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(24, M - 3 COOCHJ, 288 (28, M - COOCH, - HCOOCH, - 2 
OCH,), 232 (28, M - 3 COOCH, - HCOOCH,). 

Anal. Calcd for CZ5Hz7NO8 (mol wt 469.50): C, 63.96; H, 5.80; 
N, 2.99. Found: C, 64.21; H, 5.88; N, 2.93. 

The compound was also obtained, in 69% yield, from reaction 
of the 1:l adduct 13* with 1 equiv of DMAD in refluxing benzene 
for 8 h, as shown by melting point, mixture melting point, and 
NMR comparison with the sample prepared from 11. 
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(14) The CHCl3 UV solution faded perceptibly visually and the UV 
spectrum changed with time, even when the solution was kept in the 
refrigerator most of the time: after 2 days, 266 (4.11), 319 (3.97), 391 
(4.05); after 3 days, 277 (4.261, 390 (3.71). In contrast, a concentrated 
(0.173 M) CDC1, NMR solution appeared to be more stable. The solution 
was kept for 8 days and then diluted to 1.23 X lo-’ M with CHC1, and 
then run promptly, giving W (CHCl,) 265 (-4.3) 320 (-4.2), 391 (-4.3). 
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0-Methyltyrosine [Tyr(Me)] and 0-ethyltyrosine 
[Tyr(Et)] substitutions at  position two in selected ana- 
logues of oxytocin and arginine vasopressin (AVP) have 
proved to be extremely valuable for the design of antag- 
onists of the characteristic biological responses of these 
peptide hormones.2 For antidiuretic antagonists the 
0-ethyl-substituted analogues are almost twice as potent 
as 0-methyl-containing analogues.2d We wished to explore 
the effects on antidiuretic antagonism of further increasing 
the size of the 0-alkyltyrosine substituents, i.e., by the 
incorporation of 0-isopropyltyrosine [Tyr(iPr)] and O-n- 
propyltyrosine [Tyr(nPr)] in some of our most potent 
antagonists. The present study was prompted by the 
unavailability of Tyr(iPr) or Tyr(nPr). Both Tyr(Me) and 
Tyr(Et) are commercially available as their tert-butyl- 

(1) Supported by NIH Grant GM25280. 
(2) (a) M. Kruezynski, B. Lammek, M. Manning, J. Seto, J. Haldar, 

and W. H. Sawyer, J. Med. Chem., 23,364 (1980); (b) W. H. Sawyer, J. 
Haldar, D. Gazis, J. Seto, K. Bankowski, J. Lowbridge, A. Turan, and M. 
Manning, Endocrinology, 106,81(1980); (c) K. Bankowski, M. Manning, 
J. Seto, J. Haldar, and W. H. Sawyer, Int. J. Pept. Protein Res., 16,382 
(1980); (d) W. H. Sawyer, P. K. T. Pang, J. Seto, M. McEnroe, B. 
Lammek, and M. Manning, Science, 212, 49 (1981). 
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Scheme I 

K CO , 18-c 6 

reflux 
Boc-Tyr-OMe + MeS03-/-Pr Boc-’yrf -?r -0Me 

Boc-TyrkPr) e( 
\ 

procedure B 
K CO , 18-c-6 

ref lux 
Boc-Tyr + 2MeS03-i  -9 &,r:ne,DMF- Boc-Tyr!/-Pri-O-i-Pr 

MeS0,-i-Pr = isopropyl methanesulfonate; 
18-c-6 = 18-crown-6 

oxycarbonyl (Boc) derivatives. Also, higher alkyl ethers 
of tyrosine, starting from the butyl derivative, can be 
readily prepared by alkylation of unprotected tyrosine with 
alkyl halides in the presence of NaOH in H20/Me2S0 
s~ lu t ion .~  However, the only reported synthesis of Tyr- 
(iPr) afforded this material in only a 4 %  yield following 
an 11-day reaction.* 

We now report a new convenient and rapid method for 
the preparation in good yield of both Boc-Tyr(iPr) and 
Boc-Tyr(nPr) suitable for direct use in peptide synthesis. 
The general usefulness of this method is further demon- 
strated by the synthesis in excellent yields of BOC-L- and 
-D-Tyr(Me), BOC-L- and -D-Tyr(Et), N-(benzyloxy)- 
carbonyl-%(Et), and N-formyl-Tyr(Me) (Table I). This 
method is an adaptation of a recently described synthesis 
of ethers of alcohols or phenols from alkyl halides in the 
presence of catalytic amounts of tetraalkylammonium salts 
or crown ethers and K2C03 as base? Boc-tyrosine methyl 
ester (procedure A) or Boc-tyrosine (procedure B), com- 
mercially available or readily prepared, can be used as 
starting materials. Both procedures are illustrated in the 
following schematic syntheses of Boc-Tyr(iPr) (Scheme I). 

The experimental conditions used for the preparation 
of all the aforementioned 0-alkyl derivatives are given in 
Table I. The use of Boc-tyrosine methyl ester as starting 
material has a number of advantages: (a) it enconomizes 
on the use of the more expensive higher alkylating reag- 
ents; (b) the methyl ester group is more readily removed 
by hydrolysis; (c) the methyl esters can be used directly 
in couplings by the azide method. Because short-chain 
alkyl halides are too volatile for alkylations performed in 
boiling benzene we used commercial methyl and ethyl 
sulfates to obtain the methyl and ethyl ethers. The 
methanesulfonic acid esters of isopropyl and n-propyl 
alcohol were used in the syntheses of the higher homo- 
logues because methanesulfonates are better alkylation 
reagents than sulfates.s They are also more readily pre- 
pared in the laboratory. The alkylations of N-protected 
tyrosine with methyl and ethyl sulfates in boiling benzene 
proceed rapidly (Table I) whereas the reactions with both 
the propyl and isopropyl methanesulfonates under these 
conditions are sluggish. The addition of 10% DMF faci- 
litates completion of these alkylations’ over an extended 
reaction time. 

Both the alkylation reactions and the basic hydrolysis 
of the tyrosine ester groups proceed with nearly quanti- 
tative yields as evidenced by TLC. Losses in varying de- 
grees were incurred during the ensuing crystallizations 
(Table I). However, the crude products in all cases were 

(3) S. L. Sofar and R. Schumaker, J. Org. Chem., 31, 1996 (1966). 
(4) M. Engelhard and R. B. Merrifield, J. Am. Chem. Soc., 100,3559 

(5 )  M. Fedoryneki, K. Wojciechowski, 2. Matacz, M. Makosza, J. Org. 

(6) Personal communication to A.K. from Professor M. Makosza. 
(7) A. M. Kolodziejczyk, A. Arendt, Pol. J. Chem., in press. 

(1978). 

Chem., 43, 4682 (1978). 
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Table I .  Conditions and Products of N-Protected Tyrosine Alkylation Reactions 
conditions 

crystn substrates of alkylation 

tyrosine alkylating time, solvent % [a 1 26D 
N deriv agent h solvent product system yield mp, "C (c 1, EtOH) 

1 Boc-Tyr-OMe SO,(OMe), 1.5 benzene Boc-Tyr(Me)g AcOEt/ 97 92-94 +42.ga 

2 Boc-Tyr SO,(OMe), 1.5 benzene Boc-Tyr(Me) AcOEt/ 94 92-94 +42.0a 

3 Boc-D-Tyr-OMe SO,(OMe), 1.5 benzene BOC-D -Tyr( Me) AcOEt/ 95 92-94 -42.1 

n-hexane 

n-hexane 

n-hexane 

n-hexane 

n-hexane 

4 Boc-Tyr-OMe SO,(OEt), 1 .5  benzene Boc-Tyr( Et)g toluene/ 87 90-92 + 39.8 

5 Boc-D-Tyr-OMe SO,(OEt), 1 .5  benzene Boc-D-Tyr(Et) toluene/ 8 5  90-92 -39.7 
.~ 

6 Boc-Tyr-OMe MeS0,-n-Pr 3.0 benzene/ Boc-Tyr(n-Pr)g n-heptane 64 84-86 +31.5' 
DMF 

7 Boc-Tyr-OMe MeS0,-i-Pr 5.0 1 O : l  benzene/ Boc-Tyr(i-Pr)g n-hexane 61 87-91 + 24.6d 

8 Boc-Tyr MeS0,-i-Pr 6.0 1 O : l  benzene/ Boc-Tyr(i-Pr) n-hexane 55 86-90 + 23.7 

9 Z-Tyr SO,(OEt), 1.5 benzene Z-Tyr( Et)  toluene/ 84 79-81 -35.1e 

10  CHO-Tyr SO,(OMe), 1.5 benzene CHO-Tyr( Me) water 95  155-156 +94.6f 

mp 78-84 "C; [aIz6D +33.8" (c  1, 
EtOH). NMR (CDCl,): .6 1.1 ( 3  H, CH,), 1.4 ( 9  H, Boc), 1.8 ( 2  H, CH,-n-Pr), 3.2 ( 2  H, CH,-$), 3.9 ( 2  H, CH,-0), 4.5 (1 
H, CH-CY), 7.0 ( 4  H, aromatic). 
i-Pr), 7.0 ( 4  H, aromatic). e Lit." yield 49%; mp 76-78 "C; [aIZoD -34.2" ( c  1, DMF). f Lit.', yield 91%; mp 152-154 "C; 
[a]D +94.7 (c  2, EtOH). g Satisfactory analytical data (i. 0.4%) for C, H, N were reported for all new compounds listed in 
the table. Elemental analyses were performed by Integral Microanalytical Laboratories Inc., Raleigh, NC. 
tions: 
alkyl methanesulfonate; Tyr-OR, tyrosine alkyl ester; Tyr( R), tyrosine alkyl ether. 

DMF 

DMF 

n-hexane (c  1, DMF) 

a A Bachem sample: mp 91-94 "C; [&Iz6,, +40.8" ( c  1, EtOH). A Bachem sample: 

NMR (CDCl,): 6 1.3 ( 6  H, i-Pr), 1.4 ( 9  H, Boc), 3.2 ( 2  H, CH-O), 4.5 ( 2  H, CH-cu + 0-CH, 

Abbrevia- 
Boc, (fert-buty1oxy)carbonyl; Z, (benzy1oxy)carbonyl; CHO, formyl; Me, methyl; Et,  ethyl; Pr, propyl; MeS0,-AKL, 

chromatographically pure and could be used directly in 
peptide synthesis. Thus this method affords a rapid and 
efficient means of obtaining primary and secondary 0-alkyl 
ethers of a variety of N-substituted tyrosine derivatives 
which can be utilized directly in peptide synthesis. The 
Boc-Tyr(iPr), Boc-Tyr(nPr), Boc-Tyr(Me), Boc-Tyr(Et), 
and Boc-D-Tyr(Me) derivatives described here have been 
incorporated successfully into synthetic analogues of AVP. 

Experimental Section 
Boc-Tyr, Z-Tyr, TyrOMeHCl, and D-Tyr were obtained from 

Chemalog; 18-crown-6 and di-tert-butyl dicarbonate [ ( B O C ) ~ ~ ]  
were obtained from Fluka AG. 

We describe here the synthesis of the remaining starting ma- 
terials: n-propyl methanesulfonate, isopropyl methanesulfonate, 
D-tyrOSine methyl ester hydrochloride, Boc-L-Tyr-OMe and 
Boc-D-Tyr-OMe, together with the synthesis of Boc-Tyr(iPr) from 
Boc-Tyr-OMe (procedure A) and from Boc-Tyr (procedure B). 
The alkylation conditions utilized for the synthesis of Boc-Tyr- 
(Me), Boc-Tyr(Et), Boc-PTyr(Et), Boc-Tyr(nPr), Z-Tyr(Et), and 
CHO-Tyr(Me) by procedure A or procedure B together with their 
physical properties are presented in Table I. I t  will be noted that 
the melting points and optical rotations of the known derivatives 
are in excellent agreement with the literature values and with those 
available commercially. 

n-Propyl Methanesulfonate. A stirred solution of pyridine 
(139 mL, 129 g, 1 mol) in n-propanol (118 ml, 90 g, 1.5 mol) was 
cooled in a dry ice bath to -20 "C and methane-sulfonyl chloride 
(81 mL, 114.5 g, 1 mol) was added during a few minutes. The 
dry ice bath was replaced with an ice-water bath and stirring was 
continued. The temperature of the reaction solution rose slowly 
to 30 "C and then decreased. The ice-water bath was removed 
and stirring was continued a t  room temperature for 2 h. Ether 
(250 mL) and an ice-water mixture (150 mL) were added. The 
aqueous layer was removed and the organic layer was washed twice 
with cold water and dried with MgS04. After filtration and 
removal of ether the product was distilled under reduced pressure. 
The fraction with bp 96-98 "C (10 mmHg) [lit.8 bp 103 "C (12 

(8) J. H. Markgraf, B. Hess, Jr., C. W. Nichols, and R. W. King, J. Org. 
Chem., 29, 1499 (1964). 

mm)] was collected to yield 89.7 g (65%). 
Isopropyl Methanesulfonate. This was obtained by the same 

procedure from pyridine (139 mL, 129 g, 1 mol), 2-propanol (115 
mL, 90 g, 1.5 mol), and methanesulfonyl chloride (81 mL, 114.5 
g, 1 mol) to  give the desired product: bp 86-88 "C (12 mmHg) 
[ l k 8  bp 86-88 "C (12 mm)]; yield 88.6 g (63%). 

D-Tyrosine Methyl Ester Hydrochloride. Thionyl chloride 
(24.6 mL, 39.3 g, 0.33 mol) was dropped into methanol (300 mL) 
cooled in a dry ice bath, followed by addition of D-tyrOSine (50 
g, 0.28 mol). The reaction solution was stored at  room temperature 
for 2 days and the solvent was removed by evaporation. The 
crystalline residue was triturated with methanol, reevaporated 
(twice), dissolved in hot methanol, diluted with ether, and left 
to crystallize: yield 56.1 g (88%); mp 189-191 "c -68.0" 
( c  1.0, pyridine) [ m 9 6 0 % ;  mp 189-190 " c ;  [.IDz3 -68" (c 1.04, 
pyridine)]. 

tert-(Butyloxycarbony1)-L-tyrosine Methyl Ester. A so- 
lution of D - T ~ ~ O M ~ H C ~  (50 g, 0.216 mol) in water (100 mL) was 
mixed with a solution of KzCO3 (29.9 g, 0.216 mol) in water (100 
mL) and after 10 min. the precipitated tyrosine methyl ester was 
collected by filtration, washed with water, and placed in a 1 L 
two-necked flask equipped with a condenser and a dropping 
funnel. A solution of tert-butyl alcohol (100 mL) in ether (150 
mL) was added, followed by the dropwise addition with stirring 
of di-tert-butyl dicarbonate'O (45.8 g, 0.210 mol) in 15 min. 
Complete solution was achieved during the first 10 min of the 
addition and the reaction was complete after a further 15 min. 
The reaction solution was diluted with ether (150 mL), washed 
3 times with water, and dried with MgS04.  After removal of ether 
and tert-butyl alcohol the crystalline residue was redissolved in 
toluene, reevaporated, and crystallized from toluene/ n-hexane 
(1 day a t  room temperature and the second day in refigerator): 
yield 51.3 g (81g); mp 101-103 "C; +10.6" (c 2, EtOH) [lit." 

(9) G. W. Moersch, M. C. Rebstock, E. L. Wittle, F. J. Tinney, E. D. 
Nicolaides, M. P. Hutt, T. F. Mich, J. M. Vanderbelt, R. E. Edgren, J. 
R. Reel, W. C. Dermody, and R. R. Humphrey, J. Med. Chem., 22,935 
(1979). 
(10) V. F. Pozdnev, Khim. Prir. Soed., 764 (1974). 
(11) H. Schulz, Chem. Ber., 99, 3425 (1966). 
(12) L.-E. Larson, G. Lindelberg, P. Melin, V. Pliska, J. Med. Chem., 

(13) N. Izumiya, A. Nagamatsu, Bull. Chem. SOC. Jpn., 25,265 (1952). 
21, 352 (1978). 
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mp 102-104 "c; [.ID +5.4 (MeOH)]; TLC (benzene/acetone 3:l) 
Rf0.40. Anal. Calcd for C15H21N02: C, 61.0; H, 7.2; N, 4.7. Found: 
C, 61.1; H, 7.3; N, 4.9. 

tert -(Butyloxycarbonyl)-D-tyrosine Methyl Ester. This 
was obtained by the same procedure from D - T ~ ~ O M ~ H C I  (50 g, 
0.216 mol), K2C03 (29.9 g, 0.216 mol), t-BuOH (100 mL), and 
di-tert-butyl dicarbonate (45.8 g, 0.210 mol): yield 50.3 g (79%); 
mp 102-109 "c ;  [.Iz5D -10.50° (c 2, MeOH). Anal. Calcd for 
C15H21N02: C, 61.0; H, 7.2; H, 4.7. Found: C, 61.2; H, 7.3; N, 
4.8. 

Boc- 0-isopropyltyrosine (Procedure A, from BOC-L-TY- 
rOMe). A mixture of Boc-L-TyrOMe (5.9 g, 20 mmol), K&03 
(3.0 g, 22 mmol), 18-crown-6 (0.6 g, 2.2 mmol), and isopropyl 
methanesulfonate (3.0 g, 22 mmol) in benzene (90 mL) and DMF 
(10 mL) was stirred and heated to boiling in an 0.5-L flask 
equipped with an azeotropic distilling receiver and a condenser. 
After 5 h the reaction mixture was cooled and cold water (50 mL) 
added. The organic layer was separated, washed with water 
(twice), dried with MgS04 and evaporated. The residual colorless 
oil was dissolved in methanol (20 mL), cooled in an ice bath, and 
mixed with a solution of NaOH (0.9 g, 22.5 mmol) in water (10 
mL) and left to stand for 0.5 h. After removal of methanol a t  
room temperature, the residue was diluted with an ice-water 
mixture (100 mL) and acidified with 2 M HCl to pH 2. The 
precipitate was extracted with AcOEt (100 and 50 mL). The 
combined organic solutions were washed with NaCl solution 
(twice) and dried with MgS04. After removal of ethyl acetate, 
the crystalline residue was crystallized from n-hexane: yield 3.9 
(61%); mp 87-91 "C; [ a I z S ~  +24.6" (c 1, EtOH). 

Boc- 0-isopropyl-L-tyrosine (Procedure B, from BOC-L- 
Tyr). A mixture of Boc-L-Tyr (5.6 g, 20 mmol), KzC03 (6.0 g, 
44 mmol), 18-crown-6 (0.6 g, 2.2 mmol), and isopropyl meth- 
anesulfonate (6.0 g, 44 mmol) in benzene (90 mL) and DMF (10 
mL) was stirred and heated to boiling for 6 h as in procedure A. 
Further workup was similar to procedure A, except that the basic 
hydrolysis was prolonged to 1 h yield 3.5 g (55%); mp 86-90 "C; 

Registry No. Boc-Tyr-OMe, 4326-36-7; Boc-Tyr, 3978-80-1; 
Boc-D-Tyr-OMe, 76757-90-9; z-Tyr, 1164-16-5; CHO-Tyr, 13200-86-7; 
Boc-Tyr(Me), 53267-93-9; Boc-D-Tyr(Me), 68856-96-2; Boc-Tyr(Et), 
76757-91-0; Boc-D-Tyr(Et), 76757-92-1; Boc-Tyr(n-Pr), 76757-93-2; 
Boc-Tyr(i-Pr), 76757-94-3; z-Tyr(Et), 66147-90-8; CHO-Tyr(Me), 
76757-95-4; L-TyrOMeHC1, 3417-91-2; n-propyl methanesulfonate, 
1912-31-8; isopropyl methanesulfonate, 926-06-7; D-tyrosine methyl 
ester HCl, 3728-20-9; D-tyrosine, 556-02-5. 

[ . l Z 6 ~  +23.7" (C 1 ,  EtOH). 
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During the course of our search for plants having tumor 
inhibitory constituents, an ether extract of the title plant 
yielded a crystalline compound which exhibited strong 
cytotoxic activity against the human epidermoid carcinoma 
of the nasopharynx (KB) test system.' We present evi- 
dence that i t  is the previously unknown 3-0-methyl ether 

(1) Geran, R. I.; Greenberg, N. H.; MacDonald, M. N.; Schumacher, 
A. M.; Abbott, B. J. Cancer Chemother. Rep.,  Part 3 1972, 3(2), 17. 
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Table I. 'H NMR Chemical Shifts ( 6 )  and 
Coupling Constants (Hertz, in Parentheses) for 
3'-OMethylevomonoside (3) and Neriifolin ( 4 )  

3 4 

3 3.97 m 3.97 m 
1 6  CY$ 2.0-2.25 m 2.0-2.25 m 
17 2.28 dd ( 9 . 0 ,  5 .3)  2.78 dd (8 .8,  5 .0 )  
1 8  0.88 s 0.88 s 
19 0.94 s 0.97 s 
21 a,@ 4 .82  dd (18.0, 1 .5 )  4 .82  dd (18.0,  1.5) 

4 .99 dd (18.0,  1 .5)  4 .98 dd (18.0,  1.5) 
22 5.88 t (1.5) 5.88 t (1 .5)  
1' 4.92 d (1 .7 )  4 .86 d (4 .4)  
2' 4 . 0 2  dd (3 .1 ,  1 .7)  3 .58 dd (8 .9,  4 .4)  
3' 3.42 dd (9 .2 ,  3.1) 3.25 t (8 .9 )  
4' 3.50 t (9 .1 )  3.15 t (9 .0 )  
5' 3.73 dq (9 .0 ,  6 .3)  3.74 dq (9 .0,  6 .3)  
6' 1 .29 d ( 6 . 3 )  1.26 d (6 .3 )  
M e 0  3 . 5 0 s  3.69 s 

(3) of evomonoside (2)2 and is thus the C-2' epimer of 
neriifolin (4)., 

-1 H 

G 

R1 R2 

I OH 

2 G H 

3 G H 

3a G Ac 

4 G H 

R3 R4 R5 

H H OH 

Me H OH 

Me H OAC 

Me OH H 

3'-O-Methylevomonoside (3), mp 203-204 "C, [.Iz5,, 
-20.6", and neriifolin (4) appeared on TLC with nearly 
identical Rf values. 3 displayed a hardly discernible mo- 
lecular ion peak at  mle  534 (E1 mass spectrum shifted to 
m l e  750 (M+.) in its Me3Si derivative), which, combined 
with its elemental analysis, led to molecular formula 
CNHG08. The IR (KBr) spectrum of 3, which displayed 
characteristic dienone (1785, 1740 cm-') and broad hy- 
droxyl (3490,3420 cm-') bands, was very similar to that 
of neriifolin (4). The mass spectrum of 3 exhibited readily 
interpretable fragmentation peaks, m / e  357 [M - (sugar 

(CH, + CO)], 161 [M - (aglycon - H)], and 74 (base, 
[CH,OCH=CHOH]+.), all suggesting 3 to have digitox- 
igenin linked to a deoxy-0-methyl hexose moiety. 

The lH (Table I) and 13C (Table 11) NMR spectra of 3 
and neriifolin (4) were very similar except for the sugar 
absorptions, strongly indicating that 3, like 4, is a glycoside 
of digitoxigenin (1). The 13C NMR shifts of neriifolin (4) 

- H)], 339 (357 - HZO), 246 (357 - CGHTOZ), 203 [246 - 

(2) Zorbach, W. W.; Valiaveedan, G. D.; Kashelikar, D. V. J. Org. 
Chern. 1962.27, 1766. 

(3) Helpenberger, H.; Reichstein, T. Helu. Chirn. Acta 1948,31,1470. 
The sample of neriifolin used in this investigation was isolated in this 
laboratory from Theuetia peruuiana (Apocynaceae). Ita identity was 
established by direct comparison with an authentic sample. 
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