
A RAPID, SIMPLE, AND MILD PROCEDURE FOR 
ALKYLATION OF PHENOLS, ALCOHOLS, 

AMIDES AND ACIDS 

ROBERT A. W. JO+SNSTO?G* and MALCOLM E. ROSE 
The Robert Robimon lAxxrtoriu. The Univenity. Liverpool L69 3BX 

(Receid in UK 2 April 1979) 

-A pncnl. npid method is duuibed for alkylrtion of phcndr and l lcohofs to gin ethers. 
for am&s to give N-subrtitutcd amides, and for acids to give esters. Differenax in optimum rcrctior~ 
times uyOat that wbcrz two or more such mups as phcnot. akohol. l mkk. and acid oaxcr in the 
same mokcuk. dttfcrcntial rlkylrtion oould be effected with suitrbk substrates. Alkyirtion with 
primary alkyi tbmfidcs wm very cf?cct& but scontdary halirks showed evidcna for competitive 
de~habgcnation before rlkyidcm was annpkte and tertiary halides were rapidly dchydmhalogc- 
nrted with no formation of l lkylatcd derivative. The method has been rpplkd su0xsrfu)ly to 
NJ%alkyfrtioa of peptides for mass spcarometrk scqucna dctcrmirution. C-Methyirtion of pcptidic 
amino-&d rrddua wu oburvcd only on arbon Q to l arboxyiic ester. 

In connection with other work.‘-’ a mild. rapid 
methytrtion of secondary amides was required. 
Methods for effceting mcthylation already etit’ 
but nont is ideal. requiring strong bases and dry 
conditions. For the special case of triflu- 
oroaatamidu, which have a very acidic amide 
hydrogen, methyiation (or alkylation generally) can 
be effected quickly and wily using solid KOH in 
acetone;’ ruhaequcnt rapid bydroly& affords the 
amine. Recently, attcmptx have been ma& to im- 
prove thi6 process. pnrtkularly for alkylation with 
alkyl chains of over three C atomr.’ In the latest 
work, the appropriate alkyi halide is reacted in tbc 
presence of very strong b8sc and the overall yields 
for 1& reactions involving longer alkyl chains are 
not ufKzially @ despite the very long reaction 
times employed. Together with our work using 
solid KOH as base with bifluoroacetamides,’ a 
reported N-llkylation of indoks and pyrroks using 
KOH in dimethyl sufphoxide (DMSO)& suggested 
that solid KOH might be used for alkyirtion of any 
amide. Not only was this supposition found to be 
cermct in tbc work descrii here but it was found 
also that phenols. alcohols. and acids were alky- 
latcd conveniently by a similar procedure. Thus. 
after greatly simplyifying the method for N- 
alkyfatin of indoles and pyrroks.’ this reaction has 
been extended to indude N- and/or 0-alkyfation of 
other groups having acidic hydrogcns. Typical re- 
rultx are shown in Table 1. 

DBCUSSION 

In the process described here. tbc suktmte and 
alkyi halide were simply added to powdered KOH 
stirred in DMSO. usually at room temperature 
unkss stated otherwise (Tabk 1). Littk KOH actu- 
ally dissolver, its solubility in Dh4SO being low.’ 
As an additional advantage, it was found to be 
F to ~BC especially dry DMSO tmr to 
take special preauticms against ingress of atmos- 
pturic moisture. 

For alcohols. phenols. amides. and a&s, methy- 
lation occurred readily. Introduction of larger alkyl 
group6 was slower, partkularfy for the sterically 
hhdcrcd cases especially chosen for Tabk 1 but 
reaction was still clean and gave only unrticted 
starting material besides the desired product after 
the stated times. No extensive series of experiments 
were carried out to improve the quoted yields. For 
example, 1-bromobutanc gave a 99% yield of N-l- 
butylacetanilidc after 30 minutes at room tempcra- 
turc but tbc more sterically crowded triphcnyl- 
methanol afforded only 45% of the 0-l-butyi ether 
after 60 min at 55”. In amtraat, for both sukbates. 
methylation proceeded in over 90% yield at room 
temperature with times of 5 and 3Omin rcspcc- 
tively. Mcthyiation wax gencmlly almost complete 
within 10 min but frequently a 30 min reaction time 
was used to guarantee the highest yickis. The 
higher temperature and longer time required for 
di-methylation of 1.24-( I-hydroxycy&hexyl)- 
acetylene were necessary hurt of its limited 
solubility in DMSO. 

Alkyiation of acidx was always slower requiring. 
for cxampk, 60min at room temperature to 
achieve an 86% yield of methyl hcxanoatc from 
hexanoic acid. Formation of esters under these 
alkaline conditions is remarkable but suggests. 
along with other later evirknce. that reaction oc- 
cun on the surface of the KOH and may he in a 
similar category to those in which solid hydrogen 
carbonate or potassium carbonate” or silver oxide0 
are used as base in non-aqucom solvents to convert 
acids to esters. We did not tind rignifkant Plkyla- 
tion to OCCUI with potassium carbonate =d in 
place of KOH in the reactions described here. For 
semndary alkyi halides. it has been suggested 
that dchydrohalogenation is competitive with 
N-alkylation for indoles and pyrroks with 
KOH/DMSO.” For tertiary halides. dchydrohalo- 
genation is so fast that alkyfation is exdudcd en- 
tirely. These reports arc amfirmed in our worlt 
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Tabk I. Alkylrtion with KOHlDMSO 

C,H,CONH1 

C,H,OH 

C,H,,OH 
2-HOC&CH,OH 

;mHOM 
3 

(GH,hmH 

C,H, G&H 

(%wCONH, 

T&b 2. Rcda d met!@adcm d thethylwtami& 

MetIKte Rmctbn thH blilt~ Product do 

KOH/DMSO/CH,I 

: 
s 
10 
15 

ii 
120 
180 

32:6S: 3 
18:78: 4 
14:71:1s 
9:74:17 
9:77:14 

14:75: 11 
5:75:m 

10:70:20 
10:72:18 

xc J 15 3:54:43 
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(T&k 1). Thus, at room temperature, 2-bromo- 
propane yielded only 25% of N-2-propyl- 
rata&de after 3Ominuter wherean. under the 
sanX cWdition& I-bromopropaae pw a 94% 
yield of N-1-pmpylacetanilidc. It ir unlikely that 
tbaeruultarc&ctrtnaeannparisonofratesof 
llkylation and dcbydrohlogcn8tion becarrre of the 
quite severe rteric effcctx militating against N- 
alkytrtion with a scconduy alkyl group. In fact, it is 
noubk tIl8t simply incruring tbt time ami tcmpcr- 
l turc (Tabk 1) inceas& the yield of N-2-propyl- 
acetanil& from 25 to 69%. St&c efTectx were 
marked also in tbc N-methylation of trimethyi- 
acctamidc (pivalamkk) which. unlike other kn 
stcriallyuowdcd primary amides g8vc a 52% 
yield of mono-N-methytatcd product, with some di- 
N-mcthytatcd material indicated by NMR spactms- 
copy of the cnxk product. Thi, result may be 
compared with the 99% yield of di-N-rnethyiated 
hcnxamide in the same time (Table 1) and the 
larger ykkb of mono- and di-N-nuthylatcd tri- 
methylacetamide using tbe stronger bre, dimsyf 
sodium, for 15 min (Table 2). Tbercfore, although 
alkyl8tion with accondary alkyl lmli&s in slower 
than with primary halides, it seema that much 0f 
thcrcduccdntcmaybeductostcriceffcctsand 
therefore th8t lower ykldn for comparable times for 
primary and sc00nduy halides are not due to ex- 
ceuively annpetitivc dchydrohalogea8tion. Use of 
exosl of halide and extcnckd times removes this 
diflkulty. Alkylation with tcrtiuy halides must be 
so slow and dehydrohalogcartion so fast in 
KOH/DMSO that N- or O-alkyfrtion ir imposaiik. 
Viperous evolution of gas was oburvcd 00 addition 
of tertiary halides to KOH and DMSO. 

This convenient mctbod for preparation of 
ethers. subatihttcd amides, and esters has two limi- 
tations.’ Fmt, if an aliphtic amine is present, a 
quxtcrnary 8alt is likely to be formed. For exxmple. 
methylation of 1.2.3.4~tctrahydroi~~~uinolinc using 
tbc original procedure6 gave 110 ethcr-solubk pro- 
duct. Wbcn the amount of iodomethanc was re- 
duc6d, a small yield (24%) of tertiary amine could 
be isolated. Secondly, when 8 highly activated 
methyknc group is present, C-mcthylation is likely. 
Thm. phcnylacetamide gave mainly N,N-dimcthyl- 
pbcny&c&amide plre some N,N&ncthyl-2- 
phcnyfpropanxmide. 

App&caf&m to pep&a. Bccauce N-methylation 
of Kcondary xnlidcs proceeded rapidly and ckanly 
under mild conditions, the method was investigated 
further as a means of per-N.O-methyirtion of pep- 
tides to aid mass spectrometric sequencing of 
amino-acids. The tirst experiments in tb area used 
silver oxide” as tbc base and. more reantly. 
sodium hydride” or dimsyl sodium (Hakomori 
metbod)‘~” bavc been umul extensively. The last 
method & the powerful base. dimsyl sodium. in 
DMSO and C-methylation ia frequently 
obacrvul;‘c’* for this reason, and to rv0kl qurtcr- 
nirrtion of amines and sulphidcs, times arc as short 

as one minute with the danger of under- 
mcthylation. C-Methyl&on is prrticultiy evident 
with glycyl residues but the use of bideuterio- 
iaiomethane allows this side-reaction to be dbting- 
uished in the mw spectrum. Accordingly. actual 
C-mcthylrtion is not a drrwback but inamrplete 
C-methylstion is, Wing as it d0cs to mixtures of 
peptides and ‘mixed’ mass spectra. 

The applisability of the KOH/DMSO mctbod for 
pcrmethylation of peptides was tertcd on a largc- 
SC& with methyl N-acetylglycinatc and dimethyl 
N-rcctylglutamate. After reaction times of XI min- 
urea and 10min rupcctivcly at ruom temperature. 
the yields of crude. isolated N-methylatcd products 
were 57 and 35%. However, in each case. NMR 
spcuro~~pic analysis showed that each product 
was virtually pure with no evidence for unchanged 
starting material. T~IC rcl~tively low yields arc as- 
cribed to poor recovery, the productx being sol&k 
in 4ueous solvcntx. Methyl-N-a~tylglycinxte was 
not C-methylatul whereas tbc same compound and 
its parent acid with dimsyl sodium in DIMS0 for 
2min. a!‘Iorded a lars proportion of the N- and 
c-IWhylatcd produd. 

As estcrifkation is rather slow with KOH/ 
DMSO, amino-acids or peptides were N- 
methylrted after prior conversion to their methyl 
uteri.. The latter enhance the possibility of C- 
mcthylation puticularly with stronger bases like 
dimsyl sodium or sodium hydride. Acidities of 
amide hydrogcns and hydrogcns a to an ester 
group are very similar.” To reproduce conditions 
likely to be enc0unterc.d in sequencing unknown 
peptides. a very large excess of base (KOH) and 
iodomethanc (or trkkutcri0iodomethan) were 
reacted with peptides, rcctylated at the N-terminus 
and estcrifkd at the C-terminus, at chc 5& 
1OOnmol level. Under tbme conditions. spe&flc 
C-methylation was obervcd on tbc a-carbon adja- 
cent to any ester group. This C-mcthylation was 
not observed in tbe larger-scale experiments dcs- 
uibcd rbovc using a much smaller excess of bare 
and iodomethane. Presumably, a ncgxtivc charge 
developing on the carbon a to an ester group is 
rcaonance sMili.& (i) wbcrcas a carbon a to an 
amide group is not so stabilized (iia) because of the 
stronger cr0m-amjugadvc effect of the amide itself 
(iib) due to the greater ekctroncgxtivity of 0 corn- 
pared with N. Thm, in any peptide, when using a 
mild base, only C-terminal residues are likely to be 
C-methylatcd along with any side-chain carrying an 
ester function (Glu.Asp). These C-methylations 
CM be distinguished by using trideuterjo- 
iodomethane and by obervation of A- and B-type 
ions’4 in the mass spectrum. The following exam- 
ples have been chosen to illustrate these points. 

Permethylation of Ac.Gly.Ala.Phe.Ala.Gly.O~~ 
with KOIUDh4SO/McI gave a product. the maa 
spectrum of which was readily interpreted (1) with 
alI A- and B-type sequence ions present. The N- 
terminal glycyl residue was not C-mcthylated at all 
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hut the c-tumiMl glycyi was fully C-mcthylated 
and the peptide gave a moloculu ion 28 amu 
more than that expected without C-methyhtion. 
Similarly, Ac.Gly.Pro.Trp.Leu.OM was per-N- 
methylatod and &no-C-methyktcd at kucinc; the 
N-terminal glycyl residue was not C-methylated. 
For UK dipcptidc. Ac.Gln.His.OMe, two products 
were o+rvcd. The more volatiIe showed tbc scqu- 
CMT ions expected for per-N-methylation, indud- 
ing an ion at m/z 95 (2). chnctcristic of the 
llistidyl ribchain. The scuxd product to vohtilh 
in tbc mass spextrometer showed the hiatMyl ru- 
iduc had been C-methylrted tmt, since the ion at 
m/z 95 wa8 still present. the C-methylation must 
hve occur& adjacent to the ester group (3). 
There was no evidcna for extemivc qu8tcmizhon 
of tbc hi&dyl si&-chain nitrogclt8. 

In the tctmpeptidc, Ac.Ala.Glu.(OMe).Leu.G- 
ly.OMe, compkte C-mcthyhtion of the terminal 
glycyl residue oaxrrcd and mono-C-abethyktion of 
tbcsidc-chahdthcglutamylcstcra totbeater 
group- 

Curiously. for tbe very rimpk dip@&. 
Ac.Gly.Gly.OMe. reaction with CD,I/KOH/ 
DMSO g&c the fully dcutcriomethylated diketo- 
pipcrazinc (ia) whibt, with CD,1 and dimsyl sodium 
in DMSO. both it and Ac.Gly.Gly.OH gave an 
uncydiscd N- and C-methylated product (4). 
Perhaps for thb readily cydhed dip&de. tbc 
negative charge developing on tbc tcrmin8l8midc 
nitroen as KOH bcgin~ to remove a proton an 
attack the C-terminal ester function before the 

proton is fully removed (iii). With the stronger base, 
dimsyl wdium, removal of the proton may well be 
faster. allowing normal nu&ophIlic attack 00 
iodomethanc. I&c tbc utcrifkatioa of adda ob- 
served with KOH. tbcu resulta abo suggest tht 
reaction proceda on tbc rurfacs of tbc lolid KOH 
sotbattbcvcrytmallquantityofKOHrhnlly 
dissolval in the DMSO does not hmaion e&c- 
tively in its normal solution mode. Ail of the tuc- 
tionsinwhichlolidKOHinDMSGhubcentmcd 
intbcuexperimentahvchwoIvaihdthlrcmoval 
of a proton from the sub&ate and hydrol* b not 
Obemd. 

Tbc N- and/or 0-alkyhtioo of ahbob, pbcnok 
rmidu,andrc&ladaaibcdbcrcbrapidandsim- 
pie for primary and scamduy dkyl hdi&s but 
doer sot work with tcrthry halida. For pcrmetbyl- 
ationofpepdber.ithaneuypracthlteCbiquC 
yielding good, ckar man spu%ra. No special prc- 
cautiona art nearury to keep tba rca@ents dry. 
C-Methylatioi~ o( all amino-ti ruidua a to an 
ester group was ob6cned consistently, 8nd an be 
monitored readily through umc of tritkuterio- 
iodomethane. It would be invidious to dr8w extcn- 
rive conclubom from a compubon of thh metbod 
and Hakomori’r for pcrmethybtioa of peptidca on 
the basis of 8 rehtivcly small number of axn- 
poun&andinthcfaceofthcwUuprudpopulu- 
ity of tbc latter but tbc prucnt method giva m 
recovery of material and tbc pohbn of C- 
methylrtion appears to be predkbbk, unlike tbc 
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repotted experic~ of othetP-‘* using tbc Acknmv&&tenun&-‘IlIe ruthon wish to reoxd that 
Hakomori mctbod. Any OH groupl in amino-d somcoftiworkwurtutcddrrrhylrwuchbyoneof 

aide* uc 8b10 methyirtcd aottshtentty by tbc Irr(MER)rtYorkUnherxityandtotbankRo(arorR. 

present technique. 0. C. Norman, Dr. 1. R. tiobry Smith 8nd Dr. A. C. W. 
currao (Ik&itl8nd G3lQtul Ltd) for llsdui dinamhe. 
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