
Terrahedron Vol. 45, No. 23, pp. 7601 to 7614. 1989 
Printed in Great Britain. 

004%4020/89 S3.00+ .I0 
Pergamon Press plc 

GEhlERATIO~ AND TRAPPING OF VINYLCARBENES AT AMBIENT TEMPERA- A 

ROUTE TO F’UNCT’IONAL.ISED VINYL- AND ALL.YTJD~-C 

Juma’a R.Al Dulayymi and Mark S.Baird, Department of Chemistry, University of Newcastle 

upon Tyne, Newcastle upon Tyne, NE1 7RU 
(Received in UK 12 September 1989) 

1,2-Dehalogenation of tetmchiomcyclopropanes (5, X = Cl, OMe, NPriz, SAllyl) by methyl lithium 

leads to dichlorocyclopropenes (6, X = Cl, OMe, NPri,, SAUyl); the first two of these react with 

electron rich and electron poor ai&nes at 20 oC to give cyclopropanes which are apparently derived 

by trapping of vinylcarbe.nes (8) rather than (20). Reaction of the derived vinylcyclopropanes ‘vith 

base leaa’s either to ethyl cyclopropyl ketones or to allylidenecyclopropanes. 

The ring-opening of a cyclopropene (1) to a vinylcarbene, 1 which is reported in several cases 

to be reversible, involves a formal monorotation at C, and could, provided (2) and (3) are 

reasonable representations of the product, lead to E- or Z-isomers about the alkene:’ + _ 

R R’ \ 

(2) (1) (3) 
There are several examples of intramolecular trapping of the carbene by a 3-substituent 

which require these to be Z-related;2 this may arise by stereocontrolled ring-opening but could 

be the result of a reversible process and selective trapping of one isomer.3 Most reported 

intermolecular trappings of vinylcarbenes derived from cyclopropenes do not distinguish between 

the 3-substitutents of the latter, though thermolysis of 3-methyl-3-phenylcyclopropene at 180 oC 

does lead to trapping of the E-carbene (2, X = R” = H, R = Ph, R’ = Me) by alkenes, albeit 

in low yield.4 Moreover, the metal induced ring-opening of (1, X = R” = H, R = Ph, R’ = Me) 

leads to the trapping of both E- and Z- ‘carbene’ isomers.5 We have shown that cyclopropenes 

(6, X = H)6 and (6, X = Ph)’ rearrange at 0 - 20 oC to give vinylcarbenes (8, X = H, Ph) 

which are trapped by alkenes. We now describe the preparation of a number of cyclopropenes 

(6), and the trapping of derived vinylcarbenes (8, X = Cl, OMe).# 
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The trichloride (4, X = Cl)ea and derived ethers, eg. (4, X = GMe)ab or amines, eg. (4, X 
= NPri,), were converted to the corresponding cyclopropanes (5) using chloroform and aqxous 

base under phase transfer conditions. Treatment of (5, X = Cl) with the sodium salt of allylthiol 
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in dimethylformami de led to the corresponding thioether (5, 

V -.. . . QMe 

x= SCH,CH=CH,). 

OMe 

Me A ‘I 

CH2X 

Cl 
Me 

Cl Cl OMe 

(8) (105 Me 

Reaction of the pentachloride (5, X = Cl) with a slight excess of methyl lithium for 30 m at 

0 oC led to the cyclopropene (6, X = Cl) (82 %). This showed two singlets in the 1H n.m.r., at 

6 3.6 and 1.4 in ratio 23, while the 13C n.m.r. showed quaternary carbons at 6 l13.8 and 41.9 as 

w&I as a metiy>ene car~n at SLb, anb a meti3 car-n ar B4; jr may be be&& by S&imm - 

chlorine exchange at one of the gem-dichlorides, followed by 1,2-elimination of lithium 

chloride,sv 7 a process apparently preferred over 1,3-elimination,~ which would lead to a 

l-chlorobicyclo[l.l.0]butane. The reaction of (5, X = OMe) with methyl lithium was more difficult 

to control because the cyclopropene (6, X = OMe) reacted relatively rapidly with methyl lithium 

to produce (7), apparently by an addition - elimination process promoted by coordination of the 

lithium to the ether oxygen. Careful addition of just over one equivalent of methyl lithium to (5, 

X = OMe) provided the purest sample of (6, X = OMe), though this still contained a small 

amount of (7); additional reagent (2 mol.equiv.) increased the yield of (7) to 40 %, but more 

then led to a complex mixture of products. The cyclopropene (6, X = Cl) was relatively stable in 

ether or deuterochloroform solution at 20 oC, surviving unchanged for ca. 10 h. However, when 

allowed to stand for 48 h at 20 oC in deuterochloroform, (6, X = OMe) dimerised to give (9) 

(6E %); c&s was aLso abc&ed when (6, X = OMe) was aZIawed ca stand far 10 h in ether at a0 

O(c, Ir &owed tie *tied twe3ve s&m& j, tie ‘3C s~cLnzm, k~r&ng Jour sk@ets ti &e 

olefinic region, four methyl groups (including two in the merhoxy region), a CH,-group adjacent 

to oxygen, and two tertiary carbons at 8 80.1 and 63.7. The 1H spectrum showed two 

single-hydrogen singlets at 6 5.44 and 4.82, a two hydrogen singlet at 3.52, two methoxy-groups 

and two other methyl groups, one at d 2.02 and one at 1.17. The overall structure was confirmed 

by reaction of (9) with lithium - tbutanol - tetrahydrofuran when carvacrol methyl ether (10) 

was obtained.1 0 The formation of (9) may involve ring-opening of (6, X = OMe) to the carbene 

(8, X = OMe) followed by a formal 1,4-shift of hydrogen,” and cyclisation as shown below. 

= OMe) - 

cl (8, X - OMe) 

The selective loss of only one of the cyclopropyl cToorines in the fina5 step preswerably refIeeIS 
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detailed steric interactions in the transition state for cyclopropyl - ally1 rearrangement.The 

stereochemistry of (9) is not certain both in respect of the methoxy and chlorine substituents in 

the six-membered ring and the relative configuration of the side chain; however, (6, X = Ph) has 

been shown to rearrange to E,Z-1,2-dichloro-3-methyl-4-phenylbuta-1,3-diene at ambient 

temperature, 7 and it is likely therefore that (11) has the stereochemistry indicated, and that 

Diels-Alder addition leads to cyclohexene with the methoxy and chlorine substituents &-related. 

The cyclopropene (6, X = Cl) also reacted with acetic acid, giving the acetate (12). This may 

arise either by protonation of the cyclopropene and ring-opening to an allylic cation,** or by 

trapping of the carbene (8, X = Cl) by the acetic acid; the stereochemistry is assigned as Z- by 

analogy with the corresponding reaction of (6, X = H) with methanol.sbt13 In contrast, a solution 

of (6, X = Cl) in ether or chloroform remained largely unchanged after 10 h at 20 oC. However, 

addition of 2,3-dimethylbut-2-ene led to complete reaction in ca. 2 h and the formation of one 

cyclopropane (13a) (See Table), suggesting either that the alkene promoted the ring-opening of 

the cyclopropene, or that a reversible ring-opening to a carbene was occurring and this was 

trapped by the added alkene. The 1H n.m.r. of the product showed five methyl signals and an 

AB pattern for the methylene group (J 11.6 Hz); this is in keeping with a preferred twisted 

conformation, and rotation about the exocyclic carbon- carbon bond which is slow on the n.m.r. 

timescale. Similar results have been reported for (14, X = Y = Me),6 and (14, X = Me, Y = 

CH,Ph), 7 while extensive studies of rotation barriers in tetrachlorides such as (14, X = Y = Cl) 

have also been performed.12 In the same way (6, X = OMe) reacted with 2,3-dimethylbut-2-ene 

to give the cyclopropane (Isa). There was no evidence in either case for the presence of a second 

stereoisomer. The stereochemistry about the alkene was assigned as E- because an n.0.e. 

examination of (L5a) showed an enhancement in the methylene rather than the olefinic methyl 

signal when a signal for a methyl group at 6 1.07 was irradiated; it is the same as that reported 

for the major stereoisomer of the product in the reaction of (6, X = Ph) with 

2,3-dimethylbut-2-ene, 7 although the selectivity in the present cases is much higher. 

(16) 

Treatment of (6, X = Cl, OMe) with other alkyl-substituted alkenes also led to 

cyclopropanes (See Table). Reaction with 2-methylpropene led to a single compound from each 

cyclopropene, (13b) and (lSb), though in each case the n.m.r. spectrum was complicated by the 

presence of two rotamers. Addition of (6, X = OMe) to E-but-2-ene gave a single product, but 

the 1H n.m.r. at ambient temperature included a number of broad signals; on cooling to -40 oC 

the spectra of two rotamers of the adduct (1Se) were observed. In the case of addition to 

Z-but-2-ene, n.m.r. and g.1.c. analyses revealed the presence of two adducts in ratio ca. 6:l; the 

major isomer showed only one doublet for the ring methyls and a multiplet for the ring 

hydrogens even at -40 oC, indicating a low barrier to rotation about the exocyclic bond, and was 

assigned as @SC). The signals for the minor isomer were not clearly resolved, but since the 

MeO-substituent appears only in the E-configuration in the above adducts (ie., 13a/b, 15a/b), it 
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was cha-racterised as (l5d). G.1.c. analysis showed that no (Be) was produced in this experiment; 

in the same way no (UC) was obtained from the reaction of (6, X = OMe) with E-but-2-ene, 

as expected for a singlet carbene. Addition of (6, X = Cl) to ethene in a high pressure vessel at 

20 oC resulted in the formation of the parent cyclopropane (14g) in low yield, but a complex 

mixture of other products was also formed. 

Meoz~#OMe Me02C#ph 

Me H 

(17) 
(18) 

Table Reactions of Cyclopropenes (6, X - 

Alkene Cyclopropane 

R, R, R. R, _x 

Me, C - C Me, Me Me Me Me Cl 

Me, C - C H, Me Me H H Cl 

Z-Me CH - CH Me H Me H Me) Cl 

Me H Me H ) Cl 

E-Me CH - CH Me Me H H Me 

Me, C - CH Me Me Me Me H 

Me Me H Me 

H,C - CH, H H H H Cl 

CH, - CH-CO,Me H __- Cl 

CH, - CMe-CO,Me Me - - - Cl 

Me 

Cl, OMe) with Alkenes 

No 46* x No 

13a II OMe 15a 

13b IO OMe 15b 

13~ 76 me 1% 

13d Ohie 15d 

OMe 1% 

OMe 15f 

OMe 15g 

13g 15 

16a 75 Ohie 17a 

16b 82 OMe 17b 

! 
69 
68 

56 

54 

68 

75 

84 

The cyclopropanes (16a,b) and (17a,b) were also formed when (6, X = Cl, OMe) were 

tle%~r$ with methyl acryla1e or methacryla~e a-L 20 % The single diasWre&omem formed in each 

caSe ShOWed 'rempexmre vatjab>e '53 nnu, speczra. Thus tie specmur, of (XJa) was very broad at 

303 K but two sets of signals were observed at 230 K, corresponding to two rotamers in ratio 7:3; 

although there were some additional sign& these only mounted to ca. 5% of the product and 

could not be assigned to alternative stereoisomers. The rotation barriers for (17a) and (17b) are 

similar to those for (18),7 suggesting that the ester group is again cis- to the alkene.14 This may 

arise by stereocontrol in a concerted cyclopropanation or by dipolar attraction in a Michael-type 

addition of the delocalised carbene; indeed formation of a methoxydihydro-oxepine, eg. (19) 

followed by a Claisen rearrangement would offer a possible explanation in the present case. 

The above additions gave E-alkenes derived by trapping of carbenes (8, X = Cl, OMe). It is 

not clear why the alternative, but possibly less hindered, carbene (20), if formed, should be 

trapped less efficiently by the alkene. It would appear, therefore, either that the carbene (8) is 

formed selectively from (6), or that the representation of these species in two geometrical forms 

is not correct and that more subtle factors control the geometry of addition. Whatever the detailed 

mechanism, the cyclopropenes (6, X = Cl, OMe) do provide a convenient source of functionalised 

isoprenoid carbenes (8, X = Cl, OMe) which are trapped by both electron rich and electron poor 

alkenes. In contrast, compounds (6, X = NPri,, SAllyl), which were stable for several hours at 
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-40 oC, decomposed rapidly when allowed to reach 0 - 20 oC; no products of intramolecular 

trapping of a carbene by the amine or thioether were isolated. When this was carried out in the 

presence of 2,3-dimethylbut-2-ene, no cyclopropanes were isolated. Reaction of the trichloro- 

cyclopropanes, eg. (l3a) with nucleophiles did offer a possible route to introduce other substituents 

into the allylic position of the side chain. Thus treatment of (13b) or (16b) with sodium methoxide 

in methanol gave (lSb) or (17b) respectively. However, reaction with potassium t-butoxide led 

instead to the elimination of hydrogen chloride and the formation of a single allylidene- 

cyclopropane (2l),$ 917 apparently derived by removal of the allylic hydrogen adjacent to chlorine. 

The stereochemistry at the terminal alkene is assigned as E- on steric grounds. A similar 

elimination occurred with the cyclopropane (13b), although two stereoisomeric allylidene- 

cyclopropanes (22) were obtained in ratio 1:l; these were characterised as Diels-Alder adducts 

with tetracyanoethene. The regioselectivity of the above processes was reversed in the reaction of 

the ether (Isa), elimination of the proton occurring from the methyl- rather than the 

methoqmethyl- group: 

Cl e 

Me -F- Me - cI KoBu’ 9 Me Me JJ- Cl 

Cl 
(134 3 Me 

Me e Me e (21) 

Cl Me 

Me 

Me 

OMe KOBu’ Me Me 

(fsa) 
Me Me 

(22) 

Cl 

Similar reactions occur readily for a range of 3-chloro-3-(2-chlorovinyl)cyclopropanes; these, and 

the reactions of derived allylidenecyclopropanes will be described elsewhere. An alternative 

transformation was seen on reaction of (13b) and (16b) with potassium hydroxide in water: 

(13b) 
KoH _ 15) #” 

Et 
H Me 

(16b) 
(i) KOH 

>( 
(26) 

(ii) H’ 
H (25FOHOH 

The stereochemistry of the acid (25) was assigned as E- because the signals for the two 

hydrogens on C-3 of the cyclopropane appeared at very similar chemical shift, whereas in the Z- 

compound a large shift difference would have been expected. 14 A reasonable explanation of these 

processes would involve the formation of a 1,34icarbonyl compound, eg. (26) and fragmentation 

by attack of hydroxide ion at the aldehyde carbon followed by loss of formic acid to produce the 

enolate of (2.5). A number of mechanisms may be written to produce compound (26). One logical 

intermediate would be a diene of type (22); however, treatment of the mixture of stereoisomers 

of (22) under the reaction conditions did not give (24)! 
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Unless otherwise stated all new compounds were homogeneous by t.1.c. and/or g.1.c.; n.m.r. 
spectra were run in CDCl, solution and recorded for ‘H at 200 or 300 MHz on Bruker 

instruments, and 13C spectra were recorded at the corresponding carbon frequency on the same 
instruments. I&a-red spectra were obtained on a Nicolet 2OSX, while mass spectra were 
measured on an AEI MS9 or a Kratos MS80 using the E.I. method; where mass measurements are 
cpuoteb for ch’lorine comtimn~ speties, rhey reEer ID --a iSDlDpe P&KS, h%E%&$ _DdkIb aTf? 

uncorrected. All experiments involving methyl lithium were carried out under dry nitrogen. Petrol 
refers to the fraction boiling between 40 and 60 oC. Organic layers were dried with MgSO, 

before removal of the soIvent. CoIumn chromatography was carried out over sihca eluting with [a) 
petrol, co) 1D.B.5 , (c) 103 ant3 (‘, i&2 petrol and ether or (e) ether. 

l,l-dichloro-3-methoxy-2-methylpropeneethylpropene. 

1,1,3-Trichloro-2-methylprop-1-ene (4.3 g) was added over 5 min. to a stirred solution of 

sodium methoxide (3.5 g) in methanol (50 ml). After refluxing for 2 h, the products were treated 

with water (50 ml) and extracted with dichloromethane (2 x 50 ml). The solvent was removed at 

14 mm Hg; flash distillation of the residue gave l,l-dichloro-3-rnetbxyethoxy_2_methylpropene,~b b.p 
20-22 oC at 0.3 mm Hg (3.1 g, 74 %) which showed 6H 4.0 (2H, s), 3.22 (3H, s), 1.85 (3H, s). 

3,3-dichloro-2-methyl-2-propenyl d&isopropyl amine 
1,1,3-Trichloro-2-methylprop-1-ene (5 g) was reflexed with diisopropylamine (30 ml) in 

ethanol (50 ml). After 30h the solvent and excess amine were removed at 14 mm Hg and the 
residue was dissolved in ether (50 ml) and extracted with 4M hydrochloric acid. The aqueous 

layer was brought to pH 10 by addition of 4M sodium hydroxide and extracted with ether (2 x 50 
ml). Removal of the solvent at 14 mm Hg gave an oil; flash distillation gave 3,3-dichloro- 

2-methyl-2-propenyl di-isopropyl amine, b.p 54-560C at 0.4 mm Hg (4.6 g, 65 %) (Found M+: 
223.0901. Required for C, ,H, ,NCI,: 223.0895) which showed aH 3.2 (W, s), 2.85 (lH, septet, J 
ca. 6 HZ), 1.8 (3H, s), 0.92 (6H, d, J 6 HZ); vmax 2966, 1674, 1621, 1462, 1379, 1180, 895 cm- 1. 

1,1,2,2-Tetrachloro-3-methyl-3-(di-isopropy~methyl~clopro~e 
Sodium hydroxide (10 g) in water (10 ml) was stirred vigorously with 3,3-dichloro- 

2-methylprop-2-en-l-y1 di-isopropylamine (5.0 g) and cetrimide (0.8 g) in chloroform (40 ml). 
After 48 h at 20 oC the products were extracted with dichloromethane (3 x 30 ml) and the 
combined organic layers were evaporated at 14mmHg. Chromatographya gave l,l,2,2-tetruchloro- 

3-methyl-3-(di-isopropylaminomethyl)cyclopropane (2.5 g, 36 %), m.p. 57 - 59 oC (Found M+: 
305.0265. C, ,H, ,Cl,N requires: 305.0272) which showed aH 2.95 (W, septet, J 6 Hz), 2.75 (W, 

s), 1.4 (3H, s), 1.0 (lW, d, J 6 Hz); ymax 2967s, 2932m, 1458m, 1385m, DOm, 852s cm-‘. 

3-Chloromethyl-3-methyl-1,l,2,2-tetrachlorocyclopropane 
Sodium hydroxide (45 g) in water (45 ml) was added to a rapidly stirred solution of 

1,1,3-trichloro-l-propene (30 g) and cetrimide (3 g) in chloroform (150 ml). After 48 h at 20 

W, work up as before gave 3-chloromethyl-3-methyl-lJ,2,2-tetrachlorocyclopropane (5, X = 
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Cl), b.p. 48 oC at 0.4-0.5 mm Hg (28 g, 61.5%) (Found M+: 239.8853. C,H,Cl requires: 

239.8833) which showed aH 3.78 (W, s), 1.65 (3H, s); Y- 862 vs, 762 m, 737 m cm-l. 

1,1,2,2-Tetrachloro-3-methoxymethy1-3-methylcyclopropaue 

Sodium hydroxide (15 g) in water (15 ml) was stirred with 3.3~dichloro-2-methylprop-2- 

en-l-y1 methyl ether (5 g) and cetrimide (0.4 g) in chloroform (50 ml). After 48 h, work up as 

before gave 1,l,2,2-tetmchloro-3-methoxy-3-meihykyclopropane (5, X = OMe), b.p. 50-52 oC 

at 0.5 mm Hg (5.04 g, 70%) (Found C, 30.54, H, 3.26. C,H,Cl,O requires: C, 30.23; H, 3.38) 

which showed aH 3.55 (W, s), 3.36 (3H, s), 1.52 (3H, s); Y- 1117 s, 858s cm-‘. 

l,1,2,2-Tetrachloro-3-methyl-3-(aUylthiomethyl)cyclopropane 

Allylmercaptan (1.83 g, 0.024 mole) was added slowly to a stirred solution of sodium ethoxide 

(1.68 g, 0.024 mole) in DMF (15 ml). After 0.5 h, (5, X = Cl) (5 g, 0.02l mole) was added 

slowly, when a yellow precipitate formed; the reaction was heated to 50 oC for 2h, stirred at 

room temperature for 12h, and then diluted with water (100 ml) and extracted with ether (2 x 

1OOml). The combined organic layers were washed with aq. 5% sulphuric acid (100 ml), and water 

(2 x 50 ml). Evaporation of the solvent at 760 mm Hg and chromatographya gave l,l,2,2-tetru- 

chloro-3-methyl-3-(aUylUtiomethyl)cyclopropane (5, X = SAllyl) (4.2 g, 73 %) (Found M+: 

277.9235. C,H, ,SCl, requires: 277.9257) which showed SH 5.7 (lH, m), 5.05 (W, m), 3.18 (W, d, 

J ca 6 Hz), 2.8 (W, s), 1.53 (3H, s); pm= 1635w, 1451m, 1381m, 1228m, 92lm, 860s cm-‘. 

1,2-Dichloro-3-chloromethyl-3-methylcyclopropene 

Methyl lithium (3.2 ml, 1.5 M) was added over 1 m to a stirred solution of (5, X = Cl) (1.0 

g, 4.1 mmole) in ether (10 ml) at 0 oC. After 0.5 h the products were quenched with water (1 

ml) at -40 oC, the organic layer was washed with water (1 ml) at that temperature, the solvent 

was removed carefully at 14 mmHg and the residue was flash distilled at 20 oC and 14 mmHg to 

give 1,2-dichloro-3-chloromethyl-3-methylcyclopropene (6, X = Cl) (0.57 g, 82 %) (Found M+: 

169.9472. C,H,Cl, requires: 169.9457) which showed 6H 3.6 (W, s), 1.4 (3H, s); aC ll3.8s, 51.6t, 

41.9s, 194q; “mm 1795w, 1445m, 1377m, 1266m, 933vs, 733m cm- 1. 

l,2-Dichloro-3-methyl-3-(allylthiomethyl)~cloprop-l-ene. 

Methyl lithium (1.5 ml, 1.2 eq.) was added to a rapidly stirred solution of (7, X = SAllyl) 

(0.51 g, 1.8 mmol) in ether (8 ml) at 0 oC. After 2 m, a yellow precipitate formed; after 0.5h, the 

products were quenched with water at -40 oC and the solvent was removed at -300C and 0.4 

mm Hg to give l,2-dichbro-3-methyl-3-(allylthiolmethyl)cycloprop-l-ene (6, X = SAllyI) (0.25 

g, 65 %) which showed 6H (300 MHz, -40 oC) 5.72 (lH, m), 5.1 (W, m), 3.19 (2H, d, J 7.3 

Hz), 2.72 (2H, s), 1.4 (3H, s). The crude product was pure by n.m.r.; however, within minutes of 

reaching 0 oC, a solution in CDCl, darkened and the 1H n.m.r. spectrum became complicated. 

Preparation of l,2-dichloro-3-methyl-3-methoxymethyl-l-cyclopropene 

Methyl lithium (3.2 ml, 1.5 M) was added over 2 min to (5, X = OMe) (1.0 g) in dry ether 

(15 ml) at 0 oC. After 30 min, the products were quenched with water (2 ml) at -40 oC and 

shaken at -40 oC until a clear solution was obtained; the ether layer was decanted and further 

ether (2 ml) was added to the residue at -40 to -50 oC, and the procedure repeated. The 

solvent was removed from the combined ether layers at -40 oC and 0.3 mm/Hg to give crude (6, 
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X = OMe) (0.5 gm, 77.%) which showed SH 3.28 (W, s), 3.17 (3H, s), 1.25 (3H, s). The 

compound could not be separated from ca 5 % of (7). 

2-Chloro-1,3-dhnethyl-3-methoxytnethylcyclopropene 

(a) Methyl lithium (2.6 ml, 1.6 M) was added over 2 m to a stirred solution of (5, X = OMe) 

(0.5 g) and isobutene (2 ml) in ether (l5 ml) at 0 oC. After 30 m, the products were allowed 

to reach 20 oC for 30 m and were then quenched with water (5 ml) and worked up as before. 

Removal of the solvent at 14 mm Hg and distillation at 20 oC and 0.5 mm Hg gave 2-chloro- 

I~-dimethyl-3-methoxymethylcyclopropene (7) (0.12 g, 40%) (Found M+: 146.0514. C,H, ,ClO 

requires: 146.0498) which showed aH 3.39 (W, s), 3.31 (3H, s), 2.02 (3H, s), 1.17 (3H, s); aC 

117.6s, ll5.9s, 79.4t, 58.5q, 33.3s, 19.4q, 8.3q; vmax 145Om, llO8vs, 734m cm-l. 

(b) The above reaction was repeated in the absence of isobutene, but using 1.5 mol equiv. of 

methyl lithium; the same product was obtained (44%). 

. . . 
Bn of 1,2-dichloro-3-methyl-3-methoxymethylcycloprop-l-ene 

(a) Methyl lithium (3.1 ml, 1.5 M) was added to a stirred solution of (5, X = OMe) (1.0 g) 

in ether (10 ml) at 0 oC. After 30m the products were quenched with water and worked up as 

before; the solvent was removed at -20 oC and 14 mmHg and the residual brown oil was 

dissolved in chloroform (15 ml). After 2 days at 20 oC, the solvent was removed at 14 mmHg and 

a minor volatile component (9) was removed at 1 mmHg. ChromatographyC of the residue gave 

1~,4-trichIoro-2-(2-chloro-3-~t~xyprop-2-yl)-6-~t~xy-S-~hy~yc~~~-l,4-di~ (9) 
(0.85 g, 61 %) (Found M+: 331.9937. C, ,H, ,Cl,O, requires: 331.9904) which showed aH 5.44 (U-J, 

s), 4.82 (EL, s), 3.52 (W, s), 3.4 (3H, s), 3.3 (3H, s), 2.02 (3H, s), 1.17 (3H, s); aC 137.6s, 

135.1s, 134.5s, 127.5s, 8O.ld, 76.2q, 63.7, 59.35, 58.3, 53.1, 21.2, 18.2; ymax 2989, 1453, lll0 cm-l. 

(b) Lithium (200 mg) was stirred with the diene (0.35 g) in t-butanol (2.0 g) and 

tetrahydrofuran (10 ml). After 3 m, an exothermic reaction occurred which was controlled at a 

steady reflux for 1 h by periodic cooling. After 2 h at 20 oC, the products were poured into 

ice-water (20 ml) and extracted with ether (5 x 20 ml). The organic layer was washed with water 

(3 x 20 ml) and then with sat. brine (20 ml). The solvent was removed at 14 mmHg to give an 

oil; ChromatographyC gave 5-isopropyl-2-methylanisole (9) (O.l2g, 69 %)I0 which showed bH 7.04 

(lH, d, J 7.5 Hz), 6. (lH, d, J 7.5 Hz), 6.7 (lH, s), 3.83 (3H, s), 2.83 (EI, septet, J 6.9 Hz), 

2.18 (3H, s), 1.24 (6H, d, J 6.9 Hz); vmax 2959s, 1612m, l585m, 12.54s, 1133m, 1043m, 85lm cm- 1. 

1-Chloro-l-(l,3-dichloro-2-methyl-2-prop-l-enyl)cyclopropane. 

1,2-Dichloro-3-methyl-3-chloromethylcyclopropene (5 g) in ether (5 ml) was mixed with 

excess ethylene (condensed in high pressure vessel at -90 oC). After 3 days at room temperature, 

the solvent was removed at 14 mm Hg to leave a brown oil; chromatographya gave l-chloro-l- 

(1,3-dichloro-2-prop-1-enyl)cyclopropane (13g) (0.87 g, 15%) (Found M+: 197.9787. Required for 

C,H,Cl,: 197.9770.) which showed *H 4.2 (W, s), 1.85 (3H, s), 1.38 (4H, s); Vmm 3097, 3012, 

2958, 2921, 1641, 1447, 1263, 1179, 1154, 1041, 989, 705, 683 cm- I. 

3-Chloro-2-(1,3-dichloro-2-methylprop-l-enyl)-l,l-~e~yl~clo~~ 

Methyl lithium (15.1 ml, 1.5 M) was added over 2 m to (5, X = Cl) (5.0 g) in ether (15 ml) 

and isobutene (6 ml) at 0 oC. After 12 h at 20 oC in a sealed tube, work up as above gave 
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2-cttloro-2-(1,3-dichloro-2-methylprop-l-~yl)-l~-di~hy~~~pro~ (l3b) (3.26 g, 70 %), 

b.p. 50 OC and 0.2 mmHg, which gave one peak on glc (Found M+: 226.0059. C,H, ,CJ, 
requires: 226.0082) and showed aH (rotamer 1): 4.69 (lH, d, J 11.2 Hz), 3.96 (lH, d, J 11.2 HZ), 

1.95 (3H, s), 1.56 (WI, d, J 6 Hz), 1.36 (3H, s), 1.26 (WI, d, J 6 Hz), 1.18 (3H, s), (rotamer 2) 

4.29 (lH, d, J 11.6 Hz), 4.22 (lH, d, J 11.6 Hz), 1.99 (3H, s), 1.43 (3H, s), 1.24 (El, d, J 6.5 Hz) 

1.11 (3H, s), 1.09 (lH, d J 6.5 Hz) (ratio of rotamers ca 8:7); ymax 1637111, 704s cm-l. 

1-Acetoxy-1,2,4-trichloro-3-methylbut-2-ene 

1,2-Dichloro-3-chloromethyl-3-methylcyclopropene (OSg) was stirred in acetic acid (5 ml) 

for 4 h at 20 oC. The products were treated with sat.aq. sodium bicarbonate (50 ml) and 

extracted with ether (5 x 10 ml). Removal of the ether at 14 mmHg gave an oil which was one 

major spot by t.1.c.; chromatographyb gave 3-acetoxy-1,2,4-trichloro-3-methyl- buf-1-ene (12) 

(0.45 g, 67 %) (Found M+: 229.9660. C,H,Cl,O, requires: 229.9668) which showed SH 7.3 (lH, 

s), 4.2 (2H, s), 2.18 (3H, s), 2.1 (3H, s); pmax 177Os, l373m, 1204s, 1032s, 708m cm- 1. 

3-Chloro-3-(1,3-dichloro-2-methylprop-l-enyl)-l,l,2,2-tetramethylcyclopropane 

Methyl lithium (15.1 ml, 1.5 M) was added over 2 min. to a stirred solution of (5, X = Cl) (5 

g) in ether (l5 ml) at 0 oC. After 30 min, the products were quenched with water (2 x 5 ml) at 

-40 oC and decanted from remaining ice. 2,3-Dimethylbut-2-ene (3.4 g) was added and the 

mixture was allowed to stand for l2h at 20 oC. Removal of the solvent at 14 mmHg gave an oil 

which was one peak by glc. Kugehohr distillation at 0.3 mmHg (oven temperature 70 oC) gave 

3-chIoro-3-(l~-dichloro-2-~thylprop-l-~yl)-1~,2~-tetramelhylcyclopropane (13a) (4.03 g, 77 

%) (Found M+: 254.0432. C, ,H, ,Cl, requires: 254.0396) which showed aH(200 MHZ, CDCl,) 4.19 

(U-I, d, J 11.6 Hz), 4.1 (U-I, d, J 11.6 Hz), 1.97, (3H, s), 1.28 (3H, s), 1.2 (3H, s), 1.17 (3H, s), 

1.15 (3H, s); 6H (C,D,NO,) 4.4 (W, s), 2.05 (3H, s), 1.35 (3H, s), 1.25 (3H, s), 1.2 (3H, s), 1.15 

(3H, s) (unchanged on heating to 400 K); pmax 3005, 1452, 1379, 1264, 1132, 780, 710 cm-‘. 

3-Chloro-3-(1,3-dichloro-2-methylprop-l-enyl)-Z-1,2-dimethylcyclopropane 

The above procedure was repeated using Z-but-2-ene in place of 2,3-dimethylbut-2-ene; 

work up as above and bulb to bulb distillation at 80 oC and 0.2 mmHg gave 3-chloro-3-(1,3- 

dich.loro-2-methylprop-l-enyl)-Z-l,2-dimethylcyclopropanes (13~) and (13d) in ratio 5:l by g.1.c. 

and n.m.r. (76 %) (Found M+: 226.0027. C,H, ,Cl, requires: 226.0083) which showed SH (major 

isomer) 4.2 (W, s), 1.93 (3H, s), 1.51 (2H, m), 1.13 - 1.15 (6H, m); (minor isomer) 2.00 (3H, s), 

1.10 (3H, s), 1.08 (3H, s). 

Methyl 2-chloro-2-(1,3-dichloro-2-methylprop-l-en-l-yl)cyclopropane carboxylate 

The above procedure was repeated using methyl lithium (1.6 ml, 1.5 M) and (5, X = Cl) (0.5 

g) in ether (10 ml), except that methyl acrylate (5 ml) was added after quenching with water. 

Removal of the solvent at 14 mmHg gave an oil which was one spot by t.1.c.; chromatographyc 

gave methyl 2-chloro- 2-(1,3-dichloro-2-methylprop-l-en-l-yl)cyclopropane carboxylate (16a) 

(0.4g, 75 %) (Found M+: 255.9803. C,H, ,Cl,O requires: 255.9825) which showed aH (300 MHZ, 

230 K) (rotamer 1) 4.62 (lH, d, J 11.2 Hz), 4.11 (lH, d, J 11.2 Hz), 3.76 (3H, s), 2.4 (2H, m), 

2.09 (PI, dd, J 5.1, 8.1 Hz), 2.0 (3H, s), (rotamer 2) 4.51 (lH, d, J 11.2 Hz), 4.2 (PI, d, J 11.2 

Hz), 3.74 (3H, s), 2.76 (lH, br.t), 1.97 (3H, s), 1.85 (W, br. t) (ratio ca 5:l); aH (60 MHZ, 300 
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K) 4.4 (El, d J 12 Hz), 4.05 (lH, d J 12 Hz), 3.55 (3H, s), 1.9 - 2.6 (2H, m), 1.8 (jH, s); Ymax 
2954, 1738, 1440, 1374, 1207, 698 cm-l. 

Methyl 2-chloro-2-(1,3-dichloro-2-methylprop-l-en-l-yl)-l-me~yl~cl~~e carboxylate 

The above procedure was repeated except that methyl methacrylate (5 ml) was added after 

quendning with water. Removal 0E tine soivent at 14 mmEIg gave an oi’l w&n was one spot *or 

t.I.c.; chromatographyd gave methyl 2-chbro-2-(I,3-dichloro-t-methylprop-I-en-L-yl)-I- 

methylcyclopropane carboxylate (0.46g, 82 TO) (Found M +: 269.9968. C,H, ,Cl,O requires: 269.9981) 

which showed a~ (300 MHz, 230 K) @tamer I) 4.63 (IH, d, 3 II.1 Hz), 4.09 @-I, d 3 II.1 Hz), 

3.71 (3H, s), 2.67 (IH, d, J 6.2 Hz), 1.96 (3H, s), 1.62 (El, d, J 6.5 Hz), 1.58 (3H, s), (rotamer 

2) 3.83 (El, d, J 10 Hz), 3.67 (3H, s), 2.29 (lH, d, J 6.8 Hz), 2.02 (lH, d, J 8.2 Hz), 1.66 (3H, 

s); the remaining signals were obscured by those for the major rotamer (ratio of rotamers 2~1); 

(60 MHZ, 300 K) 4.3 (lH, br.d, J 11 Hz), 4.0 (lH, d, J 11 Hz), 3.6 (3H, s), 2.5 (lH, br.d, J 6 

Hz), 1.9 (3H, s), 1.46 (lH, d, J 6 Hz); aC (230 K) 171.2, 170.9, 135.1, 134.4, 132.6, 131.9, 53.5, 

53.0, 52.4, 44.9, rt4.7, 36.6, 31.5, 3t5 29.6, B.6, VA, 17.3; Yma 2952, 1732, 1x1, IUS, 704 cm-l. 

Methyl lithium (1.6 ml, 1.5 m) was added over 1 m to (5, X = OMe) (0.5 g, 2.1 mM) stirred 

in ether (12 ml) at 0 oC. After 0.5 h the products were quenched with water and worked up as 

before; trans-but-2-ene (1.8 g) was added and after 12 h at 20 oC the solvent was removed at 14 

mm Hg. Flash distillation at 50 oC and 0.1 mm Hg gave I-chloro-1-(1-chloro-3-methoxy-2- 

methylprop-1-enyl)-E-2,3-dimethylcyclbpropane (l5e) (0.25 g, 54%) which showed a single peak 

by glc (Found Mt: 222.0582. C, $i, ,Cl,O reqrrires: 222.0578) w&21 showed 6~ (300 MHZ, 220 

K) (rotamer 1) 4.18 (lH, d, J 10.6 Hz), 3.81 (WI, d, J 10.6 Hz), 3.33 (3H, s), 1.88 (3H, s), 1.35 

(3H, d, J 5.9 Hz) and (rotamer 2) 4.20 (lH, d, J 10.6 Hz), 4.07 (lH, d, J 10.6 Hz), 3.38 (3H, s), 

1.88 (3H, s), 1.25 (3H, d J 6.1 Hz), 1.02 (3H, d, J 6.1 Hz) in ratio 2.5:1, together with a broad 

multiplet at ca 6 1.2 integrating to SH-total. At 303K, the 200 h4Hz spectrum showed sharp 

singlets at 3.35 and 5.40 for the two methyl signals, together with a broad three hydrogen doublet 

tit 6 ‘E%?s anti a very ‘oruah %e ‘r&rufen in&& iiT. %:I!; in a?&&% m?z ‘nb& d ?nz S% y&011 

was visible at 8 4.15, the other half apparently appearing as an extremely broad signal centred at 

3.9; z&e w&ScWEe Rz?i?pS~S ?W z?& s?&iz+? z?2+ d +?I% zL?& LB +zz IW ?z> & 233 inxf 2B 

(ca 270 K) corresponded to a AG# of 13.2 or 13.5 kcal/mol respectively; vmax 1104, 752 cm-l. 

(i) The above procedure was repeated except that isobutene was added after quenching with 

W&Y. W&c up ;ts &uve ga.ve ~-~~u-l-(I-~~-3-~~~-2-7-~~-2,2- 

dimethylcyclopropane (l5b), b.p. 50 oC and 0.2 mm Hg (0.29 g, 62%) (Found M+: 222.0578) 

which gave one peak one g.1.c. and showed ~J--J (rotamer 1): 4.39 (W, d, J 11.0 Hz), 3.88 (U-I, d, 

J 11.0 Hz), 3.37 (3H, s), 1.9 (3H, s), 1.4 (3H, s), 1.05 (3H, s); (rotamer 2): 4.05 (lH, d J 11.5 

Hij, 3.98 (EI, d J If.5 Hij, 3.34 (3H, sj, 1.3 (JK, sj, I.3 (?H, sj, I.2 (Z-I, m), I.19 (3% s); two 

pairs of doubIe& were aku seen at a 1.34 (J 6.1 Hz), 1.25 (J 6.1 Hz) stlld 1.20 (J 6.3 Hz} aA 1.05 

(J 6.3 Hz), but these were not definitely assigned to a particular rotamer (ratio of rotamers 6:5); 

Y- 1103vs, 944m, 719m cm-‘. 

(ii) Compound (13b) (0.5 g) was reflexed for 1.5 h with sodium methoxide (0.54 g) in 
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methanol (6 ml). The products were treated with water (10 ml) and extracted with ether (2 x 10 

ml). Work up as above and chromatographyc gave (l5b) (0.35 g, 71 %) identical by n.m.r. and i.r. 

to that obtained above. 

Methyl 2-chloro-2-(l-chloro-3-methoxy-2-methylprop-l-enyQcyc~boxylate 

The above procedure was repeated except that methyl acrylate (5 ml) was added after 

quenching with water. Work up as above gave methyl 2-chloro-2-(l-chloro- 4-methoxy-2- 

methylprop-1-enyl)cyclopropane carboxylate (17a) (0.28 g, 54%), b.p. 65 Oc at 0.1 mm Hg 

(Found: 252.0303. C, ,H,_,Cl,O, requires: 252.0320) which showed SH (200 MHZ, 303 K) 4.07 - 

4.3 (W, complex), 3.65 (3H, s), 3.3 (3H, s), 2.5 (lH, br.dd, J 6.9 Hz), 2.2-1.8 (5H, m), 

inchtding 1.85 (3H, s); aH (300 MHz, 23OK): (rotamer 1) 4.35 (lH, d, J 11.8 Hz), 4.15 (U-I, d, J 

Il.8 Hz), 3.75 (3H, s), 3.37 (3H, s), 2.43 (lH, dd, J 9.2, 6.9 Hz), 2.16 (lH, t, J 6.9 Hz), 2.09 

(lH, dd, J 9.2, 6.9 Hz); (rotamer 2) 4.17 (lH, d, J cu 11.6 Hz), 3.97 (lH, d, J 11.6 Hz), 3.7l (3H, 

s), 3.35 (3H, s), 2.70 (lH, dd, J 9.3, 7 Hz), 1.96 (lH, t, J ca 7 Hz), 1.89 (3H, s), 1.79 (El, dd, J 

6.7, 9.3 Hz) (ratio of rotamers ca 7:3); aC (230 K) 169.4, 169.2, X30.6, 130.2, 129.3, 127.6, 71.4, 

71.3, 50.3, 50.1, 53.0, 48.0, 47.3, 35.5, 30.3, 27.0, 24.3, 17.7, together with a number of minor 

signals; vrnax 1739vs, 702~ cm- 1. An analysis of the 1H spectra at the two temperatures indicated 

a barrier between the two rotamers of ca 14.4 kcallmol. 18 

Methyl 2-chloro-2-(l-chloro-3-methoxy-2-~~ylpro~nyl)-l-methylcyclopropane carboxylate 

(a) The above procedure was repeated except that methyl methacrylate was added after 

quenching with water. Work up as above led to methyl 2-chloro-2-(I-chloro-3-methoxy- 2- 

methylprop-1-enyl)-I-methylcyclopropane carboxylate (17b), b.p. 70 oC at 0.1 mmHg which was 

single component by glc (0.29 g, 5%) (Found M+: 266.0470. Calculated for C, ,H, ,Cl,O, 

266.0476) which showed aH (60 MHz): 4.01 (W, br. s), 3.25 (3H, s), 2.3 (lH, d, J 6 Hz), 1.82 

(3H, s), 1.58 (3H, s), 1.4 (lH, d, J 6 Hz); (300 MHZ, 230 K) (rotamer 1) 4.35 (lH, d, J 11.8 Hz), 

4.13 (lH, d, J 11.8 Hz), 3.72 (3H, s), 3.37 (3H, s); (rotamer 2) 3.91 (lH, d, J 11.6 Hz), 3.89 (Et, 

d, J 11.6 Hz), 3.65 (3H, s), 3.34 (3H, s) in ratio cu 6:5, together with 2.40 (lH, d, J 6.3 Hz), 

2.26 (lH, d, J 6.7 Hz), 1.34 (lH, d, J 6.7 Hz) [the exact integrals of these final signals could not 

be determined; the fourth doublet required for the two rotamers was apparently partly obscured 

by the signal at 1.64, but was centred at 1.631; the n.m.r. at ambient temperature included a very 

broad signal at 6 3.6 - 4.2 (ca 2H), a broad singlet at 3.65 (3H), a singlet at 3.33 (3H), two 

broad peaks at 2.04 and 2.17 (lH total) a singlet at 1.86 (3H) and a broad singlet at 1.6 (ca 4H); 

aC (50.3 MHZ, 300 K) 171.0, 137.3 br, 130.7br, 71.9, 58.3, 53.8, 52.5, cu. 32 (very broad), 29.6 

(very broad), 17.55, 17.5; aC (75.5 MHz, 230 K) 171.5, 171.1, 137.3, 136.7, 130.9, 130.0, 71.8, 71.3, 

50.6, 50.3, 53.9, 53.1, 52.9, 52.7, 37.7, 36.6, 32.8, 31.1, 29.2, 17.5, 17.4; vrnax 1733 vs, 718 m cm-l. 

Application of the Gunther approximation1 8 to the 1H and 1 SC spectra at different temperatures 

showed a barrier between the two rotamers of ca. 14.8 kcal/mol. 

(b) The ester (16b) (0.5 g) in methanol (0.5 ml) was refluxed for 1.5 h with sodium 

methoxide (0.5 g) in methanol (6 ml). The products were treated with water (10 ml) and 

extracted with ether (2 x 10 ml). Removal of the solvent from the organic layer at 14 mmHg gave 

an oil; chromatographyd gave (17b) (0.32 g, 65 %), identical by n.m.r. and i.r. to that above. 

l-(=hloro-l-(l-chloro-3-methoxy-2-methylprop-l-enyl)-2,2,3-trimethylcyclopropane 
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The above procedure was repeated except that 2-methylbut-2-ene (1.8 g) was added after 

quenching with water. Work up as above gave I-chloro-1-(1-chloro-3-methoxy-2-methylprop- 

1-enyl)-2,2,3-trimethylcyclopropane (0.33 gm, 68%), b.p. 60 oC and 0.1 mm/Hg (Found M+: 

236.0726. C, ,H, ,OCI, requires 236.0735) which showed vmax 1455m, l379m, llO3s, 760m. The 

n.m.r. (2QO MHz) was complex but included signals in the regions 3.7 - 4.2, 3.33 - 3.37, 1.88 - 

1.89, and 1.0 - 1.5 in the ratio 2:3:3:10. There were two singlets in ratio 1:l at 1.88 and 1.89, and 

four in the ratio 6:2:3:8 at 6 3.37, 3.36, 3.35, and 3.33, and at least three AB patterns in the low 

field region, at s 4.18 and 3.81 (J 11.0 Hz), 4.00 and 3.96 (J 11.5 Hz), and 4.02 and 3.87 (J ll.4 

Hz). The high field region included a large number of signals. The 13C spectrum included eight 

signals in the aIkene region at I 138.3, 138.0, 137.0, 136.1, 135.1, 132.6, 131.7, and 131.4 as well as 

groups of signals at 72 - 73, 55 - 58, and 10 - 36. 

The above procedure was repeated except that 2,3-dimethylbut-2-ene (1.8 g) was added 

after quenching with water. After 3 h, work up as above and flash distillation at 0.1 mmHg and 

70 oC gave l-chloro-l-(l-chloro-3-methony-2-methylprop-l-enyl) 

(Isa) (0.36 gm 6%) (Found M+: 250.0867. C, zH,,OC1, requires 250.0891) which showed 6H (200 

MHz) 4.01 (U-I, d, J ll.4), 3.84 (EI, d, J ll.4), 3.35 (3H, s), 1.88 (3H, s), 1.27 (3H, s), 1.20 (3H, 

s), 1.16 (3H, s), 1.07 (3H, s); ymax 3004s, 2925s, 282lm, 1684m, 1452s, l38Os, 1106s, 886m, 782m 

cm-l. Irradiation at 8 1.07 caused a 6 % n.0.e. enhancement in that at 4.01, 3 % in that at 3.84 

and 2 % in that at 1.88; enhancements in these signals on irradiation at 1.27, 1.20 or 1.16 were all 

below 2 %.A more volatile minor component was 1-chloro-2,3-dimethyl-3-methoxymethyl-l- 

cyclopropene (85 mg, 14%). 

The above procedure was repeated except that cir-but-2-ene (1.8 g) was added after 

quenching with water. After 12 h at 20 oC, work up as above gave an oil which showed two 

peaks close together by glc (ratio co 6:l); the major component was characterised as 

3-chloro-3-(l-chloro-3-met~xy-2-methylprop-l- enyl)-Z-1,2-dimethylcyclopropme (lk), 

b.p. 55 oC at 0.1 mm Hg (0.26 g, 56%) (Found M+:222.0571. Calculated for C, ,H, ,OCl,: 

227.0578) which showed aH (200 MHZ) 4.05 (2H, s), 3.34 (3H, s), 1.81 (3H, s), 1.36 (2H, m), 1.13 

(6H complex); in addition small signals were seen at 3.36(s), 1.91(s), and 1.0-1.2, presumably 

caused by the minor isomer (l5d); ymax llO2s, 738s cm-l. No tra-isomer (l5e) was seen by glc. 

l,2-Dichloro-3-methyl-3-(di-isopropylaminomethyl)cyclopropene 

Methyl lithium (1.26 ml, 1.5 M) was added over 1 m to a stirred solution of (5, X = NPriz) 

(0.52g) in ether (10 ml) at 0 oC. After 30 m the products were quenched with water at -40 oC, 

decanted from the ice and evaporated at that temperature and 1 mmHg to give 1,2-dichbro-3- 

methyl-3-(di-kopropylamimmethyl)cyclopropene (6, X = NPri,) (0.33 g, 83%) which was very 

unstable even at 20 oC, giving a very thick brown oil in a period of minutes. However the n.m.r. 

at 230 K showed SH 2.87 (2H, septet, J 6.7 Hz), 2.57 (2H, s), 1.24 (3H, s), 0.94 (12H, d, J 6.7 

Hz); “C 114s, 50.4t, 46.9d, 43.8s, 22.5q, 20.6q. 

2,2-Dimethyl-l-cyclopropyl ethyl ketone 
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Potassium hydroxide (1 g) in water (10 ml) was refluxed with (l3b) (0.5 g) for 22h. The 

products were treated with water (10 ml) and extracted with ether (3 x 5 ml). The organic layer 

was dried and the solvent was removed at 14 mm Hg to give an oil which was one spot by t.1.c.; 

flash distillation gave 2,2-dimethyl-I-cyclopropyl ethyZ ketone (24) (0.17 g, 61.4 %), b.p. 200C at 

0.3 mmHg (Found M+: 126.1055. Required for C,H,,O: X26.1045) which showed aH (200 MHz): 

2.5 (2H, q, J 7.3 Hz), 1.83 (lH, dd, J 5.6, 7.53 Hz), 1.23 (lH, dd, J 3.9, 5.6 Hz), 1.19 (3H, s), 

1.07 (3H, t, J 7.3 Hz), 1.06 (3H, s), 0.8 @-I, dd, J 3.9 7.6 Hz); v,, 2973, 2947, 2876, 1697, 

1395, 1131, 1026, 918, 733 cm- 1. 

2-Propan-l-oyl-l-methylcyclopropanecarboxylic acid 

Potassium hydroxide (1 g) in water (10 ml) was reflexed with (16b) (0.5 g) for 3h. The 

products were treated water (10 ml) and extracted with ether (2 x 10 ml). The organic layer was 

dried; removal of the solvent at 14 mm Hg gave no product. The aqueous layer was acidified with 

2M hydrochloric acid, extracted with ether (4 x 10 ml) and the solvent was removed at 14 mm 

Hg* Chromatographye of the remaining yellow oil gave 2-(propan-I-oyl)-l-methyl- 

cyclopropmecarboxyic acid (25) (0.26 g, 90.3%) (Found M +: 156.0775. Required for C,H, 203: 

156.0786) which showed &H (200 MHz): 2.68 (lH, dd, J 8.35, 6.7 Hz), 2.6 (W, m), 1.56 (lH, dd, 

J 4.0, 8.35 Hz), 1.50 (lH, dd, J 4.0, 6.7 Hz), 1.27 (3H, s), 1.09 (3H, t); aC 206, 180, 38, 34, 29, 

21, 12, 8; v,, 3086 (v.br), 2978, 2679, 1694, 1385, 1300, 1198, 1124, 887 cm- 1. 

l-(l,3-dichloro-2-methylprop-2-en-l-ylidene)-2,2,3,3-tetramethylcyclopropane 

Potassium t-butoxide (2.07 g, 18.5 mmole) was added over 5 min. to a stirred solution of 

(13a) (1.35 g, 5.28 mmol) in dry ether (30 ml) at 0 oC. After 15 min. at 20 oC, the solution was 

diluted with water (20 ml) and petrol (30 ml). Work up as above and flash distillation at 35 oC 

and 0.4 mm Hg gave l-(l~-dichloro-2-~thylprop-2-~-l-y1~~)-2,2~~-tetr~thyl- 

cyclopropune (21) (1.03 g, 8%) (Found M +: 2l8.0609. Required for C, ,H, ,Cl,: 2l8.0629) which 

showed &H (200 MHz): 6.6 (lH, q, J 1.2 Hz), 1.97 (3H, d, J 1.2 Hz), 1.23 (6H, s), 1.22 (6H, s); 

v,, 3099, 2989, 2950, 2920, 2867, 1709, 1606, 1448, 1111, 926, 787 cm- ‘. 

l-(l-chloro-2-methoxymethylprop-2-en-l-ylidene)-2,2,3,3-tetramethylcyclopropane 

Potassium t-butoxide (2.34 g, 20 mmole) was added over 5 min. to a stirred solution of (17b) 

(1.5 g, 6 mmole) in dry ether (30 ml) at 0 oC. After 15 min. at 20 oC, work up as above Rave 

an oil which was one spot by t.1.c.; flash distillation at 30 oC and 0.5 mm Hg gave l-(l-chloro- 

2-methoxymethylprop-2-en-l-ylidene)-2,2~3J-teprop~ (23) (1.1 g, 85.8%) (Found 

M+: 214.1130. C, 2H, ,OCl requires: 214.1124) which showed 6H (60 MHz): 5.58 (lH, br.s), 5.28 

(lH, br.s), 3.8 (2H, s), 3.3 (3H, s), 1.2 (12H, s); Vma 2988, 1714, 1451, 1373, 1111, 909, 734 cm- 1. 

E- and 2-1-(1,3-dichloro-2-methyl-l-prop-l-ylidene)-2,2-~~yl~cl~ro~ 

a) Potassium t-butoxide (4.34 g, 38.4 mmole) was added over 5 min. to a stirred solution of 

(13b) (2.5 g, 11 mmole) in ether (30 ml) at 0 oC. After 15 min. at 20 oC, work up as above gave 

an oil which was one spot by t.1.c.; chromatographya gave E and 2 l-(1,3-dichloro-2-methyl-l- 

prop-l-ylidene)-2,2+limethylcyclopropanes (22) (ratio 1:l) (1.5 g, 74%) (Found M+: 190.0316. 

Required for C,H, zC12: 190.0316) which showed SH (200 MHz): (1 st isomer) 6.7 (lH, br.s), ?.06 

(3H, d, J 1.2 Hz), 1.47 (2H, s), 1.27 (6H, s); (2 nd isomer): 6.7 (lH, br.s), 2.01 (3H, d, J 1.2), 
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1.25 (6H, s), 1.n (W, s); v,, 3098, 2962, 1786, 1730, 1606, 1450, 1373, 1122, 933, 786 cm-‘. 
b) The mixture of cyclopropanes from (a) (0.16 g, 0.84 mmole) in dichloromethane (5 ml) was 
stirred with tetracyanoethene (0.11 g, 0.88 mmole) for 72h at room temperature. Removal of the 
solvent at 14 mm Hg gave a solid which was recrystallised from ether and petrol to give cis- and 
trans-4,6-dichloro-5-methyl-7,7,8,8-tetracy~o-l,l-dimethylsp~o[2.5]oct-2-ene in the ratio 1:l 
(O.O94g, 35%) (Found M+: 318.0418. Required for C, SH, ?N4C12: 318.0439) which showed &H (200 
MHz): 1st isomer: 5.15 (RI, d, J 1 Hz), 2.22 (B-I, d, J 7 Hz), 2.21 (3H, d, J 1 Hz), 1.83 (3H, s), 
1.75 (3H, s), 1.5 (lH, d, J 7 Hz); 2nd isomer: 4.96 (lH, d, J 0.93), 2.16 (3H, d, J 0.93 Hz), 2.07 
(lH, d, J 7.25 HZ), 1.66 (lH, d, J 7.25 Hz), 1.4 (3H, s), 1.3 (3H, s); Vmm (KBr) 3094, 3038, 
2984, 2937, 2250, 1619, 1465, 1382, 1232, 1110, 971, 761 cm-l. 
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