product. The combined fractions (12.5 g.) were dissolved in 75 ml. 
of 30-35" ligroin. The solution was cooled to approximately -60" in a Dry  Ice-acetone 
bath. A stream of warm, moist air was adjusted t o  agitate the surface of the liquid. After 
five minutes the temperature of the solution had risen to  -20°, and a white crystalline 
substance had separated and was collected on a filter. The filtrate was returned to  the 
Dry  Ice-acetone bath and was again cooled to  -60", and the above treatment repeated. 
The procedure was repeated three times. The combined precipitates m-ere washed several 
times with 30-35' ligroi'n which had been cooled to  -80'. The crystalline material thus 
obtained melted a t  40-45", and could be recrystallized only by repetition of the above 
technique. A sample of the material placed in  a vacuum-desiccator readily lost water and 
was converted to  6, while a suspension of the material in -water remained unchanged. 
The crystalline solid (m.p. 42") (10.1 g.) was dissolved in the minimum of warm ethanol 
and transferred to  a Claisen distillation flask. Sf ter  removal of the ethanol a t  reduced 
pressure, distillation gave pure C (8.4 g., b.p. 113"/0.05 mm., n:' 1.4905). 

Evaporation of the ligroin from the niother liquor and washings gave 3.2 g. of D. 
Characterization of Compound C .  Analyses of Compound C were made on samples ob- 

Anal. Calc'd for C16HsOOa: C, 68.1; H, 9.2; Mol. Wt., 282. 

Determination of active hydrogen by the Zerewitinoff method gave an equivalent 
weight of 276. The behavior of C with respect t o  neutral and acidic carbonyl reagents 
was identical with that  of A. At -60" in ethyl acetate 1.75 g. of C absorbed approximately 
6 mmoles. of ozone (Calc'd for one double bond, 6.2 mmoles.). The ethyl acetate was re- 
moved a t  reduced pressure, and the ozonide was decomposed by catalytic hydrogenation, 
using 2% Pd on CaCOs in ethanol. The catalyst was collected, and the solvent was re- 
moved a t  reduced pressure. Distillation of the residue yielded a fraction which gave a 
positive test, with fuchsin-aldehyde reagent (0.85 g., b.p. 153-154"/0.05 mm., ni0 1.4742), 
an acidic fraction (0.7 g., b.p. 170-205"/0.05 mm.), and 0.15 g. of residue. The acidic frac- 
tion crystallized on standing, Recrystallization from aqueous ethanol gave Compound E 
(0.58 g., m.p. 91.5-93"). On exposure to  air or when shaken with neutral 5% HzOz, the alde- 
hydic fraction was converted into Compound E. 

Found: C, 51.7; H, 7.2. 

tained as described above. 

Found: C, 67.8; H, 9.4; Mol. Wt., 285; Sapon. Equiv. 278. 

A n a l .  Calc'd for C16HZ607: C, 88.2; H, 7.9; Mol. Wt., 330. 

Compound E had a saponification equivalent of 114 (Calc'd for 3 carboxyl groups, 110). 
A 2.0-g. sample of i t  was saponified by refluxing for four hours in a solution of 2.5 g. KOH 
in 30 ml. of 80% ethanol. The saponification mixture was acidified t o  Congo Red with 
concentrated HC1 and evaporated to  dryness a t  reduced pressure. The solid residue was 
extracted several times with boiling ethanol, and the combined extracts were evaporated 
t o  dryness. The solid residue was crystallized from water. Adipic acid (0.25 9 . )  was thus 
obtained. The melting point of the acid thus obtained did not depress the melting point 
of an authentic sample of adipic acid. The combined mother liquors and washings were 
evaporated to  dryness, and the solid residue was crystallized from chloroform. The crys- 
talline material (0.7 g.) was Compound F. It melted at 117-118". 

Found: C, 58.5;  H, 7.9; Keutr. Equiv. (cold), 335. 
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Anal. Calc'd for CsH140a: C, 55.1; H, 8.0; Mol. Wt., 174. 

h solution of Compound F in an excess of a saturated solution of lead tetraacetate in 
glacial acetic acid was allowed t o  stand for 1-1 hours. Water was then added, and the s o h -  
tion was distilled. Cyclohexanone wis identified in the distillate. When Compound F 
was subjected t o  pyrolj-sis a t  temperatores slightly above 150", COZ was evolved. The 
liquid residue from pyrolysis gave a positive test with fuchsin-aldehyde reagent and a 
yellow 2,4-dinitrophenylhydraxone which melted a t  168-169". The recorded melting point 
of the 2,4-dinitrophenylhydrazone of cyclohexanecarboxaldehyde is 168-169" ( 7 ) .  

Investigation of Fraction D. Repeated distillations of Fraction D failed t o  give a homo- 
geneous fraction. -4t a pressure of 0.07 mm. the boiling point rose gradually from 90-110". 
Ozonolysis, followed by reduction of the ozonide (using the techniques previously de- 
scribed), indicated approxiniately 10% unsaturation if the average molecular weight of 
the compounds present is assumed to  be approximately 280. The products of distillation 
of D, after ozonolysis and reduction, are as indicated below. The results of several experi- 
ments are summarized. 
DI (approximately 76%, b.p, 93-9?"/0.07 mm., do 1.4733-1.4756, Bnal. 6, 65.2-65.5; 

H, 9.2-9.0) ; Ds (approximately lo%, b.p. 97-105"/0.07 mm.); Da (approximately lo%, 
residue). 

Various samples of D1 had saponification equivalents ranging from 190-200 and molecu- 
lar weights of the order of 280. The reaction of DI with 2,4-dinitrophenylhydrazine rea- 
gent was slow. A mixture of the 2,4-dinitrophenylhydrazones of cyclohexanone and eyclo- 
hexanone-2-acetic acid ethyl ester were formed. These compounds were separated by  
chromatography (on silicic acid-Celite), using benzene-ligroyn as an eluent. The latter 
derivative is discussed in more detail in a later section. Fraction Dz reacted rapidly with 
2,4-dinitrophenylhydrazine reagent t o  give the hydrazone of cyclohexanone-2-acetic acid 
ethyl ester. Crystallization of D3, first from benzene-ligroin, then from ethanol-water, 
showed it to  be approximately 50% E. In the light of evidence presented in following sec- 
tions, it appears that  Ip1 consists of a mixture of G and I, while Dz consists mostly of I. 
The presence of E in Da indicates that  most, if not all, of the unsaturation of D is due t o  
the presence of C. 

Thermal isomerization of compound C. Compound C (5.7 g.) was maintained at 170" 
for two hours in an evacuated, sealed tube.12 The reaction mixture, when dissolved in 
ethyl acetate and cooled t o  -60", absorbed 4.8 mmoles. of ozone (Calc'd for unchanged C, 
20 mmoles.). The ozonide formed m s  reduced cat,alytically, and the resulting products 
were separated by distillation. Thus there was obtained G (3.4 g., b.p. 84-86"/0.05 mm., 
n:' 1.4790). 

Found: C, 54.9; H, 8.1; S e u t .  Equiv., 172. 

Anal. Calc'd for Cl6H2604: C, 68.1; H, 9.2; Mol. Wt., 282. 

The residue from the distillation (1.5 g.) gave Compound E (0.6 g.) by crystallization 
from a mixture of benzene-ligroIn. The remainder of the residue tvas presumably the al- 
dehydic analog of Compound E, since i t  gave a positive test with fuchsin-aldehyde rea- 
gent. Compound G reacted slowly (overnight) with 2,4-dinitrophenylhydrazine reagent 
to  give the hydrazone of cyclohexanone. Saponification of 1.33 g. of Compound G in 5% 
aqueous NaOH, followed by acidification to  Congo Red with concentrated EG1, produced 
a water-insoluble liquid acid (Compound M) . The aqueous suspension of H ~r'as extracted 
nvith 30-35" ligroln; the ligroPn solution was dried over sodium sulfate; the sodium sulfate 
was collected, and the filtrate evaporated, and the resulting residue was distilled. Thus 
there was obtained 1.0 g. of pure Compound H (b.p. 125-127"/0.05 mm.). 

Found: C, 68.0; N, 9.4; Mol. Wt., 284; Sapon. Equiv. 287. 

Anal. Calc'd for Cl4H29O4: C, 66.1; K, 8.6; Mol. Wt., 254. 

Hydrolysis of compound H (0.5 g.) was effected by heating for two hours a solution 

l2 Approximately the same results were obtained by refluxing Compound C in cyclo- 

Found: C, 66.0; H, 8.9; Neut. Equiv., 244. 

hexanone under a nitrogen atmosphere for one hour. 
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of the compound in a 2% solution of HC1 in 50% aqueous ethanol. The reaction mixture 
--as distilled, and the first 20 ml. of distillate was collected. The distillate (4.0 ml.), on 
treatment with an excess of 2,4-dinitrophenylhydrazine reagent, rapidly gave a precipitate 
of the hydrazone of cyclohexanone (0.16 g.). The undistilled portion of the solution was 
evaporated t o  dryness a t  reduced pressure, and the residue upon crystallization from 
chloroform gave conipound F (0.3 g.).  

Reaction of ethyl diazoacetate with Compound A in the presence of copper powder. A mixture 
of ethyl diazoacetate (14.0 g., 0.12 mole) and Compound A (27.0 g., 0.15 mole) --as heated 
to  90" in the presence of copper powder (p.1 g.). A total of 2.8 ml. K.T.P. of nitrogen was 
evolved (Calc'd 2.8 1. N.T.P.). Distillation of the reaction mixture gave: Recovered A 
(8.0 g,); crude fraction of Compound I (21.5 g., b.p. 90-126"/0.07 mm.); residue (7.3 g. 
dark and viscous). 

Distillation of the crude fraction of Compound I did not give any separation (19.2 g., 
b.p. l07-llOo/0.l mni.). This impure fraction of Compound I (7.2 g.) was ozonized in the 
previously described manner. Approximately 4 mmoles. of ozone was absorbed. The ozo- 
nide was reduced catalytically; acidic components were removed by extraction of an ethe- 
real solution of the products with saturated bicarbonate solution; and the neutral products 
were separated by distillation. In this manner there was obtained a pure fraction of Com- 
pound I (4.8 g., b.p. 108-110'/0.08 mm., do 1.4712). 

A n a l .  Calc'd for C I ~ H &  6, 62.2; H, 8.1; Mol. Wt., 270. 

Compound I had a saponification equivalent of 137 (Calc'd for two carboxyl groups, 
135). Treatment of Compound I with 2,4-dinitrophenylhydrazine reagent rapidly gave 
the hydrazone of cyclohexanone-2-acetic acid ethyl ester. The melting point (128-127') 
of this hydrazone was not depressed by admixture with an authentic sample. 

Found: C, 61.9; H, 8.3; Mol. Wt. 272. 

Bnal .  Calc'd for C16H20NaOo: C, 52.7; H, 5.5. 

Treatment of Compound I with a methanolic solution of semicarbazide acetate failed 
t o  give a derivative when the mixture was allowed t o  stand for 24 hours. However, when 
Compound I was warmed for 10 minutes with ethanol containing traces of sulfuric acid, 
treatment of the resulting alcoholic solution with semicarbazide acetate rapidly gave the 
semicarbazone of cyclohexanone-2-acetic acid ethyl ester. The melting point (191.5-192.5") 
of this semicarbazone was not depressed by admixture with an authentic sample. 

Found: 6, 52.6; H, 5.8. 

A n a l .  Calc'd for C I I H ~ ~ S O ~ :  C, 54.8; H, 7.9. 

The products of acid hydrolysis of Compound I gave a positive color test for glycolic 
acid. 

Reaction of ethyl diazoacetate wi th  cyclohexen-2-01 acetate in the presence of copper powder. 
A mixture of ethyl diazoacetate (30.0 g. 0.26 mole) and cyclohexenol aeetateI3 (74.0 g., 
0.53 mole) was heated t o  90' in the presence of copper powder (0.1 g.). Mtrogen gas was 
evolved (5.6 1. a t  2i.T.P.; Calc'd 5.9 1. a t  N.T.P.). After treatment of the reaction mixture 
as described for the purification of Compound I, a liquid (27.0 g., b.p. 80-Slo/0.3 mm., 
n, 1.4666) was obtained (Compound J). 

A n a l .  Calc'd for C12HI8Oa: C, 63.7; H, 7.9; Mol. Wt., 226. 

The saponification equivalent of Compound J was 115 (Calc'd for two carboxyl groups, 
113). The behavior of Compound J with ketonic reagents was in all respects similar to  the 
behavior of Compound I. 

Thermal reaction of ethyl diazoacetate wi th  cyclohexanone. A mixture of ethyl diazo- 
acetate (20.0 g., 0.176 mole) and cyclohexanone (120 g., 1.22 moles) was heated to  155' 
(reflux temperature of cyclohexanone). The evolution of nitrogen was sluggish (4.0 1. 
N.T.P.; Calc'd 4.0 1. N.T.P.). The  products were isolated by the methodp, previously de- 
scribed: Compound A (12.2 g.); Compound G (5.2 9.); Compound C (trace); Compound I 
(trace). 

Found: C, 54.8; H, 7.9. 

20 

Found: C, 63.5; H, 8.0; Mol. Wt., 224. 

l 3  Prepared by the method of Bedoukian [ J .  Am. Chem. SOC. ,  87, 1430 (1945)l. 
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At 90" in the absence of copper poq-der there was apparently no reaction between ethyl 
diazoacetate and cyclohexanone. In any event, no product boiling higher than the rea- 
gents was formed. The following molecu!ar weights mere determined: cyclohexanone, 
98.6 (Calc'd 98.1); ethyl diazoacetate, 114.8 (Calc'd 114.1); an equimolar mixture of cy- 
clohexanone and ethyl diazoacetate which had been heated to  90" for 15 minutes, 108 
(Calc'd 106). 

Rsaction of ethyl diazoacetate with acetone in the presence of coppel' powder. Ethyl diazo- 
acetate (20.0 g. ,  0.175 mole) dissolved in acetone (23.7 g., 0.41 mole) mas added to  acetone 
(47.4 g. ,  0.82 mole) containing suspended copper powder (0.1 g.) over a period of 234 hours. 
The temperature of the reaction mixture was approximately 93" (30 lb./sq. in.) a t  all 
times. The evolution of nitrogen was sluggish (3 25 1. N.T.P.; Calc'd 4.0 1. N.T.P.). At 
the end of three hours, the rate of nitrogen gas evolution was very slow. Distillation of 
the reaction mixture gave, in addition to  recovered acetone and some ethyl diaxoacetate, 
the folloiring fractions: Crude Fraction K (7.50 g., b.p. 52-66"/9 mm.); Crude Fraction L 
(3.60 g., b.p. 40-4'i0/0.1 mrn.); Crude Fraction 0 (4.65 g., b.p. 76-87"/0.1 mm.); Crude 
Fraction P (5.50 g., b.p. 105-112°/0.1 mm.); Residue (1.85 g.). 

Purification and characteristics of fraction IC. Contamination of fraction K by unreacted 
ethyl diazoacetate was apparent from the yellow color of the crude material. To  destroy 
this latter material, this fraction was heated, in the presence of a small amount of copper, 
until no more nitrogen gas was evolved and the yellow color had disappeared. Two dis- 
tillations of this fraction gave pure Compound K (6.0 g., b.p. 50-52"/9 mm., nE0 1.4290). 

Anal. Calc'd for C ~ H I Z O ~ :  C, 58.3; H, 8.3; Mol. Wt., 144. 

The behavior of Compound IC with carbonyl reagents was identical with that of A,  
except that derivatives of acetone Sere obtained. These derivatives (2,4-dinitrophenyl- 
hydrazone, m.p. 125-126", and the semicarbazone, m.p. 185-186") were identified by the 
usual method. Compound K (3.0 g.) was refluxed tqTo hours in 90% ethanol containing 
2% HCI. The solvent and volatile products were removed by evaporation below 20" a t  
9 mm., and x-ere trapped a t  Dry Ice temperature. Treatment of one-quarter of the 
trapped material with an excess 2,4-dinitrophenylhydrazine reagent gave the 2,4-dinitro- 
phenylhydrazone of acetone (0.3 9.). The residue from the evaporation was distilled. 
Ethyl glycolate (1.1 g., b.p. 35-45"/9 mm.) was thus obtained. The ethyl glycolate was 
identified as previously described. The residue from this distillation (0.3 9.) was assumed 
t o  be unchanged Compound K. Compound K reacted with ethyl diazoacetate t o  give Com- 
pound 0. The reaction conditions and yield were comparable to  the reaction of A with 
ethyl diazoacetate. 

Pv,rification and characterization of fraction L. Repeated distillations of the  crude frac- 
tion L gave Compound L (presumably a mixture of two isomers; 3.1 g., b.p. 85-90"/10 mm., 
n?. 1.4248). 

Found: 6, 58.1; H, 8.4; Mol. Wt,., 141. 

Anal. Calc'd for CloH~aQc: C, 59.4; H, 8.9; Mol. Wt., 202. 

Compound L (2.98 9.) was ozonized a t  -60" in ethyl acetate. Less than 2 mmoles. of 
ozone was absorbed (Calc'd for one double bond, 14.6 mmoles.). The ozonide was reduced 
catalytically, and the products were separated by distillation. Thus there was obtained 
Compound Lz (2.0 g . ,  b.p. 87'/12 mm., do 1.4212). 

Found: C, 89.2; H, 8.9; Sapon. Eq., 195. 

Anal. Calc'd for C I O H I ~ O ~ :  C, 59.4; H, 8.9; Mol. Wt., 202. 

Compound LS (2.0 g.) was saponified by two hours reflux in excess 10% aqueous NaOH. 
The aqueous basic solution was extracted with ether. This ethereal extract gave no de- 
rivative v3th 2,4-dinitrophenylhydrazine reagent. The aqueous basic solution was acidi- 
fied to  Congo Red with concentrated HC1, saturated with ammonium sulfate, and ex- 
tracted with ether. This ethereal extract was dried over sodium sulfate; the ether was 
evaporated; and the residue was distilled. Thus there was obtained Compound M (1.1 g., 
b.p. 95-97'/12 mm., n?' 1.4359). 

Found: C, 69.2; H, 9.0; Sapon. Eq., 198. 
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A n a l .  Calc'd for CSHl4O4: 6, 55.1; H, 8.0; Mol. Wt., 174. 

Compound M (0.3 g.) was refluxed txBo hours in 7 nil. of 3% aqueous HG1. The water 
and volatile products vere  removed a t  reduced pressure and trapped a t  Dry Ice Ternpera- 
ture. Addition of 2,4-dinitrophenylhydrazine reagent t o  this trapped material gave an 
immediate precipitate of the 2,4-dinitrophenylhydrazone of acetone (0.13 9.). The residue 
from the aforementioned evaporation was dried for four hours in a vacuum (0.05 mm., 
50"). This residue, N, had a neutralization equivalent of 138 (Cale'd for C6Hl0O4 with one 
carboxyl group, 134). N was oxidized by periodic acid and by lead tetraacetate to  give 
acetone (identified as the 2,4-dinitrophenylhydrazone). Pyrolysis of N a t  approximately 
160" gave carbon dioxide and isobutyraldehyde (identified as the 2 ,  J-dinitrophenylhy- 
drazone, m.p. 181-182'). 

PuriJication and characterization of fraction 0 .  Distillation of crude fraction 8 (4.65 g.) 
gave pure compound 0 (4.3 g., b.p. 69"/0.05 mm., nio 1.4448). 

A n a l .  Calc'd for CllHlsOh: C, 57.4; H, 7.8. 

Treatment of Compound 0 with 2,4-dinitrophenglhydrazine reagent gave an imme- 
diate and heavy precipitate of the hydrazone of ethyl levulinate (m.p. 101-102"; no 
depression of melting point was noted upon admixture with an authentic sample of the 
hydrazone of ethyl levulinate). When Compound 0 was heated Rith dilute H2SO4, the 
resulting aqueous solution gave a positive color test for glycolic acid. 

Investigation, of fraction P. Crude fraction P (2.0 g.) t ~ " s  refluxed three hours in 10 ml. 
of a solution of 5% HBr in 85% ethanol. The reaction mixture was cooled, 25 ml. of ether 
was added, and, after shaking with solid sodium bicarbonate, the solution was dried over 
a mixture of sodium bicarbonate and sodium sulfate. The ether and ethanol were evapo- 
rated a t  reduced pressure, and the residue was distilled. Thus there x a s  obtained ethyl 
glycolate (0.35 g., identified by boiling point and the melting point of its p-nitrobenzoate), 
ethyl levulinate (0.45 g., identified by boiling point and the melting point of its 2,4-di- 
nitrophenylhydraxone), and P (0.8 g., b.p. 97-98"/0.05 mm., n:' 1.4474). 

Found: C, 54.8; N, 7.9; Neut. Equiv., 172. 

Found: C, 57.1; H, 7.9. 

Anal .  Calc'd for C ~ ~ H ~ I O , :  C, 56.9; H, 7.6; Mol. Wt., 316. 
Found: 6, 56.8; H, 7.8; N, 0.0; Mol. Wt., 309. 

Compound P had a saponification equivalent of 115 and an equivalent weight per alkoxy1 
group by the Zeisel method of 104 (calc'd for three carbalkoxyl groups, 105). Alkaline hg- 
drolgsis, followed by acidification, or acidic hydrolysis of Compound P gave a viscous, 
water-soluble acid which could be esterified by the Fischer method to  give P. This viscous 
acid could not be properly purified for analysis, and attempts t o  prepare crystalline de- 
rivatives, or t o  oxidize i t ,  were without success. Compound P did not react with ozone 
or carbonyl reagents. 

The formation of ethyl glycolate and ethyl levulinate by HBr treatment (see above) 
is attributed t o  the presence of 0 in the crude P. It was found that an increased yield of 
P could be obtained by rapid addition of the ethyl diazoacetate-acetone mixture in the 
original reaction. The reaction of ethyl diazoacetate with IC, L, 0 ,  ethyl levulinate, ethyl 
fumarate, or ethyl methylacetoacetate failed to  produce Compound P. Deconiposition of 
ethyl diazoacetate in 90-100" ligrofn or n-decane (b.p. 174") in  the presence of copper 
powder a t  90" gave no product boiling in the proper range of Compound P. 

1. The reactions of ethyl diazoacetate with ac57clic and cyclic ketones in the 
absence of oxygen have been investigated. I t  has been established that the 
reaction with either type of ketone (here represented as RCH,COR') proceeds 
to  give the following products: 
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R’ 
I 

I 

(a )  RCH===C-O-C112CQzEt (1:l  adduct) 

R’ 

(b)  RCH=C-Q-CHC02Et (1:2 adduct) 
I 
I 

WQ-CCH2R 

R’ 

R’ 
I 

(c)  RCI-I?:C-O-CRCOzEt (1:2 adduct) 
\ I  

I 
0-C CHzR 

R’ 

R’ 
I 

(d)  RCH-C-0-CN2 CO2Et (2: 1 adduct) 

The structures of these compounds have been established by conventional 
chemical methods. 

2.  It has been established that compound c is formed by isomerization of b. 
3. B mechanism which accounts for the formation of products cc, b,  c, and d 

is suggested. 
CHIC-4GO 37, ILLINOIS 
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