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Anal. Oiled, for C1-H17O2NS: C, 00.3; II , 7.1; N, 
5.9; S, 13.4. Found: C, 60.1; H, 7.0; K, 5.8; S, 
13.2. 
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Ethyl /3,/3-diethoxyalanyl-L-cysteinate hydrochloride (XIX) has been synthesized through the coupling of N-carbobenzoxy-
/3,jS-diethoxyalanine azide (XI) with S-benzyl-L-cysteine, followed by selective removal of the protecting N-carbobenzoxy 
and S-benzyl groups by mild reduction. The azide XI was prepared by the carbobenzoxylation of ethyl ,3,/3-diethoxyalanate 
(IV) followed by conversion of the ester IX to the hydrazine X and then to the azide. The primary coupling product, N-
carbobenzoxy-/3,/3-diethoxyalanyl-S-benzyl-L-cysteine (XIV) and (XV), was separated into its component D,L- and L,L-
diastereoisomers by fractional crystallization of its methyl esters and sodium salts. D,L-N-Carbobenzoxy-/3,,3-diethoxyalanyl-
glycine (XII) resulted from a preliminary investigation of the synthetic route using glycine. An at tempt to couple the un
protected (3,,3-diethoxyalaniue azide (VI) with glycine yielded 3-diethoxymethyl-2,5-piperazinedione (VIII). 

In connection with a s tudy of the structure of 
benzylpenicillin,4 it was of interest to synthesize 
the stereoisomeric ester hydrochlorides (I) of 3,8-
diethoxyalanylpenicillamine, a dipeptide incorpo
rating certain structural features known to be pres
ent in benzylpenicillin itself. 

( C H 3 C H ^ O ) 2 C H C H C O N H C H C O 2 C H O C H 3 1,R = CH3 

! J II, R = H 
H2N-HCl CR2SH 

This paper describes the synthesis of one of the 
stereoisomers of the lower homolog, ethyl /3,/3-di-
ethoxyalanyl-L-cysteinate hydrochloride (II), de
rived from L-cysteine, as a model for the synthesis 
of the dipeptide ester hydrochlorides I, which re
quire the less available penicillamine. 

The first approach studied was the azide cou
pling of 3,/3-diethoxyalanine (III) with ethyl glyci-
nate. The lat ter amino acid was employed in de
veloping the method to avoid difficulties due to the 
sensitive sulfhydryl group and the complications of 
diastereoisomeric dipeptides. 

Ethyl /3,0-diethoxyalanate (IV), prepared from 
ethyl glycinate,5 was converted to the hydrazide 
V in good yield, using anhydrous hydrazine. 
The hydrazide was surprisingly stable, considering 
the functional groups present, and could be distilled 
at reduced pressure without change. 

We were encouraged by the unusual stability 
of the hydrazide to a t tempt direct conversion to 
the azide VI and coupling with glycine without 
protecting the amino group. When this uncon
ventional series of reactions was tried, the product, 
obtained in 10% yield, was not the dipeptide ester 
VII, however, but a white water-soluble solid 
which gave correct carbon and hydrogen values 

(1) From a thesis submitted by Burris D. Tiffany to the Graduate 
School of the University of Wisconsin in partial fulfillment of the re
quirements for the degree of Doctor of Philosophy, 1949. 

(2) Deceased August 10, 19 !9. 
(3) The Upjohn Co., Kalamazoo, Mich. Wisconsin Alumni Re

search Foundation Research Assistant, 1947-1949. 
(4) Cf. H. Adkins, R. M. Ross and D. C. Schroeder, T H I S JOURNAL, 

72, 5401 (1950). 
fo) "The Chemistry of Penicillin," Clarke, Johnson and Robinson, 

lulilurs Princeton University Press, Princeton, N. J. 1949, p. 512. 

for 3-diethoxymethyl-2,5-piperazinedione (VIII) 
i.e., the compound to be expected upon cyclization 
of the coupled product VII . The failure, there
fore, appeared not to be in the coupling, although of 
low yield, but rather in preventing the subsequent 
cyclization. Herein is implied the existence of a 
moderately stable aliphatic primary amino acid 
azide, which seems to be unprecedented.6 

For a successful coupling procedure we turned 
to Bergmann's method for protection of the amino 
group. Carbobenzoxylation of ethyl /3,/3-diethoxy-
alanate (IV) was accomplished in 8 1 % yield, and 
the resulting ethyl N-carbobenzoxy-S,/3-diethoxy-
alanate (IX) was converted readily to the hydrazide 
X with 8 5 % hydrazine hydrate in ethanol. Be
fore t rea tment with nitrous acid this acetal-con-
taining hydrazide was tested for stability in aque
ous acid. I t could be dissolved in three equiva
lents of cold 1 N hydrochloric acid and largely re
covered unchanged upon neutralization of the acid. 
The azide X I was prepared from the hydrazide us
ing nitrous acid and coupled with glycine in 
potassium carbonate solution, giving N-carbo-
benzoxy-/?,/3-diethoxyalanylglycine (XII ) as a white 
crystalline solid in good yield. The crystalline 
methyl ester X I I I was prepared readily from the 
acid upon t reatment with diazomethane. 

Having demonstrated tha t the acetal system 
would survive in the coupling reaction, attention 
was next turned to the dipeptide containing the L-
cysteine residue. The sensitive sulfhydryl group 
was protected with a benzyl .group as described by 
Wood and du Vigneaud.7 When the coupling 
procedure was carried out with S-benzyl-L-cys
teine, the product, obtained in 80% yield, was a 
solid with a broad melting range and presumably 
was a mixture of the D,L- and L,L-diastereoisomers 
of the dipeptide XIV and XV. 

For separation of the diastereoisomers the mix
ture of acids was converted to the methyl esters 

(6) Cf. P. A. S. Smith's review of the Curtius reaction in "Organic 
Reactions," Vol III, John Wiley and Sons, Inc., New York, N. Y., 
1946, p. 353. 

(7) J. L. Wood and V. du Vigneaud, J. Biol. Chem.. 130, 1 10 (IW1J), 
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XVI, (—)-isomer 
XVII , (+)-isomer 
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CH2SH XVIII 

CH3CH2OH 
>-
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XVI and XVII with diazomethane, and recrystal-
lized from a mixture of benzene and petroleum ether 
in which the dextrorotatory ester was the less solu
ble. Material of good quality was obtained in 
25% over-all yield from the hydrazide (based on 
the total amount of all isomers expected). Hydroly
sis of the ester to the free acid apparently was 
accompanied by some decomposition or partial 
racemization, since material of sharp melting point 
could not be obtained. Attempts to separate the 
isomers by fractional recrystallization of the acids 
instead of the esters was not promising. 

The levorotatory form of the dipeptide XIV was 
obtained by hydrolysis of the residual methyl esters 
from which the dextrorotatory ester had been 
crystallized, extraction of the sodium salts into 
chloroform and fractional recrystallization of 
these salts from absolute ethanol. The alkali salts 
of these isomeric acids showed a remarkable solu
bility in chloroform, being much more soluble in 
this solvent than in water. Furthermore, the 
sodium salt of the levorotatory form, which was 
isolated in a fairly pure state, had a surprisingly 
low melting point, 169-173°. The levorotatory 
free acid XIV was prepared from a dilute aqueous 
solution of the salt by treatment with dilute acid 
and was recrystallized from chloroform. Reaction 
with diazomethane converted it to the crystalline 
methyl ester (XVI). 

Both protecting groups in the dipeptides, the 
(8) In these compounds ( + ) and (—) are used to designate an 

observed rotation with no implication regarding actual configurations. 
Small capital D and L are employed as usual to designate known con
figurations. 

NH2 

( C H 3 C H 2 O ) 2 C H C H C O N H C H C O 2 C H 2 C H 3 

H2N-HCl CH2SH X I X 

N-carbobenzoxy and the S-benzyl groups, were re
moved simultaneously upon reduction with sodium 
in liquid ammonia. The process was successful 
however, only when applied to the methyl ester 
and not with the free acid as suggested by the liter
ature.9 Hopkins mercuric sulfate reagent, which 
usually is successful for separation of cysteine-
containing peptides, failed to precipitate the prod
uct in either case here. The product from reduc
tion of the dextro methyl ester was a crystalline 
solid but apparently a mixture. By means of an 
ester interchange in ethanolic hydrogen chloride, 
however, it was converted to a homogeneous prod
uct consisting of the ethyl ester hydrochloride, 
ethyl ^,/J-diethoxyalanyl-L-cysteinate hydrochlo
ride (XIX), a sensitive white crystalline solid. 
A test with sodium nitroprusside reagent verified 
the presence of the sulfhydryl group and a Zeisel 
determination indicated the presence of three 
ethoxyl groups. The free amino group was evi
denced by the formation of a hydrochloride. 

Acknowledgment.—We wish to express our ap
preciation to Dr. A. L. Wilds for advice concerning 
the preparation of the manuscript. 

Experimental10 

/3,/3-Diethoxyalanine Hydrazide (V).—Ethyl 0,/3-diethoxy-
alanate (IV) required in this preparation was prepared from 
sodium ethyl a-N-formylamino-|3-hydroxyacrylate in 30% 
yield by a procedure described in a report from Charles 

(9) C. R. Harington and R. V. P. Rivers, Biochem. / . , 38, 417 
(1944). 

(10) All melting points are corrected. Microanalyses were car
ried out by Richard Hunt and Edward Shiner and by the Clark Micro-
analytical Laboratory, Urbana, 111. 
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Pfizer and Co., Inc.5; however, the results were not readily 
reproducible. The sodium enolate was prepared from ethyl 
N-formylglycinate in 97% yield (crude) as described in a 
report from the Northern Regional Research Laboratories.5 

In a stoppered 25-ml. erlenmeyer flask, a mixture of 10.25 
g. (0.050 mole) of ethyl /3,/S-diethoxyalanate and 2.4 g. 
(0.075 mole) of anhydrous hydrazine11 was kept under 
nitrogen at room temperature with occasional shaking for 
one day, whereupon it crystallized to a dense mass when 
seeded. Upon treatment with Norit and recrystallization 
twice from ether, this produced 7.55 g. (79%) of white 
needles, m.p. 63-65°. The product could be distilled at 
111-112° (0.2 mm.) , giving a solid which, upon further 
recrystallization from ether, melted at 64.5-65.5° and 
showed no m.p . depression with the solid before distillation. 

Anal. Calcd. for C7H17N3O3: C, 43.97; H, 8.96; neut. 
equiv. ,191. Found: C, 44.09; H, 9.16; neut. equiv., 190, 
193. 

3-Diethoxymethyl-2,5-piperazinedione (VIII).—A solu
tion of 0.38 g. (0.0020 mole) of /3,/3-diethoxyalanine hydra-
zide in 5 ml. of water was treated, while swirling in an ice-
salt-bath, with 10 drops (0.004 mole) of concentrated 
hydrochloric acid followed immediately by 0.14 g. (0.0020 
mole) of sodium nitrite in 3 ml. of water. The solution was 
treated with 0.42 g. (0.0030 mole) of potassium carbonate, 
the azide quickly extracted well into ethyl acetate (Mallinc-
krodt analytical reagent), dried over anhydrous sodium 
sulfate and added to a dried ethereal extract of ethyl glycin-
ate, previously prepared from 0.28 g. (0.0020 mole) of 
ethyl glycinate hydrochloride and 0.28 g. (0.0020 mole) 
of potassium carbonate. After one day at room tempera
ture the resulting solution was concentrated under reduced 
pressure to give several milligrams of white crystalline solid 
in a small amount of pale yellow oil. Stirring with 50 ml. 
of ether removed the oil, leaving 0.045 g. (10%) of water-
soluble solid, m.p . 176-177.5° without recrystallization. 

Anal. Calcd. for C9H16N2O4: C, 50.00; H, 7.40. Found: 
C, 49.76; H, 7.29. 

Ethyl N-Carbobenzoxy-)3,/3-diethoxyalanate (IX).—The 
preparation of this compound by procedures differing from 
the one given below has been described previously.12 In a 
250-ml. three-necked flask equipped with a mechanical 
stirrer and two dropping funnels was placed 23.3 g. (0.100 
mole) of ethyl /3,/3-diethoxyalanate, rinsing in with 23 ml. 
of water. This was stirred and cooled in an ice-salt-bath 
while 20.0 g. (0.115 mole) of carbobenzoxy chloride13 and 
60 ml. of 2 N sodium hydroxide were added simultaneously 
during 25 minutes causing an orange oil to separate. After 
an additional 15 minutes of cooling and stirring, the mixture 
was extracted with three 100-ml. portions of ether and these 
washed with water, dried over sodium sulfate, filtered 
and concentrated under reduced pressure. Distillation 
of the resulting 29.4 g. of brown oil produced 27.4 g. (81%) 
of a pale yellow viscous oil, b.p. 164-168° (0.2 mm.) , 
W2D 1.4903. 

N-Carbobenzoxy-S,/3-diethoxyalanine Hydrazide (X).— 
In a 125-ml. erlenmeyer flask 27.35 g. (0.080 mole) of ethyl 
N-carbobenzoxy-/3,/3-diethoxyalanate, 12 ml. of 8 5 % hy
drazine hydrate and 25 ml. of absolute ethanol were shaken 
until homogeneous and kept at room temperature for 20 
hr. The crystals which formed were collected, rinsed with 
20 ml. of 50-50 ethanol-ether and dried, giving 16.5 g. of 
solid, m.p . 139.5-140.5°. The filtrate yielded an additional 
6.0 g., m.p. 139.5-140.5°, and 0.6 g., m.p. 134-136°, for a 
total of 23.1 g. (89%). A sample was recrystallized from 
ethanol-ether for analysis, m.p. 139.5-140.5°. 

Anal. Calcd. for C15H23N3O6: C, 55.33; H, 7.13. 
Found: C, 55.47; H, 7.03. 

Stability of N-Carbobenzoxy-0,0-diethoxyalanine Hy
drazide (X) toward 1 N Hydrochloric Acid.—In 3 ml. of 
1 AT hydrochloric acid14 at 0-5° was dissolved 0.34 g. (0.0010 
mole) of N-carbobenzoxy-0,$-diethoxyalanine hydrazide, 
m.p. 139.5-140.5°. After 5 minutes at this temperature 

(11) L. I. Smith and K. L. Howard, Organic Syntheses, 24, 53 
(1944). 

(12) Reference 5. p. 518. 
(13) H. E. Carter, R. L. Frank and H. W. Johnson, Org. Syntheses, 

23, 13 (1943). 
(14) It was found that in all cases three equivalents of strong acid 

was required to effect complete solution of this hydrazide. 

the solution was made alkaline by slow addition of a solution 
of 0.28 g. (0.0020 mole) of potassium carbonate in 3 ml. of 
water. The white flocculent precipitate which separated 
was collected on a filter, dried and recrystallized from 
absolute ethanol. A total of 0.25 g. of solid, m.p. 139.5° 
and mixed m.p. with starting material, 138-139°, was ob
tained. 

N-Carbobenzoxy-/3,(3-diethoxyalanylglycine (XII).—A 
mixture of 1.00 g. (0.0030 mole) of N-carbobenzoxy-/3,/3-
diethoxyalanine hydrazide and 9 ml. (0.0090 mole) of 1 Ar 

hydrochloric acid was stirred mechanically at 0-5° for 3 
minutes until the hydrazide was dissolved and then 10 ml. 
of dioxane added. Immediately a solution of 0.25 g. (0.003C 
mole) of sodium nitrite in 3 ml. of water was added with 
stirring over a period of one minute, followed quickly by the 
addition of a solution of 0.45 g. (0.0060 mole) of glycine and 
1.38 g. (0.010 mole) of potassium carbonate in 5 ml. of water. 
Stirring was continued 1 hr., the latter half without cooling. 
The resulting clear solution was concentrated under reduced 
pressure at less than 45°. The gelatinous residue was 
added to 15 ml. of water and the resulting suspension filtered 
and dried, giving 0.05 g. of solid, m.p. 142-148°. Extrac
tion of the clear filtrate with ether yielded 0.015 g. of addi
tional solid, m.p. 149-150°. Upon acidification of the 
aqueous layer, extraction of the oil which separated with 
ether and concentration of the extracts, there was obtained 
1.09 g. of tiny white needles, m.p . 111-115°. This was 
dissolved in 3 ml. of ethanol, diluted with 20 ml. of hot 
water and seeded. Upon cooling, the solution became 
milky and tiny needles replaced this milkiness only on long 
standing at room temperature. The needles, when 
collected, weighed 0.96 g. (83%), m.p. 119-120°. Further 
recrystallization raised the m.p. to 119.5-121°. 

Anal. Calcd. for CnH24N2O7: C, 55.43; H, 6.57; neut. 
equiv., 368. Found: C, 55.59; H, 6.44; neut. equiv., 378. 

Methyl N-Carbobenzoxy-(3,5-diethoxyalanylglycinate 
(XIII).—A suspension of 0.37 g. (0.0010 mole) of N-carbo-
benzoxy-(3,0-diethoxyalanylglycine, m.p. 120-122°, in 50 
ml. of ether was treated in portions with excess ethereal 
diazomethane15 causing gas evolution as the suspended 
solid dissolved. After 20 minutes at room temperature the 
solution was concentrated to 2 ml., and the rosettes which 
then slowly formed were collected and dried, giving 0.35 g. 
(92%,) of white crystals, m.p. 94-96°. A sample was 
recrystallized from ether-petroleum ether (40-60°), m.p. 
94.5-96°. 

Anal. Calcd. for Ci7H24N2O7: C, 56.54; H, 6.85. 
Found: C, 56.83; H, 7.09. 

N-Carbobenzoxy-/3,3-diethoxyalanyl-S-benzyl-L-cysteine 
(XIV and XV).—A mixture of 26.1 g. (0.080 mole) of N-
carbobenzoxy-£,/3-diethoxyalanine hydrazide, 240 ml. (0.240 
mole) of 1 A7 hydrochloric acid and 240 ml. of dioxane was 
stirred mechanically at 0° , whereupon the hydrazide dis
solved rapidly. After 10 minutes a solution of 6.6 g. 
(0.096 mole) of sodium nitrite in 72 ml. of water was added 
with continued stirring at 0° during one minute causing a 
cloudiness. Immediately, a previously prepared solution 
of 21.1 g. (0.100 mole) of S-benzyl-L-cysteine7 and 41.5 g. 
(0.300 mole) of potassium carbonate in 120 ml. of water was 
added over about 4 minutes at 0-5°. The resulting oily 
suspension was stirred with cooling for 30 minutes and with
out cooling for another 60 minutes, whereupon it became an 
essentially clear yellow solution which was then concen
trated under reduced pressure to a thick white paste of tiny 
needles. These were suspended in 700 ml. of water and 
stirred with 150 ml. of chloroform into which they were 
quickly extracted.16 Without separating the layers, the 
mixture was acidified to congo red with about 160 ml. of 3 N 
hydrochloric acid and the extraction of the resulting free 
organic acid completed with two additional 120-ml. portions 
of chloroform. The combined extract was washed with 
two 100-ml. portions of water, dried over sodium sulfate, 
filtered and concentrated under reduced pressure on the 
steam-bath. The clear red residue (40 g.) crystallized from 
a mixture of 75 ml. of benzene and 110 ml. of petroleum 
ether (60-68°) only as a gelatinous precipitate which was 

(15) F. Arndt, "Organic Syntheses," Coll. Vol. II, John Wiley and 
Sons, Inc., New York, N. Y., p. 166, note 3. 

(16) It should be noted here that the sodium and potassium salts 
of the product were more soluble in chloroform than in water even 
though this would not normally be expected. 
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used directly in the preparation of the methyl ester de
scribed below. 

In a similar experiment starting with 11.3 g. (0.035 mole) 
of the hydrazide there was isolated 14.1 g. (80%) of a solid, 
m.p. 95-109°, which was presumably a mixture of diastereo-
isomers. 

Anal. Calcd. for C25H32N2O7S: neut . equiv., 504. 
Found: neut. equiv., 513. 

In another experiment starting with 32.5 g. (0.100 mole) 
of the hydrazide, only 15.9 g. (31%) of crystalline solid was 
obtained, but this was apparently largely the (+)-isomer 
since it was subsequently converted to the (+)-methyl 
ester, m.p. 131-132°, [a]27D 17.8° (c 2.8, chloroform) in 
82% yield. 

(+) -Methyl N-Carbobenzoxy-/3,/3-diethoxyalanyl-S-ben-
zyl-L-cysteinate8 (XVII).—A solution of the crude N-carbo-
benzoxy-/3,/3-diethoxyalanyl-S-benzyl-L-cysteine from the 
preceding preparation in 150 ml. of benzene was treated 
slowly with excess diazomethane in ether while stirring a t 
5° , causing the separation of a crystalline precipitate. 
This was collected after 20 hr. at room temperature, washed 
with a mixture of benzene and petroleum ether (40-60°) 
and dried. The 24 g. of crystals, m.p. 116-120° with 
softening at 110°, was recrystallized from a mixture of 
benzene and petroleum ether (90-100°) to afford 10.1 g. 
(25% calculated from the hydrazide and based on the total 
amount of all isomers possible) of white crystals, m.p . 130-
131.5°. Two similar runs gave yields of 26%, m.p . 131-
132°, and 27%, m.p. 130-131°. Further recrystallization 
raised the m.p. to 131.0-131.5°, H 2 7 D +17 .8° , +17 .9° 
(c2 .8 , 1.8, chloroform). 

Anal. Calcd. for C26H34N2O7S: C, 60.23; H, 6.61. 
Found: C, 60.25; H, 6.44. 

The filtrates from above were concentrated to yield 11.7 g. 
of crystals, m.p . 109-112°, [a]27D - 9 . 7 ° , and 1.8 g. of 
amorphous solid which were used without further purifica
tion in the preparation of (— )-sodium N-carbobenzoxy-
£,/3-diethoxyalanyl-S-benzyl-L-cysteinate described below. 

(— )-Sodium N-Carbobenzoxy-/3,£-diethoxyalanyl-S-
benzyl-L-cysteinate.—The 11.7 g. of solid, m.p. 109-112°, 
and 1.8 g. of amorphous methyl N-carbobenzoxy-3,/3-
diethoxyalanyl-S-benzyl-L-cysteinate from the preceding 
preparation were dissolved in 40 ml. of dioxane with slight 
warming, cooled to room temperature and treated with 
8 ml. of 5 N sodium hydroxide. After 50 minutes with 
occasional shaking at room temperature, the two-phase 
system was diluted with 400 ml. of water, causing first a 
clear solution and then an oily suspension. This was 
extracted well with chloroform (in which sodium N-carbo-
benzoxy-/3,/3-diethoxyalanyl-S-benzyl-L-cysteinate is quite 
soluble) and the combined extract washed with two 20-ml. 
portions of water, dried over sodium sulfate, filtered and 
concentrated to a viscous yellow sirup. The latter crys
tallized from 40 ml. of absolute ethanol a t room tempera
ture upon seeding and then diluting with 30 ml. of petroleum 
ether (60-68°) when rosettes began to grow. After two 
days the crystals were collected, rinsed with a mixture of 
ethanol and petroleum ether (40-60°) and dried, affording 
2.0 g., m.p. 169-173°, [a]25D - 1 8 . 6 ° (c 1.7, chloroform). 
From the concentrated filtrate was obtained 1.7 g. of fluffy 
needles, m.p. 167-171°, and from the original aqueous layer 
an additional 1.5 g., m.p. 165-170°. 

(—)-N-Carbobenzoxy-£,0-diethoxyalanyl-S-benzyl-i,-
cysteine (XIV).—Several samples of ( —)-sodium N-carbo-
benzoxy-/3,j3-diethoxyalanyl-S-benzyl-L-cysteinate repre
senting material melting in the range of 165-175° were 
combined (2.7 g., 0.0051 mole) and dissolved in 75 ml. 
of water by warming. The gelatinous precipitate which 
resisted solution was removed by filtration and the clear 
solution acidified by dropwise addition of 6 2V hydrochloric 
acid producing an oily suspension which coagulated and 
solidified overnight. The solid was collected, pressed on 
the filter, dissolved in chloroform, dried over sodium sulfate 
and concentrated to an almost colorless sirup which changed 
to a suspension of fine white crystals when ether was added. 
Upon isolating a small portion (155 mg.) of these crystals, 
triturating them with ether, collecting and drying, they 
melted at 126.0-126.5°, H 8 8 D - 1 3 . 5 ° (c 1.6, chloroform). 

Anal. Calcd. for C26H32N2O7S: C, 59.53; H, 6.38. 
Found: C, 59.46; H, 6.51. 

( - )-Methyl N-Carbobenzoxy-/3,/°-diethoxyaIanyl-S-
benzyl-L-cysteinate (XVI).—The bulk of the ether suspen
sion of ( — )-N-carbobenzoxy-/3,j3-diethoxyalanyl-S-benzyl-
L-cysteine from the preceding preparation (0.0048 mole) 
was treated in portions with excess ethereal diazomethane 
while cooling and swirling, resulting in gas evolution but no 
visible change in the suspended material. After standing 
overnight the suspension was concentrated, petroleum 
ether (40-60°) added, the suspension concentrated again 
to 40 ml. and the fine white precipitate collected and dried. 
The 2.1 g. (84%) of solid melted at 114.5-116° with soften
ing at 112°, [a]27D - 1 6 . 9 ° (c 2 .1, chloroform). An addi
tional 0.10 g. (88% total), m.p. 111-114°, was obtained 
from the filtrate. A sample which was recrystallized by 
dissolving in ether and adding petroleum ether (40-60°) 
melted at 116.0-116.5°. 

Anal. Calcd. for C26H34N2O7S: C, 60.23; H, 6.61. 
Found: C, 60.49; H, 6.65. 

(+)-N-Carbobenzoxy-/?,/3-diethoxyalanyl-S-benzyl-L-
cysteine (XV).—In a 25-ml. erlenmeyer flask 0.52 g. (0.0010 
mole) of (+)-methyl N-carbobenzoxy-/3,i3-diethoxyalanyl-S-
benzyl-L-cysteinate, m.p. 131-132°, [a]27D 17.8° (c 2.8, 
chloroform), was dissolved with stirring and slight warming 
in 3 ml. of dioxane. Then 1.5 ml. (0.0015 mole) of 1 A7 

sodium hydroxide was added dropwise with stirring over a 
period of 5 minutes and stirring continued 45 minutes 
longer, the solution becoming essentially clear after 15 
minutes. Gradual dilution with 20 ml. of water produced a 
cloudiness which was removed by treating with Norit and 
filtering. The clear solution was acidified to congo red by 
dropwise addition of 1 N hydrochloric acid with rapid stirring 
and the white gelatinous precipitate which separated was 
stirred 45 minutes, filtered, washed with water and sucked 
dry on the filter affording 0.45 g. (89%), m.p. 118-122°. 
Another run in which the precipitated acid was extracted 
into chloroform, dried, concentrated and recrystallized 
from a mixture of benzene and petroleum ether (60-68°) 
yielded 0.29 g. (57%), m.p. 129-133°, which could not 
be improved by further recrystallization. 

(+)-Ethyl /3,/3-Diethoxyalanyl-L-cysteinate Hydrochloride 
(XIX).—In a 250-ml. three-necked flask equipped with a 
mechanical stirrer, drying tube containing soda-lime and 
nitrogen inlet was placed 40 ml. of liquid ammonia and 
1.04 g. (0.0020 mole) of (+) -methyl N-carbobenzoxy-/3,/3-
diethoxyalanyl-S-benzyl-L-cysteinate, m.p. 130-131.5°, and 
a pinch of iron rust added. While the suspension was 
stirred, 0.18 g. (0.008 mole) of sodium was added in 0.02-g. 
pieces during two minutes, the characteristic blue color 
disappearing almost immediately after each addition until 
the reduction was complete, whereupon the color persisted. 
(During this process the original white suspension first 
dissolved completely and then a new white suspension 
formed.) Almost immediately, 0.70 g. (0.005 mole) of 
ammonium sulfate was added, whereupon the color gradu
ally disappeared. The ammonia was evaporated under a 
stream of nitrogen during 1 hr., the white residue treated 
with 2 ml. of water and the gray solution neutralized to 
Alkacid test paper with 42 drops of 6 A7 sulfuric acid which 
produced a short-lived gas evolution and a strong odor of 
hydrogen sulfide at each addition. While the neutral 
solution was stirred, it was treated slowly with 25 ml. of 
absolute ethanol, causing the separation of a white granular 
precipitate which was removed by filtration and discarded. 
The clear colorless filtrate was concentrated under reduced 
pressure below 40° to a yellow sirup (which alwa3'S crys
tallized spontaneously in later runs). I t was dissolved in 
30 ml. of absolute ethanol, this saturated with anhydrous 
hydrogen chloride while cooling and after 2 hr. at room 
temperature concentrated under reduced pressure. Fresh 
solvent was added and this also removed, leaving an orange 
moist cake of crystals which was tri turated with 1.5 ml. of 
methyl ethyl ketone. The solid was collected on a filter 
stick, rinsed with 1 ml. of methyl ethyl ketone, then with 
ether and dried under diminished pressure at 70°. The 
almost white crystalline product weighed 249 mg., m.p. 
168-170° (micro block), [ a p D +25.5° (c 0.64, chloroform). 

Anal. Calcd. for Ci2H28N2O5SCl: C, 41.80; H, 7.28; 
alkoxyl (calcd. as 3 ethoxvl), 39.25. Found: C, 42.17; 
H, 7.01; alkoxyl (ethoxyl), 39.58. 

A sample of the product dissolved in 10% sodium hy
droxide and treated with aqueous sodium nitroprusside 
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solution gave a deep red color indicating the presence of a 
sulfhydryl group. 

Hopkins reagent was of no value in isolating this product. 
When added to an acidified aqueous solution of the residue 
after the liquid ammonia was removed, it sometimes caused 

The reported toxicity to stock of Andromeda, KaI-
mia, Leucothoe and Lyonia species indicates tha t a 
number of plants of the Ericaceae in addition to 
those of the genus Rhododendron contain physiolog
ically active compounds. Acetylandromedol,1 iso
lated2 from leaves of Rhododendron maximum, was 
found to be a potent hypotensive agent,3 and in 
order to determine if commonly occurring species 
of these genera contained acetylandromedol or re
lated substances a survey was made of a number of 
plants of the Ericaceae with reported or potential 
physiological activity. These included Andromeda 
japonica from which Eykman 4 isolated in 18S2 
a crude toxic substance to which the name asebo-
toxin was given, and Rhododendron luteum, re
ported by Xenophon to be the source of a poisonous 
honey given to Grecian soldiers in an early campaign 
in Asia Minor. I t was necessary to develop a 
method for the identification of acetylandromedol 
in plant samples, and this work is described in Par t 
I together with the results of a limited survey made 
for ten genera in the Ericaceae. 

Par t I I describes further chemical studies on 
acetylandromedol. 

I. Plant Studies 
Acetylandromedol is known to contain a 1,2-

glycol structure.2 This suggested the possibility 
of utilizing paper electrophoresis with a borate 
electrolyte for the separation and identification of 
plant components in the acetylandromedol fraction. 
The rate of migration of a borate diol complex 
during paper electrophoresis depends on the bora te -
diol equilibrium and upon the absorption charac
teristics of the complex with regard to cellulose. 
In dilute borate solutions a 2:1 diol-borate com
plex may be formed in addition to a 1:1 complex, 
and this effect usually can be recognized by study -

(1) This is proposed in Part IT as a change in name from andromedu-
toxin. 

(2) H. B. Wood, V. L. Stromberg. J. C. Keresztesy and E. C. Horn
ing, THIS JOURNAL, 76, 5G89 (1954). 

(3) N. C. Moran, P. E. Dresel, M. E. Perkins and A. P. Richardson, 
J. Pharmacol. Exp. Tkerap., 110, 415 (1954); X, C. Moran, M. E. 
Perkins and A. P. Richardson, ibid., I l l , 454 (1954). In normal dogs, 
intravenous administration of 5-10 meg./kg. led to 20-40% lowering of 
blood pressure. Levels required for hypotensive action in humans were 
slightly higher. 

(4) J. F. Eykman. Rec. Irav. Mm.. 1, 225 (1882). 

a yellow color but gave no precipitate. The final crystalline 
hydrochloride also failed to give a precipitate with this 
reagent. 
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ing the effect of borate concentration changes. 
The 2:1 diol-borate complex is the stronger acid 
of the two.5 

I t was found tha t acetylandromedol migrated 
toward the anode on paper electrophoresis with 
sodium tetraborate solutions. The vanillin-per
chloric acid spray of Godin6 was an excellent vis
ualizing reagent. With 0.05 M sodium tetraborate 
concentration, a single migrating species was 
observed (curve B, Fig. 1), and with 0.01 M elec
trolyte concentration two ionic species were ob
served ( la and lb in curve D, Fig. 1). The prin
cipal species under the lat ter conditions was as
sumed to be the expected 1:1 borate-diol complex. 
The secondary species with higher mobility occur
ring in very dilute borate solution was assumed to 
be the 2:1 complex. An alternate bu t less likely 
explanation for the two ionic species is tha t they 
represent borate complexes with two different pairs 
of hydroxyl groups of acetylandromedol.5 a 5 e 

When this procedure was used with crude acetyl
andromedol fractions from Rhododendron maximum 
leaves, the characteristic behavior of acetylan
dromedol with different borate concentrations was 
exhibited (curves A and C in Fig. 1), and com
pounds responsible for two additional colored 
areas (marked 2 and 3 in curves A and C) were in
dicated by the spray reagent. The recognition of 
these and other compounds in successive runs was 
aided materially by the strong and distinctive 
colors produced by the Godin reagent. 

This procedure was applied to a number of 
plant specimens from the U. S., Cuba and Costa 
Rica. Figure 2 shows examples of the results ob
tained after electrophoresis. Da ta taken from 
such electrophoretograms are summarized in Table 
I. The presence of acetylandromedol was checked, 
where it occurred, in two concentrations of sodium 
tetraborate electrolyte (0.01 and 0.0.") ,1/) in order 
to confirm the characteristic equilibrium behavior. 

(5) Details on the effect of borate concentration and other facturs on 
borate-diol complex formation are given in (a) H. .S. Isbell, I. F. 
Brewster, X. B. Holt and H. L. Frust, J. Research NaI. Bur. Standards, 
40, 129 (1948); (b) J, Boeseken, Advances in Carbohydrate Chem., 4, 
189 (1949); (c) C. A, Zittle, Advances in Enzymology. 12, 493 (1951); 
R. Consden and W. -M. Stanier, Nature, 169,783 (1952), and (e) D, J. 
Bell and D. H. Northcote, Chemistry & Industry. 1328 f 19541 

(0) P. Godin, Nature, 174, 134 (1954). 
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A procedure for the detection of acetylandromedol in plant extracts was developed through use of paper electrophoresis 
with borate buffer solutions. Positive results were found for some but not all species of Kalmia, Leucothoe, Lyonia, Per-
nettya, Pieris and Rhododendron. A particularly good source was found in K. angustifolia var. caroliniana. New evidence 
indicated that the empirical formula for andromedol is C20H34O6, and that acetylandromedol, grayanotoxin I and rhodotoxin 
are identical and have the formula C22H3BO7. 


