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Abstract: gem-Dichlorocyclopropylcarbinyl catione, generated under acidic conditiona from the 
corresponding alcohol or alkene, undergo ring opening by nucleophilic attack exclurively at the 
halogenated carbon when the alternative alectrophilic ring carbon ir unrubstituted. In olle 
caee, a novel trifluoroacetoxydichloromethyl function has been produced and characterized a8 a 
maeked carboxylic acid chloride. 

In merked contrast to the reported reaction1 of 1 with excese aqueous EBr to give 2 and 3, 

treatment of the tertiary alcohol 4 with RBr produces a complex array of products none of which 

is analogous to 2 or 3. While it is not surprising that cyclobutaaaa are abrant,2 the presence 

of 6 is noteworthy since It represents a reversal in the ragfochemistry of nucleophilic attack 

on the cyclopropane ring. By varyidg the reaction parameters 

change rather dramatically the composition of the product mixture 

of Borne of its components. 

(Table 1). it is possible to 

and thus determine the origins 

OH 

48% HBr 

1 gr - Br.Cl) 2 

8 9 10 11 

Table 1. Composition of the product mixture from reaction of 4 with 48% apueoue RBr 
nolee of NBr collposition (mole x1 

Run Conditions Moles of 4 5 6 7 8 9 10 Recov.4 Yielda 

1 95’ c/90 min 6.3 4.9 13.8 70.3 8.8 - 2.2 - 69.2% 

2 95O c/20 min 6.0 7.5 33.9 49.9 4.6 - 4.1 - 83.9% 

3 80” C/ 5 miu 3.0 5.7 55.3b 18.9 1.3 11.3 7.5 - 81.0% 

4 85” C/20 min 2.0 5.8 52.5 21.0 3.5 9.9 7.3 - 85.4% 

5 85’ Cl 5 min 1.0 4.4 51.gb 7.4 - 20.8 5.9 9.6 79.2% 

a Calculated on the basis of the dietilled mass and the theoretical yield estimated from the 
product distribution. 

b Repreeentr 6 + 11. since 11 canaot be separated cleanly from 6 by preparative vpc. 

Clearly, 6 and 9 are priory product*. The cyclopropylcarbfnyl cation generated frcm 4 can 

lose II+ to give 9 or react vith brcwide at the halogenated ring carbon to give 6. A third 

primary product, 11, ia also observed but hae not been reparated cleanly fron 6 by preparative 

VPC. HOWOVRr, 11 can be identified easily by coaparieon of spectral data obtained from a 

mixture of 6 and 11 with that of pure 11 prepared by the reaction of 4 with PBr3. Ae expected, 
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both 9 and 11 are labile and lie beIon detectable concentrationa vhen reaction times are 

increased. The olefin 6 is identified and differentiated readily from 

5-bromo-4.4-dichloro-2-methyl-2-pentene by itr proton WMR spectrum, particularly the broadened 

doublet for the methylena group at 3.46 ppe 6. The structure of 9 is established by comparfaon 

of epectrai data vith an authentic 8ample produced as the minor product (4%) of the reaction of 

iooprene with dfchlorocarbene. 

Two tetrahalides, 7 and 8, are present fn varying amount8 depending on conditionr. 

Compound 7, the reclult of KBr addition to 6, is the major product of the reaction vhen a large 

excess of BBr is used. Howver, the production of 8 is probably related to the formation of 10 

in that chloride ion must be ganerated in the process. Thus, 8 comes from the reaction of 6 

with HCL gcnersted in situ. 
_- Both 7 and 8 appear to be end products; k., neither 16 a 

precursor to 5 or 10 under the conditiona of these reactions. Treatneat of a mixture of 7 and 

8 vith EBr using the coudftions of Run 2 (Table 1) results in no change and a quantitative 

recovery of the starting material.3 

At least one source of the lactone 10 ia the hydrolysis of 6 and aubrrequent cycliaation of 

the unsaturated acid. The reaction of 6 with HBr in an indspandent experiment using the 

conditions indicated for Run 2 (Table 1) gives 7, 8, and 10. The same unsaturated acid can also 

arise from nucleophilic attack by water at the chlorinated carbon of the original 

cyclopropylcarbinyl cation Intermediate or 12. The origin of diene 5 ia speculative at this 

point. Loss of Ii+ from the homoallylic cation 12 can give 5 directly, but the intervention of 

!I- c&y - ‘ci;, - $/-+s 
et i=l 

12 13 

cyclobutene 13 cannot be ruled out4 by existing evidence. Attempts to dehydrate 4 by heating 

with catalytic 85% 83PC4 give mostly polymars and low yields of volatile material containing 

three products-S, 10, and 5.5,5-trichloro-Z-methyl-2-pene. 

CI 

* 
Cl 

TFA * .FMwy TFAO 

14 15 16 

In a second example of the same regiospetifie ring opening, the o&fin 14 is converted in 

high yield to 15 by treatment with trifluoroacetic acid (TPA). This reaction proceeds smoothly 

at room temperature and is relatively free of secondary producta since there is only one viable 

nucleophile la solution. The only mentionable by-products are the trace esters resulting from 

addition of TF’A to the double bond of 15. 

The structure of 15 is established from spectral data and its reactions. The high 

intensity (89.7%) of the C$ill+ peak (WCl2COTpA) is consistent with the expected mass spectral 

fragmentation pattern of 151 and the absence of the (M-Cl)+ peak for an allylic chloride5 tends 

to rule out 16. The methylene hydrogena of 15 appear aa~ a slightly broadened ringlet exhibiting 

no definitive homoallylic coupling with the methyls, but the chemical shift (3.42 ppm 6) ie much 

higher field than that to be expected for the methylene group of 16. The heretofore unreported 

trifLuoroacctoxydichloromethyl functional group behaves as a maoked carboxylfc acid chloride. 
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Flydrolyris of 15 in pure vater giver the acid 17 and a amall amount of lactoos 18. The lattot 

ia abrant when aquaoua bicarbonate (and rubrequent ncutraliaation) ir used. Ibthanolyria and 

-olyafr give 19 and 20 rcrpectively. 

17 ia 

+ 
\ CO,CH, 

ONH, 

20 

It is clear from the reactiona of 4 and 14 that ring opening occurs by nucleophilic attack 

at the halogsnated carbon of the intermediate ion when the alternative elcctrophilic ring carbon 

is unrubstitutad. With rsapsct to 1, the only structural difference which might alter the 

electronic nature of the intermediate la that both 4 and 14 lead to a tertiary rather than a 

secondary cyclopropylcarbinyl cation. While this may affect the relative stabilitiar of the 

various ions, it is not obviour that such a factor would lead to regiochemical reversal in the 

ring opening step. Indeed, solvolysis of the tosylate from 1 (X - Br) in buffered aqueous 

acetone given as one of several producta 3-methyl-Spentenoic acid, a compound whore fornation 

has been described previouely6 aa the result of nucleaphilic attack by vater on the broeinated 

carbon of the intermediate ion. 

Although the reaction of 1 (X = Cl) hae not been repeated in there laboratories, treat-at 

of 1-methyl-1-vinyl-2,2-dichlorocyclopropane (21) with 48% JiBr under the conditions described1 

for 1 was inveetigatcd. Thie experiment reproduced both the product distribution and the 

spectral data reported in the literature for 2 and 3. Hovever , the absence of discernible 

allylic coupling of the ethylene protons to the vinyl proton in the olefinic product of these 

reactions does not ncceasarily relegate 22 from consideration ae the correct structure.7 In 

fact, the chemical shift for the laathylene protons of 6 ie almost identical to that for the 

methylens protone of the compound cited ae 2 (X - Cl). The maea epectrum of the product 

21 23 22 

reported ae 2 (X = Br) [ strong (WCgr3)+, 100x and a much weaker (M-Br)+ I1 exhibits 

fragmentation pattern very similar to that of 6 [strong (M-CClzBr)+, 100% and a weak (If-Br)+l 

a 

In another experiment, paralleling the one described above for olefin 21, the 

broaochlorocarbene adduct 23 of ieoprene vae heated for 2 houra at 100° C with couc. ECl. The 

result was not totally satisfying in that the reaction gave at leaat 5 products and proceeded to 

to only 402 completion. Hovevcr , the major product wae identical to the olefinic compound fra 

reaction of 21 vith EBr. There data suggest that the structure 2 may be in error and call for 

a reinvestigation of the reaction of 1 with EBr. 
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Rxperfmental Section 

Caneral hethodr PL All reactions mere carried out under a nitrogen ataoaphere. lH lOlIt spectra 
were recorded with a Varian Elf390 spectrocater using CDC13 l olutions with Me4Si aa an internal 
rtandard. 13C NhR spectra uera recorded vith a JEOL FX-60 spectrcmeter UaiUg CDC13 l olutionr 
with Me4Si aa an internal standard. Ill apsctra were recorded with a Beckman IR 4250 by U8ing a 
thin film of the neat liquid between RaCl plates or RBr pellets for solid ~amplea. Maaa spectra 
were obtained from a Pinnegan 1020 OVA inrtrument using gc injection through a 6’ x l/8” id 
column packed vith 10% SE-30 on 60/80 WAUDCS and an ionization energy of 70 l V. belting point8 
uere determined with a Tlwmae-Hoover apparatus and are uncorrected. Combustion analyses uere 
obtained from Galbraith Laboratories, Inc., Rnoxville, TN. 

2.2-Dichlorocyclopropanecarboxylic Acid. Triallyl orthoformate ~a# prepared according to 
the procedure of Robinson.” A rolution of 11.7 a (63.5 mmol) of triallrl orthoformate and 0.1 
8 of beaxyltriethylaium chloride in 40 mL-of chloroform uas added all at once to a 
mechanically stirred aolution (previously degaared with N2) of 100 g of NaOH in 100 mL of vater 
at O” C. The mixture uaa allowed to rtir at OoC under 12 for 4 h and an additional 10 h at room 
temperature. Water (80 mL) and pentane (100 mL1 mere added to the flask with stirring, and the 
resulting mixture was transferred to a separatory funnel. The organic layer uaa separated and 
the aqueous layer ua# extracted with 50 mL of pentene. The orgenic layer8 uere combined, verhed 
with 25 mL of brine. and dried over UgSO4. Removal of the solvent in vacua afforded 22.0 g of 
brown oil. 

-- 
NMR analyrie indicated a mixture of orthoformatea containing an average of 2.3 

cyclopropane moietiee per molecule. Ten mL of this mixture vae added dropvise to 90 mL of cont. 
RN03 (magnetic stirring) which had been pre-warmed to 65O C. The temperature of the reaction 
mixture van maintained at 65-700 C by controlling the rate of addition and occasionally the UIC 
of an ice bath. After complete addition, the solution “a.9 stirred at 65O C for 3 h. then cooled 
to room temperature, and diluted with 150 mL of H20. The product was extracted with CH2Cl2 (2 
x 30 mLi and the extracta were combined, dried over MgSO4, and concentrated by rotary 
evaporation. The residual yellow oil crystallized on standing. Recrystallization of the crude 
semisolid from cyclohexane gave 3.7 g of pure acid, mp 76-77O C (lit.9 mp 75-76O C). 

Alcohol 4. To a solution of 16.0 g (103 mmol) of 2.2-dichlorocyclopropanecarboxylic acid 
in 30 mL of CC14 va# added 22.6 g (108 mol) of PC15 in small portions over 30 min at ram 
temperature. The resulting solution was heated at reflux for 1 h and then cooled to room 
temperature. Solvent uas removed by rotary evaporation and the residue was distilled to give 
15.2 g (85%) of acid chloride, bp 89-92O C/62 m (lit. ld bp 58O C/15 mm). A solution Of 14.0 8 
(80 rmaol) of the acid chloride to 200 mL of ether uas cooled to O” C and 62 mL (180 mmol) of 2.9 
g CH3hgCl in THP uas added dropuiac (magnetic stirring). The reaction mixture was allowed to 
stir overnight at room temperature and was then quenched at 0 O C by cautious addition of 100 mL 
of vater followed by 50 KL of 1 E RCl. The organic layer uaa separated, washed with 50 mL of 
brine, and dried over Mg804. Solvent was removed by rotary evaporation, and the brown reeidual 
oil vae distilled to give 9.6 g (71%) of pure 4, bp 27-28O C/O.5 mm: 1~ NOR 6 1.32 (.9,3H) and 
1.55 (s.38) [diestereotopic CH3’s] , 1.57-1.80 (m,3R. ring A’s), 1.84 (s,lH.oH)~ 13C N?lR 622.5, 

28::, 29.8, 39.6, 59.7, 68.9; Ill 3450, 1370, 1219, 1183, 1124, 1046, 956. 930. 843, and 750 
cm . h.91. Calcd for C6HlOCl20: C, 42.63%; H, 5.96%. Found: C, 42.82%; 8, 5.67%. 

Reaction of 4 with RBr: Representative Procedure. A mixture of 2.0 g (11.8 -1) of 4 and 
4.0 g (23.7 mmol) of 48% HBr under N2 in a 50-mL flask WBB immersed Into a water bath pre-heated 
to 85O C and alloved to stir at that temperature for 20 min. The water bath va8 removed and 30 
mL of ice/water was added to the flank. Products were extracted with ether (3 x 15 mLL) an dried 
over MgSO4. Removal of solvent by rotary evaporation afforded 2.31 8 of pale yellow oil. See 
Table 1 for the specific conditions of other experimenta. 

Volatile components were removed from the crude by vacuum line transfer at 30° C/O.2 mm and 
separated by preparative vpc using a 16’ x l/4” column pecked with 20% Carbovax 201 on 45/60 
Chromoeorb UAW at 1700 C (He flovr 30 mL/min). These products, characterized below. are listed 
in their order of emergence from the column. 

9: 1~ NMR 61.92 (br s,3H), 4.81 (br s,lH), 5.07 (m,lH); 13c NRR 622.8, 25.1, 37.0, 
60.0, 114.1, 139.6; vpc retention time and spectral data identical to the minor product from the 
reaction of isoprene with dichlorocarbene. 

ill NhR 
(d,J-:&P,lHl; 

61.77 (br a,3Hl, 1.85 (br e,38). 5.98 (d of multiplete, J-10.9,18), 6.62 
13C N’hR 618.9, 26.2, 118.9, 119.6, 125.5, 139.9; MS consistent with that 

reported by Seabo et a1.5 -- 
l3C NUR 627.7 29.3, 34.6, 84.5, 176.9; 

thoaelfzported by Meyers.ll 
1~ BMR and IR abaorptions consistent with 

11; Obtained in an enriched mixture with 6 and identified by comparison of spectral data 
for the mixture with that of 11 syntheaixed as described belov. 

6: 1, NhR 61.72 (br s,3H), 1.82 (br 6,3H), 3.46 (br d,J17.2.2H), 5.43 (t of 
multiplets.J-7.2,lH); l3C NRR 618.6, 26.0, 55.1, 82.7, 117.7, 138.8; MSt m/e 236, 234, 232, 
230 CM+. 0.6. 4.7, 10.6, 6.7X)1 155, 153, 151 CM+-Br, 6.7, 27.2, 30.9%); 136, 134 (K+-C2H2Cl2, 
29.9, 30.5%); 69 CM+-CBrC12, 100%). Anal. Calcd for C689BrCl2: C, 31.07%; 8, 3.91%. Found: C, 
30.90%; 8, 3.78%. 
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The rolid material remaining after rmval of volatilea uaa raeryatallired from haxane at 
-200 C to give a white crystalline product, mp 53.0-53.5O C, which appeared to be a eutecttc 
mixture of 7 and 8 in a ratlo of 87.5 mole % of 7 to 12.5 mole % of II. Anal. Calcd. for l 

mixture of C6ELO8r2Cl2 (87.5 mole Xf and CgH@rCl3 (12.5 mole X)r C, 23.45%; 3. 3.28%. Foundr 
C, 23.62%j E, 3.25%. Pure 7 could not ba obtained by repeated recrystallir.ation$ of thi8 
mixture. Structural asstgmwata weme bared on the dahydrohalogenation experiment daacrlbed 
below, consiateat rpectral data, and a comparimn vith the spectral data of 
L.1,1,4-tetrachloro-4-wthylpentane (from reaction of 4 with 8Cl under the conditions of gun 1). 

7% lE NWR 61.83 (r,6E), 2.12-2.36 and 2.92-3.20 UA’BB’ pattern,46); 13C RKR 634.4, 
44.3. 53.9 63.9, 81.4. 

St i E NKR 61.63 (6) with other stgnals obscured by 7j 13C NMR 632.6, 42.9, 52.7, 68.1, 
81.6. 

Bromide 11. 
0“ G uader 192. 

Phosphorus tribromide (0.3Og, 1.1 asno was added to 0.35 g (2.1 molf of 4 at 
After 1 h at Oo C, the reaction mixture vae diluted with 2 mL of cBC13 and 

decanted frw a small amount of brown oil which separated. The solution was washed with 1 mL of 
10% NaRCO3. dried over NapSO4, and concentrated by rotary evaporation. Distillation of the 
raeidual liquid gave 0.32 g (66%) of 11, bp 35-36O C/O.25 m, contaminated vith 2% of the isomer 
6. LK NxR 61.87 (8) and 1.97 (a) [diamteraotopic CH3’e] , 1.50-2.50 (ABC pattern, ring 
protons, 38); 13C WKR 625.7, 32.4, 33.0, 43.3, 60.0, 62.1. 

Dahydrohalogenation of 7 end 8. A solution of 1.10 g (3.6 mol) of a mixture of 87.5 mole 
% of 7 and 12.5 mole % of 8 in 5 mL of ether wan cooled to 0 
L.8-diazabicycLo~5.4.0lundec-7ene (DBU) vaa added. 

O C and 1.30 g (8.5 ~mool) of 
The solution vas stirred for 21 h at room 

temperature during which 8 dark brown semisolid eeparated. The reaction mixture van dilutad 
vtth LO mL of ether, vaahed once vith LO raL of water and once vith LO a& of 5% 88r, and dried 
over hgSO4. Removal of the solvent in vacua and bulb-to-bulb transfer of the residual liquid at _- 
25O C/O.1 5 gave 0.50 g (93%) of pure 5. 

2,2-Dichloro-l-methyl-L-isopropenylcyclopropane 14. 
2.3-dimathyl-1.3-butadiene, 28.7 g (0.24 molf of CRCL3, 

A solution of 16.4 g (0.20 mol) of 
and 300 mg of benzyltriechyl-nium 

chloride van added all at once to 60 mL of degasstd 50% NaOR at O” C under N2. The mixture vaa 
mechanically stirred for 3 h at O” C and then for 17 h at room temperature. Water (100 mL) was 
added and the product vas extracted vith petroleum ether (3 x 20 mLL). Extracts were combined, 
dried over hgSO4, and concentrated by rotary eva 
24.5 g (74%) of pure 14, bp 69-70° C/32 mm (lit. P 

oration. 
2 

Distillation of the residual oil gavr 
52.50 C/21 I&. 

Triffuoroacetate 15. A solution of 3.3 g (0.02 mol) of 14 and 2.3 g (0.02 mol) of 
trifluoroacetic acid vas allowed to stand at room temperature under N2 for 48 h, 
of an aliquot indicated a 90% conversioa.13 

WMR analpefs 
Distillation of the reaction mixture using a 5-cm 

vigreaux column gave a 4.6 g (82%) fraction boiling at 82-860 C/25 mm which proved to be pure 
15: LR NMR 61.76 (br =3,3X), 1.83 (br 11,681, 3.42 (br 8,281; L3CN!DL 620.1. 21.2, 21.8, 53.7, 
108.8, 113.9 (CF3rq J , c_F-286 HE), 120.1, 134.8. 152.2 fC~O.q,Jc,y-45 Hz); XR 1818 cre-1 (w+O)j 
MS: m/e 282, 280, 278 (MC, 1.0, 6.9, 10.8%); 168, 166, 164 (*-cP~cO~R, 2.7, 11.0 16.8%); 83 
CM+-CF3CO2CCl2, 89.7%). 
H, 4.02%. 

AuaL. Calcd for CqHllCL2P302: C. 38.73%; H, 3.97%. Found: C, 38.5023; 

17. Acid A mixture containing 2.00 g (7.1 nuaol) of 15, 5 mL of T!W, 15 mL of watar. and 
2.5 g of NaHCO3 was allowed to stir at room temperature for 3 h in an open lOO-mL flask 
(cautionr foamin8). The pR vas then adjusted to a Congo Red end point by dropviae addition of 
cont. HCL and the aqueous Layer was saturated with NaCl. Product vas extracted with ether (3 x 
LO mL) and the combined extracts vere dried over MgBO4. After removal of volatile6 by rotary 
evaporation, the residual Liquid was distilled to give 0.67 g (74%) of pure 17. bp 52-53” C/O.5 
mm (lit.L4 bp 86-900 C/S mm). 

Ester 19. A solution of 2.55 g (9.1 -1) of 15 in LO OIL of absoluta methanol was stirred 
at room temperature for 24 h. 
reaction mixture, 

volatile material8 were removed by rotary evaporation of the 
and the reeidual liquid vaa dintilled to give 1.05 g (81%) of pure 19, bp 

85-87O Cl36 = (Lit.L4 bp 61-620 C/l0 mm). 

Amide 20. 
at O” C and 

A mixture of 1.40 g (5.0 mwol) of 15 and 5 mL of cone. aqueous NH3 wae prepared 
then allowed to stir at room temperature for 24 h. The solution VU diluted vith 25 

mL of brine and extracted vith ether (3 x 15 I&). 
concentrated by rotary evaporation. 

Extracts were combined, dried over hgSO4, and 
The crude solid residue was recrystaLli+ed from benzene to 

give 0.35 g (55%) of pure 20, mp L35.5-136.5O C. lH RR.R 61.68 (s.9H). 2.97 fs.ZH1. 5.7 (br 
e,2H); IR 657. 1217, 1400, 1624, 1658, 3180, 3360 cm-l. 
10.302. Found: C, 66.13%; H, 10.22%. 

Anal. Calcd for d7Hl3NO’ c, 66.112;‘H~ 

Bromochlorocarbcne adduct 23. A solution of 45.9 g (0.22 mol) of dibromochloromethane in 
20 mL of hexane was added dropvise over 30 min to a mechanically stirred slurry of 40.0 g (0.36 
moIl of potassfum _t_-butoxide fa a soIutioa of 30.6 g (0.45 moLf of isoprene aad 125 a& of hexane 
at Oo C. After complete addition, 
for 18 h. 

the reaction mixture van alloved to stir at rocm temperature 
Water (100 mLL) vaa added to dissolve the salta. and the organic layer van separated 
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and waabad with 50 IL of brine. The organic layer van dried ovar Ua2SO4 and concentrated by 
rotary evaporation. Dirtillation of the reridual oil gave 26.1 g (61%) of colorlera liquid, bp 
60-620 C/22 m, which proved to be a 50150 (approx.) mixture of the diartareooera l5 of 2% lg 
gMlt 61.43-1.76 (overlapping doublet*, 281, 1.50 and 1.52 (2 ringleta, 3E), 5.10-5.40 (m,2El, 
5.72-6.10 (overlapping d of d, 1II)r l3C NMR 6 (all carbon liner doubled except the 
non-halogenated 4O) 19.0 and 22.1, 31.9, 33.8 and 34.1, 52.9 and 53.4, 115.9 and 116.1, 138.5 
and 140.9. Anal. Calcd for C6HgBrCl: C, 36.86%; 8, 4.12%. Found: C. 36.75X1 H, 4.17%. 

Reaction of 2J with Xl. A mixture of 5.0 g of 23 and 10 mL of cont. EC1 uam heated at 
LOO0 C for 2 h. The reaction mixture ua8 diluted with 40 mL of ice/water aad extracted vith 
ether (3 x 10 mL). Extracts were combined, dried over ggSO4. aad concentrated by rotary 
evaporation. Dirtillation of the raaidual oil gave. after a forerua of rtartiag nuterial, 1.8 
g of a complex mixture boiling at 60-80° C/l.0 =. The major product (36 wt Z) had a 
retention time identical to that for the major product from reaction of 21 with EBr. 1R and 2; 

RHR apactra of aa enriched sample of this ccupound isolatad by preparative vpc were conIiatent 
vith those obtaiaed from the major product of the reaction of 21 with RBr and in excellent 
agrcwat vfth the spectral data reported for 2.1 
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