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Abstract-(+ b3-methylcyclobutene has been prepared from mcthylenecyclobutane and its absolute 
configuration and minimum optical purity have ken determined. The UV and CD spectra of the cyclo- 
alkene are discussed and its optical activity compared with other cyclo-olelins. 

RECENT investigations on ORD ;ind CD of chiral olefinb’ -4 referred almost 
exclusively to steroidal olefins and trunscycloalkenes. The Cotton effect sign associa- 
ted with the principal x + IC * transition of these molecules has been related to 
stereochemistry.‘* ’ 

We have begun a CD study of very simple aliphatic or alicyclic unsaturated mole- 
cules, whose conformational equilibrium allows a restricted number of low energy 
conformations. In a previous paper’ we examined the influence of geometrical iso- 
merism on the CD of aliphatic olefins having a 1,2disubstituted double bond near 
an asymmetric C atom. 

At present we are interested in small and medium ring 3-alkyl substituted cyclo- 
olefins, in order to obtain information on the effect of ring size on the magnitude and 
position of the Cotton effect near 200 mp. 

In this paper the synthesis of a simple optically active cycloalkene, (+ )-3-methyl- 
cyclobutene,* and the determination of its absolute configuration and minimum 
optical purity are reported Moreover, the W and CD spectra of this cycloalkene are 
discussed and compared with other cycle-oletins. 

RESULTS AND DISCUSSION 

The first approach to optically active 3-methylcyclobutene (I) was by the reaction 
between (- )diisopinocampheylborane and excess (R)(e3-methylcyclobutene ob- 
tained by irradiation of a mixture of cis- and truns-1,3pentadiene’ (Chart 1). The 
oletin had aA* (1 = 1) + O-22”. Since this compound, as subsequently confirmed, had 
a very low optical purity, the preparation of optically active I was accomplished by a 
different route (Chart 1). 

According to Brown et aLa hydroboration of 1-methylcyclobutene (III), prepared 

l See 6 for preliminary communication. 

5033 



5034 R. Rossr and P. DI~ERSI 

from methylenecyclobutane, and successive amination with hydroxylamine-O- 
sulfonic acid, gave stereoselectively trans-2-methyl-cyclobutylamine (IV; 43 % yield).* 

The structure of IV was confirmed by NMR. The spectrum at 100 MC shows a neat 
doublets at 1XKl ppm due to the Me group. This doublet is split in diastereoisomeric 
mixtures.” The low chemical shift of the methynic proton near the Me group (8 2.05 
ppm) was attributed to the -NH2 in cis position. 

As found in’ corresponding larger ring racemic homologs,i3 optically active 
3-methylcyclobutene was formed in the Hofmann elimination of optically active 
truns-N,N,N-trimethyl-N-2-methylcyclobutyl-ammonium hydroxide (VII). This com- 
pound was obtained from the truns-amine (IV) via the corresponding N,N-dimethyl 
derivative (V), resolving V using (+)-tartaric acid and converting (-)V to the 
quaternary ammonium iodide (VI). Decomposition of the quaternary ammonium 
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hydroxide (VII) at 125-135” afforded optically active I free from 1-methylcyclobutene. 
The only competing reaction appeared to be ring-opening leading to tram-1,3- 
pentadiene. This side reaction was reduced by operating at 115-120”, the yield of the 
diene dropping to less than 100/o. 

The NMR spectrum of( + )-I ([ct];” + 116.24) shows, as reported in the literature,14 

l In addition to IV, this reaction produced other isomeric compounds (b.p. 82-86”), the amounts depend- 
ing principally on the reaction temperature. The NMR spectrum of the reaction mixture showed a signal 
at 5.15 ppm due to olefinic protons, In addition to a band at 1605 cm-’ (-NH,), a broader and less intense 
band, between 162U and 1640 cm-i was observed in the IR spectrum Therefore, we believe that tris-(2- 
methylcyclobutyl~boranq by analogy of cyclopropylmethyUithium,g cyclobutylmethyl organometaltic 

compounds of sodium, lithium and magnesium”’ and diethylcyclopropylmethyl-borane,” can rearrange 
to isomeric acyclic compounds, probably through the intermediate tris-(cyclobutylmethyl)-borane. 
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a group of lines at 6@ ppm (viaylic protons), a complex of lines between 1.9 and 2.9 
ppm (allylic protons) and a doublet at 1.14 ppm (methylic protons). 

An indication on the absolute configuration of (+ )-3-methylcyclobutene (I) was 
obtained on the basis of the partial resolution of (R)(S)-3-methylcyclobutene by 
asymmetric hydrobomtion with (- ~iisop~o~mphenyl~rane.” Using Brown’s 
original model” and according to that proposed by Varma and Caspi,i6 it was 
possible to predict the R configuration for (+)-3-methylcyclobutene (I) (Chart 1). 

Confirmation of this was obtained from the asymmetric amination of l-methyl- 
cyclobutene (III) with ( - ~iisopino~mpheyl~rane and successively with hydroxyl- 
amine-O-sulfonic acid’ (Chart 2). The optically active truns-2-methylcyclobutylamine 
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(IV) (a;” (1 = 05)-4KO”), was then converted to the corresponding N,Ndimethyl 
derivative V [a;’ (l = l)-l-24”]. 

Inspection of models (Chart 2) indicates that 1-methylcyclobutene (III) could gain 
access to the (-)-reagent preferably along plane X and form a Cmembered transition 
state as indicated in Chart 2. On this basis it was possible to attribute the (1 R : 2R)- 
configuration to ( - FIV and (-l-V. Moreover, the R configuration was also attributed 
to (+ )-3-methylcyclobutene (I) obtained from (- )-trans-N,Ndimethyl-2-methyl- 
cyclobutylamine (V). 

The relationship between sign of the rotatory power and absolute configuration of 
(+)-I was determined by ozonization of (+ )-I ([alAs + 116.24) to (+ )-methylsuccinic 
acid (VIII) [[a];’ + 960 (c, 5.219 EtOH)] (Chart 3). 

As the relationship between sign of the rotatory power and absolute configuration 
is known for VIII,” ( + )-3-methylcyclobutene has the R-configuration, as predicted 
by the asymmetric hydroboration reactions (Chart 1, 2). 

The relationship between minimum optical purity and [a]n of (+)-I could be 
established by attributing to (+)-I the same optical purity as (R)-methylsuccinic acid 
(VIII) from which it was obtained. In fact, recently the maximum value of the rotatory 
power of VIII has been established.“* 

Nevertheless, since the ozonization of ( + )-I to VIII can take place with considerable 
racemization, (+)-I [[a];” + 116.24 (neat)] was converted to VIII [[a];’ + 11.31 (c, 
4.001 EtOH)] (66.2% optical purity) by von Rudloff oxidant” (Chart 3). As in many 
cases this oxidation occurs with little racemization,” a 66.2 ‘4 minimum optical purity 
was attributed to (RF1 [[a];* + 116.241. 

Spectral properties 
The UV spectrum of I, in the vapour phase at room temperature, shows the 

beginning of a strong and broad absorption band at about 189 mp; and, three 
shoulders of lower intensity at about 192,195 and 208 mp respectively were observed. 
The spectrum of I, in n-heptane solution, shows two shoulders at about 192 rnI.r 
(log E 3.73) and 195 mp (log E 3.58) respectively. 

These results are in accord with what has been observed in the UV spectrum of 
cyclobutene. 2’ Worthy of mention is the fact that bmethyl-cis-apentene, comparable 
to 3-methylcyclobutene as to number of C atoms and distribution with respect to the 

TABLE 1. SPECTRAL PROPERTIES OF (R)-~EIWYLCYCLOBUTENE 

Circular dichroism” 

A&b [0] x lo-“’ Predicted Cotton effect 

+ 120 (neat) 
191 
193A 

-684 
-5.w 

-22.5 
- 16.5 

a At 2P (c, 0.735 g/l; n-heptane). 
b Values calculated for a 66% optical purity. 
’ Mokcular ellipticity, calculated as [0j = 3300 x A&. 
’ Shoulder. 

l It is to be noted that this value [[alp + 1709 (c, 4.421 EtOH)] refers to the optically pure (*Z-methyl- 
1-butanol [[a];’ - 5.821.” 
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double bond, shows in the vapour phase two steps-otit at 192 and 197 rnp respec- 
tively.22 

The CD of (Rh3-methylcyclobutene, in n-heptane solution, resulted in a curve with 
a negative maximum of strong intensity at 191 rnp and a shoulder at 193 rnp (Table 1). 

T’he wavelength of the CD maximum corresponds almost exactly to that of a 
shoulder observed in the W spectrum of I. On this basis and from a comparison of 
the CD and UV data with those of some olefms and trunscyclo-octene (which, as 
recently reported,’ should not be treated as a special case for spectroscopic calcula- 
tions), it is possible to assign the absorption at 191 rnp to a A, + II,* transition.23* 24* l 

The sign of the Cotton effect of I corresponds to that predicted on the basis of the 
octant diagrams developed for steroidal olefins and trans-cycloalkenes.2 

In the light of this, a negative Cotton effect could be anticipated for (R)-3-methyl- 
cyclopentene supposing that the Cotton effect is due mainly to the position of the Me 
group in the octants and only secondarily to deformation of the ring system. Indeed, 
this compound presented a strong negative Cotton effect at 188 mk25*t 

The CD maximum of (R)-I appears at shorter wavelengths than that of many other 
chiral six-membered cycle-olefins. 2* 26 This fact, probably related to the considerable 
strain in I, is in agreement with the difference observed between the UV spectrum of 
cyclobutene21 and that cyclohexene . J’ the spectrum of cyclobutene is weaker and 
shifted to shorter wavelengths. 

Finally, from the above results, it is possible to conclude that the Octant Rule2 is 
useful to relate the chirality of 3-methyl substituted 4 or 5-membered cycloalkenes to 
their 71, + xX* CD maxima. 

EXPERIMENTAL 

All m.ps and b.ps are uncorrected. Rotatory powers were taken on a Schmidt-Haensch polarimeter. IR 
spectra were obtained using a Perk&Elmer 225 spectrophotometer. NMR spectra were measured with a 

Varian Model HA-100 spectrometer. UV spectra were measured with a Gary Model 14 spectrophotometer. 
CD curves were obtained with a Jouan-Roussel CD 185 dichrograph GC was obtained using a Perkin- 

Elmer gaschromatograph Model 810. Analyses were carried out by Dr. A. Bernhardt, Mulheim, Germany. 
PhotoI&& were conducted with a Hanau 30 watt low pressure mercury arc used without filters. 

(RWS~3.-Merhylcyclobutene. Irradiation of a mixture of truns- and cis-1,3-pentadiene in cyclohexane gave 
rise to (R)(Q3-methylcyclobutene,’ b.p. 27-28”, nL” 1.3968 (lit’ b.p. 29.90). 

Asymmetric hydrobomtion of (R)(S)-3-methylcyclobtew. To a suspension of (- )diidopinocampheyl- 
borane (0031 mole; prepared, from (+)a-pinene, [a12’ o + 400) in diglyme at - 15”. was added racemic 
3-methylcyclobutene (4.21 g, 0062 mole). The reaction mixture was stirred for 4 hr at 0”. Water (1 ml) was 
added to decompose any residual hydride. The unreacted olefin was recovered from the reaction mixture 
by distillation at &lo” at reduced press (20 mm). The olefin was collected in a cold trap (- 78”) and dried. 
Fractional distillation afforded (+ )-3-methylcyclobutene (19 g 44% yield) b.p. 27-28”, 4s (I = 1) + @22” 
(neat). 

1-Methylcyclobutene (III). Base-catalyzed isometition of 112* gave rise to III, b.p. 38”. nk” 14089 (lit.29 
b.p. 750 mm 37.1”, nh* 14088). 

Racemic trans-2-methylcyclobutylamine (IV). A soln of NaBH, (4.2 g @ll mole) in diglyme (35 ml) was 
added to a soln of III (18.7 g, 027 mole) in diglyme (10 ml). This mixture was treated dropwise during 
2 hr at 0” with BF,.Et,O (19.1 ml) and after 4 hr at room temp with a soln of hydroxylamine-0-sulfofonic 

l Considering 3-methylcyclobutene as a disubstituted ethylene, it is possible to define as Yz” the C-C 
sigma axis, “y” in the plane of the C-H bonds perpendicular to “z” and the “x” axis perpendicular to the 

“yz” plane passing through the centre of the double bond. 
t On &a-basis of the regional chirality rule,26 it is also possible to predict a negative Cotton effect for 

(R)-3-methylcyclopentene. 



5038 R. Ross1 and P. Drvaaar 

acid (350 g Du) mole) in diglyme. (135 ml) After cooling the mixture was treated with cone HCI (100 ml) 
and water (2 1) and extracted with ether. The acid soln was made alkaline with NaOHaq and continuously 
extracted with ether. The Et,0 extract was dried and distilled to give IV (10-O g, 42.9% yield), b.p. 9-S”, 
# 1.4290. (Found: C, 7071; H, 1305; N, 16.25. CsH,,N requires: C, 7053; H, 13.02; N, 1645%). 

Rocemic and optically actiw trans-N,N-dimethyl-2-methylcyclobutylmni (V). Amine IV (8.67 g @l mole) 
was added dropwise to a 99 % soln of formic acid (23.45 g, 05 mole). To the resulting mixture a 40 % soln 
of formaldehyde (207 ml) was added and the reaction flask heated on a water bath until vigorous evolution 
of gas started. The flask was removed to allow the reaction to subside (30 min) and then heated again at 
95” for 8 hr. Dilute HCI (50 ml) was added to the product and the soln evaporated to dryness at 25 mm. The 
crystalline residue was dissolved in water and the amine liberated by the addition of NaOHaq and then 
extracted with ether. After removing the solvent, the residue was distilled to give V (7.95 g, 94% yield), 
b.p. 116115”. ni’ 1.4215. (Found: C, 74.26; H, 13.12; N, 12.20. C,H,,N requires: C, 74.27; H, 13.26; 
N, 12.37%). 

The amine V (12.3 g @108 mole) and (+)-tartaric acid (145 g, @12 mole) in EtOH (50 ml) gave 20 g of a 
salt, which was crystallized 6 times from EtOH-n-pentane to give 10 g of (-FV (+)tartrate, m.p. 69”, 
[a]:’ -2.45 (c. 1.63 water); the base obtained from this salt had ai’ (1 = 1) -38.76” (neat). 

Evaporation of the combined mother liquors from the initial mixture and from the first recrystallization 
gave 105 g of (+ FV (+)-tartrate; the amine obtained from this salt (4.1 g) had a;’ (l = 1) + 18.80” (neat). 

trans-N.N.N-Trimethyl-N-2-methylcyclobutylrunmonila iodide (VI). Methyl iodide (18-O g. 0-l 1 mole) 
was added dropwise to a soln ofV (7.95 g, 007 mole) in ether (20 ml). The mixture was evaporated at 05 mm 
and 40’ to give VI (17.8 g, 100% yield), m.p. 23Gz32. (Found: N, 514. CsH,sNJ rquires: N. 5.49%). 

Rocemic and optic&y octiue 3-methylcyclobutene (I). Compound VI (15.9 g O-061 mole) was added to a 
slurry of Ag,O in water [prepared from AgNO, (68 g), water (1160 ml) and NaOH (16 g)]. The mixture was 
stirred at 20” for 6 hr and filtered. The tiltrate was concentrated at 3%4U’ at 20 mm Hg and the residue 
was transferred to a round-bottomed flask connected to a series of two traps, the first cooled with Dry la- 
acetone and the second with liquid air. The temp w as raised gradually to 115” at which point slow de 
composition of VII takes place. 

The liquid condensed in the traps was washed several times with cold 5 % HCI, then icecold water and 
finally dried on molecular sieves. Distillation of the product gave I (244 g, 60% yield), b.p. 28”, ni” 1.3968. 

The IR spectrum agrees well with that reported for an authentic sample of(R)(S)_3-methylcyclobutene.30 
GC showed only one peak. 

Compound VI (17.9 g, 011 mole), obtained from ( - hV gave in the same manner ( + ~I(290 g, 64 % yield), 
b.p. 28”. ni” 1.3967, [~]a + 11624 (neat). 

Similarly (+ FV afforded (-)-I, [a]As 5624 (neat). 

Oxidation of (+ )-3-methylcyclobutene: (Rbmethylsuccinic acid (VIII) 
(a) Compound (+ FI [[alAs + 116.24 (neat)] (068 g, 001 moleb dissolved in CH,C-, (20 ml) was cooled 

to - 80” and treated with a stream of 0, until the soln was faintly blue. The solvent was evaporated under 
reduced press and the residue in 3 % H,O, (50 ml) was heatal until a reaction began and again for 30 min 
after it had ceased. The mixture was evaporated under reduced press and the residual solid (@34 & 26 % 
yield) was crystallizd from benzene-n-heptane, m.p. 10&108”, [a];’ +960 (c, 5.218 EtOH). 

(b) Compound I [[alAs + 116.241 (M8 g, 001 mole) was oxidized with KMnOJNaIO, as described for 
raccmic I.” The resulting acid VIII (@XI g, 38 y0 yield) had m.p. 107-108”. [a]:’ + 11.31 (c, 4GOl EtOIi) 
(lit.“’ m.p. 115”. [a];’ + 16.59 (c. 4.136 EtOH). 

Asymmetric hydroborarion of III. To a suspension of (-Hiisopinocampheylborane (@204 mole) in 
diglyme at (P was added dropwise compound III (13.85 g, 0203 mole), The mixture was stirred for 4 hr at 
0” and 12 hr at room temp. Hydroxylamine-0-sulfonic zcid (71X)7 g) in diglyme (286 ml) was added and 
the soln heated to 6U’ for 3 hr. The soln was cooled and worked up as described for the preparation of 
IV. The Et,0 extract was distilled to give (-)-trans- IV (2.1 g 11.8 % yield), b.p. 95”. 4’ 1.4288, ai’ (I = 
@5)-@6” (neat). (-)-IV was then converted in the corresponding N,Ndimethylderivative (-)-V, b.p. 
11&115, ni’ 1.4216, ai5 (I = l)-1.24” (neat). 

Acknowledgements-We thank Prof. L. Lard&i for his interest in this investigation. We are indebted to 
Dr. P. Salvadori for determining the CD spectra. We gratefully acknowledge the “Istituto di Chimica delle 
Macromolecole de1 C.N.R.” for financial support. 



Synthesis of optically active 3-methylcyclobutene 5039 

LITERATURE 

’ A. I. Scott and A. D. Wrixon, Chem Comm 43 (1970) 
2 A. I. Scott and A. D. Wrixon, Ibid. 1182 (1%9) 
3 A Yogev and Y. Maxur, Ibid. 552 (1965) 
’ M. Legrand and R. Viennet, C.R. Acud. Sci, Pmis 2626, 1290 (1966) 
’ R. Rossi, L. Lardicci and G. Ingrosso. Tetrahedron 26.4067 (1970). 
6 R Rossi, P. Pino and P. Diversi, Chimica e Industriu, Milan SO, 354 (1968) 
’ R. Srinivasan, J. Am Chem Sot. &4,4141(1%2) 
a M. W. Rathke, N. Jnoue, K. R. Varma and H. C. Brown, Ibid. 83,287O (1966) 
’ P. T. Lansbury and V. A. Pattison, Ibid. 8S, 1886 (1963) 

” E. A. Hill, H. G. Richey, Jr., and T. C. Rees, J. Org. Chem 2& 2161 (1969) 
‘i R Koster, S. Arora and P. Binger, Angew. C/tern 81, 186 (1969) 
i2 P. Bucci and R. Rossi, Nuclear Magnetic Resonance in Chemistry p. 133 (Edited by B. Pesce). Academic 

Press, New York (1965) 
I3 Organic Reactions 11,386 (1960) 
i* E. Gil-Av and J. Shabtai, J. Org. Chem 29,257 (1964) 
is H. C. Brown, N. R. Ayyangar and G. Zweifel, J. Am. Chem Sot. 86,397 (1964) 
I6 K. R. Varma and E. Caspi, Tetrahedron 24.6365 (1968) 
i’ A. Fredga, Ad& Kemi Mineral Geol. MB (1942) 
‘a R Rossi, P. Diversi and G. Ingrosso, Gazz. Chim. Ital. !B, 1391 (196a 
” E: von Rudloff, Cunad. J. Chem 34. 1413 (1956) 
” L Lard&i, R. Menicagli and P. Salvadori, Chimico e Itufustria Milan in press 
” B: B. Loeffler, E. Eberlin and L. W. Pickett, J. Chem. Phys. 2B, 345 (1958) 
x2 L. C. Jones, Jr., and L. W. Taylor, Anulyt. Chem. 27,228 (1955) 
23 M. Yaris, A. Moscowitx and R. S. Berry, J. Chem Phys. 49, 3150 (1968) 
2* A. J. Merer and R. S. Mulliken. Chem Rev. 69,639 (1969) 
x5 R. Rossi, results to be published 
x6 A. Yogev, D. Amer and Y. Maxur, Chem. Cotnm 339 (1967) 
” L. W. Pickett, M. Muntz and E M. McPherson, J. Am Chem. Sot. 73,4862 (1951) 
‘s J. Shabtai and E. Gil-Av, 1. Org. C/tern 28 2893 (1963) 
” W. S. Shand, V. Shomaker and J. R. Fischer, J. Am. Chem Sot. 66,636 (1944) 
3o S Pinchas, E. Gil-Av, J. Shabtai and B. Altmann. Specrrochim Actu 21, 783 (1965) 
3’ E. Bemer and L. Leonardsen, Liebigs Ann 538, 1 (1949) 


