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TaBLE IV

Per CeENT Y1ELDS BasEDp oN AMOUNT oF CARBON DioXIDE

Probvcen?®

Yield, %

Nitro- Bromo- Chloro-

Ben- ben- ben- ben- C:Cl- C:Cl- Hex-

Acid zene zene zene  zehe F: F3 ane
Palmitic 69 82 76 67 71 58 40
Phthalic 0 0 32
Terephthalic 26
Propionic 79 61 2 40
Benzoic 6 48 41 0
Stearic 81
2-Ethylbutyric 60 43

@ Using red mercuric oxide and different solvents.

using silver oxide and the acid chloride. The Cristol-
Firth method is simpler than the original Hunsdiecker
method in that it does not require the preparation of the
dry silver salt. In many cases higher yields were ob-
tained with tetrachloroethane as solvent than with car-
bon tetrachloride. This probably was due to the higher
boiling point of the tetrachloroethane which permitted a
higher reaction temperature. Bromobenzene and tet-
rachlorodifluoroethane seem to offer some promise as
other solvents for this reaction. Yellow mercuric oxide
was found to be -almost as effective as red mercuric
oxide. As a general rule aromatic and dicarboxylic
acids underwent less bromodecarboxylation than did
aliphatic monocarboxylic acids.

Experimental

For the preparation and isolation of the organic bromides, 0.1
mole of bromine was slowly added to a warm, stirred mixture of
0.1 mole of acid and 0.1 mole of red mercuric oxide in 150 to 200
ml. of 'solvent. The reaction mixture was then refluxed for at

least 1 hr., then filtered, washed, and dried, and the organic
bromide was separated by fractional distillation. The prepara-
tion of 1-bromohexane is typical of the method used.

Preparation of 1-Bromohexane from Heptanoic Acid.—A few
drops of a solution containing 16 g. (0.1 mole) of bromine in 50
ml. of dry carbon tetrachloride produced an immediate reaction
when added to a warm, stirred mixture of 13.0 g. (0.1 mole) of
heptanoic acid and 22 g. of red mercuric oxide in 150 ml. of dry
carbon tetrachloride. The remainder of the bromine solution was
added slowly and the reaction mixture was refluxed for 1 hr.
The mixture was then filtered, washed with 59 sodium hy-
droxide solution and then with water, and dried with anhydrous
magnesium sulfate. Careful fractional distillation of the solution
gave 6 g. of 1-bromohexane, b.p. 150-159°, n%p 1.4470.

To determine the per cent yield based on the amount of
carbon dioxide produced, 2 ml. of bromine was slowly added to a
warm, stirred mixture containing 50 ml. of solvent, 0.01 mole of
acid, and 5 g. of red mercuric oxide in a 500-ml., three-neck
flask. The flagsk was fitted with a dry nitrogen inlet, separatory
funnel for addition of the bromine, and a reflux condenser. The
carbon dioxide produced was swept out of the flask by nitrogen
and passed through three Dry Ice traps to remove all bromine
vapor and then absorbed in standard barium hydroxide solution.
The barium carbonate precipitate was filtered off and the excess
barium hydroxide was titrated with standard acid. The follow-
ing is typical of the method used.

Bromodecarboxylation of Palmitic Acid.—Bromine (2 ml.)
was added slowly to a warm, stirred mixture containing 50 ml.
of carbon tetrachloride, 2.564 g. (0.01 mole) of palmitic acid,
and 5 g. of red mercuric oxide. The carbon dioxide pro-
duced was swept out of the flask by nitrogen and absorbed in
125.0 ml. of standard 0.2 N barium hydroxide solution. The
barium carbonate precipitate was filtered off and the excess
barium hydroxide titrated with standard hydrochloric acid,
yielding 0.0090 (90%) mole of carbon dioxide.

Acknowledgment.—Acknowledgment is made to the
donors of The Petroleum Research Fund, administered
by the American Chemical Society, for support of this
research and to the E. I. du Pont de Nemours and
Company for furnishing samples of tetrachlorodifluoro-
ethane and trichlorotrifiuoroethane.
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Some g-N-alkylidene- and -arylidenehydrazinotriphenylphosphonium bromides have been synthetized by

reacting triphenylphosphine dibromide with appropriate hydrazones.
phonium bromides with sodamide in liquid ammonia led to the corresponding triphenylphosphazines.

Dehydrobromination of these phos-
These

triphenylphosphazines are nucleophiles as is shown by their reactions with methyl and ethyl iodides to yield

a-N-alkyl-3-N-alkylidene- and -arylidenehydrazinotriphenylphosphonium iodides.
phosphonium iodides have been verified through n.m.r. spectroscopy.

Thes tructures of these
The ultraviolet and visible absorp-

tion data of triphenylphosphazines are compared with those of the corresponding hydrazones.

Recently we became interested in the synthesis and
reactions of organophosphorus compounds containing
a —N=P < linkage, such as triphenylphosphinalkyl-
imines? and triphenylphosphin- and disubstituted
aminoimines.>* These compounds reacted readily
with methyl and ethyl iodides to give dialkylamino-
triphenylphosphonium iodides? and «-N-alkylhy-
drazino- and o-N-alkyl-8-N-disubstituted hydrazino-
triphenylphosphonium iodides,* respectively. Hy-

(1) Author to whom inquiries should be addressed.

(2) H. Zimmer and G. Singh, J. Org. Chem., 38, 483 (1963); Angew. Chem.,
78, 574 (1963); Angew. Chem., Intern. Ed. Eng., 3, 395 (1963),

(3) F. Kaplan, G. Singh, and H. Zimmer, J. Phys. Chem., 87, 2509 (1963).
(4) H. Zimmer and G. Singh, J. Org. Chem., 39, 1579 (1964).

drolysis of dialkylaminotriphenylphosphonium iodides
and o-N-alkyl-8-N-disubstituted hydrazinotriphenyl-
phosphonium iodides furnished the corresponding
secondary amines and 1,1,2-trisubstituted hydrazines,
respectively, in excellent yields. Thus, these com-
pounds, containing a phosphorus—nitrogen double
bond, represent a convenient tool for the synthesis of
certain, especially sterically hindered, secondary amines
and 1,1,2-trisubstituted hydrazines.

The structures of all organophosphorus compounds,
mentioned above, were proved by elemental analyses,
chemical behavior, and ultraviolet and n.m.r. spectro-
scopic studies. The latter method proved to be of
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TasLE I

B-N-ALKYLIDENE- AND -ARYLIDENEHYDRAZINOTRIPHENYLPHOSPHONIUM BROMIDES
(PhyP—NH-—N=CRR’)* Br~

Yield, ~——Carbon, %—— Hydrogen, % Nitrogen, %

No. =CRR’ Formula Color M.p., °C. %% Caled. Found Caled. Found Caled. Found

1  Benzylidene CosH2BrN,P White 225 93.2 65.08 65.41 4.80 4.84 . ..

2 p-Nitrobenzylidene  CyiHyBrN;O0.P  Yellow 162 88.4 59.29 59.55 4.15 4.26 8.30 7.88

3 Furfurylidene CysHyBrN,OP  Brownish 189-190 dec. 74.4 61.20 61.12 4.43 4.63 6.21 6.23

4 Diphenylmethylene CyHyBrN,P White 200-201 940 69.28 68.74 4.87 4.97 . .

5  Fluorenylidene CuHyBrN,P Yellow 226-228 98.0 69.54 68.91 4.52 4.71 5.23 5.32

6 Camphorylidene C2sHygpBrN,P White 173-174 98.6 66.25 66.10 6.31 6.02 5.52 5.72

7  Fenchonylidene CosHgy:BrN.P White 167-168 73.5 5.52 5.71

TasLE II
TRIPHENYLPHOSPHAZINES
Ph;P=N-—N=CRR’
Yield, @ ~—Carbon, %—— Hydrogen, % Nitrogen, %

No. =CRR’ Formula Color M.p., °C. %% Caled. Found Caled. Found Caled. Found

8 Benzylidene CyHuN,P Yellowish 129-130* 90.0 78.94 78.92 5.56 560 7.36 7.37

9  p-Chlorobenzylidene CousHxCIN.P®  Yellowish  158.5 81.9 72.38 71.87 5.06 5.10 6.76 6.88
10  p-Nitrobenzylidene CosHzo N30, P Red 162 94.0 70.59 70.21 4.70 4.96 9.41 9.51
11 Furfurylidene CyH;1oN.OP Pinkish 129-130 dec. 60.0 74.59 74.86 5.17 5.24 7.56 7.54
12  Diphenylmethylene CuHys NP Yellowish 165 dec.® 76.8 81.56 81.26 5.48 5.66 6.14 6.33
13 Fluorenylidene Cy HayNoP Yellow 205 dec.®* 96.4 81.92 81.94 5.10 5.02 6.16 6.39
14  Camphorylidene CasHy NP Yellowish  161-162 80.2 78.87 79.08 7.28 7.33 6.57 6.69
15 Fenchonylidene CysHz NP Yellowish 144-145 68.0 78.87 79.32 7.28 7.34 6.57 6.39

-]

@ Lit.!! m.p. 65°. ? Prepared according to eq. 2.
special value particularly for the determination of
the position of alkylation during the reaction of alkyl
halides with triphenylphosphinaminoimines.* Invari-
ably, the alkylation occurred at the a-nitrogen.

In further pursuit of the interest developed with the
investigation of the chemistry of —N=P < bond con-
taining systems, attention was directed towards the
synthesis, and chemical and spectroscopical behavior of
triphenylphosphazines, another class of compounds
containing phosphorus-nitrogen double bonds. This
report deals with the synthesis and elucidation of some
chemical properties of certain triphenylphosphazines.

Triphenylphosphazines (I) were first prepared by
Staudinger and co-workers®® by treating triphenyl-
phosphine with diazo compounds (eq. 1). Recently,

Ph;P + N,CRR’' —> Ph,P=N—N=CRR’ (1)
I

the preparation of triphenylphosphazines was reported
by several authors.”—% All of them used Staudinger’s
method for the synthesis of these compounds.

When this work was in progress,® Bestmann, et
al.,''12 probably also guided by Horner’s method of
preparing triphenyiphosphinimines,!? reported the syn-
thesis of triphenylphosphazines. These authors al-
lowed hydrazones to react with triphenylphosphine
dibromide in the presence of triethylamine to get phos-
phazines (eq. 2).

2EtaN
Ph;PBr; + HQON—N=CRR’' ——>
PhP=N—N=CRR’ + 2(Et;NH)* Br~ (2)

(5) H. Staudinger and J. Meyer, Helv. Chim. Acta, 3, 619 (1919).

(6) H. Staudinger and G. Lischer, tbid., 8, 75 (1922).

(7) F. Ramirez and 8. Levy, J. Org. Chem., 38, 2036 (1958).

(8) H. J. Bestmann, H. Buckschewski, and H. Leube, Ber., 93, 1345
(1959).

(9) W. Ried and H. Appel, Z. Naturforsch., 16b, 684 (1960).

(10) G. Singh, Ph.D. Thesis, University of Cincinnati, 1963.

(11) H.J. Bestmann and H. Fritzsche, Ber., 2477 (1961).

(12) H.J. Bestmann and L. Gothlich, Ann., 688, 1 (1962).

(13) L. Horner and H. Oediger, bid., 627, 142 (1959).

¢ Lit.51 m.p. 173°.

¢ Lit.> m.p. 209-210° dec. ° Lit.!* m.p. 203

Results and Discussion

In this study triphenylphosphine dibromide was
treated with hydrazones in the presence of equimolar
amount of triethylamine. B-N-Alkylidene- and -aryli-
denetriphenylphosphonium bromides were isolated in
good to excellent yields (eq. 3, Table I.). The phos-
phonium bromides reported here were stable, high-

melting solids.

Et:N
PhaPBI‘g + HzN—N=CRRI e

(PhyP—~NH—N=CRR’)* Br~ + (Et;NH)* Br~ (3)

The dehydrobromination of g-N-alkylidene- and
-arylidenehydrazinotriphenylphosphonium bromides to
the corresponding triphenylphosphazines was again
readily effected with sodamide in liquid ammonia?
(eq. 4). The relevant data about the triphenylphos-
phazines are listed in Table IT,

NaNH;
—_—
lig. NH:
Ph;P=N—N=CRR' + NaBr + NH; (4)

(Ph;P—NH—N=CRR')* Br~

The triphenylphosphazines reported in this paper
were stable under ambient conditions. They reacted
with methyl and ethyl iodides to give 1:1 addition
reaction products as shown by the elemental analyses.
That the products obtained from the reactions of tri-
phenylphosphazines and the alkyl halides were «-N-
alkyl-8-N-alkylidene- and -arylidenetriphenylphos-
phonium iodides (II) and not compounds of structure
ITI was confirmed by n.m.r. studies (Table III).

Ph,P=N—N=CRR’ + R"’I ——\

! '

(Pth—-NR”EN=CRR’)+ I- (PhyP==N—N=CRR')*I-

R/I
111 (5)

R’ = Me and Et
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TasLe II1

a-N-ALKYL-3-N-ALKYLIDENE- AND -ARYLIDENEHYDRAZINOTRIPHENYLPHOSPHONIUM IoDIDES
(PhP—NR""—N=CRR")* I~

Re-

fluxing

period, Yield, ~——Carbon, %— Hydrogen, % Nitrogen, %
No. =CRR’ R’ Formula Color hr. M.p., °C. % Caled. Found Caled. Found Caled. Found
16  Benzylidene CHs CausHuIN:P White 3 229-230 dec.® 100.0 59.77 58.55° 4.60 4.65 5.32 5.25
17 C:Hs CaurHaIN2P White 3 210 dec. 93.3 60.45 60.39 4.85 5.01 5.22 4.95
18 p-Chlorobenzylidene CHs CgH2CIIN:P  White 2 204 dec. 75.7 56.06 55.33 4.13 4.27 5.03 5.07
19 p-Nitrobenzylidene CH: CiHuIN:O:P  Yellow 1 223 93.2 55.03 54.97 4.06 4.30 7.41 7.20
20 CyHs CuHasINsO:P Yellow 2 193 90.0 55.77 55.62 4.30 4.57 7.23 7.00
21  Furfurylidene CH: CuH2IN20P  Brownish 3 215-217 dee. 93.0 56.25 55.76 4.30 4.19 5.47 5.43
22 C:Hy CuHxuIN:OP  Brownish 3 219-220 dec. 90.0 57.03 56.07° 4.57 4.81 5.32 5.13
23 Diphenylmethylene CH: CsHuIN:P White 2 195-196 dec.© 90.3 64.23 63.78 4.68 4.70 4.68 4.83
24 C:Hs CuHxIN:P White 3 190-191 dec. 85.0 64.71 64.31 4.90 4.91 4.58 4.93
25  Fluorenylidene CHs CuHwuIN:P  Yellow 5  180-181 dec.? 84.6  64.42 63.18> 4.36 4.60 4.70  4.68
26 C:Hy  CauHauINoP Yellow 12 209-210 dec. 57.6 . .. .. 4.57 4.44
27  Camphorylidene CHs CxHulN:P White 3 199 71.5 61.27 60.71 6.00 6.02 4.95 4.80
28 CiHs CaoHsuINP White 3 192-194 62.1 61.86 61.57 6.18 6.37 4.81 5.00
29  Fenchonylidene CHs CuHuIN:P White 3 238-239 93.0 61.27 60.74 6.00 6.02 4.95 4.57
30 CiHs  CsHzsIN:P White 3 248 dec. 87.5 61.86 61.70 6.18 5.96 4.81 4.70

4 Lit.!? m.p. 230-231°.
¢ Lit.1? m.p. 175-178°.

TasLE IV
N.M.R. DaTA® OF a-N-METHYL-3-N-ALKYLIDENE- AND
-ARYLIDENEHYDRAZINOTRIPHENYLPHOSPHONIUM 1ODIDES
——P-N-CH;——

Jp, Hy
No. Compd. scE c.p.8.
16 (PhyP—NCH;—N=HC-CH;)* I~ 3.52 9.4
19 (PhaP—‘NCHg'—'N=HC -C.;H4'NO2-D) +
I- 3.65 9.0
21 (PhaP—NCH;rN:HC-@ yfi- 3.46 9.3
23 (PhsP—NCH;—N==C(CeH;),;)* I~ 2.91 12.0
25 (PheP—NCH—N= | 3.36 14.0
27  (PhsP—NCH,—N 2.25 13 .4
HoC
20  (PhP—NCH,—N yr1- 3.19  15.5
HC oy,

¢ Spectra were obtained in deuteriochloroform, using a Varian
A-60 spectrometer. ° Chemical shifts are in parts per million
downfield from an internal reference of tetramethylsilane.

N.m.r. investigations were conducted on com-
pounds obtained from the reactions of triphenyl-
phosphazines with methyl iodide (eq. 5).1* Recently,
we reported®? the occurrence of long-range P3-H!
coupling in systems such as P—N—C—H and
P—N—C—C—H. But the long-range coupling be-
tween phosphorus and the protons was not detectable
in compounds containing the P=N—N—C—H (or
P—N—N—C—H) system. As is evident from Table
IV, a rather strong spin-spin coupling between phos-
phorus and the methyl protons was observed in the case
of compounds in question. Thus, long-range P3-H!
spin—spin coupling supported the structure II over
structure III, because the latter possessed a non-
coupling system, ¢.e., P=N—N—C—H.

(14) Methyl iodide reaction products were selected for n.m.r. study be-
cause of the simplicity of their spectra.

® Owing to incomplete combustion, carbon analysis was slightly low; see also ref. 12.

¢ Lit.!2 m.p. 199-200°.

Ultraviolet and Visible Absorption Spectra of Tri-
phenylphosphazines.—The ultraviolet and visible ab-
sorption spectra of triphenylphosphazines were com-
pared with those of the corresponding hydrazones
(Table V). The spectra of triphenylphosphazines
were very much different from the simple addition
spectra of triphenylphosphine? and the corresponding
hydrazones. For example, p-nitrobenzaldehydetri-
phenylphosphazine exhibited a high intensity absorp-
tion at 419 mu, whereas p-nitrobenzaldehyde hydrazone
absorbed at 332 mu. Similar absorption shifts were
observed in the case of other triphenylphosphazines,
especially those derived from aromatic aldehydes.
Whether these large bathochromic shifts in the case
of triphenylphosphazines as compared with the hydra-
zones are due to the difference in the azinyl group
(=N—N—CRR’) and the hydrazone, or due to reso-
nance between the phenyl groups and the azinyl group
through the d-orbitals of phosphorus, could not be
decided from the data reported here. However,
synthesis of additional phosphazines, better suited to
shed light on this problem, is underway in this labora-
tory, and will be the subject of a later communication.

Experimental'®

Preparation of Hydrazones.—The hydrazones of benzalde-
hyde,!® p-nitrobenzaldehyde,'” p-chlorobenzaldehyde, furfural,®
benzophenone,'® fluorenone,® d-camphor,? and di-fenchone?
were prepared according to the methods reported in the literature.
p-Chlorobenzaldehyde and di-fenchone hydrazones, prepared for
the first time, melted at 57-58° and 56°, respectively. Owing to
the extreme hygroscopicity of d-camphor and di-fenchone hy-
drazones they were used immediately for further reaction.

B-N-Alkylidene- and -arylidenehydrazinotriphenylphosphon-
ium Bromides (Table I).—The appropriate hydrazone (0.1 mole)
and triethylamine (10.1 g., 0.1 mole) were added simultaneously,
with stirring, to freshly prepared triphenylphosphine dibromide!?
(42.2 g., 0.1 mole) in dry benzene (200 ml.) over a period of 0.5
hr. The stirring was continued for an additional hour; then dry

(15) Melting points are uncorrected. Microanalyses were by A. Bern-
hardt, Mikroanalytisches Laboratorium im Max Planck Institut, Miil-
heim/Ruhr, Germany, and by Galbraith Laboratories, Knoxville, Tenn.

(16) T. Curtius and L. Pflug, J. prakt. Chem., [2] 44, 537 (1891).

(17) T. Curtius and A. Lubin, Ber., 83, 2464 (1900).

(18) L. Wolff, Ann., 394, 101 (1812).

(19) T. Curtius and F. Rauterberg, J. prakt. Chem., (2] 44, 192 (1891).
(20) 8. G. Cohen, F. Cohen, and C. Wang, J. Org. Chem., 38, 1479 (1963).
(21) W. Reusch, M. W. Dicarlo, and L. Traynor, thid., 26, 1711 (1961).
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TaBLE V
ULTRAVIOLET AND VISIBLE ABSORPTION SPECTRA® OF TRIPHENYLPHOSPHAZINES AND HYDRAZONES

Triphenylphosphazine, PhsP—=N—N=CRR*

Hydrazone, H;N—N=CRR'——

=CRR' Amax, My (emax X 1074) Amax, Mp (emax X 1074
Benzylidene 262 (0.98),% 260 (1.15),° 277 (1.30),2 307 (1.77),> 330 (1.98) 275 (1.93)
p-Chlorobenzylidene 262 (0.7),% 268 (0.82),° 276 (0.96),® 315 (1.70), 338 (1.96) 279 (1.95)
p-Nitrobenzylidene 257 (1.51),% 261 (1.54), 265 (1.50),> 273 (1.30),> 292 (0.80),> 419 (2.37) 332 (1.25)
Furfurylidene 258 (0.30),° 262 (0.36)," 265 (0.43), 274 (0.46), 328 (0.59) 287 (1.17)
Diphenylmethylene 262 (0.62), 269 (0.64),> 275 (0.68), 321 (0.87) 275 (0.96)
Fluorenylidene 288 (0.75)," 297 (0.89), 309 (0.90), 372 (2.25),> 386 (2.35) 297 (1.67), 306 (1.57),> 332 (1.86)
Camphorylidene 256 (0.48),> 260 (0.50), 266 (0.50), 273 (0.43), 290 (0.29) 276 (0.20)
Fenchonylidene 258 (0.62),° 264 (0.57),° 272 (0.48),” 298 (0.40) 276 (0.35)

¢ Spectra were determined in chloroform using a Cary recording spectrophotometer (Model 11).

ether (300 ml.) was added to precipitate the phosphonium bro-
mides. After a short while the solid was collected by suction
fltration and washed with ice-cold water to remove triethyl-
ammonium bromide. The remaining solid was crystallized
from chloroform—ethyl acetate mixture. Analytical samples
were prepared from the same solvent.

Triphenylphosphazine (Table II).—They were prepared from
the corresponding phosphonium bromides (see Table I) by treat-
ing them with sodamide in liquid ammonia. The residue left
behind after the evaporation of ammonia was extracted with
boiling ethylcyclohexane. Upon cooling the extract, the colored
phosphazines precipitated. Analytical samples were also pre-
pared by recrystallization from ethyleyclohexane.

a-N-Alkyl-3-N-alkylidene- and -arylidenehydrazinotriphenyl-
phosphonium Iodides (Table III).—A mixture of appropriate
triphenylphosphazine (0.01 mole) and 15 ml. of methyl or ethyl

® Inflection points.

iodide was refluxed for different periods of time (see Table III).
The reaction mixture was then cooled to room temperature and
an excess of ethyl acetate was added. The precipitate that
separated was collected by suction fltration. Analytical
samples were obtained by recrystallization from a mixture of
chloroform and ethyl acetate.
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The relative rates of palladium-catalyzed decarbonylation of cinnamaldehyde and trans-a-substituted cin-

namaldehydes were determined at 191 &£ 1°.

The observed order of reactivity was cinnamaldehyde > a-

phenyl- > a-methyl- > a-ethyl- > a-n-propyl- > a-isopropylcinnamaldehyde.

Recently a stereochemical study of palladium-cat-
alyzed decarbonylation of trans-a-substituted cinna-
maldehydes was reported.! The major path taken by
the aldehydes, and possibly the only one, led to reten-
tion of configuration. The product was capable under
reaction conditions of isomerizing to configurational
and double-bond positional isomers.

C¢H; R Pd
>C=C< —_—
H CHO
CeHs R pd CeH; H
Co + >C=C< —> >C=C<
H H R

To extend the mechanistic data concerning decar-
bonylation a study of the kinetics of decarbonylation
was undertaken. Cinnamaldehyde and itrans-a-sub-
stituted cinnamaldehydes were chosen for the study
because of their availability to us, because some knowl-
edge of their reaction path had been gained through
the stereochemical study, and because the variation in
structure of these aldehydes seemed suitable for the de-
termination of the magnitude of a steric effect in the
reaction.

(1) N. E. Hoffman, A. T. Kanakkanatt, and R. F. Schneider, J. Org.
Chem., 37, 2687 (1962).

The decarbonylation of cinnamaldehyde was found
to be kinetically first order.? However, the rate con-
stant was difficult to reproduce accurately from run to
run. Because it appeared that the decarbonylation
rates of the cinnamaldehydes did not differ greatly,® it
was felt that observed differences in rates between
aldehydes might be significantly affected by experimen-
tal error if absolute rates were measured. Instead,
relative rates were measured. Pairs of aldehydes were
decarbonylated in boiling p-t-butyltoluene. Thus, any
indeterminate error would affect both aldehyde rates.
p-t-Butyltoluene was chosen because it appeared to
offer little chance of solvent or solvent—aldehyde reac-
tion and at the same time furnished a high reaction
temperature. It is the purpose of this paper to describe
the results of this relative rate study.

The decarbonylation of a pair of cinnamaldehydes, D
and E, followed the first-order equation for simultane-
ous reactions.

ko /g = 198 ([D1o/(DD)
P/%8 = Jog ([Elo/[E])

Table I illustrates results of a typical competitive
decarbonylation of a-methyl- and a-ethylcinnamalde-

1

(2) A.T. Kanakkanatt, M.8. Thesis, Marquette University, 1960.



