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were not characterized further, but, to verify that aromatic 
acetoxy compounds have longer retention times than bromo 
compounds, a test, mixture was run consisting of l-methyl- 
naphthalene, l-bromo-4-methylnaphthalene, and l-acetoxy-4- 
methylnaphthalene. The difference in retention time between 
the bromo and acetoxy derivatives of 1-methylnaphthalene is 
very similar to that of the derivatives of 1,5-dimethylnaphtha- 
lene. Furthermore, when the response factors of the mono- 
methyl compounds were used to calculate weight per cent of a 
kinetic run, the weight of bromo to acetoxy compounds was 
found to be 56.9 to 43.1%, in good agreement with the ratio 
given above. 

In  the bromination of 2,3-dirnethylnaphthalenel a 97.4 % 
yield of l-bromo-Z,3-dimethylnaphthalene was obtained. It 
waa characterized by a comparison with the retention time of an 
authentic sample, which was prepared according to a literature 
procedure and hac1 mp 61.8-62.8' (lit.** mp 63-64'). The 
2.6 % constitute another monobromo isomer, most likely the 
5 isomer (1-bromo-6,7-dimethylnaphthalene). Material bal- 
ances on three runel were 97.9, 68.8, and 93.5%. Chromatog- 
raphy of the total reaction product on an SE-30 column showed 
that  no acetoxy products were present. No dibromo sub- 
stitution products were detected in the bromination of either 
hydrocarbon. 

(22) R. T. Arnold and R. W. Ligpett, J .  Amer. Chem. SOC., 64,2875 (1942). 

The gas chromatographic analyses were done on a pro- 
grammed temperature gas chromatograph (F & M Scientific 
Corp., Model 720). For the separation of the bromo isomers 
a 4 f t  X 0.25 in. column of 5% Apiezon L-5% Bentone 34 on 
80-100 Diatoport S was used. Hydrocarbons were analyzed 
on a 2 ft X 0.25 in. column of Carbowax 20.34 on 80-100 Dia- 
toport S and acetoxy compounds on a 6 ft X 0.25 in. column 

The infrared spectra were recorded in chloroform on a 
Perkin-Elmer Infracord, Model 137, and the nmr spectra on a 
Varian Model A-56/60-A spectrometer. 

of 5% SE-30. 

Registry No.-l,5-Dimethylnaphthalene, 571-61-9; 
2-bromo-l,5-dimethylnaphthalene, 15095-53-1 ; 4-bro- 
mo-l,5-dimethylnaphthalene, 15095-54-2; 4-bromo-1,5- 
dimethylnaphthalene picrate, 15153-26-1. 
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Carbomethoxymethylenetriphenylphosphorane (I) and conjugated nitro olefins (11) react with subsequent 
proton transfer to give phosphorus ylides, carbomethoxynitroalkylidenetriphenylphosphoranes (IV) . The 
structures of IV were established from their infrared and ultraviolet absorptions. Chemical evidence for the 
structure of a typical phosphorane (X) was obtained by its bromination and subsequent regeneration by 
aqueous sodium carbonate. Methylenetriphenylphosphorane (XIV) and dimethylsulfoxonium methylide 
(XVIII) react with conjugated nitro olefins to yield nitrocyclopropanes; XVIII is the much more efficient 
and convenient reagent. The spectral properties of various nitrocyclopropanes are described. 

Carbomethoxymethylenetriphenylphosphorane (I)2 
has been presently found to add to various conju- 
gated nitro olefins (11, Table I) a t  90" in hydrocarbon 
solvents with subsequent proton transfer (eq 1) 

Ph,P-CHC02Me -1- g > W : O 2  -+ 

I II 
CQ2Me A CO2Me 

+I 
Ph$C--rCH+IN02- --+ PhZP- C H 4 H N 0 2  (1) 

H R  1 1  R I R I k  
m Iv 

t o  give carbomethoxynitroalkylidenetriphenylphos- 
phoranes (IV) efficiently.a Reaction of I and I1 or 
thermolysis of IV resulting in expulsion of triphenyl- 
phosphine to give nitrocyclopropanes, isoxazoline 
oxides, or related products could not be effected 

(1) (a) This research WBS supported by the Office of Naval Research. (b) 
To whom inquiries should he addressed. 

(2) (a) G. Wittig and 0. Geissler, Ann., ,380, 44 (1953); (b) 0. Mer, H. 
Outtman, M. Montavon, R. Ruegg, G. Ryser, and P. Zeller, Helu. Chim. 
Acto, 40, 1242 (1956). 

(3) H. J. Bestmann and F. Seng [Angew. Chem., 74, 154 (1962)l have 
reported a similar reaction in that I reacts with methyl benZOYl8Cryl8te to 
give triphenylphosphine and [(l-carbomethoxy-2-henzoyl)ethy~lcarbometh- 
oxymethy lene. 

advantageously. Carbomethoxyethylidenetriphenyl- 
phosphorane (V) reacts with P-nitrostyrene (VI) to 
give multiple adducts (VITI, eq 2). Phosphonium 
nitronates (VII) which do not self-neutralize to nitro- 
alkylphosphoranes (IV) thus may continue Michael 
addition to conjugated nitro 01efins.~ 

C02Me 
I 
I I I  

CH3 

I H'>C=c<$02 Ph36-C-CHC==NO2- Ph,P=CC02Me 

V VI CH3 Ph H 
vn 

CO,Me 

ph$- -(CH-CHN02)rCH-C=NOT (2) 
I I  
Ph H 

CI 
I I  
CHS Ph 

VIII 

The phosphorus ylides (IV) prepared by the new 
method are stable greenish white solids which can be 
recrystallized conveniently from hydrocarbons and 
from ethyl acetate. The structures of the products 
as phosphoranes (IV) are assigned from their infrared 
absorptions (Table I) for nitro (6.48-6.51 p)4 and 
phosphoranocarbonyl (6.13-6.23 p)  groups and from 

(4) J. F. Brown Jr., J.  Amcr. Chem. SOC., 77, 6341 (1955). 
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TABLE I 
REACTION OF CARBOMETHOXYMETHYLENETRIPHENYLPHOSPHORANE (I) WITH CONJUGATED NITRO OLEFINS (11) 

Ir 
% Molecular -Calcd, %- -Found, %- absorption,' p 

Nitro olefins Phosphoranas, IV' MpOCo yieldb formula C H N C H N >C=O NOS 

HtC=C(CHa)NOz Ph:P=C(COzCHa)CHtCH(CHa)NOc 162-164 57 Ci4HzrNO4P 68.50 5.70 3.32 68.21 5 .71  3.44 6.13 6.51' 
CHaCH=CHNOi PhaF=C(CO;CHa)CH(CHa)CHINO1 164-166 33 CMHIINOIP 68.50 5.70 3.32 68.26 5.55 3 .38  6.14 6.49' 

PhCH=CHNOz PhrP=C(COzCHa)CHPhCHtNOz 180-181 23 CzoHmNO4P 72.01 5.38 2 .90  71.95 5 .48  2.85 6.17 6 . 4 C  
PhCH=C(CHa)NOz PhzF'=C(COzCHa)CHPhCH(CH:)NOz 204-207 49 CaoHzsNO4P 72.43 5.63 2 .90  72.15 6.05 2.67 6.17 6.50h 
PhCH=C(Ph)NOi PhrF'=C(COiCHa)CHPhCHPhNOz 173-174 28 CarHaoNO4P 75.13 5.37 2.50 75.16 5.56 2.66 6.14 6.48' 
(CaH,O)CH=CHNOz) PhaI'=C(COzCHa)CH(C4H:O)CH,NOI 184.5-185.5 47 C Z ~ H I ~ N O ~ P  68.50 5 .08  2.96 68.76 5.24 3.24 6.23 6.481 

CHsCH=C(CHa)NOz Ph#=C(CO&Ha)CH(CHa)CH(CH:)NO; 193.5-195.5 33 CzrHzsNOiP 68.96 6.00 3.22 68.81 6 .12  3.30 6.13 6.51' 

a The phosphoranes melt with decomposition. b The actual yields are considerably higher (SO-SO%); the values reported are 
those for the analytical samples. d Uv, hmax (emsx) taken in 95% ethanol: 225 
(38,700), 261 (5050), 266.5 (5050), and 273.5 (4430). e Uv, Amax (ha.) taken in 95% ethanol: 225 (37,600), 261 (5770), 266 (5652), 
and 273 (4800). Uv, Amsx (e,,,..) 
taken in 95% ethanol: 225 (39,190), 261 (5787), 266 (SOOO), 273 (5545), and 304-311 (5400). h UV, Xmax (emax) taken in 95% eth- 
anol: 223 (42,666), 26:2 (5636), 267 (6609), 274 (6913), and 309-312 (10,363). i Uv, Amax (emax) taken in 95% ethanol: 223 
(38,000), 261 (6200), 267 (5900), and 273 (4800). 225 (28,400), 260 (4500), 266 (4400), 
273 (3700), and 347 (6800). k Respective registry no.: 15267-29-5; 15267-30-8; 15267-22-8; 15267-32-0; 15267-33-1; none. 

c Determined in potassium bromide pellets. 

f Uv, x ~ . ~  (emax) taken in 95% ethanol: 225 (32,222), 260.5 (5160), 267 (5040), and 273.5 (4200). 

i Uv, Amax (emax) taken in 95% ethanol: 

the similarities of their ultraviolet absorptions (Table 
I) in 95% ethanol (Amax 223-224 (emax 28,40&42,600), 
260-262 (130O-6200), 266-267 (170O-6600), and 273 

260 (1300), 266 (1700), and 272.5 (1400)) and V (A,,, 
224 (emax 32,100), 260.5 (BOO), 266 (2300), and 273 
(1900)). If the products were the dipolar adducts 111, 
infrared absorption for the nitronate and carbonyl 
groups would occur intensely at -6.2 and 5.7-5.8 p, 
respectively, and there should be strong ultraviolet 
absorption for alkanenitronate groups6 at  223-234 
mp (9000-11,000) or for arylmethanenitronate ions6 at 
291 mp (12,000). 

The product of reaction of I and 2-nitropropene, 
methyl 4-nitro-2-(ti:iphenylphosphoranylidene) val- 
erate, was demonstrated chemically (eq 3) to be an 

[Ph3$-#-C&-C-(% " 1 --* 

(1400-6900))6 to that of I (Amax 223-225 (emax 217200)j 

COzMe NO*- 

J 

Br- Br 
XI 

ylide (X) rather than a phosphonium salt (IX) upon 
(eq 1) its bromination to a bromophosphonium bro- 
mide (XI) exhibiting carbonyl and nitro absorptions 
a t  5.81 and 6.48 p, respectively, and (eq 2) reaction of 
XI  with aqueous sodium carbonate resulting in regen- 
eration of X. Bromination of the phosphonium 
nitronate (IX) is expected to  occur a t  the nitronate 
group. No significant shift in the wave length of the 
carbonyl absorption would be anticipated as a result 
of bromination of IX since the carbonyl groups in the 
reactant and the product should have similar stretch- 
ing vibrations. Also a shift in the absorption of the 

(5) (a) Aliphatic nitro compounds exhibit a principal absorption band at  
270-280 mp; the absorption is of low intensity (e ca. 15-30).4 (b) H. E. 
Ungnade and R. A. Smiley, J .  Orp. Chcm., 91, 993 (1956). 

(6) (a) F. T. Williams. Jr., P. W. K. Flanagan, W. J. Taylor, and H. 
Shechter. J .  Org. Chem., 80, 2674 (1965). (b) A. Hantzsch and K. Voigt, 
Ber.. 45, 85 (1912). (c) The intermediate, 111. from I and u-nitrostilbene is 
an arylmethanenitronate. 

nitro group to a lower wave length (-6.37 p) would 
be expected upon bromination of IX  because of the 
electron-withdrawing ability of bromine in cu-bromo- 
a-nitro structures. 

The utility of methyl 3-methyl-4-nitro-2-(triphenyl- 
phosphorany1idene)butyrate (XII) and methyl 4 
nitro-3-phenyl-2- (triphenylphosphoranylidene) butyr- 
ate (XIII) as ylide reagents for activated aldehydes 
was investigated. Reactions of XI1 and XI11 with 
m-nitrobenzaldehyde occur slowly to yield the com- 
mon product, methyl m-nitrocinnamate. It is appar- 
ent that XI1 and XI11 undergo proton transfer 
reversal and reverse Michael addition (eq 1) to gener- 
ate I and the respective nitro olefins. Reaction of 
m-nitrobenzaldehyde and I then yields methyl 
m-nitrocinnamate. 

Methylenetriphenylphosphorane (XIV) reacts with 
1-nitropropene (XV, eq 4) and with 2-nitro-%butene 
in anhydrous dimethyl sulfoxide at  10" to give 
2-methyl-1-nitrocyclopropane (XVII) and 1,Z-di- 
methyl-1-nitrocy~lopropane~ in poor (5-7 %) yields. 
Addition of XIV to the nitro olefins occurs with 
expulsion of triphenylphosphine; however there is 
extensive Michael polymerization of the nitro olefins 
under these conditions8 along with conversion of the 
phosphorus-containing materials into triphenylphos- 
phine oxide. 

XVI XVII 

Dimethylsulfoxonium methylide (XVIII)S in an- 
hydrous dimethyl sulfoxide is an effective reagent for 
converting conjugated nitro. olefins (11, Table 11) into 

(7) 1-Butylidenetriphenylphosphorane and 9-n-butylidenefluorene yield 
spiro(2,3-dipropylcyclopropane-l,9-fluorene) ; R. Mechoulam and F. Sond- 
beimer, J .  Amer. Chcm. SOC.. 80, 4386 (1958). 

(8) Ethylidenetriphenylphosphorane in dimethyl sulfoxide results in 
extensive polymerization and decomposition of @-nitrostyrene, 1-nitro- 
propene and 2-nitro-1-butene. raspeotively. 

(9) E. J. Corey and M. Chaykovsky, {bid., 84, 867, 3782 (1962). 
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TABLE I1 

REACTIONS OF DIMETHYLSULFOXONIUM METHYLIDE (XVIII) WITH CONJUGATED NITRO OLEFINS (11) 

I r  abaorp- Uv absorp 
Bp. 'C % Molecular -Calcd, %- -.Found, %- tion,* p tion,* 

Nitro olefine Nitrocyolopropanen (mm) yields formula C H N C H N  NO2 mp ( rm.4  

CHs 
69 (30) 31 CiHiNO: 47.52 6.93 13.87 47.67 6.71 14.00 6.48, 7.34 219 (6650) 

b N 0 ,  
CHICH=CHNOI 

CWH, 
62 (10) 40 CbHsNO: 52.27 7.82 12.17 52.65 7.79 12.35 6.48.7.33 219 (6950) 

b N G  
CHiCHaCH=CHNOa 

bNoa 76 (11) 43 CsHiiNO: 55.81 8.52 10.85 55.81 8.62 11.01 6.49,7.33 219 (6445) 

70(20) 37 CrHgNO: 52.27 7.82 12.17 52.50 7.60 12.35 6.51,7.39 216 (6236) 

CHICHWZ 
CHaCHtCHaCH=CHNOa 

CHiCH=C(CHi)NOz ""e; 
85-87(1) 44 CsHeNOi 66.26 5.52 8.58 65.93 5.70 8.63 6.49,7.34 213 (11,230); Ph 

b N 0 ,  252 (8230) 
Ph-CH=CHNO: 

The actual yields are much higher; the values reported are those for multiply distilled analytical samples. * Determined in 
potassium bromide pellets. c Determined in 95% ethanol. 

H /"\ 0 R  

xx 
'H 

H)c-c 
+ (5) 

substituted nitrocyclopropanes (XX) (eq 5) 
The addition reactions are run preparatively by add- 
ing the nitro olefins to excess XVIII at O-lOO. The 
products are usually isolable and purifiable without 
complication. Conversion of 2-nitro-1-alkenes into 
nitrocyclopropanes is inefficient, however, because of 
polymerization of the nitro olefins by XVIII. The 
nitrocyclopropanes are colorless, pleasant liquids 
stable to storage, insoluble in aqueous bases,l8 and 
readily separable from their parent nitro olefins by 
distillation methods. 

The a-nitro-P-substituted cyclopropanes prepared 
appear to have trans stere~chemistry. '~ The struc- 
ture of the product of reaction of XVIII and l-nitro-l- 

(10) The yields listed in Table I1 are for highly purified nitrocyclo- 
propanes. 

(11) (a) XVIII reacts with c+unsaturated ketones,"b amides,1la.d 
nitriles,ll. and sulfones"' to  give cyclopropanes. (b) E. J. Corey and M. 
Chaykovsky, J.  Amer. Chem. Soc., 87, 1353 (1965); (c) P. T. Izzo, J. Org. 
Chem., 18, 1713 (1963); (d) B. Loev, M. F. Kormendy, and K. M. Snader, 
Chem. Ind. (London), 1710 (1964); (e) C. Kaiser, B. M. Trost, J. Beeson. 
and J. Weinstock, J. Org. Chem., S O ,  3972 (1965); (f)  W. E. Truce and 
V. U. Badiger, ibid., 19, 3277 (1964). 

(12) It has been reportedl'e that B-nitrostyrene and XVIII  do not give 
the corresponding nitrocyclopropane. In the present experiments the 
adduct, 1-nitro-2-phenylcyclopropane, is obtained, 

(13) The resistance of coiivereion of 2-methyl-1-nitrocyclopropane into its 
corresponding nitronate ion is also indicated by the observation that the 
ultraviolet absorption of the nitrocyclopropane is unchanged in homogeneous 
solution upon addition of excess base (also see ref lle). 

(14) Ethyl trans-cinnamate and trans-N,N-dimethylcinna~~de react 
with XVIII to give ethyl trans-2-phenylcyclopropanecarboxylate (98.9 % 
stereoselective) and trans-N,N-dimethyl-2-phenylcyclopropanecarboxamide 
(100 % stereoselective). Ekhyl cis- and trans-2-pheny~cyc~opropanecar- 
boxylates are not epimerized by the above reaction environment.lIe trans- 
Cinnamonitrile and XVIIl give a mixture of 78 % trans- and 21 % cia-2- 
phenyleyclopropanecarbonitriles.~'~ trans-Phenyl w-styryl sulfone and 
XVIII  yield only trans~.1-phenyl-2-phenylsulfonylcyclopropane; cis-l- 
phenyl-2-phenylsulfonylcyclt~propane is isomerized nearly quantitatively 
to its trans isomer under the conditions for addition of XVIII  to the 
trans-sulfone. 11' 

The actual yields are considerably greater than those given. 

propene (principally the trans isomer) is assigned as 
trans-2-methyl-1-nitrocyclopropane (XXI) on the 

I!€? 
XXI 

basis of its nmr for two deshielded cyclopropyl hydro- 
gens between 7 8.0 and 8.35 (Hp and H,, multiplet, 
area 1.93),15" a methyl which is not deshielded 
and which integrates with cyclopropyl hydrogen (Ha, 
not deshielded) between 8.70 and 9.06 (multiplet, 
area 4.25), and cyclopropyl hydrogen at 5.95 (Ha, 
quintet, area 1.0) on carbon bearing the nitro group.lSc 
Chemical evidence for the stereochemical assignment 
was obtained in that the nitrocyclopropane is not 
separated into geometric isomers by gas chroma- 
tography on GF-1 (Dow Corning Co.) Chromsorb,lG 
and reduction by iron and hydrochloric acid" gives 
2-methyl-1-cyclopropylamine whose gas chromato- 
graphic properties are essentially identical with that of 
trans-2-methyl-1-cyclopropylamine (XXII) prepared 
as indicated in eq 6 (see Experimental Section) and 

(15) (a) Hydrogen cia to  a nitro group in a nitrocyclopropane is expected 
to  be highly deshielded. 9. Ranganathan (Ph.D. Dissertation, The Ohio 
State Univcraity, Columbus, Ohio, 1962) observed that  in 2-nitrospiro[cy- 
clopropane-l,9'-Ruorene] the r values of the Band 8' hydrogena relative to  
the nitro group of the cyclopropane ring are 8.25 and 8.85. respectively. It 
is presumed that  the 0 and 6' hydrogens are cis and trans, respectively, rel- 
ative to the nitro group. (b) The nmr of shielded and unshielded methyl 
groups in the following cyclopropanes are 1-methyl- ( r  8.87) trans-2-phen- 
ylcyclopropane; 1-methyl- ( r  9.20) cis-2-phenylcyclopropane; l-cisd-dimeth- 
yl- (r 8.87) trans-3-phenylcyclopropane; 1-cis-2-dimetlryl- (r 9.05) n's-3- 
phenylcyclopropane; and 1-trans-2-dimethyl- ( r  8.85 and 9.22) trana-3- 
phenylcyclopropane ea given by J. P. Freeman [J .  Org. Chem., 99,1379 (1964)l 
and G. L. Close and R. A. Moss [ J .  Am.  Chcm. Soc., 86, 4042 (1964)I. 
(e) Hydrogen on carbon attached to  nitro groups in the present nitro- 
cyclopropanes have r values of 5.94-5.96. Protons on carbon bearing 
nitro groups in 2-nitropropane and 2-nitrobutane exhibit reaonance a t  r 5.33 
and 5.48, respectively: Varian Associates NMR Spectra Catalog. Palo 
Alto, Calif., Spectrum No. 41 and 42. 

(16) Such columns are effective for separating cis- and trans-alkylnitro- 
cycloalkanes: G. E. Booth, private communication, 1966. 

(17) Iron and hydrochloric acid reduce various GO- and endo-nitro- 
hicycloalkanee to  their corresponding amines without alteration of the 
initial stereochemistry: P. W. K. Flanagan, Ph.D. Thesis. The Ohio State 
University. Columbus, Ohio, 1957. 
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A, 

obtained as an authentic sample.ls It is not yet clear 
whether XXI is formed from XVIII and l-nitro-l- 
propene as a product of kinetic or thermodynamic 
control. 

The products, XXIII, XXIV and XXV, from reac- 
tion of XVIII with 1-nitro-1-butene, l-nitro-l-pen- 
tene, and trans-P-nitrostyrene, respectively, could not 
be separated eff ect,ively by gas chromatographic 
methods. The chromatographic traces were sym- 
metrical upon passing each nitrocyclopropane through 
a variety of columns. Upon attempting to separate 
the products through long, highly polar, heated 
columns, there was distortion in the chromatographic 
responses. It could not be established, however, 
whether small amounts of initial geometrical isomers 
were present, whether there was some cis-trans 
isomerization during chromatography, or whether 
thermal decomposition of initial products led to un- 
symmetrical broadening of the gas chromatographic 
peaks. 

I 
Hr 

XXIII XXIV XXV 

The structure of XXIII is indicated as trans-2- 
ethyl-1-nitrocyclopropane from its nmr absorption 
for two deshielded ring protons (Hp and H,, multiplet, 
T 8.28-8.40, area 2.10), methyl and ring protons (CH3 
and Ha, multiplet, T 8.85-9.20, area 4.1), which are not 
deshielded, alkylmethylene hydrogen (CH2, sextuplet, 
T 8.47-8.85, area 2.10)) and hydrogen (Ha, quintet, T 
5.95, area 1.0) on carbon substituted by a nitro group. 
Similarly XXIV19a and XXVlgb are assigned trans 
stereochemistries from their nmr properties. Al- 
though no attempts, were made to separate by pre- 
cision glpc techniques the adduct obtained from 2- 
nitro-%butene and XVIII, it is clear from the nmr 
properties of the product that l-cis-2-dimethyl-l- 
nitrocyclopropane (XXVI) must be at least the 
principal component,.20 

(18) A gift from the Lakeride Laboratories, Inc., Milwaukee, WM. 
(19) (a) The nmr of XXIV indicates Ha  (quintet, area 1.0) a t  r 5.95, Hg 

and Hy (multiplet. area 2.09) between 8.10 and 8.33, alkylmethylene 
hydrogens (-CHzCHz-, multiplet, area 4.20) a t  8.33-8.86, and Ha along 
with methyl protons (multiplet, area 4.14) a t  8.86-9.24. (b) XXV exhibits 
resonance for Ha (quintet, area 1.0) a t  I 5.96. Hg (deshielded, multiplet, 
area 1.06) a t  7.07-7.52, H, (deshielded, multiplet. area 1.06) at 8.04-8.44, Ha 
(quartet. area 1.06) a t  8.60-9.02, and H on phenyl (area 4.86) a t  2.80-3.24. 

(20) The nmr of XXVI reveals methyl protons (singlet, area 2.80) on 
carbon bonded to  the nitro group, Hg and H, (multiplet, area 1.80) a t  I 
8.1C8.33. methyl protons (multiplet. area 3.10) between 8.76-8.96, and H6 
(multiplet, area 1.0) a t  9.14-9.33. 

XXVI 

The spectral properties of the nitrocyclopropanes 
prepared are of some note. The nitrocgclopropanes 
in which the nitro groups are a t  secondary carbon 
exhibit infrared absorption at 6.48-6.49 and 7.33-7.34 
p (Table 11) ; their absorptions thus occur in general 
at longer wave lengths than do secondary aliphatic 
nitro compounds (6.38-6.47 and 7.22-7.35 p).21 The 
tertiary nitrocyclopropanes absorb at  6.51-6.52 and 
7.39-7.41 p and thus more closely approximate tertiary 
nitroalkanes (6.47-6.53 and 7.36-7.45 p).4821 Ultra- 
violet absorption of the nitrocyclopropanes (Table 11) 
occurs with intensity (emax -6,000) in the 213-219 mp 
range in 95% ethanol; since nitroalkanes and conju- 
gated nitroalkenes exhibit r + IT* bands at  -21022 
and a t  220-250 mp (emax 3300-12,400),22 it is apparent 
that there is an appreciable conjugative effect in the 
nitrocyclopropanes. 

Experimental Section 

Reagents and General Procedures.-l-Nitro-l-propene,za 
2-nitropr0pene,~38,~ l-nitro-l-butene,za 2-nitro-2-butene,’& 
l - n i t r ~ - l - p e n t e n e , ~ ~ ~  P-nitrostyrene,2ad 2-nitro-1-phenylpro- 
pene,z3eJ a-nitrostilbene,2ad 2-( 2-nitrovinyl) furan,Zk methylene- 
triphenylphosphorane (XIV),z ethylidenetriphenylphospho- 
rane,2 carbomethoxymethylenetriphenylphosphorane (I),2 car- 
bomethoxyethylidenetriphenylphosphorane (V) ,z and dimethyl- 
sulfoxonium methylide ( XVIII)g were prepared by literature 
methods. In  the subsequent experimental, typical procedures 
for reactions of conjugated nitroolefins with carbomethoxy- 
methylenetriphenylphosphorane (I) and dimethylsulfoxonium 
methylide (XVIII) are described. These procedures are almost 
exact prototypes for the experiments summarized in Tables I 
and 11. 

Reaction of 2-Nitropropene and Carbomethoxymethylenetri- 
phenylphosphorane (1).-2-Nitropropene (3.5 g, 0.04 mol), 
and phenylphosphorane (I) (13.4 g, 0.04 mol) were stirred 
in anhydrous toluene (80 ml) for 40 hr a t  90-100’. The mix- 
ture was cooled and the toluene evaporated. Anhydrous 
ether (200 ml) was added to the dark brown residue, and the 
resulting solid (9.7 g, 57%) was filtered. Concentration of the 
ether filtrate afforded no additional product. Recrystalliza- 
tion of the solid from ethyl acetate yielded methyl 4-nitro-2- 
(triphenylphosphoranylidene) valerate (X), mp 161.5-163.5’ 
dec. 

Reaction of 8-Nitrostyrene and a-Carbomethoxyethylidene- 
tripheny1phosphorane.-b-Nitrostyrene (2.98 g, 0.02 mol) 
and this triphenylphosphorane (6.96 g, 0.02 mol) were heated 
a t  90-100” in toluene (100 ml) for 24 hr. The mixture was 
cooled and concentrated and then ethyl ether (250 ml) was 
added. Filtration yielded 8-nitrostyrene polymer (2.70 g) 
identified by its infrared absorption and its general properties. 

(21) (a) N. Kornblum. H. E. Ungnade, and R. A. Smiley, J. Org. Chem.. 
21, 377 (1956). (b) Reference 21a reports that 2-methyl-1-nitrocyclopro- 
pane absorba a t  6.50 and 7.36 p and that conjugated nitro olefins exhibit 
absorption at 6.55-6.62 and 7.39-7.46 p ,  respectively. 

(22) (a) C. N. Rao, “Ultraviolet and Visible Spectroscopy,” Butterworth 
and Co. Ltd., London, 1961, p 20; (b) E. A. Braude, E. R. H. Jones, and 
0. G. Rose, J. Chem. SOC., 1104 (1947). 

(23) (a) E. Schmidt and G. Rutz, Ber., SlB, 2142 (1928): (b) G. D. 
Buckley and C. W. Scaife, J. Chem. Soc., 1471 (1947); ( c )  H. B. Haas, A. G. 
Susie, and R. L. Heider. J. Ore. Chem., 16, 8 (1950); ( d )  J. hleisenheimer and 
F. Heim, Ann.,  366, 275 (1907); (e) L. Bouveault and A. Wahl, Compt. 
Rend., 134, 1145 (1903): (f) L. Bouveault and A. Wahl. Bull. Soc. Chim. 
Fr., I31 I S ,  519 (1903): (9) 0. Moldenhauer, W. Irion, D. Mastaglio. 
R. P. Fluger. and H. Doser, Ann., 683. 60 (1953). 
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Concentration of the ether filtrate, and addition of 95% 
ethanol-ether (1 : 1, 200 ml) gave triphenylphosphine oxide 
(1.87 g), identified by its infrared properties. Further evapora- 
tion of the filtrate yielded a mixture of triphenylphosphine 
oxide and a-carbomethoxyethylidenetriphenylphosphorane. 

Reaction of Methyl 4-Nitro-Z-(triphenylphosphoranylidene) 
Valerate (X) with Bromine and Then Aqueous Sodium Carbon- 
ate.--Bromine (0.48; g, 0.003 mol) in carbon tetrachloride 
(10 ml) was added dropwise to methyl 4-nitro-2-(triphenyl- 
phosphoranylidene) valerate ( X ,  1.17 g, 0.0028 mol) in carbon 
tetrachloride (60 ml) at 25-30'. The resulting mixture was 
stirred 18 hr and then filtered to give bromophosphonium 
bromide X I  (1.46 g, 91 %) as a yellow solid, mp 116-120" dec. 
The infrared spectrum of XI  contained strong absorption for 
carbonyl (5.81 k )  and aliphatic nitro (6.47 M) groups. Attempts 
to recrystallize XI from hot absolute ethanol, benzene, carbon 
tetrachloride, chloroform, or pentane lead to its deterioration. 

Compound XI  (1.28 g, 0.0022 mol) was dissolved in water 
(150 ml) a t  room t,emperature, filtered, and treated with 10% 
aqueous sodium carbonate until the aqueous solution was 
basic. The mixture was filtered to give a green solid (0.51 g, 
55%), identified as .'i by comparison of its infrared spectrum 
and its mixture melting point with that of initial material. 

Reaction of Methyl 4-Nitro-3-phenyl-2-(triphenylphosphoran- 
ylidene)butyrate (XlIII) and m-Nitrobenza1dehyde.-Com- 
pound SI11 (3.19 g, 0.0066 mol) and m-nitrobenzaldehyde 
(1.00 g, 0.0066 mol) nwe heated at  100' in dry xylene for 40 hr. 
The mixture was then cooled and the xylene removed. Anhy- 
drous ether (150 ml) was added to the orange residue and the 
resulting mixture filtered to give initial phosphorane (XIII ,  
1.94 g). The filtrate was concentrated in vacuo and then 
dissolved in hot 95%) ethanol. Cooling gave methyl m-nitro- 
cinnamate (0.34 g), nip 120-122", identified by comparison of 
its infrared spectrum and its mixture melting point with 
those of an authentic 

Reaction of Methylenetriphenylphosphorane (XIV) with 1- 
Nitro-I-propene.-A stirred mixture of sodium hydride (1.20 g, 
0.0j mole) and dry dimethyl sulfoxide (75 ml) was heated a t  65" 
under nitrogen until hydrogen was no longer evolved (-90 
min). The pale yellow solution was cooled to 15' and then 
triphenylmethylphosphonium bromide (17.85 g, 0.05 mol) was 
slowly added. After additional stirring a t  room temperature 
for 30 min, the mixture was cooled to - 10"; 1-nitro-1-propene 
(4.35 g, 0.05 mol) in &methyl sulfoxide (25 ml) was added over 
a 30-min period, and the mixture was stirred at  75" for 6 hr 
and then at  25-30" for 12 hr. The mixture was poured on ice 
and extracted with ether. The ether extract was washed with 
water, dried ovcr malqnesium sulfate, and concentrated. The 
orange-black viscous residue mas vacuum distilled through a 
short-path still to gil. an orange oil which on redistillation 
afforded 2-methyl-1-n rocyclopropane (0.23 g, 5%) identified 
by comparison with :I sample prepared from dimethylsulfox- 
onium methylide (X1.111) and L-nitro-l-pr~pene.~~ 

Reaction of Dimeth.ylsu1foxonium Methylide (XVIII) with 1- 
Nitro-I-pentene.--Trimethylsulfoxonium iodide (96.8 g, 0.44 
mol) was added through Gooch tubing in 30 min to a stirred 
suspension of sodium hydride (10.56 g, 0.44 mol) in dimethyl 
sulfoxide (250 ml) under nitrogen. After stirring at  room 
temperature for 4 hr, the mixture was cooled to 10' and l-nitro- 
1-pentene (46.!) IT_, 0 . 4  mol) in dimethyl sulfoxide was added 
dropwise in 45 min.Z6 The mixture was stirred at 50' for 4 hr 
and then at 25-30" for 12 hr, poured onto ice, and extracted 

(24) h similar experiment with methyl 3-methyl-4-nitro-2-(triphenyl- 
phosphoranylidene) butyrate (XII) and m-nitrohenzaldehyde yielded 
methyl m-nitrocinnamate. 

(25) A similar experiment with methylenetriphenylphospborane (XIV) 
and 2-nitro-2-butene gave 1.2-dimethyl-1-nitrocyclopropane (7 %, stereo- 
chemistry unestablished). The conditions for formation of nitrocyclopro- 
panes from either methylenetriphenylphosphorane (XIV) or ethylidene- 
triphenylphosphorane were not optimized because of the greater promise of 
dimethylaulfoxonium methylide (XVIII) as a reagent. 

(26) (a) The reaction is exothermic: (b) addition of XVIII to the nitro 
olefins resulted in extensive polymerization; (c) under usual circurnatances 
there were no (lachrymatory) nitroolefins in the reaction products. 

with ether. The ether extracts were washed with water, dried 
over magnesium sulfate, and then concentrated a t  reduced 
pressure. The orange-red oil was vacuum distilled to give 
trans-2-nitro-1-n-propylcyclopropane (XXIV, 22.2 g, 43%) as a 
colorless liquid (Table 11). 

2-Methylcyclopropylcarbinol.-.4 mixture of crotyl alcohol 
(-80% trans, 20% cis, 18.0 g, 0.25 mole) and methylene iodide 
(83.8 g) was added in 2 hr to a stirred suspension prepared by 
dropwise addition of methylene iodide (10 g, total CH212, 
0.35 mol) to zinc-copper couplez7 (32.7 g, 0.5 mol) in ethyl 
ether (100 ml). After the stirred mixture had refluxed 25 hr, 
the ether solution was slowly decanted into a mixture of ice 
and hydrochloric acid. The ether solution was separated, 
washed with ice-hydrochloric acid and then water, dried over 
potassium carbonate, and then concentrated. Distillation of 
the resulting oil gave 2-methylcyclopropylcarbinol (8.2 g, 38% 
yield), bp 128-130' (lit.28 bp 133"). Vapor phase chromatog- 
raphy showed the reaction product to be a 80 : 20 mixture of 
trans- and cis-2-methylcyclopropylcarbinols. 

2-Methylcyclopropanecarboxylic Acid.-2-hlethylcyclopro- 
pylcarbinol (3.3 g, 0.04 mole) was added dropwise to a stirred 
solution of chromic oxide (15.5 g, 0.15 mol), sulfuric acid 
(13.6 ml), and water (45 ml) a t  0-5". The mixture was then 
stirred for 3 hr. The acid solution was extracted with ethyl 
ether; the ether extracts were dried, Concentrated, and dis- 
tilled to give 2-methylcyclopropanecarboxylic acid (2.4 g, 60% 
yield), bp 101-102" (22mm) (lit.18 bp 97-98'(17.6 mm)). The 
product upon vapor phase chromatography was found to be a 
mixture containing 80% of the trans- and 20% of the cis-2- 
methylcyclopropanecarboxylic acids. 

2- Methylcyclopropylamine.-~2- Methylcyc1opropanecarbo~- 
ylic acid (2.2 g, 0.02 mol) and thionyl chloride (10 ml) were 
stored for 24 hr a t  25-30". The excess thionyl chloride was 
then removed in vacuo to give 2-methylcyclopropanecarbonyl 
chloride (1.7 g). The acid chloride was dissolved in acetone 
(40 ml), cooled to loo, and then treated dropwise with a solution 
of sodium azide (2.6 g, 0.04 mole) in water (8 ml). The mix- 
ture was stirred for 30 min and then poured into ice water 
(250 ml). The aqueous solution was extracted with ether, and 
the ether washings were dried over anhydrous magnesium 
sulfate and concentrated. The residual azide was added to 
dry toluene (30 ml), heated with steam for 2 hr, and concen- 
trated to give 2-methylcyclopropyl isocyanate. The ieocy- 
anate was hydrolyzed in refluxing hydrochloric acid (50 ml) 
for 12 hr and concentrated in vacuo to yield crude 2-methyl- 
cyclopropylamine hydrochloride. The hydrochloride was dis- 
solved in water (50 ml), made alkaline a i th  10% sodium hy- 
droxide, and extracted with ethei. The ether extract was 
dried and concentrated to give 2-methylcyclopropylamine 
whose infrared spectrum is essentially identical with that ob- 
tained for the product of reduction of trans-2-methyl-1-nitro- 
cyclopropane (XXI). 

Reduction of trans-2-Methyl-1-nitrocyclopropane (XXI).- 
Concentrated hydrochloric acid (8 ml) was added in 3 hr to a 
refluxing mixture of trans-2-methyl-1-nitrocyclopropane (XXI) 
(1.15 g, 0.011 mol) and iron dust (2.0 g, 0.0:36 g-atom) in water 
(20 ml). The mixture was then refluxed for 6 hr, cooled, made 
alkaline with aqueous sodium hydroxide ( lo%) ,  and then 
filtered. The filtrate was extracted with ether; the combined 
ether extracts were dried over magnesium sulfate and concen- 
trated. The infrared spectrum of the product (XXII)  was 
identical with that of authentic trans-2-methyl-1-cyclopropyl- 
amine. Its gas phase chromatographic properties revealed 
that the principal component is identical with that from Curtius 
reaction of trans-2-methylcyclopropanecarboxylic arid. 

Registry No.-X, 15267-20-6; XI, 15267-21-7 ; XIII, 
15267-22-8; XVIII, 14407-16-0; XXI, 15267-24-0; 
XXIII, 15267-25-1 ; XXIV, 15267-26-2; XXV, 15267- 
27-3; XXVI, 15267-28-4. 

(27) E. Le Go5, J .  Orp. Chem., 19, 2048 (1964). 
(28) M. S. Silver, M. C. Caserio, H. E. Rice, and J. D. Roberta, J .  Amw. 

Chem. Soc., 88, 3671 (1961). 


