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SYNTHETIC COMMUNICATIONS, 29( l), 57-63 (1999) 

SYNTHESIS OF 2 ,2 -DICHLORO- l -AL~OLS 

Antonio SALGADO," Tom HLJYBRECHTS," Laurent DE BWCK," 
Jozsef CZOMBOS," Alexey TKACHEVb and Norbert DE KlMPE,* 

"Department of Organic Chemistry, Faculty of Agricultural and Applied Biological 
Sciences, University of Gent, Coupure Links 653, B-9000 Gent, Belgium 
bNovosibirsk Institute of Organic Chemistry, Acad. Lavrentjev Avenue 9, 

630090 Novosibirsk, Russia 

Abstract : 2,ZDichloro- 1 -alkanols were prepared conveniently by sodium borohydride 
reduction of 2,2-dichloroaldehydes. 

Dedicated to Professor Gottfried Heinisch on the occasion of his 60th birthday. 

P-Halogenated alcohols are valuable bihnctional substrates in synthetic organic 

chemistry. 0-Halogenated primary alcohols are primarily known as P-monohalo and 

P,P,P-trihalo derivatives. 0-Monohaloalcohols are mostly known for their synthetic 

potential related to epoxide formation while P,P,P-trihaIoalcohols are used as inducti- 

vely activated ethanol derivatives (X&CHzOH). 

2,2,2-Trihaloalcohols are frequently applied in organic synthesis as protecting agents 

for alcohols'*2 and carboxyl 2,2,2-TrichJoroethanol and, to a lesser extent, 

2,2,2-tribromoethanoI are mostly used for this purpose. The 2,2,2-trihaloalcohols are 

* To whom correspondence should be addressed. 
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58 SALGADO ET AL. 

DMF-CHC13 
1 

II n - 
2 

Abs. EtOH 

3-4 h, 0°C - rt 3 (83-91%) 

R = Et, n-Pr, n-Bu, N-Hex, n-Oct 

sometimes first converted into the 2,2,2-trihaloethylchloroformates by reaction with 

phosgene in benzene5. These chloroformates suitably protect hydroxyf , thio16 and 

amino5.' groups. In all cases mentioned above, the protecting group can be easily 

removed by treatment with Zn23475 or by means of depending on the 

nature of the fbnctional group. 

Surprisingly, 2,2-dichloro-l-alkanols 3 seem to have been neglected in the litera- 

ture. Only 2,2-dichloro-l-pentanol 3 (R=n-Pr) was formed in an unspecified yield as 

an undesired side-product of the reaction of 2,2-dichloropentanoyl chloride with one 

equivalent of lithium tri-tert.butoxyaluminium hydride in tetrahydrofiran at -7O"C, 

while the target 2,2-dichloropentanal2 (R=n-Pr) was only obtained in low yield (isola- 

tion by preparative gas chr~matography).~ Only one primary P,P-dibromoalcohol, i.e. 

2,2-dibromo-1 -propanol, seems to be synthesized previously by sodium borohydride 

reduction of the corresponding apdibromoaldehyde in THF in the presence of a 

catalytic amount of triethylamine. lo 

Due to the fact that 2,2-dichloro-l-alkanols might be suitable inductively PJ3- 

activated alcohols for use in a variety of applications, we would like to report on their 

easy synthesis from 2,2-dichloroaldehydes 2. As a matter of fact, their application for 

the synthesis of activated esters, usefil for enzyme mediated chiral synthesis of 

carboxylic acids or esters, is under investigation in our research. 

2,2-Dichloroaldehydes 2 are easily accessible by reaction of the corresponding alco- 

hols 1 with chlorine gas in dimethylformamide-chloroform at 65-70°C. "J* 
Reaction of 2,2-dichloroaldehydes 2 with 1-2 molar equivalents of sodium borohydri- 

de in ethanol at 0°C for 3-4 hours, during which the temperature slowly increased to 
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60 SALGADO ET AL. 

ambient temperature, afforded excellent crude yields (83-9 1%) of 2,2-dichloro- l-alka- 

nols 3 in acceptable purities, suitable for further use (> 96%). Pure samples of dichlo- 

roalcohols 3 were obtained after vacuum distillation. Table 1 gives a compilation of 

the synthesis of 2,2-dichloroaldehydes 2 and 2,2-dichloro- 1 -alkanols 3. 

Experimental Section 

'H NMR spectra (270 M H z )  and 13C NMR spectra (68 M H z )  were run with a 

Jeol JNM-EX270 NMR spectrometer. IR spectra were recorded with a Perkin Elmer 

model 1310 spectrophotometer. Mass spectra were obtained with a Varian MAT 112 

mass spectrometer (70 ev) using a GC-MS coupling or the direct inlet mode. 2,2- 

Dichloroaldehydes 2 were synthesized by chlorination of alcohols 1 with chlorine gas 

in a dimethylformamide-chloroform mixture. "J* 

Synthesis of 2.2-dichloro-1-alkanols 3 

A mechanically stirred solution of 0.1 mol of 2,2-dichloroaldehyde 2 in 150 ml of ab- 

solute ethanol was treated portionwise with 0.1-0.2 mol of sodium borohydride over a 

period of 10 minutes at ice bath temperature. Stirring was continued for 3-4 hours 

during which the solution reached ambient temperature. The reaction mixture was 

poured in water (200 ml) and extracted three times with ethyl acetate. The combined 

organic extracts were dried (MgS04), filtered and the solvent was evaporated in 

vacuo. The residue was distilled in vacuo to afford pure 2,2-dichloro-l-alkanols 3 

(Table 1). 

2.2-Dichloro-1-butanol3a 

'H NMR (270 MHz,  CDC13) 6 1.18 (3H, t, J=7.3 Hz, C&); 2.25 (2H, q, J=7.3 Hz, 
CH3Cb); 3.91 (lH, broad s, Oa; 3.92 (2H, s, Czj2OH). 13C NMR (68 MHz, 

CDC13) : 6 9.27 (CH3); 36.82 (CH3CH2); 71.84 EH20H); 95.40 (CCl,). IR (NaCl, 

cm-I) : VOH 3358 (broad). Mass spectrum (70 eV) m/z ("XI) : 142/4/6 (M', 1); 11 1/3/5 

(63); 110/2/4(100); 78/80(11); 76/8(11); 75/7(53); 71(45); 53(13); 51(13); 49(28); 43 

(43); 42(17); 41(82). 

Elem. anal. C4HsC120 : Calc. C 33.59%, H 5.64%; found C 33.25%, H 5.37%. 
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2,2-DICHLORO- 1-ALKANOLS 61 

2,2-Dichloro- 1 -pentanol3b 

'H NMR (270 MHz,  CDC13) : 6 1 .OO (3H, t, J=7.3 Hz, C b ) ;  1.68 (2H, m, CH&I&); 

2.20 (2H, t, J=7.3 Hz, CH3CH2CH2); 2.80 (lH, broad s, OH); 3.90 (2H, s, CHIOH). 

I3C NMR (68, MHZ,  CDC13) : 6 13.57 (CH3); 18.28 (CH&H2); 45.62 (CH&H&H2); 

72.07 (CH20H); 94.46 (CCL). IR (NaCI, cm-1); VOH 3382 (broad). Mass spectrum 

(70 eV) m/z (%) : no M'; 125/127/129(56); 124/126/128(70); 91(46); 90(11); 89 

(100); 85(21); 80(7); 78(24); 76(12); 75(16); 67(20); 65(23); 63(58); 61(11); 57(23); 

55(68); 53(34); 51(12); 49(12); 45(28); 43(63); 42(13); 41(66). 

2.2-Dichloro- 1-hexanol3c 

'H NMR (270 MHz,  CDCI3) : 6 0.95 (3H, t, J=7.3 Hz, CH3); 1.39 (2H, sextet, J=7.3 

Hz, CH3Cb); 1.62 (2H, quintet, J=7.3 Hz, CH~CHZCC~Z); 2.22 (2H, t, J=7.3 Hz, 
CH2CC12); 2.78 (lH, S ,  OH); 3.90 (2H, S ,  C&OH). I3C NMR (68 MHz,  CDCl3) : 6 

13.85 (CH3); 22.25 (CH&H,);' 26.97 (CH~CH~CIZ); 43.39 (CH2CCIz); 72.13 

(CH2OH); 94.70 (CC12). IR (NaCl, cm-'); VOH 3387 (broad). Mass spectrum (70 eV) 

m/z (%) : no M'; 149(7); 139/141/143(7); 104/6(5); 95(-9); 93(8); 86(6); 81(16); 75 

(10); @(lo); 59(7); 58(5); 57(7); 55(20); 49(10); 44(20); 43(13); 42(10); 41(8); 40 

(6); 40(100); 39(5). 

Elem. anal. CsH12C120 : calc. C 42.13%, H 7.07%; found C 42.34%, H 7.3 1%. 

2,2-Dichloro- 1-octanol3d 

'H NMR (270 MHz; CDC13) : 6 0.90 (3H, t, J=7.3 Hz, CH3); 1.20-1.44 (6, m, 

CH3(C&)3); 1.64 (2H, quintet, J=7.3 Hz, CbCH2CC12); 2.21 (2H, t, J=7.3 Hz, 

CH2CC12); 2.49 (lH, broad s, OH); 3.90 (2H, s, CH20H). I3C NMR (68 MHz,  

CDC13) : 6 14.03 (CH3); 22.53 (CH&H& 24.78 (CH~CH~CHZ); 28.72 

(CH3(CH2)&H2); 3 1.55 (CH3(CH&CH& 43.59 (CH~CCIZ); 72.09 (CH2OH); 94.72 

(CC12). IR (NaCI, cm-') VOH 3374 (broad). Mass spectrum (70 eV) m/z (%) : no M'; 

131/3(13); 109(41); 95(76); 91(16); 89(22); 88(11); 87(22); 86(11); 85(11); 84(17); 

83(13); 82(10); 78/80(16); 71(12); 70(68); 69(41); 68(33); 67(22); 57(35); 56(19); 
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62 SALGADO ET AL. 

55(84); 53(10); 43(100); 42(50); 41(89). 

Elem. anal. CgH16C120 : calcd. C 48.26%, H 8.10%; found C 48.74%, H 8.63%. 

2.2-Dichloro-1 -decanol3e 

H NMR (270 MHz, CDCI3) : 6 0.89 (3H, t, J=7.3 Hz, CH3); 1.19-1.40 (lOH, m, 

CH~(C&)SCHZ); 1.64 (2H, quintet, J=7.3 Hz, C&CH2CCI2); 2.21 (2H, t, J=7.3 Hz, 

1 

C&CC&); 2.59 (IH, t, J=7.3 Hz, OH); 3.90 (2H, d, J=7.3 Hz, C&OH). I3C NMR 
(68 M H Z ,  CDC13); 6 14.09 (CH3); 22.66 (CH&H2); 24.85 (CH3CHZH2); 29.07 

(CH~(CHZ)&H~); 29.18 (CH3(CH,)&H,); 29.34 (CH3(CH2)&H2); 3 1.84 

(CH~(CH~)SGH~); 43.61 (CH2CC12); 72.09 (CH20H); 94.73 (CC12). IR (NaCI, cm-') 

VOH 3381. Mass spectrum (70 ev) m/z (%) : no M'; 137(31); 123(23); 117(10); 115 

(14); 103(14); 102(14); lOl(17); 98(18); 97(18); 96(23); 95(16); 83(21); 82(12); 81 

(41); 71(20); 70(36); 69(40); 68(11); 67(25); 57(76); 56(51); 55(75); 54(12); 53(10); 

43(100); 42(26); 41(87). 

Elem. anal. C I O H ~ ~ ~ O  : calcd. C 52.87%, H 8.87%; found C 53.23%, H 9.18%. 
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