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Atn&actan the basis of NMR spectral data. it is shown that acctylation of the Gsoxazolidonc 
ring of N-aatykycloscrine cccun on nitrogen whcreur sulfonylation occurs on tht carbonyl oxygen. 
The change in conformation (dihedral angles) rcsulcing from inuoduction of a double bond into the 
hetcrocyclic ring is rctkckd in a consistent displplaamcnt of the parameters of the ABX system. 
Variation in the site of acylation is considered explicable in terms of kinetic vs. thermodynamic 
control. The mass spectra of various derivatives of cycloscrinc are shown to be compatibk with the 
assigned strucuucs. Some unusual modes of fragmentation of the 4-amino3-isoxazolidonc system 
are-. 

SINCE its isolation and characterization in 1955,s.s cycloserine (I), which is alternatively 
known as oxamycin and by its systematic name, &amino-34soxazolidone. has been 
the subject of continued study directed at an understanding of its biological activity 
and the chemistry of the isoxazolidone system. Cycloserine owes its biological 
activity at least in part to its ability to inhibit pyridoxaldependent reactions’ such as 
enzymatic transamination, decarboxylation and racemization. The manner in which 
this inhibition is achieved has been thought LU to involve selective reaction of the 
cycloserine with pyridoxal. Stammer and McKinney’ have recently characterized, 
as a model for this reaction, the Schiff base formed by condensation of cycloserine 
with a substituted benzaldehyde. Consideration has also been given to the possible 
role of the N-acylaminoxy function in certain enzyme-catalysed hydrolysesa To 
judge from these earlier studies with cycloserine, there is reason to suppose that the 
more definitive nucleophile, N-acetylcycloserinc (II) might assist in acyl transfer 
reactions similar to those catalysed by imidazole,g as defined schematicaI.ly below: 
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1 Visiting Fellow, U.S. Public Health .Scrvkc. 1%2-1965. 
* F. A. Kuehl. Jr., F. J. Wolf, N. R. Trcnncr. R. L. Peck, E. Howe, B. D. Hunncwcll. G. Downing, 

E. Ncwstcad. R. L. Buhs. I. PuRcr, R. Ormond. J. E. Lyons, L. Chakc and K. Folken, /. Amer. 
Gem. Sot. 77.2344 (IYS5). 

’ P. H. Hidy, E. B. Hodgc. V. V. Young, R. L. Harncd. G. A. Brewer. W. F. Phillips. W. F. Rungc. 
H. E. Qavely. A. Pohland, H. Boaz and H. R. Sul1ivan.J. Amrr. Chem. Sot. n, 234s (19SJ). 

’ J. L. Stromingcr. Physiol. Rev. Ul, 87 (1960). 
’ J. Michalsky. J. Opichal and J. Ctvrtnik, Monufsh. 93, 618 (lW2). 
’ N. K. K~~hctkov. Osferr. Ckm. Zelr. 62, 276 (1961). 
r C. H. Stammer and J. D. McKinncy. /. 0~. Chm. 30.3436 (1965). 
’ T. Viswanatha, Rot. Nat. Acad. Sci., U.S. 50,967 (1963). 
’ L. Man&II. J. W. MoncrktT and J. H. Goldstein, Terrahe&on 19, 2025 (1%3), and Refs. cited 

therein. 



66 G. W. A. Mime and L. A. COHEN 

N - Acyl 

.&W 0 I 

The effective result of such a series of reactions is hydrolysis of an ester to acid and 
alcohol by water, the diacyl cycloserine serving as a reactive intermediate. Among 
the prerequisites for such a scheme to be successful, this “diacyl cycloserine” must 
be labile at the pH of the system and the function of N-acyl cycloserine in a catalytic 
role should be therefore demonstrable. 

In view of the potential for tautomerism in the Gsoxazolidone ring system,s the 
acylation of N-acetylcycloscrine (II) may occur either on nitrogen or on carbonyl 
oxygen. This paper deals with the site of acylation and the structure of the resulting 
products. 

As has been noted previously, 2*3~10 the primary amino group of cycloserine can 
be smoothly acetylated under a variety of conditions, typically, in methanol with 
acetic anhydride at room tempcraturc,10 to give N-acetylcycloserine, II. This is a 
normal acctylation of a primary amine and as such is reversible only by drastic acid 
or alkaline hydrolysis. Subsequent treatment of II with acetic anhydride in pyridine 
for 0.5 hr at room temperature leads to the formation, in 70-75 % yield, of a crystalline 
product which was characterized by its NMR spectrum, mass spectrum and elementary 
analysis as a diacctyl cycloscrine, C,HIoN20,. The product, m.p. 121-122”, was 
considered identical to that described in earlier reports. s~11 This material is hydrolysed 
rapidly in aqueous solution at pH 7-O and thus fulfills one of the requirements adduced 
above, that is, lability at essentially neutral pH. 

There can be written, a priori, two structures (III and IV) which are consistent 
with the genesis, the lability and the molecular formula of diacctyl cycloserine.‘* 
The lability of III, ar neutrul pH, is to be anticipated on the basis of its being a 

NH-COW, NH-COW, 
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diacylamine with an additional electron-withdrawing group adjacent to nitrogen. A 
suitable comparison may be made with N-acetylsuccinimide, which hydrolyses 
spontaneously at pH 67. U In the alternative formulation (IV), diacetyl cycloxrine 

lo F. A. Kuchl. U.S. Pat. 2,845,432. Chcm. A&r. 52, 20198d (1958). 
I* I. Mitsui and S. Imaizumi. 1. Chrm. Sot., Jupw~ 78,812 (1957). 
I9 Additional possibilities in which the side-chain aatamido function bcc~mu further acylatcd are 

excluded by the appcarancc of the ridechain NH in NMR spectra (olrk in@). 
I’ H. K. Hall. Jr., M. K. Brandt and R. M. Mason, J. Amer. Chcm. Sot. 80.6420 (1958). 
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would be expected to be even more labile, being an ester of the thermodynamically 
unfavorable member of an amide-iminol equi1ibrium.l‘ 

Mitsui and ImaizumP assigned to diacetyl cycloserine structure IV as a con- 
sequence of its conversion to serinc aldehyde and ammonia by catalytic hydrogenation 
followed by hydrolysis. Hidy et aLa reported the physical constants for the same 
substance but advanced no structure for it. Benzoylation of either the silver salt or 
the potassium salt of des-aminocycloserine (3-isoxazolidone) is reported to give a 
single benzoyl derivative*J which was assigned the N-benzoyl structure (V) on the 
basis of its UV and IR spectra. The uncertainties in structural assignment which 
arise in the cycloserinc case serve merely to supplement those which have existed 
since the formulation of the amide-iminol concept. lo Whether the alkylation of an 
amide has occurred on oxygen or nitrogen can often be determined by classical 
chemical techniques ;3 however, the site of acylation, as well as the predominant 

Y 

form of the parent compound, must usually be determined on the basis of 
physical properties. When one of the tautomers includes a heteroaromatic ring in its 
structure, the problem is often solved by means of UV spectroscopy.” Such a 
technique is far from sufficient for simple amides which lack significant spectral 
characteristics and other physical methods must be utilized. 

We have studied diacetyl cycloserine by NMR and mass spectrometry, On the 
basis of its NMR spectrum and by a comparison with other compounds of less 
equivocal structure, WC consider diacetyl cycloserine to have structure II1 and to be 
therefore, N,2diacetylcyclosetine. 

NMR spectra 

The NMR spectrum of diacetyl cycloserine in pyridine-d, is shown in Fig. I.ls 
The singlet at 125-3 c/s is the signal from the acetyl group of the acetamido side 
chain, and the other singlet at 146.2 c/s is the signal from the second acetyl group. 
In N-acetylcycloserine, the lower field singlet is absent. 

The group of fifteen peaks between 255 and 345 c/s is the signal from three 
protons, H,, Hr, and Hs in structure VI. These three protons give essentially a 

Ii C. L. Stevens and M. E. Nunk, 1. Amer. Cf~em. SIC. SO, 4065 (1958); H. G. Khorana, Some 
Recent Deuelopments in the Chemtktry of Phosphate Esters of Biological Interest Q. 126. John Wiley, 
New York, N.Y. (1961). 

lb N. K. Kochetkov, R. M. Khomutov, hi. Ya. Karpchkii. E I. Budovski and V. I. Erashko, Zhw. 
Obschd Khim. 29,3417 (1959). 

** <i. W. Wheland, Advanced Orgonlc Ckmfstry QP. 617-623. John Wiky, New York, N.Y. (1949); 
C. k Grob and B. Fischer, &Iv. Chim. Acta. 38, 1794 (1955). 

I’ A. R. Katritzky and J. M. Lagowski, in Rduunces in Heterocyc~ic Chemktry, Vol. I (Edited by 
A. R. Katritzky) QQ. 312.341. Academic Prw, New York, N.Y. (1%3). 

I@ All NMR spectra were measured on @5M solutions in pyTidinc or pyridinc-d~ with a Varian 
Associates A-60 spctromctcr fitted with a variable temperature probe operating at 37 i 2”. 
Frequencies are exprcwd relative to an internal standard of tetramcthylsilane and arc reproducible 
to at least 61 c/s. 



68 G. W. A. MILK and L. A. GZIIIEN 

-.- _ _- -__ 

&---IF-- 400 
.L .-- _.-... ._:_. -_. _ _,-.-_ _L 

2co iC0 
> -I+-- ,PS 

0 

Ro. 1. The NMR spectrum of diaatyl cycloxrinc in pyridinc-d,. 
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classical ABX spectrum, whose X portion is additionally complicated by the per- 
turbation of the X signal by Hy. Thus the AB portion of the spectrum consists, as is 
usual, of two quartets which, in this case, overlap in such a way as to reduce the total 
number of peaks from eight to seven. 

The X portion, theoretically a sextet, fails to show the two outer combination 
lines1g and the resulting quartet is so perturbed by the neighboring proton on 
nitrogen (HP) as to appear as an octet. This fourth proton, Hyr gives a broad signal 
at about 445 c/s which is obscured if nondeuterated pyridinc is used as solvent. 

The spectrum may therefore be analysed as an ABX spectrum by the method of 
Pople, Schneider and Bernstei$O with reference to Fig. 2. 

The interval JAn is repeated four times as the separation between lines 8 and 6, 
4 and 2, 7 and 5, and 3 and 1. Thus a mean value can be derived and is found to be 

JdR = f8.1 c/s 

ID These combination lina arc prohibited for an AMX system but not for an ABX system (cf. J. D. 
Roberts, An InlrAcrion IO rhe Analysis of Spin-Spin Splirfiq in Nuclear hf~nefic Resonance 
p. 71 CI se+ W. A. Benjamin Inc. (1962). The spectrum under consideration here may well be 
supposed to be intermediate between thcsc two cxtrcmu. the result being the non-appearance of the 
weak combination lines above the background. This was confinned when it was found that 
recalculation of the spectrum from the extracted paramctcn (of& in/u) gave the obvrved octet 
for the X portion unksa coupling to Y was ignored. in which case the X portion appeared as a 
quartet. 

n J. A. Pople, W. G. !%hncidcr and H. J. Bernstein, Gun. /. Chem. 35.65 (1957). 
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FIG. 2. AB Portions of the ABX spectrum in Fig. 1. Lines 2, 4, 6 and 8 arc A lina 
and lines I, 3. 5 and 7 are lines from the B proton. 

The parameter D, is half the separation bctwecn lines 8 and 4 or 6 and 2 and thus 

D, = 10.8 c/s. 

Similarly, D_ is half the separation between lines 7 and 3 or 5 and 1 and so 

D_ = 12.3 c/s. 

Now D, cos 24, = i(~* - VII) -i- f(J,x - Jnx) 

D, sin 24, LJ iJAr, 

D- cos 24_ = I(va - 4 - f(J,x - Jux) 

D_ sin 2+_ = aJ,n 

Elimination of c$.+ and 4_ from these equations gives 

D,.s = (x + y)* i fJ*r,P 

and 

D-’ = (x - y)’ + fJ,I, 

;j;~;it;t;i~o; ; %d_atz J= ~(JAx - Jnx). 

+* AI) gives 

117.3 = (x + u)’ ‘- 16.6 

152.0 - (x - y)* + 16.6 

thus (x + u) = 10.0 

and (x-u) = 11.6 

Rcsubstitution for x and y gives 

(r* - ~3 = 21.6 c/s and f(JAx - JnX) = -0.8 

i.e. (J,x - Jax) = -3.2 
The separation between the centers of the A quartet and the B quartet is )(J, a + JBx) 

thus (JAx + JRX) = 19.5 c/s 

hence J AX - - 8.1 c/s and Jnx = 1 l-4 c/s. 
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The sum of the frequencies of lines 2, 3, 6 and 7 is equal to 4 yAn 

where yAIl -- +(*A + %d 

so (VA -i P”) =-: 556.6 

but (v* - vu) = 21.6 

hence PA = 289-l c/s and vn = 267.5 c/s. 

The X portion of the spectrum must be symmetrical about the frequency vx which is 
therefore 325.6 c/s and the overall width of the X octet will be, to a first approximation, 

JAB + Jm +- JXY. This leads to a value for JxY of 7.3 c/s which is quite consistent 
with the figure of 7.5 c/s found by Tori and Kuriyama*’ between the NH proton 
and the 6a-proton in 6j?-acetamidopregrA-ene-3.2-dione. 

The seven parameters thus derived were recombined by a Honeywell 800 digital 
computeP and found to give a theoretical spectrum which corresponded in every 
detail with the observed spectrum. 

In this way, NMR spectra were recorded, analysed and calculated for N-acetyl- 
cycloserine (anion), N-acetyl-2-methylcycloserine (VII),3 N-acetyl-O_methylcycloserineS 
(VIII) and the previously unknown ptoluenesulfonate ester of N-acetylcycloserine. 
This p-toluenesulfonate was tentatively considered to be the O-sulfonate (IX) since it 
could be hydrolysed by dilute alkali to givep-toluenesulfonic acid, detectable by high 
voltage electrophoresis .tB Instances of amides being esterified at oxygen by p- 
toluenesulfonyl chloride are uncommon but not unknown.” 

,NH-COCH, 

0 

tn, 

sm YIJI Ix 

Inspection of the seven parameters derived for each compound and recorded in 
Table 1, shows that a clear distinction can be made between N-acetylcycloserine and 
N-acctyl-2-methylcycloserine on the one hand, and N-acetylOmethylcycloserine 
(VIII) and N-acetyl-&ptoluenesulfonylcycloserine on the other and that the param- 
eters for diacetyl cycloserine place it in the former group, thus allowing the 
assignment of structure III to this compound. 

When the double bond is introduced into the ring, JAI, increases by about 1 c/s 
and this may be due to a decrease in the HA-C,-HB angle although as has been 

*I K. Tori and K. Kuriyama, C/tern. and Ind. 1525 (1963). 
o The chemical shift of HI does not affect this spectrum and this quantity was thcrcforz arbitrarily 

act at 4mO c/s. Calculation of spectra was carried out using a mod&d Freqint Ill program. We 
arc wry grateful to Dr. Aksel Bothner-By of the Mellon Institute for making this program available 
to us. 

LI It is probabk that the reaction of an N-ptolucncsulfonyl derivative with alkali would result only 
in ring opening. It has been shown that N-mcthancsulfonylpyrrolidonc reacts with alkali exclusively 
at the ring carbonyl (H. K. Hall, Jr., M. K. Brandt and R. M. Mason, J. Amer. C/urn. Sot. 80, 
6420 (1958)). 

w H. Plkningcr, H. Baucr. A. R. Katritzky and U. Lcrch. Ucbif’r Ann. 654, 165 (1962). 
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TABLE 1. COtJFUNo CO~BTA~ Ah-D CHEMICAL SHIFI’S DERlVED PROM THE KhtR SPECTRA 

OF CYCLOSEXINE DERlVATlVES (IN C/S). 

Compound J .4n J.4, Jnx JSY VA VI3 ‘x --COCH, Other 
- .----. - __ 

NH -cow, 

5 Oh O 8*6 
H 

8.5 9.9 6.1 293.1 259.8 328.7 128.2 - 

8-1 8.1 11.3 7.3 289.1 267.5 325.6 125.3 146.2 

8.5 8.4 9.7 7.0 283.1 249.6 316Q 126.4 186.7 

9.8 
0 

NHCOCH) 

5 94 
0 

\Ni ocn, 

10.1 

9.3 

5.9 8.4 283.8 268.3 359.2 123.0 131.5 

6.4 7.8 2802 260.1 341.2 126.4 226.5 

pointed out recently,ld care should be exercised in the application of this inverse 
relationship. Introduction of the double bond into the ring also causes J,, to 
increase while Jas decreases and in view of Karplus’ relationship between coupling 
constant and dihedral angle,w this would be expected if the dihedral angle between 
HA and H, increases with a concomitant decrease’in the dihedral angle between Ha 
and Hx. The coupling constant JxY seems not to be affected by the position of the 
double bond, which is reasonable if there is free rotation about the C,-N bond. 

The chemical shifts of H, and Ha in all five compounds are of little help in structure 
assignment, but when the double bond is in the ring, H, is ‘Wlylic” and as a result, 
its chemical shift is moved 25-S c/s to lower field. This chemical shift alone provides 
support for the assignment of structure III to diacetyl cycloseriae. In structure IV, 
one might reasonable expect the value of the chemical shift for Hx to fall between 
those observed in the presence of the strongly electron-releasing and electron- 
withdrawing substituents of VIII and IX, respectively. 

The NMR spectrum (Table 1, particularly Jnx and Jax) suggests that the 
heterocyclic ring of N-acetylcycloserine is devoid of olefinic character and that it 
resembles the N-methyl considerably more than the O-methyl derivative.n 

o H. M. Hutton and T. Schaefer, Con. /. Chem. 41,684 (1%3). 
LI M. Karplw. 1. Amer. Chum. Sot. 85.2870 (1963). 
*’ It is assumed that N-aatykycloscrinc (pK’. 5.W) exists in the undhociatcd form in pyidim 

(PK. S.17). 
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The IR and UV spectra of the same five compounds are recorded in Table 2 and 
3, respectively. It is immediately evident that such data are of little value in making 
structural assignments in the cycloserine series. The fact that the sidechain amide 
band for N-acetylcycloserine (1645 cm--‘) is not significantly different in position 
from that of N-acetyl-2-methylcycloserine suggests that the intramolecularly hydrogen- 
bonded structure, X, and, accordingly, the iminol form of the lactam, do not contribute 
significantly to the structure of II in the solid state. 

Compound -NHCOCH, N-CO<, N-C, N-COCH, 
- - -. .-. __ ..~ 

N-Aatykycloscrine 1645 cm.’ 17lOcm-1 - - 
N,2-Diaatykycloscrinc 1667 1765 - 17w 
N-Aatyl-2-mcthykyckxuine 1640 1720 - - 

N-AatylOmcthykycloscrinc 1660 - 1632 - 
N-AatylOptosykyclosctine 1655 - 1638 - 

l All spectra were recorded in Nujol. 
b The band at higher frequency is assigned to the more strained ring carbonyl (cf. 

H. K. Hall, Jr. and R. Zbinden, 1. Amrr. Chcm. SC. 80, 6428 (1958)). 

TABU 3. uv ABSOiWllON MAXIMA (A(lXKMTRlU) 

Compound 
. 
Am., 

_ -~. -.~ 
N-Aatykycloscrinc 215 rnp 
N.2-Diacctykycloserinc 240 
N-Aatyl-2-mcthykyclovrinc ZIP 
N-AatylQmethykyclorine 2lP 
N-AatylQptosykyclorine 228 

l Infkction only 

X 

The reaction of N-acetylcycloserine with diazomethane leads to a mixture of the 
N-methyl and O-methyl derivatives. The fact that a particular tautomer, which may 
contribute so little to the equilibrium mixture that it escapes detection by physical 
means, leads to a significant amount of product is a phenomenon with ample 
precedent,17*” and has no bearing on the elucidation of the structure of II. We 
consider the difference in site of acylation with ptoluenesulfonyl chloride and with 
acetic anhydride to represent, not a ditferencc in reagent or mechanism, but one of 
ease of rearrangement. Under the conditions of the acylation reaction, IX is not 
likely to undergo deacylation and is, therefore, a product of kinetic control. We 
presume that acetic anhydride reacts with II, initially, to give the O-acetyl derivative; 
the product can, in turn, acylate pyridine or acetate anion or IV, or even experience an 

y L. A. Cohen and W. M. Jona. 1. Amer. Gem. SM. 85, 3397 (1963): G. L. Schmir and L. A. 
Cohen. Ibid. 83, 723 (1961). 



Tbc nuckar magnetic resonance and mass spectra of derivatives of cycloscrine 73 

intramolecular acyl migration via a four-center transition state, and the IinaI product, 
III, is the result of therm~ynamic contro1 under conditions of reversibility.Lg 

Mass spectra 

Support for the structural assignments made on the basis of the NMR spectra is 
found in the mass spectra so of the derivatives II, III, and VII. 

From the mass spectra of II and III, shown in Fig. 3, it can be immediately seen 

r--- _ ----- . .._-... - .-. _ 

Fto. 3. Mass spectra of N-acctykycloscrinc (II) and of N,24Goctykycloscritw (III). 
Tbc ordinate rrprrscnts relative abundance. 

that the normal N-acetyi fragmentations are occurring. Thus the molecular ion 
from II (m/e 144) loses ketene to give an ion of low abundance at m/e 102-a 
fragmentation with ample precedenP~ and, as an alternative process,U*S acetylium 
ion (CI-I,CO+) is lost from the molecular ion and carries most of the charge, thus 
accounting for the abundant ion at m/e 43 and the small peak at mfe 101. 

W The kinetic-thermodynamic system has been demonstrated experimentally for several ambident 
nuckophiks: sec. for exampk, C. L. Stevens and hi. E. Munk, .I. Amer. Chem. Sot. 80.4065 
(1958); R. E. Benson and T. L. Cairns, Ibid. 70.2115 (1948); W. P. Jencks, Ibld.80,4581.4585 
(1958): D. Y. Curtin and L. L. Milkr. Tetrahedron Letters 1869 (1965). 

y AI1 mnss spectra wcrc measured on an Associated Ekctricai Industries (U.K.) MS9 doubk 
focussing mass spectrometer at 70eV. In all casu. the sampta was introduced directly into the 
ekctron beam. Accurate measurement of mass to charge ratio was carried out by comparison 
with a pcrfluorotributylamine standard. We an indebted to Dn. J. W. Daly and H. M. Faks 
of the National Institutes of Health for their as&axe in thcx measurements. 

U Z. P&h. M. A. Kiclwcmki, J. M. Wilson, M. Oh&i. H. Budziliewicz and C. Djerd, 1. Amer. 
Chcm. Sot. t&2470 (lW3). 

n A. M. DufBcld and C. Djcrassi, J. Amr. Chem. Sot. 87,4554 (1965). 
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The fragmentation pattern of N-acetyld,cycloserine (XI, R - H) shows a very 
abundant ion at m/e 46 corresponding to CD&O+ and a rather less abundant one 
at m/e 44, presumably corresponding to CD&O+. 

R 

xl 

The molecular ion from III loses ketene very rapidly to give an ion at m/e 144 
and the corresponding metastable ion”*% at m/e Ill.5 (talc., m/e 1 I l-3). That it is 
the ring acetyl group that is so expelled, presumably in a four-center process,= 
giving the ion at m/e 1Gwhich is actually the molecular ion from II-is suggested 
by the similarity below m/e 144 of the spectra of II and III and confirmed by the 
fragmentation of XI (R = COCHJ which proceeds via the loss of kctenc, with the 
expected metastable ion m/e 114.4, rather than the loss of ketened,. 

Loss of the side chain acetyl group of II as neutral ketene gives a fragment of 
m/e 102 which would be expected to carry a substantial proportion of the charge. 
As has been noted, however, the ion at m/e 102 is of low abundance and this is 
evidently because it is unstable and collapses rapidly to an ion of m/e 59, to judge by 
a prominent metastable ion at m/c 34.3 (talc. for m/e 102 - + m/c 59; m/c 34.2). 
The accurate mass to charge ratio of this ion is 59.0349 which serves to identify it 
as GH,NO+ (m/e 59.0371). It seems therefore that this ion could be CH&ONH*+, 
formed by elimination of the entire side-chain together with one hydrogen atom 
probably from position 5 according to the mechanism below; but this possibility 

has to be discounted 
by acetyld, causes a 

in view of the observation that replacement of this acetyl group 
shift of the ion not to m/e 62, but to m/e 60. Clearly then, two 

deuterium atoms fail to survive this fragmentation, the first step of which must 
therefore be loss of keten-. This leads to the ion at m/e 103 which is of very low 

o J. H. Beynon. Mau Sjmtromctry and its Applications to Organic Chemistry pp. 25 l-262. Elsevim, 
New York, N.Y. (l%O). 

u K. Bicmann, Muss Sprctronwrry p. 154. McGraw-Hill, New York, N.Y. (1962). 
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abundance because it collapses rapidly as shown below to give the ion at m/e 60 
together with a mctastable ion at the calculated position of m/e 35.0. 

Go 
;I& 

o/l 
5 

L 
\ + 

“; O H/N-C-o 
H 

m/e 103 m/e 60 (43) 

This “cross-ring” cleavage of five-membered hetcrocyclic rings has been observed 
tlsewherP*gB and may well be of general value in the mass spectrometry of compounds 
containing such systems. 

The remaining abundant ion which appears in the spectra of II and III is at 
m/e 112. This ion is presumably formed by collapse of the ion at m/e 144 since a 
metastable ion is observable in both spectra at the calculated position of m/e 87.1. 
Replacement of the sidechain acetyl group in II or III by acetyld, results in a shift 
of the ion at m/e 112 to m/e 115 and of the metastable ion to m/e 90.0 and permits 
the conclusion that the intact acetyl side-chain is present in the daughter ion. The 
accurate mass to charge ratio of the daughter ion in the spectrum of II is 112440 
which allows the assignment of the formula C,H,NO,+ (m/e 112.0398) to this ion. 

In the light of such evidence, the following fragmentation may be postulated as a 
route whereby C,,H,NO,+ may IX formed from the molecular ion of II and, if correct, 
constitutes a further example of the aforementioned “cross-ring” cleavage.“*W 

Further support for this general scheme of fragmentation may be derived from 
the mass spectrum of N-acctyl-2-methylcycloserine (VII), shown in Fig. 4. The 
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FIG. 4. Mass spectrum of N-aoctyl-2-mcthylcycloxrine (VIIJ. 

u A. Scnning. Ckm. &mm. 1,561 (1965). 
” D. L. Klayman and <i. W. A. Milnc, J. Org. Chcm. 31, 2349 (1966). 
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molecular ion at m/e 158 loses CH,CO or CHJO+ giving small peaks at m/e 116 
and m/e 115 and the base peak of the spectrum at m/e 43. The ion at m/e 116 
presumably collapses readily to give that at m/e 59-a metastable ion being observed 
at the calculated position of m/e 30-O. 

The ion at m/c 112 is observed in this spectrum and this fact tends to support 
the hypothesis previously advanced with respect to its structure and formation. The 
metastable ion accompanying its formation is found to be exactly as calculated, at 
m/c 79.4. 

EXPERIMENTAL” 

N-Acerylcycloscrine (II) was prepared according to the method of KuchP” and obtained as white 
nadks, m.p. 179-180” (lit.*@ 175-177”). 

N-Acetyl-2methykycloserine and N-acetyl-O-methykycloscrine were prepared by the action of 
diazomcthanc on N-acetykycloscrine as described by Hidy cr ~1.’ and separated by chromatography 
on Florisil with benzene as eluant. N-Acttyl-2-mcthykycloscrine was obtained in 41% yield as 
plates, m.p. 105-106” (lit.’ 111-113”). N-Acetyl&ncthylcycloscrine (VIII) was obtained in 37% 
yield as needles. m.p. 137-138” (lit.’ 14&142’). 

N,2-Diucerylcycloscrint (Ill). Aatic anhydride (1.10 ml) was added to a solution of N-aatyl- 
cycloscrinc (144 g) in pyridinc (30 ml, dried over CaH,). The solution was allowed to stand at room 
temp for 45 min and then evaporated to dryness in wcuo to give a gum which was induced :o aystalliz~ 
upon trituration with ether. Three rccrystalliLations from acetone afforded chunky needles of Ill 
(l-35 g, 73%) m.p. 121-122” (lit.**rt 12&1210). 

N-Acery/~prol~~sul/onylcycloseri~ (IX). N-aatykyclorrinc (2.14 g) was dissolved in 5% 
NaHCO, aq (90 ml) and stirred at room tcmp during the rapid addition of a solution of ptoluenc- 
sulfonyl chloride (3.87 g) in acetone (45 ml). The mixture was stirred for 2 hr at 2S” and then the 
aatonc was removed under red. press. and the residual solution diluted with water. This solution 
was extracted with ethyl aczta~c (3 x 200 ml) and cthcr (200 ml). The organic extracts were combined, 
washcd with water and dried (MgSO,). Removal of the solvents in cucuo left a white solid which 
was rccrystallizcd four times from ethyl acetate-benzene IO give N-accryl-@prolucnesuI/onylcycloscrine 
as soft nccdks (I.83 g. 42%) m.p. 149-150” dcc. (Found: C, 48.11; H, 4.YS; N. 9.2Y; S, l&31. 
C,,H,,N,O,S requires: C, 48.32; H, 4.73; S, 9.39; S. 10-75x.) 

l/ydro/ys& o/IX. N-AatylOptolucncsulfonykycloscrine (IX. 29.8 mg) was dissolved in MeOH 
(15 ml) and to this solution was added 5.0 ml of 0*2M KOH aq (IO.0 equiv.). After the solution had 
been stored for 2 hr at room tcmp, the pH was adjusted to 6.8 with 50% AcOH and an ahquot was 
subjected to high voltage ekctrophonxis (I500 V, pH 6.S) together with authcnticptolucnuulfonic 
acid. The hydrolysatc was found to contain ptolucnaulfonic acid as its only mobik component 
detectable with the fluoresain spray that was used. 

N-Aceryld,-cycloserine (Xl, R = H) was prepared according to the method of Kuchlr’ using 
acetic anhydridcd, in plaa of acetic anhydride and was obtained as white ncedks, m.p. 177-179”. 
undeprcssed by admixture with Il. 

N-Acctyld,-2~cerylcycioscrriu (XI. R ‘- -COCH,) was prepared from XI (R = H) by the 
method used for the preparation of Ill, with acetic anhydrided, in place of aatic anhydride, and 
was obtained as white needles, m.p. l2&122”, undcprcsscd by admixture with ILL 

*’ All mps. were taken on a KoAer block and are uncorrected. Microanalyses were pcrformcd by 
Dr. W. C. Alford and his associates of this Institute. 


