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The following compounds were prepared. Their chemical
shifts are shown in Table I.
N,N’-Bis(methylsulfonylmethyl)urea, (CH;S0,CH,NH),CO,
was prepared in 38% yield, mp 178-179°, from water. Anal.
Caled for C:HpN:0s3:  C, 24.58; H, 4.95; N, 11.47; 8, 26.25.
Found: C, 24.39; H, 5.51; N, 11.22; S, 26.22.
N-(Methylsulfonylmethyl) benzamide, CH;SO.CH,NHCOC:H;,
was prepared in 427 yield, mp 181-182°. Amnal. Caled for
C,H; NO:S: C, 50.89; H, 5.20; N, 6.57; 8, 15.04. Found:
C, 50.96; H, 5.21; N, 6.85; 8, 14.90.
N-(Methylsulfonylmethyl)acetamide, CH;SO,.CH,NHCOCHj,,
was prepared in 219, yield, mp 110-111°, from chloroform-carbon

tetrachloride. Anal. Caled for CHNO;S: C, 31.78; H, 6.00;
N, 9.27; 8,21.21. Found: C, 32.02; H, 6.13; N, 9.30; 8,
20.96.

N-(Methylsulfonylmethyl)methanesulfonamide, CH;SO,CH,-
NHS0.CH;, was prepared in 379, yield, mp 106-107°, from ethyl
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acetate. Anal. Caled for CsH\NOGS:: C, 19.24; H, 4.85; N
;44?(,5 S, 34.25. Found: C, 1875 H, 4.92; N, 7.71; S

N,N-Bis(methylsulfonylmethyl)-p-toluidine, (CH;SO.CH,);-
NCsHiCHs-p, was prepared on a 0.1-mole scale from p-toluidine,
mp 141-144° dec. The pmr spectrum of a 10% solution in
trifluoroacetic acid showed four singlets at 2.37 (CH,Cs), 2.90
(CH;S02), 5.48 (NCH:S0,), and 7.32 ppm (CsH). The areas of
the four peaks were in the ratio of 3:6:4:4. Anal. Caled for
Cl1H17NO4SZI C, 45.34, H, 588, N, 4.81; S, 22.01. Found:
C, 45.31; H, 5.98; N, 4.96; S, 21.84.
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The addition of methylene and carboethoxycarbene, generated photochemically from diazomethane and ethyl
diazoacetate, to 4-octyne yielded 1,2-di-n-propylcyclopropene and ethyl 1,2-di-n-propyleyclopropene-3-cat-

boxylate, respectively.

It is shown that a close to statistical reaction of methylene and a more discriminate

reaction of carboethoxycarbene with the carbon-hydrogen bonds occur together with addition to the acetylenic
bond. Diels~-Alder reaction of 1,2-di-n-propyleyclopropene and 1,2-di-n-propyleyclopropene 3-carboxylate
with cyclopentadiene afforded the endo adduets in both cases.

One of the many outgrowths of the chemistry of di-
valent carbon? has been the synthesis of eyclopropenes,
especially the reactions of metal-catalyzed decomposi-
tion of dilazoacetic esters® with acetylenes. Photolytic
decomposition of diazomethane and methyl diazo-
acetate in the presence of 2-butyne has been reported*
to yield 1,2-dimethyleyclopropene and methyl 1,2-
dimethylcyclopropene-3-carboxylate, respectively. Be-
cause there was an interest in a one-step synthesis of
14C-3 labeled cyclopropenes in this laboratory, the
photoinduced reaction of diazomethane and ethyl
diazoacetate with 4-octyne was investigated.

The photodecomposition of diazomethane was carried
out at —78° with a high-pressure mercury lamp giving
light only above 300 mu by use of a filter. No solvent
was used in order to keep the number of reaction
products as low as possible. 1,2-Di-n-propyleyclopro-
pene (1) was isolated in yields up to 259 based on N-
nitrosomethylurea. Its half-life at room temperature
is about 4 weeks, and it can be stored in the refrigera-
tor without polymerization.?

Structural proof of 1 is based on elemental analysis,
and infrared and nmr spectra. The empirical formula
CgHy could imply three structural isomers, 1-1b.
The nmr spectrum shows two equivalent n-propyl
groups and two allylic protons but no vinyl proton,

(1) This work was supported by Public Health Research Grant EF00499-03
from the Division of Environmental Engineering and Food Protection.

(2) P. Miginiac, Bull. Soc. Chim. France, 2000 (1962); E. Chinoporos,
Chem. Rev., 68, 235 (1963); W. Kirmse, Organic Chemistry, Vol. I,
Academic Press Ine., New York, N. Y,, 1964.

(3) (a) I. A. D'yakonov and M. I. Komendatov, Zh. Obshch. Khim., 29,
1749 (1959); (b) R. Breslow, R. Winter, and M. Battiste, J. Org. Chem., 24,
415 (1939); (¢) see F. L. Carter and V. L. Frampton, Chem. Rev., 64, 497
(1964), for further reference.

(4) W. von E. Doering and T. Mole, Tetrahedron, 10, 65 (1960).

(6) Cyclopropene itself cannot be stored at ~75°: M. J. Schlatter, J. Am.
Chem. Soc., 68, 1733 (1941).

thus supporting structure 1. The infrared spectrum
contains absorption at 1865°% and 1007 em~—!7 with no
absorption around 910 e¢m~!? eliminating vinylcyclo-
propanes of the type 1a. There is no ultraviolet ab-
sorption above 200 mu. In accordance with structure
1, a positive Halphen test® is observed.

H
R R R R R
H
HH H H H
1 la 1b
R=n'CQH7

The adduction of 1 with excess cyclopentadiene®
was carried out directly in the photolysis mixture to
give the adduct 5a in 739, yield. Elemental analysis
and infrared and nmr spectra are in accord with the
tricyclic structure. A choice between the endo or
exo configuration for the tricyclooctene 5a was accom-
plished by nmr spectroscopy. The cyclopropyl proton
of endo form 5a should be shielded by the double bond
and therefore shifted to a higher field compared to that

(6) Faure and Smith” found a weak absorption in sterculic acid at 1865
em-1 and anticipate that the carbon-carbon double-bond stretching fre-
quency in cyclopropenes should lie between those of simple olefins and
acetylenes; for further references, see ref 3c.

(7) P. K. Faure and J. C. 8mith, J. Chem. Soc., 1818 (1956).

(8) This absorption is due to vinylic carbon-hydrogen out-of-plane vibra-
tions: ¢f. L. F. Bellamy, “The Infrared Spectra of Complex Molecules,”
2nd ed, John Wiley and Sons, Inc., New York, N. Y., 1958, p 51.

(9) F. C. Magne, J. Am. 0il Chemists’ Soc., 42, 332 (1965).

(10) Cyclopropenes readily undergo Diels—Alder additions: (a) K. W.
Wiberg and W, J, Bartley, J. Am. Chem. Soc., 83, 6375 (1960); (b) M. A.
Battiste, Chem. Ind. (London), 550 (1961); J. Am. Chem. Soc., 85, 2175
(1963); (¢) M. A. Battiste, Tetrahedron Letters, No. 50, 3795 (1964).
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n- C;;H';

n-CH;
n-C;H, n-CH,
H R H R
5 6

a, R=H
b, R = COOCzH,—,

for the same proton of the saturated adduct 6a. Shield-
ing of 0.67 ppm for the cyclopropyl proton of Sall
establishes the endo configuration.

The three possible side products of the photoin-
duced decomposition of diazomethane in the presence
of 4-octyne, 6-methyl-4-octyne (2), 7-methyl-4-octyne
(3), and 4-nonyne (4), which can result from methylene
insertion into the carbon-hydrogen bonds of the 4-
octyne molecule,’? were isolated. 4~Octyne contains

% X

2, X = CH; 3, X = CH;
8, X = CH,—COOC:H; 9, X = CH.COOC.H;
RC=CCH,CH.CH,X
4, X = CH,
10, X = CH.COOC,H;
R = n-CxH-z

primary, secondary, and ‘“allylic’” hydrogens, and
insertion of methylene can occur principally at each
of these bonds to give 4, 3, and 2, respectively, in the
statistical ratio of 6:4:4. Addition to the acetylenic
bond can also take place to yield 1,2-di-n-propyleyclo-
propene (1). Actually these four products are formed
in the ratio of 23:19:19:38,® respectively. This
suggests that the relative reactivity of methylene with
the acetylenic bond of 4-octyne is about eight times
that with a carbon-hydrogen bond in the same mole-
cule and the distribution of methylene insertion prod-
ucts is close to statistical.

The structures of 6-methyl-4-octyne (2) and 7-
methyl-4-octyne (3) were confirmed by synthesis.
They were prepared by alkylation of lithium-1-pentyne
with sec-butyl bromide and isobutyl p-toluenesulfo-
nate, respectively, according to the general procedure
of Elsner and Paul.’* The low yields (179, for 3 and
49, for 2) are probably caused by either the limited
solubility of lithium-1-pentyne in dioxane® or a base-
catalyzed olefin formation. Carbon~hydrogen analy-
ses and spectroscopic data are in agreement with the
structures assigned.

Similar to the copper-catalyzed reaction, the photo-
decomposition of ethyl diazoacetate in 4-octyne solu-

(11) M. A, Battiste' reports shielding constants of comparable magnitude
for the adduct of triphenylcyelopropene—cyclopentadiene.

(12) For the indiscrimina‘e reaction of methylene with carbon-hydrogen
bonds, see W. von E. Doering, R. G. Buttery, R. G. Laughlin, and N. Chaud-
huri, J. Am. Chem. Soc., T8, 3225 (1956); D. B. Richardson, M. C. Simmons,
and I. Dvoretzky, 1bid., 82, 5001 (1960); 838, 1934 (1961).

(13) Differences hetween these statistical and actual ratios are not con-
sidered to be quantitative, because an estimated 109 experimental error
exists in the determination of the actual ratios.

(14) DB, B. Elsner and P. ¥, Paul, J. Chem. Soc., 833 (1857).

(15) The solubility of lithium alkynes in dioxane is directly related to the
chain length of the alkyne: lithium-i-hexyne is completely soluble; lithium
acetylide is completely insoluble [H. H, Schlubach and K. Repenning, Ann.
Chem., 614, 37 (1958)].

(18) I. A. D’yakonov, M. I. Komendantov, I. G. Gokhamonova, and
R. Kostikov, Zh. Obshch. Khim., 29, 3848 (1959).
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tion affords ethyl 1,2-di-n-propyleyclopropene-3-car-
boxylate (7) in high yield. Analysis of the reaction
mixture indicated additional formation of ethyl 3-
ethyl-4-octynoate (8), ethyl 3-methyl-5-nonynoate
(9), and ethyl 6-decynoate (10) according to inser-
tion reactions of carboethoxycarbene into the various
carbon-hydrogen bonds of 4-octyne. The actual ratio
of formation of 8, 9, and 10 is 14:15:10, compared
with the statistical, nondiscriminatory ratio of 4:4:6.
This indicates a certain selectivity of carbethoxy-
carbene in its reactivity toward the different carbon-
hydrogen bonds in 4-octyne. Although these experi-
ments show the right trend, it is surprising that there
seems to be no preference for the methylene group
“allylic” to the acetylenic bond. The over-all ratio
of products 7:8:9:101is 61:14:15:10. This shows that
the reaction of carbethoxycarbene with the acetylenic
bond to yield the eyclopropene ester 7 is about 21 times
that with a single carbon-hydrogen bond.

When the irradiations of ethyl diazoacetate in 4-
octyne were run in air rather than under nitrogen,
extensive formation of an alkyne ketone and an alkyne
carbinol occurred in addition to the reaction products
7, 8, 9, and 10. Thus, 4-octyn-3-one (11) and 4-
octyn-3-ol (12) in 15 and 99 yield, respectively, were
isolated from the photolysis solutions. Since similar
results were not obtained in the photolysis of diazo-

H3CCHQCHQCEC(~;CHQCH3 H;CCH,CH.C=CCHCH,CH;
|

)51
11 12

methane with 4-octyne, the formation of these oxida-
tion products appears to be due to the reaction of
molecular oxygen with some intermediate in the photo-
decomposition of ethyl diazoacetate.!®

The reaction products from photolysis of ethyl diazo-
acetate with 4-octyne were identified by comparison
with authentic samples. Thus, reaction of 4-octyn-
3-0l (12) with phosphorus tribromide-pyridine!® vielded
3-bromo-4-octyne as the only product. Malonic ester
synthesis and esterification of the resulting 3-ethyl-4-
octynoie acid gave 8 in reasonable yields. Infrared
and nmr spectra are consistent with the proposed
structure. Carbon-hydrogen analysis confirmed the
empirical formula. The structures of 9 and 10 were
elucidated by catalytic hydrogenation to give ethyl
3-methylpelargonate (13) and ethyl caprate. An
authentic sample of 13 was prepared by malonic ester
synthesis.® Allylic oxidation of d4-octyn-3-ol (12)
with active manganese dioxide?! gave 4-octyn-3-one
(11) which showed strong infrared absorption at 2220
and 1680 cm~! The spectral data and elemental
analysis confirm the structure assigned.

Similar to 1, eyclopropene ester 7 yielded adduct 5b
when refluxed with excess cyclopentadiene. Infrared
and nmr spectra and carbon-hydrogen analysis sup-

(17) Carbethoxycarbene has been shown to increase in reactivity toward
carbon-hydrogen bonds in the order primary, secondary, tertiary: W. von
E. Doering and L. H. Knox, J. Am. Chem. Soc., T8, 4947 (1956); 88,
1989 (1961).

(18) This observation is supported by results of Hamilton and Giacin who
observed oxidation of saturated hydrocarbons with molecular oxygen and
triplet carbenes: G. A. Hamilton and J. R. Giacin, 4bid., 88, 1584 (1966).

(19) W.J. Gensler and J. J. Bruno, J. Org. Chem., 28, 1254 (1963).

(1g§§g§ F. 8. Prout, D. E. Dickson, and R. J. Klimkowski, ibid., 24, 826

(21) J. Attenburrow, A. F. B. Cameron, J. H. Chapman, R. M. Evans,
B. A, Heins, and F. Walker, J. Chem. Soc., 1094 (1952),
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ported the tricyclooctene ester structure. Catalytic
hydrogenation gave the saturated product (6b).
Comparison of nmr spectra for 5b and 6b revealed the
same relationship for the cyclopropyl proton resonance
that was observed for 5a with similar shielding of 0.62
ppm. The configuration of the adduct 5b is therefore
considered to be endo.

The mechanism of the photolytic reaction of diazo-
methane and ethyl diazoacetate with 4-octyne is not
understood at this time. It is uncertain whether direct
addition of free carbenes to the acetylenic bond or
photolytic decomposition of intermediate pyrazolen-

R R R
RC=CR + N,c{ — [ = + N,
RN
14
R = n-C;Hj

ines 14 occurs, or if both species are involved in forma-
tion of cyclopropenes and products of insertion reac-
tions into the carbon~hydrogen bond.??

Experimental Section

All boiling points are uncorrected. Infrared spectra were
taken on Perkin-Elmer, Model 337 or Beckman IR-4 spectro-
photometers. Nuclear magnetic resonance spectra were taken
on a Varian A-60 spectrometer, using tetramethylsilane as an
internal standard. Chemical shifts are measured to the esti-
mated center of moment of a multiplet or singlet. Elemental
analysis was carried out by Schwarzkopf Microanalytical Labo-
ratory, Woodside, N. Y.

The Photolytic Reaction of Diazomethane with 4-Octyne.—A
solution of diazomethane in decalin was prepared by adding 30 g
of N-nitrosomethylurea to a well-stirred, ice-cold mixture of 600
ml of decalin and 120 ml of 409 aqueous potassium hydroxide
over a 30-min period. After separation of the two-layer system
and drying of the decalin phase over potassium hydroxide pellets,
the diazomethane was transferred into 300 ml of chilled (—78°)
4-octyne by passing a stream of dry nitrogen through the diazo-
methane solution and allowing it to come to room temperature.
The irradiation of the diazomethane-4-octyne system was accom-
plished by means of a water-cooled (25°), high-pressure mercury
immersion lamp (75 w, designed and built in this laboratory)
surrounded by a transparent Pyrex glass dewar vessel, which
served as both a heat shield and light filter. This complete unit
was immersed in the reaction solution which was maintained at
—78°. A total of four doses of diazomethane was introduced at
intervals sufficiently long to permit the decomposition of the
preceding dose. The diazomethane content of each run was
determined by titration against benzoic acid, and varied from 65
to 7097 with the average concentration of 0.4 M in the 4-octyne.

Gas chromatography [15%, tricyanoethylpropane on Chromo-
sorb P (TCEP), 45°] of the photolyzed reaction mixture indi-
cated 389, of 1,2-di-n-propylcyclopropene (1), 199, of 7-methyl-
4-octyne (3), and 239, of 4-nonyne (4)® corresponding to 25,
12, and 159, of theory based on N-nitrosomethylurea (acetone as
internal standard). Chromatography (159, TCEP, 45°) did
not resolve 6-methyl-4-octyne (2) from 4-octyne but easily sepa-
rated this mixture from the other compounds in a concentrate
after distilling off most of the 4-octyne; in this case analysis was
made by chromatography with known mixtures of the authentic
acetylenes. Thus in 8 normal run 199 of 6-methyl-4-octyne
(2) (129, based on N-nitrosomethylurea) was detected.

1,2-Di-n-propylcyclopropene (1).—Samples of 1 were collected
on a preparative gas chromatography column (5 ft X 0.5 in.i.d.,

(22) The formation of eyclopropenes by photodecomposition of pyrazole-
nines is well established: G. L. Closs and W. A, Béll, Angew. Chem., 75, 640
(1963); J. Am. Chem. Soc., &8, 3904 (1963); R. Anet and F. A, L. Anet, ibid.,
86, 525 (1964).

(23) Identified by comparison with commercially obtained 4-nonyne from
K & K ILaboratories, Inc.
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15% TCEP, 55°) from a fraction®* boiling from 140 to 145°
(760 mm) of the above photolysis solution and were stable when
stored at 0° under nitrogen. At room temperature 1 polymer-
ized slowly, and could not be detected® by means of the Halphen
reaction after a period of 8 weeks. Pure 1 (n®p 1.4310) showed
no absorption in the ultraviolet (10~3 M, in ethanol). Infrared
(CCly) showed 1865 (cyclopropenyl C==C stretch)? and 1007
em~18 Nmr (CCly) showed 2.48 (triplet, J = 7.0 cps, 4 H,
allylic), 1.66 (sextet, J = 7.0 cps, 4 H, CHy), 1.0 (triplet, J =
6.5 cps, 6 H, CHy), and 0.78 ppm (singlet, 2 H, cyclopropenyl),
consistent with the structure assigned.

Anal. Caled for CoHye: C, 87.02; H, 12.97. Found: C,
87.17; H, 13.02.

6-Methyl-4-octyne (2).—Lithium-1-pentyne? (0.15 mole in 140
ml of dry dioxane} was heated with sec-butyl bromide (41.1 g,
0.30 mole) in an autoclave for 17 hr at 150°. After cooling to
room temperature the reaction mixture was poured into 1000 ml
of water and the resulting mixture was extracted with ether.
The extracts were neutralized with 109, sulfuric acid and dried
over anhydrous calcium chloride. Evaporation of the ether and
distillation of the residue afforded 1.5 g (49,) of product, bp
136-138° (760 mm). Purification by gas chromatography
(159% TCEP, 90°) showed little contamination by 2-bromo-
butane. Collection of the major product afforded pure 2, n®p
1.4237. Nmr (CClL) showed 2.21 (multiplet, 3 H, allylic), 1.41
(broad multiplet, 4 H, CH,), and 0.81 ppm (multiplet, 9 H,
CHs).

Anal. Caled for CyHyg:
86.96; H, 13.17.

Both authentic and original 2 had the same analytical data.

7-Methyl-4-octyne (3).—To a slightly brown solution of lith-
ium-1-pentyne?® (0.15 mole in 140 ml of dry dioxane) was added
dropwise at 90° isobutyl p-toluenesulfonate (32 g, 0.14 mole).
After 1 hr at this temperature the reaction mixture solidified.
On working up as shown for 6-methyl-4-octyne (2) the residue
was distilled to yield 3.0 g (17%) of acetylene 3, bp 55° (27
mm); n*p 1.4250. Nmr (CClL) showed 2.20 (multiplet, 4 H,
allylic), 1.60 (multiplet, 3 H, CH,), 1.01 (multiplet, 9 H, CHj)
with superimposed peaks at 0.99 (triplet, J = 7.0 cps), and 0.98
ppm (doublet, J = 6.0 cps) consistent with 7-methyli-4-octyne

C, 87.02; H, 12.97. Found: C,

(3).

Anal. Caled for CoHye: C, 87.02; H, 12.97. Found: C,
87.05; H, 12.74.

Authentic and original 3 were identical in infrared and nmr
spectroscopy.

The Reaction of 1,2-Di-n-propylcyclopropene (1) with Cyclo-
pentadiene. Adduct 5a.—Freshly distilled -ecyclopentadiene
(15 g, 0.227 mole) was added to 148 g of a reaction mixture from
the photolysis of diazomethane with 4-octyne which contained
20 gof 1. After 24 hr at 50° the fraction boiling from 96 to 100°
(5 mm) was collected; redistillation of this fraction yielded the
pure adduct 5a (23 g, 75%,), bp 98.5-100° (5 mm), n®p 1.4759.
Infrared (neat) showed 3065, 1102, 1044, 995, 903, and 741
em™, Nmr¥2 (CCl) showed 5.76 (triplet), 2.57 (multiplet),
1.68 (multiplet), 1.43 (multiplet), 0.62 (doublet, eyclopropyl),
and 0.91 ppm (triplet).

Anal. Caled for CiHa:
88.44; H, 11.76.

Hydrogenation of Adduct 3a.—A mixture of 59 palladium on
charcoal (2 g) and 5a (9.0 g, 0.0474 mole) in 100 ml of ethy! ace-
tate was hydrogenated under a hydrogen pressure of 200 psi at
room temperature. After hydrogen uptake the solvent was re-
moved. On distillation with a short-path still the pure, satu-
rated adduct 6a was obtained (8.8 g, 979), bp 93-94° (2.3
mm), n%®p 1.4725. Infrared (neat) showed 3065 (cyclopropyl
CH), 1102, 1036, 986, and 903 cm ™. Nmr? (CCly) showed 2.06
(broad singlet), 1.29 (doublet, cyclopropyl), and 1.17 ppm (broad
singlet).

C, 88.35; H, 11.65. Found: C,

(24) This fraction contained approximately 389 of 1, determined by nmr
spectroscopic comparison of the cyclopropenyl-H singlet at 0.78 ppm in a
pure sample of 1 and the above, distilled fraction.

(25) Cf. A. J. Deutschman, Jr., and 1. 8, Klaus, Anal. Chem., 82, 1809
(1960).

(26) Lithium-l-pentyne was prepared by adapting the procedure of
Schlubach and Repenning!® for lithium-l-hexyne.

(27) The spectrum had a rather complex pattern and only clearly dis-
tinguishable absorptions are listed. The relative peak areas agreed with the
structure assigned. In all cases the CH: protons were masked and thus not
identified.

(28) These values should be compared with the reported frequencies for
the adduct cyclopropene—cyclopentadiene.’®®
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Anal. Caled for CiHay: C, 87.40; H, 12.58. Found: C,
87.42; H, 12.58.

The Photolytic Reaction of Ethyl Diazoacetate with 4-Octyne.
—Ethyl diazoacetate (10 g, 0.87 mole) in 90 ml of degassed 4-
octyne was irradiated under oxygen-free nitrogen with a water-
cooled, high-pressure mercury immersion lamp (quartz ultra-
violet) at room temperature until the diazoester could no longer
be detected in the infrared (2130 em ™1, diazo stretching). After
removal of excess 4-octyne by vacuum distillation [bp up to
55° (20 mm)) the residue was fractionated using gas chromatog-
raphy (159, TCEP, 120°, nitrobenzene as internal standard).
The major fraction (61%) had the following spectra: infrared
(neat) showed 1900 (eyclopropenyl C=C stretching), 1725 (ester
C=0), and 1025 em~!; nmr (CCl) showed 4.32 (quartet, J =
7.0 cps, 2 H, OCHy), 2.51 (triplet, J = 7.5 cps, 4 H, allylic),
2.13 (singlet, 1 H, cyclopropenyl}, 1.41 (broad multiplet, 13 H,
aliphatical), with superimposed peaks at 1.26 (triplet, J = 7.4
cps) and 0.98 ppm (triplet, J = 7.0 cps), consistent with ethyl
1,2-di-n-propyleyclopropene-3-carboxylate (7)1 (58%).

The first minor product (149%;) was identical with authentic 8
in infrared and nmr spectra (159, yield).

The second minor product (15%) exhibited these spectra:
infrared (neat) showed 1740 em™! (ester C=0); nmr (CCl)
showed 4.39 (quartet, J = 7.0 cps, 2 H, OCHo), 2.30 (multiplet,
6 H, allylic), and 1.39 ppm (broad multiplet, 13 H, aliphatic),
consistent with ethyl 3-methyl-5-nonynoate (9, 169,).

Anal. Caled for CioHyO:: €, 73.30; H, 10.25. Found: C,
73.20; H, 10.15.

The third minor product (109;) showed a band at 1740 cm™?
(ester C==0) in the infrared (neat). The nmr spectrum (CDCls)
contained absorptions at 4.39 (quartet, J = 7.0 cps, 2 H, OCH,),
2.50 (multiplet, 6 H, allylic), and 0.85 ppm (broad multiplet, 12
H, aliphatic), consistent with ethyl! 6-decynoate (10, 119%).

Anal. Caled for CoHnOs:  C,73.30; H,10.25. Found: C,
73.01; H, 10.05.

When radiation of the above mixture was carried out in the
presence of atmospheric air, the above products were obtained in
yields of 38, for 7, 14% for 8, 149 for 9, and 109, for 10, and
two additional fractions were collected. The infrared and nmr
spectra of the lowest boiling fraction (179%) were identical with
those of authentic 4-octyn-3-one (11, 99) while the spectra of
the next higher boiling fraction (219;) were identical with those
of authentic 4-octyn-3-ol (12, 159, based on ethyl diazoacetate).

4-Octyn-3-01 (12).—The Grignard reagent prepared from ethyl-
magnesium iodide (0.60 mole) and 1-pentyne (34 g, 0.50 mole)
was treated with propionaldehyde (29 g, 0.50 mole) for 3 hr in
refluxing ether. On working up with saturated ammonium chio-
ride solution, 7.8 g (1397) of 12 was obtained, bp 92-92.5° (24
mm), #%p 1.4505. Infrared (neat) showed 3400 (asymmetric
OH) and 2260 em ™t (C==C). Nmr (CCly) showed 4.27 (triplet,
J = 6.0 cps, 1 H, CCHO), 3.90 (singlet, 1 H, OH), 2.20
(multiplet, 2 H, CH,C==C), 1.55 (muitiplet, 4 H, CH,), 0.98
(triplet, J = 6.5 cps), and 0.98 ppm (triplet, J = 6.0 cps), both
together integrating for six protons (CHy).

Anal. Caled for CsHi0: C, 76.13; H, 11.18. Found: C,
76.37; H, 11.22.

4-Octyn-3-one (11).—To a suspension of active manganese di-
oxide? (1.32 g) in 15 ml of light petroleum ether (bp 30-60°) was
added 12 (0.150 g, 0.0012 mole) and the reaction mixture was
stirred for 30 min at room temperature. Filtration and evapora-
tion of the solvent yielded 11 (0.140 g, 95%). Gas chromatog-
raphy (159, TCEP, 115°) indicated 95% purity. Infrared
(neat) showed 2220 (conjugated C=C) and 1680 cm™! (ketone
C=0). Nmr (CCly showed 2.30 (multiplet, 4 H, allylic), 1.10
(multiplet, 2 H, CH,), 0.90 (triplet, J = 7.0 cps) and 0.86 ppm
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ggg)l;et, J = 7.0 cps) both together integrating for six protons
3/

Caled for CsHy20: C, 77.37; H, 9.74. Found: C
77.45; H, 9.71. ’

Ethyl 3-Ethyl-4-octynoate (8).—To a solution of 12 (6.0 g,
0.048 mole) and pyridine® (0.1 ml) in 20 ml of anhydrous ether
was added dropwise phosphorus tribromide (4.66 g, 0.017 mole)
then refluxed for 3 hr. On work-up, the ether layer yielded 3-
bromo-4-octyne (4.72 g, 52%), bp 89-93° (19 mm), n®p 1.4860.
Infrared (neat) showed 2262 cm~! (C=C). Nmr (CCL) showed
4.51 (triplet, J = 6.5 ¢ps, 1 H, =CCHBr), and 1.60 ppm (broad
multiplet, 12 H, allylic and aliphatic).

In a malonic ester synthesis,® 3-bromo-4-octyne (4.1 g, 0.022
mole) and ethyl malonate (5.15 g, 0.32 mole) yielded 3-ethyl-4-
octynoic acid (2.75 g, 77%), bp 132-135° (5 mm), n®p 1.4542.
Infrared (neat) showed broad absorption in the 3340-cm—! re-
gion (asymmetric OH). Nmr (CCl) showed 12.17 (singlet,
1 H, COOH) and 2.45 ppm (broad multiplet, 5 H, allylic).

Anal. Caled for CioHi0,: C, 71.39; H, 9.58. Found: ¢,
71.41; H, 9.44.

Upon esterification of 3-ethyl-4-octynoic acid with excess etha-
nol containing small amounts of p-toluenesulfonic acid, 8 was
obtained in 959 yield, bp 100-101° (55 mm), n®p 1.4426.
Infrared (neat) showed 1740 cm~! (ester C=0). Nmr (CCL)
showed 4.12 (quartet, J = 7.5 ¢ps, 2 H, OCHy), 2.65 (multiplet,
1 H, C=CCH), 2.15 (multiplet, ¢ H, allylic), and 1.32 (multi-
plet, 13 H, aliphatic) with these superimposed peaks: 1.23 (trip-
let, J = 7.0 cps) and 0.96 ppm (triplet, J = 7.0 cps).

Anal, Caled for CoH0Os:  C, 73.30; H, 10.25. Found: C,
73.43; H, 10.24.

Hydrogenation of Ethyl 3-Methyl-5-nonynoate (9) and Ethyl
6-Decynoate (10).—Samples of © and 10 in ethyl acetate were
hydrogenated over 5% palladium on charcoal at room tempera-
ture and under atmospheric pressure. After purification by gas
chromatography (SE 52, 155°) the hydrogenation product of 9
was identical with authentic ethyl 3-methylpelargonate (13)%
and 10 with ethyl caprate.

The Reaction of 1,2-Di-n-propylcyclopropene-3-carboxylate (7)
with Cyclopentadiene. Adduct 5b.—Freshly distilled ecyclo-
pentadiene (5 g, 0.076 mole) and 7 (5.05 g, 0.026 mole) were re-
fluxed for 12 hr. After evaporation of excess cyclopentadiene
the residue was distilled with a short-path still to yield the tri-
cyclooctene ester 5b (5.75 g, 85%), bp 95-96.5° (0.1 mm), n*®p
1.4812. Infrared (neat) showed 3065 and 1730 cm™! (ester
C=0). Nmr (CCL)¥ showed 5.86 (triplet), 3.93 (quartet),
2.70 (multiplet), 2.04 (multiplet), 1.40 (singlet, cyclopropyl®),
1.15 (triplet), and 0.92 ppm (triplet). '

Hydrogenation of Adduct 5b.—On hydrogenation of 5b (0.66 g)
in 5 ml of ethyl acetate containing 5%, palladium on charcoal
(200 mg) at room temperature and atmospheric pressure the
saturated adduct 6b (0.64 g, 96%) was obtained, bp 118° (0.65
mm), n®p 1.4752. Infrared (neat) showed 3066 (cyclopropyl
CH) and 1730 cm™! (ester C=0). Nmr (CCl)?¥ showed 4.0
(quartet), 2.18 (broad singlet), 1.82 (singlet, cyclopropyl), 1.25
(multiplet), 1.19 (triplet), and 0.89 ppm (triplet).

Anal. Caledfor CyHuO,:  C,77.22; H, 10.67. Found: C,
77.22; H, 10.72.

(29) The general procedure of M. 8. Newman and J. H, Wotiz, J. Am.
Chem. Soc., T1, 1292 (1949).

(30) Authentic 13 was prepared according to the procedure in ref 20 and
had the required analytical data.

(31) This assignment is supported by the work of Sauers and Sonnet who
report the signal for the cyclopropyl! proton in the endo adduct obtained from
ethyl diazoacetate and norbornadiene at 1.34 ppm (+ 8.66): R. R. Sauers
and P. E. Sonpet, Chem. Ind. (London), 786 (1963).



