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Abstracts Com.r///triic/ mrr;&.s plants wcrc fed I,{.-mcthionine-[ I -I “Cl. r I -I‘??, 4-3H]. and [I -’ 4C. 2-jH]. 
S-adcnosql-t -mcthloninc-[l-‘i(‘~. and 111 -homoscl-inc.[ I-“C’]. resulting in the formation of Inhclcd afctidinc- 
2-carboxylic acid (A-2-C). The complete retention of tritium relative to carbon-14 in the feeding experiment in- 
volving methionine-[1-“%Z, 4-3H] indicates that aspartic acid or aspartic-b-semialdehyde are not intermediates 
between methionine and A-2-C. However. since the A-2-C derived from methionine-[1-‘4C, 2-3H] had lost 95% 
of the tritium relative to the C-14, it is not considered that methionine or its S-adenosyl derivative are the imme- 
diate precursors of A-2-C. Our data and that of others is consistent with the intermediate formation of y-amino-a- 
ketobutyric acid which on cyclization yields I-azetine-2-carboxylic acid, A-2-C then being formed on reduction. 

AZETIDINE-2-CARBOXYLIC ACID (3, abbreviated A-2-C) was discovered in 1955 in several 
members of the Liliaceae,lP4 and in a few species of Agavaceae and Amaryllidaceae.’ More 
recently it has been found in the legume D&nix regia6 and in minute amounts in sugar 
beets7 An appreciable amount of work has been published on attempts to determine its 
biosynthesis and the present article describes our efforts in this area in the last decade. 

Scheme 1 outlines various hypothetical routes which have been suggested for the biosyn- 
thesis of this imino acid. Linko’ considered that it would be formed from aspartic acid 
(4). One route would be via aspartic-p-semialdehyde (5), which on cyclization yields l- 
azetine-4-carboxylic acid (9), reduction then affording A-2-C. Another pathway would be 
via 2-azetidinone-4-carboxylic acid (8)’ To test these hypotheses Linko administered 
aspartic-[U-‘4C] acid to the leaves of young Lily-of-the-valley (Conuallauia majulis) plants. 
No activity was found in A-2-C, the major metabolites of the aspartic acid being alanine 
and /I-alanine. presumably formed by decarboxylation of the fl- and a-carboxyl groups res- 
pectively. Radioactive A-2-C was obtained from the leaves of C. rngjalis which had 
been exposed to 14C02, .1° however, activity was incorporated into alanine and serine 

* Contribution No. 126 from this Laboratory. 

’ VIRTANEN, A. I. and LINKO, P. (1955) Actu Chem. Stand. 9,551. 
’ VIRTANEN, A. I. (1955) Nature 176,989. 
3 FOWDEN, L. (1955) Nature 176, 347. 
4 FOWDEN, L. (1956) Biochern. J. 64, 323. 
’ FOW~EN, L. and STEWARD, F. C. (1957) Ann. Botany (London) 21, 53. 
6 SUNG, M.-L. and FOWDEN, L. (1969) Phytochemistry 8,2095. 
’ FOWDEN, L. (1972) Phytochernistry II, 2271. 
* LINKO, P. (1958) Acta Chem. Stand. 12, 101. 
9 This compound is formed in vitro by heating asparagine in an aqueous phosphate buffer at 100”: TALLEY, 

E. A., FITZPATRICK, T. J. and PORTER, W. L. (1956) J. Am. Chem. Sot. 78,5836. 
I” FOWDEN, L. and BRYANT. M. (1959) Biochenz. J. 71,210. 
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at a much faster rate. Slight labeling of A-2-C occurred when aspartic-[U-‘“C] or gluta- 
mic-[U-14C] acid were fed. z.;,-Diaminobutyric-[U-” C] acid (7) was metabolized in the 

plant to an unknown compound X, which was close to A-2-C on a I-D PC. This com- 
pound X was apparently converted to A-2-C by hydrogenation in the presence of Adams 
catalyst. It was suggested that compound X is I-azetine-2-carboxyfic acid (10). No signiti- 
cant activity was detected in A-2-C when ;,-aminobutyl-ic-[.‘lC] acid or glucose-[U-‘“Cl 
were supplied to the plant. 
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SCHEME 1. HVPoTHErfCAL imSYwwric PATHWAYS TO AZE~‘IDIN~.-?-CAHBOXYLI(‘ 4c11). 

Since spermidine has been shown to arise by the nucleophilic attack of putrescine on 
S-adenosyl-L-methionine.” we considered in 1964 that A-2-C could be formed by an in- 
tramolecular displacement of the thiomethyladenosine by the m-amino group of S-adenosyl- 
methionine (2) (reaction A> Scheme 1). A similar hypothesis had been suggested by Schlenk 
and Dainko.” However, at the time we commenced our work we were fortunately un- 
aware of their results. They incubated homogenates of various parts of the C. nla$is plant 
with or_-methionine-[2-‘4 C], S-methyl-r>L-methionine-[2-‘4C]. and S-adenosyl-L-me& 
ionine-[2-“Q. In none of these experiments did they observe significant incorporation 
of activity into A-2-C. Negative results were also obtained when the stems of young plants 
were placed in solutions of the above labeled compounds. In our first experiment13 (expt. 
1, Table 1) r,L-methioninc-[l-‘SC] was fed to C. ~~juli.s plants growing out of doors tq 
means of cotton wicks inserted through the leaves near to ground level. At the time of 
feeding (May) most of the plants were just beginning to produce flowers. .4fter 7 days the 
leaves and the shoots were harvested. and A-2-C isolated from the amino acid fraction 
as previously described.4 There was a reasonable incorporation (167”;) of radioactivity 
into A-2-C and a degradation (decarboxylation with ninhydrin’ 4, indicated that essentially 
all the radioactivity was located on the carboxyl group. Later. SLI and Levenberg’” con- 
firmed and extended our findings by feeding r,l.-mcthionine-[ I-‘?‘]. r,l.-mcthioninc_C2- 
‘“Cl, and L-methionine-[U-‘4C] to excised shoots of c‘. ~~i~lli.s, and obtained labeled A-Z- 
C with incorporations of 038. 0.54 and 0.24’& respectively. The distribution of activity in 

I’ TABOR, H., ROSENTHAL, S. M. and TABOR, C. W. (1958) 1. Biol. Cltetn. 233,907. 
I2 SCHLENK, F. and DAIXKO. J. L. (1960) U.S. Atomic Energy Commission. Reports of the Argonne National 

Laboratory, ANL-6200,94. 
I3 This preliminary experiment was reported as a communicatioll: Lsrn;. E. (1964) J. An?. Cl7m. SOC. 86, 3162. 
I4 COLOWICK, S. P. and KAPLAN. N. 0. (1957) in M&ods itz E~z~,~molog~~. Vol. IV. p. 71 1. .4cademic Press. Nea 

York. 
I5 Sr’. E. F.-W. and LLVI‘NB~RG. B. (1967) .&ra C/~er~. &and. 21, 493. 
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the A-2-C was consistent with the four-carbon-chain of methionine serving as a direct pre- 
cursor of the imino acid. 

However, these results and ours do not eliminate the possibility that methionine is meta- 
bolized to a sulfur-free compound prior to the utilization of its carbons for the biosynthesis 
of A-2-C. Homoserine (6) can be formed by the enzymatic hydrolysis of S-adenosylmeth- 
ionine.“j”’ Aspartic-p-semialdehyde and aspartic acid formed by the oxidation of homo- 
serine could yield A-2-C as previously outlined. Another possibility would involve the for- 
mation of an O-ester of homoserine, such as its O-phosphate. A-2-C would then be formed 
by an intramolecular displacement of the ester group by the a-amino group of the homo- 
serine. Methionine was labeled with tritium at C-4 in an effort to decide between these 
various pathways. DL-Methionine-[4-3H] was prepared by the method illustrated in 
Scheme 2. This sequence of reactions is based, in part, on the synthesis of Livak et al.‘* 
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Treatment of hydantoin-Sacetic acid (12) with thionyl chloride yielded the acid chloride 
(13) which was reduced in dioxane with sodium borohydride-[3HJ affording 5-(P-hydroxy- 
ethyl)hydantoin (14). This alcohol was converted to 5-(fl-bromoethyl)hydantoin (17) by 
heating with 48% hydrobromic acid. This bromo compound with sodium methylmercap- 
tide yielded 16, which on hydrolysis with barium hydroxide afforded methionine-[4-3H] 
(15). This tritium labeled methionine was mixed with DL-methionine-[1-‘4C] and fed as 
before to C. majalis plants (expt. 2). The resultant A-2-C was labeled with both tritium 
and C-14, the ratio of activity of the two isotopes being the same as in the administered 
methionine-[1-‘4C. 4-“H].lY All the C-14 was located on the carboxyl group. To determine 
the location of the tritium, the A-2-C was heated in a sealed tube with HCl yielding homo- 
serine,8 which was oxidized with KMnO, affording aspartic acid which was almost devoid 
of tritium. This result indicates that all the tritium was located at C-4 of the A-2-C. The 
complete retention of tritium relative to the C-14 eliminates the formation of A-2-C from 
methionine via aspartic-/?-semialdehyde or aspartic acid. Homoserine could still be an in- 
termediate between methionine and A-2-C, therefore DL-methionine-[ 1 -14C] was fed to 

I6 PARKS, L. W. and SCHLENK, F. (1958) Arch. Biochem. Biophys. 75,291. 
I7 SHAPIRO, S. K. and MATHER, A. N. (1958) J. Biol. Chem. 233,631. 
‘* LIVAK, J. E., BRITTON, E. C., VANDERWEELE, J. C. and MURRAY, M. F. (1948) J. Am. Chem. Sac. 67,2218. 
I’) A preliminary account of this work was presented at the 155th National Meeting of the American Chemical 

Society. San Francisco, 31 March-5 April, 1968, Abstracts P-178. 



* Experiments having the same number wcrc carried out at ~hc same time. the plants being subjected to the 
same environmental conditions. All the experiments except 5 involved the use of intact plants growing in soil 
out of doors. Most of the feedings were done on the farm of Christine ;rnd George Pipcl-. Medina. Minnesota. 
and we arc greatI> indebted to them for permitting us to use their plants in this in\estip;ltion. The feedings wcrc‘ 
~11 al-&I opt in Ma> 01 earl\ June at a time when the plnnt\ MCI’I‘ Ilo\\u~ng. In cxpcn~ncnb 5.1 ;tnti 51) c~\cwci 

lea\es were used. the cut ends being placed m beakers containing solution:, of 111~ lahclcd compounds. 
t In experiment No. 1 the yields of aspartic and glutamic acid tizrc ?03 and 491 mg respcctlvel~. 
,* RSA = Rclativc Specific Activity. 
+ At the time ol‘ harvesting the rcsidwl activity not absorbed b! the cxciwi lcavcs fed S-odcnos!l-r.-meth- 

ionine-[I-“C] nnd r,r-methioninc-(I-‘“C]. ws 5.0 and 7.X”,, rcspectivel>. 

the plant along with a relatively large amount of non-radioactive homoserine (expt. 3b). 
The incorporation of activity (0,30”;,) into A-2-C was indeed significantly lower than the 
incorporation of methionine-[l- “C] (1.45”,,) fed at the same time to another group of 
plants (expt. 3a). Another significant difference between these two cxpcriments was the 
relative amount of activity incorporated into aspartic and glutamic acid. In a11 the previous 
feeding experiments the absolute and specific incorporation of activity into aspartic and 
glutamic acid was quite small compared with the incorporation into A-2-C (see Table 1). 
However, the co-administration of homoserine with the methionine-~l-‘SC] apparently 
suppressed its conversion into A-2-C. and a larger proportion was metabolized to aspartic 
and glutamic acids. 

Next, a direct comparison of the incorporation of methionine-[ 1 -I Y’] and homoserine- 
Cl-‘“Cl was made (expts. 4a. 4b). The homoserine-[l-“C] was prepared by refluxing S- 
methylmethionine-ri-‘L’CJ hydroxide in water.“’ The A-2-C derived from homosuinc-[J- 

” The decomposition of S-:ilkylated mcthionines in alkaline solution yielding hotnoserinc and its lactonc has 
been reported: (a) GL~X~FI. H. G.. MOORI., S. and Srtltv. W. H. (19591 ./. Ai~l. C/I~>ZII. 2.34. 1761 : (hi LA\N 1 

T. F.. FIO\II. U. F. and C‘.\wv\~<r,~i. M. S. (19541.1. Biol. (‘licw~. 207. 107. 
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14C] had all its activity located on the carboxyl group; however, the homoserine was a 
poorer precursor of A-2-C than methionine which was fed at the same time (0.67% vs. 1.4% 
incorporation). For some inexplicable reason21 considerably more of both precursors were 
metabolized to aspartic and glutamic acids. The radioactive aspartic acid derived from 
homoserine-[l-14C] was found to have 85% of its activity located on its a-carboxyl group, 
indicative of a direct conversion. 

Recently, Sung and Fowden” have examined the biosynthesis of A-2-C in D. regia seed- 
lings, and found that DL-homoserine-[4-‘“Cl was a better precursor (0.28% incorpor- 
ation) than L-methionine-[ 1 -‘“Cl (0 11 y0 incorporation). 

We also made a comparison of the ability of methionine and S-adenosyl-t_-methionine 
to serve as precursors of A-2-C. In our first set of experiments (5a, 5b) the labeled com- 
pounds were fed to excised leaves of C. majalis. The resultant incorporations into A-2-C 
were quite low compared with the previous feeding experiments which involved the use 
of intact plants. These results are in accord with the earlier observations of Fowden and 
Bryant” who obtained a higher incorporation of aspartic acid into A-2-C when it was 
fed to the roots of C. nzujalis. In a later study (expts. 6a, 6b) the incorporation of t>L-meth- 
ionine-[ 1 -l 4C, 2-3H] and S-adenosyl-L-methionine-[l-l 4C] were compared. feeding to in- 
tact plants. The S-adenosyl-L-methionine was apparently a superior precursor (384”/, in- 
corporation). However. if it is assumed that only the L-isomer of methionine is utilized 
for the production of A-2-C, the incorporation of the i)L-methionine (1~79”,,) was not sig- 
nificantly different. In this last study the methionine was also labeled with tritium at C-2. 
This mcthionine-[2--‘HI was prepared by exchange of the azlactone of N-acetylmeth- 
ionine with triturated water.‘3 The A-2-C derived from the methionine-[I-14C, 2-3H] was 
almost devoid of tritium (>95% loss of 3H relative to the ’ 4C) This result clearly forces . 
us to abandon the hypothesis that S-adenosyl-L-methionine is the direct precursor of A-2- 
C. In their recent work, Sung and Fowden” found that z,y-diaminobutyric acid was the 
best precursor of A-2-C in D. regia. We therefore propose that this diamino acid is incor- 
porated via y-amino-a-ketobutyric acid (ll), which on cyclization yields 1-azetine-Zcar- 
boxylic acid. Reduction then affords A-2-C. It is suggested that the cc,y-diaminobutyric acid 
can be formed by the amination of S-adenosylmethionine. or via homoserine.24 The tri- 
tium at C-2 of methionine will then be lost when the intermediate x,y-diaminobutyric acid 
isconvcrted to;?-amino-;c-kctobutyricacid.This hypothesis is being investigated using “N- 
labeled precursors. 

EXPERIMENTAL 

General methods. M.ps are corrected. A Nuclear Chicago Model 724 or Mark II liquid scintillation counter 
was used for assay of the radioactive compounds. using either toluene or dioxane-EtOH with the usual scintilla- 
torsZ5 Assavs were carried out in duplicntc and were reproducible to S”,,. Elementary analyses were carried out 
by Clark microanalytical laboratory; Urbana, Illinois. 

Compounds fed ro Convallaria majalis. The following compounds were obtained commercially from the indi- 
cated sources: uL-methionine-fl-‘4C] (Calbiochem. Los Angeles; Amersham-Searle. Chicago), S-adenosyl-t- 
methioninc-[1-‘“C] (Amcrsham-Scarlet 

‘r The plants were a little more advanced than in the previous feeding experiments. 
22 SUNG, M.-L. and FOWDEN, L. (1972) Phytochemistry 10, 1523. 
23 THOMAS A. F. (1972) Druterium Labellinq in Organic Chemistry. p. 210, Appleton-Century-Crofts. New York. 
24 Homoserine has been shown to be a precursor of r,~-diamino-butyric acid in the plant L[I~/IwII.\ .\r~/r~~\tris: 

NIGAM, S. N. and RESSLER, C. (1966) Biochrmistry 5, 3426. 
” FRIEDMAN. A. R. and LT~TI‘. E. (1963) J. 4111. C/WI~I. SW. 85, 2141. 
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If!,rlcr,troi,t-j-tt~~Jr~.l chloride (13). Hydantoin-5-acetic acid”’ (20 g) \<a\ rcfluxed with SOCI, (200 ml) for 16 
hr. The hrovvn gum (35 g) obtained on removal of the excess SOc‘12 ~1 L’LI~LIO was dissolbcd \n dry EtOAc. On 
prolonged cooling at -20’ the crude acid chloride (I 7 g) separated. Recrystallization from EtOAc yielded an 
analytical sample (Found: C. 34.27: H. 3.00; N. 16.13: Cl. 19.89. C,H,N,O,Cl requires: C, 34.00: H. 2.85: N. 
15.X6; Cl. 20~08”,,). M.p. 125 127 dcc. JR: (Nulol) 1790 (shoulder acid chloride GO). 1755. I?40 (h!dantoin 
C-O). MS: no parent psak at 176. hut ODL ~1 Ill ilos\ of (‘I). 

5-(~-B~o~~z~rrl~~I-[~-3~]f-/~~~r/~r~ttoi~t (17). NaBH, (100 mg) was added to a soln of hydantoin-S-acetyl chloride 
(I g) in dioxane (100 ml) and the mixture heated at 100 for 10 min. NaBH,-C3H] (16 mg. nominal activity 50 
mCi. International Chemical and Nuclear Co.. Calif.) \vas then added and the mixture heated for 4 hr at 100’. 
Another portion of non-radioactive NaBH, (300 mg) M,;~s added and the heating continued for an additional 
Ill-. The rcact~on mi\turc \vil, cvapo~ alcd 10 drqws~ and the residue wspcndcd in H,O C I5 ml~. 2 +RuOH cutract 
(4 x 10 ml) of the mixture yielded on ecaporation crude 5-(/l-h~drox!~th)l)-h!dulltulll as a colorless oil. This 
compound was heated with 4X”,, HBr (IO ml) on a steam bath for 3 hr. The residue obtained on e\,aporation 
of the solution was diluted with non-radioactive 5-(P-hromoeth!1)-ll!dnntoin (1.07 g) and cr!staliized 2 x fr-om 
H,O(X mllaffording 5-(P-bromocth)I-[/1’-“U])-hqdantol~l (I.05 g. 2.6 mC’ti,t\ colorlcsh plats~ mp. I?9 130 (lit.‘” 
m.p. 141.5~~142 ). This compound was converted to I,L-mcthlonine-[~~-~H] accol-dung to the procedure of Livak 
(‘t rrl. 1 H 

I,L-nilrthiorlirlc,-[2-3H]. A soln of II!.-methionine (I 52 mg. I.02 mM) in Ac,O (I 10 mg. I.18 mM I and droltanc 
(6 ml) was refluxrd for 0.5 hr. The residue obtained on evaporation of the solvent was dissolved m dioxane (2 
ml) containing 1 drop of pyridine and T1O (0.5 ml. nominal acti,it) 56 mCi). and the mixture refluxed for 1 
hr. The solvent and the excess T,O was removed and the residue refluxed with 10 ml IX”,, HCI o\ermght. The 
residue obtained on evaporation-was dissolved in Hz0 (1 ml) and placed on a column of Dowex 50-X8 (I x 25 
cm). The column was washed with distd H,O until the cluant was both neutral and free of “H. The methionine 
was then eluted with I “cl aq. NH,. The fractions containing methioninc (detected with ninhydrinl were cvapor- 
a~cd to wield the ammonium ~lt of i,t.-melhi~)ninc-[~-~H] (153 mg. 9.3 x IO‘: dpm mM\. Dilution of this 
ma&t-la-with a known wc~ght 01‘ non-I-adloactivc [IL.-methiomne and cr)stalli/ation se\cral Inns\ from H,O 
yielded methioninc having an activity consistent with the undiluted material being radioch~micall! purr. On suh- 
jetting this methionine-[‘-‘HI to the manipulations used in the isolation of .A-?-(‘ from the plants. there was 
csscntiall! no loss of trltiun. When lhe wl~~ctuw formed ftrom methioninc and acetic anhqdride \\as exchanged 
uith D,O Instead of T,C>. the onli pI-oton slynnl lvhich decrcascd in its NMR spectrum U;IS the multlplct ccn- 
tered at 6 = 4.7 which ;s assigned& the h!dr%gen located on the r-carbon. 

r)t.-No,lioc~i,irl~,-[l-‘“C]. r,r.-Methionine-[ I-‘“CJ (25 mg. 0.77 mCi) wa\ dissolhcd in a mixture of HOAc (2 
ml) and 90”,, HC‘OZH (2 ml) contaming Mel (160 mg). and alloaed to stand for 3 da).\ at room temp. in the 
dark. The solid obvnined on evaporation of thr \olvcnt LV;IS sul,icctrd to chromatography on thrck ccllulosc 
<hcct\. tievcloping with II-BuOH HO4c H ,O (-I: I I). .S-Mcth\lm~tl~li~~~i~~c ~od~dc (R, 0.117) \cas well scll,irated 
from unreactdd methionine (I$ 0.65). The former was extracted from the paper uiti 30”, EtOH. The’extract 
was evaporated, redissolved in H,O (7 ml) and stirred with .AgOH (from 100 mg of AgNO,) for 30 min. The 
filtered reaction mixture (pH X) was then refluxed for 4 hr. MezS emanating from the top of the condenser. The 
solution was evaporated to dryness and the residue (74 mg) sub,jected to chromatography on a thick sheet of 
cellulose using the same solvent mixture previous!) described. The main zone of homoserinc (R, 0.29) was 
extracted with hot HzO. which biclded on c\aporation i,r.-homo~erinc-ll-“C] (X.1 mg. 0.3 I? mc‘i). Sample\ 
of this product were sub,jected to PC in scvcral different solbcnts. A single [radioactive spot (detected b, exposure 
of the dried chromatogram to X-ray film) was found in each case. corresponding in position to authentic homo- 
serine. 

Jdatio~~ ofA-?-C‘artd the othrr trrnim~ r~irlsjw~~~ C. majalis. The fresh plants Lvcrc macerated with 70”, EtOH. 
and this extract processed as described by Fowdem4 Final purification of A-2-C was achieved h! sublimation 
(200“. I 0 _ 4 mm ). 

i&yrccc/cttiorl of the -1-2-C (ierYr<,c/ /itri~c i,lltriliorti,ic,-rI-‘JC’, 4-“N]. A-Z-C (50 mg. “C. ?OO x IOi dpm mM. 
‘H;;‘V = 066) was dissolved in 6 ti HCI (S ml) and heated in a sealed tube at 100 for 24 hr. The contents 
of the tube were evaporated to dryness. The residue was dissolved in 3 N H,SO, (10 ml) and KMnO, (50 mg) 
added to the stirred soln during 1 hr. After stirring for 6 hr at I-oom temp.. the filtered reaction mixture was 
placed on a column of Dowex I (acetate form, 1.8 x 45 cm). The column was washed with H,O and the amino 
acids eluted with increasing concentration of AcOH. The fractions containing aspartic acid were pooled affording 
>99”;, pure (assayed with an amino-acid analyrerl nspartic acid I l-7 mg. IX”,, yield from 4-3-C). To improve the 
\olubilit? ofasparticacid in tolucns for liquid scintillation counting. iI \%a~ con\crtcd IO 2’-t2.J-dichlotoph~no\\- 
acctql)aspartic acid“ (14C: I.95 x IO dpm;mM. “H “C = <@Ol), 

Drgwdarion of uspartic acid 10 dett~rrnine crctirit!, at C-l. This degradation was carried out on the aspartic acid 
obtained from plants which had been fed i,L-homosel,ine-[I-‘*Cl (expt. 4b). I_-Aspartic acid (I.0 g. 2.30 x 10” 
dpm. mM) was suspended in EtOH (100 ml) which was then saturated with HCI gas. After refluxing overnight 
the soln was evaporated and the residue neutralized &ith 5”;, NazCO,. EtZO extraction of the mixture yielded 

” Nvc J. F. and MITCHELL. H K. (1947) .J. Am. Cizen~. SW. 69, 1382. 
27 &o&)_ J. W. and FOKTAINE.. T. D. (1952) J. 0y. Ci~e~n. 17, X91. 
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the diethyl ester of aspartic acid which was distilled (loo”, lo-’ mm). A 5% soln of LiAlH, in Et,0 (10 ml) was 
added carefully to a soln of the diester (660 mg) in Et20 (IO ml). After stirring for 30 min, H,O (3 ml) was added, 
the mixture filtered and the residue washed with EtOH. The combined filtrates were evauorated and the residue 
distilled (170”, 10e2 mm) yielding 2-aminobutane-1,4-diol as a colorless viscous oil (120 mg). This compound 
was dissolved in H,O (20 ml) and a few drops of AcOH added until the solute was acidic. NaIO, (300 mg) was 
added, and after standing for 1 hr the solution was distilled into an aq. soln of dimedone (300 mg). Formaldehyde- 
dimedone separated (125 mg. I.95 x IO4 dpm/mM). When this sequence of reactions was carried out with aspar- 
tic-[4-i4CJ acid, the ultimate formadehyde-dimedone had less than 2% of the sp. act. of the starting aspartic 
acid. 
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