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The results showed the 1,4-diazabicyclo[2.2.1]heptane
structure proposed by Pettit.??

Two cycles of isotropic least squares for all atoms re-
duced the R factor to 189, and one cycle of full-matrix
anisotropic least squares gave an R value of 14.69.

New CoMPOUNDS

Bond distances and angles are given in Figure 1 (a sec-
ond set of data taken with Ni-filtered Cu radiation gave
an B factor of 13.19, after one cycle of anisotropic
least squares). A list of atomic coordinates for this
structure is given in Table 1.
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Convincing experimental evidence exists for the role
of (R)-(—)-carnitine in enzyme-mediated transport of
activated acyl groups across mitochondrial and possibly
other membranes.'~¢ Further, the structural similarity
of carnitine (1) and acetylearnitine (2) to choline and
acetylcholine, respectively, the possible biotransforma-
tion of 1 and 2 to B-methylcholine,” and the use of 1 in
the clinie,® point to possible therapeutic potential® and/
or pharmacologic utility of these types of biological
molecules or related derivatives. We report a conve-
nient synthesis of (R)-(—)-, (8)-(+)-, and racemic
chloroacetylcarnitine chlorides (3), which have been
investigated for cholinergic activity,’2’® and in tissue
culture.

(CH;);N *CH.CHO—X

CH.COO~
1, X=H
2, X = COCH;
3, HC], X = COCH:CI
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Experimental Section!s

(R)-(—)-Chloroacetylcarnitine Chloride (3).—A mixt of 1.0 g
(0.005 mole) of (R)-( —)-carnitine chloride, 0.9 g (0.005 mole) of
chloroacetaic anhydride, and 0.1 g of p-TsOH was stirred at 70-
75° for 75 min. The syrupy reaction mixt then was cooled to
25°, washed with Et;0 (3 X 3 ml), and taken up in 3.5 ml of
-PrOH. After standing 2-3 hr at 25°, and overnight at 3°,0.85 g
(629,)18 of a cryst product was obtd. One recrystn from EtOH-
-PrOH afforded white crystals: mp 186-188°; [a]?p —27.7°
(¢ 8.03, H,0); tle (silica) R; 0.07, CH;CN-CH;OH-NH; (10:
5:2); ir (u, Nujol) 5.69 (C=O0, ester), 5.89 (C=O0, acid); pmr
(5, D:0) 2.91 (2, d), 3.2 (9, s), 3.81 (2, m), 4.32 (2, s), 5.67 (1, m).
Anal. (CanClzNOU, Cy H, N, CL

(8)-(+ )-Chloroacetylcarnitine chloride (3) was obtained in
629 yield:* mp 186-188°; [«]??D +29.8° (¢ 8.89, H,O). Anal.
C, H, N, Cl

(RS)-Chloroacetylcarnitine chloride (8) with p-TsOH.H.O as
catalyst was obtained in 669 yield,® mp 179°. Anal. C,H, N, CL
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reported for (R)-(—)-8. Melting points were detd with & Thomas-Hoover
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In the current investigation of compounds related to
asparagine for antitumor activity, 3-amino-4-hydroxy-
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L(—)-butyramide - HCI?* was synthesized for testing as
an inhibitor of L-asparagine synthetase.

The conversion of L-asparagine to its N-Cbz deriva-
tive and subsequent esterification were achieved by
adaptations of known procedures. Reduction of the
latter blocked v-asparagine methyl ester was effected
by Ca(BH.),? a less commonly known reagent. At-
tempts to reduce either L-asparagine, N-carbobenzoxy-
L-asparagine, or N-carbobenzoxy-L-methyl ester with
LAH were unsuccessful.

Experimental Section*

N-Carbobenzoxy-v-asparagine5—To a mixt of 39.6 g (0.30
mole) of 1~Asp and 25.8 g (0.64 mole) of MgO in 300 ml of H,O
was added in 4 portions at 5° 51.0 g (0.30 mole) of carbobenzoxy
chloride. After stirring 15 min longer, the thick reaction mixt
was stirred for 3 hr at room temp, acidified with 2 & HCI, and
filtered, and the solid was washed with H,0, giviug 66.2 g of air-
dried product, mp 158-161°. The entire amt was recrystd from
700 ml of MeOH to yield 36.7 g, mp 164-165° (lit.5 mp 165°).
Recrystn in the same manner of the residue obtained from conen
of the mother liquors to dryness gave 9.4 g, mp 163°. Again
conen of the mother liquors and recrystn of the solid thereof led
to 8.3 g, mp 164-166°, for a total yield of 54.5 g (74.5%,).

N-Carbobenzoxy-v-asparagine Methyl Ester.—A suspension of
30 g (0.113 mole) of N-Cbz-1~Asp in 800 ml of 0.1 N MeOH-HCI
was stirred overnight at room temp. The resulting soln was
coned to drymness, the residue was triturated with Et,O, and the
ester was filtered off and air-dried to yield 31.6 g (1009), mp 150°
(lit.> mp 150°).

3-Carbobenzoxyamino-4-hydroxy-L-butyramide.—A mixt of
anhyd CaCl,, 55.5 g (0.5 mole), and NaBH,, 76 g (1.0 mole), in
1000 ml of abs EtOH was stirred for 1 hr at —10° to —20°.
N-Cbz-1~Asp-OMe, 25 g (0.1 mole), was added and stirring was
contd at the same temp for 4 hr after which 100 ml of HyO was
added dropwise at 0-5°. The mixt was stirred for 30 min,
acidified with couned HCI to congo red, and coned to dryness in
vacuo. The residue was stirred vigorously on the steam bath
with 1000 ml of H:0, and the mixt was filtered. From the cooled
filtrate 15.6 g (69.3%) of 3-carbobenzoxyamino-4-hydroxy-r-
butyramide was obtd, mp 142-144°. A mmp of the product with
starting material showed a depression of 50°: nmr (60 MHz,
DMSO-dg), § 2.33 ppm (d, 2, CH,CO), 3.41 (t, CCH:0), 3.92
(sextet, 1, CCNHC), 4.80 (t, 1, OH), 5.07 (s, 2 PhCH,0), ~6.9
(broad ¢, CONH,), ~7.0 (d, CONHC), 7.40 (s, Ph).

3-Amino-4-hydroxy-L( — )butyramide - HCl.—A soln of 15.6 g
(0.0618 mole) of 3-carbobenzoxyamino-4-hydroxy-L~butyramide
in 780 ml of MeOH was hydrogenolyzed for 4 hr at room temp
using 3.12 g of 109; Pd/C. The filtered soln was coned 7n vacuo
to abont 250 ml and again filtered to remove trace impurities.
The clear filtrate was further coied to an oil which was dissolved
in 10 ml of H,O, acidified with coned HCI, and filtered. An addl
10 ml of H,O was used for the transfer. Me,CO (400 ml) was
added and the cloudy soln stored at 5° overnight. After decantn
of the supernatant phase, the semisolid residue was stirred with
400 ml of Me;CO for 2 hr at 5°. The filtered crude product was
very hygroscopic. It was recrystd from 200 ml of MeOH,
stored at 5° overnight, and filtered, and the product was washed
with cold MeOH and Et,0. After drying over P»Os (0.1 mm)
(25°, 18 hr), the yield was 2 g. 4nal. (C;HyN:0:Cl) C, H, N,
Cl. The residue from the conen of the mother liquors and washes
to dryness was recrystd in the same manner from 200 ml of EtOH
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to give an addl 2.5 g. 4nal. (CHuN,0,Cl) C, H, N, Cl. The
total yield of pure material was 4.5 g (47.1%): mp 134-135°;
[a]®D —7.6° (¢ 1.0, H,O); ir spectrum supported the proposed
structure; nmr (60 MHz, D,0) § 2.6-2.8 (m, 2, CH,CO) and
3.5-4.0 ppm (m, 3, OCH; and CH), remaining active proton sites
of the molecule are deuterated in this medium.
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In an attempt to establish the identity of a postulated
evolutionary intermediate between the 4-serine-con-
taining and 4-glutamine-containing neurohypophysial
hormones, the following 4-substituted analogs, [4-pro-
lineJoxytocin, [4-proline]mesotocin, [4-proline]glumi-
tocin, and [4-lysine]mesotocin were synthesized. The
pharmacological properties of these analogs have been
presented elsewhere.? This communication describes
the solid phase synthesis of these analogs via their re-
spective protected nonapeptide intermediates. The
methods used were essentially the same as those de-
scribed previously for the synthesis of oxytocin® and
[4-threonine]oxytocin.* The physical characteristics of
all of these compds together with the individual yields
obtained are presented in Tables I and II.

Experimental Section®

N-BOC-S-benzyl-L-Cys-O-benzyl-L-Tyr-vr-Ile-L-Pro-L-Asp-S-
benzyl-L-Cys-L-Pro-L-LeuGly-NH: (1).—BOC-glycyl resin (5.0 g,
0.805 mmole of glycine) was treated in an 8-cycle procedure as
described for the synthesis of (4-threonine)oxytocin,* except that
BOC-L-proline was used in the sixth incorporation step to give
the protected nonapeptide resin, weight 6.0 g. Ammonolytic
cleavage of the protected nonapeptide resin (3.0 g) was carried
out as described for {4-threonine]oxytocin and the protected pep-
tide was extd with DMF and MeOH. Solvents were removed in
vacuo, and the residue was purified by trituration with 959 EtOH
(30 ml) to give 1 as an amorphous white powder, weight 550 mg
(Table I). Amino acid analysis gave Asp, 1.00; Leu, 1.00; Gly,
1.08; Bzl-Cys, 2.08; Ile, 0.99; Tyr, 0.82; Pro, 2.00; NH,, 2.30.

[4-Proline]oxytocin (2).—1 (142 mg) was reduced, reoxidized,
and purified by the procedure used in the synthesis of [4-thre-
onineJoxytocin. 2 was obtained as a fluffy white powder, weight.
41.5 mg, shown to be homogeneous by tle and paper electro-
phoresis at different pH values as described for [4-threonine]-
oxytocin (Table II). Amino acid analysis gave: Asp, 1.00; Gly,
1.00; Pro, 2.16; Cys, 1.96; Ile, 0.93; Tyr, 0.94; Leu, 1.05; NH;,
2.12.

N-BOC-S-benzyl-1-Cys-0O-benzyl-v-Tyr-r-1le-L-Pro-L-Asp-S-
benzyl-1.-Cys-L-Pro-r-IleGly-NH, (3).—BOC-glycyl resin (5.0 g,
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