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Working with Hazardous Chemicals 
 

The procedures in Organic Syntheses are intended for use only by persons with proper 
training in experimental organic chemistry.  All hazardous materials should be handled 
using the standard procedures for work with chemicals described in references such as 
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C., 
2011; the full text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste should be 
disposed of in accordance with local regulations.  For general guidelines for the 
management of chemical waste, see Chapter 8 of Prudent Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red 
“Caution Notes” within a procedure.  It is important to recognize that the absence of a 
caution note does not imply that no significant hazards are associated with the chemicals 
involved in that procedure.  Prior to performing a reaction, a thorough risk assessment 
should be carried out that includes a review of the potential hazards associated with each 
chemical and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards associated 
with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published and are 
conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and its Board of 
Directors do not warrant or guarantee the safety of individuals using these procedures and 
hereby disclaim any liability for any injuries or damages claimed to have resulted from or 
related in any way to the procedures herein. 

September 2014: The paragraphs above replace the section “Handling and Disposal of Hazardous 
Chemicals” in the originally published version of this article.  The statements above do not supersede any 
specific hazard caution notes and safety instructions included in the procedure. 

Copyright © 2007 Organic Syntheses, Inc.  All Rights Reserved 
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SYNTHESIS OF ALPHA-HALO ETHERS FROM SYMMETRIC 

ACETALS AND in situ METHOXYMETHYLATION OF AN 

ALCOHOL 

[1-Methoxymethoxy-1-phenylethane] 
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1. Procedure 

 

CAUTION: Chloromethyl methyl ether is an OSHA registered carcinogen 

and is listed as an extremely hazardous substance by the EPA and the 

European Community. Other -halo ethers are likely to be carcinogenic. 

Exercise due caution to minimize handling of these compounds. 

 

A. Chloromethyl methyl ether as a solution in toluene. A three-necked 

500-mL flask is fitted with a magnetic stirbar, thermometer, reflux 

condenser with nitrogen inlet, and addition funnel (Note 1). The vessel is 

charged with dimethoxymethane (22.1 mL, 250 mmol, 1 equiv) (Note 2), 

toluene (66 mL, 3 volumes) (Notes 3, 4) and ZnBr2 (5.6 mg, 0.01 mol%) 

(Notes 5, 6). The zinc bromide dissolves shortly after addition. Acetyl 

chloride (17.8 mL, 250 mmol, 1 equiv) (Note 7) is placed in the addition 

funnel and then introduced into the reaction mixture at a constant rate over 

5–15 minutes (Note 8). The addition funnel is rinsed with a minimum 

volume of toluene (5 mL) directly into the reaction mixture. The reaction 

self-heats slowly to 40–45 °C and then cools to ambient temperature over 2–

3 h, at which time the exchange reaction is typically complete (Note 9). This 

clear, colorless solution of chloromethyl methyl ether in toluene is employed 

directly in the subsequent step without further manipulation (Note 10). 
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B. 1-Methoxymethyl-1-phenylethane. The reaction flask containing a 

toluene solution of chloromethyl methyl ether (250 mmol, 1.5 equiv) 

prepared above is immersed in a cold water bath and the contents cooled to 

5–10 °C. -Phenethyl alcohol (20 mL, 166 mmol, 1 equiv) is charged to the 

addition funnel and added in one portion (Note 11). Diisopropylethylamine 

(36.0 mL, 208 mmol, 1.25 equiv) is charged to the addition funnel and added 

to the reaction mixture dropwise over 30 min (Notes 12, 13). The internal 

temperature of the mixture is maintained below 25 °C during and 

immediately after the amine addition, and once heat evolution has ceased, 

the reaction mixture is allowed to come to ambient temperature and then 

stirred for 12 h. At this time the starting material is consumed (Note 14). The 

orange solution is diluted with ethyl acetate (100 mL) and a saturated 

aqueous NH4Cl solution (100 mL), and the biphasic mixture stirred 

vigorously for a minimum of five minutes to ensure all residual 

chloromethyl methyl ether is decomposed (Note 15). The layers are 

separated and the resulting clear, colorless organic layer is washed once with 

water (100 mL), once with brine (100 mL), dried with MgSO4 and 

concentrated by rotary evaporation to a clear, colorless oil (Note 16). The 

material is transferred to a 50-mL round-bottomed flask equipped with a 

magnetic stirbar and a short-path distillation head. The product is purified by 

distillation, collecting a single fraction (bp 60–63 °C, 0.5 mmHg) of 1-

methoxymethoxy-1-phenylethane as a clear, colorless oil (26.2 g, 157 mmol, 

95% yield) (Notes 17, 18, 19). 

 

2. Notes 

 

1.  The success of the reaction does not depend on having previously 

dried the glassware. 

2.  Dimethoxymethane was obtained from Acros Organics at 99.5+% 

purity and used as received. The submitters used dimethoxymethane, 

obtained from Aldrich Chemical Co. at 99% purity, as received. 

3.  ACS grade toluene was employed without additional purification. A 

similar grade of dichloromethane, dichloroethane and alkyl acetate esters 

(i.e. ethyl acetate, isopropyl acetate) can be substituted for toluene with no 

change in reaction behavior or yield.  

4.  Although the reaction can be conducted neat, the authors strongly 

recommend using a co-solvent to mitigate the strongly exothermic nature of 

the process. The volume of solvent employed in this reaction was chosen to 
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provide a good balance of reaction rate and thermal control. If less solvent is 

employed, active cooling should be utilized to keep the reaction temperature 

below 45 °C. 

5.  Zinc bromide (anhydrous powder, 98+%) was obtained from Acros 

Organics and used as received. 

6.  For small- and medium-scale reactions with dimethoxymethane, 

such small amounts of catalyst are required that the authors found it easiest 

to dispense the correct amount of catalyst from standard solutions of ZnBr2 

in dimethoxymethane (20–50 mg/mL). 

7.  The submitters obtained acetyl chloride from Aldrich Chemical Co. 

and Acros Organics at 97–99% purity and used it as received. 

8.  The reaction temperature increases slightly upon addition of acetyl 

chloride; the reaction is not dose controlled at this temperature. For a dose-

controlled addition, the submitters recommend pre-heating the 

solvent/acetal/catalyst solution to 40 °C before dropwise addition of the 

halogenating agent, since the catalyzed exchange reaction is very rapid once 

the temperature exceeds 40 °C.  

9.  A small amount of the reaction mixture (20 mL) is dissolved in 0.6 

mL of CDCl3 for the analysis. The ratio of AcCl (  2.6 ppm):MeOAc (  2.0 

ppm) is utilized to evaluate reaction progress as a small excess of 

dimethoxymethane is usually present once the exchange is complete (typical 

ratio MeOAc:AcCl  99:1). 
1
H NMR (CDCl3) : 5.44 (s, 2 H, MOMCl), 

3.64 (s, 3 H, MeOAc), 3.49 (s, 3 H, MOMCl), 2.03 (s, 3 H, MeOAc). In situ 

IR can also be employed to monitor reaction progress without requiring 

sampling of the reaction contents. 

10.  The solution of MOMCl in toluene prepared using this 

stoichiometry have a density of 0.91 g/mL, are approx 2.1 M (18% w/w), 

and are stable for months if adequately sealed.  

11.  No heat evolution is observed during the addition. 

12.  Addition of the amine base results in a strong and extended 

exotherm as the reaction proceeds. In the absence of external cooling the 

reaction temperature can exceed 60 °C. 

13.  The order of addition of the amine and alcohol can be interchanged 

without affecting the purity or yield of the product. The following procedure 

is suggested: The solution of MOMCl is cooled to 10 °C and the base is 

added, slowly at first, keeping the internal temperature below 25 °C. Alcohol 

is added in one portion and the solution allowed to warm to ambient 
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temperature and stirred until complete. Workup is as described in the main 

procedure. 

14.  Analysis is by HPLC. Starting material tR 4.46 min, product tR 7.25 

min. Agilent Zorbax® SB-C8 column 4.6 x 150 mm, 2 mL/min flow, using 

acetonitrile and 0.1% HClO4/H2O as the eluent. The following gradient 

profile is used: 2 min isocratic (10:90, organic:aqueous), ramp to 90:10 

(organic:aqueous) over 6 min, then 2 min isocratic at 90:10 

(organic:aqueous). Analysis can also be done by TLC (5:1, hexanes:EtOAc; 

-phenethyl alcohol, Rf = 0.13; 1-methoxy-1-phenylethane, Rf = 0.5). 

15.  The quench is mildly exothermic as residual MOMCl decomposes. 

Typically all remaining -chloro ether has been quenched five minutes after 

addition of the aqueous solution. Water and saturated carbonate solutions are 

also effective for quenching the reaction. 

16.  Typical mass of crude product is 27 g (98% yield) with purity 

>95%.  

17.  The submitters observed yields from 77–80%. Some decomposition 

of the product occurs during extended batch distillation, resulting in 

decreased yields. This is not observed when the purification is conducted on 

small scale in a Kugelrohr apparatus, or when a chromatographic 

purification is employed. 

18.  The checkers obtained a yield of 90% (12.5 g) on half-scale. 

19.  Physical data for the product: Rf 0.5 (5:1, hexanes:EtOAc). 
1
H 

NMR (300 MHz, CDCl3) : 1.49 (d, J = 6.6 Hz, 3 H), 3.39 (s, 3 H), 4.55 (d, 

J = 6.9 Hz, 1 H), 4.59 (d, J = 6.6 Hz, 1 H), 4.76 (q, J = 6.6 Hz, 1 H),  7.27–

7.37 (m, 5 H). 
13

C NMR (75 MHz, CDCl3) : 23.6, 55.3, 73.7, 94.0, 126.3, 

127.5, 128.4, 143.2. IR (neat, cm
–1

): 2976, 2931, 2887, 1451, 1155, 1099, 

1036, 919, 759, 700. Anal. Calcd for C10H14O2: C, 72.26; H, 8.49. Found: C, 

72.22; H, 8.64. 

 

Safety and Waste Disposal Information 

 

 All hazardous materials should be handled and disposed of in 

accordance with “Prudent Practices in the Laboratory”; National Academy 

Press; Washington, DC, 1995. 
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3. Discussion 

 

Chloromethyl methyl ether (MOMCl) and other -halo ethers are 

versatile reagents for protecting a variety of functional groups
3
 and as 

precursors of carbenes, electrophiles and -stannyl ethers that have wide use 

in organic synthesis.
4
 This procedure describes an improved method for the 

generation of -halo ethers from symmetric aliphatic acetals, including 

MOMCl and higher substituted analogs.
5
 The original preparation of 

MOMCl in this series
6
 and current commercial preparations utilize the 

reaction between methanol, formaldehyde and hydrogen chloride and 

produce substantial amounts of the very highly carcinogenic 

bis(chloromethyl) ether which cannot be readily separated by distillation. 

More recent procedures
7
 have employed the exchange reaction between 

dimethoxymethane and a halide donor catalyzed by protic acid; these 

minimize formation of bis(chloromethyl)ether and are preferred to the 

original preparation. These methods employ different halide sources and 

different acid catalysts, but all require extended (2–24 hours or more) reflux 

to effect full exchange, and due to the high vapor pressure of the reactants 

and products, efficient condensers are required to minimize material loss. 

The present method utilizes catalytic zinc(II) salts (0.001 to 0.01 

mol%) to accelerate the exchange reaction between halide donors and 

acetals. Reactions typically are complete in one to four hours irrespective of 

the scale of the preparation (mmol through mole scale) without the need for 

external heating. A range of zinc(II) salts can be utilized, with Zn(OTf)2, 

ZnBr2 and Zn(OAc)2 being the easiest to manipulate. Acid halides and 

thionyl chloride (but not thionyl bromide) are effective as the halide source 

(Table 1). A variety of symmetric aliphatic acetals participate in the reaction 

to give synthetically useful -halo ethers (Table 2). The solutions of -halo 

ethers are employed without isolation in base-mediated reactions where the 

presence of the ester by-product does not interfere, including alkylations of 

acids, alcohols, phenols and stabilized enolates under the usual conditions 

(Table 3). Since -halo ethers are hazardous (some are carcinogenic; others 

are possible carcinogens), this procedure illustrates a convenient on-demand 

synthesis and use of these reagents without isolation or unnecessary 

handling. The improved safety of this telescoped procedure addresses 

concerns of both academic and industrial chemists who are under increasing 

pressure to reduce laboratory hazards. 
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Table 1.  Halogen Sources 

 

Entry Halide
Source TimeEquiv

required

1

2

3

4

(COCl)2

RCOCl

SOCl2

0.5

1.0

0.5

< 5 min

30 min

30 min

(MeO)2CH2 + X
0.01% ZnBr2

25 °C
MeOCH2X + MeORR

45 min1.0CH3COBr
 

 

 

 

Table 2. Acetals Employed in the Exchange Reaction 

 
Entry Acetal -Halo Ether Halide

Source Catalyst Timea

1 (EtO)2CH2 EtOCH2Cl AcCl 4 hr

2 (COCl)2 Zn(OTf)2 1 hr
OMe

OMe

OMe

Cl

3 AcCl 1 hr
OEt

OEt

OEt

Cl
ZnBr2

4 AcCl 30 min
OMe

OMe

OMe

Cl
Zn(OTf)2Ph Ph

5 AcCl 30 min
Ph OMe

OMe

Ph OMe

Cl

Zn(OTf)2

ZnBr2

(a) Time to completion of exchange reaction by NMR spectroscopy.  
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Table 3: Alkylation Reactions of In Situ Generated -Halo Ethers
a 

 

Entry Starting
Material

Yieldb

(%)
Product

1 92
Ph OH Ph OMOM

2 86

3c 80

4 92

5 92

6 92

7 96

8 93

9 85

EtO2C

EtO2C OMe

EtO2C

EtO2C

Ph OH Ph OMOM

Ph OH Ph OMOM

PhCO2H PhCO2MOM

Ph
CO2H Ph

CO2MOM

OH OMOM

O O

OH

O

Ph

CO2Me

Ph O

CO2Me

OEtOH

Ph
O

OMe

O

(a) Reactions are conducted on 10-20 mmol scale with 1.5–2.0 equivalents of 

-halo ether and 1.25 equivalents of i-Pr2NEt in toluene for 12–16 hours

followed by a standard aqueous workup as described in this procedure.

(b) Yield of purified product. (c) Malonate anion was prepared using

NaH in THF followed by addition to a MOMCl solution prepared in toluene.  
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Appendix 

Chemical Abstracts Nomenclature; (Registry Number) 

 

Dimethoxymethane; (109-87-5) 

Zinc bromide; (7699-45-8) 

Acetyl chloride; (75-36-5) 

Chloromethyl methyl ether: Methane, chloromethoxy-; (107-30-2)  

-Phenethyl alcohol: Benzenemethanol, -methyl-; (98-85-1) 

Diisopropylethylamine: 2-Propanamine, N-ethyl-N-(1-methylethyl)-: (7087-

68-5) 

1-Methoxymethoxy-1-phenylethane: Benzene, [1-(methoxymethoxy)ethyl]-; 

(94073-86-6) 
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