
JANUARY, 1963 REACTION OF DIAZO KETONES WITH BORON TRIFLUORIDE 129 

which ww 95% pure was added to this solution over a 40-min. 
period a t  9-11' while running a total amount of 2 mmolea (flow 
meter) of oxygen into the mixture and stirring vigorously. 
The reaction mixture waa maintained at  20" for 35 min. About 
3% of the product was removed for analytical purposes and dry 
ether added to  the remainder t o  give a total volume of 800 ml. 
During 5 min. of vigorous stirring, 60.8 g. (0.6 mole) of triethyl- 
amine was added a t  4-10'; the mixture waa kept a t  22-24' 
for 0.5 hr. and 200 ml. of 2 N sulfuric acid was added a t  10-20' 
while stirring with cooling. The mixture waa extracted with 
ether and the ethereal solution washed with sodium bicarbonate 
solution and water. The ether and water were vacuum evapo- 
rated; and the residue (88.22 g.) was chromatographed on silicic 
acid with hexane eluent, yielding 65.95 g. (77% yield) of 96- 
100% spectrally pure 1-nitro-1-octadecene, m.p. 32.0-33.5'. 
An analytically pure sample melted a t  34.5-35', m.p. reportedlo: 
38'. 

Anal .  Calcd. for C18HS6N02: C, 72.67; H, 11.86; N, 4.71. 
Found: 

The hydrolysis of an aliquot of the crude dinitrogen tetroxide- 
olefin reaction product for the nitroalcohol determination was 
carried out by stirring the ethereal reaction mixture with an 
excess of 2N sulfuric acid for 4 hr. a t  23'. The hydrolysis mix- 
ture was extracted with ether, worked up as described for the 
synthesis of VIO and analyzed for V. 

V i a  Dehydration of Nitro alcohol.--A mixture of 2.00 g. 
(6.35 mmoles) of 1-nitro-2-octadecanol and 1.88 g. (12.7 mmoles) 
of phthalic anhydride was heated for 70 min. a t  175-180'. The 

C, 72.91; H, 11.85; N,  4.47. 

(b) 

TABLE I11 
ELIMINATION REACTIONS 

Raaction Mole 7' 
Starting time, yield or 

Run Base material min. rzcovery of V I  

1 NH3 VI 120 80" 

3 NH, 11" 120 60" 
4 K(C?Hs)3 11" 15 92 
5 NH3 I11 30 soc 
6 NH3 Ib 15 95 
7 h'(C2H5)3 211" 34 94 

8 N( CzHs)8 211" 2 .5  94 

2 x(C2Hs)3 VI 120 95 

31b 

31b 
a The starting material consists of 88% 11, 8% V, and 4Y0 

a The starting material contains less than 10% 
The major by-products were saturated nitro compounds. 

other impurities. 
of VI. 

dark reaction product waa extracted with hexane and the solution 
chromatographed on silicic acid, yielding 0.93 g. (52%) of 1- 
nitro-1-octadecene, m.p. 30-34'. The structure ww confirmed 
by its infrared spectrum. 

In the experiments with triethylamine, concentrations of 6- 
12% of nitro compounds in ether (except run 8: 2%) and 
mole ratios of triethylamine to nitro compounds of 1-2 (except 
run 8: 150) were used. In the elimination reactions with 
ammonia 0.2-0.3 mmole of the starting material was dissolved in 1 
ml. of ether. After addition of 3-4 ml. of 1% aqueous ammonia, 
containing about 2 mmoles of ammonia, a t  23", the heterogeneous 
mixture was shaken a t  intervals. The reactions with both 
bases were quenched with dilute sulfuric acid or aqueous am- 
monium chloride solution at  the times given, and the aqueous 
phase was extracted with ether several times; the combined 
ethereal solutions were washed with sodium bicarbonate and water, 
the ether and water were evaporated in vacuo, and infrared 
spectra of the crude products were calculated for nitro-olefin 
content by the ratio method. The yields of nitro-olefin given in 
Table I11 represent mole % nitro-olefin content of the isolated 
crude yields, which were at  least 95%. In several runs, the 
recovery from work-up was quantitative; and the crude product 
melted only 2' lower than an analytically pure sample of VI. 

1-Nitrocyclo6ctene.-Cyclooctene (44.40 g., 0.40 mole), 
which contained 4.6% cyclooctane, was added to a solution of 
39.28 g. (0.427mole) of dinitrogen tetroxidein 150 ml. of dry ether 
over a 24-min period a t  9-12' while bubbling 13 mmoles of 
oxygen through the solution. After addition of 25 ml. of ether 
and stirring of the yellow solution for 0.5 hr. a t  lo", 121 g. (1.2 
moles) of triethylamine was added at  4-12'. The mixture 
was kept a t  24" for 0.5 hr., cooled to 3O, diluted with 150 ml. of 
ether, and quenched m t h  1.2 moles of acetic acid dissolved in 200 
ml. of water. After work-up as described for l-nitro-l-octadec- 
ene and removal of the cyclooctane in vacuo, 61.0 g. of yellow 
oil remained. Pure 1-nitrocyclooctene was obtained by chro- 
matography on silicic acid and subsequent distillation, b.p. 
60"/0.2 mm., 12% 1.5116; infrared data are given in Table 11. 
The infrared analysis of the crude oil showed that the yield of 1- 
nitrocyclooctene in this reaction was 96%. A slow decomposi- 
tion with simultaneous precipitation of a solid occurred upon 
standing for several weeks at  23'. 

Anal .  Calcd. for CsH13N02: C, 61.91; H,  8.44; N, 9.03. 
Found: C, 61.84; H, 8.27; R, 8.80. 
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The reaction of l-diazo-3-(o-anisyl)-2-propanone with boron trifluoride or a catalytic amount of sulfuric acid gives 
3-chromanone as the major product; with other acids mainly open-chain products are formed. Other diazo 
ketones with boron trifluoride in ether give mixtures of an ethoxy ketone and a fluoro ketone. 

The normal reaction of a diazo ketone with an acid 
(HX) to give a substituted methyl ketone (equation 1) 
is frequently subverted by the formation of cyclic 
products when a nucleophilic center is present a t  an 
a' or p' position (equation 2). Four-membered hetero- 
cyclic ketones are obtained from 

(1) RCOCHN? + H X  + RCOCHgX + Nz . .  
COCHNz COCHz 

+ HX - C z J  + R(H)X -h NP (2) 

(1) National Science Foundation Science Faculty Fellow: 
dress, Chemistry Department, Union College, Scbenectady, N. Y. 

present ad- 

a'-hydroxydiazo ketones2J or 3-diazoacetylpyrazo- 
lines4.6 on treatment with acetic acid or mineral acids. 
Open-chain products are not obtained in the latter 
reaction, even on addition of excess nucleophile (X-)6; 
the pronounced tendency for cyclization is unusual 
in the formation of a four-membered ring. The facile 
formation of a five-membered ring by this process has 

(2) J. R. Marshall and J. Walker. J .  Chem. Soc., 467 (1952). 
(3) B. G. Christensen, N. G. Steinbere and R. Hirschmann, Chem. 

(4) J. A. Moore and R. W. Rledeiros. J .  Am. Chem. Soc., 81, 6026 (1959). 
( 5 )  J. A. Moore, W. F. Holton, and E. L. Wittle, ibid., 84, 390 (1962' 

Ind. (London), 1259 (1958). 
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been observed most often in the reactions of o-substi- 
tuted diazoacetophenones, which lead to coumaranones 
in high yields.6-8 Only catalytic amounts of acid are 
required in the conversion of o-methoxy-w-diazoaceto- 
phenone to  coumaranone, since the proton is recovered 
when methanol is split off by solvolysis of the oxonium 
intermediate 

I I 

CHB CH3 
1 

CH&H + H’ 

Formation of a six-membered ring is less common. A 
recent example is provided by the work of Bhatilg 
who obtained isochromanediones from the reaction of 
o-diazoacetylbenzoic acids with hydriodic acid. It 
has been suggested’O that the conversion of o-pitrodi- 
azoacetophenone to  N-hydroxyisatin‘l may proceed 
by initial formation of a six-membered oxazine inter- 
mediate. However, in the attempted ring closure of 
l-diazo-3-(o-anisyl)-2-propanone (I} to 3-chromanone 
(VI) with hydrochloric or hydrobromic acids only the 
open-chain products, 1-chloro- and l-bromo-3-(0- 
anisyl)-2-propanone1 were isolated.’ 

In  order to define further the scope of these cycliza- 
tion reactions, particularly with respect to the forma- 
tion of larger heterocyclic rings, we first reinvestigated 
the reactions of l-diazo-3-(o-anisyl)-2-propanone (I) 
with other acids. In  line with the earlier work, ethe- 
real acetic acid gave only the open-chain product. 
The acetoxymethyl ketone Va was characterized by 
infrared and n.m.r. spectra and the formation of the 
2,4-dinitrophenylosazone. In  the reaction of I with 
one equivalent of concentrated sulfuric acid in ether 
solution, the major product (19%) was a solid which on 
hydrolysis liberated sulfate ion and the hydroxymethyl 
ketone Vc, and was thus the dialkyl sulfate Vb. A 
similar reaction was previously noted by Kewman and 
Beal112 who obtained a solid sulfate from the reaction of 
l-diazo-4-phenyl-2-butanone with concentrated sulfuric 
acid. 

A minor liquid compound from the reaction with 
concentrated sulfuric acid was obtained in larger 
amounts, together with the hydroxy ketone Vc, when I 
was treated with a catalytic amount of sulfuric acid in 
aqueous dioxane, and was virtually the only product 
isolated in the reaction of I with 1.5 moles of boron 
trifluoride in ether. The infrared spectrum (5.78 p )  
and the proton n.m.r. spectrum (three peaks a t  3.10 
7, 5.68 7, and 6.48 r in the ratio 2:1:1, corresponding 
to four aromatic protons and two unsplit methylene 
groups) indicated that this compound was the desired 
3-chromanone (VI); and this was confirmed by the 
correspondence in properties and derivatives with those 
previously reported for material made in another way? 
The identification of this compound in the other re- 

(6) E. R. Marshell, J. A. Kuck, and R. C. Elderfield, J .  Ow. Chem., 7 ,  
444 (1942). 

(7) P. Pfeiffer and E. Endres, Ber., 84, 247 (1951). 
(8) A.  J Bose and P. Yates, J .  A m .  Chem. Soc., 74,  4703 (1952). 
(9) A. Bhatr, J .  Ow. Chem., 27,  1183 (1962). 
(10) J. A. Moore and D. H. Ahlstrom, z b d . ,  26, 5254 (1961). 
( 1 1 )  F. Amdt, B. Eistert, and W. Partale, Ber., 60, 1346 (1927). 
(12) hi. S. hiewman and P. Bed,  %bid., 72, 5161 (1950). 

action mixtures was established by peak enhancement 
in the vapor phase chromatograms. 

The yields of 3-chromanone in the four reactions, 
as estimated by quantitative vapor phase chromatog- 
raphy on a silicone column after initial distillation, are 
summarized in Table I. In  all the reactions a sub- 
stantial amount of undistillable tar mas present, and 
the reported yields may be somewhat lower than those 
actually present in the crude products. 

TABLE I 
Equivalent 

ratio 
aoid/di- 

Acid azo ketone Solvent 

Acetic 3 . 4  Ether 
Sulfuric 1 .o Ether 
Sulfuric 0.04 Aqueous 

BFa 1.5 Ether 
dioxane 

-Yield, %- 
Chro- Open-chain 
manone product 

. .  42 
4 19 

15 45 

35 

In  contrast to the lower homolog, o-methoxydiazo- 
acetophenone, which under all acid conditions studied 
gives only the cyclic product, the reactions of the diazo 
ketone show an interesting balance between the 
competing paths (equations 1 and 2). The mech- 
anisms involved in the reactions of diazocarbonyl 
compounds with acids have been discussed by 
Huisgen,13 who distinguished the “catalytic reac- 
tion” (equation 3) in which the products are inde- 
pendent of the nucleophilic species present, and the 
“stoichiometric reaction’’ (equation 4) in which the 
nature and concentration of the nucleophile play a 
commanding role.14 

H20 
RCOCHNz + H + +  RCOCHz+ + Kz + 

RCOCHzOH + H +  (3) 

RCOCHNz + HA + RCOCHpA + Yz (4) 

The conditions employed in the reaction of I with 
dilute sulfuric acid were chosen to correspond to the 
catalytic reaction (equation 3), while the reactions 
with glacial acetic acid and concentrated sulfuric acid 
quite evidently corresponded to  equation 4. In  the 
latter reactions the results are in accord with the rela- 
tive nucleophilic capabilities of acetate ion and bisulfate 
ion. With the very weakly nucleophilic bisulfate ion, 
participation of the neighboring methoxy group be- 
comes a significant reaction; in acetic acid no more 
than a trace of the chromanone was produced. Cycli- 
zation clearly becomes much more important under the 
catalytic conditions, even though nucleophilic solvent 
is available. This is consistent with the view that the 
stoichiometric reactions, in solvents of lower dielectric 
strength, involve a rather closely associated ion pair 
111, in which competition of a neighboring group is less 
favorable than in the solvated diazonium ion 11. 
The reaction of I with boron trifluoride etherate repre- 
sents essentially the limiting case, in which no effective 
nucleophile is present, and thus ring closure is the 
only reaction observed. The formation of the cyclic 
ether VI must involve the oxonium ion IV in the re- 
actions with sulfuric acid, or the oxonium fluoroborate 

(13) R. Huisgen, Angew. Chea.,  67, 442 (1955). 
(14) The catalytic reaction has been represented13 with a carbonium 

For the purposes of this discussion i t  may equally well, 
there is 

ion intermediate. 
OP perhaps better, be represented as  a diazonium intermediates; 
little basis for a distinction between the two  in the present work. 
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VI1 in the case of boron trifluoride, followed by nucleo- 
philic attack a t  the methyl group. The hydroxy ketone 
Vc is probably derived by hydrolysis of the oxonium 
ion IV, since the anchimerically assisted conversion of 
the diazonium ion I1 to  the IV  would be expected to  be 
faster than direct solvolysis of 11. 

The success of the cyclization reaction of I with boron 
trifluoride encouraged us to attempt the preparation of 
benzoxepanone from the next higher homolog. A 
diazo ketone was prepared in the usual way from o- 
methoxyhydrocinnamoyl chloride and was treated 
without isolation with boron trifluoride etherate. 
Only a very small amount of volatile product could be 
distilled from the dark reaction mixture. The proton 
n.m.r. spectrum of the major component in the distil- 
late contained, among other peaks, a 2-proton doublet 
a t  5.45 T with J = 47 c.p.s. This feature clearly 
indicated the presence of the COCH2F grouping, l5 

and analysis of the 2,4-dinitrophenylhydrasone con- 
firmed the composition of l-fluoro-4-(o-anisyl)-2-buta- 
none, There was no indication of the formation of the 
seven-membered cyclic ether. 

Although kinetic data have not been obtained, i t  
seems quite plain from the product data in this and 
previous work6-8 that the importance of o-methoxy 
participation of this reaction falls off sharply in the 
order of ring size 5 > 6 >> 7. This is entirely consist- 
ent with the order observed in the solvolysis of w- 
methoxy bromobenzenesu1fonates.l6 It must be noted, 
however, that in the latter solvolyses, anchimeric 
assistance is negligible when a four-membered ring is 
involved-e.g., 3-methoxypropyl brosylate ; while 
in the diazo ketone reactions, formation of a four- 
membered ring is quite favorable, as mentioned above, 
and substantial rate enhancement due to an a’-sub- 
stituent has been observed in one case of four-membered 
ring formation.6 

The unexpected isolation of a fluoro ketone in this 
reaction prompted the examination of the reactions of 
the two unsubstituted phenyl diazo ketones VI11 and 
IX with boron trifluoride. These reactions were also 
of interest from the standpoint of possible cyclization 
to an indanone” and a tetralone, l8 respectively, both 
of which have been observed in other cases. 

In  both reactions, two products were obtained in 
approximately equal amounts (20-30% yields). The 
lower-boiling products contained fluorine and showed 
the characteristic n.m.r. splitting with a J value of 47 
C.P.S. for a-fluoro ketones. The structures of the 
fluoro ketones mere established as X and XI by con- 
version to the corresponding methyl ketones. Pro- 
longed refluxing with sodium iodide in acetone led to 
the iodo ketones, which were then reduced with con- 
centrated hydriodic acid; phenylacetone and 4-phenyl- 
2-butanone were characterized as the dinitrophenyl- 
hydrazones. 

The presence of a doublet in the proton n.m.r. spec- 
trum of l-fluoro-2-phenyl-2-propanone a t  6.33, with 
J = 3.2 c.p.s. for methylene alpha to phenyl and 
carbonyl, is interesting since it demonstrates spin- 
spin splitting of hydrogen by fluorine separated by 

(15) G. V. D. Tiers. J .  Am. Chem. Soc., 79, 5585 (1957). 
(16) S. Winstein, E Allred, R. Heck, and R. Glick, Tetrahedron, 3, 1 

(1958) 
(17) A. L Wilds, J. Van der Berghe, C. H. Winestock, R. L. yon Trebra, 

and N. F. Woolsey, J .  Am. Chem. Soc.. 8 4 ,  1503 (1962). 
(18) J. W. Cook and R. Schoental, J .  Chem. SOC , 288 (1945). 

+ -  

II I 

lMajor  

CHz OCH, \ 

VI 

mcHzcoCHzX 
Va. X = OAc 

b. X = (SOdhh 
I &  

c. X =  OH 

CH3 
VI1 

Figure 1 

four bonds. This type of long-range splitting has 
been observed in the C-19 methyl signal of 6-fluor0 
steroids.Ig The F19 n.m.r. spectrum20 of l-fluoro-3- 
phenyl-2-propanone showed a triplet further split into 
triplets, with J values of 47 and 3.2 c.p.s., respectively. 
This confirms the four-bond spin-spin splitting of this 
fluoro ketone. 

The higher-boiling fractions in each case were also 
ketonic, and the proton n.m.r. spectra and analyses 
indicated that they were the ethoxy ketones XI1 and 
XIII .  Traces of other components were present in 
the V.P.C. tracings of both reaction mixtures, but no 
other compounds were identified. 

EtOEt  
COHs( CH2)nCOCHNz + BF, v CsHS( CHz)nCOCH*F 

VIII. n = 1 X. n = l  
IX. n = 2 XI. n = 2 

CHz)nCOCHzOEt 
XII. 72 = 1 

XIII. n = 2 

The formation of these products reveals two hitherto 
unrecognized paths in the reactions of diazo ketones 
with boron trifluoride. The formation of a-alkoxy 
ketones in the reaction of diazo ketones with alcoholic 
boron trifluoride was reported some years ago by 
Kemman and Beal, l 2  and represents a useful preparative 
method; but the reaction with boron trifluoride ether- 
ate was reported to give only tars. Very recently, the 
formation of an indanone has been observed with 
boron trifluoride in ether when two additional phenyl 
substituents are present in the a’-position.l7 After 
our work was completed, the reaction of diazoaceto- 
phenone with boron trifluoride in ether vas  reported to 
lead to  a bisphenacyldiazonium-boron trifluoride 

(19) A. D. Cross and D. W. Landis, J .  Am. Chem. Soc., 8 4 ,  1736 (1962). 
(20) We are indebted to Dr. E. G.  Brame and R. 6. %dol, Polychemioals 

Department, E. I. du Pont de Nemours & Company, for providing these 
measurements on a Varian HR-40 DP instrument a t  9900 gauss, and for their 
help in interpreting the data. 
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0 

BF, BF3 
/ 

0 
/ 

0 
I + Et20 I + 

RbCHN2 + RC=CHN2 + RC=CHOEt2 + NZ 

0 O F  0 

XVI 
R CHzF+RC=CH I I  R&CHzOEt li 

Figure 2 

complex by loss of one mole of nitrogen, followed by a 
second condensation to  an azobisfuran in unspecified 
yield.21 

The course of the reaction of the diazo ketones VI11 
and IX is interpreted as indicated in Figure 2. Nucleo- 
philic attack by ether at the diazo carbon of XIV would 
lead to the oxonium ion XV and subsequently to  the 
ethoxy ketone, a path typical of the cleavage of ethers 
with powerful electrophiles. The detachment of a 
fluoride nucleophile in the production of the fluoro- 
ketones through XVI is reminiscent of the formation 
of boron difluoride chelates of 1,3-dicarbonyl com- 

A very similar reaction involving the trans- 
fer of fluoride ion from boron to carbon has been ob- 
servedz3 in the formation of fluorohydrins from steroidal 
ep0xides.2~ 

Experimental 
l-Acetoxy-3-(o-anisyl)-2-propanone (Va).-o-Methoxyphenyl- 

acetyl chloride was prepared in 86% yield from o-methoxyphenyl- 
acetic acid25 by refluxing for 30 min. with thionyl chloride, b.p. 
105-110" (0.70 mm.) 

A solution of 1 diazo-3-(o-anisyl)-2-propanone* (I) was ob- 
tained by addition of 7.36 g. (0.04 mole) of the acid chloride t o  an 
excess (0.16 mole) of diazomethane in ether.26 After standing 
for 2 days, 10 mi. of glacial acetic acid was added and the solu- 
tion was stored for another day. Evaporation of the ether and 
rapid distillation through a small Vigreux column at  0.50 mm. 
afforded four fractions: b.p. (1) 125-130°, 2.50 g.; (2) 132- 
139', 0.7 g.; (3) 139-153", 0.5 g.; and (4) 153-BO", 0.4 g. 
Vapor phase chromatography*' of fraction 1 showed a major 
component (80%) and two unidentified minor peaks with shorter 
retention times. Fractions 2 and 3 were homogeneous by 
vapor phase chromatography and the single component cor- 
responded t o  the major peak of 1. From the area under the 
peaks and the weight of the fractions, the yield of Va was 
estimated as 42y0. Fraction 2, used for infrared spectrum** 
(and n.m.r.), showed strong absorption bands a t  5.70 and 5.83 
p (C=O) and at  (7 8-8.2 p (ester and Ar-0-R). The proton 

(21) W. Reid and W. Bodenstedt. Tetrahedron Lettera, No. 6 ,  247 (1962). 
(22) G. T. Morgan and R. B. Tunstall, J .  Chem. Soe., 136, 1963 (1924); 

H. G. Meerwein and D. Voesen. J .  prakt. Chem., 144, 149 (1934); D. F. 
Tavares. pi. I. O'Sullivan, and C. R. Hauser, J .  Org. Chem., 27, 1251 (1962). 

(23) H. B. Henbest and  T. I. Wrigley. J .  Chem. Soc., 4765 (1957); A. 
Bowers and H. J. Ringold, Tetrahedron, 8 ,  14 (1958). 

(24) The possibility that  the fluoro ketones arise by reaction with hydro- 
gen fluoride formed by hydrolysis of boron trifluoride with ambient mois- 
ture seem8 remote. The liberation of fluoride ion from the strong acid 
HBFaOH is slow, and, if this were the pathway, the a-hydroxy ketone, rather 
than the fluoro ketone, would be expected. 

(2.5) J. Levine, T. E. Eble, and H. Fishbach, J .  A m .  Chem. Soc., 70,  1930 
(1948). 

(26)  J. A. hlooreand D. Reed, Org.  Sun., 41, 16 (1962). 
(27) The chromatograms were obtained with a lo-ft. column packed 

with GE-SF96 silicone suspended on firebrick, using a Wilkens Aerograph 
Master A-100 instrument: we appreciate the helpful advice of Mr. N. 
Heindel on vapor phase chromatography. 

(28) The infrared spectra were determined with a Baird Model B re- 
cording spectrometer fitted with a sodium chloride prism. 

n.m.r. spectrumZ@ (20% deuteriochloroform) ehowed a multiplet 
a t  2.73 T and singlets a t  5.31, 6.25, 6.35, and 7.93 7 with relative 
intensities 5:2:3: 2:3, corresponding to CsHs, -COCHnO-, 
CHaO--, Ar-CHZCO- and -COCH3, respectively. 

Fraction 2 waa converted to the semicarbazone (69% yield), 
m.p. 147-148', after recrystallization from methanol. 

Anal. Calcd for CloHI,Ns04: C, 55.90; H, 6.14; N, 15.05. 
Found: C, 55.65; H, 6.03; N, 15.07. 

Fraction 1 was converted t o  the 2,4-dinitrophenylosazone, 
m.p. 259-260", after rerrystallization from acetic acid. 

Anal. Calcd. for C22Hl8N80$: C, 49.07; H, 3.37. Found: 
C, 49.57; H, 3.55. 

3-Chromanone (VI) and i-Hydroxy-3-( o-anisy1)-2-propanone 
(Vc) .-l-Diazo-3(o-anisyl)-2-propanone ( I )  waa prepared from 
0.01 mole of the acid chloride. After evaporation of the ether, 
I waa dissolved in 40 ml. of dioxane and 100ml. of water. Twen- 
ty-one milliliters of 0.192 N sulfuric acid (0.004 eq.) was added 
to this solution over a bmin. period with stirring. After a period 
of 20 hr., 0.079 mole of nitrogen had been collected over water 
and the rate of gas evolution waa negligible. The dioxane was 
evaporated and the residue extracted with ether. After drying, 
the ether waa evaporated and the product distilled at  0.5 mm. to 
give four fractions: b.p. (1) 82", 0.51 g.; (2) 90-112', 1.29 g.; 
(3) 113-118', 2.63 g.; and (4) 114', 0.38 g. 

On the silicone column, fraction 1 gave one sharp peak with 
a shoulder; the major component was identified as 3-chroma- 
none (15% yield) by conversion to the semicarbazone (48% 
vield). m.D. 188-189' after recrvstallization from methanol 
(lit .,' m.p . -188.5' ) . 
Found: C, 58.21: H, 5.15: N, 20.28. 

Anal. Calcd. for CloHs1NaOz: C, 58.55; H, Fj.40; N, 20.48. 

The infrared spectrum of VI contained bands at 5.78 p (C=O), 
8.00 p (Ar-0-R), and 9.52 ,U (R-0-R). There was also a 
weak band at  2.87 p ,  suggesting contamination by the hydroxy 
compound Vc. The proton n.m.r. spectrum (20% deuteriochloro- 
form) showed a mdtiplet a t  3.10 T and singlets at 5.68 and 6.48 7 ,  

relative intensities 2: 1: 1, corresponding to aryl, -COCHzO-R 
and ArCHZCO protons, respectively. There were also two 
minor peaks; one a t  6.20 T waa apparently due to methoxy, 
representing 10% of Vc aa an impurity. 

Fraction 3 showed two peaks by gm chromatography. 
The major component with longer retention time was charac- 
terized as l-hydroxy-3-(o-anisyl)-2-propanone as follows. Oxi- 
dation with periodic acid indicated SO% purity. The infrared 
spectrum showed strong absorption at  2.85 (OH); 5.80 /r 
(C=O); and 8.00 p (Ar-0-R). The proton n.m.r. spectrum 
(20% deuteriochloroform) showed tl, multiplet a t  3.10 7 and single 
peaks a t  5.74, 6.23, 6.33, and 6.72 r ,  relative intensities 4:2:3: 
2: 1; corresponding t o  aryl, -COCHzOH, -0CH3, ArCHzCO-, 
and OH, respectively. The alcohol waa further characterized 
by conversion t o  the 2,Cdinitrophenylosazone whose infrared 
spectrum was identical with that of the 2,4-dinitrophenylosazone 
from Va. The yield of Vc waa estimated to be 19% from vapor 
phase chromatography peak area. The minor component in 
fraction 3 waa proved to be VI by peak enhancement.w 
Di(o-anisy1)-8-ketopropyl sulfate (I%).-To an ether solution 

of I from 0.04 mole of the acid chloride was added 2.04 g. (0.04 
equiv.) of concd. sulfuric acid. Some tar waa formed which waa 
insoluble in both water and ether. The ether solution waa 
washed twice with water, dried over anhydrous sodium sulfate, 
and evaporated. Benzene waa added and evaporated to remove 
the last traces of water. The solid waa filtered and recrystallized 
from benzene to give 1.62 g. (19% yield) of white crystals of Vb, 
m.p. 113'. 

Anal. Calrd. for CzoHztSOs: C, 56.87; H, 5.25. Found: 
C, 56.84; H, 5.19. 

The mother liquor was evaporated and distilled at  0.5 mm.: 
b.p. (1) 83-87", 0.43 g.; (2) 100-104p, 0.34 g. Fraction 1 
showed two peaks of nearly equal area on vapor phase chroma- 
tography with two peaks of nearly equal area on vapor phase chro- 
matography with IO-ft. silicone column. The peak with shorter 
retention time proved to be 3-chromanone by peak enhancement. 
Fraction 1 yielded a semicarbazone (40% yield), m.p. 181-183", 
after three recrystallizations from methanol, whose infrared 
spectrum was identical with that of the semicarbazone of VI. 

(29) N.m.r. spectra were obtained a t  60 Mc. with Varian A-BO instru- 
ment: we are grateful for helpful discusaions of the data with Dr. H. C. 
Beachell. 

(30) Fraction 1 from boron trifluoride reaction was used as authentic 
VI for peak enhancement. 
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Fraction 2 gave three peaks with gas chromatography. The 
first peak (second largest area) had the shortest retention time, 
the same as 3-chromanone; the second peak (largest area) 
was unidentified; the third peak was a minor one. The second 
peak represented approximately a 10% yield of the unidentified 
product. Fraction 2 formed a semicarbazone in very low yield, 
whose infrared spectrum waa identical with that of the semi- 
carbazone of 1-hydroxy-3-( o-anisyl)-2-propanone. The yield of 
3-chromanone waa estimated as 4% by vapor phase chroma- 
t ography . 

Hydrolysis of Di(o-anisy1)-8-ketopropy1sulfate.-One gram of 
Vb waa refluxed with 1 ml of concd. hydrochloric acid and 10 ml. 
of water for 5 hr. on the steam bath. The product waa extracted 
with ether and distilled. Gas chromatography of the distillate 
showed a major peak corresponding to Vc and some minor peaks 
caused by rearrangement of the a-hydroxy ketone. 

3-Chromanone (VI) UsingBoron Trifluoride Etherate.-To 4.32 
g. (0.03 mole) of boron trifluoride etherate31 dissolved in 100 ml. of 
anhydrous ether was added a solution of I (prepared from 0.02 
mole of acid chloride without isolation) in 10 ml. of anhydrous 
ether; nitrogen was rapidly evolved. The ether layer was washed 
with water, dried, and evaporated. Benzene waa added and 
evaporated to complete the drying. The residue was distilled 
at  0.50 mm.: b.p. (1) 84-88', 1.04 g.; (2) 88-113', 0.13 g.; 
(3) 113-116', 0.41 g.; (4) residue, 0.43 g. Fraction 1 was 
shown to be homogeneous by gas chromatography and yielded a 
semicarbazone (78y0 yield), m.p. 183-185', identical by infrared 
spectrum with the semicarbazone of 3-chromanone. The yield 
of VI was 35y0. Fraction 3 ahomTed four peaks, one of which 
proved to be VI; another corresponded to l-hydroxy-3-(o-anisyl)- 
2-propanone (Vc) by peak enhancement.32 The estimated yield 
of Vc was 27,. 

I-Fluoro-4-(o-anisyl)-2-butanone .-(3-(0-Anisy1)propionyl chlo- 
ride, b.p. 110" (0.75 mm.), was prepared in 80% yield by treat- 
ment of o-methoxyhydrocinnamic acid (m.p. 88-89") with thi- 
onyl chloride. An ether solution of 1 -diazo-4-( o-anisyl)-a- 
butanone was prepared, without isolation of the diazo ketone, 
by addition of 19.8 g. (0.10 mole) of 8-(0-anisy1)propionyl chlo- 
ride to 0.04 mole of diazomethane. To 14.2 g. (0.10 mole) of 
boron trifluoride etherate in 225 ml. of anhydrous ether was 
added rapidly the diazo ketone in 85 ml. of anhydrous ether 
at ice bath temperature. After the usual 2-hr. period of standing 
at  room temperature, the product was worked up as in previous 
experiments to  yield two fractions boiling at  0.8 mm.: b.p. (1) 

The infrared spectrum of fraction 1 had bands a t  5.72 and 
5.78 p (C=O); 8.00 p (Ar-0-R); 9.47 and 9.64 p (C-F). 
The proton n.m.r. spectrum (2077, carbon tetrachloride) showed a 
multiplet a t  3.08 7 for aromatic protons; a doublet a t  5.45 7 ,  

with J = 47 c.p.s. for methylene between carbonyl and fluorine; 
a singlet a t  6.32 7 for methoxy, and a multiplet a t  7.25 7 for the 
two methylenes between phenyl and carbonyl. The relative 
intensities were 4:2:3:4, respectively. There were a few very 
small peaks, one of them, a triplet, was recognized as the methyl 
of the ethyl group a t  8.88 7 ,  representing 10% of l-ethoxy-4-(0- 
anisyl)-2-butanone as impurity. Fraction 1 afforded a 2,4- 
dinitrophenylhydrazone, m.p. 148.149". 

Anal. Calcd. for C17H17N4 For: C, 54.25; H, 4.57; F, 5.05. 
Found: C, 54.47; H ,  4.52; F, 3.98. 

l-Fluoro-3-phenyl-2-propanone (X) and I-Ethoxy-3-phenyl .2- 
propanone (XII).-1 -Diazo-3-phenyl-2-propanone (VII) was pre- 
pared by addition of 46.5 g. (0.30 mole) of phenylacetyl chloride 
to an excess (0.80 mole) of diazomethanein ether. After standing 
for a day, the ether was evaporated to yield the diazo ketone, 
m.p. 43-44°.33 The diazo ketone was dissolved in 250 ml. of 
anhydrous ether and added in 3 min. to 42.6 g. (0.30 mole) of 
boron trifluoride etherate in 675 ml. of anhydrous ether a t  ice 
bath temperature. Nitrogen evolution was very rapid. Two 
hours later, the ether solution was washed with water, with 
sodium carbonate solution, and again with water. Three frac- 

116-121°, 0.76 g.; (2) 122-134", 1.44 g. 

(31) The boron trifluoride etherate was distilled just prior t b  use, b.p. 126". 
(32) Fraction 3 from the water dioxane run waa used for peak enhance- 

(33) H. Naga Shima, N. Ninoi, and T. Hanada, J .  Pharm. Soo. Japan, 75, 
ment of Vc. 

438 (1955). 

tional distillations through a small Vigreux column at  2 mm. 
gave three fractions: b.p. (1) 97-99', 6.70 g.; (2) 99-120°, 
6.80 g.; (3) 120-122', 8.90 g. Before analysis these fractions 
were combined with the corresponding fractions of another run 
and fractionally distilled twice more. Fraction 1 gave a posi- 
tive test for fluorine on sodium fusion and a negative test with 
periodic acid. The infrared spectrum showed bands at  5.70 and 
5.76 p (C=O); 9.48 and 9.64 p (C-F). Before running the 
n.m.r., fraction 1 was further purified by preparative vapor 
chromatography on a 5-ft. silicone-on-Chromosorb column a t  
220'. The proton n.m.r. spectrum (20y0 carbon tetrachloride) 
showed a multiplet a t  2.90 T for aromatic protons, a doublet a t  
5.39 T ,  with J = 47 C.P.S. for methylene between carbonyl and 
fluorine, and a doublet a t  6.33 7 ,  with J = 3.2 c.p.s. for methyl- 
ene alpha to phenyl and carbonyl. The relative intensities were 
5 : 2: 2. The two preparations vielded 1-fluoro-3-phenyl 2-propa- 
none (X) in 22.5 and 23.47, yield, respectively. Further 
characterization of fraction 1 involved conversion to the 2,4- 
dinitrophenylhydrazone, m .p. 96-97 O .  

Anal. Calcd. for CIIHIIX" F Oa: C, 54.22: H, 3.94: F, 5.72. _ _  ._ . 
Found: 

Conversion of X to phenylacetone was accomplished by reflux- 
ing 200 mg. of fraction 1 with 5 ml. of 15% sodium iodide in 
acetone for 48 hr. The acetone was evaporated and the residue 
treated with 50 ml. of chloroform and 10 ml. of 5770 hydriodic 
acid. After waahing the chloroform solution with saturated 
potassium iodide solution and dilute sodium thiosulfate solution, 
the solvent was evaporated, and the residue was converted to 
201 mg. (4770 yield) of the 2,4-dinitrophenylhydrazone, m.p. 
147-148'; mixed melting point with the derivative of authentic 
phenylacetone was not depressed. 

Fraction 3 was characterized as l-ethoxy-3-phenyl-2-propa- 
none (XII)  by infrared spectrum 5.75 p (C=O); 8.95 p (R-O- 
R). The proton n.m.r. spectrum (20% deuteriochloroform) 
showed a multiplet a t  2.80 7 for aromatic protons; a singlet a t  
5.98 7 for methylene alpha to phenyl and carbonyl; a singlet a t  
6.30 7 for methylene between carbonyl and ether oxygen; a 
quadruplet a t  6.55 7 ,  with J = 7 c.p.s. for methylene of ethyl 
group; and a triplet a t  8.82 7 ,  with J = 7 c.p.s. for methyl of 
ethyl group. Frac 
tion 3 formed a 2,4-dinitrophenylhydrazone, m.p. 133-134'. 

Anal. Calcd. for Cl,H18N40a: C, 56.98; H,  5.06; N, 15.64. 
Found: 

The yield of XI1 was 23.1% and 31.9y0 for the two prepara- 
tions. 

I-Fluoro-4-phenyl-2-butanone (XI) and l-Ethoxy-4-phenyl-2- 
butanone (XIII).-1-Diazo-4-phenyl-2-butanonea4 ( IX) from 
0.30 mole of hydrocinnamoyl chloride was added without isola- 
tion to 0.3 mole of boron triflnoride etherate and the product 
worked up as in the previous experiment. Three fractional dis- 
tillations a t  2 mm. gave three fractions: (1) b.p. 102-110', 
7.1 g.; (2) 110-128", l.8g.; (3) 128-134', 8.5g. 

Fraction 1 was redistilled and the renter cut passed through 
a 5-ft. silicone preparative column. The infrared spectrum of this 
purified sample showed bands at  5.75 p ((34) and 9.47 p (C-F). 
The proton n.m.r. spectrum (neat) was consistent with I -flUOr0-4- 
phenyl-2-butanone. There was a doublet in 5-6 7 range for 
methylene between carbonyl and fluorine, with J = 47 c.p.s. 
Fraction 1 yielded a 2,4-dinitrophenylhydrazone, m.p. 146- 
148'. 

Anal. Calcd. for C1aH16N,FO4: C, 55.49; H, 4.56; N,  
16.17; F,  5.49. Found: C, 55.38; H, 4.44; N, 16.02; F ,  
6.03. 

The yield of X I  was 16.27c. The structure of XI  was further 
proved by conversion to the 2,4-dinitrophenylhydrazone of 4- 
phenyl-2-butanone (45% yield), m.p. 123-125' (lit.,35 128.5- 
129"), following the procedure of the previous experiment. 

Fraction 3 had absorption bands a t  5.80 p (C=O); 9.00 p 
(R-0-R). The proton n.m.r. spectrum was consistent with 
l-ethoxy-4-pheny1-2-butanone (yield 16.2%). The 2,4.-dinitro- 
phenylhydrazone melted at  115-117'. 

Anal. Calcd. for C18H211?\1105: C, 58.06; H, 5.41; N, 15.05. 
Found: C, 58.33; H ,  5.67; h', 14.90. 

C, 54.56; H, 4.40; F, 5.55. 

The relative intensities were 5 : 2 : 2 : 2 : 3 : . 

C, 57.22; H, 5.40; N, 15.48. 

(34) L. Birkofer, Ber., 80, 83 (1947). 
(35) G. D. Johnson, J .  Am. Chem. Soc., 73, 5888 (1951). 


