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N-2,2,2-Trichloroethoxycarbonyl-1.-amino Acids

John F. CARSON

Western Regional Research Center, Science and Education Administra-
tion, U. S. Department of Agriculture, Berkeley, California 94710,
U.S.A.

The 2,2,2-trichloroethoxycarbonylurethane (troc-urethane) was
first recommended as a useful protecting group for amines by
Windholz and Johnston'. Urethanes were prepared by reaction
of 2,2,2-trichloroethyl carbonochloridate with the amine in pyri-
dine or under Schotten-Baumann conditions. The trichloroeth-
oxycarbonyl group was later removed by reduction with zinc
dust. Sletzinger et al.? prepared this type of derivative in phos-
phate buffer (pH 8.5-9.0) as one step in a synthesis of cephalos-
porin.

The relatively mild removal of this protecting group and its
moderate stability to acid' suggested the development of a
method for the preparation of N-2,2,2-trichloroethoxycarbonyl
derivatives of L-amino acids and their application in peptide
synthesis. Chauveite et al.® prepared the N-troc derivative of -
a-phenylglycine in a synthesis of cephalexin and Yajima et al.?
prepared &- N-troc-L-lysine by reaction of the carbonochloridate
with copper lysinate in the synthesis of the peptide, dog fish me-
lanotrophin. These investigators also used this reagent for pro-
tection of terminal hydrazide groups. With the exception of
these cases, the troc group has apparently not been applied in
amino acid or peptide chemistry.

This report describes the preparation of N-2,2,2-trichloroethoxy-
carbonyl-L-amino acids 3 according to the following Scheme.
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The derivatives 3 were prepared by alternate addition of sodium
hydroxide solution and 2,2,2-trichloroethyl carbonochloridate
(1) to a stirred aqueous solution of the amino acid 2 cooled in an
ice-bath. The substitution of milder bases as sodium carbonate
or sodium hydrogen carbonate generally gave lower yields. To
maximize yields a large excess of the carbonochloridate 1 was
used. Troc chloride (1) is less reactive to amines than benzyl car-
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bonochloridate and the by-product bis[irichloroethyl} carbonate
is always formed as was observed by Evans et al.” in reactions of
1 in base. It was necessary to remove this troublesome by-prod-
uct from the basic reaction mixture before isolation of the troc-
amino acid 3.

Fifteen N-troc-L-amino acids 3 were prepared and all except
troc-leucine, troc-isoleucine, and three troc-lysine derivatives
were obtained crystalline. The last five compounds, obtained as
oils or glasses, were crystallized as the r-butylamine salts. These
derivatives have advantages over the commonly used dicyclo-
hexylamine salts in that 'H-N.M.R. spectra are more easily in-
terpreted and the original compounds are more easily regener-
ated from the salts. Physical constants and analytical data of the
troc derivatives 3 are recorded in Tables 1 and 2. Troc deriva-
tives of tryptophan or serine (unprotected hydroxy group) could
not be prepared. Attempts to prepare a-troc-lysine from N-e-
benzylidenelysine by the Bezas and Zervas® method for the pre-
paration of a-benzyloxycarbonyllysine resulted in only small
yields of product contaminated with lysine. An alternate synthe-
sis of a-troc-lysine by catalytic hydrogenolyses of a-troc-¢-ben-
zyloxycarbonyllysine with 10% Pd-—C and hydrogen also failed.
The a-benzyloxycarbonyl-g-troc-lysine was found to be a useful
derivative for the preparation of a-benzyloxycarbonyllysine by
zinc reduction.

'H-N.M.R. spectral data of compounds 3 are given in Table 1. The
CH,—CCl; resonance appeared as a sharp singlet at $=4.7-4.8 ppm (in
DMSO-d,/TMS), except for N-troc-L-proline in which case the
CH, CCl, absorption appeared as a doublet centered at §=4.75 ppm.
At 90°C the doublet coalesced to a singlet suggesting two structures for
this derivative which interconvert rapidly at higher temperatures.

The following protected dipeptides were prepared by the dicy-
clohexylcarbodiimide procedure with added N-hydroxysuccin-
imide: N-Troc-Phe-Met-OC,H;, N-Troc-Leu-Met-OC,Hs, N-
Troc-Met-Met-OC,Hs, and N-Troc-Met-Phe-OC Hy-t. The first
three were obtained crystalline and the last as an oil. By the zinc
dust reduction method of Just and Grozinger’ (zinc dust/tetra-
hydrofuran/1 molar KH,PO,4:5/1 v/v), the troc group was re-
moved from N-Troc-Phe-Met-OC,H;s to yield H,N-Phe-Met-
OC,H; isolated as the crystalline hydrochloride, and from N-
Troc-Met-Phe-OCHo-1 1o yield the crystalline hydrochloride of
H,N-Met-Phe-OC,Hy-t. Of the frequently described solvent
combinations such as acetic acid, formic acid, refluxing metha-
nol and dimethylformamide + acetic acid, the Just and Grozin-
ger procedure seemed the most satisfactory. Less zinc was solu-
bilized and removal of zinc salts by hydrogen sulfide was usual-
ly unnecessary. However, yields in these zinc reductions are
variable apparently independent of the solvent used, and the
methods of activating zinc dust are not always completely satis-
factory.

Specific rotations were measured with a Perkin-Elmer Model 21 polari-
meter with a cell of 1.0 decimeter path length. 'H-N.M.R. spectra were
obtained with a JEOL-PFT-100 spectrometer. Organic reagents and L-
amino acids were purchased from Aldrich Chemical Co. or Pierce. Zinc
dust was obtained from Mallinckrodt and activated by the procedure of
Tsuda et al.* L-Methionine ethyl ester was prepared by the method of
Brenner and Huber? and r-phenylalanine i-butyl ester hydrochloride
was prepared by the method of Roeske'. Melting points are uncorrected
capillary melting points.

N-Troc-1.-methionine; Typical Procedure:

A solution of L-methionine (7.00 g; 0.0469 mol) in 1 normal sodium hy-
droxide solution (55 ml) is stirred in an ice-bath and trichloroethyl car-
bonochloridate (1; 20.0 g, 0.094 mol) and 1 normal sodium hydroxide so-
lution (12.5 ml) are added alternately in small portions over 7 h with con-
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Table 1. N-(2,2,2-Trichloroethoxycarbonyl)-L-amino Acids 3
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Product Yield m.p. Specific Rotations* Molecular 'H-N.M.R. (DMSO-4,/TMS, 20°C)
[%] [°cl formula® 8 [ppm]
ethanol DMF
[elt ladia [ lal&e
troc-Gly 67 123-125° — - — - CsH,CLLNO, 3.70 (d, 2H); 4.80 (s, 2H); 7.95 (t, 1 H)
(250.5)
troc-Ala 73 77° —184° -3720° ~-220° —45.64° CHCLNO, 1.27 (d, 3H); 3.8-4.3 (m, 1H); 4.72 (s,
(264.5) 2H); 7.92 (d, 1H) ) Ty 3742
- -81° - 32° - §5°  ~ 89" -18.0° C4H,,CL3LNO, 0.90 (d, 6H); 1.9-24 (m, : 3.7-4.
troe-Val ” W =2 (292.6) (m, 1H); 4.80 (s, 2H); 7.9 (d, 1 H)
troc-Leu 66 oil° -19.3°  -3807° ~250° —-4998° CoH,,CLNO, 0.90 (t, 6H); 1.3-2.0 (m, 3H); 3.8-4.3
(306.6) (m, 1H); 4.79 (s, 2H); 7.85 (d. 1H)
troc-lleu 59 oil¢ + 1.3° + 3.6° ~ 6.3° —12.6° CyH,,C1LNO, 0.7-1.0 (m, 6 H); 1.1-2.0 {m, 3H); 3.90
(306.6) (q, 1 H); 4.80 (s, 2H); 7.85 (d. 1 H)
troc-Phe 66 129-130°  + 4.5° +13.3° ~2895° —-5738° (C,;H,,C3NO, 2.7-3.3 (m, 2H); 4.1-4.4 (m, 1H); 4.70
(340.6) (s, 2H); 7.20 (s, 5 H); 7.90 (d, 1H)
troc-Pro 84 64-65° —44.27° —89.73° —4190° --85.58° CyH,,CliNO, 1.7-2.6 (m, 4H); 3.20-3.70 (dd, ZH);
(290.5) 4.10-4.50 (dt, 1 H); 4.65-4.90 (d, 2 H)'
troc-Met 76 80-81° —12.3°  -24.2° ~23.8° —48.68° CyH,,C31NO,S 2.10 (s, SH); 3.9-43 (m, 1H); 4.80 (s,
(324.6) 2H); 8.00 (d, 1H)
troc-Glut 95 74° —124° 2384 -2281° —46.00° CzH,,Cl;NO, 1.7-2.5 (m, 2H); 3.8-4.2 (m, 1H); 4.80
(322.5) (s, 2H); 7.90 (d, 1H)
troc-Glut(NH,) 82 112.5-113° - 74° -134° -17.0° -36.41° CgxH,,CL3N,0s 1.5-2.4 (m, 4H); 3.8-43 (m, 1H). 4.78
(321.5) (s, 2H); 7.15 (d, 2H); 7.95 (d, 1 H)
troc-Asp(INH,) 73 154-155°  — 0.31° — 25° -12.1° —26.53°  C;HyCLN,05 24-2.8 (m, 2H); 43-4.5 (m. 1H), 478
(dec) (307.5) (s, 2H); 7.08 (d, 2H); 7.80 (d, 1 H)
troc-Asp 89 146-147°  — 34° -~ 9.16° -3197° -6840° C,H,Cl,NO, 2.3-29 (m, 2H); 42-4.5 (m, {H); 4.75
(dec) (308.5) (s, 2H); 7.85 (d, 1H)
a-troc-e-Cbz-Lys? 90 oil* — 54°  —10.0° -13.4° -26.61°  C,;7H;,CI5N,0,4 1.2-2.0 (m, 2H); 2.4-3.2 (m, 2H); 3.8-
(455.7) 42 (m, 1H); 476 (s, 2H); 4.97 (s. 2H);
7.35 (s, 5H); 7.7-8.3 (m, 2H)
a-Cbz-e-troc-Lys® 90 oil¢ - 24° - 471° - 6.6° —-12.5° Cy7H,,CI3N,04 1.1-2.0 (m, 2H); 2.3-3.2 (m, 2H); 3.8-
(455.7) 4.2 (m, 1H); 4.75 (s, 2H): 5.0 (s. 2H);
732 (s, SH); 74-7.8 (m, 2H)
a,e-di-troc-Lys 42 oil* - 57° —11.2° - 9.7° -19.4° Ci2H,6CleN,04 1.0-2.0 (m, 2H); 2.3-3.6 (m, 2H); 3.8-

(497.0)

4.2 (m, 1H); 4.74 (s, 4H); 7.60 (m, 1 H);
7.95 (d, 1H)

a

b

Specific rotations were measured at 3.5-4.0% concentration.

<

Characterized as r-butylamine salt, see Table 2.

Crystalline compounds gave satisfactory microanalyses: C +0.58, H +0.28, N +0.39.

4 Prepared by reaction of trichloroethyl carbonochloridate with ¢-benzyloxycarbonyllysine.

c

coalesced to a singlet at 4.75.

tinuous stirring at 0°C. The air of the flask is displaced by argon. The
mixture is then stirred overnight at room temperature and extracted with
cthyl acetate (4 x 75 ml) to remove bis[trichloroethyl] carbonate. The al-
kaline phase is then chilled and acidified (hydrochloric acid) with preci-
pitation of an oil. The oily suspension is extracted with ethyl acetate
(3x75 ml) and after drying with sodium sulfate, the ethyl acetate frac-
tion is concentrated in vacuo to a colorless oil which is crystallized from
cther/hexane (1:3) to give N-troc-1.-methionine; yield: 11.11 g (76%).

The ethyl acetate extracts of the original basic reaction mixture on con-
centration yield the by-product, bistrichloroethyl] carbonate identified
by mass spectra, '"H-N.M.R., and "*C-N.M.R. in agreement with the data
of Evans et al.°>. Ethyl acetate is chosen as an extracting agent at this
stage, since ether or dichloromethane yield severe emulsions. This is
found to be true for the other compounds except for the three lysine deri-
vatives when the opposite is true. Ether is then preferable.

N-Troc-Phe-Met-OC;Hs; Typical Procedure:

A solution of troc-phenylalanine (6.75 g, 0.0198 mol) and 1.-methionine
methyl ester hydrochloride (4.255 g, 0.0199 mol) in dichloromethane
(200 m1) and dimethylformamide (70 ml) is stirred at — 10 °C and the hy-

Prepared by reaction of trichloroethyl carbonochioridate with a-benzyloxycarbonyllysine.
' At 90°C, for proline, the CH, at 3.20-3.70 became a triplet, the CH at 4.10~4.50 became a doublet of doublets and the CH, doublet at 4.65-4.90

drochloride neutralized by the addition of diisopropylethylamine (4 ml).
Air in the flask is displaced by argon and dicyclohexylcarbodiimide (4.45
g, 0.0211 mol) is added. Approximately 20 min later, N-hydroxysuccin-
imide (2.19 g, 0.019 mol) is added and the suspension is stirred at — 10°C
for 6 h, stored at —20°C for 16 h, and at 0°C for 72 h. The mixture is
then concentrated in vacuo to a thick slurry whereupon ethyl acetate
(300 ml) is added followed by 1 normal hydrochloric acid (10 ml) and
acetic acid (2 ml) to destroy excess dicyclohexylcarbodiimide. The mix-
ture is stirred for 30 min and filtered. The ethyl acetate filtrate is ex-
tracted successively with 1 normal hydrochloric acid (5 x40 ml), 5% sodi-
um hydrogen carbonate solution (5 x 40 ml), and saturated sodium chlo-
ride solution (25 ml). Concentration of the ethyl acetate extract in vacuo
gives the crystalline product which is recrystallized from 1{:2 ethyl ace-
tate/hexane or 2:1 ethanol/water; yield: 9.7 g (>95%); m.p. 88-89°C;
[ad5: —16.7°, [a)2: —29.63°, [a]2,: —37.57° (c 4.7, DMF).
CioHasCLN,OsS cale.  C€45.66 H5.04 N5.60 Cl21.28

(499.8) found 46.1 5.17 5.7 20.7

'H-N.M.R. (DMSO-d:./TMS): 5=1.13 (1, 3H); 1.7-2.1 (m. 5H); 4.10 (q,
2H); 4.3-4.5 (m, 2H); 4.67 (s, 2H); 7.30 (s, 5H); 7.35 (d, 1 H); 8.40 ppm
(d, 1H).
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Table 2. t-Butylamine Salts® of Qily N-2.2,2-Trichloroethoxycarbonyl-
L-amino Acids

Troc-L-amino Acid m.p. [°C] Molecular formula®™
troc-Leu® 168-169° (dec) C3H.sCL:N,0, (379.7)
troc-lleu 178-179° (dec) C:H::CLN,O, (379.7)

a-troc-¢-Cbz-Lys 131° (dec) C, H13CLNLO, (528.9)
a-Cbz-¢-troc-Lys 120° (dec) C2H1ClNL O, (528.9)
a,e-di-troc-Lys 137" (dec) CcH::CIN;0,, (570.1)

The salts had N.M.R. spectra very similar to those of the oily acids
with the addition of NHY bands and the i-butyl hydrogen singlet at
8=1.25-1.3 ppm.

Satisfactory microanalyses obtained: C +0.4, H +0.14, N +0.10, Cl
+0.6.

In a typical preparation, a solution of t-butylamine (1.0 ml) in ether (6
ml) is added to troc-leucine (1.40 g) in ether (15 ml). After refrigera-
tion overnight, the amine salt crystallizes; yield: 1.42 g (82%).

>

N-Troc-Leu-Met-OC;Hs:

Prepared as described above and recrystallized from 1:3 ethyl acetate/
hexane or 2:1 ethanol/water; yield: §9%; m.p. 100-100.5"C: [cx]f§ :
~23.0°, [a] 33 —44.11°, [a)5is: —64.86° (c 4.326, DMF).
Ci¢H7CLiNLOsS cale. C41.25 H585 N6.01 C12283

(465.8) found 414 592 6.04 225
'‘H-N.M.R. (DMSO-d/TMS): §=0.90 (m, 6 H); 1.15 (t, 3H): 3.9-4.5 (m,
4H); 4.80 (s, 2H); 7.80 (d, 1 H); 8.25 ppm (d, 1 H).

N-Troc-Met-Met-OC,Hs:

Prepared as described above and recrystallized; yield: 98%; m.p. 60°C;
ol —19.39, [alhe —35.957, lalhs: —50.67 (¢ 4.79, DMF).
CysH,sCI3N,058; cale. € 37.23 HS521 NST79

1483.9) found 376 5.43 5.60

"H-N.M.R. (DMSO-d/TMS): 6=1.17 (t, 3H); 3.9-4.5 (m, 4H); 4.75 (5,
2H): 7.85 (d, 1 H); 8.30 ppm (d, 1H).

N-Troc-Met-Phe-OC,Ho-1:

Prepared from N-troc-L-methionine and L-phenylalanine t-butyl ester as
described above; yield: 97%; oil; [al5: +13.9°, [aliie +33.35° (¢ 7.604,
ethyl acetate); [a]3: —10.7°, [a]5,: — 18.1° (¢ 5.067, DMF),
'H-N.M.R. (DMSO-d,/TMS): §=1.27 (s, 9H); 1.98 (s, 3H); 4.0-4.5 (m,
2H); 4.76 (s, 2H); 7.20 (s, SH), 7.81 (d, 1H); &.17 ppm (d, { H).

Zinc Dust Reduction of N-Troc-Phe-Met-OC,;Hs:
N-Troc-Phe-Met-OC,H; (4.40 g, 0.0088 mol) is dissolved in tetrahydro-
furan (120 ml) and the air displaced with argon. Activated zinc dust (14
g) is added with vigorous magnetic stirring and immediately after { mo-
lar KH,PO, (24 ml) is added and stirring continued for 7.5 h. The slurry
is filtered by gravity and the zinc washed with fresh tetrahydrofuran (100
ml) and ethanol (100 ml). Water (20 ml) and 1 normal hydrochloric acid
(10 ml) is added and the solution is concentrated in vacuo to ~350 ml
The acidic suspension is exiracted with ether (3 x 75 ml) to remove start-
ing material and the aqueous phase made alkaline with sodium hydrogen
carbonate solution. This is again extracted with ethyl acetate (3 x 75 ml).
The organic phase is treated with 1 normal hydrochloric acid (8 ml) to
form the hydrochloride and concentrated in vacuo to 50 ml. Water is re-
moved by 3 repeated additions of 75 ml portions of ethanol and vacuum
concentration until the product is obtained as a foam. Crystallization is
accomplished by the addition of ether to give HN-Phe-Met-
OC,H;-HCI yield: 2.60 g (82%); m.p. 86-87°C; [aly: —16.8°, [alile:
—28.6°, [a]Zs —34.31° (¢ 3.433, DMF).

CiHxCIN,O:S  calec.  C€53.25 H698 N7.76 C19.82

(360.9) found 53.6 7.04 7.60 9.6

'H-N.M.R. (DMSO-d,/TMS): §=1.15 (t, 3H); 1.7-2.2 (m, SH); 2.8-34
(m, 4H)Y; 3.9-4.6 (m, 4H); 7.25 (s, SH); 8.4 (5, 3H): 9.2 ppm (d, 1H).
H,;N-Met-Phe-OC,Hy-#- HCL:

This compound is obtained by zinc reduction of N-troc-Met-Phe-
OC,Ho-t in a manner similar to the previous experiment. Reduction of
N-troc-Met-Phe-OC Ho-t (447 g, 8.66° mmol) gives H,N-Met-Phe-
OC,H.t as a non-crystallizing oil; yield: 2.08 g (70%).

SYNTHESIS

This compound is converted to the hydrochloride which is recrystallized
from ether; m.p. 151-153 °C (dec); [alpy: +16.1°, [a)ire: +39.27° (¢ 3.8,
DMF).

CisHwCIN,O3S  cale.  C€5559 H7.52 N7.20

(389.0) found 56.0 7.63 714

'H-N.M.R. (DMSO-d,/TMS): §=1.30 (s, 9H); 1.8-2.2 (m, 5H); 3.0 (d,
2H); 3.8-4.0 (m, 1 H); 4.3-4.6 (m, 1H); 7.25 (s, SH); 8.45 (s, 3H): 9.10
ppm (d, 1H).

The author thanks R. E. Lundin and Sue Witt for N.M.R. measurements
and G. E. Secor for microanalyses.
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