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_ riv-‘-j o - 7_ 5
*, Summary . ‘. R ; .
| l Previous work in our 1aboratory had shown that
.throtected N methylamlno -acids can be prepared by
-methylatlng w;th MeI/NaH in THF/DMF. at. 80 C ' During :
"this react;on the carboxyl group is also esterlfled.
An exten31on of thls procedure to N—carbobenzoxy—tyr051ne
.”has shown that the N—methylatlon proceéded just as well
at room temperature in the absence 4f DMF, and,what is
\evenqkore_s;gnificant, Ehat the carboxyl group is not
esterifiedungerthese'cdnditions. It transpired_that
this had a very important implication;.since it has heen ' e
.'shown_by others in our laboratory that sanonificatron of
a‘protected N—nethylamino acid ester causes racenizationa
Our finding therefore allows “the synthesis of stereochem1ca11y~
pure N—carbobenzoxy, g—methylamrno acids which were not

*

/accesslble by the previous_ﬂethods.

'x Theause of MeI/NaH in THF at room temperature-for.>>

@ the methyl:gign ‘of some phenols and alcohols was also

investlgat It was. ‘found that a. few severely hindered ‘

cdmpounds such as triphenyl carbinol and 2, 6-di- tert—

}

Pz .
butyl—g-cresol which; cannot be easily methylated by the

usual procedures could be re y. methylated by this %

procedure,

o
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.' ~N
appllcablllty of the "NaH procedure fqr methylatlon" for

:A. Methylatlon of Substltuted Amlno Ac1ds

, . K . . ) ’
. . [ D

~:;§:~§L2-HA:.fMﬂ;;?J_.W_hnh-,.mﬁ_ffi_i__;_j R _,;r;*:;

i ) + . Tm———— i et
3
-

'_ The purpose of thls the51s is to explore the I 2

the. methylat1on of amrno ac1ds w1th oxygen funct10na1 groups.
Thls 1nterest was pursued further to 1nc1ude phenollé and ';/“
alcoholgc hydroxyl groups. of dlverse organlc compounds |

The fOllOWlhg 1ntroduct10n to thlt,thesrs explalns the
beckground 1nformat10n for boqh of these studles under the
titles of "Methylatlon of Substltuted Amlno c1ds" and’

"Methylatlon of Phenollc and Alcohollc Hydroxyl Groups”"

- Cw -

. : ' d

. R S INTRODUCTION' s "
e R

.7,Key 1nfornatlon 1ead1ng to 1ncreased understandlng S §
of a number of 1hportant bloIoglcal processes has been

prOV1ded by the deternlnatlon of the aming acxd se tence in .

partlcular of protehns Present common practlce far such

determlnatlons 1nvolves enzymétlc dlgestlon of the protein fol-
lowed by column and paperuchromatographlc separatlon and-
purlflcatlon of the ollgopeptlde products  The sequence of .
amlno acrds 1n these pPeptides is then determlned by a
stephlse degradatlon procedure whlch in oné way can be

~

monltorbd by total hydrolysls, with amino ac1d analysis bx o

tr
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tolumn chromatography, ?7t1me cfnsumrng procedure The
1ntroduct10n of mass spéctrometrx

4
for thls‘purpose was. to -

prov1de a sav1ng of time and on the wh

a -
[

oze to sgmpllfy
;-,sequenc1ng. ‘ -f ';g'-- Lo e L L
. o L]

- Prellmlnary studles on the ,use of mass spectrometry

]

: for - the sequen01ng of peptldes ‘have been done on peptlﬁ’\\~

after reducrng,the peptlde bonds and. term;nal carboxyl with

L1A1H4 to obtaan the polyamlno aleohols (Blemann et al

i959), The ‘TEeason for using polyamlno alcohols was’ that

- oy
' . A . ) . ' ‘ “ L . ‘
o : r?l ’ RZ- - 'Rn - »”
R-NH-CH-CO-NH-CH-CO-NH-CH-COOH A :
S o . . peptides -
L ke PR
o o ’ Tl ) 'RZ . Ry
u v R ) M
. ) . R- NH CH§CH2-NH CHICH2~ NH CH- CH oH
g o polyaming alcohol |

the. fragments resultlng from the fac1le cleavage. of the

carbon carbon bond o to the am1no group, as shdwn above,

form a repet1t1Ve unit which should y1e1d valuable 1nformat10n f
"about the structure of the parent peptlde.j Also, the :

conversion of the polyamldes into polyamlno . gToups rendered

. an increase of volatlllty uhlch is a very 1mportant factor -

to be con51dered in mass spectrometry Free peptides,

' Q\ \ N . A ’ T .
. , R . . .
.
f
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'1rregu1ar fragmentatlon, are not sulpﬁble for dlrect mass

‘spectrometrlc anal;Eis (BudzikiewicZ et al s 1964)

. because,pf their’ 1ow volat111ty and tendehcy‘to undergo

.‘-"

Thelr

*

. MASS spectra are complex and dlfflcult To. 1nterpret when it ’

comes to a551gn;ng the 1ons to thelr correspondlng peaks.'

’

‘For the purpose of-: obtalnlng suff1c1ent1x volatlle S

N
derlvatlves and- 51mp11f1ed mass spectra later studies used

N acetyl derlvatlves of ollgopeptlde methyl (ethyl, oT .
tert -butyl)} esters which are readlly P epared (Klryushkln
et al., 1966; Barber et al. , 196Sa,JBr1cas et al,, 1965;

‘ N
Barber et al., 1965b"Weygand et¥al., L965)'
' The fragmentatlon studles of N acyl peﬁglde esters [
shoned that the unit sequence in the peptlde folllows qulte

s
readlly from an ana1y51s of the amgo acid type of fragmenta- ‘

tion, which 1nvq1ves the rupture of\the amlde bonds .

“

V-

beglnnlng at the C~- termlnus as shown (Wulfson et al 1965;

. 1 2 R - S o
R-COJ»‘NH—CH-CO NH-CH-CO-+--NH-CH-CO}OR . - S
h N-acyl peptide derivative
| ©° esterified, -
Heyns and Grutzﬁacﬁer, iQﬁfa,JBGﬁﬂ ! - K

‘The'. assumptlon that the amino ac1d fragmentatlon

A

pattenn alone was suff1c1ent for the amino acid sequence
/ , A



K

determlnatlon did not generally hold Accordlng to the
data complled on model substances ‘the mass spectra d1d not

necessarlly exhlblt every\Q<;51B]e squence peak Mor/gver

- the fact that some amino acids lose thEIT 51de chains can

compllcate matters and these exceptlons must be taken

into ae ount whcm"trylng to e1uc1date peptlde sequences

—

(Shemyakln et al., 1966) S -

The useleness of mass spectrometry fox the determl-
nation of the sequence of amino’ acids was recognlzed ‘This

-ree;én:t;en was strengthened when mass spectrometry was

successfully applled for the(structural 1nvest1gat:ons

or conflrmatlon of éﬂrller suggested formulae 1n a series

- of natural peptldollpldS The flrst of thls series was

fortuitine, an acy onapeptide methyl ester: (Vllkas et al.

1963, Lederer, 1964,._Barber et al., 1965c).

&

Fortuitlne is a peptldollpld isolated from Mycobacterlum

SERE LT

v
{
‘

« fortuitum and contalns equlmolar quantities of eicosancic ahd

' docosan01c ac1ds. The final structure was shown to be:, - .

CH3(CHZ)n—CO—Vel-MeLeu—VelrVal-MeLeu-Thr—Thr—Ala—PrbOMe
‘ Ac Ac
SN
n =.18,20 ' |

»
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Fortuitine*'the _nonapeptide, gave a good spectrum ™

whereas Gnam1c1d1n A the pentadecapeptlde, gave no . i’-

5pectrum at all belng apparently 1nsuff1c1ent1y volatlle g g

(Barber et al 1965c) The ‘reason for the low- volatlllty
]

encountered -in ‘this study ‘was thought to be the hydrogen

L. ]

bondlng\gue to the presence of the -@ﬂFNH- groups (the
peptide bonds) The sat1sfactory volatlllty of fortultlneb

could be explalned by the presence of three tertlary amide

bonds (due to two MeLeu and one Pro present in the chaln)
f

.These observatlons suggested that if a}procedure Ieadlng
-to permethylation of the -CO-NH- grouplngs of ollgopeptlde

derlvatlves could be found, the resultlng modlfled peptlde

\

might be more volatlle.

Work on a large number of N~ permethylated peptldes

made it apparent that the mass spectral fragmentatlon was
in a%l cases 51mp11f1ed - The spectra consisted of "sequence

’ detehmlnlng" peaks which resulted from -CO—NCH - cleavage, . |
the 1nten51t1es\of succe551ve peaks decrea51ng in a regular l‘-

manner- toward higher mass. Therefore the amino acid

sequence could be determlﬁhd w1th1n mlnutes by measurlng the )

. mass dlfferences between the maJor peaks of the spectrum |

(Thomas et "al., 1968) Thus no computerta:ieg 1nterpreiat10n | "
of high resolution. spectra as 1t was introduced to simplify

.the 1ntempretat1on of nan- methylated peptldes would be

necessary (Barber et al » 1966; Bieman et al., 1966; i
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Senn éE a!., 1966)?

The methyl;tionlmethod first ueed was that. of
'Xuhn which had originaliy'béen u;eaifop'pplySaeeha{ides
(Kuhn ev%alg; 19%5), which employs silver,oxide and methyl
iodide in‘DMF_(Dae et al., 1967). Anoehcr method which
came finto use was the Hakomori méthod which 'was first
de51g ed for glycollplds (Hakomori, 1964) lThis mefhod‘
' uses the methylsulflhyl carbanion - (Corey and Chaykovsky,
1962) as the base. for the permethylatlon of peptﬁdcs with
nethyl 1od16*‘“"'fﬁﬁ-\'—‘ |

In our laboratory, a new mefhod was recenfly' |
corccnved \thh employs sodiuym hydride.as the alkylatlng t\
~ base w1th methyl 1od1de (Cogglns, 1970). This method _
Wlll be known as the NaH procedure Tor~ methylatlon throughout
' thls‘ehe51s“ Sodlum hydrlde had not been used previously
'for N- net1y1atlon, but 1t has been used for the alkylatlon
_of amides and urethanes, and these were the only two cases
.rec rded for its use (Fones, 1949; Dannley ano Lukin, 1957).

is new method'waslgesigned for the synthesi¢ of N

N methf%gminO'a&idsf Commercially available.éarbobenzoxy-
amino acids serve as the starting haterial for N-methylation
which is achieved by using methyl iodide as .the alkquting.
agent, sodium‘hydride as the alkyiatiné base‘in-a tetrahydro-

furan, dimethylfprmanide mixture as the solvent "system and
) . P ¥

1Y

T~

N



refluxlng the reactlon flask for 24-hr 1n an 80 c wax
bath. ‘The use of approprlate work-up pTOVldeS N- methylamlno
acid esters, carbobenzoxy N methylamlno acids :and otherl
deriy tlveS suitable for peptide synthesis. At about the

sam t1me the methylatlon of N- substltuted amlno acids Wlth

ﬁct‘was reported (Olsen 1970) _‘ ' o ~ 4
leuc1ne was used as the model compound ‘T\f\\¥

'for the comparlson bf reagents and é%ndltlons alréady

available*for permethylatlon to the new NaH procedure for.
falkylatlon (Table I) (Cogglns 1970). - The results ark

summarized as follows using sodiun hydrlde the methylat:on

‘reaction goes to near completlon and' all of the starting

materlal is accounted for, us:ng 511ver oxide, the

reactlon was 1ncomp1ete but all the startlng material wa
'accounted for, using methyl sulflnyl carbanlon, the reaction

was 1ncomp1ete and not all the startlng mater1a1 could be

counted for. Therefore‘ from these and other observations

ich was deslgned to SYntheslze N methylamlno ac1ds be used
the permethylatlon of peptldes for mass spjitrometrlc

st dles. This method was used just for that P pose by

<
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Table I fato ) . '
Cpmparison ofcexlstlng permethylatlng reagents R :
to the new NaH procedure fOr methylatlon ) A
5 , ;
Loe N . ‘ T o
. Produéts %" ' Base +Sodium © *Silver *Methylsu1f1ny1 : }
e o Hydride *Oxide *Carbanlon : !
|*Ratio of B '
o re&genFs 8:3:1  16:4:1 - 8141 R
Meleu - {SS\* 96 66 . * 23
‘Leu : 1.1 27,1 27,7
. Tetal - 97 93 51
T f ' b

-*  Methyl iodide: Alkylating base: Cbz Leu
’ - / ‘ . ’ .

: . L )
¥ Method of Benoiton and Coggins (1971)
: . ‘Method of Thomas et al. (1968) e
* . Co ) . . .
! Method of Vilkas et al.  (1968). - ;>‘
* R .
* .

3
'
Lo



natural source, the flagellar prote1n of the bacterium *1 o
rom

. : . .
. - . . -
e 4w - .
. . )
r

-Lederer s group (Franek et_al.; 1969)

ThlS NaH procedure for methylatlon orlglnally

-designed for,fhea§ynthes1s of N—methylamlno acid is of great e

1mportance in” this c ac1ty since ‘N- methylamlno ac1ds have

?
been shown to be presenZ in nature both in pept1des and

13

. ).
proteins; Fortu1t1ne peptidolipid isolated. from

 _Xcobacter1um fortultum already mentioned, contalns two

N-methylleuc1nes in 1ts peptlde cha1n (Barber et al. ; 19653).

_ Also €~ N-methy11y51ne was found and 1solated from a *

'Salmonella _yphlmurlum (Ambler and Rees, 1959), Hlstones

various higher anlmals and wheat germ (Murray, 1964), and
also rabblt muscle myosin {Kuchl and" Adelstein, 1969)kwere

found to. contaln e-N- methy11y51ne, Fhese are Just a few -

LY

many references show1ng the presence of an- N- methylamlno
. ~

c1d in a natural peptlde or proteln N-Methylamino acids,

-sarcos1ne and N—methylvallne form. an 1ntegra1 part of the

structure of Act1nomyc1n D (C ) (Vlnlng and Waksman, 1954

Brockmann  and. Grone, 1954) Actinomycins are peptlde antl—:

'b10t1cs and ‘some of the most potent antitumor agents known

(Farber, 1966). ., The NaH. procedure for methylatlon can prov1de

‘standards for the 1dent1f1catlon of these amino acid . !

derlvatlves. ThlS method can also supply the startlng

-v

methylated amino acids necessary fér the lqporatory synth951s

~

&
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. synthe51s .which utilizes methyl halldes or dlmethylsulfate - \ i

Ls

- of these mentioned and éther peptides and prdtigst
o V- . L A : v . 'r‘-'-

‘B.'_Methylation of Phenolic and AICOholic Hydroxyl'Groups

- [

< . ) . ' . . ._ ‘,”' U.

~r”
-

" The best. known T;thod for the methylatlon of

alcohollc hydroxyl groups is known as the Wllllamson

|under basic cond1t1ons (Williamson, 1852) Thls method has E
.been widely used in. chemlstry for the methylatlon of alcohols.
It involves the formatlon of the sodlum alcoholate by
d1ssolv1ng the. alcohol 1n NaOH, and treat1ng it w1th methyl
1od1de oT dlmethylsulfate (Pschorr and D1ckhauser 2 1911). -
“However, this mephod gave ﬁ\e; y1e1ds and modifications were

requ1red An’ 1mproved method) with respect to yield, used

sodium naphthalene to form ‘the sodium alcoholate and the

methylatlon we; completed by the addltlon of dlmethyl sulfate -
or methyl 1od1de (Scott et al,, 1936)

The methylatlon of ‘phenol by usiﬁg NaOH ahd then
MeZSb4 resulted in. a 72- 75% yield of the anlsole (Hiers and
Hagex; 1929 Lewis et al., 1930).7 'The alcohols most readlly
etherlfled by the alkal1ne Me 250, method were deeratlves of
methanol conta1n1ng C6H6 re51dues (Brown et al 1930,

" Auwers, 1931)__

*

Dehydration of, the alcohols into their respective
: . ~ ’ . . \-

-
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_"ethers by the use of sulfuric ac1d and heat is a non- t
spec1f1c method espcc1a11y 1f 3 mlxturé ‘of alcoh?ls -is . f//,//fi

prcsgnt For examplc if two alcohols are heated W1t__ _
. ! ..l‘

sulfuric aC1d and water, a mixture of three. tpectlve

" ethers résults (two symmetrical and_omé a mixed ether) S

(Sendereﬁs, 1924, 1925,

N

192

Catalytti; arations by dry methods. consisted of

)

: . “ . o . [
heating the alcohol in the presence.of calcined alum

£A12E§04)3) (Mahle and de Godoﬁ, 1919, 1520). Boron -

trifluoride (BE3) came toigi/pscﬂ~&a

-aikylatlons of phenols and alcohols (Sowa

———

a catalyst for the -

, 1935).
The etherlflcatlon of t51pheny1 carb1n01 by \putyl
atcohol and aromatlc alcohols under the cata1y51s of

B—toluencsulfonlc acid was reported (Pratt and D1aper 1949) ..

Also, Eftoluenesulfonlc acid was’ used for.the‘formatlon of .
symmetrical etherS‘from long chain saturated aliphatic

+

“alcqhols (Perron and Paquot 1@49)
| Diazomethane (CH ) JDbecame known as the best

méthyldting agent for ac1d12ihydroxyls.' The more weakly | 0
acidic phenols and alcohols are methylated at a slower rate
Alumlnum alkoxides have been employed as catalysts fof;ﬁme
‘meth?létion'of altoho;s withjdiazomethane'but'générall with‘

no preparﬁtive value (Meerweih and Hinz, 1930). Other



cafaIYste'ﬁere'introduced giving ﬁlwidef eﬁplicabiiity=
for methylat1ons wlth dlazomethane boron tr1f1uor1de-
diethyl ether (BI -Et 0) (Muller and Rundcl 1958) and G
ffhoroborlc acid (FBA] (Neeman, 1959) In principle
dlazomethane in the presence of a catalysf sheuid ' @
methylate‘glcohols, honever exceptlons ‘da_exist and onc

LY

example will be shown

. o
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~ Summations of the NaH-Procedure for Methylation
0 R

- cns?“ <|)c|n§
\\\g(fgd nrc f -—-—-+> R G-cod®

X ;
N-Substituted Amino Acid . , . N
S e N B

AN ote
. - ?. -
g 0 . | .
80°C 2 e .o o o

| b} Alcohol:.c and Phenohc Hydroxyl Groups ,

NaH Mel
R'-(H ——->R'-0 Na-—'———> R'-(Ma

THE.DMF
“809C and 23°C
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© - - . I, RESULTS AND DISCURSION

A. Methy;atioo of Subetitotéd A%ino'Acids
. The startlng p01nt of the work compiled in,this " o '-.A' '
thésis was the NaH procedure for methylatlon es{:;llehed
by thls 1aboratory (Thls the51s, see p. 43 for a detalled o é
.descrlptlon) ThlS ﬂrocedure entalls the dissolving- of. an
N substltuted amino ac1d in the THF: DMF solvent mlxture,'
adding Mel and NaH in a ratlo of-8:3: 1 (MeI:Nall: Start@ng
material in moles) and refluxlng for 24 hr at go%c. The | -
product by this procedure is the ‘N-substituted, N methylamlno
acid. methyl ester. ‘

We came to be 1nterested in the polyfunct10na1 amlno
aCIdS with- emphas1s on tyr051ne and threonlne. Ca:bobenzoxyu
threonine was methy}eted under the established conditions of

- the NaH probedure'for methylation, that is refiuiing for

24 hr at 80°cC. - The n.m.r. of the f1na1 product 1solated ’
shoued that the carbobenzoxythreonlne had broken down durlng .;'t\\"
‘the reactlon. ‘The prox1m1ty of. tLe hydroxyl group which results :
1n\ﬁ elim1nat1on is’ thought. to. be the answer. Therefore, ’f

the hydroxyl must be protected to obtaln N methylatlon of

‘ ) Y
threonine. . , ‘ S

-

Cafbobenzoxytyrosine,'when,methylated un&e%;these

conditions, yielded the _ri:-cai'bobenzoicy, g_;g-%di:rethjrltﬂosine -
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methyl ester. ‘(Table II) Also, the methylatlon of _
carbobenzoxyleuc1ne and carbobenzoxyphenylalanlne was . R
achleved under thé set condltlons qTable I1).

As already mentloned the dr1v1ng force to further ' - .

1nqu1r1es of- thlS procedure was our 1nterest in tyr051ne.

3
The questlon whlch arose ‘was. whether carbobenzoxytyr051ne :
could be selectlvely methylated at either its hydroxyl or - . . }
amine group The ‘use of d1carbobenzoxytyr051ne as i
starting materlal was attempted expectlng to obtain only
: the N- methyltyr051ne u;thyl ester as f1na1 product. However, :
under the establlshed condltlons the 0- carboben7oxy came off 1
resultlng in a- dlmethylated tyr051ne\methy1 ester as detected
by 1I.spectra. Therefore a better protectlng group.for the
hydroxyl group was necessary if N-methylation of tyr051ne_}s B

the obJect ' ‘ P

The questlon concernlng the reaction temperature came

' +
into- focUs, that is, it was hoped that t e twod groups, the

Jydroxyl and amlno groups of tyr051ne would selectlvely '

'methyla;%>at dlffereniétemperatures. Thls led to the trlal N

TUn of methylatlng carbobenzoxytyr051ne u51ng the set materlals
(Cogglns 1970) but varying, the reactlon temperature. ThlS

reaction was allowed to stand at room temperature (23 C)

be1ng Stered magnetlcally for 24 hr and not under refluxlng

-condltlons. The reaction flask was '’ fltﬁed with a condenser

!

/ \‘ ' ". . ' _‘-. . ’ >
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el | . Table II

' .

Mqthylutionlofica:bobenzoxyamino,'jf e

. . acids at 80°% - - T
I S L
© Starting f*Ratio of .MeAAMe ester-liBr X
Material Reagehts % Yield MLP. °C  ’
‘ - ffﬁolésj )
“J . . . - ' A '

o C R I :
. CbzLleu - '8:3:1 - 65" 105-106

.o CbzPhe |, se3:1 | Cs1 Y 132133

© .

CozTyr | 8:4:1 | w72 138140 . . 4.
. . 4 - ) : .
. . 3 . 4 .

0,N-dimethyltyrosine méthyi ester;
h?drqbromidé _ C e   ; \w-

*

3% Methyl Iodidd: Sodium.Hydride: Substituted .

Y
‘ Amino Acid o - | (:" _

[+3
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and drying tube._ The resylt ‘proved to’ be very 1nterest1ng, : )

. though it d1d not answer the questlgp of possible se1ect1v1ty -

be<ween the amino and hydronyl groups The product of this v/
- TUN wWas N—carbobenzoxy N,g,dlmethyltyr051ne and not 1its

':methylester form as identified by 1r. spectra.

-

A"

|
14
1
Therefore, follow1ng this dlscovcry, carbobenzoky- ) , j
leucine -and carbobenzoxyphenylalanlne were methylated by i

R
the newly found NaHopxocedure for methylation at .

-

room temperature conflrmlng the earller Tlndlng (Table I1I1). A

The - absence of any ester form was quantltatavely verlfled .

_upon amino ac1d analy51s (Table:ﬂkﬂ, using the data complled S
\ X

in TableINa for the purpose of 1dent1f1cat10n. These two
v -~
substltuted amino- ac1ds were methylated both with THF DMF

and THF only as solvent systems at room temperature with no

51gn1f1cant dlfferences in the\YIBldS of the flnal products,
: The?éfore the addition of DMF 1n the- solvent system proves to k

be unnecessary ~NaH can be. employed in its commerc1a1 form,

that 1s as a dlsper51on 1n 011 , ThlS 0il does’ not Lnterfere
in. the work- up 1f HBr/Ac0H~1s used for deprotectlon |
However, for all other instances it ngff;e more desirable to
. use Nal which has been washea of 1ts 0il by means of dry

“ benzene._. Washed NaH should be used to*" dry the solvent fL

reactlons where washed NaH 1s used 1n the reactlon. (
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: Table III
L@{hylation-of carbobenzox}amino acids
| at room temperature |
Lo '
s
© Starting |*Ratio of MeAA HBT
'”Mdterial‘ Reagents . : o
. (moles) $ Yield m.p. C
 CbzLeu .| " 8:3:1 75 167-170
CbzPhe 8:2i11 - | 78 ' 179-182
* Methyl'lodidei_ Sodium Hydride: Substituted

-Amino Acid

17




T 18-/1Y

o

e Coﬁbounds obtained from J.R. Coggins

§ Bu fer flow rate '

* . . o
: Table IV
- " Amino acid analyéis.' 1
'\  Column 0.9 x 50 cm of AA-15 resin - . 3
0.35N sodium citrate buffer pH 4.25, 57° ;
' Buffer flow rate 34 ml/hr )
*Methylatibn at room temperature
Amino . Yield ¥f N4methy1 Residual
Acid Aminoc Acid HBr Amino Acidy .
. ‘ 1! (w) ) S 1 :
Leu 75 1
Phe 78 0
* Conditions- of Table III
%+ Amino acid content of methylated product -
: Amino acid analyzer data - standards
*
column’ 0. 9 X 50 cm of AA- 15 re51n
* 0.35N sodium citrate buffer pH’ 4 25, 57°
- - . . ///
Amino Conétgnts- //////i Time (m) %
Acid -'| g68 ml/hr | §34'ml/hr | §68 mI/hr | §34 ml/hr
‘@MeLeu 0.74-" 13.76 34 61
Leu 123.9 40.5 + 51 100 L
- @MePhe 0.66 24.8 61 104 RN
phe | 22.7 39.0 78 147 AR
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The immediate benefit of this new result was the fact that
one obtains the N-carbobenzoxy N-methylamlno acid 1nstead of
, the methyl ester faorm which- requlres saponlflcatlon to -

obta1n the, free carboxyl form. Saponlflcatlon was often

1ncomp1ete, therefore this new NaH procedure for methylatl n

e

T el e i (il b i o om b s T b R et o ey 25T
-

at ‘room temperature results to be very useful 1n av01d1ng
this cumbersome step. "~ el C <
| To obtain g;methyityrqgine'as initieliy pienned at | 'j
the commencement of.this'studyrﬁfcarbobenzoxy-gébenzyl
tyrosine was used as starting material, for when the
’diﬂmrbobenzoxyt§rosine was ﬁsed-;; starting material. the 
carbobenzoxy on the hydroxyl came off in the process.of
the reaction or under the‘conoitions of this reaction. The

. S
N-carbobenzoxy-0-benzyl tyrosine was methylated with a

retio of reagents, 8:3:1, in THF only at room temperature

for a 24 hr‘period After the regular work -up ' procedure

the product was deprotected by hydrogenatlon and by means
\
" of nmr spectra was 1dent;f1ed'as E;methyltyroslne. Upon'
amino acid analysis this final product was shown to contain

6% of free tyrosine.

- B. Methylation of Phenolic and Aicoholic'Hydroxyl Groups

- The original interest in the flexibility of the NaH
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procedure for mgthylation'esfablishea in thisllahoratory, o
and its applicability to methylate the hydroxyl function of . 3
some protected amino acids; ied to further exploratlon of

this procedure with reSpect to hydroxyl groups ‘of other

organlc compounds

A B e &

p- N1trophen01 was the flTSt compound contalned in

““this section to be methylated in THF:DMF for 24 hr under

1

‘refluxlng condltlons and a ratio of reagents of 4: 28

(Table V) The flnal product P-nitroanisole was 1dent1f1ed'
by i.r. spectra. It as difficult to 1solate the B-
nltroaplsole due to the presence of the 011 in which the -
NaH had been dispirsed.. Therefore, 1t was decided to

wash the NaH of 1tS 0il j st before 1ntroduc1ng it 1nto the . .
reaction mlxture Thus, the amounts of Nall, used both as a -

reagent in the reactlon and to dry the solvent prlor to its

‘use were washed with dry benzene.

]

The methylatlon of p-nitrephenol was repeated;>%ut
with the washed NaH and a 90% yield ,of p-nitroaniséle

(mp. 54°C) was obtained (Table V).

} At ‘this stage of the study, the 1nterest1ng result ‘ '

of the Nall procedure for methylatlon at TOOMN. temperature
3 .
was d1scovered wlth respect to substltuted amlno acids., As

\

a result "it was dec1ded that the reactlon at room temperature

v
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Would_also beestudied with respect to;phenolic and

= alcoholic hydroxyldéroups Also, it wes-decided to teSt‘).
THF alone, and, THF: DMF 51de by . 51de as solvent systems to - _- R
note -any enlstlng differences. ‘

p\ R—Nltrophcnol methy11ted at Toom tcmperature T

",

in the THF DMF splxent system gave an 85% y1e1d of

’,‘ .
E“DltTDaHISOIE However when THF alone was - used as a oo S

e 2 b LT b A R iR e eyt o

solvent for the methYldtlon Bf anltrophenol both under

!
roflux1ng condltlons and at room temperature 84% of the-‘

E—nltrophcnol was_rcco»ered,unreacted. SubSequently,
E—nitrophenolpwas methx}ated both at qoom‘temperature'and
'80°C‘in'ooth solvent systems. The yields o£ the respectivo"

» . anisole were in a i-'ange f 87 to 95% (Table V). When .
conparing p}nitrolane‘ﬂ— itrophenol, it can be conciudeq |
that not in ali preparat ry work is DMF~dispeneab1e as part:
of the solvent system for ‘the NaH procedure for methylatlon..’ .

\
In the case of p—nltrophenol, 1ts presence is essent1a1 and

‘this. may be. attrlbuted “to a question of solublllty, DMF
belng more polar than TUF Also. ‘the more acidic nature of
p—nitrophenol due to its electfonic COnfiguration max : .

contribute qL/¢h1s 1ntorest1ng result of requlrlng DMF in

' the solvent system to cact in this methylatlon reactlon



Phenol'was alkylated using MeI EtI, and IsoProI
- as alkylating agents for- the purpose of comparlng these‘

ageﬁf//under the varlous condltlons of thcgNaH procedure.

'{gr“methylatdon [Table V). The ylelds of flnal products, .

as'idéptified by ‘n.m. T. spcctra were good w1th the
cxceptlon of the low ZZa yield for isopropylation in THF
‘alone at Toom temperature (Table V) '

p—Cresol was methylated under the reflumlng condltlons
of thls procedure 1n THF DMF and THF with ylelds Bi SO%
of methylated product. Howeuer,-the purity of rh% startlng
material p-cresol was in questidn and. this case w "not
'pursued further. y | o | _' . -

A h1ndeLed phenol 2 6—diFtert-butyl—4-nethylphenol
whose meth}latlon was reported in 11terature (Cohen, 1957),
consisted of formlng the Na salt in 11qu1d ammonla, addlng
coluene after evaporatlng the ammonia and transferrlng the
reaction mixture into a preSSure bottle into which.MeI was
'added'thereupon‘repiacing the air by nicrogen, the.bottle'was
sealed énd.the mixture—waS'heatedlon a2 steam batn for 18:hr.
This reference concerning its lengthy-methylation prompted:
_the use of thls hindered phenol to test the NaH procedure
for methylation. (A detelled preparatlon is; recorded in the’
.Experipwntallsecrlon-of this thesrs). The ylelds of the

+

-~
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2 ,6- d1 tert butyl -4- methylanlsole ranged from 80 to 87%
for the \arlous conditions of thls procedure _Refluxlng,

the 2,6-dr—tert—butv1-4-methv1phenol-1n THF'DMF‘for 1, hr

resulted in a S7% yield of the respectlve anisole (Table V).
Thus it was .shown how GdSllY the methyl ether of thls
hlnoered phenol cdn be‘prepared by the NaH procedure for . -
meth»latlon ) - | |

As a result of an 1nqu1ry 1nto the su1tab111ty of

‘the Nal procedure for methylat1on to methylaqp the two
ortho—hydroxyls of‘Z-hydroxyestradlol glutathlone led 1nto

the use of o-catechol as a representative starting mater1a1
‘for trlal methylatlon 0- Catechol‘uas methylated at reom .
tenperature in both THF and THF:DMF solvent systems yielding
84 and 88% of tpe 0, 0'- d1 methylcatechol as 1dent1f1ed
by n.m.r.:spectra. ‘However, the problem of solublllty
'stiil questions'the appiicohilitp of thds-NeHeprocedure for

7

methylation to methylate the two ortho hydroxyls of

2- hydlotyestradlol glutathlone

Interest was ‘aroused by the reported fa11ure of

diaiom than ~£o methylate tr1 phenylcarblnor’(Neeman, 1959)

Therefo.e, ri- phenylcarblnol was methylated in THF alone
at room tenperature and refluxlng condltlon using two ratios
of reagents (Table VI) The flnal methylated product,.as

‘ 1dent1f1ed by n.m.Y. spectra, was isolated in 74 to §59 ylehggb

|
|
!
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i
Methylation of\alccholic hydrbxyls § 
. S 1 |
‘Starting ~ = % of Méthylated . Ratio of Lo
Material Product -~ Reagents
 THF THF | MeI:NaH:Starting Material
800 230 |
n-heptanol 358 40%* 8:3:2
cyclohexanol - 66%°  64%% ST §:3:2 A
"benzyl alcoﬁblr 90 . 74 ° - . 8:3:2
triphenyl - 74 85 o . 8:3:2
- carbinol 85 81 - 4:2:1

. w

calculated as -amount methylated from nmr, sﬁectra of crude

product :



an aliphatlc pxymary, a CYCllC and an aromatic prlmary

alcohol. Thus n 'eptyl, cyclohexanpl and benZyl alcohol ‘
P were methylated iy THF alone at 23°C and 80°c. The products- :
'were not purlfled ‘uf'thelr 1dentity was establlshed by S o gf
n.m.r. analysis. nspection of the n.m.r. curves also :

'-allowed the calcula 1on of the i atlve amounts of startlng

material and product glv1ng an indlcatlon of ‘the yield
(Table iv). ' ' '
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- -allolcd to react: for 2 24 hr period at 80°C. Thus the

ITL, GE'&ERAL DISCUSSION - . I ) o
Tho startlng pslnt of the nork comp11ed in this :

¢ T
;the51e was the NaH procedure for methylatlon undor///

‘1oflux1np condltlons, establlshed 1n ths laboratory ‘ <{ ‘,;;

(CO&"IHS 19:&) When preparlng a N- methylamlno ac1d

‘ECOlen? to the cond:taons of thls procedure the .
s oo
-redctlon m:mture, con91sf1ng of a substltuted amino acid ' B

dlcsolred in a THF: DMP m1xtu1e w1th Mel and Ndu waq

.

methylatlon of a N carbobenzoxyamlno ac1d at 84°C results
in thleormatlon of N qarboben7oxy-N methylamlno ac1d
mcthyl este1 as f1na1 product ' I f. :

| ~In the course of thls study it was found that‘uslncr
the establlshtd set of condltlons for the Naﬂ procedure for

~methylatiion and alloulng the reactlon mlxture to stand at

.room temperature, and not reflux1ng at 80° C the flnal

' product resultlng from a N- carbobenzoxyam1no acid.is the
’ ¥
N- carbobénzoxy N- methylamlno acid, and not its methyl ester.

- Standard procedures for- the synthe51510f peptldes
havc been establlshed and w1de1y rev1ewed (Greensteln and
‘Wlnltz’ 1961 Bodanszky and Ondetti," 1966) e

‘The - spec1f1c condensatlon of one amlno and -one carboxyl

|
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ac1ds or peptlde der{vatlves under .

‘the mediation of some- coupllng agent forms a peptlde.

-

%pec1t1C1t} is att 1ned‘when prlor to coupllng, groups on
/ + J 13 ok, «u-

. the —mxno aleS or pé tldes Wthh would otheTW1se 1eact

and ,muhr .the condensatlon -non- speczflc are’ blocked Wlth

-

an deTOpILﬂLC protéctlve group. Once’ the requ1¢ed amlde'

t

bondq 1w thc peptlde ‘Thave been formcd these protectlve'ﬁ

- groups arve removed by suit uble proccdures.Q The problem of
1acc“1;at10n duting coupllng, due to the fornafion of .
oxazolone deflvatlves can bcuovercome by synthe§121ng the>
pepifésggz;pnlsc from ‘the C-terminus u51ng suitably N-

'pxotectcd amino ac1ds for coupllng tp the grow1ng peptlda

)
v

chaln. P | R AT -

It now transplres that two uldely used and racemlzatlon-

free rpactlons, for the deprotect1on ofmamlno ac1d derfvatives,

|
cause con51derable racenlzatlon.of N-me 1am1norac1d "

a -
]

derivatives CBen01ton and McDermott 1972b) Deprotectlon
of N- carbobenao\y N- methylamlno ac1ds Wlth anhydroﬁs ac1d

i HBr—fﬁ~gTaE?aT'acet1c ac1d results in racemazatlon. However,
v -

no rdcgmlzation was observcd-when watér waS'added to the

-

aceticiacid Also, deprotectlon af N~ mcthylamlno ac1d .' &) /.f

methyl e:»ers,whethér uncomblné& or present.at the C- termanS’

in a peptlde by saponlflcatzon resulted in. racemlzatlon k;,_
under conditions when sapbnlflcatlon.of amxno.ac1d-estens,_'
. - ‘. . ¥ . } N . - .

] o : e
.

L - : ’ i ’ - RN
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gave little.or no racemizatibn. , : ,.;_ .
Unde¥ ‘the refluxing conditions of the NaH procedure h 1-3E
Ifor methylation and also the reported methyl iodide, siilver ‘
oxide in’ DMF procedure for methylation (Olsen 1970): thej SN
final product is the N—substituted-n-methylamino acid
methyl_ester form{ which for deprotection would require'\
'saponificationl,-This deprotection procedure, as presently
known, would'resblt in a considerable degree of racemization
(Benoiton and'McDerﬁott 1972b). Therefore ‘hndeg the
refluxing conditions of the NaH procedure for methylation. \
and the methyl iodide silver oxide procedure it would be .

\
 impossible to obtain an optically pure

4

N-methylamino ac1d

The NaH procedure for methyla ion at room temperature

e e e

‘ avoids the requirement of . the saponif%gation step for

deprotection since the final product isthe N—substituted—

N—methylamino acid and not 1ts methyl ester.

to obtain optically pure- N-methylamino acidq.

N

And when a

o

. v/

R~

urity was not .

’ racemized. For this reason, their optical

_~

investigated.‘ McDermoﬁt in our laborator " however, has shown.



»
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The racemization of N- substltuted -N- nethylamlno
ac1ds dur1ng saponlflcatlon mlght proceed by dlrect'
a-proton abstractlon. For in N-monosubstltutcd amino acid

derivatives: such as carbobenzoxy leucine ester, the N-H

group 1s.generally more acidic than‘thé a—C—H; and so

will ionize Tirsi, thus pretecting the a-C-if from

ionization, that is protécting against racemization.  No

‘such effect exists for the N-substituted-N-methylamino
\ - . T ”~ .

acids. The case "of raccmization of N-substituted—gy e

methylamlno ac1d5 may be due to the absence " of this

proteailve effect of the 1onlzat10n of the -N-H which is

- present in unmethylated amine acid derlvatlves (Ben01ton and,

McDermott, 1972b)." - ,: .
. ) fa -

The‘NaH'proccdurc for methyl étion at TOOR temperature

- ';--\

was used to prcpare N mcthyltyrosrne from N—carbobenzoxy-o <

"benzyl tyr051ne as startlng materlal in THF as solvent

Houever, upon am1no ac1d ana1y51s 1t was found that the

- -

flnal product, after deprotectlon by hydrogcnatlon “contained’

not only N- nethylt)r051ne but also 6”'tyr051nc. Thus'the

methylat1on was 1ncomp1ete. Purlflcatlon of - thls mixture

and 1501at10n of the N- methyltyr051ne 1s a hard tqsL ‘due

to the prcsencc of two very 51mllar compounds. Whether this

proccdure is useful 1n preparlng the N- methyltyr051ne is hard

-
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to evaluate for an 1nsuff1c1ent amouﬂt of startlng mateflal
was .available. A change 1n ‘the ratio of re#gents or the‘

use of THF:DMF as solvent m1ght result in an-increase of ;//5
final methylated product

The use of either THF or THE: DMF as solvent systems

for the methylatlon of substltuted amino ac1ds appeared to

ke) 1ittle or .no difference in the ylelds of final
Py duct. Also the use,of either solvent‘system for

mMcthylations at room temperature appeared to have no effect

on the form of the methylated product, which was the ..

substituted §;methy1amino‘acid and not,its-ﬂethyl ester._
In choosing'betweeh solvent systems, THF or THF DMF

for the methylatlon of hydroxyl conta1n1ng compounds, one

I

must keep in mind the‘fact that once the reaction mlxturg

of the NaH procedure for ﬁethylation has reacted for the
specified périod evaporation of the solvents is the next:
step. Thisamust be kept in mind especially if .the final -~

’

methylated product has an unknown or reportqd b0111ng p01nt'

| lower than either’ solvent THF (b.p. 5°C) and DMF [b p. 153 C).

Due to - the rather high boiling point §f DMF, in many gaseé
THF was used ~ag’the solvent sy%tem for methylation reactiois.
However, there appears to be no choice as to which
solvent system to use.to methylate p-nitrophenol at either
L . P A N
. _ ™
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Toom tempelature or under réfluxlng condition; sincé
LN

in THI alone no meth)latcd product was, detected at elther ; - —j
condition ylth a recovery of 85% of anltrophenol. In W ;ﬂ
- this case the presence éf DMF is imperafive, whereas fbr.the-
PCtﬂ}lﬂthﬂ of m- n1t10phcnol no such dlffelence exists.
“DNT appealts to be necessary ~to solubilize the more acidic . . =§L
coqpou?d, D—nltyophenol. . The NaH proce@ure for methylatlon :;ﬂ
has proven to be ‘an cff;cieng ﬁroccdﬁre for the.methylafign
of phénblic hydrp;yls. ~0-Catechol was methylatéd at the |
two g;hydr§§y;s'giving a yield of 84-88% of thé‘g,g'di—
mcthylcatechol.“ The methylation of the hind;fed phenol; - { *
2,6—di—£gz£-butyl-4—methyl-phcnol, ranged from 80 to 87%
'fiéld of the aﬁisole when reactidh-ﬁixture was ‘allowed

to reaét for.24 hr. - When the methylatioﬁ reaction was

allowed to reac-t-for 1 hr ik the THF:DMF solvent system

urder refluxing.conditions this dered phenol gave a,

975 yield of the anisole (Table V).

In contrast to the diazomethanc-proc-dure,'the'NaH
plocedule p1oved to be very ef{1C1ent in mcthylatlng
'trlphenyl carbinol, a yleld of 74-85% belng attalned

Good yields of methylated product have also been obtglned

for the cylic "and aromatic prlmary alcohol cyclohexanol

(64 665 ) and bcngyl alcohol (74 90%) respectlvely However,

Y

e o A A Y R AT RS Rl B R B S



o

.the NaH procgdurc is not“yery[efficicnt for methjlafion

of_an'aliphatic primary alcohol, e.g. heptyl alcohol,.
a yield of only 35-40% being obtained (Table VI).
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IV, REAGENTS AND METHODS
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IV.. REAGENTS AND. METHODS - o e
.‘ . ‘ . H . ' l' \/l
A, Reagents
-JJ.LiAt 0f Supplierns:
1. A - Aldrich Chemical Company,
Milwauke€, Wiséonsih, U.S.A.
2. B ‘.J.T;_Baker;_ . g
_ . .
Phillipsburg, New Jersey; U.S.A. o
S . _
\ ' . ' ‘
3. BDH -BDH, Chemicals,
| 'Podle,?Dofset, Enéland.
4, "E . Eastman Organic Chemica s,
Rochester, New York, U.S.A.
5. F Fisher Scientific,
. Fair Lawn, New Jersey,VU.S}A:
6. F1. ~ Fluka AG, 3
b ' Buchs SG,_Switzefland.. , s
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7° .G - General Biochemicals,

Chagrin Falls, Ohio,- U,S.A. .

8 MCB Mafhespn,,Colemanihand Bell,
| Nofwood, Ohio, U,S.A.

{

PR IR RY LD v

9 S Sigma Chemical Cdrporatian,

Saint,LouiS,'Missoufi, U.S.A,

10 P - Piéﬂ;ﬁ Chemical Company,
‘ RockFord, Illinois, U.S.A.

s .

(4) Reagents {rom commercidl suppliens i :

4

-Benzyl alcohol B
Catechol (g) - F =~ = = Co

Carbobenzoxy chloride P
Cresol ~ F

Cyclohexanol F . ) ’

i
|
)
g !
!
:
i
!

2,6-Di-tert-butyl-4~methyl-phenol - A
~ Ethyl ‘iodide B . T
Heptyl alcohol E |

-3



SmNr WS Y — - e - T —wewe

' '2-1odoﬁropanc‘. E

.'ﬁethyl iodidet, F

g:Nitrdﬁanﬁi ,
RﬁNifrophehol

" Phenol F

10% Palladlum on powdered charcoal MCB

. Sodlnm hydr:de, dlsper51on in 011 BJH; F1
Trityl chlo:xde,: A

A1l other reagents were reagent gfade,

)

(ii) Amino acids o -

L- Leuc1nc G

" L- Phcn}lalanlne*ﬁfG

(i) Anino ‘acid denivatives
N- Carbobenzoxy tyrosine P

N- Larbobenzoxy 0-benzyl tyr051ne S
L

Purificatioh and Preparation of Some Reagents. -

;N N- D&meihntéoamadee

’

&

Thls solvent was purlfled by shaLlng with solid KOH and then Ca0,
} 1951)..

followed b} dlstlllatlon (Leader and_Gormle}

B I

R A A




e

Dry Benzene: “‘

Tty

Benzene, reagent grade, was kept over. sodium

netal.

30$_Hudnogah Bromide in Glacial Acetic Acid:
This was prepared by'passing dry HBr gas into
COdﬁdglac1a1 acetic acid’ 1n a flask, protected w1th a.

'drylng tube, untll the. etpected weight 1ncrease occurred

Saturated HBr 1n AcOH is about 36-37%.
" Scdium Fffc"'u,de '

NaH 1s commerc1ally avallable 1n the form of a

‘ dlsper51on in 011. ~ NaH dlsper51ons from dlfferent

‘ commerc1al suppllers have becen the sub;ect of a study carried

out in .this laboratory (Benoxton and McDermott, 1972a).
~.The. reason. for ‘this study was to see how accurate were the
«stated percentages on the 1abels of the commer01a11y
availablc NaH dlsper51ons. It must be noted that NaH
dlsper51ons do contaln a certaln amount of NaOH which can,
1ncrcasc upon frequent usage of the! dlspersnon, this in
turn may decrease the eff1c1ency of the Nall proccdure for
methylation. "The NaH used throughout this hOTk was a 50%
dlsper51on in 011 which when tested was shown to contaln
47% of Nall, In all preparat1ons an excess of NaH was’ used

to ensure that enough was present.

' Tctnahydno5unan-

THF hhen pur1£1ed by shaklng WJE? solld KOH and

s g s o
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then dlStllled over- EUUH (Cdrey,.1966) tends to
R '
: perorldlse read11y.; _ Therefore, THF Supplled by Baker

‘which contains hydroxytoluene was used ‘without

- purification.’ o s
B. Methods - B

/} Chemical:

3 e Wt oy 0k prrger oo 0L s LT .
e _ - NS
T PR . : e . Y

" Hydrogenation:- )
RERR N
Hydrogenatlons were carried out at 1 atm pressure€ | i

DL

I oiliMes

_in an apparatuys similar to that described by Wiberg (1960) . |

g ARES

* with palladium on powdered charcoal as<catalgst.

Rl

Melting po1nt -

T Melting po1nts were determined u51ng a Hoover.
’:Cepillary Melting Point Apparatus:(from A.H. Thomas/

Philadelphia). Values given are uncorrected. ;

Pre- dry1ng THE: DMF and THF: -

The THEF: DMF and THF alone solvent systems were |
pre-dried 1mmed1ate1y before use wlth NaH d15pers1on or o | %_g
-washed NaH. NaH dlsper51on, 0.2 g, per 10 ml of soluenr-" !
“was used to dry e1ther solvent system, used for the alkylatloﬁ:

- of carbobenzoxyamlno ac1ds which were to be deprotected



! mzth HBr/AcOH. Otherﬁise the same amount of NaH'

[

dlsper51on was suspended in d1y benzene, to rld of 1ts 011 -

‘and flltered before befing used to dry-elther solvent

system. - The solvent g used’ rmnedlately after flltratlon.

R
. . ~ - 3
v . :

Rcflurlnv conditions:- «

; <
In all alkylatlng procedures the flask was £1tted a :

-hlth a cbndenser and drylng tube The alkylatlons at 80 C

‘ucre done by -dmmersing the flask in a wax bath (80°C), under whi ch

condition THF refluxes v1gorously. 'For alkylatlons done at,
. Toom temperature a magnétic stirrergwas used to provide | C
L M ' . e . . . T
‘continual vigorous mixing. |
Cot

2) Specinoaaoﬁic:

!

Infrared spectra were”obtained usingrerniéam
'Model’ SPZOO spectrophotometer The Spectra were ecanned
fin 4 range 550-5000 cm "1 2nd the polystyrene bands at 149?
and 1603'Cm;1 were, used as references.' 0ils were-run as

11qurd fllms between, NaCl dlSCS and, sollds as. hBr dlscs-j

(0 5-1. 0 mg of sample in 250 mg of KBr)
\ Nuclear magnetlc resonance spectra were obtalnod ‘

usiog a Var;an Model T60 5pectrometer. The probe’ temperature ' S
. e : C A
- . ) I ‘ ' N~ ' e} X I

\| . ) 1 ) } . -'_

LT
/ . .
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.

<, ’ o .- . . L ’ - s
' .

(,was 34°¢C and the samples were run a% 10% w/v solullons - k
in deuterochloroform or. trlfluoracetlc acid. Tetramethylsilane.
1%_v/v was added to the.solvepts as‘an.lnternai'standard; Com
Spectra ﬁere.fun in the. range 0-107 in triflﬁoraCetié '
acid and in thgﬂrange.-Z—lf)T in deutew:bchlor'eform

solutlons.

-

L

-— E

3) Chiomatogngphic:

* Amino acid analysis:;

. . - , »

- : Amlno ac1d\anh1yses were carrled out u51ng a
‘Beckman Model 120B automatlc amino acid analyzer accordlng
‘to the method of Spackman et al (1958) The 1nstrument )

‘ v
ﬁ;s f1tted w1th three columnS" a 1ong cohnn ﬂ)9:<50 am)

contalﬁlng AA 15 re51n (Beclman In$truments, Palo Alto,
Callforn a),‘a short column (0 9 x 7 cm) contalnlng AA- 277
freSln (Bzckman)_and a third column (0.9ux 15 cm) cqptalnlngu
Aminex A-5 resin (Bie Rad.Laboratories, Richmond,fCalifornia).

| ﬂnze dlfferent eluting buffers were used 0.20 N sodipmi

c1trate, pH 3 28; 0.20 N sodium c1trate, pH 4 25; 0.35 N

" sodiyp_ c1trate, pH 5. 28 q

i e e

“The 1nd1v1dual amlnf ac1ds\ye e determ1neﬁfby the

HxW meth%d of - Spackman et al) (1958 ‘1nvolv1ng the folloW1ng

, i
: é
12
:

formula. I /‘ A
e }
i
- - g1
ia
: et .o
A
i
N
. {3
~ ® N
i
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H = net,héigbt'of'thé'pcéﬁ'

.
- - - - "
ICAPRUE P SR AR P - 5 St L4 = g

s I ;._'W';‘toﬁnying the number of.
wmol = H x W DR T dots'abové‘thé\hélfrheight o
C R RN ~.of. the peak o & - a -' D
B - Lo ‘7‘- . C=a cpnsflnt for each amino %c1d ﬂé i
mol = concentratlon of’ am1no-ac1d A ¥
e, : ob E
= . - . . . . 3 .- ‘3 . } ‘?"
Corstants of the common amiho acids were-determined using ? i
l -~ ; , <
a. callbratlon mlxture (£tom B10 Rad) and f@r others f %
standard solutlons were prepareé and used. Samples werc v ??é
applied after- adJustlng thelr pH to 2, 2, and when -diLution )
was necessary, 0. ZN sodlum citrate buffer (pH 2. 2) wa§ used . T @ff'
. L 1

SO thdt the final concentratlon of the sample was, in a
1unge 01~ 1 0 pmollml - ‘ .
Due to. thc rather low color ylekd of: thethylamlno
acldq with nlnhydrln at . ‘the normal rate of flow of buffer
. (GS'ml/hr); this facthmakes.thelr detectlonsrgpher .

-

difficult. ;However,'it was found“tﬁat at halfwnormal'rate;,
of flow of-eluting bof ml/hr) the. nlnhydrln color :
constants for N-'and —grmethylamlno aC1dq 1ncreaséd fr0m

5 to 30 tlmcs (Benolton qd Cogg1ns, 1970) Therefore,' -

all methylated amino acids for the purpose of asse551ng

APRRRE R N e T ST

pﬁ\d ct pu11ty and.yleld were anal}zed on the amino ac1d L o - .
aﬁﬁlu:Ql at half normal rate of flow of elutIng buffer. S o
—_— _ o ,
. . . l-. . s . . ' . | . B ‘-\’ . ‘ . %
o ' : «%
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V. 'Expnmr_-mmx, : 1 :
. - (Alr o:s:pernmnts vere Cal‘rlcd out on the L—lscne““af the amino ac1ds § g
unless othervwisé indicated. i\ll tuc compounds prepared “vere _ % E
dﬁarbcﬁ:éﬁizod by numir. and i.r. s;xgmacopy) . - . i ;
- ' ) Vo 3
| A. Prepara fm(t-'\_}start'jlnq'fﬂ'a@riais:- . = | ;.. . f
1) .L{—Ca.fzbabcnznxyﬁé,ua{rm: | | | é
This @nino -aéic',l dgrivative was 'p"mpaired Ly the%*ethod of :: &
Bergmann ,and Zemés as described in Grcenstein‘ahd Winitz (1961), ‘ ’:‘

e

pmoedq.re 10- 20, P. 891.\ 'Iherproduct wvas a colourléss‘oil chtained in

a 7’5‘1 yleld
2) T)rcp!l@u,fﬂ cmbum£
7 :
Trlphenyl carbmol was g_,repaxed from Lrltyl chlonde by the

procedure found in Vogel, P. 816 (1964). 'Ihe m.p- of the procl‘m:t
(160 lG”OC) corresponded to t'he literature valm. Thn final product,
trlpa_nyl carbinol, had th\_‘e.*-:pected n.m.r. spect.rum -

3). Q,N—D:hca)nbobenzoxg Lynosine:

'ﬁlis amino acid derivative was prepared by a method d:scn.bed

-t J.n Iitérature (Houmann et al., 1959) . Te producf \-:é.s obtaired in

60% yield, m.p. 117%. - 7 o I / N '

N . - - Yr s
B. The Nal Procedure for Methylation wnder Refluxing Conditiong

/ ™ . N o
The procedwre. for ﬂ1e.nethyl_atlon of substituted . -~
| . aminé acids_ as it was devised . in this laboratory is

. @escribed below (Benoitcn a;ﬁd Coggins, 1971). This




. T ae
S

procedure was the starting point of ‘this thesis and - ;o
many referéence have been made:to it throughout the text.

- .
B o

a) The preparation of N-acyl or ﬁ?car@pbenzoxyeN-mef ‘lamino -

acid methyl esterl-
The N-acyi or N-carbobenzoxyemino-aeidZ(O OiO moiej
. was dlssolved in a mlxture of \THF (50 ml) and DMF (5 ml)
.whlch had been prev1ously drled by treating with sodiun )
hydrlde dlsper51on (1 g) for 5 mlnutes and then £11tered
~ Then methyl iodide (5 ml 01080 moleg was added followed
by sodium. hydrlde dlsper51on (1.44 g; 0.030 mole). The
order of addltlon must be kept as rcported herein, TFor-it-
was shown that whenever NaH was added before the Mel a
nsubstant1al amount (EQ_QO%) of the startlng mater1a1 was
. unaccounted for (Cogglns, 1970) The mlxture, bubb11ng
rapléiy w1th the evolutlon of hydrogen was refluxed from

a wax bath,at 80 C using a condenser fitted wlth a drying -

'fﬁbe. After 24 hr the‘solvenrs werc evaporated off and the

‘residual solid tredted with etheréﬁ?if:ml) and water
(25 ml). The equeoos leyer was discerded and the ether
layer further washed with weter'(lxzs ml). After drying

i
¢

(Mg804) the ether was evaporated to give two immiscible'.




L3
_oils (one heihg the-oil from'the Nall diSpersion).
The expected i.r, specttafwere given by all prodycts at -

this ‘stage: ‘ o , : E ) "_ !

-

;/) The ratio of reﬂgents which gave the best ylelds

.'of the K- methylamlno acid methy] ester and the least o

amount of unreacted amino acid derlvatlve was 8 moles of

‘MeI, to 3/moles of Nall, to 1 part amino acid derivative, .
that is & mole ratio of 8:3:1. All other ratios of
these re‘gents used in subsequent allylatlons are reported

in the sane order throughout thlS the51s. ’ '

-rb)'Prepatation oftgfacyl;or Efcarbobenzoxy~§;meth?iamino-
| acids. o S
- 2

To the suspen31on of the two immiscible oils of the
above p;epa:atlon were added: 2 N NaOH (20 ml) and methanol
(40 m1). The mixture was strnmd magnetlcally at 35 °¢ for
5 hr. 1:I‘he methanol was evaporgted‘off;‘water was .added
1and thé)hikture-Wae washeqrwithjethet3{2:x*ZO ﬁl),'cooled at
0°C and brought-to pH 2 Wlth 4 N HC1. The product was
e\tracted 1nto ethyl acetate (3 x 40 ml), the co blned

cxtracts were dried (WgSO ), and the solvent was removed by

.evaporation. The r851due was crystalllzed from watey or.




’ffrom ethyl acetaté -‘1igﬁt-petroleum,‘bp.'SO—GOOC.

1
L3

w o,

c) PreparaXion of E}methylamipo.acid methyl.ester’

hydrobromides.

A sorution'of_E;c;rbobenzoxy-ﬁ;methylaminé acid
methyl‘estgr'in 30% ﬁﬁr;in‘glacial acetic acid (20 ml) wés
_1¢ff for 2'hr at roém.temperature "The mixture was ‘- |
cvap01atcd and then Te- cvaporated hlth ether. The
crystalllnc re51due was dlqsolwed in water {25 ml) and
' washed with .ether (2 : 10 ml) 'The water was evaporated
under vacuum at 40°c and the- r651dnal 0il re- evaporatcd
twice with methanol. After drying under vacuum over
PZO5 -the residue was crysthllized from methanol (26 ml)
by the addltlon of ether (100 to 300 ml) and recrystalllzed

from méthanol-ether. . L . . R

/{'




C. The NaH Procedure for Hethylation at Room Temperature

1} Methylauon of , wbabenzmgyleum De,p&oteeaon with 30% HBr
in g.taom.c acetic acid: .

Ihe'carbobenzoxyleucine (0.01 mole, 2,65 g) was dissolved in

T e Y S A

THF (50 ml) which had been previously 'dried by treating with NaH

L

dispersion“ _(1 @) for 5 minutes and then filtered. Then MeI (0.08 mole,

5 ml)‘ was added followed by NaH dispersion (0:03 tole, 1.44 g of 507

-y TR T TR

HaH dispersion in oil) The mixture which at this point was bubbling
| rapidly 'with the evolution of hydrogen was ‘allowed to stand at

room tenq)erature, 23° c, the reaction flask being fitced with a
.condenser and drying tube. Continual mixing was supplied by the use

S

of a magnetic stirrer. After 24 hr the aolvent was evaporated and

the residual solid treated with ether (100 ml) and water . (25 ml) The
l aqoaous layer was discarded and the ether layer further washed with

water (1 x 25 ml). After drying (HgSOA) the ether was evaporated o
" to give the two immiscible oils (one being the oil from the Nal

dispersion) .

'_,A; O To .the residual imniscible oils was added 301 HBr in glacial

_ acetic acid (20 ml) and the reaction mi‘xture was allowed to stand at room
temperature for 2 hr.- The mixture was’ evaporated and then re—evaporated
with etl\xer'. The crystalline residue was dissolved in water (25 ml)

. and vashed with ether (2x 10 ml) The aqueous solution\ was broucgl:;

to dryness in vacuo at 40 °c and the res:.dual 011 was freed from

g
;
:
'
i
i
1}
;'.
|
»
1
!

water by twice evaporating its solution in methanol to dryness. /
: : .

-

-A\ .



Fl

.

After drying under vacuum over P2 s the residue was crystallized

from nethanol (20 ml) by the addition of ether (100 to 300 ml) and
-'recrystdllized from methanol—ether (1. 7 g, m. p. 167-170° C) (Table III)
The residue upon amino acid‘analysis was identified as

' h—methyl leucine hydrobromide, also verifying ‘the. absenc?fbf any meth}l'

ester form (Table IVb)

Y
a

2) Hethyf.a,tion 04 ._\!_-ca';bobenzaxy-o-bcnzyﬁ Lynosine at noom temperatune:

To H:carbobenzoxyfgjbenzyl tyrosine.(0.00I mole, 0.405 g) o

in THF (15 wl), previeusly dried with\washed NaH was added Mel (0.008

}aole, 0.5 ml) followed by Nal (o 003 mole, 0.}44 g of 50% NaH

dispersion washed with dry benzcne) The reaction flask fitted WItE;)
a condenser and dryiﬁg'tube was left at rcom temperature (23 C).for

24 hr. ‘The use of a magnetic stirrer provided continual mixing. Tne
solvent was removed by evaporation, the residue wes distributed between
ether (15 ml) and water (5 ml); the water 1ayer was discarded and the
ether layer was washed with water (1 X 5 ml), dried (MgSOA) and

.

evaporated down The resmdue was hydrogenated in acetic acid using 107

palladium on powdered charcoal as catalyst for 24 hr. . The solution
was filtered anf evaporated down.. The product (0.11 gm) was identified

-by n.m. r. Spectroscopy (see Figi 1, p. 49) as N-methyltyrosine. Upon

)
i
1
1
h)
1
B

v amino’ acid analysis ‘the presence ofi%? tyrosinc was, detected; the

methylation was incomplete. . e C o ,j

-
) . -

- i

N



e g, .
o SH AR, .Il...‘...t!v;!nn:.-..u-.\ . PRI R -

e SRR EEEEE SRAREETELEE tfe = mmmm e ao- e e e IHOLVYIdO =~ mmmmemeemmemee-o- Hiva : UOISIAIP JUILINIISUL -[¥INAIRUR ;
. . WIN IHW 09 . _ : _ _ . . uepeA L
mnxuUm.mU + m.HUQU. uNamros . (§00) ¢ T 90" 0 MIA31 HIMOd 4% S TTey T 1{sdd) ILVY ONINNIIS ,
) ) , N 2 B R _ Sl FTY] © W TN T 0AdWY WESIINI
.co.ﬂﬂcmmo.ﬂgﬂ Aq ﬁ@uuouo..ummn ) . , 1 (o0g) | b 7 (TH) HIOIM d33MS TTGZT T T fONUNWY WNEID3dS
.U mm Je JuI uT pojeTdAyzau QUTSOIAL N o S (est) T \E {(225) INIL 43IMS TG T (zH) 135440 dIIM$
thNC&QtOlthNcwnoaumUlﬂ nxuqimg ‘ ouTSOIAITARAL-N @uwvs [ [Jov WANVW : :
oL o'y L) wad o's 09
L - Te
]
w
w
'
H :
. L W
n |
_ 1! ”
I N |
: m
| IR U O
; i :
i - “
it L o
! . ~A .
' m . ! o i
_ d .
1 : m . .
P H / - i
« —— . . M..
| ] i
e et ==k
|- _ =
“ u
| i
! _ .
t - :




*i‘ ) f

a

- iy

-~

v

’ . T et Sarear b L e iy S
T et e e 0o e B R T RS a

e el e = o




—— - ——— —e

D, The Naﬂ Procedure for Methylatlon as Applled to

o

Methylate Phenolicon)dTOhyl Groups

.1) Hezhuﬂarieh 04 o~catecho£ at room zempenatune {detailed):

.~ The o-cafechel (0. 01 mole, 1.10 g)‘was dissolved in
-THT (50 ml) which had previously been dried by treating
with 1ashed Nalf (1 g of Nall dlqper51on suspended in dry -
benzene and flltered) for 5 minutes and. then filtering Mel
(0 08 mole .5 ml) was added followed by NaH (0.03'mqle,
1.44 g 509 NaH &isperéion eashed with dry benzene and
filtered). The mixture‘which at this'poiet“was bubbling
Vrepidly-with the evplutien of hydroéen'WQSoallowed'to stand
‘ét room temperature; 23°t; the reaction f1e5k~béing'£itted‘l »
with a cqndeneer and drying tube. thtinual mixing was
supplied by tﬁe use of a‘magneeie stirrer.l After 24 hr
the sdlveﬁt'wae evapereted end the residual soiid treated
with ether (100 ml) and water (25 ml). The equeoue 1a§er-_
,4%3 d15ca£€ef*ied the ether layer further washed with :;,
water (1 X 25 ml) After drylng (MgSO ) ‘the ethiiﬂwas
evaporated and the re51dua1 11qu1d (1 1 g) was 1dent1f1ed by
n,m.T. spectrum (see Fig. 2, p 52) as O O'dnncthyl catechol Yield 84%.
The above methylatlon of o-catechol was also carrled

out using THF (50 ml1) and DME (5 ml) as the solvent system
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_ \1Ei$ 88 (Table V ). oThe respectlve n.m. r. spectrum

shoued a greater amount of 1mpur1t1es present

2} Methﬁﬁation ef 2;6—di-tehi-butqi-Jrncihuﬂ_phenoﬁ at‘SQGC

-
r

| To 2, ;0-di-tert-butyl- 4-mcthy ephenol (0. 01 mole, i 2,2
' gn) in THF (50 m1} and DMF (S mnl), prev1ously dried, u1th . *.d :
washed Nali was added Mel (0.08 mole, 5 ml) folldﬁbd;by

'NaH (0.02 mole, 0 96 gm of 50% NaH d¥spersion washed w1th

: dry beneene). The 1eact10n flask fltted w1th a condenser N
and drying:tube Yas placed in a wax bath at 80°C for L |
23 hr. The soIvént‘was.removed-by evaporation, the residue
was dlstrlbuted between ether (100 ml) and water (25 ml),
the water layer was dlscarded and the ether layer Was washed.
with water (25 ml), drled'TMgSO )'§bd cvaporated down. The
residual 011 ‘(2.04 gm), on the basis of its n.m.r., spectrum.

(see Fig. 3, p. Sd}fwas identified as 2, 6 dl—ter -butyl-4-

|
1,
¢
i

-'methyl anlsole - Yield 87%.

1he above preparatlon was repeated at. ﬂ% C, yleld 87%.
This hlndered phenol was also methylated u51né THF (50 ml)
:.as solvent system both at 80°C, y1éld g0%, and 23°C y1e1d 86‘z
The 2,6-di-tert-~ butyl -4- methylphenol was also

!

 methy1ated-1n THF:DMF, using the~abo§i ‘reported’ procedure,
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at 80%C for 1 hr, A 97% yield.of the respective anisole
was obtained. e : v

A1l .the above products werehidéntified on.the bas§s

of their n.m.r: spectra.

N [

E. The‘FIH PrOgedvre for Motnylatlon as Appllcd te Mcthylate

» ‘ . . g -

Alcoh011c Hydrox)l Groups . o ‘j

1) McrhjfafLon 06 bcn*uL afcohoﬂ at §0° C

, To benzyl alcohol (O 01 mole, 1. 03 ml, sp. gr. 1 045) .
in FHF (50 ml) whlch has pleV1ously drled using . washed NaH
was added Mol (0.04 mole, 2.5 ml) followed by . NaH (U 015 mdle
0.72-gm of 50% Nall dieper51on_Washed u1thjdry-ben;ene),~ The

' rcactlon flask "fitted- w1th a condenser and drying tube’was,“

placed in-a.wax bath at 80°C for 24 hr. The sblfﬁnt’ﬁis-

removed by evaporatlon the re51due was d strlbuted between
3ethcr (100 ml) -and nater (25 ml), the water 1ayer was '

dlSCﬂIded and the ether layer’ has,hasbed hlth water (25*m1),

ered (ﬂgSO ) and evaporated down The cs1dua1 11qu1d s

tl 1 'g} was 1dent1f1ed as methyl benZy theq (b P. 174-C

. sp gr.' 0.971) on the basis of 1ts n.m.r. spectrum (sce. F1’4 p- 5(_)).

$
Yield 90%, The above proccdure was repeated at 23° C and a 74%

yield of the. methyl benzyl ether was obtalned (Table VI).
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7) Methyltation o&-tmipﬁeﬁfﬂ canbinoﬁ at 23%

‘ To trlphenyl carblnol (0. Of;;EEE}—zjﬁ'gj in THF '; . ?f.
' (50 ml) p10v1ous]) drled Wlth washed NaH was added Mel . EE
"(0.04Im01e, 2.5 m1) followed by Nall. (0. J02 mole, 0.96 gm of
505 Nall disﬁerelon washed with dry benzene) The reactlon
'£11:k fltted hlth a condenser and dr)lng tube (as left at
TOOR temperatu1e (23 C} fog 24 hr. The uge of a nagnetlc
st111cr p10v1ded continual mlxlng The solvent was
‘removed by evaporatlon, the re51due hgé d15t1lbuted between
ether (100 ml) and water (25 ml); the water 1ayer was
'-dlscalded and the ether 1ayer was washed with water (25 ml)
dried'{HgSO‘) and evaporated dOh?,f’le re51dua1 solid ‘
(2,36 gm) was rec1ystalllzed from methanol (2 3 gm) and by
means of 'its n.m r. spectrum (Fig. 5, p 58) was identified as tf:phenyl
Carb1n01 methyl ether Y1e1d 85% m.p. 82-83 °c.

The above procedu1e was carrled out at 80°C and a

81q yleld ‘of the methyl ether was obtalned Do
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