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Abstnwt .Thc addmon of mcthyknc and carbotihoxycarbcnc (gcncratcd photolytically from 
diaromcthanc and methyl diazoacetatc. rcspctivcly) to buryne-2 gives I,2-dlmcthylcyclopro~~ 
and methyl l.2-drmelhyl~yclopropenc-)-carboxylatc, rr3pccrtvcly. In ldcnrrfying the hydrogenation 
product of the latter as cis-1.2-dimethykyclopropanc-3Ccir)carhoxylate. it was relevant to invafigale 
the reaction of cis- and rrons-burcne with methyl diazoacctate. It could bc shown that addition wa< 
by rk rir-mode, and that addition lo cis-burcnc preferentially followed the stcrically favored “cxo” 
path. 

CARRENFS and acctylcncs reacting to yield cyclopropencs is one of the many satisfying 
outgrowths of the renaissance of divalent carbon. Among the published examples, 
the earliest. by D’yakanov and Komendantov,’ involves the reaction of phcnyl- 
methylacetylene with ethyl diazoacctatc to give ethyl I-methyl-2-phenylcyclopropenc- 
3-carboxylate, while those immediately following, by Breslow CI ~1.~. involve the rc- 
actions of diphenylacctylcnc with diazomalonic ester,24.c diazoacctic ester,24.c phenyl- 

diazoacetonitrilc,2d.e and phenyl chlorocarbene.2’ Quite recently, Vol’pin er ~1.~ have 
reported the addition of dibromocarbene to diphenylacctylene. all the more significant 
an observation in view of the implication’ that acetylenes should not be sufficiently 
nuclcophilic to react. In this paper, we report the reactions of butyne-2 with two 
carbenes, methylcnc and carbomethoxymethylenc, as the first illustrations of the 
synthesis of purely aliphatic cyclopropcnes. 

The decomposition of diazomethane is carried out photochcmically in the usual 
wayS with the cxccption that some dimethyl ether is admixed with the butync-2 to 
prevent this rclativcly high melting substance from solidifying on the cold finger. 
Most of the unrcactcd butyne-2 is removed by distillation to give a concentrate from 
which quite unexceptional g.1.p.c. permits separation of dimethylcyclopropene in 
yields up to I7 per cent of theory based on N-nitrosomethylurca. Dimethylcyclo- 
propne can be kept without polymerization in the refrigerator and in this sense is 
much more stable than unsubstituted cyclopropcnc which cannot be stored even at 
__ 75’ +6 

’ I A. D’yakanov and M. I. Komcndanlov. Vrrtn~k Lmingmd. L’nrc. II. No. 22. Srr. PI:. i Khim. So. 4. 
166 (IY56); Chrm. Ahrrr. 52. 27621 (19%). 

a H. Hrcslow and R. Wlntcr. Ahstrncts of Paper% prcwntcd 31 the 132nd Mccttng of the Amer. Chem. !Coc. 
p. I8P. Sew York, September. lY57; b R. Breslou and hi. Bot~tr~e. Chcm. & Ind. 1143 (IYSR); c R.Bro- 
low, R. Wmtcr and M. IMUSIC. /. Org. (‘hem. 24. 415 (1959); ‘ R. Brcslow. J. Amu. Chrm. Ser. 79, 
5318 (lY57): l R. I~rcrlow and C. Yuiln. 1. Amer. Chrm. Sot. 80, JYYI (1958~; ’ R. Bmlow. prwate 
communicat100. 

a M. li. Vol’pm. Yu I). Korcshkov and D. N. Kunanov. f:r~. Akod. !b’wk SSSR. Otdcl. Khim. .Vuuk 
560 (lY5Y); C’hcm. Ahrfr. 53. 217Wf (IYSY). 

’ W. von E. Doering and W. A. Ilenderson. Jr.. J. Amer. Chrm. Sot. IB, 5274 (1958). 
’ Sec. for example. W. von I’. Docrmg and H. Prtnzhach. Trrrohrdron 6, 24 (195Y). 
* M. J. Sfhlarter. J. Amtr. (Iem. Sot. 63, 1733 (19(l). 
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Support for the structure of 1,2-dimethylcyclopropcnc rests on the results of catal- 
lytic hydrogenation and on the interpretation of the n.m.r. spectrum. cis-l,tDimethyl- 
cyclopropanc is obtained in good yield as the major product of reaction with one molar 
equivalent of hydrogen.’ The minor products arc n- and isopentanc, easily separated 
in about equal amount by g.1.p.c. The n.m.r. spectrum of the olcfin shows two 

absorptions at 198 and 245 cps in the approximate ratio. 3 : 1. Of the three possible 
structural isomers which could lead to 1,2-dimethylcyclopropanc on hydrogenation, 
1,2-dimcthylcyclopropenc alone would show methyl and cyclopropyl but no vinyl 
hydrogen in its n.m.r. spectrum. The mass spectrum confirms the molecular weight 

by having no mass numbers higher than 68. The most intense peak has the mass 

number, 67, of the parent minus one and may correspond to the 1,2-dimethylcyclo- 
propenium ion, formed in greatest abundance by virtue of its special aromatic 
character. 

In the infrared spectrum of 1,2-dimethylcyclopropcnc, the absence of any band in 
the 1 I.2 p region where methylenecyclopropanc absorbs strongly6’ is further cvidcncc 
against an exocyclic mcthylene group. The weak absorption at 5.27 11 (Ccl,) is a 

point of obvious intcrcst in the light of the anticipation by Faurc and Smith@ that the 
carbonxarbon double bond stretching frcqucncy of cyclopropcnc should lit between 
those of simple olefins and acetylenes and of their actual finding that sterculic acid 

has a weak absorption at 5.35 ~1 (CS,). There is no absorption in the ultraviolet. 
The reaction of butync-2 and methyl diazoacctatc in the presence of light leads to 

methyl I ,2-dimethylcyclopropcne-3-carboxylatc (Chart I, A). This molecule shows 
no absorption in the ultraviolet, has the required elementary analysis and an infrared 
spectrum which, lacking strong absorption at 3.23 and 1 I.2 ,u, precludes the presence 
of cxocyclic mcthylcnc. Catalytic hydrogenation affords a dihydro-derivative to which 
the structure, methyl cis-I ,2-dimethyl-3(ci.s)-carboxylatc (Chart I, z), is assigned in 

the scqucl. 
The same z-ester is the minor product of both the photochemical and coppcr- 

catalyzed reactions of cis-butenc with methyl diazoacctatc; the major product 
(5 : 2) is methyl cis-l,2-dimethylcyclopropane-3(rr4nr)-carboxylatc (Chart I, LO. 
Iran.+Butcnc lcads cxclusivcly to a third product, methyl frans-l,2_dimcthylcyclo- 

propane-3-carboxylatc (Chart I, ‘J). 
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CHART I. Reactions of methyl dmzoacctate. 

’ The infrared spectrum of this matcrlal IS ldcncwal wth that of the sample previously constdertd 10 be 
crs-1. 2-dunclhylcyclopropane: W. van E. Docrtng and P. La1’lammc.I. Amer. Chem. SOC. 78, 3447 (1956). 

‘J. T. Gagson. It. W. <kccnlce. J. Y. Ikrfcr and C’. E Board. J. Amer. Chrm. Skior. 7% 3344 (19S3). 
* P. K. Faurc and J. C’. Smith. J. Chum. Sot. 1818 (1956). 
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On the assumption of stereospecific addition (logically, it is irrelevant whether cis or 
frans), of cis and [runs-butene, one will give two stcreoisomcric products and the other 
only one. This latter product, formed tither by ftatrs-addition to cis-butene or cis- 
addition to rrans-butcnc, must have the fruns-structure. In fact, the single product is 
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l Methyl I. 2-dlmelhylryclopropcne-3-car~ayla~e. ’ Methyl ci~-l.2-dtmeIhylcyclopropanc-3(cic~- 
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obtained from rruns-butenc and is therefore methyl rruns-l,2dimcthylcyclopropane-3- 
carboxylate (Chart 1,~). It follows that the mode of addition to the olcfin must have 
been cis. Further justification for the assumption of stcrcospccific addition is to bc 
found in the fact that there is no overlapping of products from cis and rru,ts-butenc- 
the former giving the frc*o (and therefore cis) l,2-dimethylcyclopropane-3-carboxylates. 
a and p, the latter the single, fruns isomer, y.r” 

Structural distinction bctwcen the a and /? c&esters can be made by uncomplicated 
application of the principle of surface hindrance in catalytic hydrogenation.” 

lo II IS presumably by some such argument as this that the following. othewisc undocumented sm~etnen~s 
by P. S. Skell and R. C. Woodworth. 1. Amer. Chcm. Sot. 78, 44% (lY56) find partial Justtfication: 
“‘l’hc cntenon of stereospecific addillon to the 2.bulencs bar been used to detect other carbenc rtpction 
mtermcdlates. For example. phorolyscs ol ethyl diazoacztate in the presence of these olefins produces 
carbethoxycarbem. :CIICDOC,H,. since the ethyl 2.3dimethylcyclopropane carboxylalo are obtaiwd 
in sfereospecific tractions. Copper-bronze catalysts produces the - resulrs as photolysis.” 

” R P. Lmsread W. van E. Doering. S. B. Davis, P. Levine and R. R. Whelstone. 1. Amu. Chcm. Sot. 64, 
Id85 (lY42). ’ 
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Addition of hydrogen being from the catalyst surface to the under side of the ab- 
sorbed olcfin in cis fashion, the geometry of adsorption controls the stereochemistry 
of the product. In the case of methyl 1,2-dimcthylcyclopropcnc-3_carboxylate, the 
favored conformation of adsorption leaves the methyl carboxylate group fauns to the 
catalyst surface and lcads to an all-cis product. Accordingly, the z-isomer is the 
methyl cis-l,2-dimethylcyclopropane-3(cis)-carboxylatc and, by default, the $-isomer 
is the methyl cis-I ,2-dimethylcyclopropanc-3(rrans)-carboxylate. 

Parcnthctically, it is noteworthy that the addition of carbomcthoxy carbenc to 
cis-butene is the only example in which, with cis-addition demonstrated, a second 
stereochemical choice, analogous to the err&exo choice in the Diels-Alder reaction, 
is open to the reactants. Whcrcas the ettJo choice is overwhelmingly preferred in all 
but a few cxamplcs of the Dicls-Alder, in the addition of this carbenc no striking 
discrimination is shown. What little there is seems to be stcrically controlled and 
corresponds in the Diels-Alder analogy to exe-addition. With &-addition being 
indicated, the examples of Wilbcrg ef al. l2 in which the additions of carboethoxy- 
carbcne to ethyl acrylatc, vinyl bromide and vinyl r-butyl ether give rmns-products, 
now become further illustrations of the stcric favoring of exe-addition. 

We hope to exploit the more ready availability of simple cyclopropcncs by studying 
the chemistry of the ring system in greater detail than has heretofore been conveniently 

possible. 

I ,2- Dimethylcylopropene 

EXPERIMENTAL 

A solution of diivomcthanc in dccahn was prcparcd by adding 4.8 g N-mclhyl-N-nitrosourca IO 

a well-stlrrcd. &-cold mixture of 40 ml dccalin and 30 ml 45 p’. aqueous potassium hydroxide over a 
period of IO min. One quarter of Ihc solution of diazomcthanc in da3hn (at -70 ) was transferred 
IO a tcsbtubc which was conncctcd through a cork stopper and T-lube IO IWO stopcocks: one leading 
IO rhc top of the irradiauon vessel-.a simpk, transparent Dewar-type of cold finger with an elongated 
outer wall. Ihc inner wall serving as a dry-ice condenser-and a 1 I. rcscrvmr; the other. IO a vacuum 
pump. The diaromcthane was transferred IO the chilkd ( -70’) solution of 18 ml butyne-2 and 5 ml 
dimethyl ether m the Dcwar vascl by evacuating the l-l. bulb and alloumg Ihc decalin soluuon IO 
warm IO room temp. During irradia~lon. Ihc upper part of the Dcwar llask LS protccrcd by a jacket 
of aluminum foil and illuminallon is from below by IWO 275 watt General Electric Sunlamps. A 
total of eight doses of diazomethanc was introd& at intervals sufficiently long IO permit the 
decomposition of the preceding dose. 

The reaction product was distilled, material boiling below 45? being colkc~cd. Analysis of the 
mixture by g.1.p.c. using a 2-m Ictraisobutyknc column (D) in a Perkin-Elmer 154 I,racIomctcr 
operdtcd at 26 and with helium at IO Ib:m* indicated 7.5 “; of the 1,2-dimcthylcyclopropcne corrc- 
sponding IO 179; of theory basal on N-methyl-N-nitrosourea. On this column Ibe rctcntlon Iimc of 
butync-2 is 10 min and that of dimethykyclopropcne is 16 min. Larger quantitin of product were 
separated by distilltng most of the butync-2 in an 18” heltx-packed column and then passing many 
100 mg wmplcs of the conccntratc through the l/4” g.1.p.c. column. Collection was aczomplishcd 
in the usual manner in a U-tube surrounded by dry-ice. II was also possible IO cffc~t purification 
(..909,) on a 4’ g.1.p.c. column, 2” in diameter. packed with Uccylphthalatc on fircbrick. 

I .2-DirncIhylcyclopropenc is a colorless. moderately stable liquid of f.p. 35 IO 33 and having 
a vapor prcssurc of 150 mm at 0” (corresponding IO a b.p. of about 40’). II polymcriz% slowly at 
room Iemp and is easily stored at 4’. Thcrc is no maximum absorption in the U.V. above 215 rnp 
nor any absorption with log c I I above 230 mrr (IO”’ M solution in ethanol). The n.m.r. spectrum 
measured in a Varian Associates Model 4300 V at 40.01 mc‘ with supcrstabilirrr and spinning sample. 
showed IWO peaks. one at I98 . 3. the other at 245 .a. 3 c.p.s. (relative IO lbc phcnyl hydrogen of 
Iolucnc) in an approximate ralio of 3 : I. The gas-phase (IO mm prcssurc in an 8.5 cm cell) infrared 

I* K. il. Wlbcrg. R. K. Barnes and J. Albln. 1. Amer. Chrm. Ser. 79. 4994 (1957): E. N. ‘I’rachrcnbcrg and 
G. o&on. It&. SO. 4015 (1958); G. 1.. Clors and 1.. E. (‘loss. f&d. 81. 4996 (1959). 
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is comparatively simple. Omttting scverdl very weak transitions, the spectrum seems IO consist of 
the following bands: sharply separated. strong doublet at 3-43 and 3.52 p; a weak peak at 5.27; 
weak peak at 6.70. moderate peak at 6.YI, a poorly resolved doublet at 8.42 and 8.50 and a strong 
triplet at 9.78. 9.86 and 9.95 1‘. with the central peak being cxccedingly sharp. The spectrum m 
carbon tctrachloridc (SO,) follows: 3.44 (S); 3.52 (S); 5.29 (W); S-81 (VW); 5.92 (VW); 6.75 (M); 
6.Y3 (S); 8.46 (M); 8.63 (M); 9.91 (S). 

The molecular weight was cstablishcd by the mass spectral cracking pattern which shows no 
masses above the parent 68 (with the cxccption of the ‘T isotope mass at 69). TIK mass spectrum 
at 70 V. ts given hcrc along wtth intensities relative 10 that of ma.. 67 as 100: 69 (S-O), 68 (Y2.6) 
67 (100.0). 66 (10.5). 65 (15.1). 63 (5.0). 62(4,4). 61 (3.4). 60(0.7). 54(3.2), 53 (63.1). 52(7.8), 51(16.7). 
50 (11.7). 4Y (2.5). 44 (CO,. 1.2). 43 (1.1). 42 (14.6). 41 (75.6). 40 (31.2). 39 (57.6). 38 (9.5). 37 (5 2). 
36 (0.5). 32 (0,. 1.4). 31.5 (1.4). 31 (6.1). 2Y (3.2). 28 (Xx. 5.1). 27 (4Y.3). 26 (5.1). 25 (0.5). IS (2.2). 

Catalytic Itydrqvnarion of I .2d~merhylcyclopropene 

In a vacuum-line system about 30 mg (20 cm mercury m the system cmploycd) duncthylcyclo 
propcnc was condensed into 0.25 ml iso-octanc containing 5 mg prc-reduced plalinum oxide catalyst. 
Under 500 mm press of hydrogen. the cyclopropcne was rcduccd at about 0” wtth magnetic stirring. 
Diffusion of the cyclopropene throughout the vacuum system was minimirrd by the appropriate use 
of stopcocks and by condensing the volattle matertab back into the iso-octane solution by periodic 
cooling wtth dry-ice. 

After uptake of hydrogen had ceased (a fall in prcssurc of 21 cm mercury), the hydrogenation 
product was condcnscd and chromatc~raphcd on a 2 m dioctylphthalate column at 25 26 wtth 
helium at IO lb/in’. 

The most abundant product amounted to 70”. of the vola~tlc materials. and had the same rctcntion 
time (about I6 mm), mass spc~trum and infrared spectrum as that of a sample of authentic cir- 
1,2-&nrcthyl+opropanc.~ 

The m-1 of the product consisted of IWO subs1ancr-s m roughly equal quantity having rctcntion 
IIIIKS of IO and 7.5 mm and bcmg Identified by mass spectroscopy as n-pcntanc and aopcntane, 
rcspcclively. 

Methyl I ,2-~limerhylcyclopropcnc-3-carhn~yla~e 

A mixturc of 23 g burync-2.7 g methyl diaroacctatc and 25 g isobutanc (used as solvent IO prevent 
the buryncc2 from crystalhzing on the cold finger) was placed in a flask firted with a condcnscr of 
the cold finger type filled wrth dry ice. AI the end of 30 hr irradiation with three 275 watt Gcncral 
Electric sunlamps. the diazoaccttc r31cr was dcuomymd. Distillation afforded 3.5 g material. 
b.p. 45-60 at 2 mm. Scpardtion by g.1.p.c. (Pcrkin Elmer Fractomctcr 154; 4 m didccylphthalate 
column at I30 ) afforded pure methyl I .2-dimrthykyclopropcnc-3-carboxylatc as the mapr com- 
ponent (8O”J in 32:; of theoretical ytcld; np 14412 (Found: C. 66.4; H, 8.2. C,H,,O, requires: 
C, 66.7; If. x 00,). 

Caralyfic hydrqqcnation of merhyl I .2-dinrerh~lcyclopropene-3-carboxylate 

The crude (80”,) reaction product (0.5 g) was hydrogenated over platinum oxide m ethyl acetate 
at room temp and aim. prr?is. The crude product was analyscd by g.1.p.c. (4-m dtdccylphthalatc 
column a1 125” and helium at 25 Ib;m’). At lwst 700,; of the product had ~hc same retention 11mc and 
same infrared spaztrum as the z-isomer, methyl cis-l,2-dimc1hylcyclopropanc-3(ri+carboxyla1c, 
obtatncd below from cis-butenc and methyl dtazoaccratc. Thcrc was no dcrcctablc amount of any 
other srcrcoisomcr. 

Photochemical reaction of merhyl diazoacetare wirh cis-hurene 

After being irradiated for 40 hr with three 275-watt General Electric sunlamps, a solution of 8 g 
methyl dlaJoacc1arc in 40 ml cir-burcnc had become colorless. Disttllation afforded 4.0 g (3972 of 
theory) material, b.p. 50 60” at 50 mm. In g.1.p.c. on a 4-m didccylphthalatc column at 130” and 
25 lb/in* of helium. 1hc product consisted of a mixture mainly of two substances, z (r.l. 42 min; 
ng 1.4308. Found: C. 65.5; H. 9.5. C:H,,O, rqutra: C. 65.6; II. 9.4:;) and ~1 (r.l. 47 min; 
n:,” 1.4306. Found: <‘. 65.5. Ii. 9.7. C,H,,O, rquira: C. 65.6; H, 9.40:) with small quantities 
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of at least four other substances of shorter retention time. The ratio of ‘I to fl was about 2: 5. Roth 
tsomers were stable to neutral pcrmanganatc solution. 

The a-isomer was not rearranged apprectably to the /l by tmating with methanolic sodium meth- 
oxide for 6 hr at 60’. 

77~ copprr caraly:ed reacrion oJ methyl diaxmcctarc with cis-hutcne 

This reaction was ctfectcd by adding gradually, at such a rate as IO maintam a steady evolution 
of nitrogen, 3.0 g methyl diazoacetatc and 2.5 g anhydrous copper sulfate to 20 ml cir-butcnc. 
Filtered and freed of volatik material. the product consisted largely of crystalline dimcthyl fumarate 
with a small amount (S-lop/,) of the same mixture (2:5) of isomers a and /3 as above. 

Photochemical reaction oJ methyl diaxmcerarr with trrns-hurcnc 

In the same manner as above. 8.0 g methyl diaroacctatc was irradiated in 50 ml rranr-butcnc. 
Distillation atforded 3.5 g (340; of theory) material: b.p. 40-50’ at 20 mm; nz 1.4252. The major 
product. methyl rrunr-1.2-dimcthylcyclopropanc3-carboxylatc (Found: C. 65.3: H. 9.3. C,H,,O, 
rquircs: C. 65.6; H, 9*4”/b). had a retention time of 33 min at 126” and at a helium prmure of 
25 lb/in’ tn the same column as that used in the cir-butcnc experiment. 

InJrared spccrra 

The spcctn were measured in carbon tctrnchloridc solution in a 0.01 cm cell in a Pcrkm-Elmer 
Model 21 Infrared Spectrometer. Included in the tabulation of the spectra is a rough measure of 
intensity obtained from the optical densities by dividing by the product of the czll thickness (0.01 cm) 
and the conozntration expressed in moles per 1000 g of carbon tctrachloride. The resulting “extinction 
cocffiicnts” were normalized (c.) by taking the value IO for the carbon-hydrogen stretching band 


