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-act- Decarboxylation of ( + )-cb-2-phenylcyclopropanecarboxylic acid (3b) with lead tetraacetate in 
henxene or in the presence of iodine gives (- )-(I R: 2R)-tro~~v-1,2diphenykyclopropane (7) and (- )- 
(1 R : 2S)-rrmu-2-phenylcyclopropyl iodide (12a), respectively. This establishes the absolute configuration of 
( + )-3b as lS:2R. Asymmetrically synthesized ( - )-(R)-2-phenylmethyknecyclopropane (U) and ( - )-(Rb 
phenylspiropentane (25) are correlated with (+ )-3, through (+ HlS:ZR)-cis-l-methyl-2-phcnylcycl~ 
propane (27). whose ozonolysis atTot& (-)-(1R:2S)-cir-2-methykyclopropane~boxyJic acid (28). 
Finally it has been found that (lS:2S)-trmu-2-phenykyccyclopropyllithium (14) adds to benxyneintermediate 
stereospecifically to produce (1 S :2S)-harts-l+lithiophenyl)-2-phenykyclopropane (15). 

CYC~~ROPANE derivatives are chiral when they have two substituents X and Y at 
1, 2 positions. The absolute configuration of truns isomer 1 has been established as 
shown.la In this paper we wish to report the absolute configuration of cis isomers 2 
and those of 2-phenyl-methylenecyclopropane (24) and phenylspiropentane (2!lI), 
which can be correlated with the cis isomer 24~ 

X Y 

W 

(+)-h: X = Y = Me’ (+)-2a:X=Pb,Y=COOH 
(+)lb: X = Y = Ph’ (+b2h:X = PhY = Me 

1 (+)-lc: X = Y = COOH3 2 (-)&:X=COOH.Y=Me 
(+)-ld: X = Ph,Y = COOH3 
(+hle: X = mY = Me* 
(+blf: X = CO0H.Y = Me’ 

The absolute configuration of cis-2-phenylcyclopropanecarboxylic acid* 
Decarboxylation of alkanecarboxylic acids with lead tetraacetate gives rise to 

alkyl radicals6 We have subjected cyclopropanecarboxylic acids to this reaction to 
investigate the behaviour of resulting cyclopropyl radicals. Each of truns- and 
cis-2-phenylcyclopropanecarboxylic acid (3a and 3b) was decarboxylated with lead 
tetraacetate in benzene at 80” in the presence of a catalytic amount of cupric acetate 
and pyridine. From the reaction mixture the same products 7-11 (R = H) were 
identified in every case. Product distribution was shown in Table 1. 

All these products are explained by assuming the intermediacy of cyclopropyl 
radical 4, which attacks the solvent benzene to give 7 and abstracts hydrogen to afford 
8. Simple isomerization of 4 gives ally1 radical 5, which must be an intermediate for 9. 

l This paragraph was partly published in a preliminary form gee Ref. 5. 
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Oxidation of 4 by metal ions such as Pb”‘, Pbrv and/or Cu” followed by ring opening 
furnishes ally1 cation 6,’ which constitutes a precursor of S, products 10. The origin 
of methyl group in 11 would probably be ascribed to decarboxylation of acetic acid 
present in the reaction media.* Similar results were obtained for 2,2diphenyl- 
cyclopropanecarboxylic acid (3c) (Table 1). 
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TABIJI 1. DLKARESXYMTION op ~YCLO~R~PANLICARBOX~IC ACIDS WITH LBAD TETMA~RTA~ 

Acid 
Reaction Conversion, - Produck %’ - 
time, hr: % 7 8 9 10 II 

3a 4 52 1s 1 3 3b 3s 
3b 2 75 43 1 1 7b 17 
3c 22.5 47 3 2 1 4(r 3e 13 

’ Yields were estimated on GLC. 
b trans-Cinnamyl aatate. 
’ 3,3-Diphcnylallyl aatate. 
’ 3,3-Dipbcnylallyl ~~phtnylcyclopro~~r~xylatc. 

Notably both 3a and 3b gave only tram isomer of 1,2-diphenylcyclopropane 7.t 
This stereoselectivity in the phenylative decarboxylation must be explained on the 
basis of planar or rapidly inverting configuration of cyclopropyl radical carbon.g 
Evidence was obtained in support of the retention of configuration at the phenyl- 
substituted carbon of trans-acid 3a, as (+)-(lS:2*3~, [a];’ + 376“ (99 Y0 optical 
purity),’ gave (+ )-(lS : 2S)-7, [a]:’ +418”.‘$ These results suggest that attack of 
benzene on the common intermediate, 2-phenylcyclopropyl radical 4, occurs 
exclusively from the site opposite to the originally existing phenyl group. The 
participation of phenyl group as seen in phenonium ions should have minor role in the 
radical 4 if any. Laevorotatory isomer (1R : 2R) of 7, [a];’ - 266”, was obtained upon 

l In the reaction of cinnamic acid with lead tctraaatatc, the formation of methyl cinnamate was observed. 
For the reaction of arylcyclopropancs with lead tetraaatate in ucetic acid, see Ref. 8. 

+ Homogeneity of 7 was established on GLC and NMR. 
$ All the rotations in this paper were measured in chloroform solutions. The highest specific rotation of7 

recorded previously is 117” (neat). See Ref. 2~. 
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similar treatment of partially resolved &-acid (+ )-3b, [a];” +20’. Assuming the 
retention of configuration at the phenyl-substituted carbon of 39 we may conclude 
that (+ b3b should have the absolute configuration of 1s : 2R. Such a conclusion was 
warranted by the following halogenative decarboxylation, whose data are also 
included in Table 2. 

Barton’s iododecarboxylation involves the treatment of alkanecarboxylic acids 
with lead tetraacetate and iodine, and this reaction too is considered to proceed via 
alkyl radicals. lo Each isomer of 3a and 3b was treated with lead tetraacetate in the 
presence of iodine under irradiation to afford only the tram isomer of 2-phenylcyclo- 
propyl iodide (12a) in 43 and 42% yield, respectively.* Dextrotatory truns-acid 
(+HW3a, [a];’ + 360” (95% optical purity), gave (+)-(lS:2R)-12a, [a];” + 188”, 
whose absolute configuration was determined as follows. The same iodide (+)-12a 
was subjected to halogen-lithium interchange by means of n-butyllithium”, the 
resulting product was carbonated and then esterified with diazomethane to give back 

X COOH 

Pb”‘PbH P’” 

(+)-lh:X= I 
b:X=Cl 

. . . . . . . . . . . . . . . 
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COOH 

X pQ p& Ph 
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TABIR 2. CHLMCAL TRA NsPoRMATloNs OF OPTICALLY Acnw ACILX 

Acid bli”“. 
deg. 

blk9 
deg. 

(+I-& + 376 088 99 (+)_7 +418 0% 18 
(+h3b +20 140 (-J-7 -266 194 22 

(+m +360 1.00 95 (+hlh + 188 OS0 43 
(+b3a +308 2.34 81 (+)_I% +149 200 41 

(-W -16 1.W (+Hh +128 2* 42 

(++ +376 088 99 (+)_I% +145 2.34 23 
(+).a +20 140 (-Ha -100 044 20 

’ All rotations were measured in chloroform solutions with a cell of 5 cm length. 
* Based on the bigbcst value 381”, ref. 3. 
c The chemical purity of products was checked by TLC, GLC, NMR and elemental analyses. 

the methyl ester of (+)-(lS:2S)&, [a]:’ + 270” (c 1.22) or 81% optical purity. Thus 
the stereochemistry of this Barton reaction is quite similar as the phenylation reaction 
and the retention of configuration at the phenyl-substituted carbon of 3a is calculated 
to be B6 %. Furthermore the Barton reaction of 2,2diphenylcyclopropanecarboxylic 
acid (3e) gave only 2,2diphenylcyciopropyl iodide (Da) in a 57% yield.* These 
obsetiations exclude the possibility of phenyl migration in this kind of radical 
reactions.‘? Now that iododecarboxylation of c&acid (+ b3b, [a];’ + 16”, gave 

l Homogeneity of 1% and 1% was cstablishsd on GLC and NMR. 
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(-)-(lR:2S)-121 [c$O - 128”, the absolute configuration of (+)-3b was reconfirmed 
to be lS:2R. 

Table 2 contains f~be~ore similar results obtained in Kochi’s chlor~~~xy- 
lation of 3a and 3b, which was effected by means of lead tetraacetate and lithium 
chloride.13 These three pairs of data in Table 2 (phenylative d~r~xylation, iodo- 
and chlorodecarboxylation) permit us to calculate the specific rotation of optically 
pure c&acid 3h as ca. 30’ in chloroform. 

Configurational stability of cyclopropyliithium has been tirmIy established.’ 1 
Based on this, we have correlated trans-iodide (+&l&t with trans-acid ( + )_3a through 
(1s : 2S)-truns-2-phenylcyclopropyllithium (141, and the absolute rotation of 12a was 
calculated to be 220’ in chloroform oide supra. Next we examined the stereospecific 
addition of ~yclopropyllithium 14 to benzyne interm~iate generated in situ to 
produce (~S:2~r~u~s-i~~lithiophenyi~2-ph~nylcycIopr~pane (1%. Dissymmetric 
lithio compound 15 would serve as a versatile intermediate for the syntheses of some 
new o-substituted tag-1,2diphenyIcyclopropane (16) of known optical purity. The 
stereospecific phenylation of vinyllithium with benxyne has recently been reported.*’ 

1 
n-B&i Y 

t-t-)_121 14 IS (+)-16a: Y = H 
b: Y = COOMe 

The mixture of trans-iodide (+ );lZa, [a$$’ + 149” (c 2+0) or 68 % optical purity, and 
~bromofluoro~~ne in ether was treated with n~buty~ithium in hexane at -40” 
and warmed to - lo” to allow d~om~sition of ~fluorophenyllithium to benzyne. 
The resulting organolithium was quenched with methanol to give the desired product 
(+)-(lS:[ZS)-truns-1,2diphenyIcyclopropane(16a = 71, [alif” + 361’ (c l-32), in a 20% 
yield. Car~nation of ~~1~1~ prepared (1s : 2!+15 followed by ~~omethane treat- 
ment gave (+ )-(lS: ~~rans-l-fo-methoxycarbonyIphenyl~2-phenylcyclopropane 
(ldb), [a]$’ -t 127” (c 086), in a 19 % yield. As none of cis isomer of 16a and 16h was 
detected in these reactions, thus stereos~fi~lly synthesized 16a and 16bshould have 
the rotation of 530’ and 190” in chloroform, respectively, if optically pure 12a was 
empIoyed. Based on.this value, the optical yield is estimated to be 80 % in the phenyla- 
tive d~r~xylation off + )-3a to ( +)-7 E Ma. 

The ~soIu~e ~o~~gu~~r~~ of p~~ylspiroFe~~o~e and related coax 
Asymmetric carbenoid reactions have been achieved on the decomposition of some 

diaxo compounds by means of soluble, dissymmttic copper chelate such as bis[N- 
(R- and S-)~-ph~ethyl~li~lad~to]~p~~i~ (R)- and (e17.i6 For example, 
thermolysis of ethyl diaxoacetate in the presence of styrene and (S)-17 gave (- )- 
(1R :2Qethyl trMs-2-phenylcycIopropaneca.rboxylate (19) and (- )-(lR :2S)ethyl 
c~-2~ph~yl~cIopro~~boxyIate (28) in a 6 and loo/, optical yield, respectively. 

* For the syntheses of dissymmctric lithioferrocmcs, WC Ref. 14. 
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Diazomethane itself was decomposed in the presence of trans-propenylbenzene to 
yield (- )-(lR : 2R)-truns-1-methyl-2-phenylcyclopropane (22) of 8 “/, optical purity. 

Ph N,CHCOOE1 
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Further asymmetric induction was observed on decomposition of diazomethane 
in the presence of phenylallene (23) and (S)-17 to produce (- )-Zphenylmethylene- 
cyclopropane (24) and ( - hphenylspiropentane (25)” Since asymmetric synthesis of 
spiropentane 25 was attained at the stage of precursory methylenecyclopropane 24 
formation, they should have the same absolute configuration and optical purity. 
Diimide reduction of 24 is known to give cis-1-methyl-2-phenylcyclopropane (27), 
instead of tram isomer 22, as the result of preferential attack of diimide from the 
sterically less hindered site of double bond. We now treated a mixture of (- )-24, 
[a];’ - 3Y* and (- )-25, [a];’ -55” (c 3*54), with potassium azodicarboxylate and 
acetic acid to afford ( + b27, [a];’ + 7.7” (c 4.56). Based on this, the absolute configura- 
tion of ( - )-24 and (- )-25 was determined as R and the optical yield in the asymmetric 
synthesis is estimated to be 12 %, for the same c&hydrocarbon (+ )-27 of the known 
configuration was prepared as follows. 

Ph 
;$ ‘+ N&H, ‘e/a 

23 (-)_%I 

COOH 

pb 

I 

(-)_25 
HN==NH 

LAH PUKOH ;;;;; _ P,“’ 2 HOOCQe 

(+)_3b (+W (+w (-j-28 

(+ )-(lS : 2R)-Methyl cis-2-phenylcyclopropanecarboxylate, [a];’ + 27” (c 2Q4), 
obtained from c&acid (+ )-3b, [a];’ + 15” (c 2-00) or 50% optical purity, was subjected 
to LAH reduction to give (+ )-(lS : 2R)-cis-1-hydroxymethyl-2-phenylcyclopropane 
(26), [a];’ + 39” (c 2.42). Tosylate of this alcohol was reduced again with LAH to yield 
c&hydrocarbon (+ )-(lS : 2R)-27, [ali + 32” (c 298). Moreover ozonolysis of ( + )-27, 
[a];’ + 7.7” (c 4*56), gave ( - h( 1R : 2S)-cis-2-methylcyclopropanecarboxylic acid (28), 
[a];’ - 8” (c 080). As the same assignment for 28 was attained recently,‘s’ our original 
one (1 S : 2R) for ( + b3b was again substantiated. 

l Facile thermal racemizs tiOIl OfU was noted. &c Ref. 17. The corresponding enantiomerg were obtain4 
in the use of (Rk17. See Experimeotal. 
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Finally these chemically established results were compared with those deduced 
from physical methods. Brewster’s calculationi was applied to some cyclopropane 
derivatives. The calculated and found values are summarized in Table 3. While every 
sign of rotation was correctly predicted, the agreement in magnitude was not so 
satisfactory. 

TABLE 3. CALCULATION OF CONFORMATIONAL AWMMETRY AKORDING TO BREWSTER 

Compound 7 12a 12h 24 25 
Absolute 

configuration (lS:2S) (1S:uq (1S:zR) (R) (R) 

[Ml, (-W + 327 + 583 + 397 -327 -140 
[Ml, (found)’ +1030 +540 +230 -380 -660 
[‘xl, (foundy +530 +220 +150 -290 -460 

’ Taken in chloroform solutions at 20”. 

This calculation method can not be applied to cis-1,2disubstituted cyclopropanes 
(e.g. 3b, 26,2’7 and 2%), in which case we resorted to another method. Recent advances 
in ORD and CD studies revealed that aromatic chromophores attached to asymmetric 
carbon atom are dissymmetrically perturbed. 2o Verbit et al. investigated the UV and 
CD spectra of phenyl-substituted trans-cyclopropanes (3a and 22) to find out the 
following fact. Disubstituted cyclopropanes with a phenyl ring attached to a carbon of 
R configuration are characterized by the negative sign of Cotton effect at rLt, (250- 
275 nm) and ‘L, (215-225 nm) transitions. ‘Ob The CD spectrum (in methanol) of the 
truns isomer (+ )-( 1S : 2S)-7, [a]:’ +418” (c O-96), consisted of two parts : one at 
260-280 nm with [8] +2*5 x 10’ and the other one at 230 nm with [0] +7*5 x 10”. 
In contrast, however, the cis isomer ( - )-(lR : 2S)-3b and ( + )-( 1s : 2R)-26 did not show 
any detectable peak of CD under our experimental conditions.* 

EXPERIMENTAL 

All bps and m.p are uncorrected. Microanalyses were performed at the Elemental Analyses Centre of 
Kydto University. IR spectra were obtained in neat liquid film on a Shimadzu IR-27-G spectrophotometer. 
NMR spectra were taken in 10% Ccl. solns on a JEOL C-60-H spectrometer and chemical shifts are 
reported in 6 values relative to TMS as an internal standard. NMR signals in singlet are designated as s, 
doublet as d, triplet as t and multiplet as m. GLC analyses and separations were performed with oolumns 
packed with HVSG (30%) and Apiezon L (30%) on Celitc 545 or SE 30 (7%) on Chromosorb. Optical 
rotations were measured in CHCl, solns with a cell of 5 cm length. UV and CD spectra were run on a 
JASCO ORD/UV/CD-5 spectropolatimeter. All reactions were carried out under N, atmosphere and 
controlled by TLC (Silica Gel G). 

Decarboxylation of cyclopro~carboxylic acids 
Decarboxylarion of tram-2-phcnylcyclopropanccarboxylic acid (30). In a 500 ml Bask were placed 3a (5+l g, 

31 mmoles), Pb(OAc), (33 g, 74.5 mmoles), CU(OAC)~ Ha0 (@5 g), pyridine (@2 g) and henxenc (200 ml). 
The stirred mixture was heated under retlux for 4 hr to evolve 1700 ml ofCOz gas After the reaction mixture 
was treated with water and filtered, the filtrate was shaken with 10 % KOH aq to recover the unchanged 3a 
(2.4 g, 48 %)‘upon acidification. Retuene soln was washed with water, dried (NaaSO,) and concentrated in 
wcuo. Residual oil was shown by GLC to consist of five components. two of which were identified without 

isolation to be rrans-propcnylbenzene (3 ‘A) and phenylcyclopropane (I ‘A), respectively, by comparison of 

l Very recently the ORD and CD of cis- and rrans-2-methyl-3-phenjloxirane were reported by I. Moretti 
and G. Terre, Tetrahedron Letters 2717 (1969). 
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their retention times with those of authentic samples (T columns). Following products were isolated by 
means of column chromatography (silica gel-benzene) and identified by comparison of their spectra (IR and 
NMR) with authentic onea: trans-l,2diphenyIcyclopropanez’ (15 “/, b.p. 14oO/3-5 mm), trans-cinnamyl 
acetate (3%) and methyl trmrr-2-phenylcyclopropanecarboxylate (35%. b.p. loo”/3 mm). Any trace of 
cis-l,2-diphenykyclopropez1 could not be detected (GLC and NMR). 

Decarboxylation of cis-2-phenylcyclopropanecarboxylic acid (3b). A mixture of 3h (10 g, 6 mmoles), 
Pb(OAc), (40 g, 8.5 mmoles), CU(OAC)~-H,O (@15 g) and pyridine (@2 g) in benzene (35 ml) was heated for 
2 hr at rellux. Work-up gave the recovered 3b (025 g, 25 %) and a colourless oil (050 g), which was shown 
by GLC to consist of five components: rrans-propenylbenzene (I %), phenylcyclopropane (1 %), Irons-1,2- 
dipheuylcyclopropane(43 “/. transcinnamylaoetate(7 O/,)and methyl&-2-phenylcyclopropanecarboxylate 
(17 %, b.p. 83’/4 mm). Any trace of cis-1,2diphenylcyclopropane was not detected (GLC). 

Decarboxylation of 2.2-diphenylcyclopropMecarboxylic acid (3c). A mixture of 3 (4.75 g, 20 mmoks), 
Pb(OAc), (9a g, 20 mmoles), Cu(OAc),-H,O (0.4 g) and pyridine (@2 g) in benzene (100 ml) was heated for 
22.5 hr as above. Work-up gave the recovered 3c (2.5 g, 53 %) and a neutral oil, which consisted of six com- 
ponents. Two of them were identified without isolation to be l,l-diphenyl-1-propenez2 (1%) and l,l- 
diphenylcyclopropane” (2 %), respectively. Distillation of the crude oil gave a fraction (1.32 g), b.p. 120- 
129”/01 mm, from which two products were isolated by means of column chromatography (silica gel- 
benzene) and their structures were determined on the basis of spectral data. Methyl 2,2-diphenylcyclo- 
propanecarboxylate (13%), b.p. 120”/@06 mm, IR: 3055, 3030, 2925, 1745, 1600, 1495, 1438, 1380, 1274 
1192, 1170, 1095. losO, 1060, 1020,750 and 700 cm-‘, NMR: 6 1.43 (m. lH), 293 (m, lH), 2.42 (m, IH), 
3.30(4 3H) and 705 (m, IOH). (Found: C, 81.0; H, 6.3. CL7HLb02 requires: C, 809; H, 6.4%). 3,3-Diphenyl- 
allyl Ocetate (400/,x b.p. 140”/006 mm, IR : 3060,3030,2925,1740,1600,1495,1448,1380,1363,1075,1025, 
955,770,76Oand 7OOcm-‘,NMR:6 2OO(s, 3H),4.56(d, 2H), 6.12(t, lH)and 7,17(m, 10H). (Found: C, 81.2; 
H, 6.2 C1,H1602 requires: C, m9; H, 6.4%). 

Two compounds were isolated from the distillation residue by column chromatography (silica gel- 
benzene): 1,1,2-triphenylcyclopropane’* (3x), IR: 3080, 3030, 1980-1660, 1600, 15C0, 1445, 1070, 1030, 
760 mud 696 cm- *, NMR : 6 1.85 (m, 2H), 2.77 (m. IH), 6.97 and 7.1 ljm, 1 SH), and 3.3~diphm~‘lallyl 2,2- 
diphenylcyclopropanecarboxyhte (38%). m.p. 95-97”, IR: 3080, 3030. 2950, 1980-1660, 1740, 1605, 1495. 
1445,1388,1365,1270,1160,990,940,760 and 700 cm-‘, NMR: d 1.43 (m, 2H), 2.12 (m, lH), 250 (m, lH), 
440 (d, 2H), 5.79 (t, 1H) and 7.12 (m, 10H). (Found: C, 86.4: H. 6.3. Cs,H2,02 requires: C, 86.5; H, 6.1%). 

(+)-trans-1.2-Diphenylcyclopropane (7) from trans-acui I + )_3a. Acid 3a was resolved by fractional 
recrystallization of quinine salts from MeOH-H,O (3: l).” A mixture of (+)A [LX];” + 376” (c @884). 2.5 g 
(15 mmoles), Pb(OAc), (log, 23 mmoks), Cu(OAc),-H,O (@I g) and pyridine(02g) in benzene(100 ml) was 
heated under reflux for 15 hr. Work-up gave the recovered 38 (097 g, 39 %) and a neutral oil (I.3 g). which 
was separated on a silica gel column (hexane) to give @33 g (18 %) of (+ )-7, b.p. 134135”/3.5 mm, [a];” 
+418’ (c 0.956). IR spectrum and GLC retention time were identical with those of authentic one. (Found : 
C, 92.6; H, 7.4. Calc. for C,sH,,: C, 92.7; H, 73 %). 

(- )-trans-lJ-Diphenylcyclopropne (7) f ram &-acid (+)-3b. Acid 3h was resolved by fractional re- 
crystallization of quinine salts from MeOH-H20 (3: l).2S A mixture of (+)-3b, ([a];’ +2O’ (c 140). 1.2 g, 
7.4 mmoles), Pb(OAc), (3.3 g, 7.4 mmoles), Cu(OAc),*H,O (0+5 g) and pyridme (01 g) in benzene (60 ml) 
was heated at reflux for 2 hr. Work-up afforded the recovered 3b (@51 g, 42 %) and a neutral oil, which was 
separated by column chromatography (silica gel-hexane) 10 give 0.18 g (22 %) of (- )=I, b.p. 135”/3 mm, 
ral;o - 266” (c 1.94). IR spectrum and GLC retention time were identical with those of the sample obtained 
from (+h3a. (Found: C, 92.8; H. 7.2. Calc. for C,sH,,: C, 92.7; H, 7.3 %). 

Iododecarboxylation of cyclopropanecarboxylic acids 
(+ )-trans-2-Phenylcyclopropyl iodide (12a) / ram trans-ucid (+)-Jr To a stirred mixture of (+)-3a, 

([ol]P +360” (c lm), 3* g, 18.5 mmoles) and Pb(OAc), (15 g, 34 mmoles) in benzene (100 ml) was added 
dropwise a tnmzene soln (170 ml) of iodine (4.5 g, 18 mmolcs) at reflux temp under irradiation of tungsten 
lamp in the course of 2 hr. When CO2 gas evolution ceased and the 12 &our was no longer discharged, the 
reaction mixture was treated with water and filtered. The unchanged 30 [ 1.6 g, 53 %) was recovered and the 
neutral products were purilied by means of chromatography (silica gel-hexane) to give (+ )-ltr (090 g, 
43x), b.p. 77-78’12 mm, [a];’ + 188” (CDSo), IR: 3080,3050,1980-1660,1608,1500,1210,1180,1095,1075, 
1040,1020,970,750 and 695 cm-‘, NMR: 6 140 (m, ZH), 2.35 (m, 2H) and 7.12 (m, 5H). The spectral data 
and GLC analyses indicated that this sampk was free from the cis isomer of I%*. As this compound 
decomposed gradually, satisfactory analyses were not obtained. 
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(+ @uts-2-Phcnylcyclropyl iodide (128) from cis-acid ( - )-3b. To a mixture of (- )-3b ([a]$’ - 16’ 
(c I@), 060 g, 3.7 mmolea) and Pb(OAc), (3.1 g, 70 mmoles) in benzene (50 ml) was added a benzene soin 
(60 ml) of iodine (!a g, 40 mmoles) in 3 hr at r&x temp under irradiation by tun@en lamp. Work-up 
aRorded the recovered 3b (@l 1 g, I8 “/,) and a crude oil, which was chromatographed (silica gel-hexane) and 
distilled to give (+)_lzP (031 g, 42x), [ago + 128” (c 206). Spectral data and GLC retention time were 
identical with those of the sample obtained from (+)-3a 

L?,%Diphenylcyclopropyf iodide (130). To a mixture of 3c (1.6 8, 6.7 mmoles) and PUOAc), (7.2 g, 16 
mmoies) in benxene (70 ml) was added a benzene soln (100 ml) of iodine (20 g, 8Q mmolcs) in 1 hr under 
reftux and irradiation of tungsten lamp. Usual work-up gave the recovered 3c (O-07 g, 4%) and a neutral oil 
(l-3 g), which was shown to be a single isomer by GLC (2 columns). A sample (Q2 g) was purified by short 
column chromatography (silica pl-btxane) followed by concentration in uacuo to give white crystais of 13a 
(@I8 g total yield 57 %), m.p. 44-455”. The structure was established on the basis ofspectral data : IR : 3090, 
3060,3030,198&1660,1600,1500,L450,1275,1200,1080,1050,1020,900, 755 and7OOcm-t, NMR: 6 1.79 
(AB pattern in ABX, 2H). 3.33 (X pattern in ABX, lH), 7.15 (s, SH) and 7.27 (s, 5H). NMR data excluded 
possible contamination of this sample by 1.2diphenylcyctopropyl iodide. Correct elemental analyses were 
not obtained owing to the instability of thr\ compound. 

Chemical correlation of tram-iodide (+)-l&k with trans-acid (+)-3a 
To a soln of (+t12P ([a];’ + 18@ (c CHS), US0 g, 3.3 mmoles) in ether (SO ml) was added a soln of 

n-butyllithium (09 M in hexane, 7 ml, 6.3 mmoles) in ether (100 ml). After stirring for 30 mia at 15-200, 
the mixture was cooled to - lo” and dry COs gas was bubbled into the mixture. Work-up followed by 
alkaline extraction gave crude (+ )&I (047 g). EatcritIcation with diaxomethane gave methyl ester of (+)-3a 
(@27 g. 47%). b.p. loo”/3 mm, [a]k i270” (c 1.22) or 81% optical purity based on 334”. IR spectrum and 
GLCretentiontimewereidenticalariththoseofauthenti~one.‘(Found:C,7~4;H,7~1.Ca1~.forC~,H,,0,: 
C, 75.0; H, 6.9 %). 

Chfor~ecur~xy~t~n of cyclopro~carboxylic acids 
(+)-tram-2-PJrenylcycIopropyopropyl c&ride (12b)fiom trans-acid (+)-3a. A mixture of (+ )_3a ([I$’ +376’ 

(c 0884), 1.6 g, 10 mmoles), Pb(OAc), (4.5 g, 10 mmoles) and LiCl(@42 g, 10 mmoles) in benzene (100 ml) 
was heated under reflux and stirred for 1.5 hr, when no more CO2 gas was evolved. The reaction mixture 
was treated with water and filtered. The unchanged 3a (075 g 47 %) was recovered by shaking the filtrate 
with 10% KOH aq followed by acidification. Tire neutral solo was concentrated in wcuo and the residue 
waspurified bycolumnchro~to~phy(~iti~gei-hexane) togive( +)12b(~18g,23~0), b.p. 87-88*/14mm, 

[ali + f45* (c 2.34). IR and YMR spectra were superimposable with reported ones.‘” GLC analyses 
established the homogeneity of this sample. 

(-)-trans-ZPhenylc)cfopropy) chloride (12b) from cis-ocid (+)-3b. A mixture of (+t3b ([a]&’ +20” 
(C 140). O-78 g, 5.1 mmoles), Pb(OAc), (2-3 g, 5.2 mmolea) and LiCl(@23 g, 5.4 mmoles) in bcnxane (70 mi) 
was heated for 3 hr. Work-up afforded the recovered 3b (Q43 g 55 %) and a neutral oil, which was purified 
on column chromatography (silica gel-hexane) to give (- Wb (0065 & 20 %f, b.p. 99-loo”/14 mm. ta]?i’ 
- 100” (c O-438). IR spectrum and GLC retention time were identical with those of the sample obtained 
from ( + t3a. 

2.2”Diphenylcycfopropyi chloride (13b). A mixture of 3e (4a g, 16.8 mmoles), Pb@Ac), (7.3 g, 165 mmolea) 
and LiCl(O7 8,165 mmoles) in benzene (60 ml) was heated for 3 hr as above. Work-up gave the recovered 
3e (2a g SO”<) and a neutral oil, which was shown to be homogeneous on GLC. Purification by short 
column chromato~phy (silica gel-hexane) followed by concentration in tlllcuo gave a white crystaRine 
mass of 13b (026 g. 14%). m.p. 70-715’ (lit. r6* 71-72”), IR: 3060,3035,1980-1660,1600,1495,1450,1305, 
1080,1040,1020,930,755 and 695 cm-‘, NMR: 6 2.65 fd, ZH), 358 It. 1H) and 7@5-7.20 @n, 1OH). 

Reaction of tag-2-phcnylcyclopropyilithium (14) with benzyne intermediate and subseqtumt derivatizations 
(+)-tram-1,2-Diphenylcyclopropane (16a = 7) from trans-iodide (+)-12a. To a soln of rrans-iodide 

(+)-12a ([al&O $149” (c 2.00) 1.3 8, 5.3 mmol*l) and o-bromofluorobenxene (1.45 g, 8.6 mmoles) in ether 
(200 mtt was added ;L hexane soin of n-butyliithium (35 ml, 21 mmoles) in 30 min at -45’ 5 -40”. After 
addition was completed, the mixture was warmed to - fO” in the course of 3 hr with stirring. The reaction 
mixture was treated with MeGH and then with water. Work-up gave an oily concentrate, which wax shown 
by GLC to consist of three components. The main products isolated on preparative GLC was (+)-%a 
(O-2 8,20x), b.p. 125’/2 mm, [a]&’ + 361” (c 1.32). (Found: C, 92.7; H, 7.4. Calc. for C, rHjl: C, 92.7; H, 
7.3 “6). Minor by-products were phcnylcyclopropanc and 2-fluorobiphenyl. Any trace of cis isomer of Ma 
was not detected on GLC and NMR. 
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