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73.575'). Warming of an ethanolic solution of 3p-a~ety1-A~- 
A-norcholestene containing potassium hydroxide led to the 
development of the conjugated ketone chromophore present in 
3p-acetyl-A5-A-norcholestene (16). 
3p-(la-Hydroxyethyl)-As-A-norcholestene p-Toluenesulfonate 

(11).-To a solution of 600 mg of 19 in 5 ml of dry pyridine was 
added 600 mg of p-toluenesulfonyl chloride. The reaction solu- 
tion was kept at room temperature for 18 hr. At the end of this 
time crushed ice was added, and the resulting mixture was ex- 
tracted with ether. The combined ether extracts were washed in 
turn with a saturated solution of sodium bicarbonate, then water, 
and finally dilute hydrochloric acid. The dried extracts were 
concentrated to dryness in vacuo to yield 560 mg of crude tosyl- 
ate. Repeated recrystallization from acetone yielded 320 mg, 
mp 86-89'. The infrared spectrum of this compound showed 
absorption characteristic of the p-toluenesulfonate ester a t  8.43 
and 8.50 p. The nmr spectrum (ThIS, CCl,) showed an aromatic 
quartet a t  7.23, 7.38, 7.70, and 7.85 ppm, aromatic CH, a t  2.43 
ppm, and vinyl proton at  5 -30 ppm. 

Anal. Calcd for CajH54S03: C, 75.73; H,  9.79. Found: 
C, 75.76; H ,  9.69. 

Solvolysis of 3p-( l~-Hydroxyethyl)-A5-A-norcholestenyl p -  
Toluenesulfonate (ll).-A solution of 176 mg of 11 in 25 ml of 
acetone was kept a t  reflux for 10 hr. At the end of this period 
the acetone was removed in vacuo, and the resulting aqueous 
solution was extracted thoroughly with ether. The ether extracts 
were washed with water, dried, and concentrated to dryness 
in vacuo to yield 184 mg of an oil. The crude solvolysis product 

was chromatographed upon 10 g of Merck neutral alumina. 
Elution with pentane yielded 19.5 mg of an oil which showed four 
spots upon tlc. No pure compound could be isolated. Further 
elution with benzene yielded 59.5 mg, mp 85-91'. Recrystal- 
lization from acetone gave 46 mg, mp 95-97', of 4a-methyl- 
3a,5-cyclocholestan-8p-ol ( 5 ) .  Repeated recrystallization from 
acetone raised the melting point to 102-103". This was unde- 
pressed upon mixture melting point determination with an au- 
thentic sample6 of melting point 101-103'. Further elution 
with chloroform yielded 6 mg of 40-methylcholesterol (a), mp 
164-165". The melting point was undepressed upon admixture 
with an authentic sample. 

Attempted Formation of 3p-( Ip-Hydroxyethy1)-A6-A-norcholes- 
tenyl p-Toluenesulfonate (lo).-The alcohol (100 mg, mp 114- 
117') was dissolved in pyridine (1 ml), and 100 mg of p-toluene- 
sulfonyl chloride was added at room temperature. After stand- 
ing at  room temperature for 12 hr, ice was added and the solution 
was extracted with ether. The ether extracts were washed with 
water, saturated bicarbonate solution, dilute hydrochloric acid 
solution, and finally with water. The dried extracts were con- 
centrated to dryness to yield an oil which was crystallized from 
acetone to yield 46 mg, mp 73-74'. The properties of this mate- 
rial were identical with those of 4-methyl-Aa~5-cholestadiene (8). 

Registry No.-1 1, 24343-84-8 ; 15b, 1258-92-0; 
1 5 ~ ,  24298-81-5; 16, 24298-82-6; 17, 24298-83-7; 
18, 24298-84-5 ; 19, 24298-85-9; 19a, 24298-86-0. 
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Malvalic acid, the major cyclopropene component in cottonseed oil, has been synthesized. When l-chloro-7- 
hexadecyne reacts with diazoacetic ester in the presence of copper-bronze, the ester of l-chloro-7,8-carboxy- 
metbano-7-hexadecene is formed. Treating the corresponding acid chloride with zinc chloride causes loss of car- 
bon monoxide. Either sodium borohydride or lithium aluminum hydride reduces the resulting cyclopropenium 
compound to l-chloro-7,8-methano-7-hexadecene. Replacing the chloro group with cyano yields malvalonitrile, 
which can be converted to methyl malvalate. An analogous sequence of steps has been applied to l-chloro-4- 
decyne to produce methyl 5,6-methano-5-undecenoate. An alternate synthesis of methyl malvalate starts by 
using 1-chloro-7-hexadecyne as the precursor for methyl 8-heptadecynoate. This acetylenic ester is converted 
to 8,9-carboxymethano-8-heptadecenoic acid, the diacid chloride of which decarbonylates selectively in the 
presence of metallic chlorides to form the cyclopropenium acid chloride. After esterification, the resulting 
cyclopropenium ester is reduced with borohydride to methyl malvalate. 

Malvalic acid and its homolog, sterculic acid, together 
with two other closely related fatty acids' are the only 
well-characterized naturally occurring cyclopropenes.2 
Methyl sterculate has been synthesized. 3 , 4  The present 
paper reports on syntheses of methyl malvalate (8)5 as 
well as on the synthesis of a related cyclopropene, 
methyl 5,6-methano-5-undecenoate. 

The malvalate synthesis starts with 1-decyne (1)) 
which as its lithium derivativee couples with 1,6- 
dichlorohexane to form 1-chloro-7-hexadecyne (2). 
Dropping diazoacetic ester into a hot mixture of l-chlo- 

(1) Sterculynic acid, as reported by A .  W. Jevans and C.  Y .  Hopkins, 
Tetrahedron Lett., 2167 (1968), and 2-hydroxysterculic acid, as reported 
by L. J .  Morris and S. W. Hall, Chem. Ind. (London), 32 (1967). and by J. A .  
Recourt, G. Jurriens, and hl. Schmitz, J. Chromatogr., SO, 35 (1967). 

(2) F. L. Carter and V. L. Frampton. Chem. Rev. ,  64, 497 (1964). 
(3) W. J. Gender, hf. B. Floyd, R. Yanase, and K.  W. Pober, J. Amer. 

Chem. Soc., 91, 2397 (1969); 94, 2472 (1970). 
(4) M. M. Schlower, A. J. Longo, J. W. Berry, and A .  J .  Deutschman, 

Jr., J. Amer. Ozl Chem. Soc., 46, 171 (1969). 
(5) The structure of methyl malvalate has been defined by J. J. Mac- 

fariane, F. S. ShenJtone, and J. R. Vickery, Nature, 179, 830 (1957); B. 
Craven and G. A. Jeffrey, ibid., 188, 676 (1959); A. C. Fogerty, A .  R .  Jolin- 
son, J. A. Pearson, and F. S. Shenstone, J. Amer. 021 Chem. Soc.,  44, 885 
(1965). 

(6) Cf., H. H. Schlubach and K. Repenning, Jzlstus Lzebigs Ann. Chem., 
614, 37 (1958); G. Grimmer and J. Kracht, Chem. Ber., 96, 3370 (1963). 

ro-7-hexadecyne and powdered copper-bronze produced 
the expected cyclopropene ester, which on saponifica- 
tion gave 1-chloro-7,8-(carboxymethano)-7-hexadecene 
(3). Our prior concern about the involvement of the 
carbon-to-chlorine bond was allayed when dodecyl 
chloride under the same conditions could be recovered 
largely unchanged. The acid chloride 4 from 3, when 
mixed with anhydrous zinc chloride, smoothly lost 
carbon monoxide to give cyclopropenium ion 5. So- 
dium borohydride in alkaline methanol or, better, 
lithium aluminum hydride in ether' reduced the cyclo- 
propenium ion to the corresponding cyclopropene, 
l-chloro-7,8-methano-7-hexadecene (6) .  The methane- 
thiol adduct? of this cyclopropene, formed in 98% 
yield, was homogeneous according to gas-liqiud chro- 
matographic assay. Replacing the chloro group with 
cyano by heating with sodium cyanide in dimethyl 

(7) Cf. R .  Breslow and P.  Dowd, J. Amer. Chem. Soc., 811, 2729 (1963); 
H. E. Nordby, Doctoral Dissertation, University of Arizona, 1963; R. 
Breslow, P. Gal, H.  W. Chang, and L. J .  Altman, J .  Amer. Chem. Soc., 87, 
5139 (1965); S. D. MoGregor and W. M. Jones, %bad.,  90, 123 (1968). 

(8) Cf., H. W. Kircher, J. Amer. Oil  Chem. Soc., 41, 4 (1964); P. K. Raju 
and R.  Reiser, Lipids, 1, 10 (1964); N. K. Hooper and J. H. Law, J .  Lipid 
Res., 9,  270 (1968). A longer reaction period than that  originally called 
for was found to  be beneficial. 
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sulfoxide yielded malvalonitrile (7), and finally, 
saponification and esterification with diazomethane led 
to the desired methyl malvalate (8). The yield of 

CHB(CH,),CECH --+ 

1 

COOH 
I 

/c\H 
C8H,7CBC(CHz)6C1 --+ C,H,,C=IC(CH,),CI 

2 / 3  

COCl FOOH 
I 

i / g  (3 steps) 

C8H,,d=C(CH,),COOCH, 
8 

methyl malvalate from l-chloro-7,8-methano-7-hexa- 
decene (6)  was 72% and from 1-chloro-7-hexadecyne 
(2) was 23%. The ester was homogeneous as judged 
by thin layer chromatography as well as by the gas- 
liquid chromatographic behavior of its methanethiol 
adduct. The nuclear magnetic resonance and infrared 
absorption curves were consistent with the assigned 
structure. 

Methyl 5,6-methano-5-undecenoate was similarly 
synthesized by starting with 1-chloro-4-decyne and 
proceeding through an analogous series of intermediates, 
all well characterized. The decarbonylation step in 
this series made use of aluminum chloride instead of 
zinc chloride. 

Two alternate pathways for synthesis of methyl 
malvalate were also explored. Instead of first removing 
the unwanted carboxyl group from the cyclopropene 
ring of intermediate 3 to give 6 and then attaching the 
necessary carbon atom (6 to 7),  the steps were reversed, 
so that the chain in 3 was first extended by one carbon 
(3 to 9) and only then was the ring carboxyl removed 
(9 to 7). Although successful, this sequence offered no 
advantages and was not pursued. Another pathway 
was modeled after the earlier synthesis of methyl 
sterculate from methyl 9-octadecynoate.a The starting 
ester, methyl 8-heptadecynoate (ll), came from the 
corresponding nitrile 10, which in turn was obtained 
either from 1-chloro-7-hexadecyne (2) or l-iodo-7- 
hexadecyne. Dibasic acid 12, prepared in 72% yield 
from the copper-catalyzed reaction of diazoacetic ester 
with methyl 8-heptadecynoate (1 1) followed by saponi- 
fication, was converted to its diacid chloride 13. De- 
carbonylation with the help of zinc chloride removed 
the carboxyl carbon from the ring (as in 14) but did not 
attack the terminal group. Aluminum chloride and 
ferric chloride were also effective in selectively and 
rapidly decarbonylating the ring carboxyl. The cyclo- 

propenium ion-acid chloride 14 was esterified with 1 
mol of methanol to give the ion-ester 15, and this was 
reduced with sodium borohydride to the final product, 
methyl malvalate (8). The overall yield from dibasic 
acid 12 was in the order of 40700. 

C8Hl;C=C(CH2)6C1 --t CsHi,C=C(CHz)&N + 

2 10 

COOH 

3 
I 

/”\” C,H17CSC(CH2)&OOC€& - 
11 C~HI~C=C(CHJ~COOH 

12 

Cocl +CH 

CBHli C=C(CHJ /”\” &OC1 14 

/\ 
4 C8H,~C=C(CH2)6COC1 --t 

I 

13 

15 8 

The reagent pair, diethylzinc and methylene iodide, 
by inserting a methylene group into an olefinic bond, 
can develop a cycl~propane.~& If the method were 
applicable to  acetylenes, methyl 8-heptadecynoate (1 1) 
could be transformed in one step to methyl malvalate 
(8). Trial of this possibility unfortunately gave no 
sign of cyclopropene material. 

The syntheses realized here open the way to preparing 
methyl kalvalate labeled at  specific positions with 
radioactive carbon.sb 

Experimental Sectionlo 
1-Chloro-7-hexadecyne (2) .e-A mixture of white powdery 

lithium amide (1.15 g, 0.050 mol) and 6.9 g (0.050 mol) of freshly 
distilled 1-decyne (1) in 50 ml of dioxane that had been distilled 
from lithium aluminum hydride directly into the reaction flask 
was stirred and heated in a bath at  125-130’. To control the 
initial vigorous farthing, the bath temperature had to be lowered 
for short periods. Then the vigorously stirred brown mixture 
was boiled for 7.5 hr. Redistilled 1,6-dichlorohexane (23.3 g, 
0.15 mol) was added in one portion to the slightly cooled dioxane 
suspension, which was then heated and stirred further for 2 days. 
More lithium amide was added (0.23 g, 0.010 mol) and the re- 
action was continued for another 14 hr. 

The cooled mixture was treated carefully with 85 ml of water 
and then extracted with several portions of ether. The extracts 
were washed twice with water and once with saturated salt solu- 
tion, and then were dried with sodium sulfate. Distillation 
through a 16-in. spinning-band column afforded several fractions, 
of which the second was recovered 1,6-dichlorohexane [12.1 g, 
bp 90-91’ (19 mm)] , and the fourth was water-white l-chloro-7- 

(9) (a) J. Furakawa, N.  Kawabata, and J. Nishimura, Tetrahedro77, 24, 53 
(1968). (b) See W. J. Gender, K.  W. Pober, D. W. Solomon, R. Yanase, 
and M. B. Floyd, Chem. Comm., 287 (1970). 

(10) Infrared absorption curves were taken with double-beam recording 
spectrophotometers. Nuclear magnetic resonance curves were taken on a 
60-MHz instrument purchased with funds made available by National 
Science Foundation under Grant G P  3618. Chemical shifts are reported in 
parts per million downfield from tetramethylailane. Boiling points and 
melting points are uncorrected. Analyses for elementary composition mere 
performed by 8 .  M .  Nagy, Microchemical Laboratory, Belmont, Mass.; 
Galbraith Laboratories, Inc., Knoxville, Tenn.; and Chemalytics, Inc., 
Tempe, Ariz. For thin layer chromatography, silica gel on glass plates or 
in the lorm of flexible strips were purchased from Eastman Kodak Co. 
Gelman Instrument Co., and Brinkman Instruments, Inc. Iodine vapor 
proved convenient and effective in making the spots visible. I n  most of 
the preparations the glassware used was scrupulously dry,  and prepurified 
nitrogen blanketed the reaction mixture. 
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hexadecyne [bp 115-118' (0.11 mm), n Z 6 ~  1.46021. Both ma- 
terials were 99 % homogeneous according to gas-liquid chromatog- 
raphy on a 6-ft neopentyl-glycol-succinate isothermal column at 
140 and 195", respectively. The yield of chlorohexadecyne (2) 
was 8.4 g (6570 based on decyne or 457, based on 1,6-dichloro- 
hexane not recovered). Another run on a double scale and with 
an SO-hr reaction period gave the product in 72% yield (507, 
based on dichlorohexane). 

A sample was prepared for analysis by chromatography through 
a column of silica gel with hexane as the eluting solvent. The 
colorless material, carefully freed of solvent, showed a single spot 
on a thin layer plate (hexane solvent). 

Anal, Calcd for Cl&Cl: C, 74.81; H ,  11.38. Found: C, 
74.83; H, 11.05" 

The infrared absorption curve was not particularly informative, 
although a C-C1 band was noted around 725 cm-l; nmr (50% in 
CClr) S 0.88 (poor triplet, CHI), 1.29 (complex), 2.07 (complex, 
CHZ's at 6 and 9), 3.42 ( t ,  J = 6 Hz, CHZ at position 1). The 
integration ratio of the 3.42-ppm signal to all the others was 
close to the required 2: 27. 

1-Iodo-7-hexadecyne could be prepared by starting with 0.43 
mol of lithium amide, 0.40 mol of 1-decyne, and 0.45 mol of 
1,6-diiodohexane and following essentially the above procedure. 
The iodohexadecyne was obtained as a faintly yellow liquid, 
bp 140-143' (0.01 mrn), homogeneous according to gas-liquid 
chromatography, in 647' yield: nmr 6 0.88 (difluse triplet, 
CEI,), 1.2-1.6 (multiplet), 1.9-2.2 (multiplet, CHZ's at positions 
6 and 9) ,  3.15 (1, J = 7 Hz, CHZI). The integration ratio of 
the 3.15-ppm signal to all the others was 2:27. 

l-Chloro-7,8-carboxymethano-7-hexadecene (3).-In a three- 
necked flask fitted with a vertical condenser, a magnetically 
stirred mixture of 1-chloro-7-hexadecyne ( 2 ,  5.15 g or 0.020 mol) 
plus 0.46 g of copper-bronze was brought to 130'. Distilled 
ethyl diazoacetate (4.56 g or 0.040 mol) was added in small 
portions directly onto the stirred mixture. The nitrogen sweep 
was interrupted just before the first addition, and thereafter 
the evolving gases were led from the top of the condense1 to a 
receiver over water. The bubbling observed after each addition 
of reagent lasted 3-4 min, after which time another portion was 
introduced. When all the diazoacetate had been added (25 rnin), 
heating was continued for another 10 mio. The gas that evolved 
corresponded to 91% of the expected 0.040 mol. 

The reaction mixture plus a solution of 2.7 g (0.048 mol) of 
potassium hydroxide in 4 ml of water and 24 ml of methanol was 
boiled in a nitrogen atmosphere for 5.5 hr. Water (100 ml) and 
hexane (*50 ml) were added, and the separated aqueous phase 
was extracted with several 25-m1 portions of 1 : 1 hexane-ether. 
According to its infrared absorption curve, the extracted ma- 
terial contained much ester; saponification of this portion, freed 
of solvent (1.3 g), was repeated using 0.2 g of potassium hydroxide 
in aqueous methanol. 

Acidification of the alkaline layer from the first saponification 
a t  ice-bath temperatures to p€I 5 with 4 X hydrochloric acid was 
followed without delay by ether extraction. The extracts were 
washed, dried, and then stripped of solvent to leave 4.7 g of a 
viscous brown oil. Similar treatment of the aqueous layer from 
the second saponification afforded an additional 0.5 g. 

The combined organic acids (3.0 g) were chromatographed on 
a column of active silica gel (58  g)  with 1 1. of 8: 1 hexane-ether 
as developing solvent. After careful removal of all volatile 
material from the eluate, the oil remaining weighed 3.4 g (%yo). 
From its thin layer chromatogram (hexane-ether-acetic acid 
100: 40: I ) ,  which showed one dominant spot accompanied by 
two faint spots, this material was accepted as practically pure 
l-chloro-7,8-carboxymethano-7-hexadecene (3). It was suitable 
for use in the next stages. 

In  another similar preparation, the chloro acid product 3 was 
chromatographed over silica gel containing some water (5%) and 
with a solvent of 6 :  1 hexane-ether with gradually increasing 
proportions of ether. After removing volatiles, the chloro acid 
was pumped a t  room temperature mm). 

Anal. Calcd for C18H~lC10n: C, 68.65; H, 9.92; C1, 11.26. 
Found: C, 68.80; H, 9.76; C1, 11.09. 

This material on thin layer chromatography (hexane-ether- 
acetic acid 100:20:1) showed only one spot, Rf 0.87; ir (CC14) 
1690 (C=O), 1900 em-' (cyclopropene); nmr (25% in CC1,) 6 
0.88 (ill-defined triplet, CH,), 1.30 and 1.45 (broad singlets, 
CHz's a t  position.; 2-5 and 10-16), 1.95 (s, cyclopropene H),  
2.42 (m, CHZ a t  positions 6 and 9), 3.45 ppm (t, J = 7 Hz, CHZ 
a t  position I ) .  Integration showed a ratio of 2:28 for the signal 

a t  3.45 ppm relative to all the rest. No signal for the carboxylic 
H was seen. 

In  another 0.020-mol run, saponification was effected by heat- 
ing the crude adduct in a bath a t  98' for 2 hr with a solution of 
0.08 mol of sodium hydroxide in 225 ml of 2-propanol and 4.5 ml 
of water. Chromatography of the acid fraction over silica gel 
deactivated with water (5%) and with 8:1 hexane-ether as 
eluting solvent afforded a faintly yellow oil (637,), which accord- 
ing to thin layer chromatography and infrared absorption con- 
sisted of practically pure chloro acid 3. 

l-Chloro-7,8-rnethano-7-hexadecene ( 6 )  .-A mixture of 3.8 g 
(0.012 mol) of homogeneous l-chloro-7,8-carboxymethano-7- 
hexadecene (3) and 3.1 g (0.024 mol) of oxalyl chloride was 
stirred a t  room temperature for 5.25 hr. After removing most 
of the volatile material, the viscous residual oily acid chloride 4 
was pumped a t  0.15 mm for a day: ir (neat), 1775 (but not a t  
1690), 1905, 980 cm-'. Use of ether solvent gave about the same 
results, as did replacing oxalyl chloride with thionyl chloride, or 
using a threefold instead of a twofold excess of oxalyl chloride. 

To the clear stirred solution of the acid chloride (0.012 mol) in 
25 ml of azeotropically dried methylene chloride was added 1.72 
g (0.013 mol) of granular zinc chloride. The mixture, which 
frothed and very soon changed from orange to purple, was 
stirred for 4.5 hr. At this time most of the solid had dissolvedl1 
and the bubbling had stopped. 

The decarbonylation mixture was added over 10 min to a 
stirred, -80" solution of lithium aluminum hydride (0.57 g or 
0.015 mol) in about 60 ml of ether that had been distilled from 
lithium aluminum hydride. The color was discharged instan- 
taneously. After another 20 min a t  -80°, the cooling bath 
was removed, and water (0.6 ml), 0.6 ml of 15% aqueous sodium 
hydroxide, and more water (1.8 ml) were added, Filtration 
through diatomaceous earth (Celite) removed the gelatinous 
solids, which were rinsed on the funnel with fresh ether. After 
washing the combined yellow ethereal filtrates several times with 
saturated aqueous salt solution, the ether solution was dried 
with sodium sulfate. Removal of all volatile material left 3.1 g 
of dark crude product 6 .  

Chromatography through a 2 X 121 cm column containing 
90-95 g of fresh silica gel with hexane as developing solvent was 
effective in resolving the mixture. After afast moving component 
(0.1 g, Rr >0.9 on silica thin layer plates with hexane solvent) 
had been removed with the first 200 ml of solvent, 1.6 g (507,) of 
the desired colorless l-chloro-7,8-methano-7-hexadecene ( 6 ) ,  
homogeneous by thin layer chromatography (Ri 0.64), came 
through in the next 160 ml. An intermediate two-spot fraction 
(0.33 g) emerged in the following 340 ml, after which 0.26 g of 
faintly yellow 1-chloro-7-hexadecyne (2)  appeared, with Rr 0.13 
(a  second very faint spot was also visible). The yields given here 
are based on constant weights determined after long exposure to 
vacuum. 

The slow moving recovered actylene 2 was identified by dire& 
thin layer chromatographic comparison with authentic rnatbrial 
as well as by gas-liquid chromatography through a 10% silicone 
oil column (SF-96) a t  210-212". 

I n  another preparation, the decarbonylated mixture was added 
to excess sodium borohydride in methanol containing 2 mol of 
sodium hydroxide for every mole of starting ecid chloride. The 
temperature was kept at -33 to -38". The yield of homo- 
geneous l-chloro-7,8-methano-7-hexadecene ( 6 )  was about 307,; 
some 1-chloro-7-hexadecyne (2)  was obtained here, too. The 
cyclopropene product 6 was identical with the same material 
produced from the lithium aluminum hydride reduction, as 
shown by identical ir and nmr absorption curves, as well as by 
the same results with the methanethiol adducts (see below). 
l-Chloro-7,8-methano-7-hexadecene ( 6 )  showed the following 

properties: ir (neat) 725 (C-Cl), 1010, 1872 cm-l (the absence 
of any absorption peak a t  1773 cm-l supported the absence of 
any 1,3-disubstituted cyclopropene12); nmr (307, in CCla) 6 
0.75 (s, cyclopropene CH2), 0.91 (m, terminal CHs), 7.29 (m, 

(11) Speculation on the  nature of t he  decarbonylation product is interest- 
ing. If a cyclopropenium salt is formed, the anion mould be expected to  be 
ZnClr-, since zinc(I1) tends to  coordinate with four ligands. If so, the 
experimental 1 : 1 ratio of acid chloride to  zinc chloride mould provide too 
much zinc chloride and, contrary to  observation, the excess zinc chloride 
would remain undissolved. The  fact that  1 mol of zinc chloride dissolves as  
well as  the development of a deep color suggests the possibility of a tetra- 
hedral n complex, possibly (n-cyc1opropenium)ZnCis [cf. D. L. Weaver and 
R. M. Tuggle, J .  Amer. Chem. Soc.,  91, 6506 (lQ59)l .  

(12) G. L. Closs, Advan. A l z c y c l .  Chem., 1, 74 (1966). 
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CHZ's a t  positions 2-5 and 10-15), 2.39 (m, CH2's a t  positions 
6 and 9), 3.48 (t ,  J = 6.5 Hz, CHzCl). The ratio of the area 
under the last signal to all the others corresponded closely to the 
required 2 : 29. 

Anal. Calcd for C17H31Cl: C, 75.38; H, 11.54. Found: C, 
75.18; H, 11.41. 

The methyl mercaptan adducts was prepared by allowing 
0.1142 g of the cyclopropene 6 to stand stoppered for 7 days at  
room temperature in ca. 2.9 ml of an ether solution previously 
saturated with dry methyl mercaptan at  10" or below. A jet 
of pure nitrogen was directed to the surface of the reaction mixture 
until the weight no longer decreased (0.1319 g or 98.1%). The 
colorless liquid adduct on gas-liquid chromatography on a 10% 
silicone oil (SF-96) column at  235" gave a single symmetrical 
peak. 

Methyl Malvalate (8) from l-Chloro-7,8-methano-7-hexa- 
decene (6).-A slurry of 0.108 g (2.2 mmol) of dry sodium cya- 
nide in 1 ml of dimethyl sulfoxide that had been dried with cal- 
cium hydride was stirred at 96' for a short time. l-Chloro-7,8- 
methano-7-hexadecene (0.45 g, 1.66 mmol) was injected from a 
syringe, and the magnetic stirring and heating (90') was con- 
tinued for 1.5 hr. Water (4 ml) was added to the cooled reaction 
mixture, and the two-phase system was extracted with hexane. 
The extracts, washed first with water and then with saturated 
salt solution, were dried with sodium sulfate. The yellow mal- 
valonitrile (7), freed of all volatiles, weighed 0.42 g (97%). 

A solution of this nitrile (1.6 mmol) with sodium hydroxide 
(0.37 g, 9.2 mmol), water (0.3 ml), and 95% alcohol (2.4 ml) was 
stirred and boiled for 7.5 hr and then was allowed to stand over- 
night. The clear orange solution was diluted with 5-7.5 ml of 
water plus 8-10 ml of methanol and then was shaken with 4 ml 
of hexane. The two lower layers of the resulting three-phase 
system were mixed with 10 ml of I: 1 hexane-ether and then were 
treated at 0" with 3 ml of 4 N hydrochloric acid. With no un- 
necessary delay, the acid aqueous phase was further extracted 
with hexane-ether, and the combined organic extracts were 
washed with several small portions of water, dried with sodium 
sulfate, and then carefully freed of all volatile material. The 
residual orange malvalic acid, pumped at 0.1 mm, weighed 0.44 
g (97%): ir (neat) 1710 and 2300-3400 (COOH), 1870, and 1005 
cni-l. 

This crude acid in 2 ml of ether was added in portions at 0' 
to 20-25 ml of an ethereal solution of diazomethane prepared 
from 14 mmol of N-nitroso-N-methyltoluenesulfonamide.13 
Low-boiling materials were removed first by evaporation in a jet 
of pure nitrogen and then by exposure to reduced pressure in a 
rotary evaporator. The residual crude methyl malvalate (8, 
0.45 g) was fractionated by chromatography on a 2.4 X 30 cm 
column containing 35 g of silica gel deactivated with 1.75 ml of 
water. The developing solvent was 15: 1 hexane-ether. After 
the first 100 ml had been collected, methyl malvalate (8), 
homogeneous according to thin layer chromatography, emerged in 
the next 40 ml. Most of the solvent was removed, and the clear, 
colorless residual oil was then kept under reduced pressures until 
the weight held constant at 0.35 g (727, from 1-chloro-7,8- 
methano-7-hexadecene). 

This methyl malvalate spotted on a silica plate together with 
the same material obtained from methyl 8-heptadecynoate (11) 
and developed with hexane-ether-acetic acid (100: 40: 1) showed 
a single spot moving exactly the same as the other product. 
The neat material gave an infrared absorption curve identical 
with the one from the alternative route, ir (neat) 1748 (C=O) 
and 1870 and 1005-1010 cm-l; nmr (CCln) 6 0.72 (s, cyclo- 
propene CHz), 0.88 (distorted t ,  CHzCHx), 1.29 (complex), 2.11 
(m, CHz at 2),  2.36 (m, CHz's at positions 7 and lo) ,  3.59 (s, 
OCHI). Integration showed a ratio for the ester methyl group 
signal to all others of 3:31, as required. 

The methyl mercaptan adduct,s formed as described below in 
100.47, yield, showed a single symmetrical peak at  21.2 min on 
gas-liquid chromatography through a silicone oil column (10% 
SF-96) a t  225' plus a faster moving blip (<<l~,) at 9.2 min. 

Additional information on the properties and purification of 
methyl malvalate is given below. When purified malvalonitrile 
(7), prepared as described below, was hydrolyzed and esterified, 
essentially the same results were obtained. 

Ethyl Diazoacetate with Dodecyl Chloride .-Diazoacetic ester 
(13.7 g or 0.12 mol) was added dropwise over a 3.75-hr period to 

(13) See L. F. Fieeer and M, Fieser, "Reagents for Organic Syntheses," 
John  'Wlley & Sons, Inc., Xew York, K. Y . ,  1967, p 191. 

a stirred 145' mixture of dodecyl chloride (20.5 g or 0.10 mol) 
plus copper bronze (0.05 9).  The crude reaction mixture was 
mixed with a solution of 9.75 g (0.17 mol) of potaisium hydroxide 
in 140 ml of methanol plus 24 ml of water, and the two-phase 
system was stirred and boiled for 3 hr. The recovered nonacidic 
material was a practically colorless oil (17.6 g, 86%) which, 
according to its infrared absorption curve, was unchanged start- 
ing material. The small quantitity of acidic material, a mixture, 
was not investigated. 

l-Chloro-4,5-(ethoxycarbonylmethano)-4-decene .-According 
to the same general procedure as described above, ethyl diaao- 
acetate (11.4 g, 0.10 mol) was added over a period of 4.5 hr to 
17.3 g (0.10 mol) of 1-chloro-4-decyne plus 0.15 g of copper- 
bronze. The bath temperature was 150-156°. After another 
20 min of heating, the liquid was fractionated through a spinning- 
band column to give 6.4 g (377,) of unchanged l-chloro-4- 
decyne, bp 33-35' (0.01-0.0001 mm). A portion of the residual 
oil heated in a bath at  65" was evaporatively distilled mm) 
in a short-path apparatus over a 12-hr period. The distillate 
was taken as the desired ester: ir 1720 (C=O) and 1900 em-'; 
nmr (CCl4) 6 0.97 (distorted t ,  distal CHB), 1.18 ( t ,  J = 7 Hz, 
OCHzCHa), 1.4-2.8 (m's, chain CHz's), 2.00 (s, cyclopropene 

A sample of the ester was sent for analysis after two more 
distillations. 

Anal. Calcd for Ci4Hd3102: C, 64.97; H, 8.96; C1, 13.70. 
Found: C, 65.15; H, 8.93; C1, 13.65. 

1-Chloro-4,5-carboxymethano-4-decene .-A double-sized prep- 
aration of the above ester was performed essentially as described 
above. The crude reaction mixture, dissolved in 200 ml of 
methanol and 40 ml of water containing 13.5 g (0.24 mol) of 
potassium hydroxide was boiled for 3 hr. Considerable l-chloro- 
4-decyne (12.9 g, 377,) could be recovered from the nonacidic 
fraction. The dark oily acidic fraction (30.5 g) was chromato- 
graphed on a 3.7 X 27 cm column containing 200 g of silica gel 
deactivated with 10 g of water; 2.5 1. of solvent was used, starting 
with 5 : 1 hexane-ether and ending with 1 : 1 hexane-ether . Frac- 
tions were combined on the basis of thin-layer chromatographic 
evidence. Faintly yellow l-chloro-4,5-carboxymethano-4-decene 
(22.5 g, 49%) was obtained from the early fractions as one-spot 
material. A sample was evaporatively distilled at 90' mm). 

Anal. Calcd for C12Hd.3102: C, 62.64; H, 8.28; C1, 15.39. 
Found: C, 62.64; H, 8.42; C1, 15.52. 

The acid in carbon tetrachloride showed ir absorption peaks at  
1695 (C=O), 2300-3500 (OH), and 1905 em-'; nmr (CCla) S 
0.92 (distorted t ,  CHs), 1.43-2.8 (broad signals, CHz's), 2.00 
(s, cyclopropene H),  3.57 (t, J = 7 Hz, CHZC1). The nrnr curves 
taken before and after distillation were identical. 

A slower moving minor product (2.6 g), homogeneous accord- 
ing to thin layer chromatography, was tentatively taken as 1- 
methoxy-4,s- carboxymethano-4-decene on the basis of its nmr 
curve: 6 0.90 (t, terminal CH3), 1.42 and 2.45 (m's, CHz's), 
1.96 (9, cyclopropene H), 3.26 (9, OCHa), 3.38 ( t ,  CHZOCHI). 
l-Chloro-4,5-(chlorocarbonylmethano)-4-decene .-A mixture of 

2.3 g (0.010 mol) of l-chloro-4,5-carboxymethano-4-decene with 
colorless thionyl chloride (2.4 g, 0.020 mol) was shaken occasion- 
ally during a 45-min period. After removing volatiles, the black 
residue was evaporatively distilled in a cold-finger apparatus a t  
60' (lO-4mm) togive2.0g (817,)of thepale yellow acidchloride. 

Anal. Calcd for Cl~H18C1~0: C, 57.84; H, 7.28; C1, 28.46. 
Found: C, 58.11; H, 7.39; C1, 28.74. 

The acid chloride darkens on standing at  room temperature, 
becoming black after 2 days. 

l-Chloro-4,5-methano-4-decene .-The cyclopropene acid (19.7 
g or 0.085 mol) plus thionyl chloride (20 g or 0.17 mol) in 25 ml 
of ether was shaken for 1 hr. After most of the volatiles had been 
removed, the red-brown oily acid chloride was pumped at 0.1 
mm for 1 hr. 

Aluminum chloride (14.2 g or 0.11 mol) was rapidly weighed 
and then added in several portions over a 10-min period to a 
stirred solution of the crude acid chloride in 85 ml of dry methy- 
lene chloride at  room temperature. After 0.5 hr,  the dark, 
almost opaque, solution was added dropwise over 20 min to a 
vigorously stirred mixture of 4.1 g (0.11 mol) of lithium aluminum 
hydride and 425 ml of ether. Ice-bath cooling wa5 employed. 
After an additional 5 min, ether (25 ml) mixed with water (4 ml) 
was cautiously introduced, followed by 85 ml of 2.5 M sodium 
hydroxide solution. Crude dark-red product (14.5 g) was iso- 
lated essentially as described above in the preparation of the 
higher analog 6. 

H), 3.60 (t, J = 7 Hz, CHzCl), 4.03 (9, J = 7 HI,, OCHzCHa). 
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Distillation Lhrough a spinning-band column allowed two 
water-white fractions to  be collected. According to gas-liquid 
chromatography, the first fraction (0.93 g), bp 65-70' (1.8 mm), 
was a 3:2 mixture of 1-chloro-4-decyne (retention time 7.0 min, 
the same as authentic material) and l-chloro-4,5-methano-4- 
decene (retention time 8 .O min). Use of a 6-ft Apiezon M column 
at  151' evidently caused little if any decomposition of the cyclo- 
propene. The second fraction (6.9 g), bp 72-74' (1.5 mm), still 
showed a very small peak for 1-chloro-4-decyne butwasessentially 
all l-chloro-4,5-methano-4-decene. 

Anal. Calcd for Cl,H&l: C, 70.75; H ,  10.26; C1, 18.99. 
Found: C, 70.48; H,  9.99; C1, 18.85. 

The yield could be estimated as over 40%: ir (CClr) 1870 and 
1010 cm-l; nmr (25% in CC14) 6 0.78 (s, cyclopropene methylene) 
0.90 (t ,  terminal CHI), 1.40 (m), 1.8-2.9 (m, CHZ's at positions 
3 and 6), 3.48 (t, J = 7 Ha, CHzC1). The integration ratio of 
the 6 3.48 triplet to all the other signals was close to the correct 
2: 17. 
Methyl 5,6-Methano-5-undecenoate .-A slurry of 1-chloro-4,5- 

methano-4-decene (3.7 g or 0.020 mol), dried sodium cyanide 
(1.2 g, 0.025 mol), and dimethyl sulfoxide (6 ml) that had been 
exposed to calcium hydride was stirred in a bath at  100-110" for 
1 hr. Processing the mixture essentially according to the corre- 
sponding preparation of malvalonitrile (7) gave 3.3 g (937") of 
l-cyano-4,5-methano-4-decene as a pale yellow liquid: ir (CC14) 
2250 (C=N), 1870 and 1015 cm-l. The nitrile, spotted on a 
silica plate and developed with hexane, produced a single spot 
a t  Rf 0.51; no sign of any material appeared at Rr 1, the value 
determined on the same plate for the starting chloride. 

A solution of the nitrile (2.4 g or 0.013 mol) and sodium hy- 
droxide (3.0 g) in 18 ml of 95% alcohol plus 2.2 ml of water was 
boiled for 11 hr. The 2.1 g of 5,6-methano-5-undecenoic acid 
isolated from this reaction mixture was dissolved in 8 ml of ether, 
and this solution was added slowly and with stirring to an ice- 
cold solution of ca. 1.5 g (0.036 mol) of diazomethane in 100 ml 
of ether. The product (2.3 g) from this reaction was evapora- 
tively distilled at 80" (0.02 mm) in a short-path cold-finger 
apparatus to give 1.8 g (59yc from the chloride) of faintly yellow 
methyl 5,6-methano-5-undecenoate. 

Anal. Calcd for C13HZ202: C, 74.24; H ,  10.55. Found: C, 
74.10; H, 10.50. 

Thin layer chromatography on a silica plate with hexane solvent 
produced only a single spot, Rr 0.79; nmr (25% in C c h )  6 0.77 
(s, cyclopropene CHZ), 0.90 (distorted t ,  CHtCHa), 1.40 (com- 
plex), 1.7-2.9 (complex, CH2's at positions 2, 4, and 7), 3.58 
(s, COOCHI). The integration ratio of the ester methyl group 
to all other protons was exactly 3:  19. N o  signals corresponding 
to  any kind of olefinic hydrogen could be detected a t  6 > 4. 
Gas-liquid chromatography on a 6-ft Apiezon column at  151 ' 
indicated a single component; a 6-ft neopentylglycol succinate 
column at  159" gave a main peak as well as two small shoulders 
on the long-retention-time side of the main peak. We believe 
that the shoulders, rather than indicating minor impurities in 
the product, originate in the partial decomposition of the cyclo- 
propene on the column.14 

l-Cyano-7,8-carboxymethano-7-hexadecene (9) .-Sodium cya- 
nide (0.91 g, 19 mmol) that had been dried at  100" (reduced 
pressures) was stirred for a short time with dry dimethyl sulfoxide 
(5.5 ml) at 96". l-Chloro-7,8-carboxymethano-7-hexadecene 
(3, 2.5 g or 8.0 mmol) was introduced with the help of 1 ml of 
rinse dimethyl sulfoxide, and the stirred slurry was heated for 
1.75 hr. Shaking the cooled mixture with 20 ml of hexane plus 
35 ml of 1.3Yc hydrochloric acid produced a troublesome einul- 
sion (pH <2)  that could be broken by adding small portions of 
salt, methanol, and ether. The organic layer was washed several 
times with saturated salt solution, dried with sodium sulfate, 
and stripped of volatiles to leave 2.4 g of a dark brown residue. 
This was chromatographed on a 3.8 x 46-cm column of 150 g of 
silica gel deactivated with 7.5 g of water. Hexane-ether ( 3 : l )  
was used to condition the column as well as for the initial eluting 
solvent (1.2 1.); the hexane-ether ratio was then reduced to 2:  1 
(2.3 1.) and finally to 1.5: 1 (1.4 1.). The desired nitrile product 
9 (1.34 g after long pumping, 557,), homogeneous according to 

(14) Cf. H. W .  Kircher, J .  Amer. Ozl Chem. Soc. ,  41, 4 (1964); 43, 899 
(1965). F. G. Magne, zbzd . ,  42, 332 (1965). A. C. Fogerty, et al., ref 5. 
T. 14'. Hammonds and G .  G. Shone, A n d g e t ,  91,455 (1966). M .  M .  Hassan, 
J .  Chem. U .  A .  R., 9, 217 (1966). Some factorfiinfluencing gas-liquid chro- 
matography results have been examined. See Recourt, et aZ., ref 1, as well 
as I. A .  Wolff and T. K. Miwa, J .  Amer. OzZ Chem. Soc. ,  43, 208 (1965). 

thin layer chromatography (hexane-ether-acetic acid 100: 85: l ) ,  
was collected in several fractions in the last 2.4 1. of eluate. 

Anal. Calcd for C19HIlNOZ: C, 74.71; H, 10.23; N ,  4.59. 
Found: C, 74.50; H, 10.35; N, 4.38. 

The neat material showed ir absorption peaks at  3500-2400, 
1685 (small shoulder a t  1720), 2250, 1900,990 cm-l; nmr (CCla) 
6 0.89 (t ,  CHI), 1.30 (multiplet), 1.95 ( s ,  cyclopropene H) ,  2.28 
(poor t ,  CH2CN), 2.42 (m, CH2 at 7 and 10). 

Appreciable amounts of product 9 were found in the earlier 
eluate fractions, but as two-spot material. 

Malvalonitrile (7) from l-Cyano-7,8-carboxymethano-7-hexa- 
decene (9).-A solution of 1.1 g (3.6 mmol) of carboxymethano 
derivative 9 in 10 ml of dry ether containing 1.1 g (9.0 mmol) of 
thionyl chloride was stirred in a dry atmosphere for 1.5 hr. 
Removal of volatiles followed by pumping at  0.15 mm for 16 hr 
left 1.2 g of the orange acid chloride; ir (neat) 2250, 1900, 1775, 
and 1720 (w), 980 cm-l. Decarbonylationwas effected by stirring 
a mixture of this acid chloride with zinc chloride (0.50 g, 3.6 
mmol) in dry methylene chloride (13 ml) for 3.75 hr. The 
color soon became dark red, and all but traces of the solid dis- 
solved. The decarbonylation mixture was added over a 15-min 
period to a vigorously stirred solution of 0.68 g (18 mmol) of 
sodium borohydride in 16 ml of anhydrous methanol containing 
0.31 g (7.8 mmol) of sodium hydroxide. The temperature was 
-45 to -50" or lower. A small amount of methylene chloride 
helped t o  complete the transfer. The resulting yellow two-phase 
mixture was stirred without cooling for 20 min. 

After adding 35 ml of water, the stirred mixture a t  -15" was 
treated with 10.5 ml of 10% hydrochloric acid. The resulting 
frothing called for care. With no unnecessary delay, ether was 
added so that the organic phase was the upper one. The lower 
aqueous layer was extracted further with ether, and the combined 
organic extracts were washed with 5% sodium bicarbonate solu- 
tion, twice with water, and finally with saturated salt solution. 
The dried solution, freed of all solvent, left a clear yellow-orange 
residual oil of crude malvalonitrile (7). 

Chromatography on a 2.1 X 45-cm column of silica gel (45 g) 
deactivated with 2.75 ml of water with 1O:l hexane-ether as 
developing solvent furnished a series of fractions that were com- 
bined on the basis of monitoring by thin layer chromatography 
(hexane-ether-acetic acid 100: 40: 1). Removal of solvents first 
in a rotary evaporator and then by exposure to a 0.1-mm vacuum 
for 12 hr gave very faintly colored one-spot malvalonitrile (7, 
0.19 g or 20%). 

Anal. Calcd for CI8H31N: C, 82.69; H ,  11.95. Found: C, 
82.94; H ,  11.68. 

The neat malvalonitrile absorbed in the infrared at  2250. 1870, 
1725 (weak), 1010 cm-l; nmr (CC1,) 6 0.75 (s, cyclopropene 
CHI), 0.90 (ill-defined t ,  CHs), 1.30 (complex), 2.19-2.29 (poor 
t ,  CH2 at  2), 2.42 (m, CH2 at  7 and 10). 

Although additional amounts of the nitrile could be detected 
in all the other chromatography fractions, no attempt was made 
to isolate more of the homogeneous product. 

1-Cyano-7-hexadecyne (10).-Pure dimethyl sulfoxide (500 ml) 
that had been dried with calcium hydride was poured into a 
three-necked flask containing sodium cyanide (19.6 g, 0.40 mol) 
previously held at 100' in uucuo. I-Chloro-7-hexadecyne (76.8 g, 
0.30 mol) was added dropwise to the stirred suspension heated 
in a 90' bath. Some tendency for the inside temperature to 
rise was noted. The mixture was stirred and heated at  105- 
115" for 2.5 hr. The cooled mixture was poured into 1 1. of cold 
water, and the separated aqueous phase was extracted several 
times with ether. After washing the ether extracts with water, 
they were combined with the original dimethyl sulfoxide phase 
and dried with magnesium sulfate. Removal of low-boiling 
materials followed by fractionation in a short-path still gave 
water-white 1-cyano-7-hexadecyne ( lo) ,  bp 130-132' (0.01 
mm), in 9370 yield. Gas-liquid chromatography (6-ft silicone 
oil SF 96 column at  218') indicated a purity of 98%. 

A small amount of the product was further purified by prepara- 
tive gas-liquid chromatography. 

Anal. Calcd for C17H29N: C, 82.52; H,  11.81. Found: C, 
82.37; H ,  11.69. 

This material revealed only a single peak on analytical gas- 
liquid chromatography through the silicone oil column at  218" 
or a 4-ft silicone rubber column at  227'; T L ~ ~ D  1.4578; ir (neat) 
2260 cm-l; nmr (20% in CC14) 6 0.88 (skew triplet, CHI), 
1.2-1.8 (multiplet), 2.0-2.4 (m, CH2's a t  position 2, 7, and 10). 
The integration ratio of the 2.0-2.4-ppm signal to the others was 
6 : 23, as required. 
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When essentially the same directions were followed with 85 ml 
of dimethyl sulfoxide, 3.8 g (0.080 mol) of sodium cyanide, and 
18.0 g (0.052 mol) of l-iodo-7-hexadecyne, the yield of distilled 
nitrile, bp 125-129' (0.1-0.03 mm), was 93%. Gas-liquid 
chromatography showed less than 1% impurity. Alcohol was 
also used successfully as the reaction solvent. 

Methyl 8-Heptadecynoate (ll).-A mixture of 98-99oj,. 1- 
cyano-7-hexadecyne (10, 11.1 g or 0.045 mol), sodium hydroxide 
(9.0 g or 0.23 mol), 9570 ethanol (115 ml), and water (10 ml) 
was boiled for 17 hr. The cooled solution was diluted with 275 
ml of water and then washed with ca. 100 ml of hexane. Acidifi- 
cation of the stirred and cooled solution by dropwise addition of 
12 iV hydrochloric acid to pH 3 was followed by dilution with 
water to about 700 ml and then extraction with ether. The ex- 
tracts were washed several times with water, dried with sodium 
sulfate, and stripped of volatile solvents a t  room temperature. 
The faintly yellow residual solid was dissolved in 30 ml of dry 
ether and was treated with stirring and cooling with diazomethane 
(estimated 3 g or 0.07 mol) by distilling diazomethane plus ether 
directly into the reaction flask. After a short time, excess 
reagent was swept out in a stream of nitrogen. Distillation of 
the remaining material through a Claisen head gave 11.8 g 
(94%) of water-white methyl 8-heptadecynoate ( l l ) ,  bp 125- 
128' (0.03 mm). 

Anal. Calcd for C1&202: C, 77.09; H,  11.50. Found: C, 
77.24; H ,  11.50. 

This product gave a single spot on thin layer chromatography 
(silica gel, with 8 : l  hexane-ether) and a single peak on gas- 
liquid chromatography (6-ft silicone oil SF-96 column at 220'). 
In  a similar run, the same product, analyzed on a 6-ft neopentyl- 
glycol succinate (10%) column at  197" or on a 6-ft silicone rubber 
column (SE-30, 10%) a t  218", showed a purity of 99+%. 
Methyl 8-heptadecynoate (11) had the following properties: 
mp -11 to -13'; nZ5u 1.4524; ir (Cc1,) 1740 cm-'; nmr (CCl,) 
6 0.88 (t, CHZCH~), 1.32-1.42 (complex), 2.08 (m, CH2's at 
positions 2, 7, and lo),  3.60 (s, COOCH,). The integration ratio 
of the methyl ester signal to the others was 3:29. Raman ab- 
sorption spectra were taken on a sample obtained by preparative 
gas liquid chromatography through a 10-ft Carbowax 20M 
column at  205'. The pure neat ester 11 in a laser-based Raman 
spectrophotometer showed absorption peaks at  2237 and 2295 
cm-l with an intensity ratio of approximately 3 : l .  A pure 
sample of 4-octyne showed exactly the same kind of absorption, 
attributable to the disubstituted k C  grouping. 

8,9-Carboxymethano-8-heptadecenoic Acid (12).-According 
to the general directions described above, ethyl diazoacetate 
(20.6 g, 0.18 mol) was added over a 6.5-hr period to 40.6 g 
(0.145 mol) of methy 8-heptadecynoate (11) mixed with 0.1 g 
of powdered copper-bronze. The temperature was kept a t  145- 
150". When arrangements were made to measure the evolved 
nitrogen, it became clear that even at  140' the diazoacetic ester 
decomposition occurred smoothly, rapidly, and quantitatively. 
Saponificaticn of the red-brown reaction mixture was effected 
with potassium hydroxide (40.5 g, 0.72 mol) in boiling 95% 
alcohol (180 ml) and water (20 ml) for 4.5 hr. Isolation of acidic 
material afforded 50.2 g of a viscous orange oil, which was 
chromatographed on a column (3.7 X 80 cm) of silica gel (360 g) 
deactivated with about 15y0 of its weight of water. Untreated 
silica (or Florisil) was not satisfactory, since the diacid moved 
much too slowly. The developing solvent at first was hexane 
alone and then hexane with gradually increasing amounts of ether 
until the hexane-ether ratio was 2:3. About 4.25 1. was used. 
Some 8-heptadecynoic acid (5.0 g or 13%), mp 29-32', was 
recovered in the earlier fractions. On a thin layer chromatog- 
raphy plate (hexane-ether-acetic acid 40: 10: l), this acid showed 
a single spot with the same Rf value as authentic 8-heptadecynoic 
acid. Later fractions, combined on the basis of thin layer chro- 
matography results, provided 34.3 g (73%) of single-spot 8,9- 
carboxymethano-8-heptadecenoic acid (12) as a faintly yellow 

Anal. Calcd for C19H3204: C, 70,33; H, 9.94; neut equiv, 
162.2. Found: C, 70.55; H ,  10.15; neut equiv, 165, 161. 

Although the above directions gave the best yield of diacid 12 
(73%, 84% corrected for recovered starting acid), a more re- 
producible yield of 657, (69% corrected) was realized with a 2: 1 
instead of a 1.25: 1 molar ratio of diazoacetic ester to acetylenic 
ester and with a tenfold greater ratio of copper-bronze to diazo- 
acetic ester. In  almost all of the additions, a slow moving compo- 
nent emerged after the desired diacid 12. This could have been 
the corresponding bicyclo[l.l .O] butane triacid product,l6 but the 

Oil, 12"D 1.714. 

point was not pursued. Subsequent work showed that thin layer 
chromatography using Brinkmann silica plates with 1 : 1 hexane- 
ether containing 5-10% (v/v) of 1 : 1 acetone-acetic acid dif- 
ferentiated well between the acetylenic acid, the desired cyclo- 
propene diacid 12, and the suspected triacid. 

The homogeneous product 12, which crystallized (mp 42-45') 
after some time in the refrigerator, gave ir absorption maxima 
at 1700 (C=O) and 1900 cm-l (cyclopropene); nmr (CCl,) 6 
0.88 (t, CH,), 1.3-1.43 (m, CHl's a t  positions 3-7 and 11-16), 
1.97 (s, cyclopropene H) ,  2.32-2.42 (m, CHz's a t  positions 2, 7, 
and lo), 12.18 (s, COOH). 

Methyl Malvalate (8) from 8,9-Carboxymethano-8-heptadecen- 
oic Acid (12).-A solution of diacid 12 (3.9 g, 0.012 mol), oxalyl 
chloride (5.0 g, 0.040 mol), and 45 ml of dry ether was stirred 
at  room temperature for 1.5 hr. After most of the volatile 
materials had been removed, the residual light brown oily diacid 
chloride 13 was pumped at  lo-* mm to a constant weight of 4.3 
g (99%): ir (neat) 1785 (poorly resolved carbonyls) and 1905, 
but nothing at  3100-3600 cm-l. 

The subsequent decarbonylation, esterification, and boro- 
hydride reduction in its essentialsfollowed theprocedure developed 
for the corresponding synthesis of methyl s t e r~u la t e .~  After 
purification by column chromatography, the colorless product 8, 
homogeneous according to thin layer chromatography, weighed 
1.5 g (34%); other fractions (670) which were largely methyl 
malvalate but with additional spots were also obtained. In  
other preparations, yields up to 43% were realized. All fractions 
from chromatography give an immediate positive Halphen test.le 
For the main fraction the following properties were noted: 
nZSD 1.4545, 1 2 , ' ) ~  1.4515; ir (neat) 1745 (c=o), 1875 (weak), 
and 1005 (medium) cm-l; nmr (20y0 in CCl,) 6 0.75 (9, cyclo- 
propene CHZ), 0.88 (distorted t ,  CHZCHZ.), 1.1-1.8 (complex), 
2.20 (t, J = ca. 7 Hz, CHZ at  position 2), 2.35 (m, t, J = ca. 7 
He, CHZ's a t  positions 7 and lo), 3.55 (s, OCHI). The integra- 
tions for the cyclopropene CHz, ester OCHa, and all the remaining 
protons were in the ratio of 2 (estimated):3:29, as required for 
methyl malvalate (8). 

Anal. Calcd for Cd&a02: C, 77.50; H,  11.64. Found: C, 
77.57; H,  11.47. 

Methyl malvalate (S), on attempted gas-liquid chromatog- 
raphy through a silicone fluid (SF-96) column a t  222', produced 
two peaks, with an 85: 15 ratio of the faster to the slower moving 
component .14 No new thin layer chromatography spots were 
developed when methyl malvalate was stored under nitrogen for 
4 days a t  -17'. For longer storage periods, the solid material 
in sealed ampoules was held at  -78". Samples that had become 
yellow on standing could be purified by chromatography through 
silica gel or Florisil. Purification of the crude product could be 
accomplished satisfactorily though less conveniently by reverse 
phase chromatography.8 Attempted fractional crystallization 
in acetone at  -70' gave little sign of separation. Urea adduction 
from methanol solvent a t  - 5, - 30, or - 50" gave precipitates, 
but the material in the adduct and in the mother liquor differed 
but little in composition.17 Chromatography through a column 
of powdered urea with 50: 1 hexane-methanol as eluting solvent 
gave no separation. Short-path distillation involving a 5-min 
exposure to 160' gave distillate showing distinct olefinic proton 
signals in the nmr curve at 6 4.8 and 5.33-6.3. Although 
evaporative distillation in a wide bore bulb-to-bulb apparatus a t  
110' (5 x mm) did not introduce olefinic impurities and 
appeared promising, the method was not developed. Exposure 
to temperatures greater than 120" is to be avoided. 

When anhydrous ferric chloride or aluminum chloride was 
substituted for zinc chloride in the decarbonylation, evolution 
of carbon monoxide was more rapid. When ferric chloride was 
used, mixing with borohydride in the reduction step produced a 
black precipitate (iron boride?) possibly effective in the catalytic 
decomposition of the borohydride;18 the yield of methyl malvalate 
here was 10-30%. In  general, aluminum chloride gave yields 
in the order of 20-3070, although in one exceptional case in the 
analogous synthesis of methyl sterculate, the yield was 45% from 
the corresponding diacid. 

(15) Inter alia, I. A .  D'yakanov, V. V. Razin, and M. I. Komendantov, 
Tetrahedron Lett., 1127 (1966) : P. F. Wolf, Doctoral Dissertation, Columbia 
University, 1964; BisseTtation Abstr., 26, 4251 (1966); T. Shimadate and Y.  
Hosoyama, Bull. Chem. Soe. J a p . ,  40, 2071 (1967). 

(16) F. C. Magne, J .  Amer. Oil Chem. SOC., 42, 332 (1965). 
(17) See R. E. Feuge. et a l . ,  ref 8. 
(18) N .  G. Gaylord, "Reduction with Complex Metal Hydrides," Inter- 

science Publishers, Inc., New York, N .  Y. ,  1956, p 60. 
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The Methanethiol Adduct8 from Methyl Malvalate (8) .-A 
sample of homogeneous methyl malvalate (0.333 g or 1.13 mmol) 
was allowed to stand away from air for 8 days at  room tempera- 
ture with 15 ml of a 10% benzene solution of methyl mercaptan. 
After volatiles were blown off in a stream of pure nitrogen, the 
residue was pumped in a high vacuum to a constant weight of 
0.389 g (100.5%). This methyl mercaptan adduct was colorless 
though faintly milky. It showed the same single spot on thin 
layer chromatography and the same single peak on gas-liquid 
chromatography as the sample obtained after further purifica- 
tion. Preparative gas-liquid chromatography, using an 8-ft 
10% silicone oil (SE-30) column at  230" with helium as the 
carrier, provided approximately 0.3 ml of water-white product. 

Anal. Calcd for C20H8802S: C, 70.12; H, 11.18. Found: C, 
70.12; H ,  11.32. 

The adduct gave one spot on thin layer chromatography on a 
silica plate with 8:  1 hexane-ether as developing solvent. Gas- 
liquid chromatography through a 6-ft silicone oil (SF-96) column 
at 230' produced a single symmetrical peak. The adduct showed 
n Z 6 ~  1.4702; ir (neat) 3060 (cyclopropane), but no peaks at  
1875 or 1005 cm-'; nmr (20y' in CCla) 6 0.3-0.85 (complex, 
cyclopropane H's), 0.90 (distorted t ,  CHa a t  position 17), 1.1- 

1.8 (complex), 2.0 (s, SCHt), 2.2 (distorted t, CH2COOCH3), 
3 .BO (9, OCH3), The ratio of the area under the 3.60-ppm signal 
to all others was very close to the expected 3:35. 

Registry No.-2, 24471-13-4; 3, 24471-14-5; 6, 
24471-15-6; 7,24471-16-7; 8,5026-66-4; 9,24471-18-9; 
10, 24471-19-0; 11, 24471-20-3; 12, 24471-23-6; 
l-chloro-4,5-(ethoxycarbonylmethano)-4-decene, 24471- 
24-7; l-chloro-4,5-carboxymethano-4-decene, 24471- 
25-8; l-chloro-4,5-(chlorocarbonylmethano)-4-decene, 
24471-26-9 ; l-chloro-4,5-methano-4-decene, 24471-27- 
0; methyl 5,6-methano-5-undecenoate1 24471-28-1 ; 
l-cyano-4,5-methano-4-decene, 24471-29-2. 
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1-Methyl-4-phosphoraninone was condensed with a series of arylmagnesium bromides. The resulting alcohols 
were converted to a series of derivatives including 1,2,3,6-tetrahydro-4-aryl-l, 1-dimethylphosphorinium iodides. 
These latter were allowed to react via their ylides with aromatic aldehydes to afford 3,6-diaryl-3,5-hexadienyldi- 
niethylphosphine oxides. The reaction of these ylides with ketones also gave the corresponding dienes. 

Though innumerable nitrogen heterocyclic com- 
pounds have been prepared as potential medicinal 
agents, their phosphorus counterparts remain largely 
unknown. Recent reports on the preparation and bio- 
logical activity of the phosphorus analogs of a series of 
phenothiazines1 and the finding that 4-phosphorani- 
nones2 prepared from bis (2- cyanoethylalkyl) phos- 
p h i n e ~ ~  readily add Grignard reagents4 led us to  use 1- 
methyl-4-phosphoraninone (1) as the key intermediate 
for the present work. 

Reaction of ketone 1 with a series of arylmagnesium 
bromides afforded the corresponding alcohols (Scheme 
I). Because of the conformational stability of tri- 
valent phosph~rus ,~  these products would be expected 
to be mixtures of the geometrical isomers about phos- 
phorus and C-4. Indeed, each of the oily alcohols ex- 
hibited a pair of P-CH3 doublets in the nmr in a roughly 
1:  1 ratio. Reaction of these phosphines with methyl 
iodide afforded the quaternary salts; since this last 
reaction removes one of the centers of isomerism by 
symmetrizing the phosphorus, each alcohol mixture 
gave a single crystalline methiodide (2-7) (Table I). 

Alternately, the center of isomerism a t  C-4 was re- 
moved by conversion of the alcohol to the olefin. These 
last products, though often crystalline, proved too 
labile to air to characterize as the free bases. Conver- 
sion to either the p-toluenesulfonate (8, 9) or methio- 

(1) R. A. Wiley and J. H. Collins, J .  M e d .  Chem., 12, 146 (1969). 
(2) R. P. Welcher, G.  A. Johnson, end V. P. Wystrach, J .  Amer. Chem. 

(3) M. Grayson, P. T. Keough, and G. A. Johnson, i b id . ,  81, 4803 (1959). 
(4) H. E. Shook, J t . ,  and L. D. Quin, i b i d . ,  89, 1841 (1967). 
( 5 )  L. D. Quin and H. E. Shook, Jr., Tetrahedron L e t t . ,  2193 (1965). 

Soc. ,  82, 4437 (1960). 

dide (10-13) gave a series of stable, easily character- 
ized compounds. In  the case of the m-trifluoromethyl- 
phenyl dgrivative, one of the isomers of the alcohol was 
isolated as its p-toluenesulfonate salt (14) ; attempts to 
dehydrate this last compound were unavailing. 

The Wittig reaction has come to be one of the most 
versatile of methods for the elaboration of carbon 
chains; modifications of the reaction are l e g i ~ n . ~ J  
Since this reaction involves in its first stages the genera- 
tion of a carbanionoid center, the phosphonium salt 
chosen usually contains but one group with hydrogens 
CY to phosphorus. In  the course of the reaction reor- 
ganization of the bonding in the intermediate betaine 
results in the loss of phosphorus as a phosphine 
oxide. R,9 

The quaternary salts 10-13 contain structural fea- 
tures which suggest a novel modification of the Wittig 
reaction: first, though there are three sets of (Y hydro- 
gens, the allylic ring proton should be removed in pref- 
erence to the others; and, second, collapse of the be- 
taine (Scheme 11), as in the generally accepted mecha- 
nism, should lead to a product in which the phosphorus 
is retained. 

Treatment of a suspension of the quaternary salt 11 
in THF with butyllithium followed by benzaldehyde 
gave upon work-up and chromatography a crystalline 
compound (15). The nmr spectrum of this material 
showed the presence of two aromatic rings (multiplets 
from 6 6.9 to 7.7; 9 H), the three vinyl protons as multi- 

(6) S. Trippett, Quart. Rev. (London), 17, 406 (1963). 
(7) H. J. Bestman, Anoew. Chem. Int. Ed. Enol.. 4, 583 (1965). 
(8) A. J. Speziale and D. E. Biasing, J .  Amer. Chem. Soc., 86, 2790 (1963). 
(9) M. E. Jones and S. Trippett, J .  Chem. Soc., C, 1090 (1966). 


