
In essence, these data show that in each of these 
reactions the conversion of olefin to alcohol is ac- 
companied by a decrease in entropy on the order of 
20 cal. deg.-' mole-', but, according to expecta- 
tions the ordinary aliphatic olefins have transition 
states whose formation from olefin results in little 
change in entropy. The a$-unsaturated alde- 
hydes, on the other hand, have transition states 
which are formed with a decrease in entropy even 
slightly greater than that for the olefin to alcohol 
conversion. 

The complete accord between the entropies of 
activation from the absolute rate theory and the 
Hamtnett theory regarding the hydration mech- 
anisilis indicates that both are powerful tool5 for 
the investigation of reaction mechanisms. 

Acknowledgment.--The author appreciates the 
helpful comments of Drs. F. A. L o n ~ ,  Yic-tor Cold, 
N. C'. Deno a n d  I,. P. Narnmett. 

Experimental 
The experimental method was the same as previously re- 

ported (procedure B ) . 2  In  every case plots of log ( P  - P e )  
us. time gave straight lines over the entire region of the re- 
action studied (60 to 91% completion) and of the same high 
precision previously obtained. The rate constants, k,, for 
0.0909 and 0.973 m HSO? were obtained from the previous 
data.* In  the other cases values of k ,  are average values 
obtained by equation (5) of reference 2 from at least two 
experiments conducted at the indicated acidity. A value 
of It of 6 X mole I.-* a t m - '  was used in each case to 
ralciikite k , .  The pair of experiments ( a t  given acidity) 

were carried out at appreciably different r values ( r /RT  = 
0.08 to  0.125) but of such a magnitude that  an error of 50% 
in h would introduce an error of no more than 3% in k,. 
Shaking rates of 333 to 400 r.p.m. were used (the latter a t  
the higher acidities). The temperature was controlled to  
25.00 f 0.01 . 

111 every case but for 5.04 m "01, the calculated values 
of k ,  for the two experiments agreed to  within 2%, and the 
internal consistency with equation ( 5 )  was as good as the 
accuracy warrants. In  the exceptional case, four experi- 
ments were performed and the maximum deviation from the 
average value of k ,  was 7%. S o  systematic deviation of 
the k,, values with r was obtained, indicating (in view of the 
excellent nature of plots of log ( P  - P") us. time) that the 
reaction rate is so fast in this case ( t i /% 6 to 10 minutes) as to 
approach the limit of accuracy of the experimental method. 
I n  view of these results, the value of k,  given for 5.04 llz 
I ISOs should be accurate to lo%, whereas the other values 
diould not br in error by more than 5% (probably less in 
most cases). 

Experiments were also performed in the 1.242, 3.111 and 
0.22 n? sulfuric acid solutions. In the former case, the 
values of R ,  calculated as above from two experiments agreed 
witliin 5%. In 
the latter two cases, the values of k ,  calculated from experi- 
ments carried out a t  appreciably different r values differed 
by as much as 30%. Four experiments were performed in 
3.11 1 m sulfuric acid, and the calculated values of kp showed 
a regular decrease with increasing r .  A more marked trend 
in the same direction was shown by k ,  values calculated from 
two experiments in 6.22 m acid. The results in 3.111 and 
ti.22 m acid are not listed in Table I since the data indicate 
that equation (5) does not hold under these conditions. No 
reason can be given for these results, and the system was not 
further investigated. The crude values of k ,  obtained in 
these two cases are markedly less than the corresponding 
values in nitric acid solution a t  eqnivalent h a .  

The average value is reported in Table I. 

SrATE COI.I,EGE, PEXX.4.  
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The Copper-catalyzed Decomposition of Diazoketonesl 
B Y  PETER xr4TES' 

RECEIVED APRIL 18, 19.72 

The reaction of a-diazoketones with alcohols in the presence of copper has been shown to occur without rearrangement to  
give a-alkoxyketones. The reaction of a-diazoacetophenone with phenol, thiophenol, aniline and piperidine has also been 
shown to yield the analogous unrearranged products: in the reaction with phenol, 2-phenylbenzofuran was obtained as a 
second product. It is suggested that  these reactions proceed with the intermediate formation, by  the interaction of the diazo- 
ketone and copper, of the moiety, RCOCH, which then reacts with the active hydrogen compound. 

Arndt and Eistert3 state that  silver, copper or 
platinum may be used as catalysts for the decom- 
position with rearrangement of diazoketones, i.e., 
for the Wolff rearrangement. Subsequent general 
 discussion^^^^ of the Arndt-Eistert reaction have 
reiterated that copper may be used in place of the 
conventional silver oxide. The original literature, 
however, reveals very few instances of the use of 
copper. Arndt and Eistert3 treated diazomethyl 
a-naphthyl ketone with aqueous ammonia in the 
presence of copper a t  100' and obtained cr-naph- 
thylacetamide in 20% yield, whereas by the use of 
ammoniacal silver nitrate a t  100" the amide was 

(1) From a dissertation presented to the Faculty of the Graduate 
School of Yale University in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy, 1951. 

(2) Socony-Vacuum Company Fellow, Yale University, 1949-1960 
(3) F. Arndt and B.  Eistert, Bcr., 68, 203 (1935). 
(4) W. E. Bachmann and W. S. Struve, "Organic Reactions," 

(6) B. Eistert, "Newer Methods of Preparative Organic Chemistry," 
Vol. I ,  John Wiley and Sons. Inc., New York, N. Y.,  1942, p. 38. 

Interscience Publishers, Inc.. N e w  York, N. Y.. 1948, p. 613. 

obtained in 85% yield. The only other reference 
by these authors to the use of copper is to its 
action on 2-diazoacetyl-1-nitroanthracene in acetic 
acid solution, when the evolution of nitrogen and 
the formation of a red color was observed but no 
product was isolated. Reichstein and Morsman6 
observed that the action of copper on methyl CY- 

diazothienonylacetate in methanol a t  140-150° 
gave the methyl ester of thienylmalonic acid to- 
gether with another unidentified product; the 
yield was unspecified. Thus  i t  may  be seen that in 
the few cases where copper has been used in the Wolf 
rearrangement, either the yields have been abnormally 
low or the conditions have been abnormally forced. 

In a search for a catalyst more efficacious than 
silver oxide the decomposition of 1-diazo-2-nona- 
decanonel in ethanolic solution a t  65-70' in the 

(6) T. Reichstein and H. J. Morsman, Hclu. Chim. Acta, 17, 1119 
(1934). 

(7) Cf. F. A. Vandenheuvel and P. Yates, Can. J .  Research, B48, 
556 (1960) 
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presence of copper bronze (;.e., very finely divided 
copper) has been investigated. It was found, 
however, that, although the rate of decomposition 
of l-diazo-2-nonadecanone, as judged by the rate 
of evolution of nitrogen, was considerably increased 
by the use of copper, the product obtained was not 
ethyl nonadecanoate but 1-ethoxy-2-nonadecanone 

c u  
C I ~ I ~ , ~ ~ C O C H N : !  + CiHjOH + 

C17HijCOCH20CnHj + h-2 (1) 

In this case the diazoketone has reacted with an 
alcohol without rearrangement. The generality of 
this reaction has been demonstrated by the prepara- 
tion of a-methoxy-, a-ethoxy-, a-(t-butoxy)- and 
a- (1-hexoxy) -acetophenone by the copper-catalyzed 
decomposition of a-diazoacetophenone in hot 
methanol, ethanol, t-butyl alcohol and hexyl al- 
cohol, respectively. The alkoxy-ketones were iden- 
tified by the preparation of their 2,4dinitrophenyl- 
hydrazones and seniicarbazones and, in the case of 
a-methoxyacetophenone, direct comparison with 
an authentic sample. Further, a diazoketone 
derived from diazoethane, a-diazopropiophenone, 
was shown to give the corresponding a-ethoxy- 
ketone* with copper in ethanol. 

This appears to be the first report of the forma- 
tion of unrearranged products by the action of 
alcohols with diazoketones in the presence of 
copper. Casanova and Reichsteing have recently 
reported an analogous decomposition without re- 
arrangement of certain steroidal diazoketones in the 
presence of cupric oxide. These workers, however, 
were able to isolate only the rearranged product, 
methyl phenylacetate, by the action of cupric oxide 
on a-diazoacetophenone in methanol; whereas in 
the present investigation, using metallic copper, the 
only product isolated was a-methoxyacetophenone. 
An analogous homogeneous reaction has also re- 
cently been reported by Newman and BealIo who 
used boron trifluoride as catalyst; since the yields 
of alkoxy-ketones in the homogeneous reaction are 
of the order 70-S0% this would appear to be a 
better preparative method than the copper-cat- 
alyzed reaction where the yields so far obtained 
have been of the order 45-5570. 

Once it had been established that the reaction of 
diazoketones with alcohols in the presence of copper 
followed the reaction path 

cu 
RCOCHS2 + R'OH + RCOCHzOR' + S:! 

i t  became of interest to investigate the copper- 
catalyzed decomposition of a-diazoacetophenone 
in the presence of phenol, thiophenol, aniline and 
piperidine. 

A solution of a-diazoacetophenone in benzene 

( 2 )  

(5) I t  was of interest to find that  both a simple 2,4-dinitrophenyl- 
hydrazone and a 2,4-~?initrophenylosazone could be obtained from a- 
ethoxypropiophenone. H. Adkins and A. G. Rossow, THIS J O U R N A L ,  

71, 3536 (1949), have reported the analogous formation of a 2,4- 
dinitrophenylosazone from 2-ethoxycyclohexanone; a similar observa- 
tion in the case of 3-methoxy-2-butanone was made by J. G. Aston, 
J .  T. Clarke, K. A. Burgess and R .  B. Greenburg, ibid., 64, 300 
(1942). 

(9) R. Casanova and T. Reichstein, Hclu. Chim. Acfa, 33, 417 
(1950). 

(IO) M. S. Newman and  P. F. Beal, THIS JOURNAL, T I ,  5161 
(1950). 

was added to a suspension of copper bronze" in a 
benzene solution of phenol a t  65-70'. The product 
was separated into two fractions by extraction with 
aqueous base. The non-acidic fraction gave a 63% 
yield of a-phenoxyacetophenone, in conformance 
with the formulation (2). Acidification of the basic 
extract gave a product which would not redissolve 
in aqueous base. This second product was shown 
to be %phenylbenzofuran and was obtained in 26% 
yield. Clearly, the original acidic product was 
a-(0-hydroxypheny1)-acetophenone which under- 
went cyclodehydration in the process of isolation12 

The copper-catalyzed reaction of a-diazoaceto- 
phenone with thiophenol was carried out in ethanol 
solution, yielding mainly a-phenylmercaptoaceto- 
phenone (67%). There was also isolated some di- 
phenyl disulfidel3 

c u  
C s H ~ c o c H N g  + C6HsSH --+ 

C ~ H S C O C H Z S C ~ H ~  f CsH~ssC6Hj f xi (4) 
By the action of copper on an ethanolic solution 

of a-diazoacetophenone and excess aniline a t  GO- 
70" and extraction of the crude product with boiling 
ethanol, a-anilinoacetophehone was obtained in 
33% yield; the small residue insoluble in boiling 
ethanol was found to be the mono-ani1 of phenyl- 
glyoxal14 

C U  
CBHSCOCHNI + CaHj"2 + 

C6HsCOCH2"C6H~ f C ~ H S C O C H = S C ~ H ~  + Sz ( 5 )  
Finally, it was found that under similar condi- 

tions piperidine reacts with a-diazoacetophenone 
to give two products, a-( 1-piperidyl)-acetophenone 
and dibenzoylethane'j 

c u  
CsH,COCHXn + HN(CH2)j -3 

CeHsCOCH2N(CH,)j + C6HaCOCH?CHiCOCsfIa + SJ (6) 
(11) The  only product obtained from the reaction of copper and 

a-diazoacetophenone in the presence of b-nzene alone \\,as l ia?is-l ,2- 
dibenzoylethylene: cf. c. Grundmdnn and €1. Trischmdnn, A i i n . ,  636, 
29 (1935). 

(12) Cf. W. Dilthey and F. Quint, J. p i o k l .  C ' h t i n ,  131, 3 (19311. 
who obtained only 2-phenylbenzofuran by the hydrolysis of the benzoyl 
derivative of a-(o-hydroxyphenyl)-acetophenone. 

(13) Cf. t he  preparation of diphenyl disulfide by  buhbling air 
through thiophenol, W. Steinkopf and S Muller, Bcr.,  66, 1929 
(1923). 

(14) This must be produced by air oxidation of a-auilinoaceto- 
phenone, for an  ethanolic solution of this compound was found slowly 
t o  deposit the ani1 on standing: cf. t he  formation of benzil monoanil 
from a-anilino-a-phenylacetophenone by the action of oxygen, P 1.. 
Julian. E. W. Meyer. A. Magnani and W. Cole, TxIs J O U R N A L ,  67, 1203 
(1945). 

(15) C/. A. F. Crowther. F. G. Manu a n d  D. Purdie, J .  Ciicm.  
Soc., 58 (1943), who report t he  formation of i,%dibenzoylethane by 
the thermal fission of a-(1-piperidyl)-acetophenone. This reaction 
probably involves the intermediate formation of the phenacyl radical 

R-C-CH~. tf R-C=CH~ 
which must also he a n  intermediate in  the  formation of 1.2-dibenzoyl- 
ethane by the  action of sulfur on acetophenone (T.  W. Jezierski, 
RoczniRi Chcm., 14, 216 (1934): C. A. ,  29, 2161 (1935)). 
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Discussion 
In  every case investigated using copper a s  

catalyst no rearranged product was isolated. 
Equations (2)-(6) may be combined in the form 
of equation (7) which represents the forniation of 
the chief product in each instance 

RCOCHSz + R'H + RCOCHrll' $- Sa ( 7 )  
Although a more coniprehensive study of the 

reaction is required in order to formulate ail un- 
ambiguous mechanism, the following scheme is 
advanced at this time as the most reasonable 
hypothesis compatible with the obser\-ctl facts and 
a s  a basis for further work 

RCOCHN~ + KCOCI-I + s2 
KCOCI-I t R ' I I  ----f KCOCI-I~II'  

'l'hc action of copper in (SI is interpretable in t e r m  
uf the ready availability of its valence 
the entity KCOCHIGa niay well remain bound to the 
copper surface with the valence electrons of the 
copper completing the octet of the methine carbon. 
The subsequent reaction oi IICOCH (or of the 
IICOCH-copper coniplex) as in (9) probably in- 
volvcs an attack by the unshared pair of electrons 
on oxygen, nitrogen or sulfur a t  the electron-de- 
ficient inethine carbon1' followed by a prototropic 
shift, e.g. 

C J W O ~ H  + csrir?yr-12 --+ CR€I:,COCHS;;~HC~I-I~ ( ( J ~  J 

CsIljCO&~H?C611;, ----f CsHiCOCI-I2SHCsl-Ia ( lo  I 

In  an inert solvent, such as beiizene or petroleuni 
ether, the formation of an enedione" may be con- 
sidered as occurring by cither the union oi two 
adjacent I I C O ~ H  moieties a t  tlie surface o f  the 
copper1% or the interaction of 1ICO?H with a mole- 
cule of diazoketone. 

Furthermore, the forination of 2-phcnylbcnzc)- 
iuraii in addition to u-plicrioxyaceto~)heiioric by 
the rcaction of cr-diazoacetophrrione with phenol 
is readily explicable in terms of this rcaction 
scheme. 'Ilius the attack by KCO?H a i  the 
oxygen atom would bc slower than in the case of 
the aliphatic alcohols since it is less basic"' and rc- 

c u  
( 8 )  

( : I )  

: i l j >  ( ' i  .I \Vater\. .I Chrii! , ?(!ti I l L i421,  >\here t h e  caialy- 
tic effect o l  copper in t h e  Gatterrnariii rcactiori i5 interpreted i i i  5imilar 
terms 

, I l i a )  Siicll i i n  entiiy ivoirlr l  he stal,ilizcd l iy T C \ ~ J I I ~ ~ I C C .  

0 0 - 
, ,  . . 

IICCH f+ R L C l I  
Irrovidcil tha t  tlic ulisliared elci,troii.. (111 t he  melhitic carl)uli arc I),iltccI 

li. J .  1.aidler aiiil fl J .  Case?,, .T Chriiz. P h y s  , 17, 213 (l!b4<ll 
(17)  The prefereiitial reaction of the diazoketone with amine i\ hcli 

hoth ethanol and amines arc present i n  the reactioii mixture, i r , w i th  

the more basic reactant,  indicates t h a t  attack on RCOCH is iiiicleo- 
philic, T h e  qualitative observation tha t  the reaction of dlaaoketone 
proceeds much faster with piperidine than  with aniline is also in con- 
formance with this view 

(18) The  formatiori of the 1i.iiri.v product I?eiiig d n e  Io :I preferrecl 

orientation of the RCOCII moieties on  tlie copprr surface ' i i c h  1h;il  :he 
RCO jiroups ai-? a i  far apar t  a ;  possible. 

(10) I t  may well Ijc i n  the ease of phenol (and thiopheiioli Lliat llie 
rca~t ior l  Ilroceerls il l  pArC I,y ai! ;ici<l-cntdlyzed route,  similar lo Lila1 oi 
ihc reactioiis ol diazo coiiipitiiiids I r i t l i  cartmxylic acids. i i 1 I) .  

, f ,I  11s ' .  16 ' probable I,y analogy with the  case of mcthylrtic. CII: (.I' 

action at  another site could become significant. 
The stroiigly electrophilic IICOCH could attack 
the benzene ring in the activated position ortho to 
the hydroxyl group in d manner entirely analogous 
to the action of Brf in aromatic 
the intermediate so formed would then be coil- 
verted by a prototropic shift to a-(o-hydroxy- 
phenyl) -acetophenone am1 this traiisforiiicd to 2 -  
pheiiylbeiiLoiurm as tliscussetl above 

I t  has been frequently suggested* that thc \Vollf 
rearrangement proceeds by the loss of nitrogen 
from a diazoketone with the formation of a short- 
lived radical, RCOCH<, which rearranges to a 
ketene. It appears from our results, however, that 
a ketene is not necessarily formed by the loss of 
nitrogen from a diazoketone and that some fuller 
explanation ol this rearrangement must be sought.21 

E~perirnental?~ 
Action of Copper on 1-Diazo-2-nonadecanone in Ethanol. 

1-Ethoxy-2-nonadecanone .--l-Diazo-2-nonadeca11011e~ ( 5  go J 
\ u s  dissolved in absolute ethanol (50 nil.) heated a t  65-711 . 
The solution was treated with copper bronze25 in small por- 
tions a t  a time with mechanical h r i n g  until no further gas 
cvolution occurred 011 addiiig a fresh portion of copper. 
The mixture was filtered free of copper and evaporated to 
siiiitll bulk; on cooling a t  On, 4.6 g.  of yellow solid \vas de- 
poiited . This crude product \vas twice recrystallized from 
!)a570 ethanol with treatment with charcoal and gave a white 
.;olitl, 1n.11. 54-,X0; yield 3.6 g.  (68y0). For analysis a 
>;iinple was recrystallized twice more from 95'j& ethanol, 
iheii t1irc.c tiinc'i from acctorie giving white prisms, i r i . p .  
36 .j . 

.I)ici/. Cdct l .  for C,itl,,O,: C,  77.24; H,  12.97; OC2€-ld, 
l : 3 , 8 .  l ~ound :  C, 77.87; I f ,  1:3.08; OC.€Ii, 13.9.  

Tlic ~ ,~- t l i i i i t ro~~her iy lhydrazoi ie2~ wi\ purified by cliro- 
iii;ttogi-aphy oii silica with 9,5% petroleum ether- 5% ether 
:is eluent followcd by two recrystallization\ from ,tbsolute 
vthaiiol: ycllow, 1 i i . p .  T8.5 -T9..io. 

~ ( B O ~ N , ~ :  S, 11 .Oi j .  I 2 o u ~ ~ d :  S, 1 1 , l U .  
l-ethoxy-~-iionadecaiioiie \vas coli- 

lirinctl by i t i  conversion to 2-nonadecanone: 1 g. of the 
prodtic( \vas boiled uiider reflux with hydriodic acid ( I ( J  ~ u l . ,  
t l .  I .7:3 1 aiid glacial acetic w i d  ( 1 0  l i d . )  for two hours. The 
. ~.. .  

ICoberts. IV n';italiabe and  K IS. Mchfahoii ,  T i + I S  J O U K K A I .  73, 760 

\ 1!)31) ' T h i i ,  however .  need not affect t h e  fate of tlie RCOClI  e i i t i l y  
formed in  the copper-catalyzed reaction. 

(20)  Alteriiatively, a norcnradiene tl-pc intcrmediatc with sul~sc- 
rluciil rearrangcment m a y  h e  postulated,  (f. W von E. Doeriiig a n d  
1,. I i .  KIIOS,  i h i i i  72, 2303 130603. 

: ? l I  .\ \urvey oi the rondicions norinall)- I I S C , ~  for thc Wolff r c  
airangenielit reveals tha t  a base is a l w a y s  pi-esciit, e.g. ,  silver uxi t lc ,  
riipric oxide,' : c i i i l i n c , 3  isoquinoliric,?2 t r i c t h y l a m i n e , ~ ~  and  lends b i i j i -  

iiort t o  t he  original sufigestion of .\riidt arid Eisterta tha t  the rearrarixc- 
mciit IS ha-e-catalyzed. 

(2%) A I,. \Tildsand A. L. Xieader, J .  Ovg. Chcni., 13, 763 (1948! 
1 2 3 )  M ,  S Newmari and P. F Beal, THIS J O L T R N A L ,  72, 5163 

(1950). 
(24) 411 melting points are corrected. 
(23)  T h e  copper hronze used throughout the present work was 

Kah lhaum,  "Saturkupier C" (, i I;. I ' l lrnann Bii.., 29,  1878 (1896)) 
(26)  h l l  2.-(-dini t rophen\Ihyrlrazones were prepared by the methoil 

o f  I < .  1. Shl-*ncr r l n t i  K c 1:1,,0n, " ' l 'hc stematir Idcritifii~ation of 
O r p a n i c  Coinliuiiii<ls," J o h i i  U' i l cy  ' ~ i i ~ l  S Iiic , New Y v i h .  N Y 
Tliird l i i l i t r i i i i  l!l.tS 1 1  i71. 
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mixture was cooled, depositing the crude product as a brown 
solid (1.0 g.); recrystallization from absolute ethanol with 
charcoal treatment gave a white crystalline solid, m.p. 49- 
54". This was taken up in benzene and chromatographed 
on an alumina column (20 X 1.2 cm., packed in benzene), 
using benzene as eluent; arbitrary cuts of 15-20 ml. were 
taken. The first two cuts containing eluted material on re- 
moval of solvent gave white prisms, m.p. 51-55'; subse- 
quent cuts gave white leaflets, 1ii.p. 55-56.5,27 undepressed 
by admixture with a sample of 2-iionadecanotie obtained 
by the reduction of I-diazo-2-iioiiadecarioiie with hydriodic 
acid.28 

A qualitative comparison of the rates of decoinposition of 
1-diazo-2-nonadecanone in ethanol with silver oxide, copper 
and cupric oxide was made by adding 0.5 g. of each to  solu- 
tions of 1-diazo-2-nonadecanone (0.5 9.)  in ethanol ( 5  ml.) 

TABLE I 
Catalyst Evolution of nitrogen Product 

Silver oxide Slow: complete in 2.0 hr. Cd-Is~COOEt 
Copper Immediate and rapid, C17HajCOCH20Et 

Cupric oxide Iiiitially slow, gradually ClrII3bCOCH20lIt 
complete iti 0.25 hr. 

becoming vigorous, 
complete in 0.7 hr. 

Action of Copper on a-Diazoacetophenone in Methanol. 
~-Methoxyacetophenone.-~-Diazoacetophen~ne~~ (6 g.) 
was dissolved in methanol (60 ml.)  at 5@55' and treated 
with copper bronze (1 g.) as above. There was a vigorous 
evolution of nitrogen and the reaction solution rapidly as- 
sumed a dark red color. It was filtered free of copper and 
distilled under reduced pressure from the steam-bath to re- 
move excess methanol. Distillation of the residual liquid 
at 18 mm. pressure gave one fraction only, a pale yellow 
liquid, b.p. 122-123" (18 mm.),  n Z o ~  1.5340, A,,, (ethanol) 
244 mp  (log t 4.03) and 280 mfi (log c 3.02); yield 3.4 g. 
(5,5%). This was shown to be a-methoxyacetophenone by 
the identity of its physical properties with those of an au- 
thentic ~ a m p l e . 3 ~  

The semi~arbazone3~ was obtained after recrystallization 
from 25% aqueous ethanol and from 95% ethanol as a white 
crystalline solid, m.p. and mixed m.p. 127.5128.5°.32 

The 2,4-dinitrophenylhydrazone was prepared and puri- 
fied by chromatography on alumina with benzene as solvent 
and eluent followed by two recrystallizations from ethyl 
acetate-ethanol: orange-red, hexagonal prisms, m.p. and 
mixed 1n.p. 192-194'. 

.4rzal. Calcd. for CI;H~,O,Sa: 9, 16.96. Found: S, 
17.01. 

Action of Copper on a-Diazoacetophenone in Ethanol. 
a-Ethoxyacetophen0ne.-Using the same procedure as for 
the reaction in methanol a 60% yield of a-ethoxyacetophe- 
none was obtained, b.p. 125-127" (14.5 mm.). 

The semicarbazone was purified by four recrystallizations 
from 20% aqueous ethanol and was obtained as white, 
feathery needles, m.p.  126.5-127O.33 

The 2,4-dinitrophenylhydrazone was purified by chroina- 
tography on silica followed by three recrystallizations from 
95% ethanol: short, orange rods, m.p. 149.&150.3°. 

Anal. Calcd. for C16H1603X4: C, 55.35; H, 4.67; S,  
16.27. Found: C, 55.36; H, 4.56; N, 16.10. 

Action of Copper on a-Diazoacetophenone in Presence of 
Hexyl Alcohol. a - (1 - Hexoxy) - acetophenone.-a-Diazo- 
acetophenone ( 5  9.)  and hexyl alcohol (redistilled, b.p. 156- 
157') were dissolved in dioxane (10 ml.). The solution was 

(27) W. B. Saville and G. Shearer, J. ChCJn. .Sot., 593 (1925), give 

(28) Cf. M. L. Wolfrom and R .  I,. Brown, THIS J O U R N A L ,  66, 1516 

(29) W. Bradley and R .  Robinson, J .  Chem. Soc. ,  1310 (1418). 
(30) R .  B. Moffet and R. L. Shriner, Org. Syntheses, 21, 79 (1941). 
(31) All semicarbazones were prepared by the method of R .  L. 

Shriner and R .  C .  Fuson, cf. ref. (26), p. 170. 
(32) C. Dufraisse and R. Chaux, Bull. soc. c h i m .  France, [4] 89, 

446 (1926). give m.p. 126-127'. but D.  D .  Pratt and R.  Robinson, 
J. Chcm. Soc., 748 (1923), give m.p. 8 5 O .  

(33) M. Sommelet, Bull. soc. chim. Fvurtcc, (41 1, 890 (18071, gives 
m.p. 128O. 

m.p. 55.5-56' for 2-nonadecanone. 

(1943). 

heated at 70-80" and treated with copper brotize as before. 
Distillation of the product did not give a sharp boiling frac- 
tion but a distikate boiling over the range 120-15Oo ( 5  mm.). 
The crude product was thus obtained as a yellow mobile 
liquid in 20% yield. This product was not further purified 
but identified by conversion to  the two following derivatives 
in good yield. 

The semicarbazone after two recrystallizations from 5070 
aqueous ethanol arid two more from 95% ethaiiol was ob- 
tained as white prisms, m.p. 104-105°. 

'4nal. Calcd. for CljK2302N3: C ,  64.96; H, 8.3G; S ,  
15.15. Found: C, 65.13; H, 8.49; S ,  14.98. 

The 2,4-dinitrophenylhydrazone purified by chrotnatog- 
raphy on alumina followed by four recrystallizations from a 
mixture of ethyl acetate and 95% ethanol was obtained as 
golden yellow needles, m.p.  124-128'. 

Anal. Calcd. for C20H140jN4: C, 60.00; H ,  6.04; S, 
14.00. Found: C, 60.06; H, 6.05; N, 13.82. 

Action of Copper on a-Diazoacetophenone in &Butyl Al- 
cohol. a-(t-Butoxy)-acetophenone.-t-Butyl alcohol(25ml.) 
was heated at 60" and a little copper bronze was added during 
nicchanical stirring. A small portion of a solution of a- 
diazoacetophenone (5 g.)  in t-butyl alcohol (35 ml.) wa5 
then added. After ten minutes stirring a vigorous gas 
evolution set in and the temperature rose. The remainder 
of the diazoketone solution was dropped in a t  such a rate 
that  a steady gas evolution was maintained and the tenipera- 
ture remained a t  5 5 6 0 " .  During this addition further 
small portions of copper bronze were added from time to 
time: the total weight of copper used was 0.75 g. Finally 
the mixture was heated a t  65-70" for 30 minutes. The 
product was worked up as before giving a-(t-butoxy)-aceto- 
phenone as a pale yellow liquid, b.p. 116-118" (7  mm.),  
n% 1.5156, in 30% yield. This was identified by the follow- 
ing derivatives obtained in good yield. 

The semicarbazone was purified by two recrystallizatioiis 
from 20% aqueous ethanol; fine, white needles, m.p. 126- 
127.5'. 

'4nal. Calcd. for C I : ~ H I ~ O ~ N ~ :  C, 62.62; H, 7.68; N, 
16.86. Found: C ,  62.69; H, 7.17; S ,  16.74. 

The 2,4-dinitrophenylhydrazone was twice recrystallized 
from a mixture of ethyl acetate and 95% ethanol; fine, 
orange needles, m.p. 183-185" (Nemman and Beallo give 
m.p. 185-187'). 

Action of Copper on a-Diazopropiophenone in Ethanol. 
a-Ethoxypropiophenone.-or-Diazopropiophenone in ethanol 
a t  60-70' was treated with copper bronze and the product 
worked up  as before; the crude product was obtained in 52% 
yield. Redistillation gave thc a-ethoxypropiophenone as a 
pale yellow liquid, b.p.  97-98" ( 5  mni.) ,  12% 1.5193. 

Amd. Calcd. for C11H140?: C ,  74.13; H, 7.93. Foutid: 
C,  73.60; H, 7.64. 

The 2,4-dinitrophenylhydrazoue \vas purified by chro- 
matography on alumina followed by two recrystallizations 
from ethyl acetate-95% ethanol: orange prisms, m.p. 128- 
129". 

A?zd. Calcd. for CliHlsOsS4: C, 50.98; H ,  5.06; N ,  
15.64. Found: C, 56.72; H,  4.93; S,  15.31. 

When the crude product obtained by precipitation with 
2,3-dinitrophenylhydrazine sulfate was not chromato- 
graphed but directly crystallized from benzene and then 
twice from ethyl acetate-95yo ethanol, methyl phenyl- 
glyoxal osazone was isolated as orange, iiiicroscopic rods, 
m.p. 155-156' (dec.) 

Anal. Calcd. for C?,H1608S~: C ,  49.61; H ,  3.17; S ,  
22.04. Found: C, 49.45; H ,  3.09; S, 21.80. 

Action of'Copper on a-Diazoacetophenone in the Presence 
of Phenol. a-Phenoxyacetophenone and 2-Phenylbenzo- 
furan.-a-Diazoacetophenone ( 5  g.)  was dissolved in ben- 
zene (50 nil.) and the solution was slowly added to a stirred 
suspension of copper bronze ( 1  9.)  in a solution of phenol 
(8 9.)  in benzene (50 ml.) heated a t  6570" .  After addition 
of 10 ml. of the diazoketone solution a vigorous reaction 
ensued with rise in temperature to  the boiling point. The 
remainder of the diazoketone solution was added at a rate 
such that  the reaction mixture was kept boiling gently: 
after completion of the addition the mixture was heated at 
65-70' for 15 minutes. The hot mixture was filtered and 
the filtrate cooled and extracted several times with 8% 
aqucous sodium hydroxide. The benzene layer was washed 



several times with water and dried; after removal of the ben- 
zene there was obtained a brown semi-solid product (4.6 g. j .  
Crystallization from aqueous ethanol followed by two re- 
crystallizations from methanol with charcoal treatment 
gave a white, micro-crystalline solid, m.p. 73-73.5", showing 
no depression on admixture with authentic a-phenoxydceto- 
phenone obtained by the action of phciiacyl bromide on so- 
dium phenate.34 

The alkaline extracts and aqueous washings were com- 
bined and the whole was made slightly acid with hydro- 
chloric acid: the buff colored precipitate formed was filtercd 
off and washed with cold water t o  remove traces of phenol: 
yield 1.9 g. Two crystallizations from aqueous methanol 
followed by two from absolute methanol gave white leaflets, 
m.p. 120.&121.2', insolublc in 8% aqueous sodium hy- 
droxide. 

This product was identified as 2-plicnylbenzofura1i by its 
analysis, melting poitit,aj coloration with concentrated sul- 
furic acid,36 and ultraviolet absorption spectrum: Amax 
(in alcohol) 224 mfi (log E 3.96), 302 in@ (log E 4.39) and 315 
mfi (log L 4.28).37 

Action of Copper on a-Diazoacetophenone in Benzene. 
trans-1.2-Dibenzovlethvlene .-~-~idzoacetoDhenone in hen- 
zcnc at 65-70' u& treated with copper anh  worked up in 
the usual manner. After rcmoval of solvent a sticky 
brown solid remained: three crystallizations of this product 
from ligroin gave lemon-yellow, foliated leaflets, n1.p. 110- 
110.5", undepressed on admisturc with authentic trapis- 
1 ,2-dibenzoylethylcne,11 yield 70%. 

Action of Copper on a-Diazoacetophenone in the Presence 
of Thiophenol . a-Phenylmercaptoacetophenone .-a-Diazo- 
acetophenone (5 g.) and thiophenol (10 nil., freshly dis- 
tilled, b.p. 168-169') were dissolved in absolute ethanol 
(30 1111.) at 70" and treated with copper bronze as ahove: 
after no further gas evolution occurred on the addition of 
a fresh portion of copper the mixture was stirred at 70-75" 
for seven hours. Thc copper was filtered off and the eth- 
anol and most of the excess thiophenol was removed hy dis- 
tillation at the water pump. The residual liquid was taken 
u p  in ether and extracted several times with 8% aqueous 
sodium hydroxide to remove traces of thiophenol; the ethe- 
real layer was washed twice with water and dried. On rc- 
moval of the ether a brown mobile liquid (8 g.) remained. By 
chromatography of an aliquot portion (2.0 g.) of this product 
on alumina using ligroin-benzene eluents two compounds 
were isolated, each being obtained as white needles after two 
recrystallizations from absolute ethanol. 

Thc compound first eluted (0.5 g.) had m.p. 60-61.5", 
undepressed by admixture with authentic diphenyl disul- 

it dissolved iii concentrated sulfuric acid giving a 
violet coloration.38 

The second product had m.p. 52.&54', uridcprcssed by 
admixture with authentic a-phenylmercaptoacetophenone, 
obtained by the action of sodium thiophenate on phcnacyl 
chloride.39 

The oxime was obtained as colorless needles, m.p.  80- 

The 2,4-dinitrophenylhydrazonc  vas purified by chro- 
matography on alumina with benzene followed by two crys- 
tallizations from et>yl acetatc-95% ethanol: orange 
prisms, m.p. 149-150 . 

81 o .40 

Anal. Calcd. for C Z O H ~ ~ O ~ K ~ S :  C ,  58.82; H, 3.95; S, 
13.72; S ,  7.85. Found: C, 58.96; H, 3.90; S, 13.82; 
S, 8.38. 

The yield of a-phenylmercaptoacetophenonc from a- 
diazoacetophenone was 67%. 

Action of Copper on a-Diazoacetophenone in the Presence 
of Aniline. a-Anilioacetophenone and Phenylglyoxal 
Mono-mil.-a-Diazoacetophenone (5 8.) and *freshly dis- 
tilled aniline (10 ml.) were dissolved in absolute ethanol 
(50 ml.) at 60-70' and the solution was treated with copper 
bronze. After an initial period of apparent inaction a 
vigorous reaction took place. The hot reaction mixture 
was filtered free of copper and on cooling deposited a pale 
(34) R. Mohlau, Ber., 16, 2497 (1882). 
(35) S. von Kostanecki and J. Tambor, i b i d . ,  42, 826 (1909), give 

(36) Cf. R. Stoermer and M .  Reuter, ibid., 36 ,  3981 (1903). 
(37) Cf. C. Wiegand and E. Merkel, Med.  u.  Chem., 4, 585 (1942). 
(38) Cf. W. Nekrassow and IC. N. Melnikow, Bcr., 6 2 ,  2093 (1929). 
(39) I,. M. Long, THIS JOURNAL, 68, 2159 (1946). 
(40) E. Winklcr, J .  prokf. Chem., 169, 115 (1941), gives m.p. 81-82'. 

m.p. 120-12ln. 

yellow solid (2.55 g.), 1n.p. 90-155'. Removal of solvent 
from the mother liquor by distillation under reduced pres- 
sure gave a black tar: attempts to  obtain further solid prod- 
uct from this were unsuccessful. The yellow solid was 
treated with 100 ml. of hot 95% ethanol: the bulk of the 
product went into solution but by filtration of the hot solu- 
tion there was obtained 0.2 g. of deep yellow, insoluble resi- 
due, 1n.p. 150-160'. The filtrate was evaporated to  small 
bulk in a stream of nitrogen and the crystalline product ob- 
tained on cooling was subjected to two recrystallizations 
from 95% ethanol giving very pale yellow needles, m.p. and 
uiixed*l m.p. 98-99'. 

Thc N-benzoyl derivative was obtained after three recrys- 
tallizations from 95% ethanol as white needles, m.p. 156- 
l 5 7 O ,  undepressed by admixture with the N-benzoyl deriva- 
tive of authenticor-anilinoacetophenone, m.p. 156.E~157.5' .~~ 

The deep yellow product insoluble in hot 95% ethanol 
was recrystallized three times from ethyl acetate when it 
gave golden yellow, micro-needles, m.p. 163-164' (dec.). 
A further 0.15 g. of this product was obtained by extracting 
thc coppcr residues from the original reaction with benzene. 
The melting point was not depressed on admixture with 
phenylglyoxal mono-anil, n1.p. 164-166' (dec.), obtained 
by heating phenylglyoxal hydrate (0.76 g.) and aniline 
(0.45 g . )  in 95% ethanol (5 ml.) with a few drops of acetic 
acid on thc stcam-bath for 15 minutes dilution with a little 
water, cooling and crystallization of the solid separating 
from ethyl acetate. 

A n a ! .  Calcd. for C I ~ H I I S O :  c, 80.36; H, 5.30; 1, 
( i . i O .  Found: C, 80.32; H, 5.59; S,  6.94. 

There was evidence that phenylglyoxal mono-ani1 is 
formed from a-anilinoacetophenone by air oxidation since 
the second crop of the latter from the alcoholic mother 
liquor after standing in the air for two days had becomc 
almost completely insoluble in 95% ethanol and after one 
rccrystallizatioii from ethyl acetate gave pure phenylgly- 
oxal mono-anil. 

Action of Copper on a-Diazoacetophenone in the Presence 
of Piperidine. W( 1-Piperidyl)-acetophenone and 1,2-Di- 
benzoy1ethane.-Piperidine (15 ml.) was dissolved in ab- 
solute ethanol ( 3 3  ml.) and the solution was stirred with 
copper bronzc (0.5 g.) a t  45". a-Diazoacetophenone (5.0 
g.)  dissolved in absolute ethanol (20 ml.) was added slowly. 
An extremely vigorous reaction set in and the rate of addi- 
tion mas adjusted to  maintain the temperature at 50' with- 
out cxternal heating. After addition was complete, a fur- 
ther small portion of copper was added but no further gas 
evolution occurred. The mixture was filtered free of copper 
and excess piperidine and alcohol were removed on the steam- 
bath under rcduced prcssurc. The dark brown oil which re- 
inaincd was distilled a t  2 nim. pressure but no sharp-boiling 
fractions could hc obtained. Treatment of an aliquot of 
the fractions boiling from 115-150° (2 nim.) with methyl 
iodide followed by two recrystallizations from absolute 
ethanol afforded an 80% yield of colorless a-( 1-piperidyl)- 
acctophenonc mcthiodide, 1n.p. and mixcd'3>*4 m.p. 175- 
17*5.rjo (dcc.j. 

The hydrochloride was obtained as white leaflets, m.p. 
and iiiised,ij 1n.p. 220-222' (dec.). 

The fractions boiling from 150-190' ( 2  mm.), which partly 
solidified on cooling, were taken up in boiling absolute cth- 
c%i~ol and the solutiou was cooled, when long, white needlcs 
werc dcpo.;ited; two recrystallizations from 95Yo ethanol 
gave 1 ,Z-diberizoylethatic, m.p. 146.5-147°,46 undepressed 
by admixture with authentic 1,2-dibenzoylethane obtained 
by the reduction of tmmts-l,2-dibenzoylethylene (see above 1 
with sodium h y d r o s ~ l f i t e . ~ ~  

The failure to obtain a sharp-boiling fraction of e-(]- 
piperidyl)-acetophenone was probahly due to  the co-distilla- 
tion of l,-dibeiizoylethane since the latter mas shown to be 
present in the fractions boiling from 11.5-150° ( 2  mm.) by 
the prccipitatioii of some 1,2-dibenzoylethane 2,4-dinitro- __ 
(41) A. Hischler, Hr 7.. 26, 288.7 (1892): M.  B u s h  and G. Hefele ,  

.J. piakl C i i c i i i  , [ 2 ]  8 3 ,  4:jI  (19111. g i v e  ni p. 98-09'. 
(42) R. Mohlau, Brr . ,  16, 2471 (1882), gives m.p. 144-1~i~5 
(43) XI. 11. van A r k ,  Arch.  P h a r m . 2 3 8 ,  330 (1900),gives m p I S j ?  
(44) P. Rahe. W. Schneider and F. Braasch. Ber., 41, 874 (1908). 
(45) F F. Blicke and E. S. Blake.  THIS J O U R K A I . .  62, 23.5 (1930). 

give m p. ?10-21!o: N. IT. Cromxell  ibid. ,  63 ,  837 (1941), gives m.p. 
226-227O. 
(46) S. Kapf sl id C. Paal, B e y . ,  11, 3056 (1888), give m.p. 144-145'' 
(47) J .  B. Conant and H. R. Cutter.  THIS JOORNAI. ,  44,2654 (1922). 
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drazine sulfate solution to ethanolic solutions of the frac- B~~~~~~~ for his interest and ad- tions. After chromatography 011 alumina followed by two 
crystallizations from ethyl acetate-95% ethanol this was A* 
obtained as deep orange needles, m.p. 248.5249' ( d e ~ . ) , ~ *  Vandenheuvel, Atlantic Fisheries Experimcntal 
undepressed on admixture with an authentic sample. Station, Halifax, N. S., in whose laboratory thc 

professor 
vice during the present investigation and Dr* 

initial observation was made. 
NEW HAVEN, COSN. 

(48) C.  F. I<. Allen, D. M. Young arid M. R. Gilbert. J .  Ors.  Chcin., 
2, 285 (1837), give m.p. 250' (dec.). 
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Free Radical Rearrangements in the Decarbonylation of Aldehydes la 
BY DAVID Y .  CURT IN'^ AND MARVIN J. HURWITZ 
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The peroxide-catalyzed free radical decarbonylation of aldehydes has been used to study the 1,Z-rearrangements of four 
free radicals. b,p,P-Triphenylpropionaldehyde when heated with di-t-butyl peroxide has been found to yield only the re- 
arranged hydrocarbon, 1,1,2-triphenylethane. a-Methyl-p,p,p-triphenylpropionaldehyde also gave only rearranged prod- 
ucts, 1,1,2-triphenylpropane and 1,1,2-triphenyl-l-propene in approximately equal amounts. 13-p-Anisyl-p-phenylpropion- 
aldehyde gave predominately 1-p-anisyl-1-phenylethane with the carbon skeleton unrearranged. P,p-Diphenylbutyralde- 
hyde yielded as the sole product 2,3-dibenzyl-2,3-diphenylbutane, dimer of the rearranged radical. The scope of the syn- 
thesis of aldehydes by the reaction of a-chloromercurialdehydes with alkyl chlorides has been extended and stannic chloride 
has been found to be an effective catalyst in a t  least one case where the reaction otherwise fails. 

In the course of a general program of study of 
stereospecific rearrangements it was desirable to 
examine those involving free radical intermediates. 
It was first necessary to discover a rearrangement 
adaptable to this study. A part of this preliminary 
investigation is described here. 

Only a few cases of carbon-to-carbon rearrange- 
ments in free radical reactions in solution have been 
reported thus, far. Urry and Kharasch2 have ob- 
served partial migration of the phenyl group 
of the 2-methyl-2-phenylpropyl (neophyl) radical 
in the reaction of neophyl chloride with phenyl- 
magnesium bromide in the presence of cobaltous 
chloride. Of the yield of monomeric hydrocarbons 
obtained, approximately half was unrearranged 
(t-butylbenzene) while the other half consisted of 
saturated and unsaturated products from the re- 
arranged (1-benzyl-1-methylethyl) radical. 
Similar results with the neophyl radical were ob- 
tained by Winstein and Seuboldj3 using a new 
method for the decarbonylation of aldehydes which 
had previously been carried out by irradiations4 
8-Phenylisovaleraldehyde was treated with a per- 
oxide catalyst, resulting in the evolution of carbon 
monoxide and a 70y0 yield of a 1 : 1 mixture of t- 
butylbenzene (unrearranged) and isobutylbenzene 
(migration of phenyl). Urry and Nicolaides5 
prepared the #-methylneophyl radical by both of 
the above methods and obtained rearranged 
products (again approximately 50% rearrange- 
ment). No migration of methyl groups was ob- 
served in the cobaltous chloride catalyzed reaction 

(1) (a) Presented in part before the Organic Division of the Ameri- 
can Chemical Society in Buffalo in March, 1952. Based on a Disserta- 
tion submitted by Marvin J. Hurwitz to Columbia University in par- 
tial fulEllment of the requirements for the Ph.D. degree in Chemistry. 
(b) Department of Chemistry, University of Illinois, Urbana, Illinois 

(2) W. H. Urry and M. S. Kharasch, THIS JOURNAL, 66, 1438 (1944). 
(3) S.  Winstein and F.  H .  Seubold, i b i d . .  69, 2916 (1947). 
(4) E. W. R. Steacie, "Atomic and Free Radical Reactions," Rein- 

(5) H. W. Urry and N. Nicolaides, Abstracts of Papers, 118th Meet- 
bold Publishing Corp., New York, N. Y. ,  1946, p. 178 E. 

ing, American Chemical Society, 1950, p. 17N. 

of 2,2-dimethylbutyl (neohexyl) chloride with 
ethylmagnesium bromide the only products being 
neohexane and bineohexane. 

In this study, the peroxide-catalyzed dccarb- 
onylation of aldehydes was chosen as the most 
suitable reaction with which to study the carbon- 
to-carbon free radical rearrangement. 

Synthesis of the Aldehydes Employed.-p,p,p- 
Triphenylpropionaldehyde (11, R = H) was syn- 
thesized by the method of Nesmeyanov, Lutsenko 
and Tumanova6 by the treatment of trityl chloride 
with chloromercuriacetaldehyde (I, K = H) in dry 
benzene. (I, R = H) was readily prepared by the 
reaction of vinyl acetate with mercuric acetate and 
then potassium chloride. 
KCH-CHOCOCHj + Hg(OCOCH3): K 

k C I  
C1HgCHCH:O 

1 

12 

I + (CsH0)3CC1 - (CsH,),CCHCH-O 
dry benzene 

I1 

The method of synthesis was also successful 
with a-methyl- or ethyl-substituted chloromercuri- 
aldehydes to give (11, R = CH3) or (11, R = C2H5). 

Benzhydryl chloride (111, X = H) failed to un- 
dergo the reaction with (I, R = H) under the 
above conditions. However, when an equimolar 
amount of stannic chloride was added to the 
reaction mixture, reaction proceeded satisfactorily 
to give a 37Y0 yield of (IV, X = H). 

C"5)CHCl + ClHgCHzCH=O 
X-CeHI 

I11 X-CsH4 CeH6>CHCH2CH-0 

I 1' 
(6) A N Nesmeyanov, I F Lutsenko and Z M Turnanova 

Ievcsl.  Aknd .  Nnuk S S R R Oldel Khsm. X a u k ,  601 (1949) [C. A , 
44, 7225c (1950) ] 


