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attempts to  subject the data to  regression analysis” 
including such substituent constants as u, x ,  E, have 
not led to  any significant correlations. However, since 
p-alkyl substituents decrease, m-alkyl substituents 
leave unchanged, and o-alkyl substituents increase in- 
hibitory activity i t  mag be that the 5-Ph group of 1 
binds to a nonpolar area of restricted dimensions. The 
increased activity found with o-alkyl substituents ma! 
originate from increased binding in this area. Alterna- 
tively, binding of the azopyrimidines to a nonplanar 
enzyme surface may be facilitated by the o-alkyl sub- 
stituents forcing the benzene and pyrimidine groups into 
a twisted configuration. The present data do not dis- 
tinguish these possibilities. 

The very extensive work of Baker and his colleagues12 
(11) C. Hansch, Accounts Chem. Res. ,  2, 232 (1969). 
(12) B. R.  Baker, “Design of Active-Site-Directed Irreversible Enzyme 

has already established the crucial importance to in- 
hibitor binding of a nonpolar area on dihydrofolate 
reductase. The binding capacity of this area would 
appear to  be distinctly larger than that revealed by this 
study; however, the well-established species differ- 
ences in dihydrofolate r e d ~ c t a s e ’ ~ , ’ ~  may not make 
this a very definitive conclusion. 
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Hexahydro-1H-azepine-2-carboxylic acid (Id),  octahydro-2-azocinecarboxylic acid (le), octahydro-lH- 
azonine-2-carboxylic acid (If), decahydro-2-azecinecarboxylic acid (lg),  and azacycloundecane-2-carboxylic 
acid (lh),  respectively, the 7-, 8-, 9-, IO-, and 11-membered a-imino acids that  are ring homologs of the natu- 
rally occurring a-imino acid, L-proline, have been synthesized by rearrangement of a-halogenated-w-arninolac- 
tarns of ring sizes one larger than the corresponding imino acids. In  addition, a number of derivatives of these 
imino acids which might be of use for detection of the latter in biological systems have been prepared, viz., the 
methyl esters, phenylthiohydantoins, 1-nitroso-, 1-(2,4-dinitrophenyl)-, and I-(B-dirnethylami~~onaphthalene-l- 
sulfonyl) derivatives. None of these or-imino acids showed growth inhibitory activities against the F-66 mouse 
mammary tumor in tissue culture or Escherichia coli in a glucose C medium, arid only l g  inhibited slightly the 
growth of the radicle of the mung bean, Phaseolus aureus. These imino acids showed no significant antitumor 
activity ill the Cancer Chemotherapy National Service Center tumor screen, or antimalarial activity against 
Plasmodium gallinaceum or P .  berghei. 

The four-membered cyclic a-imino acid, L-aeetidine- 
2-carboxylic acid (la), the lower homolog of proline 
which occurs naturally in the plant kingdom as the 

COOH ‘w----f H 

b 2 h  

n 
la 4 
b 5  
c 6  
d 7  
e 8  
f 9  
g 10 
h 11 

major nonprotein, nitrogenous component of the 
Liliucae12 has been shown to inhibit the growth of 

( 1 )  This work v a s  eupported in part  by Grant C.1-06432 from the  Na- 
tional Cancer Insti tute,  United States Public Health Service. 

( 2 )  (a) L. Fovden, A‘ature (London), 17S, 347 (1955); (b) L. Fouden,  
Bzochem. J . ,  64, 323 (1955): (c) A .  I. Virtanen and  P. Links, Acta Chem. 
Scand., 9, 551 (1955): (d) A .  I. Virtanen, Nature (London), 176, 984 (1955); 
(e) 1,. Fonden and M .  Bryant,  Biochem. J . ,  70, 626 (1958). 

Escherichia coli in culture, as well as radicles of the 
mung bean, Phaseolus au~eus.~ This imino acid com- 
petitively substitutes for proline and is itself incorpo- 
rated into the protein of E.  coli and of P. aweus. The 
presence of l a  also inhibits the incorporation of [14C]pro- 
line into embryonic cartilage as well as the latter’s 
conversion to [14C]hydroxyproline, and results in the 
accumulation of abnormal protocollagen which con- 
tains incorporated laa4  When added to the culture 
media of Streptomyces antibioticus or of S. chrysomallus, 
l a  (as well as the higher proline homolog, pipecolic acid, 
IC) is incorporated into the peptide side chain of the 
actinomycin molecule to  produce new biosynthetic 
actinomycins.j The antimetabolic activities of proline 
homologs and analogs, as well as their comprehensive 
chemistry and biochemistry, have been the subject of 

(3) (a) L. Fpmden and  M.  Richmond, Biochim. Biophys. Acta, 71, 469 
(1963); (b) L. Fowden, J .  Exp. Bot., 14, 381 (1963). 

(4) T. Takeuchi and D. J. Prockop, Biochzm. Biophus. Acta, 176, 142 
(1969). 

( 5 )  (a) E .  Katz and W. A .  Goss, Biochem. J . ,  73, 458 (1959); (b) E. Kate,  
Ann.  JV. Y .  Acad. Scz., 89, 304 (1960); (c) E. Katz and H. Pugh, Appl. 
Mzcrobiol., 9, 263 (1961). 
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recent reviews.” In a preliminary communication,’ 
n e  described a novel synthesis of cyclic a-imino :icidi 
of mediuni ring size (Id-lh) repreqentinp. the 1iight.r 
ring homologs of proline beyond pipecolic acitl ( 1 ~ ) .  
We nox  describe thiq uorl, in detnil and report sonic 
of the biological properties of theye synthetic medium 
ring a-imino acids, as \vel1 :E the physical prupertieb of 
some derivntivcs which might bc of iiie in bio1ogic:il 
investigntions. 

Chemistry.-The salient feature of thi. ~ynthe t ic  
routc t o  thr  imino :icids Id-lh involve- tho  b:iv>- 
cat alyzed rearrangement of the a-hxlo-w-:imiiiolactani~ 
7 or 8. 1 i x .  7 or 8 -+ 1 (Scheme I). A posiible mech:r- 

(CH-);, , Beckmniin 
reari angeinenl 

‘wit , 
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nism for this Favorskii-like rearrangenlent of a-halo- 
lactams has been presented earlier.’ The most con- 
venient route to the lactami 4 n-as uia Beckmanri rear- 
rangement of the alicyclic ketoximes 3; hence the cyclic 
ketones 2 served as the starting material in most of 
this work. The overall synthetic sequence involves :i 

ring-expansion reaction with heteroatom insertion 
(3 - 4) followed later by a ring-contraction step (7 
or 8 - 1) ;  thus, a cyclic ketone of a given ring size is 
ultimately converted into an a-imino acid of the same 
ring size. 

(61 (a) L. Fonden,  L). Levis and l i .  Trlstam, Adxun .  EnzumoI., 29, 8‘3 
(1967) ~ ( I > )  A .  13. Mauger and 13. \Vitkop, Chem. Rev., 66, 47 (1966); ( c )  L. 
Fonden in  J .  13. Pridliam and T .  Swain, Ed.,  “Biosyntlietic Path\!-ays i n  
Iliglier Plants,” .icademic Press, K e v  York,  S .  Y.. 1965. pp 92-95. 

( 7 )  I? .  T .  Nagasau-a and 3. .I. Elherling, Te t r t chedron  Lett., 44, 5393 (lY66). 

Polyphosphoric acid (PPA) of 7b‘,( 1’30, content’ 
J\ as utilized routinelj for the Bechniaim ie:irr,tiigt~iiicrlt 
of th r  :ilic\ clicm Lrtouime~ 3 t o  the I,ict:ini+ 4 ,  gcwr11 < i l l \  

without re-ort to exteniivc punficntioii ot  3 TVhilc 
the individu:il laCtmi5 have d l  been describctl 111 t hr 
liter;iture.? iize of dilute PPA for the BecI\ni:tm war- 
rangement uf the oximes derived from t hc honio~ogous 
vrie‘ of cyclic l;ttones, cyc1ohept;inone i o  c\  rlodc- 
c:inonc (2a,b,c,d) :ih \\ ell :is cyclododecanone, c) clotc>tr,i- 
dec:inon(>, : i d  cyclopentadecanone (2. I )  = 12, 14, 13). 
is without precedent These results are summ:iiizcd in 
Table 1. By emploj ing coiitinuous liquid-liquid (BY- 

traction to remow the lactams from the reartioil mix-  
ture after dilution with \\ :iter, product i,olation \\ :i\ 

facilitated Preparative quantities of 1:~ctaiiis \rcrc 
obt:iiiied routinelj in good yield-, :tnd becausc t hib 
procedure, unlihc the usud  procedure for the Beck- 
niaiin rearrangemerit does not call for neutra1iz:Ltion of 
the large qu:intitie\ of acid present, the grciitlj reduced 
cost adds to  its :ittr:xtivenes :i$ the iiiethod of choice 

Azac;\.clododecan-”-one (4e) \vas prepared froin c) clo- 
ith nitro- 

The 1:ictmir 

o 

foi 1:irge-sc:ile prepm a t ‘  10115. 

undecane-’-carboxylic acid (9) by reaction 
s> 1 sulfuric acid in chlorosulfonic :icid. l” 

9 4e 

4 nere  dichlorinated to the a,a-dichlorolnctams 5 n ith 
PClj in a mixture of CHCla-toluene, a procedure mod- 
eled after that  of Francis, et al., arid Wineman, et al.,” 
for the chlorination of caprolactam. In a fer\- instances, 
restricted to the larger membered lactams (4d, 4e), 
dichlorination became sluggish and mixtures of mono- 
and dichlorinated products \\ ere obtained. The di- 
chlorolactanis 5 undement catalytic hydrogenolysis to  
the monochlorolactams 7 with facility, and hydrogen 
uptake essentially ceased a t  the monohalogen stage. 
Advantage \ \as  taken of the relative inertness of the 
monochlorolactams of the higher-membered series to 
further hydrogenolysis in separatlng the mixture\ re- 
wlting from the halogenation of these lactams. After 
prior isolation of the dichlorinated products, the resi- 
dues I\ ere subjected to  catalytic h j  drogenation until 
no more hydrogen was absorbed to convert :In> re- 
maining dichlorolactams to the monochlorides, and the 
monochlorolactams \\-ere subsequently isohted in pure 
form. 

The corresponding dibromo-(6) and monobromo-(S) 
lactams 11 ere prepared by bromination of the 1:ictams in 
CHCl, solution \\ ith 2 or 1 molar equiv of bromine \I ith 
traces of ZnClr or I? a< cataljsts.ll”. These halogen- 

(8) C omiriercialli a\ailal)le a, lO5(l0 phosphoric acid oi I I \  dilution of 
115% IIaPOd Certain procedures described In the  Experirnental Section 
designed t o  moderate the ~ i g o r o u s  evothermic reactions s e n  e to  minlml/e 
the extensi5e charring encountered In the usual procedure [d L C Horn-  
ing and \’ 1, Stromherg, J Amer Clrem Soc , 7 4 ,  2680 (1952) 1 

(9) L R u m h a ,  XI hollelt 0 Ifdfllger and V Prelog Hell C h l m  I C l o  

(10) Imperial C liernical Indiistrics I td Helyian Patent 610 2 4  Or1 17 
1Y62 Chem . l b ? t r ,  69, 452 (19FJ) 

i l l )  (a) I\ C Francis J R Thornton, J C \ \erner and 1’ R IJophins. 
J Amer Chem hoc , 80, 6238 (1958), (12) R J \\ Inernan I’ -P I 1l-u and 
C E inagno-topoulos % h i d  80, 6233 (1958) 

sa, 544 ( 1 9 4 ~ )  
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Lsctam 

4a 
4b 

4c 
4d 
Azacyclotridecan-2-one 
Azacyclopentadecan-2-one 
Azacy clohexadecan-2-one 

a Ref 9. 

TABLE I 
Recrystn solvent M p  or bp (mm), O C  

112-114 (0.1 mm) 
127-135 (0 .25  mm) 

[76-771 
CHzC12-petr ether 142.5-143 
CH&ln-hexane 164-166 
CCHG-petr ether 150-151 
CHpClz-hexane 146.5-147.5 
CHdX-petr  ether 134-135.5 

ated lactams of ring sizes which range from the 8- 
membered hexahydro-2(1H)-azocinone to the 12- 
membered azacyclododecan-2-one are listed in Table 11. 

TABLE I1 
HALOGENATED LACTAMS 

0 

Yield, Recrystn LIP, 
KO n Si S? 70 solvent O C  
5a 8 C1 C1 61 CrHepe t r e t l i e r  96-97 
6a 8 Br Br 38 CHZC12-hexane 147-148 
7a 8 H Cl 93 Sublimed 164- 165 
8a  8 H R r  55 C H C I r h e x a n e  172-173 
5b 9 Ci CI 34 CeHsand sublimed 160-162 
6b  9 Br Br 77 C H G i r h e x a n e  156-157 
7b 9 H C1 94 CsHr-n-hexane 132-133 
8b 9 H Br 53 CHClrhexane 146-147 
5c 10 CI C1 79 .icetone 17'2-174 
6c 10 Br Br i 4  C H K l r h e x a n e  168-169 
7c 10 H C1 i 4  Ethanol 159- 160 
8c 10 H Br 80 CHLh-hexane 169-170 
5d 11 Cl Cl 46 Ethanol-nater 165-166 
6d 11 Br Br 70 CHCClr 156-157 
7d 11 H Cl 4 1  C H C l r p e t r e t h e r  149-150 
8d 11 H Br  53 CHJCl? 172-173 
5e 12 C1 CI 51 CHCls 179 
6e 12 Br R r  16 C H L X  179-180 
i e  12 H C1 89 Hexane 142 
8e 12 H Br 69 CHzCln-hexane 164-165 

All compounds were analyzed for C, H, N .  

Initial exploratory experiments indicated that a 
number of alkaline reagents effected the rearrangement 
of the a-chlorolactams 7 to  the a-imino acids 1, albeit 
in low yields. Thus, the reaction of 3-chlorohexahy- 
dro-2(1H)-azocinone (7a) with 3 N KaOH in aqueous 
dioxane gave rise to  the 7-membered a-imino acid, 
hexahydro-1H-azepine-2-carboxylic acid (Id) as one 
of the five ninhydrin chromogenic products detectable 
by thin-layer chromatography (tlc). The a-imino acid 
component was selectively isolated as the copper salt, 
followed by precipitation of the Cu(I1) as the sulfide 
with H2S, to give Id in 15% yield. I n  addition a 
neutral, water-insoluble product, analyzing for (214- 

H~N202 (A1 + 250) n-ith carbonyl absorption a t  1658 
cm-' but no n" absorption was obtained in 6y0 yield. 
Since acid hydrolysis gave Id, this neutral product must 
be the racemic diketopiperazine 10a or the meso isomer, 
lob. 

(12) Reference t o  the preparation of i d  and some of its derivatives by  
cyclization of a-amino-o-haloenanthic acid deri\ atives has appeared as  a 
Soviet patent  by A .  M. Likkosherstov and  A .  M. Kritsyn, USSR Patent  
176,589, Nov 17, 1965; Chem. Abstr.,  64 ,  969ih (19661, and subsequently 
in a paper by A .  121. Kritsyn, 4 .  >I. Likkosherstov, and A .  P. Skoldinoi-, 
Dokl.  Chem.,  179,228 (1968). 

Reporteda mp  or bp (mm), O C  Yield, % 
162-164 (22 mm) 92 
72-73 95 

138-139 80 
162 83 
153-1.33.5 89 
146-147 90 
133.5 92 

loa. n = 7 
l la,  n = 8 

10b,n=7 
llb,  n = 8 

Like treatment of 3-chlorooctahydro-2H-azonin-2- 
one (7b) with XaOH in aqueous dioxane gave the 8- 
membered octahydro-2-axocinecarboxylic acid (le) 
in 40% yield, together with a small amount of diketo- 
piperazine, mp 151-153' ( l l a  or l lb )  iyhich was con- 
vertible to  l e  by acid hydrolysis. Of possible mecha- 
nistic ~ignificance,~ tlc of this crude reaction mixture 
revealed the presence of only two ninhydrin chromo- 
genic components, one of which was the a-imino acid 
l e .  

The smooth rearrangement of the 9-membered 
chlorolactam (7b) to the 8-membered cyclic a-imino 
acid (le) in moderate yields under essentially hydro- 
lytic conditions called for evaluation of other reagents 
that  might effect the rearrangement. Potassium teyt- 

butoxide in tert-butyl alcohol was found to be the re- 
agent of choice. Since solvolysis of reaction inter- 
mediates can give products that  are a-imino acid tert- 
butyl esters, the reaction mixtures were routinely heat- 
ed in aqueous acid before isolation of the a-imino acids 
as their copper salts. The classical procedure for lib- 
eration of amino acids from their copper salts by pre- 
cipitation of the Cu(I1) with H?SI3 was considerably 
simplified by utilizing 8-hydroxyquinoline as the pre- 
cipitating agent. The low solubility of the copper(I1) 
8-hydroxyquinolinate in aqueous methanol forced the 
equilibrium to favor the free imino acids, and after re- 
moval of excess 8-hydroxyquinoline nith ether, the 
a-imino acids were obtainable in an essentially pure 
state. 

I n  this manner, the homologous series of a-chloro- 
lactams (7a,b,c,d,e) were converted to the homologous 
series of a-imino acids eix. , hexahydro-1 H-azepine-2- 
carboxylic acid (Id), octahydro-2-azocinecarboxylic 
acid (le),  octahydro-1H-azonine-2-carboxylic acid (If), 
decahydro-2-azecinecarboxylic acid ( lg) ,  and azacyclo- 
undecane-2-carboxylic acid (lh), respectively, the 7 - ,  
8-, 9-, lo-, and 11-membered cyclic a-imino acids homol- 
ogous to proline (Table 111). The yields progressively 
increased as the homologous series was ascended, and 
was maximal for the 9-membered If, but the yields 
drastically fell with further increases in the ring size of 
the halogenated lactams. A limited number of the 

(13) J. P. Greenstein and h l .  Winitz, "Chemistry of the .imino Acids," 
Vol. 3, Wiley, New T o r k ,  S.  Y., 1961, p 2032. 



a-bromolactams 8 \\ere also rearr:inged, but the bronio 
compounds offered no :idvant:ige over the chlorinntccl 
:in:ilogs, :ind the latter \yere routinely u v d  for prepmi- 
tive runs. Hex:ih\-dro-lH-:~zepitie-L/-c:lrboxJ lie acid 
(Id) obtained b>. renmingement of :~-chlorohrxtthvdro- 
2(1H)-azocirione (7a) \\:is identical \\ ith t h r  a-imino 
acid produced by acid perni:ing:in:itc oxidation of 2- 
h?.drouymetli?.lhex~ih~dro-~H-:izepinc l 4  Oct:ih! t1i.o- 
2-:izocinecxrbox> lic acid ( le )  and octah! dro-1H-nzo- 
niiie-%-c:irbox\ lie acid (If)  clecnrboxJ.lated in refluxing 
cvcloheptanonc' ' to octahj dronzociriP and o c t d i j  dro- 
:leonine. respectively. thus providing cvidericc for thi. 
:issigned ring h e r .  The latter I\ ere iiolnted arid identi- 
fied :I$ their pheny1thiuore:i (1criv:itivci. l'urthcr ('vi- 
denct. for the c\ clic a-imino :xid qtructiireq for Id 
l h  :idduced b) the dis:lppe:tr:incc o f  t h t  SH 
Ytretching abcorptioni in tlic ir ipectr:i by iiitrowtioti. 
tlinitrophen> I:ition* or b! eonvercion to their phen\ 1- 
t hioh~d:intoin derivatives. Thew :iq 11 ell , I C  ot Iiei 
t1eriv:itivcq of Id-lh \\-hich n i a ~  bc 11 

I:itiori :itid dct wtioii of tliecc imiiio :i 
mq :ire 1i.te.d in Tableh 1V ant1 Y.lG 

ien the  ch1orol:ictnm 7a I\ : t i  re:iriaiigccl I\ iili 1)o- 
1 a-tiini ted-butoxide in rcfluuing t etr:ih> drofiir:iri. I t i  

:idditiort t o  Id  t \ \  o ibomeric tlil,ctopipci:iziii~~ 10, in]) 
I l x  11'3" ( I l ( < )  :ind nip 200-201" ( 2 6 5 c ) ,  \\crc' i s o l a t ~ ~ c l  

bv  chromnto#r,iphic v oiL-iip of thrJ neutral fr:Lctiori 
The. higher rncltirig isomer I\ '1s identical ni th  the d i h -  
1 opipernxine 10 isolated earlier (see above). The 
nieric relation of the  two products with diffrreiit me1 
lmiiit- \\:IS indic:tted by (a) thc identity of their niolec- 
u l u  ions ( l I +  2-50) as well as simihrity of the frugmrn- 
t:itioii pzttternr of their mass spectra, (b) their differciit 

clition timw on glc. :irid (c) their infrnretl arid iinii 

( 1 4 )  I 1 I111rLr, f ' l i i n r  I l r d r ,  60, i i 8 l  (195b)  
( 1 5 )  C X  ( l iatel i i .  Rid1 h o c  Cham I'r 252J (1'101) 
(10)  1 t i (  r l i i ~ ~ ~ n n t o i r r s i , I l l c  proiwiiie\ of la-lh aa \\ell it. t l l e i r  L 1-ill- 

riitroi I i c  r i \  1- 5-diinet I i i  l aminona~~l~i l ia l rne- l - iu i  and Iiiieni 1t l i ) i i  
) I \  < Ian t rur i  drri \  & t i \  e-  i n  a \ a r i i t \  uf p a l m  ancl t uns  l i i i \  e l i c r i i  r(  
portml Ill T Uair,z,&ui 1' S I'rawr and  I \ i n g  I Ciironiiit ,gv 
44,  (00 (19bO) 1 
i rnr i i  h i  i n d  i rd  ion-<  \ r hanpc  c l ~ r o r n a t r ~ ~ r n p l  I (  ~ o l u i u n ~  

la-lh are eliiteii 111 urilrr of inrrPabing ni~, leci i Inr  \ \ r igl j t -  



AMINO ACID AKTIMETABOLITI~S Journal of Medicinal Chemistry, 1971, Vol. 14, No. 6 505 

TABLE IV 
CY-IMINO ACID DERIVATIVES 

NO. 

l l b "  
11c= 
1 lda 

12ab 

i ia5 

12bb 

12cb 

12db 

12eh 

13a 

13b 

13c 

13d 

13e 

13f 

14aj  
14bf 
14cf 
14df 
14ef 
15 
16 
17 
18 

n 

6 
7 
8 
9 

7 

8 

9 

10 

11 

6 

7 

8 

9 

10 

11 

7 
8 
9 

10 
11 
7 
8 
7 
8 

ON-Q 

NO2 

Yield, '% 
99 
94 
97 
86 

94 

95 

83 

80 

84 

89 

88 

83 

17 

19 

78 

Recrystn solvent 

,IleOH-ether 
MeOH-ether 
MeOH-ether 
RleOH-ether 

E tOAc-hexane 

EtOAc-hexane" 

CHCls-hexane 

CHzC1z-hexaned 

CHzClz-hexane 

CHzClt-petr ether 

CHZCln-petr ether 

CHzC12-petr ether 

CHzClz-petr ether 

CHZCls-petr ether 

CHzC12-petr ether 

CHZCl2-petr ether 
CHLX-petr ether 
CHpClo-hexaiie 
CHzC1?-petr ether 
CIIzCl?-petr ether 
Abs 1:tOH-ether 
hIeOIl-ether 
C6H6-petl. ethei 
C6H6 

Mp, oc 
2 13-2 14 
160.5-161.5 
140.5-142 
107-113 

143.5-144.5 

148-149 

159-160 

127-129.5 

136-137, -5 

126-136 

119-128 

117-122 

12ti-135 

119-124 

120-125 

106-107 
128-129.3 dec 
8.5-86 
81-83 

117-118 dec 
186- 188 
172-173, .i 
138-140 
171-172 

a Prepared according to the procedure of Juliari 11. Ilachele, J .  Org. Chem., 28,2898 (19631, rising 2,2-dimethoxyproparie. 

Anal. sample recryrtd from CsH6-hexaiie. 

The methyl 
Procedure of K. 13. llao 

Aiial. sample recrystd from CSFI~. 
f By nitrosation of the imino acid with nitrous acid; cf. K. 

ester hydrochlorides of the a-imino acids correspondiiig t o  n = 10 arid 11 were oils which did not crystallize. 
and H. 0. Sober, J .  Amer. Chem. Soc., 76, 1328 (1954). 

Heyns and W. Konigsdorf, 8. Physiol. Chem., 290, 171 (1952). 

analog act'ivation and incorporation into tRNAPro by 
proline tRXA synthetase of this organism. I n  an ex- 
tensive investigation, these aut,hors have concluded 
that the naturally occurring L-proline is the best' sub- 

Anal. sample recrystd from CH?CI?. 
e Coupled in H20-acetone. 

All comporinds analyzed for C, H> ii. 

strate for this enzyme, and the K ,  values increase in 
the order of increasing molecular size for the following 
series, uiz., l a  < ~-thiazolidine-4-carboxylic acid < 
3,4-dehydro-~-pipecolic acid 'v  pipeco colic acid, the 
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Recrj  atn qolrent 

CeHe 

CH?CIL-petr ether 
CH?Cl?-petr ether 
C€r?Cl:-peti ether 
CH,CI?-peti ether 
1'10 Ac-hexane 

CJI, 

JLp " C  

16,5-166 
120-121 
1.72-1-53 
126-127 
160-162 
117-1 1% 
131-133 

.ill conipo~uidb were analyzed for C', If, S .  [' L. K.  I:aniacliaiidraii, .I. Epp, :ind W. E. Mdhtiiiell, .-lncti. C ' h ~ t r ~ . ,  27, Ii'i34 1953 1, 
:ts:.igii a generally weak 1425-1450 cn-1  hand to the thiucahoiiyl vibration> in the pheiiylthioh3dwiitoiii derivatives of m - m i i i i i i  :ic.id*. 
This assignment ib in  fact correct only for PTH-proline aiid PTH-hydroxyproline xhich exhibit stroiig t iai ids i l l  t hi. regioit. For n11 
other PTI1-niniiio acids described by  I~aniachaiidrati et ai., the C-d appear :is stroiig tinnd. iiear 1500-1350 c n r l .  These aiithiir-. i i i -  

igiied these t o  S I 1  deforinations, which, of coiirse, are ahwi t  in  t h e  PTH-a-imino :irid. descrihed here, pelniii tiiig the 1111- 

:inibigiitrirs assignment of these strong 1500-cni-1 h i i d -  t o  the thioc.arlx)iiyl groirp. 

latter tjvo no longer being substrates for this enzyne. 
Although our evidence is indirect, it suggests tha t  the 
proline t R S A  synthetases of Phaseolus auwusls as 11 ell 
as of E.  coli are highly specific and recognize the steric 
bulk of the alkylidene residue on the a-imino acid, since 
all of our proline homologs shon-ed little or no activif? 
in these systems. It is interesting that in the open- 
chain series, increasing the length of the carbon chain 
on the nitrogen atom fiom sarcosine to Ar-ethylglycine 
to S-n-propylgl? cine does riot significantly affect K ,  
or T',,, with the E.  coli enzyme; while increasing the 
length and bulk of the alkyl reqidue 011 the a-carbon 
atom from Ar-methyl-L-alanine to S-methyl-L-valine 
to  AY-niethyl-L-leucine and AY-niethyl-L-isoleucine abol- 
ishrs binding to the enzyme. The medium ring homo- 
logs of proline may be looked upoii a, the cyclized 
form of these open-chain :mdogb and may therefore 
shon little propensity for activation by proline tRS.4 
synthetase. Additional ~vork  is obviously required to 
determine whether l g  is in fact incorporated into or ex- 
cluded from mung bean protein, but the evidence a t  

The ready av:tilnbility of these medium ring proline 
homologs makes possible their replacement for proline 
in  polypeptide hormones and antibiotics by substitut- 
ing these analogs for proline in the chemical synthetic 
scheme. Furthermore, since a number of a-imino acid 
analogs of proline inhibit actinomycin biosynthesis and 
are incorporated into the molecule to give new biosyn- 
thetic actinomycins,' l y  the proline homologs described 
herc may provide nen- substriites for research in this 
area. 

hand does not favor incorpors '1 t ' 1011. 

Experimental Section*(' 
All melting points were taken on a Fisher-Johna melting point 

Infrared qpectra were taken on a apparatu. and are corrected. 

(IS)  1'. J. Peterson and L. Foivden, Biochen. J . ,  97, 112 (1965). 
I l Y )  (a) T. Tosliida, .i. Mauger, B .  Witkop, and E.  Katz,  Biochem. Bio- 

phy,, .  Res. Commun., 26, 66 (1967): (b) J. s. I\jishimura and IV. F. Rowers, 
i b i d . ,  28, 663 (1967). 

( 2 0 )  Microanalyses mere b y  the staff of the  Oiganic Microanalytical Lab- 
orators,  Cnirerri ty of Minnesota, or by Schrvarzkopf Microanalytical Lab- 
oratory,  Woodside, K .  T. Where analyses are indicated only by symbols of 
the elements, analytical results obtained for thene elements vere i v i t h i n  
k0.452 of t h e  theoretical values. 

Beckinan 111-4 or IIi-IO infrared hpectrophomnie(er aiid elrc- 
troriic bpectra on  Beckmaii ljK-2A recording spectrophotoiiicter. 
Xnir spectra were riin oti :t J-ariaii r l - G O A  Hpectrophotonieter iii 
dilanor C iMerck), :iiid the ma*-: spectra on n Hitnchi 1Iodel 

Tissue Culture Assay.-The cells iwed were E'-titi inoiise inani- 
inary ascites cells adapted t o  si1.5peii>ioii cdtlire. The ciiltiire 
niediuniZ1 coiisi.-ted of: 87 vol of l l i ~ i i ~ n a n i  I+;agle's niedirini 
Spinner modified (Criltur STAT), 3 vol of 200 rn.ll gl~itmiirie 
d i i t i o n ,  mid 10 v01 of fetal bovine serirni. The cell-. xere  rriiiiii- 

t ained in either 50-Inl t i ibes or 225-nil centrifuge bottle. i i i  :i rollei, 
di,riin, 40 rpni :it 37". Weighed amijuiit. of the proline h ( J n i < I -  

logs were dihzolved i i i  a giveti volnme of culture niediiim, t hc, 
medium wa i  sterilized (Swiiiiiey filter), the cell.: were added (.i x 
1 0 5  ce l l i~ni l  final roncn), xiid the cult \ires were iiiculiated for 24 
hr. The effect of proline homolog wa> noted by ial change. i l l  

cell counts, (b)  number of iioiivinble rellx (trypail lilue), i c  I 
lactic acid productioii (PI1 c,h:riige of the medium:, and  ((1) w11 
morphology. 

Inhibition Studies with E.  c d i  and Phaseolirs aurcrts.--'l'hc 
growt,h-inhibitory properties of the proline homologs were tested 
against E .  coli, straiii B, growing expoiientially in a 0.4'; g1iicti.e 

inedium e$.entially as deGcribed hy Itobert?, d 0 1 . ~ 2  ~ . - . i z e t -  
idiiie-2-rarboxylic acid ( l a )  aerved a- iiiieriial >tandard.  

Fresh seed c r o p  of mung beaiii (I'hasco/us uvr( u s ) ? :  were 
wahlied oiice with 0,03(,i KaOC1 mlii to reniove po~siiile niold 
: i i id  bacterial coiitaminantr. Failiirr t o  do this ofteii rewlted 
i n  mold and,'or bacterial growth when c,ultiired. After thiiroiig1i 
waahiiigs with diitd water, the heiui. were dried at rooin t e r r i p  
i i i  R sterile environme~it aiid stored i i i  sterile coiitniiier.: r r i i t i l  
iised. Snniple batches (25 ceeds j r e r e  raiidomixed i n  a miiiiier 

.uch that the total  vieight of 25 seeds wan iiiiiforrn (&1.5'(' I 
among a l l  te.1 and c'oiitrol aaniple-. After waking 16--24 hr i i i  

distd water, the .e& were traiirferred t o  150 X 75 niiri cryqtii 
di3he.i adapted with I'lexigla.,* cover- with 13  0.125-iii. hole.. for 
nerai ioii. J>iqtd 1120 125 nil) wit* added to c,oiil rol ,s~niple,.. 
while xoln of the a-imiiio acid. i n  &td H,O (25 ni l )  u.ere :idtied 
t o  the te-t naniples. . i l l  tebt,. were riiii i i i  tlriplicate. The 

were only partially ,-&merged uiider these c~~iidi t ioi is .  
They were allowed to sproiit in the dark at 2 . 5 O  for .i-6 days. 
The amount of HnO loat 1))- evapii (ca. 3 mllday) was replenished 
daily. After the prescribed growth period, the radicles were i-e- 
moved by ciitting at the exhausted cotyledoni, blotted, i i i i d  

individually weighed. The occasional defective seeds 1 hat did 
not sprout under these conditiolis or those radicles that. bei~:inie 
detached from the seedling.: were eliminated and the mean weights 
of the radicles from each grovth were compared .statisticxIly i14iig 

(21 j Cappel Laboratories, \Vest Chester. Pa. 
(22)  R .  R. Roberts, P. H .  Abelson, I). B. Corvie, E. T. Holton, and 13.  . I .  

Uritton, "Studies of Biosynthesis in E.  Colt," Carnegie Institution, Wasliing- 
ton ,  D. C. ,  Publication N o .  607, l Y 5 i .  

tional House, Minneapolis, Rlinn. 
( 2 3 )  From Polacek Mills, Enid,  Okla., purchased locally from Interna 
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the Student's t test. Differences below the 95% level of con- 
fidence were considered not significant (N.S.)*4 

Oximes (3a-3d).-The oximes were prepared from the com- 
mercially available ketones and HnNOH .HCl using the pyri- 
dine method except t'hat. RIeOH was used as solvent. 

Lactams (4a-4d).-Commercial PPA of 82% PzOj content 
(450 g)  was dild with stirring with H20 (53 g). (Commercially 
available PPA of 78c/b P20j can also be used in place of this H20 
dild mixt.) With the temp a t  130" the oxime 3 (0.50 mole) was 
added a t  such a rate that the temp was maintained a t  130-140". 
The s o h  was kept a t  130" for 1 hr  and slowly cooled to 100". 
The mixt was then stirred with ice and water and extd with 
CHCI, in a continuous liquid extractor. The  CHC13 extract was 
decolorized with charcoal and concd in vacuo and the residue of 
lactam was crystd from CHC13-hexane. The results are sum- 
marized in Table I. 

Azacyclododecan-2-one.-To a well-stirred mixt of cyclo- 
undecanecarboxylic acid26 (0.20 mole) in ClS03H (11.0 g) was 
added a s o h  of nitrosylsulfuric acid (0.22 mole) in ClS03H (10.0 
g)  dropwise a t  such a rate (ca. 100 min) that the temp remained 
70 i 10'. The mixt was then heated a t  90" for 30 min, cooled, 
poured onto 200 g of ice, stirred with 200 ml of CHC13 with cool- 
ing to emulsify the sticky mass, and neutralized with 407, KOH. 
I t  was then extd with CHC13 in a continuous liq extractor. The 
CHC13 extract was decolorized with charcoal and concd in vacuo 
and the residue was recrystd from CHnCln-petr ether to yield 
white needles, 24.85 g (68%), mp 156-157' (reported9 1.54- 
154.5 O ). 

Dichlorolactams (5a-5e) (Table II).-The lactam 4 (0.15 
mole) in 100 ml of CHC13 was slowly added to a stirred suspen- 
sion of PClj (62..5 g, 0.30 mole) in 250 ml of toluene. After 
heating under reflnx for 90 min the s o h  was concd in vacuo. 
Ice and H 2 0  were then added (caution: a vigorous reaction 
sometimes occurs) followed by 200 ml of acetone and 200 ml of loco NaHC03 soln. A4fter stirring 18 hr, the mixture was extd 
with CHC13 for 6 hr in a continuous liq extractor. The CHC13 
extract was decolorized with charcoal and concd in vacuo and the 
residue was clystd. 

Dibromolactams (sa-6e) (Table II).-To a soln of lactam 4 
(0.10 mole) in 100 ml of CHC13 was added PCle (0.20 mole) in 
small portions while maintaining the temp a t  0-5'. After addn 
of 0.50 g of ZnClr, Br? (32 g, 0.20 mole) was added dropwise with 
stirring. After addn waH complete, the mixt was stirred a t  40" 
for 6 hr, then coned in vacuo. The residue was treated with 
ice and H20 (100 g)  and extd twice with 100 ml of CHC13. The 
CHC13 extract was washed with dil XaHS03 soln to remove ex- 
cess Br2, decolorized with charcoal, dried over NaPS04, and coned 
in vacuo and the residual solids were recrystd. 

Monochlorolactams (7a-7e) (Table II).-To the dichloro- 
lactam 5 (0.10 mole) dissolved in glacial AcOH (100 ml) were 
added 10% Pd/C (1.5 g) and KaOAc (19 g, 0.22 mole) and the 
rnixt was hydrogenated a t  3.5 kg/cm2 (50 psi) starting pressure. 
When HP uptake ceaied the catalyst was removed by filtration and 
the filtrate was evapd in U C L C I L O .  The residue was neutralized with 
107; N a n C 0 3  soln (300 ml) and extd for 6 hr with CHC13 in a 
coiitiiiiious liq extractor. After decolorization with charcoal, 
the CHC13 extract was concd in vacuo and the solid residne was 
recrystd. 

Method A,-A soln 
of lactarn 4 (0.10 mole) in 50 ml of C6Hs was added with stirring 
to a mixture of Br? (32 g, 0.20 mole) and PBr3 (34.1 g, 0.20 mole) 
a t  a temp of lO-l.?', then diluted with 100 ml of C6Hs and heated 
at 60" for d hr. The layers were sepd, and the lower emulsive 
layer was added to ire (100 g)  and then extd with CHCl,. The 
CHCla extract was washed with NaHS03 s o h  to remove excess 
Br?, dried over NanS04 decolorized with charcoal, and coned 
in vacuo, and 1 he residual solids were recrystd. 

Method B.-The lactam 4 was 
reacted as in the prepn of dibromolactams above except that, 
0.10-mole quantities of PClj and Br2 were used for 0.10 mole of 

Monobromolactams (8a-8b) (Table 11). 

Monobromolactams (8c-8e). 

(24) We describe this aery useful assay in detail here since our procedure 
differs from that described by Fowden.2b The commercial method for gron- 
inp these beans [€I .  C .  Keeskow, J f i c h .  Agri. E z p .  SLa., S p e c .  Bull., 184, 11 as 
well as tlie procedure of Foirden allows contact of tlie test medium contain- 
ing tlie inhibitors with tlie sprouting beans only during the first day of ger- 
mination, irliereas in the present procedure, the growing radicle is con- 
tinuously exposed to the test medium for 5-6 days, thereby enhancing the 
sensitivity of tlie assay. This procedure is also more amenable to incor- 
poration studies with radioactively labeled amino acids. 

( 2 5 )  jV. Ziegenbein, Chem. B e r . ,  94, 2989 (1961). 

lactam, 0.2 g of In replaced ZnC12, and the reaction mixt was 
heated a t  reflux for 4 hr. 
Hexahydro-1H-azepine-2-carboxylic Acid (Id). A. By Re- 

arrangement of 7a.-A suspension of 6.47 g (0.040 mole) of 3- 
chlorohexahydro-2( la)-azocinone (7a) in 120 ml of 3 iV NaOH 
and 20 ml of purified dioxane was heated under reflux for 9.5 hr. 
A neutralized aliquot sample, when subjected to tlc, showed the 
presence of 5 ninhydrin chromogenic product,s, one of which 
(yellow-violet spot) proved later to be the desired Id. The s o h  
was cooled, diluted with an equal vol of water, and extd twice 
with 75 ml of CHC13. The  combined CHC13 extract was washed 
and dried over NasS04, and the solvent was evapd to give 0.57 g 
of crude diketopiperazine 10, which on recrystallization from 
acetone afforded 0.31 g (6.274) of 10, mp 199-200" (v::; 1655 
em-1; M + 250). 

The aq phase was acidified with concd HCl and evapd in vacuo 
to incipient dryness, and the residue was repeatedly extd with 
abs EtOH to remove NaC1. The EtOH extract was evapd to 
dryness as above and the extn with abs EtOH was repeated. 
The EtOH was then evapd and t,he residue, dissolved in 75 ml 
of H 2 0 ,  was warmed with 8.85 g (0.04 mole, excess) of CuCO3. 
Cu(OH)2 when a light blue, flocculent copper complex pptd. 
r h e  solids were collected, washed thoroughly wit,h HPO, and re- 
peatedly extd with hot EtOH until no more blue color was ex- 
tractable. Evaporation of the EtOH extract gave 1.55 g of sky- 
blue copper salt of Id, which was suspended in 150 ml of water, and 
the mixt was warmed and repeatedly treated with gaseous H& 
The ppt of CuS was removed by filt,ration (Celite), washed with 
HzO, and the filtrate evapd in vacuo to give a semisolid which on 
trituration with hot acetone gave 0.94 g (1575) of crystalline Id, 
mp 194-198" dec (-COP). 

The p-toluenesulfonic acid salt (E), mp 187-188", and t'he 
N-p-nitrobenzyloxycarbonyl derivative (17) of Id (Table IT), 
mp 13X-14Oo, were prepared by the usual methods. 

B. By Oxidation of 2-Hydroxymethylhexahydro-2H-azepine. 
-To a stirred soln of 9.96 g (0.040 mole) of 2-hydroxymethylhexa- 
hydi-0-2H-azepine'~ in 40 ml of 1 M HzSOd was added a t  room 
t,emp dropwise over 45 min, a s o h  of 8.40 g (0.53 mole) of KAhO4 
dissolved in 150 ml of 1 M H2S04. After stirring for 2.5 hr, 
the reaction mixt was diluted with 150 ml of HnO, and the 111102 
was removed by filtrat,ion (Celite). The aq filt,rate was made 
alkaline with 2 N KOH, extd twice with 125-m1 port'ions of Et- 
OAc, theii neutralized to  p H  7 with 1 A- HzS04, and concd to 
incipient, dryness in vacuo. The residue was extd twice with 
250-ml portions of abs EtOH and the EtOH extract was concd. 
Tlc of the residue (95% EtOH-C6He-H20, 4 : l : l ;  cellulose powder 
plates; ninhydrin spray) indicated t.he presence of considerable 
amounts of unchanged amino alcohol as well as Id. This mate- 
rial was dissolved in 25 ml of Hn0 and passed through a 2.1 X 33 
ern column of Amberlite IRC-50 (H+) resin eluting with H2O. 
The eluates were monitored by tlc and were found to be still 
contaminated with the amino alcohol. Those fractions that 
contained the least amount, of amino alcohol together with the 
desired product, were combined and rechromatographed on a 
fresh ion-exchange column, and 55 fractions of 125 drops per 
fraction were collected. From fractions 4-10 was obtained 2.53 
g of a viscons red-yellow oil (still contaminated with amino 
alcohol) which was dissolved in abs EtOH and treated with p- 
toluenesulfonic acid. Dilution wit,h ether gave after some manip- 
ulation 1.26 g of the p-toluenesulfonic acid salt (15) of Id, mp 
186-188026 (recrystd abs EtOH-ether). Anal.  (C,,H,,XOjS) 
C, H, N.  

Trituration of the residues from fractions 11-20 (1.91 g) with 
acetone-ether gave two crops of Id  melting at 205-208" dec and 
a cruder sample, 0.78 g, mp 170-190 der. No further attempts 
were made to increase the yield or to further purify the crude 
product,. The behavior of the highest melting product on tlc 
was identical in Rf and ninhydrin-generated color (yellow center, 
violet fringe) prepared by rearrangement of the chlorolactam 7a 
above. 

Octahydro-2-azocinecarboxylic Acid (le).-3-Chlorooct ahydro- 
2H-azonin-2-one (7b) (3.51 g, 0.020 mole) when treated with 
S a O H  in aq dioxane and subsequently processed essentially as 
described for Id above gave octahydro-2-azocinecarboxylic acid 
( le ) ,  1.14 g, mp 167.5-168.5' dec and 0.14 g, mp lil-173" dec, 
in two crops from abs EtOH-CsHs, total yield: 40%, as well as 
187 mg (7% yield) of the diketopiperazine (l l) ,  mp 151-133" 

(26) The p-TosOH salt of the starting amino alcohol melts at 116-117'. 
Anal. (CI~H&O&) C ,  H, N. 
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td hexatie): 1650 cm-'; AI+ 2%. (Tlc of ati ah-  
the initial reactioii product revealed the presence of only 2 

niiihydriti chromogenic products, otie of which turtied oiit t o  he 
l e ) .  

The p-toluenesulfonic acid salt (16) aiid the .\--p-toluene- 
sulfonyl derivative (18) prepared by the iiaiial nielliods. aiialysed 
satisfactorily (Table I\-). 

Decarboxylation of Id and le  to Octahydroazocine and Octa- 
The iiiiiiio acid (0.006 mole) \vas siiqieiideti 
heptaiiotie atid heated at 150" for 45 miti. The 
, diluted \villi 33 1111 of 1 A' HC1, stirred 20 m i t i ,  

aiitl poiued into H10 (150 nil). .ifter es t i i  \vith E t r 0  (13 X 50 
nil), tlie a q  layer \vas decolorized \\it11 charcoal, made Im4ca wi th  
ti .\,' SaOII,  atid exttl with C'l12C12. The CII,Cl, extract 
tilieti ovei' Sa,SO4 a i id  cvapd in w c u o .  :iiid the rehidlie w a y  di.- 
solved iti hescriie (10 nil) aiid treated with 1 g i l f  1'hSCS i i i  6 1111 of 
C!I12Ci2. The solti 1v:i.s evaptl to yield :i white ppi which  V : L ~  

recrybtd from CHrClz-liexarie. The yield of l-(S-pheiiyIthio- 
c :~rbamoyl)oc~ta l i~~l ron~oci i te  froin Id iv:i\ 32( ' ; ,  in11 IRX-13!1°: 
t he yield of 1- (S-pheii ylt hi~ic*arhaii~oyl )act ahytlroazoiii I ie E rain l e  
was 17yi8, nip 108-104": i )o t l i  mi) utidepres,-etf wlirii :idiiiisctl 
w i th  aiitlieittic snniples:. 

a-Imino Acids ild-lh j. General Procedure.--The ('hlIJt'0- 
laciain 7 (0.05 inole) ii i  100 ml of lol-BuOlI wn. heated n - i t l t  
stirriiig i i i i t i l  dissolved or finely sii~petidetl. .iftcr cociliiig to  50' 
a solti of tcrt-BiiOK (11.2 g, 0.10 mole) i i i  GO in1 of t~rf-BiiOII  
\vas added aiid the niixt xvaq heat,etl i itider reflus overiiight . 
The cooled mist. \vas acidified with 100 ml of 2 ;\; FICl aiid tioiled 
for 1 h r  while the fwl-BriOII diqtd. The re..idiie %-:is theii i i t ~ i i -  

ti,:rlized to  pII 8 wi th  6 .Y XnOII :tiid esttl with (III,Ciy (4  x 
i d ) .  Thih orgrtiiir ph:iie co t i~ t i t r i t ed  t lie "I 

The :q phase was treated with CiiCOJ. 
eqiiiv) atid the mist was heated :itid :igit:tte 
cooling, the solids w r e  collected arid waslieti with 2: nil of 1120 
arid then leached with hiit SIeOf-I iuitil the extract xi,.  tio lorigcr 
colored. If the .solid still showed trace.: of t i l i i c  cciniples the extii 
was cotitiiiiied wi th  MeOII-CIICI.j. The aq tilt rate wa. re- 
heated with the uiireai-led CiiCOa :itid this prcicediire ~vti.. re- 
peated iiiitil 110 more complex ro i i ld  l)e eaid. Thv c,omiiitied 
Ale011 (or ,\IeOtl-CIlCI3) es t  rapt wn< hentetl t o  rediswlvr the 
complex arid filtered through Cklite to remove n i i y  eswhs  CiiCO,. 
If the filtrate te,sted positive for  Cl- i t  wah coiid in rncico, aiiti t h e  
wlid complex was cwllected a t i d  w:i*hed \\-ith H20, xiid thcii 1 ' ~ -  

di~solvetl iri  l\ieOII (iir l l eOI~-CI I ( ' 13~ .  
T o  liberate the imiiio acid, the di..hoived Ca  coniples w:t.- 

f reated with 8-hydrosyqiiiiiolitie (7.26 g, 0.040 mole) aiid the 
init w:is evapd in c n m o  t o  yield a voliiniiiioiis ppt of copper 8- 
hydr~is)-qiiiriolitiate which \v:i,s leriiuved liy filtratioii. Thch 
filtrate wah evapd to  -100 nil, diliiied with 2 vol of 1120, niid 
agniii filtered. The fi1tr:tte wa. estd wi th  IStrO t o  renicwe esce-. 
8-hgdroxS.cliiinoliiie, the aq phase \viis decolorized with chnrc*~rnl 
arid ctoticd in, vacuo nearly to dryiie,.., at id  i he reiidiial a-imino : i d  

ntoin derivative. [Table J') were pre- 
pared by heating tlie $olid imino aiaidh i i i  es('ess CaHjNCS (5 niiti 1 
o r  Kith an eqiiimolar anit of CcH,SCS iii refliixiiig toluene (4 h r ) .  

Isolation of Diasteromeric Diketopiperazines loa, 10b and 
l l a ,  1lb.-hi the reaclion of 7b with to!-BiiOK iti  tert-biityl 
alroliol (3ee example above) iieiitxil, CIIC13-solithle by-prodiic-t - 
\Yere forined. -4 3.0-g sample of a compoite  mist of "neutral 
fractioiis" f rom 5everal riiii1 w a i  fractioiiated by coliimii chro- 
matrigraphy o i l  alumilia (Giiiliiii, (irnde 11, acid washed) using the 
eIii1ropi(4 rerieq, CoTI6, C6H6-CHCI1 (2:1), ~ i i i d  CIIcls. Kork-rip 
of the C6H6 and part of t,he C,H6-CHC'1, elii 
of diketopiperazine l l a  or l l b ,  mp lGG-lG8' (re 
petr ether) and from the CHC13 eluate, 1.74 g of the  diastereo- 
meric diketopiperazine l l b  or I la ,  mp 156-158" (recr)-.jtd C6H6- 
petr ether). A n a l .  (either iAomer, Cl~H22S202) C, 11, S.  The 
tn.o isomers gave separate peaks Tvitli different retetitioii times 
Lj-lieii ciihjected to  glc i0.665; I)E(;S oii TO-80 mesh Chromo-orti 
\ V I .  A barely detectable trace tif the 155' isomer was preseiit 
i t i  the 166" melting product, hiit i iot  the revewe. Their i r  xpec -  
ir:i ( Y E ! ; )  1650 m - 1 ;  16.50 i m - 1 )  difyered i i i  the fingerprit~t 


