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AbstrPcf-By application of the newly discovered face that I alkyl chlorides with y-hydrogen form 
cyclopropanes on treatment with sodium metal. ( )_rrunr-l.2-dimerhylcyclopropne has been prc- 
pared from (‘: )_l-chloro-2-methylbutane. Rigorous assignmcm of configuration IO the isomeric ci~- 

and /runs-dimelhylcyclopropanes is thereby achieved. The absolute configuration, (I R : 2R) rranr-I .2- 
dirncthylcycloprop~nc. can bc assigned to the ( ) enantwmcr by several lines of argument and agrees 
wth that calculated by r;itts. 

1,2-I~I~f;~nfYL(:Y~LofBRoPAS~~S have been used so often as rcfercncc substances in 

studies of the mechanism of the addition of carbcnes to olefins’ 3 that a firm cstablish- 

ment of cis and WUH.T conf&ration is clearly dcsirablc. With previous assignment 
having been basad on the empirical Auwzrs-Skita rule,‘*’ a more rigorous and positive 
assignment can be based on the thcorctical ncccssity that the Iruns isomer alone may 

exist in optically active form. In this pap”‘, wc report the preparation in optically 
active form of that isomer previously, and now correctly. considered to be tram. 

The preparation is accomplished by an application of the cyclopropane synthesis 

reported in the prcccding paper. 5 The dcxtrorotatory chloride obtained from lacvo- 
rotatory 2-methyl-I-butanoP was trcatcd Mith sodium to give a mixture of C, hydro- 

carbons in 63 per cent of theory. Analysis of thig mixture by gas liquid partition 
chromatography (g.1.p.c.) showed it to consist of isopentanc (55.6 per cent), 2-mcthyl- 
butenc-I (23.4 per cent), cthylcyclopropane (9.3 per cent) and rruns-l,2-dimcthylcyclo- 

propane (I 1-7 per cent). The two cyclopropanc derivatives \vcrc identified by retention 
times and comparison of mass spectra with those of authentic samples. c&1,2- 

Dimcthylcyclopropanc may be formed in very small amount, but in the absence of 
adcquatc identification cannot bc considered to be an cstablishcd product. The high 
degree of stcreosclcctivity is presumably a rctlecrion in the transition state of the 
thermodynamically graatcr stability of the iruns isomer. 

The ratio of 1,2-dimcthylcyclopropanc IO cthylcyclopropanc is a measure of the 
ability of the intermcdiatc carbenc to discriminate between 2” and I’: hydrogen. 
Methylcnc generated photochemically from diazomcthanc shows no discrimination’ 
in .so/u~~o~, but does discriminate in the gor phu.re at the higher total pressures.” This 
diflcrcncc has been ascribed to the intcrvenlion of “hot” methylenc molcculcs. In 
solution, formed with excess cncrgy, thcsc react on every collision with littlc or no 
discrimination; in the gas phase, they are cooled to thermal mcthylenc molecules by 

1 W. van E. Docring and P. M. LaFlamme. I Amer. Chrm. SW. 78. 5447 (lY56). 
* p. S. Skcll and IL C. Woodworth. 1. Amrr. Chcm. Sot. 78, 44Y6 (1956). 
* I{. h(. pn-y. J. Amer. Chrm. Sot. 80. XXI5 (1‘9%); fruc. Roy. Sot-. ?.!TI. 575 (1959). 
4 J. Haudrcnghlcn. Hull. .Suc-. Chrm. Hric. 38. 172 (1929). 
8 W. Klrmsc and W. van E. Docrlng. ‘litrohrrfwn 11. 266 (lY@JJ. 
a H. C. drown and <‘. GWOI. 1. Amrr. Chrm. Sot. 64. 2563 (IY42). 
7 w. van r:. Ibcrq, R. G. Buttery. R. <i. Laughlin and N. Chrudhurl. J. Amer. Chem. Sot. 78, 3224(lYJ6): 
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8 H. M. Frey and G. B. Ktsrrakowsky. 1. Amrr. (‘hem. Ser. 79. 6373 (IY57). 

272 



The absolute configuralion of /runs-1.2dlmethylcyclopropane 273 

prior collision with inert gas and then react with discrimination favoring 2” hydrogen 

over I” by a factor of about l-7. In the reaction of alkyl halide with sodium, the 
intcrmcdiatc carbcnc is generated in a way” which is not expcctcd to produce mcthylene 

with cxccss cneru. In the present cxamplc reaction with 2” hydrogen is favored by a 
factor of I.9 over reaction with I” hydrogen. This observation can be considered to 

support the hypothesis that “hot” mcthylcnc is the reactive species in the photolysis 
of solutions of diazomcthanc. 

M Ass SPLCC RA 
- -- 

ohs Ill’ ohs. auth.’ 
__ -. - .- -_ .._._. - - - .__ -- 

71 2.0 l-5 3.0 35 

70 32 2x 7x 62 

69 I.0 to 2.2 2.5 
- _. _-- __. -- 

56 2.5 2,s 4.2 I 4.6 

5.5 74 SO.2 loo too 

54 I.0 2.0 2.2 2.5 

53 4.3 63 83 8.4 
-_ _.- _-.. 

-, .. -- 

41 4.5 3-n 3.0 3.n 

42 IO0 100 4x 4-J 

41 36 42 36 37 

40 6.S 9 I 4.7 4.x 

39 22 sn 27 26 

3x 2 3 6.2 22 2.3 
_-- ..-. 

cthykyclopropanc ~rarts- I .2dimcthykyclopropanc 

l Amcrlcan Pctrolcum I~SIIIUIC Research Pro~ccr 44. Masq Spectrum 1652. 
’ From a sample prepared by D. L. MacDuffic. 

The specific rotation of rrans-l,2-dimethylcyclopropanc was estimated by enriching 
a crude fraction of hp. 28-O .28*5’ to 26 per cent by separation on a preparative g.1.p.c. 

column. ‘l’his material was then purified by passing many small batches through a 
small column of suflicicnt resolution to allow isolation of pure material, the specific 

rotation of which was 46.0”. Barring the unlikely possibility of partial raccmization 
during the reaction of the active amyl chloride with sodium, this value may bc taken 
as that of fully rcsolvcd material. Although the starting 2-mcthylbutanol-I had a 
rotation ( 5.71 ‘) somewhat below the most reliable value (.- S~R8”),g the discrepancy 
is due almost certainly to contamination by isomcric rather than cnantiomcric alcohol. 

The proof of structure of rrans-l.2-dimcthylcyclopropane is therefore complete, 
and. with it. the conclusion that mcthylcne and dibromocarbcnc add to cis- and ~runs- 
butenc by cis-addition’ is given an unquestionably sound basis. 

The absolute configuration of ( -) rrun+l,2-dimcthylcyclopropanc may now be 
deduced. Its configuration relative to ( ) 2-methylbutanol-I is clear enough. Neither 
by analogy with known reactions nor by application of current mechanistic theory is 
there reason to suspect that the conversion to chloride and its subsequent closure to 
cyclopropanc would jeopard the assymctric center in any way. 

’ F. Y FPIkcnhauun and C. Kcubcrg. Biochrm. %. 242. 482 (1931). 
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Thcrc are at least three arguments in the litcraturc that relate 2-methylbutanol-l to 
tartaric acid, the absolute configuration of which has been determined by X-ray 

crystallography. lo One is by Freudenberg and HohmanrP. another is by Crombie and 
Harpcrl* and a third is by Mills and Klync 13. All agree in assigning the (S) configura- 
tion to ( -)-Zmethylbutanol-I .I’ 

There is another more direct scqucnce relating d( )amyl alcohol to I.( . )ISO- 

lcucine in which both arc connected to ( - )-tmcthylbutanal, the former by oxidation 
with sodium dichromate,15 the latter by reaction with ninhydrin.16 Since the absolute 
configuration of the enantiomorphic isoleucines has been determined by Trommcl and 
Bijvoet by X-ray crystallography17 in the sense that I>( .. )isolcucinc is (-)(2R:3R)- 

2-amino-3-methylpcntanoic acid, d(-)amyl alcohol has the configuration (S)-2- 

methylbutanol-I. With complete consistency prevailing between the chemical intcr- 

relationships and the absolute configurational determinations by X-ray, the absolute 
configuration of ( MS)-2-methylbutanol-I is established. The absolute configuration 

of lacvorotatory frans-I ,2-dimcthylcyclopropane is therefore (I R :2R). 
Establishment of the absolute configuration of ( .. )( 1 R :ZR)-(runs- I ,2_dimethyl- 

cyclopropane permits another comparison with the theory of optical activity.rA The 
theoretical calculation of the specific rotation of the (lR:2R) enantiomer has been 
made ouitc recently by Fitts19 on the basis of Kirkwood’s theory. The calculated value 

(- 16k’) agrees in sign with that of the observed value ( 46.0”). Bcttcr quantitative 

agrccmcnt might have been expected since a single conformation probably suff~ccs to 
describe the molcculc. The cntirc illustration consisting of the thcorctical calculation, 

)a J. M. Bipxf. A. F. Pocrdcman and A. J. van Bommcl. Xufurr. f.ond 168, 271 (1951); A. J. van Bommel 
and J. M. H~)vocl. Arm Cryf. II. 61 (lY5B). 

‘I K. Frcudcnbcrg and W. Hohmann. LlcbiRs Ann. S84. 55 (1953). 
1’ L. Crombic and S. H. Harper, 1. Chmm. Sot. 2685 (1950). 
Ia J. A. Mulls and W. Klync. Progress m Srrrruc-hem&r, Vol. 1. p. 197. Acadcmx Press. New York (1954). 
I4 It. S. Cahn, C. K. Ingold and V. Prclog. Experrlmrru 12. RI (IYS6). 
lb E. 1. Badm and E. Pacxu. /. Amer. Chrm. Sot. 67, 1352 (1945). 
1’ W. S. Fonts. 1. ~mtr. Chrm. Sot. 76, 1377 (1954); F. Ehrlich. Rrr. Drsrh. Chrm. Crs. 40, 2S38 (1007). 
I’ J. Trammel and J. M. Bljvoet. Acfo Crysf. 7. 703 (1954). 
1’ For a review, scd W. Kuhn, %. Ekcrrochcm. 56, 506 (1952). 
1’ D. D. Flus in A. Wcissbcrgcr. Techniqur of Ol;gonlc Chcmisrry. Ph.vslcal .tfcrhods of Organic Chemistry 

(3rd Ed.) Vol. I. Pnrl Ill. Inlcrscicncc. New York (1960). 
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the absolute X-ray configuration and the present chemical interrelationship is a 
strikingly simple addition to the subject of absolute configuration. 

EXPERIMENTAL 

( )( I R :2R)-tram-I ,2-Dfmcrhy~cyc/o~o~c. The starting material, ( - )(S)_2-mcthylbutanol-I, 
wasobtained by the fractional distillation of enriched d(,-jamyl alcohol and had [I]: .- 571” (neat). 
The most reliable value for pure alcohol is - 5.88”: 

This alcohol was converted by thionyl chloride in pyridmc according to Brown and Groat’ to 
( . MS)-l-chloro-2-methylbutane. [xl: - 1% (neat). 

The cyclization was carried out without solvent by addmg 21.2 g (0.2 mole) ( i )amyl chloride 
gradually to 4.6 g (0.2 mole) sodium in a flask equipped with a short Vigrcux column, a condenser and 
a dry-ice trap. A slow sv~am of nitrogen was passed through the mtxturc. After all the chloride had 
been added. the temperature was raised to I50 for I hr. A total of 6. I g (44 5;) material boiling below 
40” was collccIcd. 

For analysis, g.1.p.c. on a 6 m column of polycthcr was used. The products with their relative 
areas follow: isopcntanc (140); 2-mcthylbutcnc-I (60); rronr-l.2dimcthykyclopropanc (23.5); 
ethylcyclopropanc (16.5); 3rncthylbutcnc-I (3); and a small, unidentified peak (1.5) having the 
retention time of 2-mcthylbutcnc-2 and cis-l.2dimcthykyclopropanc. Ethykyclopropanc and rruns- 
1.2dimcthykyclopropane were isolated and identified by their mass spectra. These were measured 
on a Consolidated Engineering Corp., Mass Spectrometer Model 21.401 at 70 volts. 

When the cyclization was carried out in SO ml cyclohcxanc, 42.4 g (0.4 mole) ( t )_amyl chloride 
was added to 9.2 g (0.4 mole) sodium fast enough to mamtain gentle rcflux and the flask was modified 
by replacing the short column by a SO cm one fitted with a distillation head. About I9 g material 
boiling below 40 was collcctcd. Since it contained 7- 8% cyclohcxanc. the yield of C, hydrocarbons 
was 17.5 g (63 02). To determine the composition of this product four analyses on the 6 m polycthcr 
column were averaged; isopcntanc (125); 2-mcthylbutcnc-I (52.6); rruns-l.2dimcthykyclopropanc 
(26.2); and cthykyclopropanc (21.2). 

The crude mixture was carefully fracttonatcd In a 50 cm hchx-packcd column. A fraction, b.p. 

28.0 28.5 . was analyzed four tunrs by g.1.p.c. and found to contain 13.24 :. 0.31 y: rruns-1,2di- 

methykyclopropanc. A solution of 2.935 g of this mixture (corresponding IO 0.386 g rronr-l.2- 

dlmethykyclopropaoe) made up to 10~00 ml with dicthylcnc glycol dlmcthykthcr (diglyme) had an 

ob5crvcd rotation of 1.67” (Idm tube). This orresponds to [xl: 43 i 2’. 

The fraction. b.p. 2X.0 28.5 ‘, was then concentrated to 26:/, by passing through a 2’. 4 ft prcpara- 
t~vc sihconc column (which failed to resolve the cyclopropanc from its adjoining neighbors. isopcntanc 

and 2-mcthylbutcnc-I) and finally Isolated pure by passing many 100 mg samples through the l/4’. 
6 m polycthcr column (2-mcthylbutcnc-3-and 2-mcthylbutcnc-I were fully resolved nearest neighbors). 

A solution of 54.3 mg pure rruns-l,2-dimcthylcyclopropanc made up to 2.00 ml with 3.885 g diglymc 

had I*~ - 1.25.’ (I dm tube) corresponding to [z]‘,o - 46.0’. 
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