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INTRODUCTION 

Cerium(rv) has been used as an oxidant of organic com­

pounds for many years (l), but the scope and utility of this 

powerful oxidant has not been fully realized. This disserta­

tion iiVisludes several studies on the reactions of eerie 

anmionium nitrate (CAN) in realms not considered before and 

illustrates its tremendous versatility. 

The work in Part I was initiated by Trahanovsky, 

Young and Bobbins (2) who found that 1,2,5-cycloheptatriene 

was oxidized by CAîI to high yields of benzaldehyde and ben­

zene and presented evidence strongly implicating the tro-

pylium ion as an intermediate. This reaction has been ex­

tended to several substituted cycloheptatrienes. Prom the 

study of phenylcycloheptatrienes it has been possible to 

establish more clearly the steps leading to the tropylium 

ion. 

In Part II are presented some novel reactions of CAN 

with diazoalkanes. Phenyldiazoalkanes in general lead to 

high yields of stilbenes with a predominance of the cis 

isomer while other diazoalkanes yield the parent carbonyl or 

alkyl nitrate. This reaction is of particular interest 

because it strikingly illuminates the role radical cations 

may play in diazoalkane chemistry. 

The reaction of sodium azide and CAN in the presence 

of olefins is reported in Part III. No nitrogen is produced 
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and a-azido-jS-nitratoalkanes are isolated in high yields. 

This may be the first example in which the azido radical is 

trapped in the cerlum(iv) oxidation of azide ion. Further­

more the products may prove to have interesting physiological 

properties. 
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PART I. REACTIONS OF CERIC AMMONIUM NITRATE WITH SUBSTI­

TUTED CYCLOHEPTATRIENES 
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INTRODUCTION 

Among all possible metal ion oxidants, cerium(lV) is the 

least likely to find wide use as an oxidant for olefins (l). 

One-electron oxidants are often used as polymerization cata­

lysts and rarely yield simple products. However, Trahjanovsky, 

Young and Bobbins (2) have reported the surprising results 

that 1,5,5-cycloheptatriene (CHT) may be oxidized to benzal-

dehyde and benzene in yields greater than 80 per cent by 

eerie ammonium nitrate. 

+ ̂ -OHO 

(Ct-HT"'') 

Evidence for the tropylium ion intermediate was compelling. 

This oxidation has been extended to methylcyclohepta-

trienes (MeCHT) and to phenylcycloheptatrienes (PhCHT), 

MeCHT appears to follow closely the oxidation of CHT and the 

products are those expected by analogy with CHT, _o-, m-, and 

2-methylbenzaldehyde, toluene, and acetophenone. 7-MeCHT, 

3-MeCHT, and the methyltropylium ion (MeCrHê ) all give the 

same products in the same proportions: 

7-MeCHT 
3-MeCHT > o-,m-,£-CH3CsH4CH0 + CeHs-CO-CHs 

MeCyHe"̂  
+ CgHg-CHs 
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PhCHT has little analogy with CHT. 7-PhCHT gives benzo-

phenone and diphenylmethanol, the other PhCHT's give products 

similar to MeCHT, and the phenyltropylium ion (PhCyHe''') yields 

a truncated set of products :. 

7-PhCHT  ̂™ > PhgCHOH + Ph2C=0 

1-, 2-, or 5-PhCHT —> PhgCO + Ph-Ph + ajid £-PhC6H4CH0 

PhCrHe"̂  —> PhgCO + Ph-Ph + £-PhC6H4CH0 + m-PhC6H4CH0 

Several mechanistic approaches are suggested. It is concluded 

that the most rational explanation involves a combination of 

CHT-type reactions and of Wagner-Meerwein-like shifts of an 

intermediate prior to the tropylium ion. 



www.manaraa.com

6 

HISTORICAL 

The first reported oxidation of a cycloheptatriene was 

that of Merling (5) in I891 who used potassium dichromate in 

sulfuric acid as the oxidant and isolated benzaldehyde, 

"benzoic acid, and small amounts of carbon monoxide. In I896 

Biichner (4) oxidized l,3,5-cycloheptatriene-7-carboxylic 

acid (pseudophenylacetic acid) with alkaline potassium per­

manganate and characterized benzoic, terephthalic and trans-

cyclopropanetricarboxylic acids as reaction products (The 

trans-cyclopropanetricarboxyllc acid probably arose from 

the trimerization of ethyl diazoacetate used in the prepara­

tion of the starting material.). It is interesting to note 

that on the same page that he reported the formation of 

terephthalic acid, Biichner suggested a norcaradiene structure 

for his "pseudophenylacetic acid": 

Although hindsight surely renders it more so, there can be 

little doubt the formation of terephthalic acid from such 

a structure would be exceedingly difficult. 

The next reported oxidation of CHT was 55 years later 

when Doering and Knox (5) used potassium permanganate as the 

oxidant and isolated a 6.5 per cent yield of a-tropolone. 



www.manaraa.com

7 

The reaction appeared to be simply the oxidation of an ole­

fin in the normal manner followed by loss of a proton: 

H H H H 

ô 0 
0 0 

or > or 

Ox: °'6<: 
The actual structure of CET (norcaradiene or cyclic triene) 

was not known at the time, so Doering illustrated a method 

by which the observed product could be derived from either 

structure. In 1957 Doering and Knox (6) reported several 

reactions of the tropylium ion, including the oxidation by 

chromic acid or silver ion to benzaldehyde. Doering sug­

gested that Westheimer's mechanism (7) be applied for chromic 

acid oxidation and that ring closure be effected by use of a 

norcaradiene intermediate. No rationalization was made for 

use of the norcaradiene structure other than the statement 

that "Like other aromatizing rearrangements in the tropili-

dene and tropolone field, expression in terms of the norcara­

diene valence tautomer, although never necessary, is simplest." 

His mechanism is as follows; 
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+ OCrOaOH 

H OCrOaOH 

H OH 
HzO 

CrOz 

CHO 

The silver ion oxidation was suggested to proceed through 

tropyl alcohol, although there was no evidence for such an 

intermediate. 

In 1958 Dewar (8) reinvestigated Biichner's oxidation of 

cycloheptatriene-7-carhoxylic acid with a variety of oxidants 

(see Table l). The diversity of products suggested to them 

that at least two types of oxidations were taking place. 

Table 1. Products of the oxidation of cycloheptatriene-7-
carboxylic acid with a variety of oxidants®" 

Oxidant Products 

Acidic M11O4" 

Neutral Mn04" 

Tropylium ion, benzaldehyde, benzoic 
acid 

Benzaldehyde 

'•Reproduced from reference 8. 
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Table 1 (Continued) 

Oxidant Products 

Alkaline Mn04"' Terephthalic acid 

Pb(0Ac)4 Tropylium ion 

NasSgOs Tropylium ion, terephthalic acid 

CAN Tropylium ion 

Alkaline HgOg CHT-l-COOH 

Acidic H2O2 No Reaction 

HNO3 Benzoic acid, terephthalic acid 

HIO4 Tropylium ion, benzoic acid, benzalde­
hyde, terephthalic acid 

CrOa Terephthalic acid 

The tropylium ion was formed by oxidative decarboxylation and 

benzaldehyde and benzoic acid arose from tropylium ion; 

CO2H 

[0] 
+ CO2H 

^ /) CO2H 
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Terephthalic acid was produced by attack on a double bond;, 

epoxidation̂  and Wagner-Meerwein rearrangement: 

(The steps enclosed in parenthesis were supplied by this 

author.) Because the identity of the double bonds are re­

tained, only phthalic and terephthalic acid are predicted. 

Indeed, no iso-phthallc acid has ever been reported for the 

oxidation of cycloheptatriene-7-carboxylic acid. 

In 1959 Volpin (9, 10, 11) oxidized tropylium bromide 

to benzene with hydrogen peroxide: 

Evidence was presented that the reaction did not proceed 

via a free radical, benzaldehyde, or tropone. A mechanism 



www.manaraa.com

11 

reminiscent of Doering's (6) was suggested: 

c 
O-OH 

-OIL 

H 

H 

-> + HCO 
,+ 

,+ 

H 

In 1959 Geske (12) electro-oxidized CHT to the tropyliim ion. 

with chromic anhydride to benzoic acid. Approximately 6/7 

of the C-14 label was in the benzene ring and 1/7 was in the 

carboxyl carbon. These results indicated an intermediate 

with Cr symmetry and the following mechanism involving the 

tropylium ion (Dyh) was presented: 

In 1961 Juppe and Wolfe (15) oxidized cycloheptatriene-Ĉ "̂  

-> OCRO2OH 
OCrOaOH 

H 

H 

H 
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The last steps of the mechanism are those of Doe ring (6), 

The first steps are maddeningly incomplete. It is not ob­

vious why Dewar's mechanism for CrOs oxidations (8) should 

not operate with CHT itself, which, if applied, would give 

all of the C-14 in the ring and none in the carboxyl carbon 

(the 7-carbon always remains in the ring). Although the 

evidence for Dewar's mechanism is exceedingly strong, it can­

not account for Juppe's results. Unfortunately, Juppe did 

not repeat his work or place any limits on its accuracy. 

Furthermore, the CHT-7-C-14 was prepared by the photolytic 

decomposition of diazomethane-C-14 in benzene and it is 

possible the CHT thus formed may have isomerized. 

Wozoe, Ifiikai, Tezuka and Osaka (14) have found that 

tropone can be obtained in 30 per cent yield by oxidizing 

CHT with chromic anhydride in pyridine. A 40 per cent yield 

of tropone can be obtained similarly from tropylium ion. 

This is the first incidence of tropone formation with 

chromic anhydride and Nozoe suggested the base which removes 

the proton at C-2 in the norcaradiene structure of Doe ring 

(6) is the significant factor: 

O # 
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CrO; 
HaO 

2L.> 

CrO; 
Py 

CHO 

0-Cr=0 

0 

CrOg 

HaO 

CrOa 

PyH"̂  

Pyridine is not as strong a base as hydroxyl and is con­

siderably larger. This may shift the oxidation toward 

tropone formation and loss of the a instead of fi proton. 

An even more interesting result is the formation of low 

yields of 4-phenyltropone from 7-PhCHT. Lower yields were 

obtained if 3-PhCHT was used as the starting material. 

Nozoe implied the Intermediate PhCyHe"̂  was attacked only at 

the 4,4'-carbons: 

Ph CrO, 
Py + Ph 

Ph 
jD=° 

It might be noted that Ikemij, Nozoe, and Sugiyama (15) have 

found that 3- and 4-phenyltropone is formed when PhCyHs"̂  is 
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"treated with sodiiam bicarbonate. 

Radlick (l6) obtained a 25 per cent yield of tropone 

when CHT was oxidized with seleniinn dioxide. In I967 Harmon 

(17) oxidized CHT with mercuric iodide and iodine to tropylium 

salts. 

Finallyj Trahanovsky (2) has oxidized CHT to benzalde-

hyde and benzene in yields approaching 90 per cent with eerie 

4 CAN 

85̂  

ammoniiam nitrate. A considerable amoimt of evidence was 

collected which indicated the tropylium ion is an intermediate. 

Tropylium fluoborate was oxidized to benzaldehyde and benzene 

in a ratio of 86/14̂  similar to the ratio found with CHT. 

2 CAN 
0-"°* 

86̂  

Furthermore, ethyl tropyl ether could be isolated from the 

reaction mixture of CHT and two equivalents of CAN, It is 

known that ethyl tropyl ether is obtained when solutions of 

tropylium ion in ethanol are neutralized with sodium bicar-
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0) -3-> {Q< H 
OCH2CH3 

bonate (I8), Finally, the oxidation of CHT-7-di gives 

benzaldehyde in which the deuterium is randomly distributed; 

 ̂D 

Expt. Calc. 

CHO < 15.97 16.67 

4 CAN_ f, < 33.06 33.33 H 

D  ̂ I 50.97 50.00 

The yields of benzaldehyde and benzene are unchanged in a 

wide variety of solvents, including anhydrous media. Thus, 

the source of the oxygen for benzaldehyde and the base that 

removes the proton (compare Doering's mechanism) must be 

constant in all the solvent systems. Obviously, the only 

constant course of oxygen is the nitrate ion. All of these 

results are incorporated into the mechanism presented in 

Scheme I. 
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Scheme I 

+ ONOsCe 
IV DONO2C3 

, 

CH=0 

NOaCe 

Cê  + H2O 

g O-NOaCe 
IV 

NO3" + 2 Cê ^̂  + 2 

CO 

Cê  + H2O 

NOaCe 
0—NOaCe IV 
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RESULTS 

Methylcycloheptatrienes 

The mixture of methylcycloheptatrienes was prepared 

very conveniently by vacuum pyrolysis at 400°, The ratio of 

7-MeCHT to the other isomers was obtained by comparing the 

integral at 6 1.25 (C7-H + Cy-Me for 7-MeCHT) to the integral 

at 6 2,2 (C7-H2 + methyl groups for other isomers). These 

figures are given in Table 2. The ratio of 7-MeCHT to the 

Table 2. Ratio of isomers of methylcycloheptatrienes 

Area Area/Proton Per Cent 

Cy-H + Cr-Me I8 l8/4 = 4,5 17.2 
(7-MeCHT) 

C7-H2 + Me 108 108/5 =21,6 82,8 
(isomers) 

other isomers corresponds closely to that for the thermal 

equilibria of Conrow (I8), Egper (19, 20) has pyrolyzed 

7-MeCHT at 150-300° and found that at temperatures above 

226°, 85 per cent of the starting material is converted to a 

mixture of 1-, 2-, and ̂ -MeCHT with the ̂ ~Me isomer being in 

most cases the most abundant. 

7-MeCST, 1-, 2-, 5-̂  and 7-MeCHT, and MeCyBa"*" were 

oxidized rapidly and smoothly to toluene, acetophenone, and 

the methylbenzaldehydes by four equivalents of CM at 84° 
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In 75 per cent aqueous acetonitrile. The results are tabu­

lated in Table 5-

7-MeCHT 

MeCHT 

MeCyHy"̂  

Table 5. Products from the oxidations of methylcyclohepta-
trienes by CAN in 75 per cent aqueous acetonitrile 

Substrate Product Ratioŝ ^̂ , ̂  Yield 
MeCgĤ CHO 

PhCHs o- m £ PhCOCHa  ̂

5%n ̂ + 

Ph-CHs + Ph-CO-CHs + 0-CH3C6H4CHO + 

m-CH3C6H4CH0 + ̂-CHsCsĤ CHO 

7-MeCHT̂  

1-i 2-, 5-, , 
and 7-MeCHT 

MeCyĤ &F̂  ̂

16 22 27 18 

17 19 29 18 

17 25 28 18 

17 55 

17 27 

12 34 

T̂wo independent runs. 

T̂wo analyses of each run. 

Ôxidized with four equivalents of CAN. 

Ôxidized with two equivalents of CAN. 

The oxidation of MeCyHs'̂ 'SF̂ " was carried out by dis­

solving the tropylium ion in acetonitrile and adding this 

solution to two equivalents of CAN in 50 per cent aqueous 

acetonitrile. 
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The identity of the products was determined by collection 

of the individual components from an analytical glpc sample 

and comparison of their spectral properties (nmr and ir) 

with those of authentic samples. 

Phenylcycloheptatrienes 

7-PhCHT (21), l-PhCHT (22, p. 37), and 3-PhCHT (22, p. 

38) were prepared by known methods. The 3-PhCHT was greater 

than 85 per cent pure (see Table 4). Analysis of a routine 

sample was by nmr and comparison of the integral at 6 2.25 

(C7-H2) with the integral at Ô 7.2 (phenyl protons) allowed 

accurate determination of the amount of 3-PiiCHT present. 

Table 4, Purity of 3 -phenylcycloheptatriene 

Area Area/Proton Per Cent 

3-PhCHT (6 2.25) 38 38/2 =19.0 88 

cp-region (Ô 7.2) 108 108/5 =21.6 — 

The 1-PhCHT, also analyzed by nmr, was greater than 95 per 

cent pure (there was no evidence for other isomers), 

2-PhCHT was prepared by the irradiation of a sample of 

3-PhCHT in benzene at 35̂ 0 1 for ten hours. Analysis by nmr 

suggests that the only isomers present are the 7-Ph and the 

2-Ph and that approximately 15 per cent of the total is the 
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7-isomer (see Table 5). ter Borg (23) reports the irradia 

tion of 92 per cent 3-PhCHT and 7 per cent 7-HiCHT gave 8o 

Table 5. Purity of 2-phenylcycloheptatrienê  

Area Area/Proton Per Cent̂  

2-PhCHT (Cr-Hsj 6 2.2) 42.5 42.5/2 = 21.5 — —  

7-PhCHT (C7-E1; Ô 2.7)̂  3.5 3.5/1 = 3.5 84 

C3-C4 olefin (Ô 6.6) 48 48.0/2 = 24 89 

C2-C5 olefin (Ô 6.2) 31 31.0/1 = 31 . 77 C2-C5 olefin (Ô 6.2) 
(27.5)4 

Cx-Ce olefin (6 6.8) 47 47.0/2 =23.5 90 

®The phenyl region could not be used for analysis as 
the residual traces of benzene remained. 

B̂ased ̂ êâcĥ ïhtegral value. 

"̂ The per cent 7-PhCHT is l6 based on the integration 
at Ô 2.2 and 15 based on the integration at Ô 6.6. 

Ĉorrecting for the amount of 7-PhCHT present. 

per cent 2-PhCHTj 12 per cent 7-PhCHT, 6 per cent 3-PhCHT 

and 2 per cent of the 1-PhCHT. No 3-PhCHT was apparent in 

the nmr spectra. The 7-PhCHT yield may include some 1-PhCHT, 

however. 

7-PhCHT was oxidized in a variety of solvents. In 85 

per cent aqueous acetic acid, the products were benzophenone, 

diphenylmethanol, and diphenylmethyl acetate (see Table 6). 
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Table 6, Products of the oxidation of T-PhCHT in 85 per cent 
aqueous acetic acid hy CAN 

Relative Yields 

Reaction Equivalents 
Run Time Cerium(lV) PhgCO PhgCHOH PhsCHOaCCHs Yield 

1 16 days^ 4 33 10 57 28 

2 38 min 2 — — —  —  100 — —  

3 40 min 4 21.2+ 
2,4^ 

8.2+ 
2 . 0  

70.2+ 
3.2 

68.6+ 
9.2 

T̂his reaction was run at room temperature; all others 
were run at 84° + 2°. 

Ŝtandard deviations based on four runs are given. 

It is interesting to note that with two equivalents of CAN 

only diphenylmethyl acetate is formed. In 100 per cent 

acetonitrile the only product was N-diphenylmethyl acetamide. 

In 50 and 75 per cent acetonitrile, the products were benzo-

phenone and diphenylmethanol. 

CHgCN ̂  PhsCO + PhaCHOH 

H 

(See Table 7) 
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Table 7. Products of the oxidation of T-PhCHT in aqueous 
acetonitrile by CAN 

Solvent Reaction Temp. PhaCO PhaCHOH Yield 

50#, CH3CN 84° 55 47 87 

75*, CH3cm- 84° 25 75 95 

A mixture of isomers of phenylcycloheptatriene was 

oxidized in 85 per cent aqueous acetic acid. The products 

were biphenyl, benzophenone, and all three isomeric phenyl-

benzaldehydes (see Table 8). The composition of the phenyl-

Ph-Ph + PhaCO + o-PhC6H4CH0 + m-PhC6H4CH0 

+ £-PhC6H4CH0 

Table 8, Products of the oxidation of phenylcycloheptatrienes 
in 85 per cent aqueous acetic acid by CAN 

Relative Yields , * 
Reaction Time Temp Ph-Ph PhsCO Ph-CsH^CHO 

0 m £ 

35 min 85° 28 8 9 25 30 

cycloheptatrienes was greater than 85 per cent 5-PhCHT with 

the ratio of other isomers unknown. 

Ph 
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1-PhCHT, 2-PhCHT, and 5-PhCHT were each oxidized in 50 

and 75 per cent aqueous acetonitrile (see Tables 9 and 10, 

respectively). The products were biphenyl, benzophenone, and 

Table 9. The products of the oxidation of phenylcyclohepta-
trienes in 50 per cent aqueous acetonitrile by CAN 

Reaction Relative Yield, $ 
Substrate Temp Time Ph-Ph PhaCO Ph-CsĤ CHO Yield 

o m £ 

3-PhCHT 81° 20 min 30 3 16 25 25 — — 

2-PhCHT 83° 5 min 18 6 22 32 22 24 

1-PhCHT 75° 5 min 28 17 20 35 ——' 24 

Table 10. The products of the oxidation of phenylcyclohepta-
trienes in 75 per cent aqueous acetonitrile by CAN 

Time Relative Yield̂ ^̂  
Substrate Run Add'n Stir Ph-Ph PhgCO Ph-CsĤ CHO Yield 

(min) £ S £ 

1-PhCHT 1̂  25 15 49 22 8 9 12 56 
20 1 15 51 13 — 22 16 62 
3̂  2 15 52 13 — 13 22 66 

Ât least two analyses were made for each run, 

T̂he average deviation (a relative) for each run was 
less than one per cent. 

"̂ The temperature was 84 + 3°. 

^̂ The concentration of 1-PhCHT was one half that in the 
other runs. 
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Table 10 (Continued) 

Time Relative Yield̂ '̂  
Substrate Run Add 'n Stir 

(min) 
Ph-Ph Phsùù Ph-C6H4CH0 Yield 

o m £ 

4® 2 30 52 1 11 16 19 70 
5 5 6o 48 13 — — 22 17 74 

2-PhCHT 1  ̂ 4 10 40 23 5 13 20 34 gC 17 15 40 20 6 18 16 42 

3-PhCHT 1® 2 15 42 9 9 17 21 72 
4C 24 15 59 10 14 16 21 34 

®The temperature was 6l°. 

T̂he temperature was l8°. 

mixtures of the phenylbenzaldehydes. In 50 per cent aceto-

nitrile, 1-PhCHT gave all of the above products except 

p-phenylbenzaldehyde. In at least two runs three aldehydes 

were observed. Although no analytical results are available 

for these runs, there is no evidence (except that of a 

speculative nature) which can discount the (apparent) fact 

three aldehydes are obtainable from the oxidation of 1-PhCHT. 

The other isomers gave all three aldehydes in all cases. In 

75 per cent aqueous acetonitrile a wide variety of results 

were obtained for 1- and 5-PhCHT. Either all three aldehydes 

were obtained or the _o-isomer was missing. In all cases 

there was a wide scatter of the relative yields for each 

isomer. There was in most cases a wide scatter of absolute 
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yields also. 

Phenylcycloheptatrienylium fluoborate was oxidized in 

50 and 75 per cent aqueous acetonitrile with two equivalents 

in CM. The products were biphenyl, benzophenone, and m-

and £-phenyl benzaldehyde (see Table 11), The salt was dis­

solved in a reduced CAN solution to reproduce as closely as 

possible its environment in the reaction. 

Table 11. The products of the oxidation of phenylcyclohepta­
trienylium fluoborate by two equivalents of CAN 

Relative Yield, ̂  
Solvent Temp Ph-Ph PhgCO Hï-̂ Î̂ÛCHÔ Yield 

o m £ 

50̂  CHsCN 82° 27 18 — 22 55 56 

75̂  CHsCN 80° 25 21 — 21 55 56 
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DISCUSSION 

The Cerium(lV) Oxidant Specie 

The structure of solid eerie ammonium nitrate determined 

by Beineke (24) has six nitrates coordinated "bidentate to a 

central cerium atom. The complex has a center of symmetry 

with the nitrates as blades of two 3-bladed propellers. 

There is nothing to suggest this structure is fundamentally 

altered in solution. Miller and Irish (25) have concluded 

from a study of the ir and raman spectra of aqueous CM solu­

tions that at least three nitrates are coordinated to each 

cerium. Henshall (26) has determined from chemical evidence 

that tetranitratocerium(rv) is the predominant specie in 

glacial acetic acid solutions of CAN. From an X-ray dif­

fraction study of aqueous CM solutions Lars en and Brown (27) 

found evidence for twelve cerium-oxygen interactions but 

could not tell whether the oxygen atoms were from water or 

nitrates, 

The great weight of evidence for the cerium(iv) species 

in CM solutions is that at least one and probably more ni­

trates are coordinated to each cerium atom. 

Although one might speculate at great length upon 

whether the oxidation proceeds via a ligand (outer sphere) 

or direct coordination with the metal atom (inner sphere), 

essentially nothing is known about this question. In fact, 

very little is known about the coordination of olefins to 
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lanthanides. Therefore, it is with little if any Jiistifica-

tion that the oxidation will be visualized as proceeding via 

a ligand and a "CeONOa" specie will be used to illustrate 

the oxidant. 

One Electron or Two Electron Oxidant 

Cerium has two stable oxidation states, cerium(lll) and 

cerium(iv), with electronic configurations of the Xenon core 

and the Xenon core + 4f̂ , respectively (28, p. 1054). 

Cerium(rv) should, therefore, be a one-electron oxidant (l). 

Unfortunately, cerium(iv) has a high tendency to hydrate and 

polymerize (28, p. 1068). The complexity of the problem may 

be understood by the fact cerium(lV) in 1 f sulfuric acid 

and 1 f nitric acid migrates to the anode in an electrolytic 

cell, in 1,8 f sulfuric acid migrates to the cathode, and in 

2 f nitric acid does not migrate at all. Different specie 

must be involved in each case and it has been suggested (29) 

that dimersj trimers, and perhaps higher polymers are in­

volved. Indeed, if aggregates of cerium(lV) are possible, 

transfer of almost any number of electrons is feasible. 

Dorfman and Gryder (50) have found that Tl(l) may be 

oxidized in a single step to Tl(lll), a two-electron transfer, 

by aqueous solutions of cerium(rv). Although this work does 

not confirm that cerium(rv) may accept two electrons, it 

does confirm cerium(iv) solutions may act as a two-electron 

oxidant. Some oxidations of organic compounds by cerium(lV) 
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also appear to involve a two-electron transfer, most notably 

the oxidation of toluenes (31, 32). Apparently the question 

of one- or two-electron transfer must be answered for each 

individual case. 

The lack of polymerization of CHT in the CAN oxidations 

and the fact no radicals could be trapped when CHT or 7-PhCHT 

were oxidized in the presence of aciylamide suggests radicals 

are not being formed. However, Hunter (33) and Vincow (34) 

have found the cycloheptatrienyl radical to be chemically 

inert to polymerization and reaction with oxygen. Further­

more, if CAN is added to a CHT solution, only polymeric 

materials are isolated. There is, then, insufficient evidence 

to conclude the cerium(iv) oxidation of cycloheptatrienes is 

either a one- or two-electron process. 

Unfortunately, a process involving two one-electron 

transfers cannot in any of the suggested mechanisms make any 

predictions the single two-electron transfer does. As the 

burden of proceeding through each mechanism for one-electron 

and then two-electron transfers would soon become over­

whelming, the two-electron process has been chosen for its 

brevity. 

Mechanistic Approaches 

Trahanovsky (2) has shown that both cycloheptatriene 

and tropylium fluoborate yield benzene and benzaldehyde in 

similar ratios when oxidized by CAN; 
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CHT + 4 CAIT > CeHs + CsHsCHO 

85̂  15# 

C7H7+BF4" + 2 CAN > CeHe + CsHsCHO 

86{g 14̂  

Along with the other evidence accumulated for the CHT 

oxidation, this suggested the intermediacy of the tropylium 

ion: 

CHT ^ > CtHt"^ 2 cm ̂  C6H6 + CsHsCHO 

The same mechanism can be expanded to mono-substituted 

cycloheptatrienes. Replacing an R group for a hydrogen atom 

the predicted products are alkyl benzenes, an alkyl phenyl 

ketone, and alkyl benzaldehydes: 

2 CAN  ̂

R 2 CAN ̂  CgHs—R + CeHs—CO—R + ,m—, and RCsĤ CHO 

These are exactly the results which are obtained from 

the methylcycloheptatrienes. 7-MeCHT, a mixture of l-,2-,5-3 

and 7-MeCHT, and MeC7% all give toluene, acetophenone, 

and £-, m-, and £-methylbenzaldehyde in approximately the same 
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amounts5 indicating a very similar process is occurring in 

each case: 

Ph-CHs + Ph-CO-CHs + CH3-C6H4CHO 
o m £ 

7-MeCHT 16̂  175È 22̂  27̂  I8# 

l-,2-,3- and 7-MeCHT 17̂  17̂  19̂  29̂  l8̂  

MeC7Hb'̂ BF4" 2_Ĉ > 17̂  12̂  25̂  28̂  l8{g 

The slight differences in the MeCHT and MeCyĤ  product ratios 

are probably due to the difficulty of introducing the methyl-

tropylium ion in the same environment as it is generated in 

during the reaction. It should be noted that for the three 

examples the ratio of toluene to "oxygenated products" is 

17 to 83 as compared to a ratio of 15 to 85 for CHT. The 

close similarity with the CHT oxidation makes it apparent 

that the methyl substituent has not altered the course of 

the reaction and a tropylium ion is an intermediate here also; 

2 CAN _ Me > Products 

Fortunatelŷ  the phenyl substituent has greatly altered 

the course of the reaction. In 50 per cent aqueous aceto-

nitrile 7-PhCHT is oxidized to diphenylmethanol and benzo-

phenone, a set of products not predicted by a tropylium ion 

mechanism; 
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7-PhCHT -±-2M_> PhsCHOH + PhaCO 

One important fact is that the proton on the 7-carbon of 

7-PhCHT is apparently not lost, a necessary condition for 

tropylium ion formation. In deuterioacetic acid the diphenyl-

methyl acetate formed (corresponding to the diphenylmethanol 

in acetonitrile) contains no deuterium: 

7-PhCHT . > Pĥ Ca-OaOCHs 

0$ d 

The methine hydrogen in the acetate in a tropylium ion 

mechanism should come from solvent: 

Ph 

'g -2_pL> 1̂  CHaCÔ D ̂  PhsCD-OsCCHs 

This is not sufficient proof for lack of a tropylium ion 

intermediate, however, as there is the possibility of a 

migration of hydrogen with ring closure: 

CHaCOgD 
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The other isomers of PhCHT in 50 per cent aqueous aceto-

nitrile yield products more like MeCHT̂  biphenyl, benzo-

phenone, and o-j m-, and £-phenylbenzaldehyde. There is an 

important difference, however, in that none of the product 

ratios are similar and, in fact, the £-phenylbenzaldehyde 

is completely missing from 1-PhCHT, suggesting identical 

processes are not occurring in all cases: 

Ph-Ph + PhsCO + Ph-C6H4CH0 
£ B 2 

1-PhCHT 4 CM ̂  28̂  17Ŝ  20̂  35̂  — 

2-PhCHT 4 CAN ̂  1856 22$ 22$ 

5-PhCHT 
4 CM > 30̂  3̂  16$ 25$ 25$ 

Finally, PhOT-Ĥ P̂ ."" does not give all of the products 

expected for a tropylium ion, the ̂ -phenylbenzaldehyde being 

missing: 

PhC7Hs"'"BF4"  ̂ Ph-Ph + Pî CO + m- and £-Ph-C6H4CH0 

It appears attack is occurring only at the 1- and 4,4'-carbons 

as attack at the 2,2'- and ̂ ,3'-carbons would give some of 

the £-phenylbenzaldehyde. The reasons for this are obscure. 

Simple Huckel molecular orbital calculations indicate there 

is no excessive charge localized at the 1- and 4,4'-carbons 

(see Table 12) to cause exclusive attraction of charged 

cerium(rv) species to those positions. Inspection of models 

does not suggest the 2,2'- and -carbons are particularly 



www.manaraa.com

33 

Table 12. Charge distributions of substituted cyclohepta-
trienyl ions from simple Huckel molecular orbital 
calculations 

Numbering Scheme R= 1 2,2' 3,3' 4,4' 

.8571 .8571 .8571 .8571 

.8573 .8621 .8692 .8660 

NO2C6H4 .8797 .8397 .8665 .8529 
3 

hindered. In any case, the ion should be flat with access of 

attack from above and below. There does seem to be something 

"magical" about the 4,4'-carbons. Dewar (8) found only 

terephthalic acid in his oxidations of cycloheptatriene-7-

carboxylic acid. Attack at the 2,3-bonds would have pro­

duced some isophthalic acid and hence attack occurred only 

at the 4,4'-carbons. Nozoe (14) found PhCrHŷ  is converted 

only to 4-phenyltropone by chromic acid, again attack at the 

4,4'-carbons. Neither author could explain their results 

(or even attempted to) and neither can we. As inexplicable 

as the results may be, they are at least available for com­

parison with those from the parent hydrocarbons. 

The oxidation of PhCHT is evidently not proceeding via 

the phenyltropylium ion. The products from the isomeric 

PhCHT's are not those obtained from PhCrEr'̂  and the dif­

ference in product ratios indicates identical intermediates 

are not involved in each case. As it is difficult to be-
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11 eve a completely different reaction than with CHT is 

occurring here, the answer mist lie in the steps leading to 

the tropylium ion. Waters (55a P. 109) has suggested that 

"...the first step of an aromatic substitution...is an 

addition to the organic molecule of a powerful electrophilic 

reagent and so is, in fact, an oxidation (of olefins)". This 

is probably the first step in the oxidation of all cyclohepta 

trienes by CM: 

With CHT and MeCHT the adduct apparently dissociates to the 

tropylium ion; 

H 

With PhCHT this dissociation does not occur and the adduct 

must react in another way. 

One possible reaction of the PhCHT-ONOaCe adduct is a 

Wagner-Meerwein shift to yield cyclohexadienes in a process 

similar to that suggested by Dewar (8) in the oxidation of 

cycloheptatrlene-7-carboxylic acid: 

H 

ONOaCe R + HONOaCe 
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Ph 

Ph 

Ph H 

Ù p CHOlTOsCe 
H ONOaCe 

igj-CHH. 

Ring closure can occur to give two cyclohexadienes, one with 

the cerium specie on the a-carbon and one with it on the ring. 

As there are six possible sites of attack each isomer of 

PhCHT should give six adducts with ring closure from each. 

In all cases, however, only the two general types of cyclo-

hexadienes will be produced. The farther reactions of these 

lead to the products. The cyclohexadiene with the cerium 

specie on the a-carbon can oxidize very readily to a carbonyl 

compound: 

Ph H 
+ / \ 

Ĉe -CHO + NO2 + Ce III 

Dehydrogenation of the cyclohexadiene should be quite facile; 

^ VcHO [0] 

Ph 

"̂̂ -CHO 
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If the substituent is on the ring, aryl benzaldehydes will 

be produced, but if the substituent is on the a-carbon the 

product will be the aryl phenyl ketone. The a-carbon ring 

bond can also be broken in an oxidative step to yield an 

aryl benzene and carbon monoxide: 

The other cyclohexadiene can lose the elements of HOITOaCe to 

form a benzylic cation. It has been well-established that 

benzyl cations are oxidized to benzaldehydes by CAN (36): 

Again, depending on where the substituent is, the products 

are aryl benzaldehydes or an aryl phenyl ketone. 

Thus, it is possible for a substituted eyeloheptatriene 

to be oxidized to an aryl benzene, aryl benzaldehydes, and 

an aryl phenyl ketone without proceeding via the tropylium 

ion: 

PhCHT —> CeHs-Ph + CeHs-CO-Ph + Ph-CsB̂ CHO 

It is obvious that the substitution pattern of the cyclo-

hept at riene will be important in determining the products 

formed. These results are summarized in Table 13. In 

-Ph + h"*" + HC=0'̂ + NOg'+Cê ^̂  

•HONOgCê  // \\.5HPh ̂  COPh 
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particular one should note that this mechanism predicts 

exactly the products from 1-, 2-, and 3-PhCHT. 

Table 13. Products predicted for the oxidation of substituted 
cycloheptatrienes by CAN via cyclohexadienes 

Ph-C6H4CH0 
Substrate CgHs-Ph CsHs-CO-Ph £ B £ 

7-PhCHT XXX X 

1-PhCHT X XXX 

2-PhCHT X X X X X 

3-PhCHT X X XXX 

No £-phenylbenzaldehyde is expected from 1-PhCHT and 

none is found experimentally. As each isomer should give 

different sets of adducts different product ratios should be 

obtained for each isomer and this is indeed what is observed, 

especially with 2- and 3-PhCHT. Unfortunately, the correla­

tion is not as good with 7-PhCHT. Some biphenyl and o- and 

jo-phenylbenzaldehyde are predicted but none is observed. 

This may be due to predominate ring closure to give the 

cyclohexadiene with the cerium specie on the ring and the 

positive charge on the a-carbon stabilized by the phenyl 

group, from which the diphenylmethyl cation can very readily 

be formed: 
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7-PhCHT ONOaCe _ -CHPh -HONÔ Ce ̂  Ph-CH-Ph 

ONOsCe 

+ 

The dlphenylmethyl cation can be attacked by solvent, thus 

the diphenylmethanol and the acetate ester (in acetic acid), 

or be oxidized to benzophenone: 

Ph-CH-Pk 

The other possibilities with 7-PhCHT yield benzylic cations 

on ring closure, a less energetically favorable situation. 

Some consideration must be given as to why the tropylium 

ion is formed in the CHT and MeCHT oxidations and not in 

those of PhCHT, There seems to be two competing pathways 

leading from the first oxidized adduct of cycloheptatrienes. 

One is dissociation to tropylium ion; the other is immediate 

ring closure to a cyclohexadiene. It doesn't seem the 

stability of cations formed can be the deciding factor in 

the choice between the two as the tropylium ion should 

greatly overcome any benzylic cations. There may be very 

little difference between the two pathways but the dissocia­

tion is slightly favored. If stabilization could be effected 

in the adduct, then ring closure may predominate. This appears 

to be the case with the phenyl substituent. The extra 

stabilization of the electron deficient center causes the 

HgO -> PhaCHOH or PhaCHOsCCHs + CH3CO2H 
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reaction to swing away from the tropylium ion. Even here 

the balance is delicate as in 75 per cent aqueous aceto-

nitrile 1-PhCHT appears to be oxidized in some cases via 

the tropylium ion̂  evidenced by the formation of £-phenyl-

benzaldehyde known not to come from a ring closure. These 

conclusions may be summarized in the following scheme: 

R 
iL> 

0 
ONOsCe 

 ̂ + pNOaCe 

A. m> Products 

Products 

Thuŝ  when R is a substituent which will stabilize an 

electron deficient center, ring closure to cyclohexadienes 

predominates (path a). In other cases, dissociation to the 

tropylium ion occurs (path b). 
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EXPERIMENTAL 

Equipment 

All nuclear magnetic resonance spectra (nmr) were taken 

on a Varian A-60 spectrometer. Chemical shifts are measured 

as Ô-values in ppm from tetramethylsilane. 

The infrared (ir) spectra were obtained on a Beckman 

IR-12 instrument. 

Mass spectra were measured on an Atlas CH-4 spectrometer. 

Gas liquid partition chromatography (glpc) analyses 

were done on an Aerograph Model 200 instrument with dual 

thermal conductivity detectors. 

Melting points were determined on a Thomas Hoover 

capillary melting point apparatus and are uncorrected. 

Methods 

Glpc analyses were carried out using either a 7' x 

column packed with 20$ 1̂ 2̂ ;$-tris (cyanoethoxy)propane on 

Chromos orb P (60/80 mesh) (for the MeCHT oxidations) or on a 

6' X column packed with 20$ SE-30 on Chromos orb P (60/80 

mesh) (for the PhCHT oxidations). Peak areas were deter­

mined by planimetry, cutting and weighing, or disc integration. 

Analysis for the o-, m-, and ̂ -methylbenzaldehydes was 

as follows: Glpc analysis provided the absolute yield of the 

o- + m-isomers and the ̂ -isomer. Nmr analysis provided the 

o/{m + 2) ratio. The following equations were used to obtain 

the yields : 
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+ m = a 

2 = b 

o/(m + 2) = y 

Analysis for the 0-, and ̂ -phenylbenzaldehydes was 

as follows: Glpc analysis provided the yield of benzophenone 

+ the £-isomer and the m—1- ̂ "isomers. Nmr provided the 

£:m:2 ratios and the simple proportions were Tised to 

separate the yields of the various components. 

The absence or presence of the phenylbenzaldehydes was 

determined in each case by positive peak enhancement in the 

nmr spectra by addition of authentic sample. 

Absolute yields were determined by adding diphenyl 

ether as the internal standard for the oxidation of 7-PhCHT 

and PhCyHî F̂ "; 1,4-di-t-butylbenzene as internal standard 

for the oxidation of 1-, 2-, or ̂ -PhCHT; and mesitylene as 

internal standard for the oxidation of the MeCHT's and 

MeCyH-̂ F̂  . 

Product identifications were made by collection of glpc 

fractions and comparison of their nmr and ir spectral pro­

perties with those of authentic samples. 

Thermal conductivity and extraction ratios were deter­

mined by subjecting known mole ratios of the products and 

internal standards to the reaction conditions. 

The molecular orbital calculations were performed on an 

IBM S560 computer using the MOCAO program. 

a-by 
m 

y + 1 
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Materials 

Reagents and solvents were used as obtained from com­

mercial sources unless purification procedures are noted. 

Toluene (Baker Analyzed Reagent), acetophenone 

(Matheson Coleman and Bell), mesitylene (Matheson Coleman 

and Bell), diphenyl ether (Matheson Coleman and Bell), 

1,4-di-̂ -butylbenzene (Eastman), and biphenyl (Eastman) 

were used as received from commercial sources. Ceric 

ammonium nitrate was used as received from the supplier 

(G. F. Frederick Smith Chemical Co.) and it was assumed the 

equivalent weight was 548. 

7 -Methylcycloheptat riene 

7-Methylcycloheptatriene was prepared by the method of 

Conrow (l8), bp 32° (35 mm) (Lit. (l8) 50° (42 mm)); nmr (CDCI3) 

6 6.6 (m, 2, Ca-olefin), 6.0 (m, 2, Ca-olefin), 5.0 (m, 2, 

Ci-olefin), 1.6 (m, 1, CT-H), 1.2 (m, 3, Cy-Me). 

Tropylium fluoborate 

Tropylium fluoborate was prepared by the method of 

Dauben (37). 

Isomerizatlon of 7-methylcycloheptatriene 

Isomerization of 7-methylcycloheptatriene was performed 

by vacuum pyrolysis at 400° (0.3 mm); nmr (Neat) 6 6.5 (m), 

5.25 (m), 2.2 (m), and 1.2 (m). 



www.manaraa.com

45 

-̂Methylbenzaldehyde 

-̂Methylbenzaldehyde was prepared from 2-methylbenzyl 

alcohol (obtained from the hydrolysis of 2-methylbenzyl 

acetate (Aldrich Chemical Co.)) using the oxidative procedure 

of Trahanovsky (58) to yield a viscous oil (39)5 nmr (CDCI3) 

Ô 10.15 (s, 1, CHO), 7.2 (m, 4, MeCeH^CHO);, 2.5 (s, 5, CH3-

PhCHO). 

m-Methylbenzaldehyde 

m-Methylbenzaldehyde was prepared from 3-methylbenzyl 

alcohol (obtained from the hydrolysis of 3-methylbenzyl ace­

tate (Aldrich Chemical Co,) ) using the oxidative procedure of 

Trahanovsky (38) to yield an oil (40); nmr (CDCI3) 6 9.95 

(s, 1, CHO), 7.2 (m, 4, MeCeĤ CHO), and 2.5 (s, 3, Ĉ PhCHO). 

2-Methylbenzaldehyde 

£-Methylbenzaldehyde was used as obtained (Aldrich 

Chemical Co.); nmr (CDCI3) ô 9.90 (s, 1, CHO), 7.3 (q, 4, 

MeCsĤ CHO)̂  and 2.5 (s, 3, CHsPhCHO). 

7-Phenylcycloheptatriene 

7-Phenylcycloheptatriene was prepared by the method of 

ter Borg (21) and recrystallized from absolute ethanol, mp 

31-2° (lit. (21) 30.0-31.5°); nmr (CCI4) 6 7.2 (m, 5, 

PhCHT), 6.7 (m, 2, Cs-olefin), 6.2 (m, 2, Cg-olefin), 5.4 

(M, 2, CI-olefin), and 2.7 (M, 1, Ct-H). 
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3-Phenylcycloheptatrlene 

3-Phenylcycloheptatriene was prepared by heating 7-PhCHT 

at 166° for 50 min (22) and distilling the residue through a 

short path condenser at 75-85° (O.l mm); nmr (neat) 6 7.2 

(m, 5, ̂CHT), 6.8 (d, 1, J = 7 Hz, Cs-Qlefin), 6.3 (m, 2, 

Cg-olefin), 5.3 (m, 2, Ci-olefin), and 2.25 (t, 2, J = 7 Hz, 

Cr-H). 

2-Phenylcycloheptatriene 

2-Phenylcycloheptatriene was prepared by irradiating 1 g 

of 3-PhCHT in 30 ml of benzene which had been purged with 

nitrogen for one hour in a Bayonet at 356o Â for 10 hours (23). 

The benzene was removed under vacuum and -che sample was used 

without further purification; nmr (neat) ô 7.1 (m, 5, PhCHT), 

6,8 (m, 2y Cs-olefin), 6.1 (m, 1, Ca-olefin), 5.3 (m, 2, 

Ci-olefin), and 2.2 (t, 2, J = 7 Hz, C7-H). 

1-Phenylcyclohept atriene 

1-Phenylcycloheptatriene was prepared by the method of 

Caimcross (22); nmr (CDCI3) Ô 7.2 (m, 5, PhCHT), 6.4 (m, 

4, C3- and C2-olefin), 5.3 (m, 1, Ci-olefin), 2.7 (d, 2, 

J = 7 Hz, CT-H). 

Phenylcyc lohept at rienylium fluoborate 

Phenylcycloheptatrienylium fluoborate was prepared 

using the method of Caimcross (22) and recrystallized from 

ethyl acetate and acetonitrile, mp 150-6° (lit (22) 154.7-
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156.4°); nmr (CDsCN) 6 9.1 (m, 6, CylfePh), 7.8 (m̂  5̂  CHT-

CgĤ ). 

Methylcycloheptatrienylj-um fluoborate 

Methylcycloheptatrienylium fluoborate was prepared using 

the hydride exchange method of Conrow (l8). A quantity of 

0.8 ml of 7-MeCHT was added to 2.3 g of triphenylmethyl 

fluoborate in 12.8 ml of acetonitrile in a Dry Ice-acetone 

bath. The yellow color of the trityl ion was discharged in 

approximately 10 min and a white precipitate formed. The 

temperature of the bath was allowed to rise slowly and at 

-30° the color of the precipitate changed to a dark green. 

After the temperature of the bath had reached room temperaturê  

the ether was removed under vacuum. Quantities of 25 ml of 

ethyl acetate were added and removed under vacuum. A final 

quantity of 15 ml of ethyl acetate was added which caused 

the precipitation of 1.1 grams of green needles (78#), mp 

85-89°; nmr (CD3CN) 6 9.9 (s, 6, MeC?̂ )̂  5.1 (s, 3̂  CĤ CET). 

Anal. Calcd. for C8H9BP4; C, 50.06; H, 4.73. Found: 

C, 49.10; H;, 4.71. 

2-Phenylbenzaldehyde 

A quantity of I.58 g of lithium aluminum hydride was 

added to 10 g of 2-phenylbenzoic acid (Aldrich Chemical Co.) 

in 200 ml of ether and the solution was stirred for one 

hour. A water-saturated ether solution was added until no 
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more precipitate formed, followed by sufficient 2 N nitric 

acid to dissolve the precipitate. The ether layer was 

separated, washed with water and saturated sodium bicarbonate 

solution, dried (MgS04), and the ether was removed in vacuo. 

The 2-phenylbenzyl alcohol was oxidized to 2-phenylbenzalde-

hyde using the procedure of Trahanovsky (58). The product was 

a thick liquid (41); nmr (CDCI3) 6 9.91 (s, 1, PhPhCHO), 7.4 

(m, 9, PhPhCHO). 

m-Phenylbenzaldehyde 

To a Grignard prepared from 0.01 moles of magnesium and 

0.01 moles of 3-bromobiphenyl (K & K Laboratories, purified 

by distillation, bp 138-142 (15 mm)) in 25 ml of ether was 

added 0.01 moles of N-methylformaline at 0° using the 

method of Buehler (42). Each drop caused vigorous boiling 

and a copious white precipitate was obtained. Sixty ml of 

dilute hydrochloric acid and ice was added and the ether 

layer separated, washed with water, and dried (MgS04). The 

product was an oil; nmr (CDCI3) Ô 10.01 (s, 1, PhPhCHO), 

7.6 (m, 9, PhPhCHO). 

2-Phenylbenz aldehyde 

2-Phenylbenzaldehyde was used as obtained (Aldrich 

Chemical Co.); nmr (CDCI3) 6 9.97 (s, PhPhCHO, l) and 7.5 

(m, PhPhCHO, 9). 
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Benzophenone 

Benzophenone was used as obtained from commercial sources 

(Matheson Coleman and Bell), mp 48-49° (lit (43) 48.1), 

Diphenylmethanol 

Diphenylmethanol (Matheson Coleman and Bell) was 

recrystallized from ethanol, mp 67-69° (lit (43) 69°); nmr 

(CDCI3) Ô 7.3 (m, ̂aCHOH, 10), 5.8 (s, PhgCHOH, l), and 

2.3 (s, PhaCHOH, l). 

Diphenvlmethyl acetate 

Diphenylmethyl acetate was prepared by the method of 

Harvey and Stinson, mp 41-42° (lit (44) 42°); nmr (CDCI3) 

6 7.0 (m, PhgCHOsCCHs, lO), 6.85 (s, PhgCEOgCCHs, l), and 

2.0 (s, EhaCHOaCCHs, 3). 

Diphenylmethyl nitrate 

Diphenylmethyl nitrate was prepared from diphenylmethyl 

chloride (b 101° (0,2 mm) (lit (45) 173° (19 mm)) using 

the method of Cheeseman (46), mp 35-36° (lit (47) 36.2-37.2): 

nmr (CCI4) 6 7.3 (s, ̂ gCHONOg, 10), 6.8 (s, PhsCHONOa, l); 

ir (thin film) cm~̂  I645 (s), 1290 (s), 860 (s). 

Reactions 

Cerium(iv) oxidations of methylcycloheptatrienes 

7-Methylcycloheptatriene, A quantity of ca. 400 mg of 

7-MeCHT in 10 mis of acetonitrile was added dropwise to a 
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solution of ca. 8,7 g of CAN (4,2 eq) in 50 percent aqueous 

acetonitrile at 78°. The cerium(IV) color first faded to 

colorless, then darkened to a deep red. After stirring for 

5 min and cooling, ca. 100 mg of mesitylene was added as an 

internal standard. The mixture was poured into 50 ml of 

water, extracted twice with 25 ml of ether, washed three 

times with water, and dried (MgSÔ ). The ether was removed 

by fractional distillation. Analysis was by glpc and nmr 

(CDCI3) Ô 10.1 (s, 2-CH3C6H4CHO), 9.9 (2 lines, £- and m-

CH3C6H4CHO), 7.6 (m, phenyl hydrogens), 2.7 (s, PhCOĈ ), 

2.6 (s, 0-CE3C6H4CHO), 2.4 (s, m- + 2-CS3C6H4CHO), and 2.3 

(s, PhCHs); ir (thin film) cm~̂  1680 (s), I600 (s), and 

1240 (s). 

1-, 2-, 3-, And 7-methylcycloheptatriene mixture. A 

weighed quantity of ca. 550 mg of a mixture of MeCHT's in 

10 ml of acetonitrile was added dropwise to a solution of 

12.5 g of CAN (4 eq) in 50 per cent aqueous acetonitrile at 

78°. The color change, work up, and analysis was identical 

for that for 7-MeCHT; nmr (neat) 6 10.1 (s), 9.9 (2 lineŝ  

7.6 (m), 2.7 (s), 2.6 (s), 2.4 (s), and 2.3 (s). 

Methyltropylium fluoborate. A weighed quantity of ca. 

200 mg of MeGyH6%F4"' in 10 ml of acetonitrile was added to 

a solution of ca. 1.2 g CAN (2 eq) in 50 per cent aqueous 

acetonitrile at 82°. The color was discharged immediately 



www.manaraa.com

49 

and a flocculent white precipitate formed. A quantity of 

ça. 30 mg of mesitylene was added as internal standard and 

the work up and analysis procedure for 7-MeCHT followed: 

Nmr (CDCI3) Ô 10.1 (s)j 9.9 (2 lines), 7.6 (m), 2.7 (s), 

2.6 (s), 2.4 (s), and 2.5 (s). 

Cerium(rv) oxidations of phenylcycloheptatrienes in acetic 
acid 

7-Phenylcycloheptatriene. 

Four equivalents. A weighed quantity of ça. 200 

mg of 7-PhCHT in 10 ml of glacial acetic acid was added to 

an equivalent amount of 0.5 N CAN solution in 75 per cent 

acetic acid (4 eq) at 84°. The solution faded to a light 

orange and stirring was continued for 7-40 min. A weighed 

quantity of ça. 40 mg of diphenyl ether was added and the 

mixture extracted twice with 20 ml of ether, washed three 

times with 10 ml of water and three times with 10 ml of 

saturated sodium bicarbonate, and dried (MgS04). Analysis 

was by glpc and nmr: (CDCI3) Ô 7.6 (m), 7.5 (m), 5.7 (s, 

PhsCHOH), and 2.0 (s, PheCHOgCCSs); ir (CCI4) cm"̂  5500 (w), 

174 (s), 1500 (m), 1200 (s), and 1050 (s). 

Two equivalents. A quantity of ça. 200 mg of 

7-PhCHT in 5 ml of glacial acetic acid was added to 5 ml of 

0.5 N CAN in 75 per cent aqueous acetic acid (2 eq). The 

CAN solution turned colorless after addition of approximately 

one half of the 7-PhCHT, then darkened to a deep red. After 
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stirring for 15 min, the mixture was added to 10 ml of water, 

extracted twice with 15 ml of ether, washed three times with 

water and two times with 10 ml of a saturated solution of 

sodium bicarbonate, and dried (MgSÔ .). Analysis by nmr: 

(CDCI3) 6 7.3 (m, ̂sCHOaCCHs), 6.8 (s, PhgCHOgCCHs), and 

2.0 (s, OsCHOaCĤ ). 

1-, 2-, 3-, And 7-phenylcycloheptatriene mixture. A 

weighed quantity of ça. 170 mg of PhCHT's in ça 8 ml of 

glacial acetic acid was added to an equal amount of 0.5 N 

CAN in 75 per cent acetic acid (4 eq) at 85°. After stirring 

for 5 min and cooling, the mixture was extracted twice with 

15 ml of ether, washed three times with 10 ml of water and 

three times with 10 ml of saturated sodium bicarbonate solu­

tion, and dried (MgS04). Analysis was by glpc and nmr: 

(CDCI3) 6 10.0 ( 3 lines, PhCsĤ CSO) and 7.4 (m, phenyl). 

Cerium(lV) oxidation in deuteroacetic acid 

7-Phenylcycloheptatriene. To a solution of 2.6l g CAN 

(4 eq) in 9.52 ml of 75 per cent deuteroacetic acid (in 

deuterium oxide) at 82° was added a solution of 200 mg of 

7-PhCHT in 9.52 ml of deuteroacetic acid. After stirring 

for 15 min, the mixture was added to 5 ml of deuterium 

oxide, extracted twice with 20 ml of ether, washed three times 

with 10 ml of water and three times with 10 ml of saturated 

sodium bicarbonate, and dried (MgSÔ .). Analysis by nmr in-
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dicated no evidence for deuterium in the diphenylmethanol or 

diphenylmethyl acetate; nmr (CDCI3) 6 7.7 o-PhaCO, 15), 

7.2 (m, 135), 6.85 (s^ PhaCHOaCCHa, 7), 5.7 (s, PhaCHOH, 2), 

and 2.0 (s, PhsCHOaCCHjs, 21 ), Diphenylmethyl acetate was 

separated by glpc and analyzed by mass spectrometry: Parent 

(226) 599; Parent + 1 (227) 99; P = 100, P+1 = 16,5. Calcd. 

for C15H14O2 P = 100, P+1 = 16.51. 

Cerium(lV) oxidations in 50$ acetonitrile 

7-Phenylcycloheptatriene. A quantity of ça. 200 mg of 

7-PhCHT in 10 ml of acetonitrile was added to ça. 2.7 g CAN 

(4 eq) in 10 ml water at 84°. After stirring for 5 min and 

cooling, ça. 70 mg of mesitylene was added as an internal 

standard. The mixture was poured into 50 ml of water, 

extracted twice with 25 ml of ether, washed twice with 25 

ml of water and once with 25 ml of saturated sodium bicar­

bonate solution, and dried (MgSÔ ). Analysis was by nmr: 

(CDCI3) Ô 7.8 (m, O-PhsCO, 24), 7.2 (m, phenyl, 201), 6.7 

(s, C6̂ (CH3)3, 18), 5.7 (s, PhaCHOH, 14), and 2.2 (s, 

CeHs(003)3, 52). 

1-Phenylcycloheptatriene. A weighed quantity of ça. 

250 mg of 1-PhCHT in 10 ml of acetonitrile was added drop-

wise to 5.30 g CAN (4 eq) in 10 ml of water at 75°. After 

cooling, the solution was poured into 5 ml of water, ex­

tracted twice with 25 ml of ether, washed thrice with 25 ml 
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of water, and dried (MgSÔ ). Analysis was by nmr and glpc. 

After glpc analysis J a quantity of ça. 95 mg of 1,1,2,2-

tetrachloroethane was added as internal standard and the nmr 

repeated. The total yield was based on the aldehyde and 

tetrachloroethane integrals ; nmr (CDCI3) Ô 10.0 and 9.91 

(2 lines, £- and m-Ph-CsÊ CHO, 9), 7.4 (m, phenyl), and 5.8 

(s, C2CI4H2, 30). 

2-Phenylcycloheptatriene. A quantity of ça. 230 mg of 

2-PhCHT was oxidized in a manner identical to that for 1-

PhCHT. Analysis was by the same procedure: nmr (CDCI3) Ô 

10.0 (3 lines, £-, m- and £-PhC6H4CH0) and 7.3 (m, phenyl). 

3-Phenylcycloheptatriene. A quantity of ça. 200 mg 

3-PhCHT in 10 ml of acetonitrile was added dropwise to a 

solution of 2.61 g CAN (4 eq) in 10 ml of water at 8l°. A 

white precipitate was formed. After stirring for 20 min, 

the mixture was poured into 50 ml of water, extracted twice 

with 25 ml of ether, washed thrice with 25 ml of water, and 

dried (MjgSO^). Analysis was by glpc and nmr: (CDCI3) 6 

10.0 (3 lines) and 7.3 (m). 

Phenylcycloheptatrienylium fluoborate. A weighed 

quantity of 300 mg of PhĈ HT̂ p̂ " in 10 ml of acetonitrile 

was added to ça. 1.34 g CAN (2 eq) in 10 ml of 50 per cent 

aqueous acetonitrile at 80°. The reaction was instantaneous 

and a flocculent white precipitate formed. A quantity of 
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ça. 60 mg of diphenyl ether was added as a standard and the 

mixture added to 50 ml of water, extracted twice with 50 ml 

of ether, washed twice with 25 ml of water, and dried (MgSOw*.). 

Analysis was by glpc and nmr (CDCI3) ô 9.97 (2 lines, m- and 

£-PhC6H4CH0) and 7.3 (m, phenyl). 

CeriumC 17) oxidations in 75$ acetonitrile 

7-Phenylcycloheptatriene. A weighed quantity of ça. 

200 mg of 7-HiCHT in 10 ml of acetonitrile was added dropwise 

to a solution of ça. 3.0 g CAN (4 eq) in 10 ml of 50 per cent 

acetonitrile at 83°. The solution darkened upon the addition. 

After stirring for 15 min and cooling, ça. 60 mg of mesitylene 

was added as internal standard. The mixture was poured into 

50 ml of water, extracted twice with 25 ml of ether, washed 

thrice with 25 ml of water, and dried (MgSÔ .), Analysis was 

by glpc and nmr (CDCI3) 6 7.8 (m, _o-phenyl, 16), 7.3 (m, 

phenyl, 2l6, 6.8 (s, C6H3(CH3)3, 6.5), 5.7 (s, PhaCHOH, 15.5), 

and 2.2 (s, C6H3(CÏÏ3)3, 6); ir (CDCI3) cm"̂  3500 (s), 1740 

(s), 1680 (s), 1600 (m), 1500 (m), 1440 (m), and 1200 (s). 

1-Phenylcycloheptatriene. 

Slow addition. A quantity of ça. I50 mg of 1-PhCHT 

in 10 ml of acetonitrile was added to ça. 2.1 g CAN (4 eq) in 

10 ml of 50 per cent acetonitrile at 87° over a period of 

35 min. After stirring for 15 min and cooling, ça. 26 mg of 

1,4-di-tert-butylbenzene was added as an internal standard. 
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The work up and analysis was identical to that for 1-PhCHT in 

5056 acetonitrile; nmr (CDCI3) 6 10.0 (3 lines, jo-, m-, and 

-̂PhCeiUCHO) and 7.3 (m, phenyl). 

Fast addition. A quantity of ça. 200 mg of 1-PhCHT 

in 10 ml of acetonitrile was added all at once to ça. 2.6 g 

CAN (4 eq) in 10 ml of 50 per cent acetonitrile at 83°. 

After stirring for 15 min, ça. 40 mg of 1,4-di-tert-butyl-

"benzene was added as internal standard and the mixture worked 

up and analyzed in a manner identical for that for 1-PhCHT: 

nmr (CDCI3) 6 9.91 and 9.97 (2 lines, m- and £-PhC6H4CH0) and 

7.3 (m). 

Reaction at 6o°. A quantity of ça. 200 mg of 1-

PhCHT and ça. 2.5 g CAN were reacted in the same manner as 

for the slow addition but at a bath temperature of 6o°: nmr 

(CDCls) 6 10.0 (3 lines) and 7.3 (m). 

Reaction at l8°. A quantity of 300 mg of 1-PhCHT 

and 3.7 g CAN were reacted at room temperature in the same 

manner as for the slow addition. Stirring was continued for 

one hour; nmr (CDCI3) 6 9.97 and 9.91 (2 lines, m- and £-

PhC6H4CH0) and 7.3 (m). 

2-Phenylcycloheptatriene. A quantity of ça. 200 mg of 

2-PhCHT in 10 ml of acetonitrile was added to ça. 2.5 g CAN 

(4 eq) in 10 ml of 50 per cent acetonitrile at 82°. After 
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stirring, a quantity of ça. 40 mg of 1,4-di-tert-butylbenzene 

was added as internal standard. The work up and analysis 

procedure was the same as that for 1-PhCHT: nmr (CDCI3) 6 

9.95 (3 lines J 0-5 m-, and ̂ -PhCelUCHO) and 7.3 (m). 

3-Phenylcycloheptatriene. A 'quantity of ça. 200 mg of 

3-HiCHT in 10 ml of acetonitrile was added to ça. 2.7 g CM 

(4 eq) in 10 ml of 50 per cent aqueous acetonitrile. After 

stirring, ça. 40 mg of 1,4-di-tert-butylbenzene was added as 

standard. The work up and analysis as for 1-PhCHT.was 

followed: nmr (CDCI3) 6 10.0 (3 lines) and 7.3 (m). 

Phenylcycloheptatrienylium fluoborate. A quantity of 

ça. 300 mg of PhCyHefep̂ ." in 10 ml of 50 percent acetonitrile 

0.5 N in cerium(lll) (prepared by reducing the CAN solution 

with pinacol) was added to ça. 1.3 g CAN (2 eq) in 10 ml of 

50 per cent aqueous acetonitrile at 82°. A flocculent white 

precipitate formed. After cooling, ça. 30 mg of diphenyl 

ether was added as internal standard and the work up and 

analysis procedure for 1-PhCHT followed: nmr (CDCI3) 6 10.0 

and 9.91 (2 lines, m- and £-PhC6H4CH0) and 7.3 (m). 

7-Phenylcycloheptatriene plus acrylamide. A solution of 

ça. 200 mg of 7-PhCHT in 22 ml of glacial acetic acid was 

added all at once to a solution of ça. 2.5 g CAN in 22 ml 

of 75 per cent acetic acid to which had been added 4.4 g of 

acrylamide and the mixture heated at 8o° for 15 min. The 
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mixture was poured into 50 miL of water, extracted twice with 

25 ml of ether, washed thrice with 20 ml of water, and thrice 

with 10 ml of saturated sodium bicarbonate solution, and 

dried (MgSÔ .), There was never any sign of polymer formation. 

The nmr was identical to the reaction with no added acryl-

amide: (CDCI3) 6 7.4 (m, phenyl, II6), 6.8 (s, PhsCSOgCCEs, 

6), 5.7 (s, PhsCHOH, J>)y and 2.0 (s, PhgCHOgCĈ , 19). 

Reaction of phenyltropylium fluoborate and nucleophiles 

Sodium borohydride. To approximately 1 g PhCyB̂  in 5 

ml of water covered with 5 ml of pentane was added 2 g sodium 

borohydride. After stirring for approximately 30 min, the 

pentane layer was separated, washed with a saturated ammonium 

chloride solution, dried (MgSÔ .), and concentrated on a 

rotary evaporator, Nmr analysis of the residue was identical 

to that of a thermally equilibrated mixture (23). 

Lithium aluminum hydride tri-tert-butoxide. A sus­

pension of 0.2 g of iPhCrHê in digl3nne was added to a solution 

of 0.2 g I&AIH(0-̂ -Bu)3 in ether at room temperature. After 

stirring for 30 min, the reduced material was extracted with 

25 ml of ether: nmr (CDCI3) 6 7.4 (m), 6.8 (m), 6.2 (m), 

5.6 (m), and 3.5 (m). 

Sodium methoxide. A solution of approximately 0.1 g of 

PhDiHO in 10 ml of water was treated with 0.1 g of sodium 

methoxide in 5 ml of water. After stirring for 15 min, the 
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mixture was extracted with ether and dried (MgSÔ ): nmr 

( C C I 4 )  6  7 . 2  ( m ,  5 ) ,  6 . 8  ( m ,  2 ) ,  6 . 2  ( m ,  2 ) ^  5 . 6  ( m ,  2 ) ,  

3.2 (s, 40), 3.0 (s, 0.5). 

Potassi-um t-butoxide. A solution of 0.1 g of PhCyHs in 

10 ml of ̂ -butanol was treated with 0.3 g potassium ̂ -butoxide 

in 5 nil of ̂ -butanol at room temperature. The mixture was 

extracted with methylene chloride, washed four times with 25 

ml of water and 2 ml of deuterium oxide, and dried (MgS04): 

nmr (CDCI3) 6 7.3 (m), 6.8 (m), 6.3 (m), 5.6 (m), and 1.1 

(s). 
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PART II. REACTIONS OF CERIC AMMONIUM NITRATE WITH 
DIAZOALKAWES 
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INTRODUCTION 

The reactions of diazoalkanes with metal ions and in 

particular with oxidants has not been well studied. Previous-

lŷ  most reactions have been rationalized on the basis of 

carbene or metal-carbene complexes. Very little attention 

has been given to the possibility of radical cation inter­

mediates. Evidence presented here indicates that the 

radical chemistry of diazoalkanes is much more general than 

had been reported. 

Phenyldiazomethanes are decomposed by catalytic amounts 

of eerie ammonium nitrate to high yields of stilbenes. Note­

worthy is the high cis/trans ratio: 

Cat CAN 2 PhOHNe + 0H=0H' 

7456 

With diazoalkanes whose radical cations are expected to be 

more stable than those of phenyldiazomethane coupling does 

not occur. Instead either the parent carbonyl or alkyl 

nitrate is obtained. 

R2CN2 + CAN > R2CO + R2CHONO2 

These results are readily explained by the formation of a 

radical cation which can undergo a chain reaction to yield 

the olefins or be trapped by nucleophiles present to yield 

the alkyl derivatives. 
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HISTORICAL 

In general, dlazoalkanes have been decomposed thermally, 

photolytically, or with a Lewis acid» The use of metals to 

form carbenes or polymers with diazoalkanes has also been 

the object of a great deal of study in previous years. These 

areas have been extensively covered in reviews (48-56) and 

will not be discussed here. Very little, however, is known 

about the reactions with oxidants or with metal ions not 

involving free carbenes. 

The earliest reported oxidation is that of 9-diazo-

fluorene to fluorenone with peroxybenzoic acid (57) in 1951. 

Hensel (58) found the same conversion could be affected with 

lead tetraacetate. In 1962 Wittig and Sehlosser (59) observed 

stilbene formation from the triphenylphosphine-cuprous 

chloride oxidation of phenyldiazomethane; 

PhCHNa + PhsP + PhgCO + CuCl > PhCH=CHPh + PhCH=̂ -N=CHPh 

281g 

Very little of the expected 1,1,2 -triphenylethene was found 

and no attempt was made to explain the formation of stilbene. 

MuD-ler (60) in I963 reported diazomethane could be oxidized 

with aroxyl radicals : 

55$ 
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In 1966 Yoshida ̂  al. (61) found stilbenes are formed when 

phenyldiazomethane is treated with benzoyl peroxide: 

Under similar conditions, diphenyldiazomethane gave dibenzoyl-

oxydiphenylmethane and 1-phenyldiazoethane led to aceto-

phenone, its azine, and 1-phenylethyl benzoate: 

(PhC02)2 + Ph(CH3)CIT2 > PhCOCHs + (PhCCHs)C=̂ i-)2 + 

Ph(CH3)CH02CPh 

Due to the formation of stilbenes, it was suggested car-

benes were involved. Lind and Pahr (62) have presented 

further examples of the reaction of diazoalkanes with 

peroxides. Some coupling products were found from 9-diazo-

fluorene and phenyldiazomethane but the majority of products 

were benzoates: 

(PhC02)2 + PhCHN2 + PhCH202CPh 

4$ 

(PhC02)2 + Ph2CIT2 -> Ph2C(02CPh)2 

50$ 



www.manaraa.com

62 

PhCOCHNs + (PhC02)2 —> PhCOgCHeOsCPh 

PhCHKs + (PhC02)2 —> PhCHO + PhCH(02CPh)2 + PhCH-CHPh 

PhOCO OCOPh 

'etwas' 'etwas' 

Ph2CN2 + (PhC02)2 —> Ph2C(02CPh)2 

A radical cation intermediate was proposed: 

R2CN2 + (PhC02)2 > R2<j:—OCOPh + PhC02* 

R2C—OCOPh -Zl2_> RgC—OCOPh 

Rzi—OCOPh + R2CN2 > R2C—OCOPh 

R2O—^12"*" 

RzC—OCOPh + PhC02" > R2C—OCOPh 

R2̂  N2'̂  R2C OCOPh 

+ 
R2C—OCOPh + PhC02' > R2C(OCOPh)2 

Baganz and May (63) have reported that a-diazocarhonyl com­

pounds yield a-ketoacetals when treated with tert-butyl 

hypochlorite in alcohols: 

-̂BuOCl 
N2CH-CO-R > (R'0)2CH-C0-R 

R'OH 

R = —C02Et y —OMe3 -Ph 

No explanation was suggested. 
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Saegusa et (64) have observed the oxidation of ethyl 

diazoacetate with cupric chloride to ethyl chloroacetates and 

diethyl dichlorofumarate and maleate; 

ic:0 
NaCH-COaEt + C11CI2 EtOsC-CEClg + EtOgC-CEgCl + CuCl 

40̂  16̂  

+ Et02C-CH=CH-C02Et + Et02C-CCl=CCl-C02Et 

30̂  3̂  

The diethyl fumarate and maleate were shown to arise from 

the cuprous chloride catalyzed decomposition of ethyl diazo­

acetate: 

N2CH-C02Et + CuCl > Et02C-CH=CH-C02Et 

Diphenyldiazomethane was oxidized to dichlorodiphenylmethane, 

benzophenone azine, and tetraphenylethene: 

Ph2CN2 + 2 CUCI2 > Ph2CCl2 + (Ph2C=N-)2 + Ph2C=CPh2 

485S 34̂  9$ 

It was believed organometallies of the type Cu(CClR2)2 were 

involved but radical cations could not be ruled out for the 

olefins obtained. No attempt was made to determine if the 

reaction proceeded via ligand transfer or metal ylides. 

The electrooxidation of diazoalkanes has been extensively 

studied by Jugelt and Pragst. In general, aryldiazoalkanes 

can be converted to olefins (65j 66) using only 5 to 14 per 
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cent of the current necessary for a one electron transfer 

(see Table 14); 

2 RgCEs  ̂> R2CH=CHR2 + 2 Na 

Table 14, Yield of olefins from the electrooxidation of 
aryldiazoalkanes& 

Diazoalkanes 
Half-Wave Potential 

% 
Absolute Yield 

ArCR=<3RAr 

PhsCNs 

(£-N02C6H4)PhCN2 

(£-N02C6H4)CH3CN2 

{£—NO2C6H4) CHNa 

9-Diazofluorene 

CH2N2 

EtOzC-CHNz 

+0.95 

+1.14 

+1.16 

+1.55 

+1.22 

+1.70 

+2.10 

80$ 

Soi 

j>oi> 

405È trans 

305È cis 

455È 

âta from reference 66. 

A chain mechanism with radical cation intermediates was 

proposed; 

]jiltiatlon ; 

R2CN2 > RaC-Na"^ 

I II 
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Propogation; 

II + I 

III + I 

Termination: 

II + HgO -=Hs_> R2COH 

IV 

IV + III > R2C=CRa + RsCO + H"*" 

IV + II > R2O CRs > R3C-CO-R 

Ï2"'" OH 

It was possible to suppress the coupling by running the 

reaction in a large excess of n-propyl amine. They suggested 

the radical cation was trapped by the nucleophilic amine: 

RgC—iTg + n—CsHyNHs —̂ 2_> RgC—Nil CsHy—n 

-p" 

Rg C—NH—C3 Hy —n , > R2 C=̂ )——C3 Hy -n 
-H 

Later̂  polarogiraphic evidence was presented confirming the 

radical cation (66-69) and half-wave potentials were ob­

tained for a wide range of diazoalkanes. It is interesting 

to note that while half-wave potentials could be obtained 

for diazomethane and ethyl diazoacetate neither yielded 

olefins. In fact, Pragst, Hubner, and Jugelt (70) have re­

—̂> R2C-CR2 

III 

—̂ 2̂—> R2C=̂ !R2 + R2C—N2 
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ported a-phenyl-a-carbonyl dlazoalkanes do not couple when 

electrooxldlzed. Azlbenzils undergo the Wolff rearrangement 

or couple via the phenyl rings: 

Ph-C(Na)-CO-Ph > Ph2C=C=0 

( Ifg ) CsHs > (p̂ -Z-C6H4C0-C(lÎ2)""C6H4)2 

The mechanisms of these reactions were not discussed. 

The role of metal ions reacting with diazoalkanes has 

been studied in very few instances, the most notable of 

which is the copper catalyzed decomposition. Kirmse (7l) 

has reported that cuprous halides generally lead to carbenes 

and then to olefins or cyclopropanes, e..£., 

l>-\ + 

The only exception is tert-butyldiazomethane which yields 

among the usual products trans-di-tert-butylethylene and 

2,2-dimethylpropanol azine: 

(CH3)3C-CHN2 > (CH3)3C-CH=CH-C(CH3)3 + ((CH3)3C-CH=̂ Î)2 

705S 30# 

Werner and Richards (72) have observed the formation of 

diethyl maleate and fumarate with nickel(O) complexes, 

copper metal, or copper(l) or (ll) salts. In the presence 
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of cyclohexene appreciable amounts of ethyl norcarane-

carboxylate were obtained (see Table 15). 

EtOgC. EtOsQ COaEt 
EtOaC-CHNs + MX TH=CH. + CH=Cir + 

ĈOaEt 

—COaEt 

Table 15. Relative yields of products from the metal-
catalyzed decomposition of ethyl diazoacetate 
in the presence of cyclohexene® 

Relative Yields 

Diethyl Diethyl Ethyl 
Metal Salt Pumarate Maleate Norcaranecarboxylate 

NiCpa 1.4 2.6 1.0 

Fi(C0)4 6.0 — — — 1.0 

Cu 0.57 0.67 1.0 

CuBr 0.5 0.5 1.0 

CUSO4 0.7 0.5 1.0 

Znia 1.4 0.6 1.0 

CrCpa 1.5 0.6 1.0 

âta from reference 72. 

Because of the formation of the norcarane and with nickel-

ocene, there was no evidence for any type of a free radical 

intermediate J it was suggested a metal ylide of the type 

popularized by Yates (73) and Takebayashi ̂  (74) with 
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a-diazocarbonyls was involved: 

M = CRs, 5 Cu.={!H-C OgEt 

No reaction occurred with diphenyldiazomethane or 9-diazo-

fluorene and diazomethane gave only polymethylene. Wozai 

et al. (75) found that diphenyldiazomethane could be decom­

posed to tetraphenylethane by several copper salts but that 

yields were best with bis(2̂ 4-pentanedionato)copper(II): 

PhsCNz ^̂ |eac)â  Ph2C=CPh2 + Ph2C=€f-N=CPh2 

60̂  305È 

Here again the intermediacy of a copper-carbene ylide was 

proposed. D'yakonov (76) has suggested a similar inter­

mediate in the reaction of ethyl diazoacetate with cupric 

stearate. Moser (77) has confirmed the presence of such 

ylides by detailed kinetic studies with ethyl diazoacetate 

with the further conclusion that the olefin may be involved 

in the complex: 

\ / 

I! ! 
c -̂x 
/ \ 

Copper metal itself has been found to be an active 

catalyst in reactions with diazoalkanes. Copper-bronze was 

used to convert a-diazocarbonyls to olefins by Quintana (78): 
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2 (CH3)3C-C0-CHN2 -^> (CH3)3G-C0-CH=CH-C0-C(CH3)3 

70̂  

by Grundmann (79): 

2 Ph-CO-CHNs -̂ > Ph-CO-CH=CH-CO-Ph 

655̂  

and by Pont (8o): 

/ 
CHs 

/ 
CHa 

,C0—CHNs 

Cu 
-> CEz 

O-CHNs 

2056 

Zinc halides have also been utilized to decompose diazo-

alkanes. Bethell and Brown (81) report that 9-diazofluorene 

is converted to bifluorenylidene, fluorenone, and 9-halo-

fluorenes by zinc halides. They believe organometallics are 

involved but do not elaborate. Goh et al. (82) have found 

that phenyldiazoalkanes may be readily decomposed with 

lithium and zinc halides in the presence of olefins to yield 

cyclopropanes. Presumably the reaction proceeds via carbenes. 

Finally, the carbonium ion catalyzed decomposition of 

diazoalkanes reported by 'Whitlock (85) should be noted. If 

phenyldiazomethane was treated with the trityl carbonium ion, 

an 11 per cent yield of trans -stilbene and a yield of 
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tetraphenjrlethylene was obtained: 

PhCHNs + PhaC"*" > PhsC—CHPh 

+ 
PhC-CHPh —i 

+ 
-> PhgC-CHPha > PhgCkCPhg 

> PhaC-CHPh-CHPh > PCH=CHPh + PhsC"*" 
-Na 

Diphenyldiazomethane gave tetraphenylethene : 

-J. 
PhaCNs + PhaC"^ -=^> PhaC-CPha PhsC-CPha-CPha 

+ + 
PhsC-CPha-CPha > PhaC=CPh2 + PhsC 

A similar reaction occurs with diphenyldiazomethane and the 

tropylium ion (56). 

C7H7"'" + PhaCNa > C7H7—CPh2~Na Nâ ^̂  C Ĥy—CPha—CPha—Na 

CTHr-CPha-CPha-Na"'" > Ph2C=CPha + CTHT"*" 

In these cases the carbonium ion acts as a site of reaction 

and is both an electrophile and a leaving group. 
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RESULTS 

A series of para-substituted phenyldiazomethanes was 

decomposed with catalytic amounts of eerie ammonium nitrate 

at -5°. The diazoalkanes were in pentane and the CM in 

acetonitrile. Reaction time was of the order of 15 to 6o 

seconds and at most required one third of an equivalent of 

CAN. Only eis- and tr&ns-stllbenes were isolated (see 

Table l6): 

2 ArCHNs  ̂ArCH=CHAr + 2 Na 

Table l6. Yields of stilbenes from the decomposition of 
aryldiazoalkanes ̂ ArCHNa, with eerie ammonium 
nitrate 

ArCHNa CAN cis-Stilbenê  
Ar- used̂ mmol used̂ mmol trans -Stilbene Yield ,5̂  

CeHs 3.81% 0.1 5.49+0.12% 88+3 

2,'~CH3C6H4- 0.52° 0.15 3.2 +0.30̂  8 0+2 

JD-ClCgS*— 0.29° 0.15 2.33+0.12̂  9 8+2 

Standard deviations are based on at least three runs. 

Ĉoncentration was analyzed by nmr using 1,1,2,2-tetra-
chloroethene. 

Ĉoncentration was analyzed by adding benzoic acid and 
back titrating the excess acid (84). 

Ŷield determined by glpc analysis using diphenylmethane 
as standard. 
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Table l6 (Continued) 

ArCHNs CM cis-Stilbene& 
Ar- usedjinmol used̂ mmol trans-Stilbene Yield ,5̂  

£;-0aNC6H4- No reaction 

£-CHsOC6H4- Complicated reaction with no stilbenes produced 

No reaction occurred when phenyldiazomethane was treated with 

a reduced CAN solution. The oxidation of £-methoxyphenyl-

diazomethane gave some azine and at least five other products, 

none of which were the stilbenes. Phenyldiazomethane was 

also oxidized with eerie sulfate in acetonitrile. Reaction 

was much slower than with CAN but cis- and trans-stilbene 

were observed in the usual ratio (4/1). 

A CAN reaction with phenyldiazomethane was run in an 

nmr probe. Although no CIDNP effect was noted, the formation 

of cis-stilbene could be followed by observing the increase of a 

peak at ô 6.5 and the concomitant decrease of the a-hydrogen 

of phenyldiazomethane at 5 6.1. No peaks were observed which 

could not be attributed to stilbene or phenyldiazomethane. 

2-Methylphenyldiazomethane was decomposed by CAN in the 

presence of trans-stilbene at various concentrations. There 

did not seem to be any appreciable change in the cis/trans 

ratio (see Table 17). It is significant that the ratio does 

not vary and that no other products were observed. £-Chloro-
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Table 17. Ratio of ̂ -substituted stilbenes from the decom­
position of aryldiazomethanes, ArCHNa, by CAN in 
the presence of trans-stilbene 

Relative Yield, 
Concentration Concentration ArCH=CHAr 

ArCHNa ArCHNg Solvent trans-Stilbene cis trans 

2-CH3C6H4CHN2 0.0933 Pentane 0.506̂  78 22 

0.212^ 82 18 

0.109 72 27 

0.0591 69 31 

0.0165 78 22 

2-CIC6E4CHN2 0.0699 Benzene 0.0000 89 11 

0.1103 40 60 

'̂Concentration is moles per liter. 

T̂he solution was saturated in trans -stilbene. 

phenyldiazomethane was also decomposed in the presence of 

trans -stilbene (see Table 17). The -dichlorostilbene 

cis/trans ratio changed drastically but no cis-stilbene was 

found. 

Phenyldiaz omethane was oxidized at three concentrations 

and no effect was observed on the cis/trans ratio (see Table 

18). 
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Table l8. Relative yields of stilbenes from the decomposition 
of phenyidlazomethane by CAN at various concen­
trations . 

Concentration̂  Relative Yield, 
PhCH=CHPh 

CeHsCHNa els trans 

0,549 84 16 

0.0697 86 14 

0.0349 86 14 

Ĉoncentration is moles per liter. 

The £-substituted phenyidlazome thane s yielded only minor 

amounts of stilbenes on oxidation with CAN. The products 

from £-methyi- and _o-chlorophenyldlazomethane were the 

stilbenes and the dlphenylethanediols and their dinitrates 

(see Table 19): 

ArCENa ArCH=CHAr + ArCH-CHAr + ArCH-CHAr 

6s OS OairA ONOa 

Table 19. Yields of products from the oxidation of ©̂ -substi­
tuted phenyldlaz ome thane s by CAN 

-ArCH=CHAr- Relative Yields, 
Dlazoalkane cls trans ArCHOH-CHOHAr ArCS(ONO2 )CS( ONOg )Ar 

CHs Ce H4CHN2 10 —— 25 65 

o-ClC6H4CHITa^ 24 18 33 24 

D̂etermined by nmr analysis. 

T̂he £-chlorophenyldiazomethane required approximately 
1/7 of an equivalent of CAN. 
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2,4,6-Trimethylphenyldiazoiiiethane gave a more complex set of 

products. Gripe collection afforded two products, one con­

taining nitrate groups and having only one «-hydrogen by 

nmr analysis. The other product had only ring and methyl 

hydrogens in the nmr and may be mesltolc acid. It is known 

that the nitrate ester of benzoin cleaves under glpc condi­

tions similar to the above to benzaldehyde and benzoic acid: 

PhCH(0N02)-C0-Ph PhCHO + PhCOaH 

Thus the products are probably the ethanedlol and its dlni-

trate but the ready cleavage of the dinltrate precluded 

further product studies; 

CH3 

HaC-̂  ĈHNa Mes-CH-ÇH-Mes + Mes-CH-ÇH-Mes 

>=/ AH ÔH O2N& ONO2 
CHs 

(îfes-) 

The 1- and 2 -naphthyldiaz ome thane s were also oxidized 

with CAN. Again a very complex mixture of products was ob­

tained and although some of the products were identified, 

problems with apparent oxidation of the naphthyl rings made 

further work imdesirable : 

CAN I-NPCHN2 CH=CE. + I-NPCH2CO-I-NP + I-NPCH2ONO2 + 
I-Np 

"x" 

CAN. 
Q'NpCHNs + CH=CH^ + 2-NpCH2-C0-2-Np + 2-NPCH2ONO2 

2-Np 
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Kie ethylenes were identified by comparison with an authentic 

sample prepared from the photolysis and the bis(2,4-pentane-

dlonato)copper(II) decomposition of 1-naphthyldiazomethane, 

both of "wiiich are known to yield trans-ethylenes. The nitrates 

were identified by comparison with authentic samples and the 

deoxybenzoins were identified from their nmr, ir, and mass 

spectrums. 

Two cross experiments were run. Equimolar amounts of 

2-methyldiazomethane and phenyldiazomethane was decomposed 

by CAN", All possible stilbenes were produced, stilbene, 

£-methylstilbenej and £,£'-dimethylstilbene (see Table 20) 

in approximately a statistical ratio. The reaction between 

Table 20. Relative amounts of stilbenes from the decomposi­
tion of £-methylphenyldiazomethane and phenyl­
diazomethane by CAN 

Stilbene £-Methylstilbene -Dimethylstilbene 

I.l6 + 0.06 1.62 + 0.08 1.000 

phenyldiazomethane and l-phenyldiazoethane led to none of the 

expected 1_, 2 -diphenylpropene. Stilbenes and benzyl nitrate 

were the products from phenyldiazomethane and acetophenone 

was the product from l-phenyldiazoethane: 
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PhCHNs + •Ph(CH3)CN2 mmoles CAK"̂  EhCH=CHPh + PhCHsONOg + 

Ph—CO—CH3 
1.76 1.4 
nmoles moles 

cis trans 

Absolute Yield, i 24 24 15 80 

A wide variety of diazoalkanes was oxidized with one 

equivalent of CAN in acetonitrile and gave the parent car-

bonyl or the alkyl nitrate (see Table 21): 

RzGNa + CAN > RgCO + RgCHONOa 

Table 21. Yields of products from the oxidation of diazo­
alkanes by CAN 

Absolute Yieldj 1» 
Diazoalkane R2CO R2CHONO2 R2CHOH 

Et02CCHN2 —  —  100 — —  

Ph(CH3)CN2 80 — —  — —  

Ph(CF3)CN2 No reaction 

PhCOCHNa No reaction 

PhC0(Ph)CN2 —  —  94 —  —  

Ph((CH3)3C)CN2 65 12 23 

9-Diazofluorene 80 — —  — —  

Ph2CN2 55 45 —  —  

No olefins were noted in any of these reactions. 
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Ceriuiii(lV) Is rapidly consumed by diphenyldiazomethane 

and the quantity of ceri.um(rv) may be followed by a titration-

llke blue coloration formed as each drop of CAN is added to 

the diazoalkane. At the end of the addition of one equivalent 

of CAN the red color of the diphenyldiazomethane has disap­

peared and further addition causes no more blue coloration, 

Furthermore5 one equivalent of a gas was evolved (45.7 ml 

(at STP) vs. 43.0 expected) which was collected and analyzed 

by mass spectrum showing signals at m/e 28 (nitrogen)̂  52 

(oxygen, background), 40 (argon was used to flush the system) 

and 44 (background). Diphenyldiazomethane could also be 

deconçosed to diphenylmethyl nitrate and diphenylmethanol in 

a ratio of 7:1 (nmr analysis), but the reaction was much 

slower than with CAN and no blue coloration was noted. 

One equivalent of CAN was necessary to decompose ethyl 

diazoacetate and if a sufficient amount was not used starting 

diazoalkane was recovered. With one equivalent of CAN a little 

more than one equivalent of a gas was evolved (115 ml vs. 

98 calculated). Ethyldiazoacetate could also be decomposed 

by cerium(lll) solution to ethyl nitratoacetate. 

The other diazoalkanes all required one equivalent of 

cerium(lV) for complete decomposition. Gas evolution was 

observed in some cases but not measured. 

The oxidation of diazomethane yielded no olefin that 

could be trapped by bromine in carbon tetrachloride. One 
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product appears to be K-methylacetamide. 

Both phenyldlaz omethane and 2-methylphenyldlazomethane 

were decomposed by bis (2 4-pentanedlonato)copper( II) and 

only els- and trans-stllbenes Isolated (see Table 22): 

2 ArCHNa Cu(acac)̂  ̂ ArCH=CHAr + 2 m 

Table 22. Relative yields from the bis(2,4-pentanedionato)-
copper(lIj decomposition of phenyldlazoalkanes 

Diazoalkane Solvent 

Relative Yields $ 
ArCH=CHAr 

cis trans 
Absolute 
Yield, ÎÉ 

CeHsCMs Benzene 60 

Acetonitrile 6o 

ô -CHsCGĤ CHNg Benzene 46 

40 

40 

54 

46 

46 
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DISCUSSION 

The reactions of CAN with diazoalkanes is obviously 

very complex. The most perplexing aspect is the coupling 

of phenyldiazoalkanes to yield stilbenes. Dimerization of 

the alkyl portion of diazoalkanes has never been easy to 

explain and many alternatives are possible. 

Historically, one must always consider that the photoly­

sis, thermolysis, or acid catalyzed decomposition of diazo-

aUcanes can lead to high yields of ethylenes (85). With 

diazomethane itself it is believed that a carbene inter­

mediate is involved which reacts with another diazomethane 

to form ethylene; 

CE2N2 > :CEz + Na 

CHaNa + :CHa > CH2=CHa + Na 

Stilbene has been observed from the decomposition of phenyl­

diaz omethane by Bethell (86, 87) with acids; 

PhCHNa > PhCH=CHPh + PhCH=̂ -N=CHPh 

495Ê 42$ 

cis = 0.89 
trans 

The relative yields were dependent on concentration of the 

diazoalkane and added stilbene or azine. With diphenyl-

dizaomethane the carbene could be trapped by olefins to 

yield cyclopropanes (88). Both Gutsche (89) and Nozaki (90) 
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have observed stilb̂ es from the photolysis of phenyldiazo-

methanes : 

2 PhCHNa PhCH=CHPh 

Gut s Che reported only cis-stilbene and was able to trap an 

intermediate with benzene to yield 7-phenylcycloheptatriene. 

Nozaki reported only trans-stilbene in non-aromatic solvents 

and obtained no stilbene in the presence of cyclohexene. 

In benzene cis-stilbene was found along with significant 

yields of 7-phenylcycloheptatriene. Furthermorê  the £-

methylphenyldiazomethane gave a 41 per cent yield of 

dimethylstilbene. In all cases because reactions typical 

of carbenes (addition to double bonds) were found, it was 

assumed the stilbenes arose via carbenes. In the CAN de­

compositions, the product ratio is Invariant over concentra­

tion changes or added stilbene. In the presence of cyclo­

hexene, no norcarane products were observed and stilbenes 

were found in the usual ratio (75/25). Also, when the 

oxidation was carried out in benzene, phenylcyclohepta-

trienes were not observed but stilbenes were in an 80/20 

ratio. These results are not compatible with a carbene 

intermediate such as proposed by the above authors. 

It is possible that the carbene is not free but com-

plexed with the metal similar to the ylides generally be­

lieved present in the reactions of diazoalkanes with copper 
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salts. Although bls(2,4-pentanedionato)copper(ll) does react 

with phenyldiazomethanes to yield stilbenes, the reaction 

is much slower and the cis/trans ratio is much less than that 

with CAN. More importantlŷ  £-methylphenyidiazomethane 

yields stilhenes with the copper complex and not with CAN. 

The metal ylides are also known to react with olefins to 

yield csrelopropanes, a reaction which does not occur in the 

CAN decomposition. Thuŝ  it seems a metal complexed carhene 

may he excluded as a possibility. 

Organometallic derivatives such as the mercuric and 

lithium salts of diazomethane (91 ) are known. As cerium(iv) 

is not known to bond readily to carbon, similar intermediates 

are most likely not involved. 

There is the possibility of an intermediate being formed 

which reacts further to yield stilbenes. Two conceivable 

ones are azines and azo compounds. Benzalazine can be 

quantitatively recovered from the reaction conditions at 

room temperature and although it is oxidized rapidly at 74°, 

the major product is benzaldehyde and no stilbenes are 

observed. A bis-azo compound has been suggested by Bethell 

(86) in the reaction of phenyldiazomethane with acids. 

There was no evidence for such an intermediate in his case. 

Ph-HC CH-Ph 
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When phenyldiazomethane was oxidized in the nmr probe, the 

decrease of the diazoalkane and increase of stilbene could be 

followed with no spurious signals. In addition, nothing but 

stilbenes has ever been isolated from the reaction. This, 

of course, does not answer the question but lack of sup­

porting evidence makes conjecture unattractive. 

The catalytic role of cerium(iv) and the high yields 

suggest a chain reaction, perhaps analogous to that of 

Jugelt and Pragst (65); 

PhCHNa + ONOsCe^ > PhCE-ONOsCe^ 

PhCH-ONOaCê  > PhCH-Na"̂  + ONOaCe 

Na"*" 

+ • 
PhCH-Na + PhCHNa > PhCH-CHPh + 2 Na 

• • -I-
PhCH-CHPh + PhCHNa > PhCH=CHPh + PhCH-Na 

The formation of the radical cation is reasonable considering 

cerium(iv) is a one-electron oxidant and sufficient precedent 

exists in the electrooxidation of Jugelt and Pragst (65), 

the benzoyl peroxide oxidation of Lind and Pahr (62), and the 

cupric chloride oxidations of Saegusa (64). The benzoyl 

peroxide oxidation of Yoshida (61) probably also involves 

radical cations. Lack of reaction by ̂ -nitrophenyldiazo-

methane can be explained by the powerful electron with­

drawing nitro group causing the a-carbon to be too electron 

deficient to be attacked by the electrophilic cerium species. 
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The complicated reaction of ̂ -methoxĵ henyidiazomethane may 

be due to the formation of a stable £-methoxyaryl radical 

cation and not a function of the diazo group. 

Unfortunatelyj it has not been possible to observe any 

radical intermediates, Acrylamide, a known radical trap (̂ 6), 

did not affect the reaction and cis- and trans-stilbene were 

obtained in a 70/30 ratio. This may have been due to the 

low solubility of acrylamide in pentane. When oxygen was 

bubbled through the reaction mixture, only cis- and trans -

stilbene (80/20) were found. No benzaldehyde or benzyl 

alcohol was observed. Using a flow apparatus, no esr 

signal could be observed. Both very slow and very fast 

flow rates were used as well as completely stopped. The 

speed of the reaction may reflect a very short lifetime for 

any radicals involved and thus render trapping or spectral 

observation very difficult. 

In conjunction with the chain mechanism, there was no 

concentration effect, a highly reasonable observation. No 

other oxidant was found which would generate the chain 

reaction. Phenyldiazomethane did not react with potassium 

ferricyanide. It did react with tri s (̂ -bromophenyl ) aminium 

hexachloroantimonate but no stilbenes were formed. Benzyl 

and benzal chlorides are among the products. This reaction 

is very reminiscent of the cupric chloride oxidation of 

Saegusa (64) wiiere ligand transfer predominated over coupling. 
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One of the greatest failures of the radical chain 

mechanism is the lack of a ready explanation for the high 

cis/trans ratio. In part this may be due to the belief that 

as trans-stilbene is thermodynamically more stable it should 

predominate in the products. In fact, in many reactions the 

cis isomer is formed in equal or greater amounts. Only 

where the starting material has a cisoid configuration, 

however J has the cis/trans ratio been greater than 5 (92). 

Thus, it seems some exceptional process is occurring. In 

the final electron transfer to afford stilbene, a high energy 

moiety bearing close resemblence to the "phantom" intermediate 

in the photochemistry of stilbenes (95) could be produced: 

PhCH-CHPh + PhCHNa > (PhCH=CHPh)* + PhCH-Ns"'" 

(PhCH=CHPh)* > PhCH=:CHPh cis > trans 

cis-Stilbene predominates in the photochemical mixture at 

the photostationary state about 92/8, Several problems 

exist about such an intermediate. There is considerable 

question (94) as to the spin multiplicity of the "phantom" 

and it is not advisable to argue that particular aspect 

here. It is not of the greatest importance as electron 

transfer can conceptually be accomplished to afford either 

triplet or singlet states. There is consensus that the 

"phantom" is approximately 40 to 50 kcal above the ground 

state and that decay from the "phantom" to ground state 
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should yield a cis/trans ratio of 1.5. These facts apparently 

conflict with the ceriuni(lV) decomposition. The cis/trans 

ratio of 5 is much closer to the photostationary state than 

the natural decay ratio. The photostationary state is ob­

tained "because of unequal rates of excitation from the stil-

bene ground states and a similar process is not available 

thermally. The 40 to 50 kcal necessary to produce the 

"phantom" would be difficult to attain at room temperature. 

Even though the reduction of cerium(lV) is a potential 

source of energy it cannot be sufficient because of its 

catalytic nature. Electron transfer alone seems unlikely to 

afford an excess 40 kcal. If a high energy intermediate is 

present, it should be quenched as in the photochemical proc­

ess. . Most quenchers of reasonable energy are polyaromatics 

which react with cerium(iv) and rule out their use. However, 

one of the stilbenes should act as an efficient quencher as 

obsezved by Hammond (95). "When £-methylphenyldiazamethane 

was decomposed by CAN in the presence of trans-stilbene, no 

change in the cis/trans ratio was observed over a large 

concentraticai range. With £-ciilorophenyldiazomethane, there 

was a drastic increase in the amount of trans-p,p ' -dichloro-

stllbene produced, but there was no corresponding increase 

In cis-stilbene formed from the trans-stilbene. It seems 

that if energy transfer had occurred sufficient high energy 

"phantom" would have been formed to yield some cis-stilbene. 
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As none was observed, it is difficult to rationalize a high 

energy stilbene intermediate similar to the one in the 

photochemical cis-trans transformation. 

However, it is possible the intermediate is configura-

tionally close to the "phantom". It is only necessary that 

the stilbene precursor twist so that the phenyl rings are 

gauche or nearly so as the final electron transfer is made. 

One particular possibility is that the phenyl rings are 

sandwiched around a diazoalkane molecule and that electron 

transfer occurs through the îT-clouds: 

The non-polar pentane solvent may make this pairing likely. 

More information was needed to answer the cis/trans 

question and an apparent way to obtain it was to substitute 

groups on the a-carbon of the diazoalkane and observe the 

changes in the cis/trans ratio. From the cross experiment 

with phenyldiazomethane and £-methylphenyldiazometiiane it 

appeared that mixed stilbenes could be prepared. Phenyl-

diazomethane and 1-phenyldiazoethane then should yield stil­

benes, 1,2-diphenylpropene, and 2,5-diphenyl-2-butene; 

+ 
C5 •CH 

CHNa 
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PhCHNa + Ph(CH3)CN2 Çat̂ _ÇM> phCH=CHPh + PhCH=CPh-CH3 + 

CHs-CPĥ Ph-CSs 

When the mixed reaction was rxin, only stilbenes, benzyl 

nitrate, and acetophenone were formed; 

PhCHNa + Ph(CH3)CN2 PhCH=OHPh + PhCHsONOg + PhCO-CHs 

None of the expected propene or butene were found. Thus, 

not only does 1-phenyldiazoethane itself not yield coupled 

products but neither can the chain reaction be induced by 

phenyldiazomethane radical cations. There are several possi­

ble explanations for this. The reactions of phenyldiazo­

methane radicals may be very rapid and all electron transfer 

is effectively accomplished by them. Stilbenes are formed 

immediately and then the 1-phenyldiaz oethane is oxidized. 

Corollary to this, the 1-phenyldiazoethane radical cation 

may be more stable and its lifetime such that trapping by 

a nucleophile may predominate. Yoshida (6l) has noted in 

the reactions of diazoalkanes with benzoyl peroxide a very 

similar phenomenon, although Pragst (66) has observed some 

coupling of l-(£-nitrophenyl)diazoethane. (Here the nitro 

group may have destabilized the radical cation sufficiently 

to permit reaction.) However, it does not seem obvious 

that such an explanation can be applied to the observation 

that either a methyl group or a chlorine atom in the op­

position of phenyldiazomethane can so drastically alter 
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reaction away from the stilbenes. The electronic effects of 

groups ortho and groups para to a benzyllc position are not 

significantly different. An ortho effect could be Invoked, 

but this usually requires participation of the group in the 

reaction and no disturbance of the ortho groups was noted. 

Evidently the reaction is much more sensitive to substi-

tuents than the simple chain mechanism would predict. Remem­

bering that many oxidations of CM proceed via ligandSj the 

first step in which the radical cation is formed can be 

visualized as involving a prior intermediate: 

This intermediate may dissociate to yield the radical cation, 

oxidize at this stage, or couple with another molecule of 

dlazoallcane: 

+ » 
> RgC-IWf + ONOaCe III 

b) RgC-ONOgCê  

2̂* 

» RaOO + NOa' + Cê  

RsCH-ONOz + Cê  + R * 
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RsC-ONOaCe IV 

c) RgC-ONOgCê  + RaCKs 

Na* 
RaC-Na* 

The radical cation a) can participate in the chain 

mechanism to yield stilbenes. It can also be oxidized to 

the parent carbonyl or be converted to the alkyi nitrates; 

The hydrogen source could be radical abstraction from the 

hydrocarbon solvent although there is no evidence of any 

products derived from the solvent. Apparently, cerium(iv) 

is consumed in the reactions leading to carbonyls or alkyl 

nitrates (cf. diphenyldiazomethane and ethyl diazoacetate) 

but the formation of the nitrate is not formally an oxida­

tion, The nitrate can be formed from reaction of the diazo-

alkane with nitric acid (55) and is probably the reaction 

occurring with cerium (ill),, but it appears to be much slower 

than the radical cation formation, particularly with diphenyl 

diazomethane. Nitrogen is the only gaseous product and no 

nitrogen oxides are observed. Furthermore, the reactions 

are run in anhydrous media so water cannot be oxidized. 

> RaC=0 + NOa + Ce IV 

——> RaC-ONOa RaCH-ONOa + R'« 
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Thus, we are left with the quandary of an equivalent of 

cerium(rv) reduced but no concomitant oxidized specie,-

There seems to be no answer at present. 

The loss of nitrogen followed by oxidation b) is prob­

ably only a special case of the radical cation oxidation. 

Timing of the different steps and which moiety is actually 

oxidized can only be speculative and this has been added 

for completeness. 

The rather complex coupled product c) can yield olefins 

or be further oxidized to the ethanediol dinitrate. (The 

ethanediol itself probably comes from hydrolysis of the 

dinitrate during work up. ) : 

RaÇ-ONOsCê  

RgC—Nz• 

-> R2C=CR2 + ONOaCê  + Na 

ONOgCe"̂  ̂ OsNO ONOg 

The coupling without proceeding via the radical cation seems 

to be a rather odd reaction although precedent exists in the 

carbonium ion catalyzed decompositions of Whitlock (83) and 

Cowell (56). It is difficult to rationalize this pathway 

with electronic effects. The most reasonable explanation may 

be that the ortho groups of the phenyldiazomethanes force the 

timing of loss of nitrogen and the cerium specie to change so 

that radical cations never form. A positively charged inter­
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mediate is then attacked by the nucleophilic diazoalkane with 

loss of the best leaving group, nitrogen; 

Loss of the cerium specie and a second molecule of nitrogen 

yields the olefin. As no reduction occurs, the cerium(TV') 

is available for recycling and hence its catalytic nature. 

Further oxidation of the coupled product yields the ethane-

diol- dinitrates. 

It is not surprising that a scheme such as this would 

require a very sensitive balance of all factors and minor 

substituent changes could produce significant changes in 

products. The stability of the radical cation is very impor­

tant in deteimining whether coupling occurs. Except for the 

electrooxidations, radical cations from the more stable 

diazoalkanes do not couple; for example, with benzoyl peroxide 

the dibenzoates are major products. In the electrooxidations, 

diphenyldiazomethane couples but apparently the radical 

cation must be destabilized in other cases by nitro groups 

to achieve coupling. In addition, azibenzils couple only 

through the phenyl rings leaving the diazo group intact. 

Therefore, the more stable radical cations should be rapidly 

trapped by nucleophlles, a process Jugelt (65) has shown 

to predominate over coupling even with diphenyldiazomethane. 

-> 

RgC-Nz 

RgC—ONOgCe 
+ Nz 
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It seems then that phenyldiazomethanes are the limit of 

stability from which coupling can be expected. 

Unfortunatelya none of the added details of the chain 

mechanism offers an alternative to explain the high cis/trans 

ratio of the stilbenes. As very nearly the scope of diazo-

alkanes has been surveyed and no other coupling was found, 

it does not seem possible to arrive at any definitive answer 

to this problem. 
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EXPERIMENTAL 

Equipment 

Esr spectra were obtained, on a Varian Model V-4500 

instrument. The other equipment used was described on page 

40. 

Methods 

Phenyldiazomethane concentration in Table l6 was deter­

mined by comparing the integral at Ô 5.8 of l̂ l̂ B̂ S-tetra-

chloroethane with the integral at 5 5.1 of the or-hydrogen of 

phenyldiazomethane. The stilbene yields were obtained by 

comparing the integral at 6 5.8 of tetrachloroethane with 

the integral at 5 6.5 of cis-stilbene and at 6 7.3 for the 

phenyl protons. Stilbene s were identified from their nmr 

spectra and by glpc retention times and positive peak en­

hancement with authentic samples. 

]ji an other cases the diazoalkane concentration was 

determined by adding a known quantity of benzoic acid in 

benzene to a 10 ml aliquot of the diazoalkane solution and 

back titrating the excess acid with standardized sodium 

hydroxide (84). The diazoalkane reacted rapidly with the 

benzoic acid as evidenced by the evolution of nitrogen and 

fading of color. The sodium hydroxide was standardized 

initially with potassium hydrogen phthalate and then with 

benzoic acid blanks at every analysis. Phenolphthalein was 

the indicator used. 
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The products from diphenyldiazomethane were analyzed by 

nmr using diphenylmethane as standard and comparing the in­

tegral at 63.9 (Sj PhaCHa) with the integrals at 6 6.8 

(sj PhaCHONOa) and 6 7.6 (m, £-PhaCO) .Product identification 

was made by comparison of nmr and ir spectra of the mixtures 

with authentic samples. The products from azibenzil and 

ethyl diazoacetate were assayed with mesitylene as internal 

standard and those of 2,2 -dimethylphenyldiazopropane ̂ 1-

phenyldiazoethane, and 9-diazofluoraie with 1,1̂ 2,2-tetra-

chloroethane. 

The stilbene yields were determined by glpc analysis 

using diphenylmethane as internal standard. Analysis was 

on a by 5' 20{̂  by weight SE-30 Chromos orb P or a by 5* 

10̂  by weight TJCON water soluble on Chromosorb P column. 

Peak areas were determined by disc integration. Extraction 

ratios were determined by resubjecting the samples to the 

extraction procedure. In most cases thermal conductivities 

were not determined. 

Materials 

Solvents were used as obtained from commercial sources. 

Acetonitrile was Baker 'Analyzed' reagent and pentane was 

Baker Grade. Ceric ammonium nitrate was used as obtained 

from G. Frederick Smith or was Baker 'Analyzed' reagent. 

1,1,2,2-Tetrachloroethane (Mallinckrodt OR) was distilled 

and bibenzyl (Eastman) was used as received. Ethyl diazo-
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acetate (Aldrich) was used as supplied. The tosylhydrazones 

of the benzaldehydes were prepared by the method of Gloss 

(95) and recyrstallized from methanol. The bis(2,4-pentane-

dionato)copper(ll) was used as obtained from Alfa Inorganics, 

cis- and trans-Stilbene (J. T. Baker) were used as supplied 

without further purification. 

trans -Di-l-naphthylethene 

The ethylene was prepared by two methods, the copper(ll) 

decomposition and the photolysis of 1-naphthyldiazomethane. 

Bis(2,4-pentanedionato)copperCII) decomposition. A 

quantity of 1 g of 1-naphthyldiazome thane in 25 ml of pentane 

was treated with 0.3 g of bis(2,4-pentanedionato)copper(II) 

suspended in 10 ml of benzene. After 3 hours the copper salt 

was filtered off and the green solution concentrated on a 

rotary evaporator. Separation on tic (silica gel with pentane) 

yielded two components : 

1) nmr (CCI4) 6 7.5 (m) and 7.0 (d, J = 7 Hz). 

2) nmr (CCI4) 6 7.5 (m, 7) and 7.0 (m, l).  

Photolysis. A quantity of 1 g of 1-napthyldiazomethane 

in 200 ml of pentane was irradiated in Pyrex with a medium 

pressure Hg lamp for 4 hours. The pentane was removed on a 

rotary evaporator and two components separated on tic (silica 

gel with pentane): 
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1) nmr (CCI4) Ô 7.5 (m, 7)̂ , 2.7 (m, 2), and 1.2 (m. 11). 

2) nmr (CCI4) ô 7.5 (m, 7)̂  and 6,95 (d, J = 7 Hz, l). 

Pivalophenone 

Using the method of Ford (96) pivalophenone was prepared 

from the Grignard from hromohenzene and magnesium and 2,2-

dimethylpropanoic acid; nmr (CDCI3) 6 7.8 (m, o-PhCOCfCHa)3, 

2), 7.3 (m, m- and 2,-PhC0C(CH3)3i 3), and 1.0 (s, PhC0C(Ĉ )3, 

9). 

Tris (£-bromophenyl)amini'um hexachloroantimonate 

The «TniMinm salt was prepared by the method of Beresford 

(97) from 2.4 g tris(£-bromophenyl)amine in methylene chloride 

and 1 ml of antimony pentachloride. The mixture was poured 

into 60 ml of ether and the dark blue crystals were collected 

by filtration. The salt decomposed when a melting point was 

attempted. 

Benzalazine 

A quantity of 10.6 g benzaldehyde and 1.5 g 95̂  hydrazine 

hydrate was mixed at 0°. The resulting yellow solid was 

recrystallized from ethanol to yield 10 g of yellow needles: 

mp 92° (lit. (86) mp 92-95°): nmr (CDCI3) Ô 8.0 (s, 

PhCH=N)2, 1),  7.8 (m, (o-PhCH=N)g, 2), and 7.3 (m, (m- and 

p-PhCH=̂ )g. 1), 7.8 (m, (o-PhCH=i!T)g, 2), and 7.3 (m, (m- and 

2-RiCIWf)2, 3). 
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1,2 -Diphenyl-1,2 -ethanediol 

The dlol was prepared according to the method of Pieser 

(98) from benzll and sodium borohydride, m.p. (154-156°) 

(lit. (98) m.p. 156-157°); nmr (CDCI3) ô 7.2 (m, HiCHOHCHOSm 

5)̂  4.7 (ŝ  PhCHOHCHOHPh, l) meso, and 2.2 (ŝ  PhCHOHCHOHPh, 

1). 

meso-1,2-Diphenyl-1,2-ethanediol dinitrate 

The dinit rate was prepared from the ethanediol with 

fuming nitric acid in acetic anhydride using the method of 

Hayward (99), mp 155-155° (lit. (99) mp 148°): nmr (CDCI3) 

Ô 7.5 (m, PhCH(ONO2)CH(ONOg)Ph, 5) and 6.1 (s, PhCH(0N02)CH-

(0N02)Ph, 1); ir (CHCI3) cm"̂  1650 (s), 1540 (w), 1290 ajid 

1275 (s), 980 (s), and 850 (s). 

Ethyl nit rat oacetate 

Ethyl nitratoacetate was prepared by refluxing 2 ml of 

ethyl chloroacetate and 5 g of silver nitrate in 20 ml of 

acetonitrile for 2 days using the method of White (lOO). The 

silver salts were filtered off and the solution poured into 

250 ml of ice water, extracted twice with 50 ml of ether, 

dried (MgSÔ .) and concentrated on the rotary evaporator: 

nmr (CDCI3) ô 4.8 (s, OsNOCHsCOaEt, 5, 2 on addition of 

deuterium oxide), 4.5 (q, OaNOCHaCOaCHsCÎ , J = 7 Hz, 4, 2 on 

addition of deuterium oxide), and 1.25 (t, O2NOCH2CO2CH2CH3, 

J=7 Hz, 6, 5 on addition of deuterium oxide); ir (CHCI3) cm~̂  
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1665 (vs), 1290 (vs), 1070 (m), 1050 (m), and 845 (s). 

l-Ifaphthylmethyl nitrate 

The nitrate was prepared by adding 2 ml of 1-naphthyl-

methyi chloride to a solution of 5 g of silver nitrate in 20 

ml of acetonitrile following the general procedure of Ferris 

(lOl). The mixture was extracted with ether, dried (MgSÔ .), 

and the solvent removed on the rotary evaporator to yield 

2 g of a liquid: nmr (CDCI3) ô 7,6 {m, CioHyCHsONOsy 7) 

and 5.65 (s, C10HTCH2ONO2, 2); ir (CHCI3) cm"̂  1645 (s), 

1290 (s), and 860 (s). 

2.4,6-Trimethylbenzaldehyde hydrazone 

The hydrazone was prepared by stirring 0,5 ml of 2,4,6-

trimethylbenzaldehyde in 10 ml of absolute ethanol with 5 ml 

of 95̂  hydrazine hydrate at room temperature for one hour. 

The solution was then cooled to 0° and filtered, yielding 

0,5 g of white crystals, mp 88-90°. 

1-Uaphthaldehyde hydrazone 

Using the method of Nakaya (102) the hydrazone was pre­

pared from 1-naphthaldehyde and 95+# hydrazine hydrate 

yielding irtiite crystals, mp 90-92° (lit (102) mp 91-92°). 

2-Naphthaldehyde hydrazone 

The hydrazone was prepared from 2-naphthaldehyde using 

the method of Nakaya (102), mp 147-149 (lit. (102) 149-151°). 
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Phenyldiaz omethane 

The diazoalkane was prepared from benzaldehyde tosyl-

hydrazone and sodium methoxide in triethylene glycol using 

the method of Gloss (95), affording a wine red solution in 

pentane; nmr (pentane) 6 7.1 (nij PhCENz, 5) and 5.1 (s, 

PhCEDfa, l). For solutions in other solvents the pentane 

was removed by vacuum distillation at 0°, never allowing all 

of the pentane to be removed to avoid benzalazine formation. 

The amount of pentane in the solutions did not exceed 1 ml. 

2,-Methyl- and £-chlorophenyldiaz omethane were prepared in an 

identical manner. 

£-Methylphenyldiaz omethane 

The diazoalkane was prepared from £-methylbenzaldehyde 

tosylhydrazone using the method of Gloss (95) yielding an 

orange-red solution: nmr (pentane) 5 7.1 (m̂  £-CH3CeH4CHN2, 

4), 5.1 (s, 0-GH3G6H4CM2, 1), and 2.3 (s, o-GH3C6H4CHNâ  5). 

For the solutions in benzene, the pentane was removed by 

vacuum distillation at 0° leaving at least 1 ml of pentane 

to avoid azine formation. £-Chlorophenyldiazomethane was 

prepared in an identical manner. 

£-Mtrophenyldiazomethane 

The diazoalkane was prepared by stirring 2 g of £-nitro-

benzaldehyde tosylhydrazone, 0.5 g of sodium methoxide, and 

20 ml of triethylene glycol at room temperature for 20 min 
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after the method of Gloss (95). The mixture was poured into 

ice water and a deep red solution was obtained which could 

not be readily extracted with organic solvents (pentane, 

ether, chloroform, carbom tetrachloride, etc.). The 

triethylene glycol solution was then used for the CAN" 

decomposition. A very pale yellow solution of the ĝ -nitro-

phenyldiazomethane could be obtained in benzene but it was 

too dilute for quantitative analysis. 

£-Methoxyphenyldiaz omet hane 

The £-methoxyphenyldiazomethane was prepared by stirring 

an ether solution of £-methoxybenzaldehyde hydrazone with 

excess silver oxide at 0° for 20 mln. Further stirring 

caused some decomposition of the £̂ -methox3̂ henyldiazomethane. 

The silver oxide was removed by filtration and the ether 

evaporated carefully at 0°, leaving a deep red residue. 

This residue was taken up in 50 ml of pentane and used 

immediately due to the instability of the diazoalkane. 

This procedure is patterned after the method of Gloss (95) 

substituting silver oxide for mercuric oxide. Silver oxide 

makes addition of base unnecessary and leads to a smoother 

reaction and higher yield in the preparation of most 

diazoalkane s from the hydrazone s. 

2,4,6 -Trimethvlphenyldiaz ome thane 

The diazoalkane was prepared by stirring 2,4,6-trimethyl-

benzaldehyde hydrazone with silver oxide in ether at 0° for 
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5 min, , The pale orange solution (90) was filtered and the 

ether removed under vacuum at room temperature. The diazo-

alicane was dissolved in pentane and used immediately. 

1-Naphth.vldiazomethane 

Using the method of Schroeder and Katz (105) for the 

preparation of dlphenyldiazomethanê  1-naphthyldiazomethane 

was prepared by stirring 1-naphthaldehyde hydrazone with 

silver oxide in ether, affording deep red crystals as re­

ported hy Nakaya (102): nmr (CCI4) 6 7,4 (m, CioHyCHNa, 7) 

and 5.2 (sj CioHrCMa, l). 

2 -Naphthyldlazomethane 

The dlazoalkane was prepared by the silver oxide oxida­

tion of 2-naphthaldehyde hydrazone after the method of 

Schroeder and Eatz (103)3 affording the red crystals reported 

by Ifakaya (102), 

1-Phenyldiaz oethane 

Using the method of Pamum (104), 1-phenyldlazoethane 

was prepared from acetophenone tosylhydrazone and sodium 

methoxide in pyridine, yielding a deep pink pentane solution. 

l-Phenyl-2,2,2-trifluorodiazoethane 

The diazoalkane was prepared from 2,2,2-trifluoroaceto-

phenone tosylhydrazone and sodium methoxide in pyridine 

according to Shepard (105), yielding an orange pentane solu-



www.manaraa.com

10̂  

tlon: ir (CCI4) cm~̂  2048 (s), 1728 (m), 1680 (m), and 1400 

(b) .  

a-Diazoacetophenone 

a-Diazoacetophenone was prepared according to Hauptmann 

(106) by stirring 10 g of a-bromoacetophenone and 10 ml of 

95+5̂  hydrazine hydrate in 20 ml of absolute ethanol (it is 

essential the ethanol be anhydrous) while raising the tempera­

ture to 60° (it is important that addition be made at room 

temperature) and stirring for 20 min. The mixture was poured 

into 200 ml of ice water and cooled to 0° for 50 min and the 

precipitate collected by filtration. Then 1.5 g of the 

phenylglyoxal hydrazone was stirred with y.O g manganese 

dioxide (unactivated commercial grade will suffice) in 50 ml 

of chloroform. The manganese dioxide was filtered off and 

the chloroform solution used without further work up: ir 

(CHCls) cm~̂  2117 (vs), 1610 (m), and 1570 (s), identical to 

that reported by Yates (107) from a more tedious preparation. 

2-Methyl-a-diaz oacet ophenone 

£̂ -Methyl-a-diazoacetophenone was used as obtained from 

J. S tarn, prepared by the method of Newman (I08),  

Azibenzil 

Azibenzil was prepared by stirring benzil monohydrazone 

and silver oxide in ether after the procedure of Nenitzescu 
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(109), affording red crystals: ir (CCI4) cm ̂  2190 (s) and 

1700 (s). 

9-Dlazofluorene 

9-Diazofluorene was obtained from J. 8tam, prepared by 

the method of Nenltzescu (109), and used without further 

purification, 

Dlphenyldlaz ome thane 

Dlphenyldlazomethane was obtained from J, Stam, prepared 

after the method of Miller (llO), and purified by dissolving 

in pentane,. filtering off insoluble white material and re­

moving the pentane under vacuum: ir (CCI4) cm"̂  2050 (s), 

1600 (w), and 1500 (m). 

2,2-Dlmethyl-l-Phenyldiazopropane 

The dlazoalkane was prepared from pivalophenone tosyl-

hydrazone and sodium methoxlde in pyridine following the 

method of Famum (104) for the preparation of 1-phenyl-

diazoethane, yielding a deep red pentane solution: ir 

(pentane) cm~̂  2060 (s). 

Diaz omethane 

Dlazomethane was prepared from 7.1 g of bis(n-methyl-N-

nitroso)terephthalate (E8R-101, E. I. du Pont du Nemours & 

Company) using exactly the procedure of Moore and Reed (ill) 

and yielding a pale yellow ether solution. 
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Reactions of Cerium(l7) 

Phenyldiaz omethane 

The pentane solution of phenyldiazomethane from a typical 

preparation from 5 g of benzaldehyde tosylhydrazone was placed 

in a bath at -10° (acetone/ice) and two 2 ml aliquots were 

added to flasks containing weighed quantities of 1,1,2,2-

tetrachloroethane. The resulting solutions were placed in nmr 

tubes and stored over Dry Ice. Ten ml aliquot s of the pentane 

solutions were transferred to flasks immersed in a bath at 

-10°, Approximately 1 ml of a 0.1 W CAN solution in aceto-

nitrile was added. The pentane layer turned colorless imme­

diately and a gas was vigorously evolved, ceasing after 6o 

seconds. The pentane layer was poured into a flask containing 

50 ml of saturated sodium bicarbonate solution covered with 

50 ml of pentane. The pentane layer was separated, dried 

(WgS04) and the pentane removed on a rotary evaporator. 

Accurately weighed amounts of 1,1,2,2-tetrachloroetahen 

were then added and analysis of the stilbenes and the 

diazoalkane was accomplished by nmr; Spectra of products 

without standard, nmr (CDCI3) 6 7.2 (m, PhCH=CHPh and 

trans-PhCH=CHPh) and 6.55 (s, cis-PhCH=CHPh); ir (CDCI3 

cm"̂  1650 (m), 1620 (m), 1500 (m), 1460 (m), and 1280 (m); 

only two peaks were observed on the glpc trace on SE-50 at 

180° corresponding to cis-stilbene and trans-stilbene by 

retention times and peak enhancement by authentic samples. 
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Control. To 2 ml of a 10̂  phenyldiazomethaae solution 

in acetonitrile at -5° was added approximately 6 ml of a 

pinacol reduced 0.1 IT CAN solution. No reaction was evident 

and no gas was evolved. The solution was poured into 20 ml 

of ether and 20 ml of a saturated sodium bicarbonate solution. 

The ether layer was separated, washed with 20 ml of water, 

and concentrated on the rotary evaporator, yielding a red 

residue: nmr (CDCls) 6 7.2 (m, 95)s 5.3 (s, 15)̂  4.6 (s, 5), 

1.9 (s, CgsCN, 40) and 1.2 (s, 25). 

At three concentrations. The pentane was removed from 

a typical preparation of phenyldiazomethane and the diazoal-

kane diluted to 10 ml, one ml of which was diluted 10 ml 

again, one ml of which was diluted to 5 ml, yielding three 

solutions of phenyldiazomethane of different concentrations. 

The concentration was analyzed by treating a 1 ml aliquot 

of the first solution with benzoic acid and back titrating 

the excess acid with sodium hydroxide. The contents of each 

flask was oxidized as normal. The pentane layer was separated 

and added to weighed quantities of diphenylmethane and the 

products analyzed by glpc. 

CIDNP experiment. A solution of ça. 200 mg of phenyl­

diazomethane in pentane was placed in an nmr probe. One drop 

of CAN (O.l N in acetonitrile) was added and the spectrum 

scanned. After two drops, the peak corresponding to phenyl-
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diazomethane at 6 5.0 became broad and a peak appeared at 

Ô 6,5 corresponding to cis-stilbene. After about 4 drops the 

peak at 6 5.0 became fuzzy and the peak at 6 6,5 quite sharp. 

The multiplet around 5 7,1 had compacted from the broad multi­

plet of phenyldiazomethane. After about 10 min no diazoalkane 

was noted and the spectrum was that of cis-stilbene. Wo peaks 

were noted except those at ô 7.3 (m) and 6,5 (s), 

ESR experiment. Equal volumes of a 0,05 M phenyldiazo-

methane solution in pentane and a 0,02 IT CAN solution in 

acetonitrile were flowed through an efficient mixing chamber 

and then through an esr probe. Spectra were run for both 

flow rates fast, both slow, one alternately slow and the 

other fast, and both stopped. Bubbling did not interfere 

although reaction was obvious by evolution of a gas and by 

disappearance of the red color of the diazoalkane. No signal 

was observed on any of the spectra. 

In the presence of acrylamide. To a usual preparation of 

phenyldiazome thane in pentane was added 5 g of acrylamide 

(only approximately one fourth dissolved) and oxidized and 

worked up as usual : nmr (CDCI3)  6 7,5 (m, 47) and 6,5 (s, 6).  

No polymer was observed. 
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In solutions saturated with oxygen. Oxygen was bubbled 

through a typical preparation of phenyldiazomethane and the 

solution was oxidized as usual: nmr (CDCI3) 6 7.3 (ni> 120), 

6.5 (s, 16),  and 5.3 (s, 5).  

At -80°. A usual preparation of phenyldiaz omethane was 

oxidized in a Dry Ice-acetone bath. Reaction was slow due to 

freezing of the acetonitrile solutions of CAN. A gas was 

evolved and the diazoalkane color faded to yield a colorless 

pentane solution. The pentane layer was separated, dried 

(MgS04), and concentrated on the rotary evaporator; nmr (CDCI3) 

6 7.5 (m, 157) and 6.5 (s, 20).  

With added cyclohexene. To a usual preparation of 

phenyldiaz omethane in pentane was added 1 g of cyclohexene 

and the solution oxidized with 1 ml of a 10̂  ̂solution of CAW 

in acetonitrile. The oxidation proceeded as usual. The 

mixture was extracted with ether, washed with water, dried 

(MjgSO^) and concentrated on the rotary evaporator: nmr (CDCI3) 

Ô 7.5 (m, 187),  6.5 (s, 11),  6 .1 (s, 3.5),  5.6 (m, 9), 5.2 

(s, 8), 2.5 (m, 4), and 1.8 (m, 70); ir (CDCI3) cm"̂  2750 (w), 

1710 (w), 1650 (s), 1500 (w), 1460 (w), 1280 (s), and 860 

(s). A maximuTTi of four products was observed by glpc on 

SE-30 at 75°. The mixture was separated on tic (silica gel 

and carbon tetrachloride): 

1) nmr (CDCI3) ô 10.0 (s) and 7.5 (m)—benzaldehyde. 
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2) nmr (CDCI3) 6 7.3 (m, 56.4), 7.1 (s, 4.5)^ and 6.5 

(s, 6)—ois- and trans -s tilbene, the only appreciable 

quantities of material. 

3) nmr (CDCI3) 6 7.5 (m, 55), 6.0 (m, 5.5), 4.5 (m, 5), 

5.5 (m, 4), 2.5 (m, 8),  and 1.5 (m, 250).  

With added 9,10-dibromoanthracene. The pentane solution 

of phenyldiazomethane was evaporated under vacuum at room 

temperature and 50 ml of benzene was added. To 10 ml 

aliquots of the benzene solution was added ça. 160 mg of 

9,10-dibromoanthracene and 1.5 ml of a 0.1 N" solution of CM 

in acetonitrile. A deep purple color was noted that slowly 

faded to a light yellow-green (when 100 mg of 9,10-dibromo­

anthracene in 10 ml of benzene was treated with 1.5 ml of the 

CAN solution a deep purple color formed that slowly faded to 

pale yellow). The contents of the flask were washed with 10 

ml of water and 5 ml of ether. The organic layer was separated, 

dried (MgS04) and concentrated on a rotary evaporator. The 

products were dissolved in perdeuteriobenzene and the insolu­

ble dibromoanthracene filtered off: nmr (CeDe) 6 7.5 (m) 

and 7.1 (s). Glpc analysis showed only one peak with the 

retention time of trans-stilbene. 

Phenyldiaz omethane and 1-phenyldiazoethane 

Phenyldiazomethane and 1-phenyldiazoe thane were prepared 

as usual and each diluted to 50 ml of pentane. A 10 ml 
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aliquot of each was added to benzoic acid to determine con­

centrations and 20 ml aliquots (1.76 mmoles of phenyldiazo-

methane and 1.4 mmoles of 1-phenyldiazoethane) of each were 

mixed and 6 ml of a 20/È solution of CAN (2,2 mmoles) in 

acetonitrile added. The pentane layer was separated, dried 

(MgS04), and the pentane removed on a rotary evaporator. A 

weighed quantity of l,l,2a2-tetrachloroethane was added and 

the mixture analyzed by nmr; nmr (CDCls) 6 7-5 (m, 176.5)j 

6.5 (s, 9.2), 5.95 (s, 55), 5.5 (s, 12), 2.5 (s, 25); ir 

(CHOI3), without added standard cm~̂  1700 (s), l640 (s), 

1450 (m), 1580 (m), and 1290 (s). The products were identi­

fied by comparing their retention times on the glpc with 

those of authentic samples. 

Phenyldiazomethane and ̂ -methylphenyldiazomethane 

Solutions of phenyldiazome thane and p-methylphenyldiaz o-

methane in pentane were cooled in an ice-acetone bath and 10 

ml aliquots were removed from each and added to weighed 

quantities of benzoic acid in benzene. The normality of each 

solution was calculated and appropriate volumes were then 

taken so that the mixture would contain equimolar amounts of 

each diazoalkane. Approximately one half of an equivalent 

of CAN in acetonitrtle was added and after 1 min, 1 ml of 

acetic acid and then 10 ml of water. Not all of the diazo­

alkane had reacted when the acetic acid was added. The pen­

tane layer was separated, washed with water, dried (MgSÔ .), 
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and concentrated on the rotary evaporator: nmr (CDCI3) Ô 7.2 

(m), 6.4 (5 lines), and 2.2 (3 lines); mass spectrum m/e 208 

(15?6), 194 (52*), 180 (100$), 120 (28*), 108 (13$), and IO6 

(155̂ ). Analysis was by glpc on a Ucon water soluble column 

at 200° with the injection port at 28o°. Apparently, cls/-

trans isomerization occurred during glpc analysis but the 

proportions of the three stilbenes remained constant. 

£-Methylphenyldiazomethane 

The pentane solution of the diazoalkane was cooled in an 

ice bath and decanted. If solid particles were evident, the 

solution was also filtered. Two 10 ml aliquot s were added to 

flasks containing weighed quantities of benzoic acid and 10 

ml aliquot s were placed in flasks in an ice-acetone bath and 

1.5 ml of a 0.1 N CAN solution in acetonitrile added with 

stirring. After the reaction was over, a quantity of ça. 10 

mg of 1,2-diphenylethane was added. The contents of the flask 

was washed out with 10 ml of water and 3 ml of ether. The 

organic layer was separated, dried (iggSÔ ), and concentrated 

on a rotary evaporator; without added standard, nmr (CCI4) 6 

7.7 (m), 7.3 (m), 6.5 (s), 2.3 (3 lines); ir (CCI4) cm"̂  

1710 (w), 1690 (w), 1640 (s), 1610 (w), 1520 (w), 1285 (s), 

1050 (m), 910 (m), and 850 (m). Analysis was by glpc on a 

Se-30 column at l8o°. 
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With added trans-stllbene. The diazoalkane was prepared 

as usual and the solution diluted to 75 ml with pentane (the 

same reaction was run in benzene under the same conditions). 

A 10 ml aliquot was added to benzoic acid for determination 

of concentration. Then 10 ml aliquots were added to weighed 

samples of trans-stilbene (in pentane, all of the stilbene 

did not dissolve in the two most concentrated solutions but 

in benzene all of the stilbene dissolved). Approximately, 

1 ml of a "LQ/fo solution of CAN in acetonitrile was added. The 

pentane layer was decanted and analyzed by glpc using a UCON 

water soluble column at 195°. It was necessary to use this 

column to achieve complete separation of all the stilbenes 

even though isomerization is known to occur with it, 

2-Chlorophenyldiaz ome thane 

The diazoalkane was decomposed, worked up, and analyzed 

exactly as was £-methyldiaz ome thane using diphenylmethane as 

the standard; without added standard, nmr (CDCI3) 6 7.5 (m), 

7.0 (s), 6.5 (s), and 5.3 (s); ir (CCI4) cm"^ 1650 (s), 1600 

(w), 1500 (s), 1405 (w), 1290 (w), 1100 (s), 1010 (m), 910 (s), 

and 835 (m). 

With added trans-stilbene. The pentane solution of £-

chlorophenyldiaz ome thane was evaporated at room temperature 

and 50 ml of benzene added. A 10 ml aliquot was added to 

benzoic acid and 10 ml aliquots were added to flasks containing 

weighed amounts of trans -stilbene and 1.5 ml of a 0.1 N solu­
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tion of CAN in acetonltrile was added. The contents of the 

flask were washed out with 10 ml of water and 3 ml of ether. 

The organic layer was separated, dried (MgSÔ .) and concentrated 

on the rotary evaporator. Glpc analysis revealed peaks only 

for trans-stilbene and the dichlorostilbenes. 

2-Methoxyphenyldlaz omethane 

To 10 ml aliquot8 of the pentane solution of £-methoxy-

phenyldiazomethane in an ice-acetone bath was added 1.5 ml of 

a 0.1 N solution of CAN in acetonitrile. There was evolution 

of a gas and the color faded from deep red to pale yellow. 

The contents of the flask were washed out with 10 ml of water 

and 5 ml of ether. The organic phase was separated, dried 

(MgSO^), and concentrated on a rotary evaporator: nmr (CDCI3) 

6 8.5 (s, 5), 7.7 (m, 12), 6.85 (m, 156), 5.3 (s,. 4.5), 

4.2 (m, 11), and 3.7 (m, 104); ir (CHCI3) cm"^ 2440 (w), I61O 

(m), 1520 (m), 1220 (vs), 1040 (m), 750 (b). Glpc analysis 

on SE-30 at 245° showed 6 peaks, 4 of which were major. 

£-Nit rophenyldiaz omethane 

To a deep red solution of the diazoalkane in triethylene 

glycol was added 10 ml of a 10̂  solution of CAN in water. A 

yellow precipitate formed but no gas was evolved. The color 

of solution deepened slightly. 

Extraction of an original triethylene glycol solution 

with benzene afforded very dilute pale yellow solutions of 
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the diazoalkane. Treatment of these solutions with a 10$ 

solution of CAN in water caused the benzene layer to become 

colorless and the water layer deep red. There was no evidence 

of evolution of a gas. 

Control. Phenyldiazomethane was prepared in 20 ml of 

triethylene glycol and 10 ml of 10$ CAN in water was added. 

A gas was evolved and the red color of the diazoalkane faded 

to a pale yellow. 

£-Methylphenyldiaz omethane 

To a typical preparation of £-methylphenyldiaz omethane 

in pentane was added 2 ml of a 10$ solution of CAN in aceto-

nitrile. There was the usual evolution of bubbles and fading 

of color. The mixture was extracted with ether, washed with 

water a and dried (MgSÔ .), and concentrated on the rotary 

evaporator: nmr (CDClg) 6 7.2 (m, l6o), 6.7 (s, 4)_, 5.4 (s, 

26), 4.6 (s, 10) and 2.5 (m, 115); ir (CHCI3) cm'̂  1640 (s), 

1280 (s), 910 (s), and 860 (s); mass spectrum m/e 209 (10$), 

208 (50$), 207 (10$), 193 (20$), 178 (20$), 165 (9$), 150 

(11$), 120 (100$), and 119 (100$), on silica gel, 251, 249, 

247 (15$), 195, 191, 189 (15$), 167 (12$), 135, 133, 131 

(10$), 120 (off scale), 105 (85$), 91 (100$). Glpc on SE-30 

indicated three components and these were collected: 

1) 2-methylbenzaldehyde 

2) nmr (CDCI3) 6 7.3 (m, 4), 4.7 (s,l), and 2,4 (s, 3); 

ir (CCI4) cm"i 3610 (w), 1740 (m), 17IO (m), 1390 (s). 
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5) mar (CDCI3) 6 7.2 (m, 4)̂  5.5 (s, l), and 2.4 (s, 5)5 

ir (CHCI3) cm"̂  1640 (s), 1290 (s), 910 (s); Anal. 

Found: G, 64.065 H, 7.21; N, 5.96. 

The product mixture was reduced with lithium aluminum hydride: 

nmr (CDCI3) 6 7.0 (m, 120), 5.1 (s, 8), 4.5 (s, 32), and 2.5 

(s, 95). 

2-Chlorophenyldiaz omethane 

To a typical preparation of the diazoalkane (7.4 mmoles 

in 40 ml of pentane) was added 5.5 ml of a 10̂ . solution of 

CAN in acetonitrile (1.02 mmoles of CAN) just until the pen­

tane layer was perfectly colorless and no further gas evolu­

tion was noted. The mixture was extracted with 50 ml of 

ether, washed twice with 20 ml of water, dried (WgS04), and 

concentrated on the rotary evaporator; nmr (CDCI3) ô 7.5 

(m, 189), 7.1 (s, 11), 5.5 (s, 15) and 4.5 (s, U); ir (CCI4) 

cm"i 5460 (w), 1707 (w), 1650 (s), 1450 (m), 1285 (s), I050 

(m), and 850 (s). Four components could "be isolated on tic 

(silica gel with carbon tetrachloride): 

1) nmr (CDCI3) 6 7.3 (m, 5) and 4.5 (s, l) 

2) nmr (CDCI3) ô 10.5 (s) and 6.95 (m) 

3) nmr (CDCI3) 5 7.1 (m), 6.9 (m), and 6.68 (s) 

4 )  nmr (CDCI3) 6  6.9 (m, 4) and 5.5 (s, l); ir (CCI4) 

cm"i 1650 (s), 1370 (b), 1285 (s), and 850 (w) 
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Cerlc sulfate oxidation. To a typical preparation of 

£-chlorophenyldiazomethane in pentane was added a catalytic 

amount of eerie sulfate in acetonitrile. There was a vigorous 

evolution of bubbles. The pentane layer was separated and 

concentrated on a rotary evaporator: nmr (CDCI3) 6 7.1 

(m, 100) ,  4.7 (d, 51, J = 6.5 Hz), and 2.66  (t, I8, J = 6.5  

Hz); ir (CHCI3) cm"̂  3610 (m), 3460 (b), 150 (shoulder), 

1700 (m), 1670 (m), 1600 (m), 1480 (m), 1450 (s), 1400 (b), 

1270 (b), and II50 (m). A repeat of the same reaction gave 

an nmr (CDCI3) 6 7.2 (m, I70), 4.7 (s, 58), and 3.1 (s, 22). 

Ceric Ammonium sulfate oxidation. To a typical prepara­

tion of o-chlorophenyldiazomethane was added a slurry of 1 g 

eerie ammonium sulfate in 10 ml of acetonitrile and the mix­

ture stirred in excess of 24 hours. There was no evolution of 

a gas but the color of the diazoalkane faded. The pentane 

layer was separated and concentrated on the rotary evaporator: 

nmr (CDCI3) 6 7.2 (m), 5.3 (s), 5.1 (s), 4.4 (m), 3.5 (m), 

and 1.9  (m).  

2,4,6-TrimethylPhenyldiazomethane 

To approximately 500 mg of the diazoalkane in pentane 

was added 1 g of CAN in 10 ml of acetonitrile. There was an 

immediate evolution of bubbles and fading of the orange color. 

The mixture was extracted with ether, washed with water, 

dried (MgSÔ .), and concentrated on a rotary evaporator: nmr 

\ 
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(CDCls) 6 10.5 (s, 5), 9.0 (s, 5), 6.8 (s, 55), 5.5 (s, l6), 

and 2.5 and 2.3 (m, 209); ir (CHCI3) cm~̂  1785 (m), 

1655 (s), 1285 (s), and 915 (s). Two products were separated 

by tic (silica gel with pentane). 

1)  nmr (CDCI3) 6 6.8  (m, 50), 5.5 (s, 5), 4.5 (s, 5), 

and 2.5 (m, 220); ir (CHCI3) cm"̂  1680 (s), 1610 (s), 

1440 (b), 1280 (s), and II50 (m). 

2)  nmr (CDCI3) 6 9.5 (s, l), 6.8  (s, 2), and 2.5 (s and 

2, 9); mass spectrum m/e 292, 278, and successive loss 

of 15. 

Two products were separated by glpc: 

1)  nmr (CDCI3) 5 6.69  (s, 2) and 2.3 (5 lines, 9); mass 

spectrum m/e 164 and 147. 

2) nmr (CDCI3) 6 6.68 (s, 2), 5.5 (s, l), and 2.4 (m, 9); 

ir (CHCI3) cm"i 1635 (s), I36O (vs), 1285 (s), and 

915 (s). 

Reduction of the product mixture with lithium aluminum hydride 

gave nmr (CDCI3) 6 6.68 (s, 2), 4.6 (s, l), and 2.3 (3 lines, 

10); mass spectrum m/e 264, I96, 178, 15I. Two products 

could be separated by glpc: 

1) nmr (CDCI3) ô 6.7 (s) and 2.3  (m); mp 120°. 

2)  nmr (CDCI3) 6 6.7  (m, 2) ,  4.6 (s, l), and 2.3  (3  

lines, 10) .  
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1 -Napht hyldlaz omethane 

A quantity of ça, 1 g of the dlazoalkane in 10 ml of 

pentane was treated with 1.2 ml of a 10$ solution of CAN in 

acetonitrlle. There was a rapid evolution of bubbles and 

the formation of a green slime on the bottom of the flask. 

The pentane layer was removed and concentrated on the rotary 

evaporator; nmr (CDCI3) ô 7.5 (m), 6.5 (m), 5.5 (s), 

5.15 (s), 4.55 (s), and 3.8 (s); ir {CHCI3) cm"̂  1700 (m), 

1645 (m)a 1520 (m), 1390 (b), 1290 (m), 1235 (m), and 910 

(ws). Glpc analysis on 8E-30 at l6o° afforded three sets of 

compounds : 

1) nmr (CDCI3) à 9.28 and 9.18 (s and s, l)^ and 7.7 (m, 

10); ir (CDCI3) cm"i 1680 (w), 1400 (b), 1250 (s), 

and 1000 (m), 

2) nmr (CDCI3) 6 7.5 (m_, 4) and 4.1 (sj l), 

3) nmr (CDCI3) 5 7.5 (m̂  10) and 4.15 (s, l). 

Pour products were separated by tic (silica gel with 50:50 

hexane-benzene): 

1) nmr (CDCI3) 5 7.7 (m, 7) and 7.0 (m, l); ir (CDCI3) 

cm"! 1640 (w), 1590 (w), and 865 (s); mass spectrum 

m/e 280 (base), 221 (small), 203 (trace), and 177 

(trace), 

2) nmr (CDCI3) 6 9.2 (s, l), 7.5 (m, 12), and 4.6 (s,  2 ) ;  

ir (CHCI3) cm"i 1740 (shoulder), 1700 (s),  1510 (s),  

1280 (w), and 1090 (w) ; mass spectrum m/e 296, 282, 
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187, 159, 158 (base), 157, and 156. 

3) nmr (CDCls) 6 7.5 (m, 7) and 5.5 (s, 2 ) ;  ir (CHCls) 

cm"̂  1645 (s) and 1290 (s). 

4 )  nmr (CDCI3 ) 6 7.5  (m, ll), 6.65  (m, 2), and 3.8 

(s, 3); ir (CHCI3) cm'̂  1700 (w), 1600 (m), 1515 (m), 

1365 (m), 1170 (m), and 1110 (m); mass spectrum m/e 

296, 281, 218, 205, 158, 156 (base); Anal. Pound: 

0, 88.27 or 85.82; H, 6.23, or 6.42; N, 2.72 or 2.32. 

In water. A quantity of 500 mg of 1-naphthyldiazo-

methane in 20 ml of pentane was treated with 0,5 g CAN in 10 

ml of water, A brown emulsion formed that was soluble in 

ether. The water layer was extracted with ether, dried (MgS04) 

and concentrated on the rotary evaporator; nmr (CDCI3) 6 10.2 

(s, 14), 9.6 (m, 16), 7.6 (m, 207), and 5.8 (s, 12); ir (CHCI3) 

cm'i 1680 (s), 1640 (s), 1510 (m), 1280 (s), 1170 (m), I060 

(m), and 860 (s). Glpc analysis on SE-30 showed only two com­

ponents . 

Control. To 1 g of 1-naphthyldiazomethane in pentane was 

added to a solution of 0.5 g CAN in 90̂  aqueous acetonitrile 

which had been reduced with pinacol. The color faded rapidly 

from red to colorless, but there was no evolution of bubbles. 

The mixture was extracted with ether, washed with water, 

dried (MgSÔ .), and concentrated on the rotary evaporator; 

nmr (CDCI3) 6 10.2 (s, 3.5), 7.5 (m, 211), 5.7 (s, 36), and 

5.0 (s, 8); ir (CCI4) cm"̂  3500 (b), 3000 (s), 2240 (w). 
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1700 (s), 1650 (s), 1520 (m), 1390 (m), 1290 (s), 1110 (m), 

and 890 (vs). 

2-Naphthyldiazomethane 

A quantity of ça, 500 mg of 2-naphthyldiaz orne thane in 

pentane was treated with 1 ml of a 0.1 N solution of CAN in 

acetonitrile. There was a vigorous evolution of a gas and a 

rapid fading of the red color to a pale yellow. The mixture 

was extracted with ether, dried (MgSÔ ), and concentrated on 

the rotary evaporator: nmr (CDCI3) 6 10.1 (s), 7.8 (m), 6.7 

(s), 5.5 (s), and 4.5 (s). 

Diazomethane 

An ether solution of diazomethane was placed in a 200 

ml round bottom flask immersed in an ice bath. A solution of 

I05È CAN in acetonitrile was added until the yellow color of 

the diazome thane disappeared. A huge volume of a gas was 

evolved. The gas was directed through a solution of 5 g of 

bromine in 10 ml of carbon tetrachloride. (This reaction has 

been used for qualitative and quantitative analysis for 

ethylene, even in the presence of other olefins (112). The 

excess bromine was removed by washing with sodium bisulfate 

and the carbon tetrachloride concentrated on the rotary 

evaporator. No signals were observed in the nmr. The ether 

layer was then distilled leaving a residue: nmr (CDCI3) 6 

8,0 (m), 5.9 (s), 3.5 (s), 2.8 (s), 2.4 (m), 2.2 (s), 1.5 (m). 
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and 1.0 (m). The multiplets at 1.5 and 1.0 may be the mineral 

oil stabilizer of the diazomethane precursor. 

g-Diazoacetophenone 

To approximately 100 mg of the diazoalkane was added 

1 g CAN in 10 ml of acetonitrile. No appreciable amount of 

gas was evolved and no color change was noted. The mixture 

was extracted with ether, dried (MgSÔ ), and concentrated on 

the rotary evaporator: nmr (CDCI3) 6 7.5 (m, 152), 6.0 (s, 6), 

and 5.65 (s, 11). 

2-Methyl-a-diazoacetophenone 

To 0.6 mmoles of the substrate in 10 ml of acetonitrile 

was added 1 eq of CAN in 10 ml of acetonitrile. There was no 

indication of any reaction after 55 min. The mixture was 

extracted with ether, washed with water, dried (MgS04), and 

concentrated on the rotary evaporator: nmr (CDCI3) 6 7.5 

(q, 117), 6.2 (s, 9), 5.75 (s, 2-CH3C6H4-COCEN2, 28), 4.8 

(s, 3)i and 2.4 (d, 86); ir (CCI4) cm"̂  2120 (s), I695 (m), 

1410 (m), 1280 (s), 1240 (m), and 860 (s). Glpc analysis on 

SE-50 at 120° indicated only one component. 

Azibenzil 

To ca. 700 mg of azibenzil in ether was added 2.3 g CAN 

in 10 ml acetonitrile. After evolution of gas had ceased, 

the mixture was extracted with ether, washed twice with 25 ml 

of water, dried (MgSÔ ), and concentrated on the rotary 
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evaporator. A weighed quantity of ça, 150 mg of mesitylene 

was added and analysis was by nmr (CDCI3) 6 8.0 (m, 35), 7.5 

(m, 151)5 6.8 (s, 22), 5.5 (s), and 2.4 (s). Quantitative 

analysis was made by comparing the integrals of the aromatic 

protons of the product with those of mesitylene. 

2.2-Dime thylphenyldiazome thane 

A 10 ml aliquot of a pentane solution of the diazoalkane 

was added to benzoic acid to determine the concentration and 

40 ml aliquots were oxidized with CAN. A gas was evolved and 

the color faded to a pale yellow. The pentane layer was 

separated and concentrated on the rotary evaporator. A 

weighed quantity of l,l,2j2-tetrachloroethane was added and 

absolute yields were determined by nmr; without added 

standard; nmr (CDCI3) 6 7.3 (m) and 1.2 and 0.9 (m); 

ir (CHCI3) cm-i 1670 (s), 1625 (s), 1485 (m), I380 (m), 1275 -

(s), 1175 (m). The products were identified by comparison of 

their retention times on the glpc with those of authentic 

samples. The relative yields were determined by glpc. 

1-Phenyldiaz oethane 

A 10 ml aliquot of a pentane solution of the diazoalkane 

was added to benzoic acid and 40 ml aliquots were oxidized 

with 2 ml of a 20̂  solution of CAN in acetonitrile. No 

rapid evolution of a gas was noted. The pentane layer was 

separated and concentrated on the rotary evaporator. A 
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weighed quantity of 1,1,2,2-tetrachloroethane was added and 

analysis was by nmr (CDCls) 6 7.5 (m̂  24), 7.3 (m, 115), and 

2.3 (s, 49.5). Product identification was by glpc retention 

times. 

Ethyl diazoacetate 

To a quantity of 0.5 nil of ethyl diazoacetate in 40 ml 

of pentane was added 2,4 g CAH in 10 ml of acetonitrile and 

the solution stirred for 2 hours. If one equivalent of CAN" 

were not added, some ethyl diazoacetate could be recovered. 

Approximately 130 ml of gas was evolved and collected over 

water. Ten ml of water was added, the pentane layer separated, 

dried (MgS04), and concentrated on the rotary evaporator: 

nmr (CDCI3) 6 4.8 (s, 49), 4,3 (q, 63), and 1.2 (t, 96), on 

addition of deuterium oxide, 4.8 (s, 49), 4.3 (q, 52), and 

1.2 (t, 87); ir (CHCI3) cm"i I760 (s), I660 (s), 1415 (m), 

1385 (m), 1295 (s), 1140 (m), and IO65 (m); Anal. Pound: 

C, 32.47 or 33.655 H, 4.70 or 4.85; N, 8.27 or 8.95; Gale. 

C, 37.43; H, 4.05; N, 9.46. 

As no mass spectrum could be obtained, a molecular weight 

was determined by nmr. A typical oxidation was run. The 

product was isolated and a portion accurately weighed (975.8 

mg). Then a weighed amount of mesitylene (362 mg) was added 

and the nmr obtained (CDCI3) 5 6.8 (s, 43.5), 4.8 (s), 4.3 

(q), 2.25 (s, 136), and 1.25 (t, 103.6). By comparing the 

integrals for mesitylene and the integral for the triplet at 
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6 1.25 a molecular weight of 155 + 15 was obtained. The 

molecular weight of ethyl nitratoacetate is 149. 

A yield was obtained by the same method using mesitylene 

as standard. Re-extraction gave an extraction ratio of 1.28. 

Control. A quantity of 2.4 CAN in 5 ml of water was 

reduced with acetone. The solution was diluted with 5 ml of 

acetonitrile and added to 0.5 ml of ethyl diazoacetate in 10 

ml of acetonitrile. A gas was evolved and the yellow color 

of the diazoalkane faded. Work up was as with the CAN oxida­

tion: nmr (CDCI3) 6 4.8 (s, 3)a 4.5 (q, 4)^ and 1.2 (t, 6). 

l-Phenyl-2,2,2-trifluorodiazoethane 

To the red-orange pentane solution of the diazoalkane 

was added 0.95 g CAN in 5 ml of acetonitrile. There was no 

color change in the pentane layer after 6 days. The pentane 

layer was separated, filtered, and concentrated on the rotary 

evaporator: ir (CCI4) cm"̂  2040 (s), 1728 (m), and I68O (m). 

In another preparation, the mixture was stirred 16 hours and 

had the same ir spectrum. 

Diphenyldiazomethane 

To a weighed quantity of diphenyldiaz ome thane (0.5715 g) 

in 15 ml of pentane was added 1 eq of CAN (I.05 g) in aceto­

nitrile in a system previously flushed with argon. Each drop 

of CAN caused a deep blue color like a titration indicator 

and the evolution of a gas under diphenyldiazomethane. The 
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gas was collected over water at 25° (48.8 ml) and analyzed 

by mass spectrum (m/e; background, 28 (45 units), 32 (l unit), 

and 44 (5 units); sample, 28 (99 units), 52 (l unit), and 44 

(5 units). The solution was extracted with ether, washed with 

water, dried (2̂ 804), and concentrated on the rotary evapora­

tor. A weighed quantity of diphenylmethane was added and 

analysis was by nmr: without added standard; nmr (CCI4) ô 7.6 

(m, 26.66), 7.5 (m, 68.8), 6.7 (s, 4.1); ir (CCI4) cm"^ 1665 

(s), 1645 (s), 1600 (m), 1445 (m), 1320 (s), 1280 (s), 85O (s), 

and 700 (s). Glpc analysis showed only one component with the 

retention time of benzophenone. 

Control. To a quantity of 0.15 g diphenyldiazomethane 

in 10 ml of acetonitrile was added a solution of 0.549 g CAM" 

in 80$ aqueous acetonitrile which had been reduced with ace­

tone. There was no color change when the cerium (ill) was 

added and the diazoalkane color faded in about 20 min. Work 

up was as above: nmr (CDCI3) 6 7.3 (s, 88), 7.0 (s, 4), 6,8 

(s, 7), and 5.7 (s,l); ir (CCI4) cm~̂  1650 (s), 1280 (s), 

850 (s), and 700 (s). 

9-Diaz ofluorene 

To 0.1 g of 9-diazofluorene in 10 ml of pentane were 

added 0.29 g CAN in 10 ml 80̂  acetonitrile and the mixture 

stirred at room temperature. The color slowly faded to pale 

yellow but no evolution of a gas was noted. The mixture was 

extracted with 50 ml of ether, washed thrice with 25 ml of 
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water5 dried (MgS04), and concentrated on the rotary evapora­

tor: nmr (CDCI3) 6 7.4 (m, 189), 6.8 (s, 14), and 5.5 (s, 3)j 

ir (CHCI3) cm"̂  1650 (vs)j 1460 (m), 1200 (vs), 1110 (m), 

and 1030 (vs). 

Benzalazine 

At room temperature. To 100 mg of "benzalazine in 10 ml 

of pentane was added 1 ml of a 10̂  solution of CAN in BOjJ 

aqueous acetonitrile and the mixture stirred for 30 min. The 

mixture was extracted with ether, washed with water, dried 

(MgS04), and concentrated on the rotary evaporator: nmr 

(CDCI3) 6 8.5 (s, (PhCM)2, 34), 7.7 (m, (0-^0^)2^ 76), 

and 7.3 (m, (m- and p-PhCH=jf)2, 121). 

At 74°. To 2 eq of CAN in 10 ml of water at 74° was 

added approximately 2.3 mmoles of benzalazine in 10 ml of 

acetonitrile. Each drop of azine caused a red coloration 

and a vigorous evolution of a gas. A quantity of ça. 0.9 

mmoles of mesitylene was added as internal standard and the 

mixture was extracted with ether, washed with water, dried 

(MgS04), and concentrated on the rotary evaporator: nmr 

without added standard (CDCI3) ô 10.0 (s, 32), 7.2 (m, 211), 

and 6.2 (s, 8). 
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Reactions of phenyldiazomethane with other oxidants 

Potassium ferricyanide 

A pentane solution of phenyldiazomethane was stirred 

with solid potassium ferricyanide for 50 min. Then sufficient 

acetone was added to dissolve the oxidant. No reaction 

occurred by evidence of the red color of the diazoalkane. 

The color persisted for at least 10 days. 

Tris (2-bromophenyl )aminium hexachloroantimonate 

To a pentane solution of phenyldiazomethane was added 

a few crystals of the solid salt. After 5 hours no more gas 

was evolved and the red color of the diazoalkane had disap­

peared. The salts were filtered off and the pentane concen­

trated on the rotary evaporator: nmr (CDCI3) 6 9.8 (s, 2), 

7.2 (m, 176), 6.5 (s, 2), 4.4 (m, 43), 4.0 (m, I8), and 3.4 

(m, 6). Glpc analysis showed at least 5 products, none of 

which had a retention time corresponding to stilbenes. 

Bis(2,4-pentanedionato)copper(ll) 

The pentane was removed from a typical preparation of 

phenyldiazomethane and the diazoalkane dissolved in 20 ml 

of benzene and 20 ml of ether to which was added 2 g of the 

copper salt. The solution was stirred for 80 min. The 

copper salts were filtered off and the solvents removed on 

the rotary evaporator: nmr (CDCI3) 6 7.3 (m, 172) and 6,5 

(s, 15); ir (CDCI3) cm~i i960 (w), I815 (w), 1680 (s). 
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Analysis was by glpc on SE-30 at l80°. The same reaction 

was run with £-methylphenyldiazomethane : nmr (CDCI3) 6 10.1 

(s, 2), 7.0 (m, 142)5 6.7 (s, 15), and 2.4 (m, lOO). Analysis 

was also by glpc on SE-30 at l8o°. 
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PART III. REACTIONS OP CERIC AMMONIUM NITRATE WITH SODIUM 
AZIDE AND OLEFINS 
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IHTRODUCTION 

The oxidation of soditua azide by CAN usually leads to 

evolution of stochiometric amounts of nitrogen: 

2 Cê  + 2 Ns" > 2 Cê ^̂  + 5 lîa 

However, the addition of an olefin completely suppresses gas 

evolution and a-azido-jS-nitratoalkanes are isolated: 

NaNs t 2 ONOsCê  + R2C=CR2 —> RgC—CRg + 2 Cê ^̂  

Na AN02 

The formation and characterization of these compounds is 

discussed along with some observations on the scope and nature 

of the reaction. 
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HISTORICAL 

The evidence for the oxidation of azide ion to nitrogen 

has been collected (115̂  114) for many years. Potassium 

chlorate (115)3 manganese dioxide {113), potassium perman­

ganate (ll5)i hypohalous acids (I15)j nitrous acid (112, 

115, 116), iodine (II5, 117, II8), peroxides (119), nitrosyl 

ion (120), chromate ion (121), and eerie salts (115, 122-126) 

have been shown to decompose metallic azides to nitrogen. 

Of these, eerie salts affect decomposition most completely 

and the oxidation in fact has been used as an analytical 

method for the determination of azide ion (122), The 

mechanisms of the decompositions have not in general been 

studied in great detail (except for iodine, which is not an 

oxidation at all) but for eerie salts the azido radical has 

been suggested as an intermediate (115): 

Ce^ + Ns" > Ce™ + IÎ3* 

2 Ns • > 5 Ns 

The electrolysis of sodium azide solutions has been well 

studied (127) and from polarographic data (128, 129) the 

loss of an electron from azide ion to yield the azido 

radical has been established as the first step; 

N3' > Na' 
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Characteristically, the second step is represented as: 

Ns. > 3/2 Na 

There seems little doubt that the azido radical exists 

as it has been observed spectroscopically (150-132) during 

flash photolysis of aqueous sodium azide solutions. 

The addition of the azido radical to olefins (155) to 

yield stable alkyl azides (154) was first noted by Minisci 

and Galli in 1962 (155). tert-Butyl hydroperoxide in the 

presence of ferric and ferrous sulfate, sodium azide, and 

styrene yielded a variety of products, among them 1,2-

diazido-l-phenylethane : 

(023)30002 + Fe"*"̂  + Fe+s + PhCB=0H2 PhOB—OE2N3 + 

00(023)3 

PhOH—CH2N3 

Ns 

Minisci suggested the route for formation of the azides was 

the reaction of azide ion with an alkoxy radical to give the 

azido radical which then added to the olefin: 

(023)30002 + Pe"̂ ® > Fê z + 02"+( 023)300* 

(023)300* + N3 • > (023)300 + N3 * 

PhC2=C22 + N3' > PhC2-022-N3 

PhC2-C22N3 + PeNs"̂  ̂ > Ph02-02aN3 + Fê  ̂
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PhCH-CHsIîs + (CEalsCO' > PhCH-CHsITa 

60(083)3 

In 1963 the yield was improved and the reaction extended to 

other olefins with the use of hydrogen peroxide (156), In 

1964 the preparation of azidochlorides was reported (157): 

O " oC. 
In 1965f in yet another elaboration, Minisci reported the 

preparation of several azido ketones using hydrogen peroxide 

and ferric salts (I58): 

PhOH=OH2 + NaNa  ̂̂  PhCO-OEg-Ns 

PhO&=CEPh + NaNa PhCO-CHPh-Ifs 

n-04H9-0K=CH2 + NaNs  ̂> nÔ He-CO-CHz-Ns 

Finally a the stereochemistry of the addition to cyclohexene 

was reported to he trans (159, 140): 

+ FeOl + PeNs > I 
CI 

In 1968 Hassner and Boerwinkle (141) showed that bromo-

azide would add to olefins via a radical pathway (see Table 

25). Haloazides usually add via heterolytic cleavage of the 
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halogen-nitrogen bond (142) but it was found that solvents of 

low polarity, the presence of light and the absence of oxygen 

could facilitate the homolytic cleavage (145). It is inter­

esting to note that the halonium ion leads to products with 

azide ion going to the a-carbon with styrene and the radical 

leads to the azide ion at the j3-carbon. 

Table 25. Ionic and radical products from olefins and halo-
azides 

Olefin Haloazide Pathway Product Yield, 1» 

PhCH=CH2 BrNs' 

2-Choles-
tene 

CIH3 

BrNs 

Cyclo-
hexene BrNs' 

Ionic 

Radical 

Ionic 

Radical 

Ionic 

Radical 

Ionic 

PhCH(N3)CEsBr 

PhCH(Br)CHaN3 

PhCH(N3)CH2C1 

PhCH(Cl)CHaN3 

Br' 

Br 

Br-* 

Ns-

Br 

Ns 

Br 

95 
100 

92 
100 

52 

57 

27 

47 

®Data from reference 141. 

D̂ata from reference 145. 
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Zbiral and Kischa have treated olefins with a lead 

t et raac etat e -t rimethylsilyl azide mixture to obtain azido-

acetates and di-azides (144); 

Pb(OAc)4 + MesSiNa > Fb(0Ac)4_x(N3)̂  

1 

PhCH=CH2 + 1 > PhCH(N3)CH2N3 + PhCH(0Ac)CHaN3 

J>9i 51SS 

PhCH=CHPh + 1 > PhCH(N3)CH(N3)Ph + 

42$ 

PhCS(OAc)CH(%)Ph 

42$ 

n—C 4H9 CH=(!H2 + 1 > n—C4H9CH(N3 )CH2N3 + 

43$ 

n-C4H9CH(OAc)CH2N3 

8$ 

n-C4H9CH(N3 )CH20Ac 

29$ 

Heathcock (145) has noted the addition of azide ion to 

olefins using mercuric azide, although the mechanism is 

probably ionic; 

R2C=CH2 + Hg(N3)2 -» R2C(N3)CH2HgN3 R2C(N3)CH3 

60-90$ 



www.manaraa.com

156 

The reaction apparently proceeds only with terminal olefins. 

In 1970 Schafer (146) reported that the presence of 

olefins during the electrolysis of sodium azide completely 

suppressed the evolution of nitrogen and that l̂ S-diazido-

alkanes were isolated in fair yields: 

PhCH=CH2 + NaNs > PhCH(N3 )-CHa-N3 
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RESULTS AM) DISCUSSION 

The oxidation of sodium azide lay CAN in acetonitrile 

has been shown to yield quantitatively stochiometric amounts 

of nitrogen (127): 

2 Na% + 2 CAN CHgCN ̂   ̂

1,56 mmoles I.56 nmoles 50 ml (50 .5  ml 
theoretical) 

The addition of an olefin causes a complete cessation of gas 

evolution and the products isolated have azido and nitrato 

groups as inferred from the ir spectrum (2110 cm"̂  (147) and 

1645 cm~̂ j respectively): 

R2C=CR2 + NaNa + 2 CAN > R2C(N3)C(0N02)R2 

Cyclohexenej l-methylcyclohexenê  l̂ Ĵ S-cycloheptatriene, 

norbomenê  a-pinene, a-methylstyrenê  stilbene, 2,4-dihydro-

pyran, lj5-cyclooctadlene_, 1̂ 5-hexadienê  2,5-dimethylbuta-

diene, and 1 ̂4-diphenylbutadiene are some of the olefins 

which suppress gas evolution. Gas evolution is not suppressed 

by diethyl fumarate, maleic anhydride, 4,4-dimethylcyclo-

hexenone, phenylacetylene, 2 -methyl-3 -butyn-2 -ol, trans-cin-

namic acid, or cholesterol (perhaps due to low solubility 

in the reaction mixture). These unsaturated compounds can 

be recovered intact. 

In Table 24 are listed several olefins for which the 

products have been characterized and absolute yields deter-
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Table 24. Absolute yields of products from the oxidation of 
sodium azide by eerie ammonium nitrate in the 
presence of olefins 

Substrate NaNa CAN 

(mmoles) mmoles mmoles Product Yield,#̂ '̂  

[6Xj1 4.7 10 (QT̂  ̂ 70+1 

(4.4) 
ONOs 

trans-PhCH=CHCEĉ  4.5 9.2 Ph-CH-CH-CHs 76+1 

O2N& N3 I '3) O2N& ' 

PhCH=CH2 5.5 10.0 Ph-CH-CHa-Ns 75 ± 1 

&O2 

n-Ĉ 9CH=CH2 6.1 12.8 n-C4H9-CH-CH2-N3 56 + 7̂  

ONOa 

n-C3H7(CH3)C=CH2 6.0 12.8 n-CsHy ( CSs ) C-CE2-N3 49+5 

îeld of unpurified products determined by nmr using 
dibenzyl ether as internal standard. 

Ŝtandard deviations are based on at least two runs. 

B̂oth erythro and threo isomers were formed, 

*̂ The large deviation is due to problems with emulsion 
formation in the work up. . 

mined. Two equivalents of CAN in acetonitrile is added to a 

solution of one equivalent each of the olefin and sodium 

azide in acetonitrile and the reaction is complete as soon 
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as addition is over. No gas is evolved. The products are 

isolated by flooding the reaction mixture with water and 

extracting with pentane. A known amount of standard, dibenzyl 

ether, was added and the yields determined by nmr analysis. 

As no starting olefin remains the pentane extracts 3rield only 

the azide nitrates. Further purification was accomplished 

by tic or by distillation and the products were identified 

by their nmr, ir, and mass spectra. Only the single isomers 

reported in Table 24 were observed. In no case was the 

opposite order of substitution noted. Also, no dlazides were 

ever found. 

The characterization of theindan and hexane derivatives 

will be described in detail. 

The spectra of 2-azido-l-nitratoindan is presented on 

Figure 1. The single proton signal at 6 6.1 is assigned to 

the proton at carbon 1 which bears the nitrato group. The 

shift is compatible with those observed for benzylic nitrates 

with strong electron withdrawing groups on the /S-carbon (see, 

for example, 1,2-diphenyl-1,2-ethanediol dinitrate, 6 6.8, 

page 98, or 1-naphthylmethyl nitrate, 6 5.7, page 99). 

The single proton signal at 6 4.2 is assigned to the proton 

at carbon 2 bearing the azldo group, a shift very similar to 

that reported by Fenical (148) for 2-azido-l-hydroxyindan of 

Ô 5.92. The ir spectrum is presented on Figure 2. The ir 

bands of 2114 and 1652 cm~̂  are exactly those of azldo 
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Figure 2. Ir spectra of 2-azido-l-nitratoindan. 
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groups and nitrato groups, respectively. An acceptable CHN 

analysis was obtained for C9H8N4O3. Finally, the mass 

spectrum provides unequivocal evidence. At 16 eV, a small 

peak appears at 220 (M̂ * for C9H8N4O3). Among other frag­

mentations are noted peaks at 178 (trace, loss of N3), 145 (co-

base, loss of HNO2 and Kg), and 129 (co-base, loss of ENOs and 

Ns). This confirms the azido and nitrato groups. 

The nmr spectra for l-azido-2-nitratohexane is presented 

on Figure 3. The single proton signal at 6 5.2 is assigned 

to the proton at carbon 2 bearing the nitrate ester. The two 

proton signal at ô 3.5 is assigned to the protons at carbon 

1 bearing the azido group, a shift quite compatible with 

those observed for other alkyl azides (125). Again, there 

are bands in the ir at 2110 and 1640 cm"̂  suggesting the 

azido and nitrato groups. Unfortunately, no acceptable CHN 

analysis could be obtained for C6H12N4O3 (or any other com­

bination of C, H, N, or 0) : 

C H N  

Found 41.19 6.63 33.16 

Calculated 38.29 6.42 29.77 

However, in the mass spectrum a fragmentation peak at 132 

m/e was noted. On a high resolution instrument, the exact 

mass of this fragment was determined to be 132.06614, cor­

responding to C5H10NO3 (calculated mass is 132.06606), Thus 
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there is apparently cleavage between carbon 1 and carbon 2 

to yield a n-pentyl nitrate fragment; 

This confirms the presence of a nitrato group. A molecular 

weight was determined by an nmr analysis. Carefully weighed 

quantities of purified l-azido-2-nitratohexane and dibenzyl 

ether were placed in an nmr tube and the spectrum obtained. 

From the integrals of the benzyl protons and the protons on 

the carbon bearing the azido group, the molecular weight of 

dibenzyl ether, and the weights of the samples a molecular 

weight of 183 + 1 (two attempts) was obtained. The molecular 

weight of the azide nitrate is calculated to be I88, 

The stereochemistry of addition was determined by adding 

across the double bond of acenaphthylene: 

The reaction proceeded as for the olefins in Table 24 and 

the product characterized by its nmr and ir spectrum. The 

observed coupling constant between H. and Ey was less than 

2 Hz. Dewar (149) has shown that in trans-l,2-disub8tituted 

n-C4H9CH-CHaN3'̂ * n-CsHio-ONOa"'' + CH2M3 

ONO2 

ONOa N3 

•̂ AX ^ ^ ^ 



www.manaraa.com

148 

acenaphthenes is of the order of 2 Hz while in cis-isomers 

ÂX greater than 6 Hz. Thus, a trans stereochemistry is 

assigned to the reaction. 

The stability of the azide nitrates must be quite high. 

l-Azido-2-nitratohexane was refluxed in benzene, toluene, 

or glacial acetic acid for l6 hours and only staining material 

recovered. Furthermore, 2 '-azido-1'-nitratoethylbenzene and 

l-azido-2-nitratohexane may both be molecularly distilled 

around 100° at 0,1 mm without significant decomposition. 

Also, 2'-azido-l'-nitratoethylbenzene was photolyzed for five 

hours and only starting material recovered. In general, 

organic azides are not readily decomposed photolytically (150). 

Sufficient evidence has not been accumulated to allow 

clear elucidation of a mechanism for the formation of the 

azide nitrates. However, some observations are possible. 

The most striking aspect of the reaction is the regiospecifi-

city of the addition of the azido group. No other isomers 

have ever been noted. This suggests the azide portion adds 

to the olefin first as in the examples reported by Hassner 

(I4l). Because azido radicals are thought to be formed in 

the CAN oxidation of sodium azide, the first reaction is 

probably radical addition: 

Cê  ̂+ Ns" > Ce™ + Ns' 

Ns" + RaCsCRa - > R2C-CR2-N3 
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The most stable radical would be expected and, hence, the 

regiospecificity of the reaction with the nitrate going 

either to the most substituted carbon or to a benzylic posi­

tion. The final step would simply be oxidation of the carbon 

radical by ligand transfer: 

R2C-CR2-N3 + ONOaCe^ —> R2C-CR2-N3 + Ce^^^ 

ONO2 

This mechanism has considerable precedent. In the reactions 

of azide ion and peroxides reported by Minisci (140), parallel 

regiospecificity is observed. Furthermore, Hassner (l4l) has 

shown that in the radical additions of haloazides, the azide 

group goes to the /S-carbon while in halonium ion additions 

the halide goes to the jS-carbon, Similar results are ob­

served by Zbiral (144), but the oxidant is so complex strong 

comparisons are difficult. 

One serious problem with radical addition is the lack 

of reaction with a,̂ -unsaturated carbonyl compounds. This 

hints some positive character exists on the a-carbon. Boyer 

(151) has reported that sodium azide in acetic acid will 

add to olefins but not to trans-cinnamlc acid, a reaction 

generally thought to proceed via carbonium ions. The addition 

to bicyclic olefins (norbomene and a-pinene) seems to lead 

to some rearrangement. Unfortunately, lack of other evidence 

makes further discussion only speculation. 
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EXPEEIMEHSTTAL 

Equipment 

The high resolution mass spectrum was determined on an 

Associated Electronics Industries MS-902 instrument. The 

other equipment used was described on page 40. 

Methods 

The yields of the azide nitrates from indene, 1-phenyl-

propene, styrene, 1-hexene, and 2-methylpentene were all 

determined by adding dibenzyl ether to the reaction mixture 

prior to work up. Analysis was by nmr and performed by com­

paring the Integral of the four benzyl protons of dibenzyl 

ether at 6 4.5 with the Integral for the protons on the car­

bon bearing the nitrato group or the azido group In the 

products. 

Elemental analyses were performed by Chemalytics, Inc. 

Materials 

Solvents were used as obtained from commercial sources. 

Fisher purified sodium azide was used directly. 2-Methyl-l-

pentene (K & K Laboratories)j, 1-hexene (Columbia)̂  styrene 

(Aldrich)a and trans-1-phenylpropene (Aldrich) showed no 

impurities in the nmr spectra and were not further purified. 

Indene (Columbia) and dibenzyl ether (Aldrich) were distilled 

prior to use. Acenaphthylene (Aldrich) was used as obtained. 

The other compounds were used as obtained and their sources 
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are listed in Table 25. 

Table 25. Chemicals 

Chemicals Source 

Diethyl fumarate 

Maleic anhydride 

4, 4-Dimethyl-2-cyclohexenane 

Phenylacetylene 

2 -Methyl-3 -butyn-2 -ol 

trans-Ciimamic acid 

Cholesterol 

Cyclohexene 

1-Methylcyclohexene 

1,3 a5-Cycloheptatriene 

Bicyclo(2.2.1)-2-heptene 

a-Pinene 

a-Methylstyrene 

trans-Stilbene 

cis-Stilbene 

3.4-Dihydropyran 

1.5-Cyclooctadiene 

1,5-Hexadiene 

2,3 -Dimethylbutadiene 

1,4-Diphenylbut adiene 

Aldrich 

Fisher Scientific 

Aldrich 

Aldrich 

Aldrich 

Eastman 

Matheson Coleman and Bell 

Aldrich 

Aldrich 

Aldrich 

Aldrich 

Columbia 

Aldrich 

J. T. Baker 

Aldrich 

Eastman 

Columbian Carbon Company 

Aldrich 

Aldrich 

Aldrich 
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Oxidations of Sodium Azide with CAIî 

With no olefin added 

To a quantity of 100 mg of sodium azide in 15 ml of 0.1 

N nitric acid was added 3» ml of a 0.5 N CAN solution. A 

vigorous frothing was noted and 55 ml of a gas was collected 

over water at 23°, 50 ml corrected to STP (theoretical, 50.5 

ml). 

With diethyl fumarate 

To 0.5 g sodium azide and 0.8 g diethyl fumarate in 10 

ml acetonitrile and 1. ml water was added 5.5 g CAN in 10 

ml acetonitrile. A huge évolution of gas was noted (>) 50 ml). 

The mixture was poured into water and extracted with pentane. 

Nmr analysis showed only diethyl fumarate present (CDCls) 6 

6.8 (s, l), 4.3 (q, J = 6 Hz, 2) and 1.3 (t, J = 6 Hz, 3). 

With maleic anhydride 

Using 0,4 g maleic anhydride, the same reaction as with 

diethyl fumarate was run with similar results (>>50 ml of 

gas): nmr (CDCI3) ô 7.1 (s). 

With 4,4-dimethyl-2 -cyclohexenone 

To 0.5 g 4,4-dlmethyl-2-cyclohexenone and 0.4 g sodium 

azide in 10 ml acetonitrile was added 5 g CAN in 10 ml 

acetonitrile. A large evolution of a gas was noted (>>50 ml). 

Only starting material was extracted with pentane; nmr 

(CDCl3)6 6.65 (d, J = 10 Hz, 1), 5.75 (d, J = 10 Hz, l), 2.4 
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(m, 2)j 1,8 (m, 2), and 1.2 (ŝ  6). 

With phenylacetylene 

To 1 g phenylacetylene and 0,7 g sodium azide in 50 ml of 

acetonitrile, 1 ml of acetone and 1 ml of water was added 11 

g CM in 10 ml acetonitrile. The color turned brown and a gas 

was evolved. The mixture was poured into water and extracted 

with pentane: nmr (CDCI3) 6 7.5 (m, 5), and 5.1 (s;, l); ir 

(CCI4) cm"̂  2140 (m), I680 (s), 161O (s), and 1510 (s). 

With 2-methyl-5-butyl-2-ol 

To 0,5 g of the acetylene and 0.4 g of sodium azide in 

10 ml of water was added 6,9 g of CAN in 10 ml of water. A 

gas was evolved and the final color was yellow. The mixture 

was extracted three times with ether, dried (MigSÔ .), and con­

centrated on the rotary evaporator: nmr (CDCI3) 6 6.0 (s, l), 

2.45 (s, 1), and 1.5 (s, 6). 

With trans-cinnamj c acid 

To 500 mg of trans-cinnamic acid and 500 mg of sodium 

azide in either 10 ml acetonitrile and îé ml acetone (a sus­

pension) or 10 ml acetic acid (a solution) was added 8 g CAN 

in either 10 ml acetonitrile or 10 ml acetic acid. A large 

evolution of gas was noted in either case. The mixture was 

poured into water, extracted with ether, dried (MgSÔ ), and 

concentrated on the rotary evaporator: nmr (CDCI3) 6 7.5 

(m, 184), 6.5 (d, J = 7 Hz, 12), 5.8 (d, J = 7 Hz, 14), and 
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4.5 (m, 20). 

With cholesterol 

To 1 g cholesterol and 500 mg sodium azide in either 

10 ml acetonitrile or 10 ml acetic acid (suspensions) and 

2 ml water was added 5 g CAN in 10 ml acetonitrile or 

acetic acid. Two layers were evident immediately with a 

large evolution of a gas. The mixture was poured into 

water, extracted with pentane, and concentrated on the 

rotary evaporator, yielding only crystals of cholesterol: 

ir (CHCI3) cm~̂  3600 (w) and 3500 (s). 

With cyclohexene 

To a solution of ça. 300 mg of sodium azide and 500 mg 

of cyclohexene in 10 ml of acetonitrile and 1 ml of water 

was added 2 g CAN in 10 ml acetonitrile slowly and dropwise. 

The yellow color of the CAN solution disappeared and no gas 

was evolved. The mixture was poured into 50 ml of water and 

extracted with 50 and 25 ml of pentane. After drying (MgS04) 

the solvent was removed on the rotary evaporator to yield a 

pale yellow residue: nmr (CDCI3) 6 5.8 (m), and 2.0 (m); 

ir (CHCI3) cm~̂  2110 (vs), 1720 (m), 1640 (ws), 1290 (ws), 

and 875 (ws). 

With 1-methvlcyc lohexene 

The reaction was identical with that of cyclohexene. 

The residue was pale yellow with a very pungent odor: nmr 
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(CDCla) ô 5.5 (m), 4.8 (m), 5.8 (m);, and 1.5 (m); Ir (CCI4) 

cm"̂  2115 (ws), 1720 )m), 1640 (ws), 1290 (ws), and 875 

(ws). 

With 1,3,5-cycloheptatriene 

To 0.2 g sodium azide and 0.35 g cycloheptatriene in 10 

ml acetonltrile and 1 ml water was added 3.4 g CAN in 10 ml 

acetonltrile. No frothing or evolution of a gas was noted. 

Work up was identical as that for cyclohexene; nmr (CDCI3) 

6 6.0 (m, 58), 4.2 (m, 17), and 2.3 (m, 31). 

With "bicyclo(2.2.1)-2-heptene 

The reaction and results were observed as with CET: 

nmr (CDCI3) 5 4.85 (m, 7), 3.85 (m, 15), and 1.9 (m̂  137). 

With tt-pinene 

To 0.6 g a-pinene and 0,3 g sodium azide in 10 ml 

acetonltrile and 1 ml water was added 5.5 g CAN in 10 ml 

acetonltrile. No gas was evolved and the mixture was worked 

up as for cyclohexene: nmr (CDCI3) 6 4.6 (s), 3.a (m), 2.9 

(m)a and 1.5 (m). 

With g-methylstyrene 

To 0.3 g cK-methylstyrene and 0.2 g sodium azide in 10 

ml acetonltrile and 1 ml water was added 3.4 g CAN in 10 ml 

acetonltrile. No gas was evolved. After work up as for 

cyclohexene, a pale yellow residue was obtained: nmr (CDCI3) 
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6 7.2 (m, 3)9 3.3 (nia 2)̂  and 1,6 (m, 3)« This material 

decomposed to a white insoluble solid after sitting overnight. 

With trans-stilbene 

To 0.5 g trans-stilbene and 0.2 g sodium azide in 15 ml 

of acetonitriie and 0.5 ml of water at 75° was added . .5 g 

CAN in 15 ml of acetonitriie. No gas was evolved. After 

the usual work up, a colorless residue remained: nmr 

(CDCI3) 6 7.0 (m̂  J = 8 Hz, 10), 6,0 (d, J = 8 Hz, l), and 

4.8 (m, 1). 

With cis-stilbene 

The reaction as for trans-stilbene was run but at room 

temperature. Twenty ml of a gas was evolved: nmr (CDCI3) 

6 7.2 (m, 200), 6.6 (s, 9), 5.9 (d, J = 8 Hz), and 4.7 (m, 

15). 

With 3,4-dihvdropyran 

To 0.5 g 3a4-dlhydropyran and 0,4 g sodium azide in 10 

ml acetonitriie and 1 ml water was added 6 g CAN in 10 ml 

acetonitriie. Twenty ml of a gas were evolved. The mixture 

was poured into 50 ml water and extracted with dichloro-

methane: nmr (CDCI3) 5 5.0 (d, J = 7 Hz), 4.6 (d, J = 7 Hz), 

and 3.5 (m, 43.2) and 1.9 (m, 43.1). 
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With 1,5-cyclooctadiene (COP) 

To ça. 500 mg of 1̂ 5-cyclooctadiene and 400 mg of sodium 

azide in 10 ml of acetonitrile and 2 ml of water was added 

7 g CAN in 10 ml of acetonitrile. No gas was evolved. The 

mixture was poured into water and extracted with 50 and 25 

ml of pentane. After drying (MgSÔ .)̂  the pentane layer was 

concentrated on the rotary evaporator. A pale yellow residue 

was obtained: Nmr (CDCI3) 6 5=5 (m, 36.5), 4.0 (m̂  11.5)̂  

and 2.0 (m, 188). 

With 1,5-hexadiene 

To 0.5 g lj5-hexadiene and 0.4 g sodium azide in 10 ml 

acetonitrile was added 7 g CAN in 10 ml acetonitrile. No 

gas was evolved and the mixture worked up as for COD; nmr 

(CDCI3) 6 5.8 (m), 5.0 (m, 19), 5.5 (m, 11), and 2.0 (m, 

22.5) .  

With 2,3-diTnethylbutadiene 

The reaction was similar to COD and the product puri­

fied on the tic using pentane: nmr (CDCI3) 6 5.0 (m, 54), 

4.0 (s, 41), and 2.0 (s, 154). 

With 1,4-diphenylbutadiene 

The reaction was the same as with COD: nmr (CDCI3) 

6 7.3 (m, 200), 6.2 (m, 52), and 4.5 (m, 14). 
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With acenaphthylene 

To 0.5 g crude acenaphthylene in 10 ml acetonitrile was 

added 0.4 g sodium azide in 2 ml of water and to this mixture 

was added 4,5 g CAN in 15 ml acetonitrile. No gas was 

evolved and the final color was deep brown. The mixture 

was poured into 50 ml of water, extracted with 50 ml of 

pentane, dried and concentrated on the rotary 

evaporator. The brown oil was purified on tic (silica, 

gel with pentane) to yield a light yellow oil; nmr (CDCls) 

6 7.5 (m, 5.6), 6.5 (d, J = 1.5 Hz, l), and 5-3 (d, J = 1.5 

Hz, l); ir (CHCI3) cm~̂  2110 (vs), I645 (vs), and 1290 (s). 

With indene 

To 0.5 g indene and 0.3 g sodium azide in 10 ml 

acetonitrile was added 3.4 g CAN in 10 ml acetonitrile. 

No gas was evolved. The mixture was poured into 50 ml of 

water and extracted twice with 50 ml of pentane. After 

drying (MgS04), the pentane was removed on a rotary evapora­

tor. The residue was purified on tic (silica gel with pen­

tane), b.p. 80-100° (0.01 mm): nmr (CDCI3) 6 7.1 (m, 5)j 

6,1 (d, J = 4 Hz, 1), 4.2 (m, l), and 3.0 (m, 2); ir (CCI4) 

cm"̂  2115 (ws), 1652 (ws), 1283 (ws) and 850 (ws); 

Anal, for C9H8N4O3, Pound: C, 49.30; H, 3.76; N, 25.44. 

Calc. C, 49.09; H, 3.66; N, 25.45. To determine the yield, 

after the reaction was run a weighed quantity of dibenzyl 

ether was added and work up performed as. usual. Analysis 
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was by nmr comparing the benzylic protons of dibenzyl ether 

with the protons on the carbon bearing the nitrato group. 

An extraction ratio of 1.02 was obtained by re subjecting the 

analysis mixture to the extraction procedure. 

With trans-1-phenylpropene 

To 0.5 g trans-1-phenylpropene and 0.3 g sodium azide 

in 10 ml of acetonitrile was added 5.1 g CAN in 10 ml 

acetonitrile. No gas was evolved. The extraction procedure 

for indene was followed and purification was by tic (silica 

gel with pentane), b.p. 80-120° (O.Ol mm): nmr (CDCI3) 6 

7.3 (m, 5)5 5.7 (4 lines, l), 5.9 (m, l), and 1.2 (m, 3)5 

Anal, for C9HxoN403a Pound: C, 51.49; H, 4.88; W, 26.64; 

Calc. C, 38,29; 6.42; N, 29.77. Quantitative analysis 

was the same as for indene. No extraction ratio was obtained. 

Photolysis. Ça. 500 mg of 2'-azido-1'-nitratoethyl-

benzene in 400 ml of cyclohexane was irradiated with a 450 

watt Hg lamp for 5 hours. A brown residue had collected on 

the walls of the photolysis vessel. The solvent was removed 

on a rotary evaporator: nmr (CDCI3) ô 7.5 (m, 42), 5.9 (4 

lines, 4), 3.5 (m, 8.5), 2.0 (s, 22.5, acetone) and 1.2 

(m, 60, cyclohexane). 

With styrene 

To 500 mg of styrene and 350 mg of sodium azide in 10 

ml acetonitrile was added 5.30 g CAN in 10 ml acetonitrile. 
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Ca. 10 ml of gas was evolved. The mixture was poured into 

50 ml of pentane. After drying (MgS04), the pentane was re­

moved on a rotary evaporator. The residue was purified on tic 

(silica gel with pentane): nmr (CDCI3) 6 7.5 (s, 5), 5.9 

(4 lines/ 2) and 3.5 (m, 2); ir (CHCI3) cm"̂  2115 (s), I64O 

(s), and 1290 (s); Anal, for Found: 47.70; 

H, 4.10; N, 27.45; Calc. C, 46.16; 2.87; N, 29.95. The 

yield was determined exactly as for indene. 

With 1-hexene 

To 0.4 g 1-hexene and 0.3 g sodium azide in 10 ml of 

acetonitrile was added 7.0 g CAN in 10 ml acetonitrile drop-

wise. No gas was evolved. The extraction (an emulsion was 

formed) and purification procedure for indene was followed; 

b.p. 70-80° (0,01 mm): nmr (CDCI3) 6 5.2 (m, l)̂  3.5 (m, 

2) and 1.5 (m, 9); ir (CCI4) cm"̂  2110 (s), 1640 (s), 1290 

(s); Anal, for C6H12N4O3; Pound; C, 41.19 and 42.03; H, 6,63 

and 7.10; N, 33.16 and 33.55; Calc. Cj 38.29; 6.42; N, 

29.77. For an absolute yields after the reaction was com­

plete a weighed quantity of dibenzyl ether was added. The 

nmr integrals for the benzyl protons of dibenzyl ether and 

for the protons on the carbon bearing the azido group of 

l-azido-2-nitratohexane were compared for the quantitative 

analysis. No extraction ratio was obtained. 
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Molecular weight determination. The product was ob­

tained and purified as usual. Then a known amount (ça. 120 

mg) was weighed into an nmr tube. A weighed quantity of di-

benzyl ether (ça. 90 mg) was added as the standard. The nmr 

integrals for the benzyl protons and for the azidomethylene 

protons were compared for the result. The following equations 

were used to determine the molecular weight: 

Moles Standard x = Moles Product 

Molecular Weight Product = Produit 

The result was I85 + 1 (two runs). The molecular weight of 

C6H12N4O3 is 188. 

Thermal decomposition. Ça. 500 mg of l-azido-2-nitrato-

hexane was refluxed in either benzene, toluenê  or glacial 

acetic acid for 16 hours. The solutions discolored badly. 

After cooling, the solution was poured into water and ex­

tracted into pentane. The nmr was identical with that of 

the starting material, 

With 2-methyl-l-pentene 

To 0.3 g 2-methyl-l-pentene and 0,3 g sodium azide in 

10 ml acetonitrile was added 5.1 g CAN in 10 ml acetonitrile. 

Approximately 55 ml of gas were evolved. The extraction 

procedure for indene was followed and the residue purified 
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by tic (silica gel with pentane): nmr (CDCI3) Ô 3.5 (s, 2) 

and 1.5 (m, 10); ir (CCI4) cm~̂  2110 (ws), 1650 (ws), and 

1290 (ws); Anal, for CQH12N4O3; Pound: C, 39.42; H, 6.25; 

N, 32.09; Calc. C, 38.29; H, 6.42; H, 29.77. Quantitative 

analysis was as for 1-hexene. An extraction ratio of 1,01 

was obtained as for indene. 
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