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Heteroarene-2-sulfonyl Chlorides (BtsClI; ThsCl): apparent after several days or less at rt (room temperature),
Reagents for Nitrogen Protection and>99% depending on crystal quality. Simple amines reacted rapidly
Racemization-Free Phenylglycine Activation with with 1 and2 under aprotic conditions. With zwitterionic amino

SOCl, acids, the best results were achieved by stirring a suspension

. . . . of 1 or 2 in a solution of the amino acid in NaOtH,0 while
.IJEig\E)ViIr? V@‘;ﬂs'* Shouzhong Lin, Artis Klapars, and maintaining pH in the range of $010.5. This method afforded
9 9 ) o ) ) crystallineN-Bts andN-Ths derivatives in 9297% yield with
Chemistry Department, Unersity of Wisconsin  gianine, valine, phenylalanine, proline, and phenylglycine (Phg).
Madison, Wisconsin 53706 The N-Ths derivatives formed significantly faster (2 h at©
Receied May 6, 1996 for Ths-Phg vs 10 h at 1€C for Bts-Phg), probably because
ThsCl has greater water solubility compared to BtsCl. Under
similar conditions, but using 3.1 equiv of ThsClI, both amino
groups of lysine were protectedN{,N.-bis-Ths-Lys, 89%).
Serine reacted selectively using 1.5 equiv of ThsCl (M%ths-
Ser isolatedy, but similar treatment with BtsCl afforded a
mixture. The standard method produced the mono-Bts deriva-
tive of tryptophan £95% yield) without affecting the indole
nitrogen. Tyrosine gave the bis-sulfonylation product using 3.1
equiv of ThsCl at pH 10 (90%), but O-sulfonylation could be
prevented by temporary O-silylation. Thus, heating with bis-
(trimethylsilyl)acetamide (2.1 equiv, GBN) followed by
eaction with BtsCl in pyridine afforded-Bts-Tyr in 72% yield.
odified nonaqueous conditions were also used to prepare Bts-
Phg from Phgt MesSiCI/EgN (THF, reflux) followed by BtsCl/
Et;N to give Bts-Phg in 87% yield. Useful bis-N-sulfonylation
of arginine was not achieved under a variety of conditions,

Acid chlorides derived from N-acylamino acids undergo facile
cyclization to the easily racemized oxazolinoheditrogen
protection using alkoxycarbonyl groups improves amino acid
chloride stability and th&l-(fluorenylmethoxy)carbonyl (FMOC)
derivatives can be stored in crystalline fotmHowever, they
can still cyclize to oxazolinones, especially if tertiary amines
are presertt. The corresponding acid fluorides may offer a better
combination of reactivity and stability for use in peptide
synthesi$:* For applications that demand the reactivity of an
acid chloride, the risk of oxazolinone formation can be avoided
by using an arenesulfonyl group to protect nitro§érhut
arenesulfonamide cleavage in the amino acid series has bee
difficult. We report a solution to this problem using the
heteroarenesulfonyl chlorides benzothiazole-2-sulfonylchloride
(1, BtsCl, “betsyl” chloride) or 5-methyl-1,3,4-thiadiazole-2-
sulfonyl chloride 2, ThsCl, “thisyl” chloride).

however.
N NN N H Ph Removal of theN-Bts orN-Ths groups was accomplished at
@:g—s%c' o s (IQ—X HN/‘S(C' rt by treatment with Zn/HOAe EtOH or Al—Hg/ether-H,0.
1(BtsC) * 2 (Thscl) 3 X=H Bts O Slow addition of excess 50%3R0; to a ca. 1 M DMF solution
4 X=OH 5 of the substrate also worked, although removal of the DMF was

tedious. No cleavage was observed in THF at rt, but good
results were obtained by slow addition of 50%R, to the
substrate in refluxing THF (for exampl&l,-Bts-Trp to Trp;

Commercially available 2-mercaptobenzothiazole or 2-mer-
capto-5-methyl-1,3,4-thiadiazole were treated with excess chlo-

rine in HOAc—H,O.” The resulting crystallinel or 2 were 90% isolated). Other reducing agents {80, or NaHSQ
stable for months in the freezer, but evolution of ;S@as removed the %B'ts group cINI-Bts-%hgin refﬁuxin‘lg EtOHHZO).
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Communications to the Editor

Several peptide coupling applications were explored in the
sensitive Phg system. RecrystallizddBts-(S)-Phg was heated
with 3 equiv of SOC] in CH,Cl,, and the crude acid chloride
5 was reacted with amino esteés(H,O/NaCO;—NaHCQOy/
CH.Cl,, 0—5°C, 15 min). Protected dipeptid@svere isolated

H R HiC CHs HPh R R
- + OR — + OCl =, 3,
Cl HN Cl HN Hs _5_ OR
HN N
|
o o Na2COs s 6 H O
6a R;=R=CHs 6c CHyClp

7a Ry=R=CH3,R,=H

7b Ry=Bn,R=tBu,Ry=H
7¢ Ry=R=Ry=CHs

9b,c : replace Bts by Ths

6b R,=Bn,R=tBu

in high yield by crystallization {a, 95%; 7b, 89%; 7c, 95%
crude solid, 87% recrystallized), indicating essentially complete
coupling despite the short reaction time. The minor diastere-
omers 8a and 8b and the enantiomeBc were prepared
independently to establish detection limits in the crude products
(7a, CH3O 13C satellite vs8a 'H CH30O signal, <0.1% 8a
detectablé? 7b, t-BuO 13C satellite vs'H t-BuO signal, 0.1%
detectablé? 7c, <0.1%8c detectable, CSP HPLC), as well as
assay error{a/8a, +0.1%;7b/8b, +£0.2% crude+0.1% after
crystallization;7c/8c, £0.05%). No equally sensitive assay for
N-Bts-Phg was found, thus the overall results were evaluated
by comparing ee of the commercial starting materials (CSP
HPLC: (9-Phg,>99.9% ee;RR)-Phg, 99.2% eeha, 99.6% ee;

6b >99.8% ee) with the de ofa,b/8a,b or the ee of7c/8c.

H Bn

{__otBu
N

H

Ph

””.‘

H
Ph H R, Ry Y ©O o
= 2 11a Y=H
HN N/%OR 11b Y=Bz
|
Bs 0 H o Ph H  HBn H Bn H CHs
3 > L __OCH;
8a R,=R=CHy Ry=H  HN NN OB H”.‘/QH"N/%]/
8 Ry =BnR=tBu,R;=H y o H § ™ms 0 H o
8c Ry=R=R;=CHj; 12a Y=H 13
10b,c : replace Bts by Ths 12b Y =Bz

Diastereomer purity icrude7a(99.7% de) andb (99.6% de)
and enantiomeric purity iorude7c (99.8% ee) was consistent
with a maximum of 0.1% racemization of the Phg subunit
(=299.8% retention) after allowing for experimental error and
the purity of commercial reagents. Carpieal. have shown
that Cbz-Phg-F reacts with Aib-OGHbr with proline amide
to give the dipeptides Cbz-Phg-Aib-OGH<1% racemiza-
tion) and Cbz-Phg-Pro-NH < 0.1% diastereomer formatio®.
The results withN-Bts-Phg-Cl are satisfactory in view of the
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Similar reactions were briefly explored in thé-Ths-Phg
series without optimizing yields. Thus, warming recrystallized
N-Ths-(©-Phg orN-Ths-{R)-Phg with thionyl chloride followed
by reaction with6c (aqueous N#COs/CH,Cl,) producedc or
10c(64%). The enantiomers were distinguished by the chemical
shift of the thisyl C-CHs signal in the presence of a chiral
europium shift reagent>99.8% ee,13C satellite method;
detection limit based on an authentic 99.7:0.3 mixture). Simi-
larly, the Ths-Phg-Phe-OC(G}4 diastereomer®b and 10b
were obtained starting frodb andN-(S)-Ths-Phg andN-(R)-
Ths-Phg, respectively (867% yield,>99.8% de). Deprotection
of 9b with Zn—HOAC followed by N-benzoylation affordetilb
(92% overall, 99.8% de), and similar treatmenf.6b produced
12b (=99.7% de). Reaction dib with N&xS;04/EtOH—H,0
(reflux) followed by benzoylation gave significant epimerization
in 11b (96% de). However, the standargR0O, deprotection
of 9b producedL1b with 99.8% de (95% overall yield). Thus,
the Bts and Ths protecting groups have very similar properties.
The Bts group is cheaper, but the Ths group has small
advantages in the rate of N-protection (agueous suspension
method), solubility, and crystallinity in some cases.

One additional dipeptide example was explored. Th8s, (
phenylalanine (99.6% ee) was treated with ThsCl followed by
thionyl chloride as usual. The resulting crudeThs-(S)-Phe-

Cl was reacted witlba (99.6% ee) to givd3in 70—75% overall
yield (NaaCO;—H,0/CH,Cl, conditions). The thisyl C-CgitH

NMR signals of the diastereomers were resolved and 99.6% de
was determined{C satellite method). However, if the crude
N-Ths-(©-Phe-Cl was recrystallized, then coupling wéh as
before gavel3 with >99.8% de.

In summary, the Bts and Ths groups allow conversion of
phenylglycine to the protected acid chlorible Rapid coupling
occurs with6a—c in the absence of additives, and the demanding
Aib-OMe substrate affordsc with 99.8% ee. Deprotection of
diastereomergb/8b and9b/10b is possible without change in
de using the inexpensive Zn/HOAE&tOH or 50% HPO,. The
latter procedure involves homogeneous (moderately acidic)
reducing conditions. We could find no prior use ofM,'*in
peptide synthesis or in N-deprotection. Other Bts- or Ths-
protected amines are easily made and deprotéeféthut these
were not studied in detail since many protecting group options
are availablé? On the other hand, there are few alternatives
that allow preparation of stable amino acid chlorides. The Bts-
protected amino acid chlorides are recommended as practical
reagents for difficult solution phase peptide-coupling reactions
or for other applications where the high reactivity of an acid
chloride is important.

simple reagents, methods, and greater reactivity compared to

Cbz-Phg-F3

Crystallization of the protected dipeptidd improved3C
satellite assay precision (99.8% de). Purifidlal was depro-
tected by the slow addition of 50%3P0,, refluxing THF—
H,0), and the resultinglawas converted into the more stable
11b (BzCI/NEt(-Pr)/CH.Clz; 99% yield overall, 99.8% de;
<0.1% diastereomer detection limit3C satellite method).
Using other reducing agents for deprotection, significant
epimerization was detected 11b (N&,S,04/EtOH—H,0, reflux,
2 h, 97% de; NaHS@ EtOH—H,0, 6 h reflux, 88% de) in
contrast to the EPO, results.

(11) HgN-(+)-Trp-Met-Asp-Phe-NH CI-(—) (Sigma) was protected using
excess BtsCI/NaOH (ca. 90% isolated). Cleavage with 5QROADMF
at rt followed by precipitation from dilute HCI gave ca. 70% recovery of
material having the same NMR signals as the commercial peptide and minor
signals due to a Bts-containing impurity.

(12) Dewey, R. S.; Schoenewaldt, E. F.; Joshua, H.; Paleveda, W. J.,
Jr.; Schwam, H.; Barkemeyer, H.; Arison, B. H.; Veber, D. F.; Denkewalter,
R. G.; Hirschman, RJ. Am. Chem. Sod 968 90, 3254. Freidinger, R.

M.; Hinkle, J. S.; Perlow, D. S.; Arison, B. H. Org. Chem1983 48, 77.

(13) In a competition experiment, Aib-OGHCI/5% NaHCQ was
added to 3 equiv of Cbz-Phg#and 3 equiv of Bts-Phg-Cl in Ci€l,. A
chloride/fluoride reactivity advantage of 99:1 was established by NMR.
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