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Autoxidation of Diphenylacetaldehyde p-Methoxyanil.- 
When 3 g. of the Schiff base was dissolved in 20 ml. of ethyl 
acetate, 235 ml. of oxygen was taken up within 20 minutes 
when the solution was agitated in a closed system under 
oxygen. The oxidized solution gave a hydroperoxide test 
which was negative after 2 hr. of standing a t  room tempera- 
ture. On concentration of the solution and additioii of 
petroleum ether, rosettes of short rectangular rods were 
obtained, m.p. 80-82", identical with p-formanisidide. 
The petroleum ether mother liquors yielded benzophenone, 
characterized and identified by infrared comparison. 

Dehydrobufotenine Hydrochloride (XLVIII) .-Thirty 
milligrams of dehydrobufotenine was dissolved in 

3 ml. of 2 N hydrochloric acid and extracted with ethyl acc- 
tate until the aqueous phase was free of picric acid.64 

The hydrochloride crystallized on concentration in the 
desiccator from the aqueous acid in long colorless needles, 
losing their transparency above looo, charring at 215' and 
progressively darkening and decomposing, no melting up to  
300". 

Dihydroberberine (XXXIX) .-Following the procedure 
of Freund and Fleischer3I the free dihydroberberine, pre- 
pared from the yellow-red hydrochloride from the filtrate of 
oxoberberine, was recrystallized from benzene and obtained 
in the form of yellow prisms with a green tinge, m.p. 157- 
159" (discoloration and decomposition starting at 146"). 

(53) The  sample came from Prof. 1'. Deulofeu, Buenos Aires, and 
was obtained through the courtesy of Dr. 11, E. Speeter, The Upjohn 
Co., Kalamazoo, Michigan. 

(54) Cf. t he  conversion of bufotenidine picrate into the hydro- 
chloride: H. Wieland, W. Konz and H. Mittaoch, A n n . ,  513, 18 (1934). 
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cq6-Dibenzoyl-y-keto-L-ornithine methyl ester (IV), obtainable from L-histidine methyl ester ( I )  by Bamberger cleavage, 
on hydrogenation yielded the two diastereoisomeric lactones (VI11 and I X )  of erythro and threo-&dihexahydrobenzoyl-r- 
hydroxy-L-ornithine. Hydrolysis furnished the dihydrochlorides of the two diastereoisomeric lactones (X and XIII) of 
r-hydroxy-L-ornithine accompanied in each case by some of the D-isomers (XI and X I I )  arising by acid catalyzed epimeriza- 
tion at C(2). The various y-hydroxyornithines were assayed and separated by chromatography on Dowex-50 columns. 
The mutarotation of these lactones in aqueous solution parallels the ring opening which was followed by measuring the 
carbon dioxide produced by reaction with Chloramine T.  The reaction of the various lactones with nitrosyl chloride, be- 
fore and after mutarotation, and subsequent base-catalyzed cyclization of the mixture of a- and 6-chlorohydroxyamino 
acids yielded mixtures of normal and allohydroxyproline (XIV and XV; XVI and XVII) which were partially fractionated 
via their remarkably different reineckates, analyzed by Dowes-50 and identified by their rotations. These transformations 
made possible the stereochemical correlation of C(4) in erythro-y-hydroxy-L-ornithine (X) with C(4) in hydroxy-L-proline 
(XIV) and in threo-y-hydroxy-L-ornithine (XII I )  with allohydroxy-L-proline (XVII). Preliminary results on the transami- 
nation of y-hydroxyornithine preparations are reported. 

y-Hydroxyornithine, though not isolated from 
natural sources, can be visualized as a precursor or 
labile metabolite of hydroxyproline3 or as a build- 
ing stone in the biogenesis of sc~polamine,~ and sev- 
eral synthetic attempts, leading to racemic mix- 
tures of undefined purity, have been recorded in the 
l i t e r a t ~ r e . ~ - ~  This paper describes the synthesis of 
the two diastereoisomers of y-hydroxy-L-ornithine 
from L-histidine and the establishment of the stereo- 
chemistry of C(4), to  which the secondary hydroxyl 

(1) Labile SIetabolites. 111. Preceding paper in this series, THIS 
JOUBSAL, 76, 5579 (1954). 

( 2 )  Presented in part a t  the Meeting of the Chemical Society (Lon- 
don) on  P\-atural Heterocyclic Compounds held a t  Exeter, England, 
July 13-15, 1955; c / .  Special Publication No. 3, The  Chemical Society, 
Burlington House, W. 1, London, 1955, pp. 60-82. 

(3) Possible pathways for the biosynthesis of y-hydroxyornithine 
are the transamination of y-hydroxyglutamic semialdehyde, a metabo- 
lite of hydroxyproline [IC. Lang and U. Mayer, Biochem. Z., 324, 237 
(1963) ] or the reduction of a hypothetical keto-ornithine, formed pos- 
sibly by the condensation of aspartate with glycine in analogy to  the 
formation of 6-aminolevulinic acid from succinate and glycine ID. 
Shemin and C. S. Russell, TXIS JOURZTAL, 7 6 ,  4873 (1953). Di- 
hydroxyornithine and its betaine, myokinine, are of doubtful occur- 
rence [R. Engeland and A.  Bastian, Coiizpt. v c i z d . ,  207, 945 (1938)l. 

(4) E. Lecte, 1. LIarion and I. D. Spenscr, C o n .  J .  Cheiia. ,  32, I l l 6  

( S )  I?. Hammarsten Co;iipl. V , ' J I , !  1 ~ 0 : ' .  l u h  i a r l s h e v & ,  11, 223 (l!Jll:).  
( ( ' t i  Xt7. Trauhe ,  H Joh<l d W. l 'rpohl, Her.. 66, 18( i l  (1923) 
( 7 )  \ I .  'romita and T. I'iikaj:an:i, Z. physiol. i'hr.nz., 163, 5 8  (1926) 
f R )  \$' 1 ;%ngcnhei.k a n d  R tIiiis<.hrnreiiter, ; h i d . ,  182, 30.5 Il!l291 

(1951). 

group is attached, by conversion to (allo) -hydroxy- 
proline. lo 

Separation and Properties of the Two Diastereo- 
isomeric Dihexahydrobenzoyl-y-hydroxy-L-orni- 
thine Lactones.-The catalytic reduction (plati- 
num in acetic acid or Raney nickel in methanol) of 
a,b-dibenzoyl- y-keto-L-ornithine (IV) ,* obtainable 
via Bamberger cleavage1' of L-histidine methyl ester 
(I)l2-I4 led to the continuous uptake of seven moles 
of hydrogen with no indication of the y-keto group 
being reduced prior to reduction of the benzene 
rings.I5 Even the use of Raney nickel in methanol 

(10) Cf. I. Uematsu, H .  Ando and M. Uchida Seikagaku, J .  Bio- 

(11) Cf. E. Bamberger and 0. Berl6, A n n . ,  273, 342 (1893). 
(12) A. Kossel and F. Edlbacher, Z. physiol. Chem., 93, 306 (1914); 

(13) J. N. Ashley and C. R. Harington, J Chem. Soc., 2686 (1930)- 

(14) H. Heath, A. Lawson and C. Rimington, J .  Chem. S o c . ,  2215 

(15) An equilibrium of ring-chain tautomers, i - i i ,  may b c  con- 
sidered for ",-keto compounds such as the  two forms of ketoglutaramic 

chem., J c p a n ,  26, 386 (1964). 

A.  Windaus, et al., B e y . ,  43, 499 (1910). 

C. R. Harington and J. Overhoff, Biochem. J., 27, 338 (1933). 

( l e5 l ) .  

__ ___ 
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gave complete reduction and only minor amounts of 
the dibenzoyl (V) or of the two position-isomeric 
benzoylhexahydrobenzoyl lactones (VI) (Table 111, 
Experimental). The major product in reductions 
with platinum or nickel was the dihexahydroben- 
zoyl lactone VI1 which betrayed its inhomogeneous 
character only after repeated and careful recrystal- 
lizations. Two pure lactones, m.p. 242-243' and 
262.5-263' (VI11 and IX), were obtained in this 
way. Compared with the original mixture or frac- 
tions from mother liquors, they showed the prop- 
erties summarized in Table IV (see Experimental). 

The 
reversible mutarotation and the presence of only 
one amide carbonyl in the infrared spectrum of I X  
indicate the existence of hydrogen bridges and their 
rupture by strong acid. Strainless intramolecular 
hydrogen bridges can be constructed with Stuart- 
Briegleb models only in the cis-series. The struc- 
ture of a cis-disubstituted lactone IXa may be tenta- 
tively adopted for the lactone, m.p. 263O, and the 

The infrared spectra are shown in Fig. 1. 

IXa 

(non-bonded) trans-structure VI11 for the lactone, 
m.p. 243'. Both lactones are formed in roughly 
equal amounts in the reduction with platinum, 
while only 10% low melting isomer is isolated in the 
reduction with Raney nickel (Table III).l8 A 
significant difference between the two lactones is 
their behavior on acid hydrolysis. The higher 
melting lactone is distinctly more difficult to 
hydrolyze. 
CH2-CH2-XH2; 0. Moldenhauer, W. Irion. D. Mastaglio, R. Pfluger 
and H. Doser, Ann., 583, 50 (1953); C. Grundmann and W. Ruske, 
Ber., 86, 939 (1953) I in order t o  explain the lack of carbonyl reactivity 
in these compounds. ol,6-Dibenzoyl-y-keto-L-ornithine. obtainable 
from its methyl ester by  base hydrolysis, showed only a single CO 
band in the infrared, giving back. on re-esterification with diazometh- 
ane, the original ester. The existence of tautomeric and diastereoiso- 
meric forms, iii (R = H or CHs), has not been rigidly excluded by  

CsHbCONH \- 
I / O R  

OB\O/(CII:-SIICOC.H5 
iii 

chemical or infrared data;  lactols absorb a t  5 . 7 2 ~  [J. F. Grove and 
H .  A. Willis, J. Chem Soc., 877 (1951)], IV absorbs a t  5.72 fi (Nujol). 
It is significant that  our attempts to  esterify or to  reduce with sodium 
borohydride y-keto-L-ornithine and its derivatives were without 
success. 

(16) The  introduction of a second center of asymmetry by the  re- 
duction of a n  unsaturated 7-lactone has been shown to  lead to  the 
formation of only the Irans-diastereoisomer iH. Schinz, d l  al., Heiv. 
Chim. A d a ,  33, 130, 140 (1950)l. I n  the reduction of I11 the stereo- 
chemical course may depend o n  the possible presence of diastereo- 
isomeric lactols (footnote 15)  and the stabilizing influence of hydrogen 
bonding in the latter as well as  in thc  reduction products. 

The Preparation and Mutarotation of the Two 
Diastereoisomeric y-Hydroxyornithine Lactone 
Dihydrochlorides.-Acid hydrolysis of the two di- 
hexahydrobenzoyl lactones by conventional 
methods (6 N HC1 for 3 hours and more) yielded 
the free lactone dihydrochlorides as hygroscopic 
gummy residues which became crystalline on pro- 
longed trituration with ethanol but had no dis- 
tinctive melting points. Recrystallization was 
impossible, and the free lactones were unstable. The 
polarimetric constants served as the only guide for 
the characterization or differentiation of various 
preparations (Table V, Experimental). 

The nature of the mutarotation of these lactones 
became apparent when i t  was found that the rate of 
evolution of carbon dioxide in the reaction of y-hy- 
droxyornithine with Chloramine T a t  various stages 
of equilibration in water paralleled the rate of mu- 
tarotation (Table I). 

TABLE I 
RATE OF RIXG OPENIKG IX 7-HYDROXYORNITHINE LACTONE 
BASED ON EVOLUTIOS OF CARBON DIOXIDE BY REACTION 

WITH CHLORAMINE T AT pH 4.7 AND 25" 

Compound 
? r 2  Time of 

equilibration 
in H20 (hr.) 6 min. 

-4 Ornithine . .  100 
B Hydroxyornithine" . .  100 
C Hydroxyornithine lactone 1 30 
D Hydroxyornithine lactone 20 60 
E Hydroxyornithine lactone 96 90 

Sodium salt reacted immediately after acidification. 

Free hydroxyornithine, prepared by acidification 
of the sodium salt, behaves like ornithine and yields 
100% of carbon dioxide in the reaction with Chlor- 
amine T. 

The Separation of the Two Diastereoisomeric y- 
Hydroxyornithmes on Ion-exchange Resin.-It 
was suspected that in the course of acid hydrolysis 
partial epimerization had occurred, but there was 
no separation of the two lactone dihydrochlorides 
on paper (solvent mixture: formic acid (15%), 
water (15%), t-butyl alcohol (70%); pyridine and 
phenol combinations gave no discrete spots). 

After the successful separation of the diastereo- 
isomers of isoleucine, hydroxylysine and hydroxy- 
proline on D0wex-50~' we tried this technique on 
the hydrolysates from VI11 and IX. As a marker 
we used "natural" L-d-hydroxylysine, obtainable by 
acid hydrolysis of collagen. Such hydroxylysine 
preparations contain about 18% allohydroxy-D-ly- 
sine,18 depending on the duration of acid hydrolysis. 
There can be little doubt that the epimerization 
occurs a t  C(2). This easy epimerization with acid 
is only found with certain hydroxyamino acids and 
will occur only a t  the stage of the y- or &-lactone 
which in the case of hydroxylysine is not isolated. 
Figure 2 demonstrates the separation of the two 
hydrolysates from VI11 and IX. They are mixtures 
and show that three hours' refluxing with 6 N HC1 
effected SOY0 epimerization, presumably a t  C(2). 
When the refluxing time is shortened to 45 minutes 

(17) K. A. Piez, J .  Bioi. Chem., 207, 77 (1454). 
(18) P. R. Hamilton and R.  A. Anderson, ibid.. 213, 219 (195.5). We 

feel greatly indebted t o  Dr. Hamilton for samples as well as for letting 
us see his manuscript prior to  publication. 
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preparations are obtained which according to the 
column assay are 90 * 10% pure. 

In order to avoid acid hydrolysis the Bamberger 
cleavage of histidine methyl ester with carboben- 
zyloxy chloride was tried; i t  led to an unstable 
monocarbobenzy-loxy compound (m.p. 109-1 12') 
considered to be carbobenzyloxy-L-histidine methyl 
ester. ly 

The Conversion of Hydroxyomithine to ( d o )  
Hydroxyproline and their Separation.40 far no 
binding stereochemical correlations have been 
made. On the basis of the infrared spectra the 
trans-structure VI11 was favored for the lactone, 
m.p. 243" and the &-arrangement IX for the lac- 
tone, m.p. 263". Chart I1 shows that a trans- 
lactone opens up to L-erytlaro- y-hydroxyornithine 
with the LS configuration a t  C(2) and LG configura- 
tionZO a t  C(4). 

Conversely, the cis-lactone will give L-threo- y-hy- 
droxyornithine. Both compounds must be in the 
natural amino acid or Ls-series since L-histidine 
was used as the starting material and no racemiza- 
tion or epimerization could have occurred a t  any 
intermediate step. On hydrogenation a second 
center of asymmetry was introduced a t  C(4) and 
the diastereoisomers VI11 and I X  were formed. 
Any knowledge about the configuration a t  C(4) 
would give the complete stereochemistry of VI11 
and IX. 

NeubergerZ1 has correctly attributed the "d-con- 
figuration" to C(4) in natural L-hydroxyproline. 
If one translates these correlations into the ac- 
cepted carbohydrate nomenclature using capital 
letters LG and DG, L- ( +)-methoxysuccindiamide 
(dextrorotatory methoxysuccindiamide from 4- 
methoxy-L-prolineZO) does not assume a DG- sign 
until the four carbon chain becomes a three carbon 
chain, wk., D-( -)lactic acid and D-( +)-glyceralde- 
hyde. The proper assignment of configuration for 
C(4) in L-hydroxyproline in the unambiguous terms 
of carbohydrate nomenclature, therefore, is LG. 
This clarification is needed for the evaluation of 
the transformation of hydroxyornithine to hydroxy- 
proline and in view of other interpretations in the 
literature.22 The use of carbohydrate nomenclature 
is justified and this conclusion is strengthened by 
the finding that the lactone of N-acetylallohydroxy- 
L-proline (XX), m.p. 90-101°,23 [CU] '~D +61.1°, 
shows a positive diserence of rotation of f132.6' 
as compared with N-acetylallohydroxy-L-proline, 
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(19) Carbolienzyloxy-r.-liictidine melt? a t  ? O O o  [ S I .  Bergmann and 
I.. Zervas, B e y . ,  65,  1182 (19321 l  

(20) Cf. H. B.  Vickery, J .  R i d  Chem.,  169, 2 + 2  (19471: Ciiein. E n g .  
S e w s ,  2 1 ,  1305 ( l N 7 ) .  

( 2 1 )  A.  Xeuherger. J .  i'heni?. Soi . .  429 fl9i:); C. S. Hudson and A .  
Neuberger. J .  OVR C h ~ m . ,  16, 24 (19;Oj. 

(221 The crmfiyiiration of C ( i )  in hydri,sv-r.-l,ri,line is then the 
same ( I G )  as in allo-i,-threunine, a n d  crmversrly. C(4) in allvhydroxy- 
bpruline cnrresponds to  C(31 in bthreonine which is I)<;. 

( 2 3 )  A. A.  I'atchett and E. Wi tkop in preparation. 

[ C Y ] ~ ~ D  -91.5'. Assuming that Hudson's rule is 
applicable in this particular casez4 this positive dif- 
ference would indicate the DG configuration for C(4) 
in allo-hydroxy-L-proline. 

In the in aitro conversion to hydroxyproline the 
hydroxyornithine hydrolysates from VI11 and I X  

(24) (7. W. Klyne, Clienzislry and J n d u s l v y ,  1198 (1934). 
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were converted into the mixture of CY- and 8-chloro- 
acids and the pyrrolidine rings formed by the action 
of base.26 These transformations, regardless of 
mechanism, do not affect the stereochemistry of 
C(4). Figure 3 shows the results and methods for 
separation and Chart I pictures the entire sequence 

of reactions starting with L-histidine. Additional 
independent evidence for the cis- and trans-assign- 
ments in VI11 and IX will come from an X-ray anal- 
ysis of the two diastereoisomeric a,b-di-p-iodoben- 
zoyl-y-hydroxyornithine lactones which is in prog- 
ress. Alkyl-oxygen fission in the course of mutaro- 
tation has been assumed not to play a significant (25) Cf. P. B. Hamilton, J .  Bioi. Chcm., 198, 687 (1952). 
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5 1  

Fig. 1.-Infrared spectra of the two epimeric h-,N-dihexahydrobenzoyl-yhydroxyornithine lactones in h-ujol. The lactone 
carbonyl on the left has only about half the intensity of the combined lactam carbonyls, whereas on the right the three 
carbonyls are of approximately equal intensity. 

part. As required by studies of models L-evythro-y- the two hydroxyproline mixtures before and after 
hydroxyornithine yields L-hydroxyproline when no mutarotation of the hydroxyornithine lactones 
center of asymmetry is inverted (cyclization of a 6- (Table 11) reflects on the mechanism of the reaction 
chloro intermediate) and allo-hydroxy-D-proline of nitrous acid with the a-amino group in open 
when C(2) is inverted. The inversion of ratios of amino acid compared with the lactone. It may pro- 

Structural formula 

CH2-NH2 
1 

H H-C-NH2 (Ls)  
I 
COOH 

L-hydroxy- ~-erythro- y-hydroxy- 
proline ornithine (XIX)" 

c k r w 2  
I 

HO-C-H (DG) DGt>l::* CH2 I 
I 
I 

H-C-NH2 (Lsl 
H 

COOH 

dlohydrosy-L- r,-tizrcn-y-liydros.- 
urnit hilie (X\'II I )" prolinc 

I'ischer convention 

H+H2 

COOH 

4 N H 2  

6OOH 

Haworth representat iun 

.o-P 

trans-lactone 
(I~ihexahydrobeiizoyl, m.1). 243' ) 
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TABLE I1 
RATIOS OF KORMAL AND ALLOHYDROXYPROLINES FROM THE BASE-CATALYZED CYCLIZATION OF THE a- AND ~-CHLOROACIDS 
OBTAINED BY THE ACTION OF NITROSYL CHLORIDE ON THE VARIOUS y-HYDROXYORNITHINE MIXTURES (X f XI; XI1 + 
XIII) FROM THE T W O  PURE DIHEXAHYDROBENZOYL-7-HYDROXY-L-ORNITHINE LACTONES (VIII, IX) BEFORE AND AFTER 

MUTAROTATION 
Time of 
hydroly- 

From sis in 
lactone 6 N HCI 

m.p. (hr.) Assay by Dowex 

3 72% ~-erythro-y- 
3 1 hydroxyornithine; 

2420 28y0 ~-threo-y- ] hydroxyornithine 
( 3/., 

1 Ea 
I 5 ) ornithine I 3/4 

90% =t 10% ~-erythro- 
y-hydroxyornithine 

68% ~-tFreo-y-hydroxy- 
ornithine; 32y0 D- 

263 O erythro- y-hydroxy- 

90% f. 10% L-threo-y- 
hydroxy ornithine 

Reaction with 
nitrosyl chloride 

O C .  min. Color 
Temp., Time, 

60 7 None 
55 18 Red 
20 27 None 
55 18 Kone 

55 10 None 
18 None 
15 Red 1: 20 Red 

55 10 Red 

i 

Mutarotated. 

I i 0 - A 
3 000- 

I L-EHO HL 
- 

TUBES OR M L  TUBES OR M L  

Fig. 2.-Analysis of the epimerization mixtures of y- 
hydroxyornithine lactones obtained on acid hydrolysis (3 
hours refluxing with 6 N HC1) of the two epimeric dihexa- 
hydrobenzoyl- y-hydroxyornithine lactones YIII, m.p. 243 ', 
shown in A, and lX,  m.p. 263", shown in B. The separation 
of the two epimeric hydroxy-ornithines D-threo- and L- 

erythro- and ~-threo- and D-erythro-y-hydroxpornithines (D- 

THO and L-EHO; L-THO and D-EHO) in the two mixtures 
A and B, after mutarotation in phosphate buffer pH 7.8, 
was effected by a 100 cm. long Dowex 50 column, diameter 
0.9 cm., a t  37' using 0.1 M phosphate buffer of PH 7.8. 
The marker was "natural" hydroxylysine, as obtainable from 
gelatin by acid hydrolysis, containing 827, normal (HL) and 
18% allo-hydroxylysine (AHL) . 

ceed with retention or formation of the epoxide in 
the open series; whereas the amino lactone may 
show Walden inversion (or formation of olefin) 
with nitrous acid depending on the conformation of 
the amino group.26 Further investigation will be 
needed in this field. 

Preliminary transamination tests of hydroxyorni- 
thine were kindly performed through the courtesy 
of Dr. A. Meister. The y-hydroxyornithine lac- 
tone dihydrochlorides from VI11 and I X  were equili- 
brated in buffer p H  7.5 for two days and then in- 
cubated with sodium glyoxylate with and without 
rat liver preparation. The amount of glycine 
formed from glyoxylic acid with either VI11 or I X  
was noticeably higher in the enzymatic experi- 
ments compared with the non-enzymatic control 
tests and was somewhat smaller than in control 
experiments with L-ornithine. No transamination 
occurred with sodium pyruvate or ketoglutarate. 

(2W (7. A. Y. Box .  Expcricnl ia ,  9, 25G (1053) 

Cyclization 
conditions 

Tyw. ,  
Base C. 

PH 10 55 
PH 10 55 
pH 10 55 

PH 8 25 

PH 10 55 
PH 10 55 
0 . 2 N  100 

PH 60 
Ba( OH) 2 

pH 10 55 

Time, Hydroxyprolines, 7% 
min. Yield Normal Allo 

48 hr. 12 64 36 
10 59 71 29 

28 10 32 72 
10 41 29 71 

10 39 50.7  49.3 
10 44 64 36 
10 17 34 66 

10 54 33 67 

45 5 0 . 2  49.8  10 

LACTONE'2HCI HYDROXY ORNI- HYDROXY ORNI- LACTONE,2HCI 
THINE LACTONE THINE LACTONE [=I,+ 7.0" MUTARTD. TO MUTARTD. TO W D - 5 3 . 8 '  

[dID+ 22.3O [&ID+ 17.1 
2 . 0 0 0 ~  v, r - r T - r r - 1  I  IT^ 1 

- 
I .500  - - 

- 

- 
I.000 - 

- 
- 

- 
, 5 0 0  - I 

1 

1: ,=%I p.f/j yo, RATIO ,"%I RATIO 
t L  

25 3s 45 25 35 45 2 5  35 45  2 5  35 45  

TUBES (ML). 

Fig. 3.-Ratios of hydroxyprolines (HP) and allo-hydroxy- 
prolines (A-HP) obtained from the two mixtures of erythro- 
and threo-7-hydroxyornithine on treatment with nitrosyl 
chloride before (A,  D) and after mutarotation in water (B, C) 
followed by base-catalyzed ring closure of the non-isolated 
chloro acids. The column was 40 cm. long, had a diameter 
of 0.9 cm., and was thermostated to 37"; the buffer was 
sodium citrate, PH 3.20. The ordinates show absorbance 
of Xmsr 440 mp for H P  and A-HP and of Am,, 570 mp for 
methionine sulfoxide (MSO) which in each case (shown here 
only for D) was used as a marker. 

The product to be expected by a-transamination 
would be dehydrohydroxyproline XXI  which is 
known to undergo facile acid-catalyzed (XXII) P- 
elimination to form pyrrole-a-carboxylic acid 
(XXIV) via XXII and XXIII.26a The analysis of 
y-hydroxyornithine transamination mixtures for the 
presence of XXIV is in progress. If hydroxyproline 
can be formed from free proline by introduction of a 

(.ea) A N. Radhakrishnan and A .  Meister, Frdcralion Prorcedinfs ,  
16, 333 (1956) (ADDED IN PROOF), 
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XXII 

Iml -H@ 

XXIII  XXIV 

hydroxyl in C(4) a t  the dehydroproline stage, the 
stability of the intermediate XXV would depend 
on the ease of isomerization to XXI. 

Experimentalz7 
Methyl 2,4,5-Triben~amido-A-~-~s-pentoate (11) .-The 

procedure of Heath, Lawson and Rimington14 was followed 
with some modifications. The crude yield was 37.1 g. (76'30 
yield), m.p. 213-216'. 'Two recrystallizations from meth- 
anol gave material melting at 222-223'. The pure material, 
when heated slowly, would melt a t  213", then solidify to 
rhombic hexagonal plates and remelt a t  223". The mothzr 
liquors yielded a small amount of crystals, m.p. 231-233 ; 
AXmsx: 3.01, 5.708, 5.95', 6.06'6, 6 .13  (Nujol). The assign- 
ments for the amide carbonyl bands may be made tenta- 
tively as 6.OG p belonging to  .the cy- and the hydrogen- 
bonded y- or 6-benzamido groups, and 5.95 1.1 belonging to  
the non-bonded y -  (or) 6-benzamido group. 

Higher-Melting (Geometric?) Isomer I11 of 11.-Concen- 
tration of the mother liquors from I1 yielded a fair amount 
of slowly growing crystals consisting -of buttons and tiny, 
hard needles. The former proved to be tribenzoyl ester 11. 
Manual separation of the needles, followed by recrystalliza- 
tion from a large volume of ethanol or from methyl cello- 
solve gave tiny colorless rhombs, m.p. 247'. The infra- 
red spectrum of I11 differs from I1 in the OH-NH region 
(shoulder at 3.04, broad band at 3.12 p )  and by the absence 
of a second amide band ( 5 . 7 0 m ;  6.03sh; 6.09ys). 

Anal. Calcd. for Cp?Hp5r\T&&: C, 68.73; H, 5.34; N,  
8.91; OCH3, 6.57. Found: C,  68.43; H ,  5.39; 9, 8.95; 

cu,&Dibenzoyl--pketo-L-ornithine Methyl Ester.-The 
compound was obtained in 78y0 yield from the parent 
methyl 2,4,5-tribenzamido-A4-~s-pentoate (11) as rosettes 
from ethanol-water, m.p. 168-170'; analytical sample, 
m.p. 170.5-171.5" (reported 171°12,'3 and 158'14). 

Anal. Calcd. for C20HzoN206: C, 65.20; H ,  .5.47; S, 
7.61; OMe,  8.42. Found: C, 64.94; H ,  5.35; N, 7.49; 
OMe, 8.52. 

Infrared Spectrum.-A Nujol mull of this compound in one 
instance gave a complete separation of three carbonyl bands 
a t  5.738, 5.789, 6.11''s; other preparations gave only one 
single band in the ester region: 5.77 (Kujol); 5.73 (CHC13). 
Other bands: 2.91 (CHC13); 3.01 (Nujol); 3.03 (Nujol 
mull of product showing 3 carbonyls). 

7-Keto-L-ornithuric Acid (a,G-Dibenzoyl-y-keto-L-orni- 
thine) .-A mixture of 875 mg. of a,&dibenzoyl-y-keto-L- 
ornithine methyl ester (IV, 28 ml. of 0.1 N sodium hydrox- 
ide and 2 ml. of methanol was heated for 40 minutes on the 
steam-bath. The slightly yellow solution was cooled and 
acidified with 0.2 ml. of glacial acetic acid, followed by 7 
drops of concd. hydrochloric acid. The cloudy solution was 
extracted with two 20-ml. portions of chloroform and the 
extracts were dried over sodium sulfate and evaporated. 
The powdery residue was dissolved in 1 ml. of methanol, 

OCHI, 6.59. 

(27) All melting points are corrected (Kofler block), all boiling 
points are uncorrected. The analyses were carried out by Dr. W. C. 
At ford and associates, Analytical Service Laboratories, National In- 
stitutes of Health. 

from which it crystallized nicely in almost quantitative yield 
upon the addition of 2 ml. of ether; after recrystallization 
from ethyl acetate, 98-102". Recrystallization from meth- 
anol-ether gave the analytical sample, m.p. 116-118'. The 
compound was insoluble in chloroform or water, but dis- 
solved readily in saturated sodium bicarbonate solution; 
AXmax: 3.06, 5.7Svn, 6.05s, 6.5OVs p (Nujol). 

Anal. Calcd. for C1~H18X~05~1/2CH30H; C, 63.30; H,  
5.45; r\-,7.56. Found: C,  83.75; H,  5.79; N, 7.52. 

Re-esterification.-Dibenzoylketo-L-ornithine (93 mg.) 
was dissolved in 3 ml. of methanol and diluted to  15 ml. with 
ether. A standardized solution of diazomethane in ether 
was added (1.4 ml. or 11.9 mg. CH2N2; 11.2 mg. required). 
Evaporation produced a white powder which after recrys- 
tallization from methanol-water and then methanol showed 
m.p. 168-1'71". rl mixed melting point with the authentic 
ebter IV,  m.p. 171-172', was 167-172". The infrared 
spectrum was identical with that of IV. 

7-Keto-L-ornithine Dihydroch1oride.-A mixture of 4.0 
g .  of dibenzoyl-keto-L-ornithine ester, 18 ml. of water aiid 
22 ml. of concd. hydrochloric acid was refluxed for seven 
hours and then chilled overnight. After filtration the resi- 
due was washed with 25 ml. of water and the combined 
filtrates (charcoal) were evaporated to  dryness in vacuo at 
room temperature. The residue was taken up in 10 ml. of 
water and 10 ml. of ether. The aqueous portion was de- 
colorized with charcoal in the cold, filtered arid dried in  
vacuo at room temperature. The residue was a white gum 
with spots of darkening. The yield was 2.0 g. (8570). The 
gum decomposed rapidly iu air, becoming black, and had to 
be used as prepared; Ambx 5.76, 6.28 1.1 (Nujol). 

cy-N-Carbamyl-y-keto-L-ornithine.-Two grams of y-keto- 
L-ornithine dihydrochloride, as a white gum, was dissolved 
in about 40 ml. of water, chilled in ice, aud slowly mixed 
with 740 mg. of potassium cyanate. The solution of keto- 
ornithine was kept stoppered and the cyanate was added in 
small spatula quantities every 15 minutes for six hours. 
Half an hour after the addition was complete, precipitation 
commenced. After another half hour of chilling the white 
precipitate was removed by filtration (yield 369 mg., 2170). 
The product showed increasing decomposition, finally 
charring from 260-295' and was insoluble in ethanol, ether, 
chloroform, benzene and acetone, slightly soluble in meth- 
anol and soluble in water, from which i t  was obtained after 
three recrystallizations as cottony needles giving a red nin- 
hydrin reaction. 

Anal. Cnlcd. for C6HllN30a: C, 38.09; H,  5.86; N, 
22.21. Found: C, 37.92; H, 6.08; N, 21.18. 

The mother liquor darkened considerably during filtra- 
tion. Left in the cold overnight, it gave a second, almost 
colorless, crop. When the pH of the mother liquor was 
raised to  9 with sodium carbonate, ammonia was evolved. 

Fischer Esterification of -/-Keto-L-ornithine .-A solution of 
one gram of 7-keto-L-ornithine in absolute methanol was 
saturated with hydrogen chloride at room temperature and 
kept under nitrogen for three days. The solution had dark- 
ened appreciably. When ether was added an oil separated. 
The solvent was decanted and the oil was taken up in meth- 
anol, mixed with an equal volume of benzene and concen- 
trated. N o  crystallization occurred or could be induced SO 
the solution was saturated with dry hydrogen chloride. On 
standing this deposited a bed of colorless, very hygroscopic 
needles. They were recrystallized by slow evaporation of a 
methanol solution as colorless needles, insoluble in acetone, 
melting to a clear froth from 103-110'; A,,, 5.74 p (Nujol). 

Anal. Calcd. for C5H10TS'pO2~2HCI: C, 29.57; H, 5.9G; 
X, 13.80. Found: C, 29.96; H, 6.05; N, 13.72. 

.According to the analytical figures this compound is not 
the methyl ester of y-ketoornithine; it could be the di- 
hydrochloride of the free unacylated lactol (cf. formula iii 
in footnote 15). 

Reduction of cy,6-Dibenzoyl-y-keto-L-ornithme Methyl 
Ester (IV) . A. Attempted Stepwise Reduction.-When 
the dibenzoyl ketoester I V  was stirred with platinum black 
in acetic acid under hydrogen until one mole of hydrogen was 
absorbed, evaporation of the solution in I'UCUO and recrys- 
tallization from methanol gave a 2,5Y0 yield of pure 5tartir;g 
material and other fractions melting as low as 140-155 . 
n'hen two naoles of hydrogen was allowed to be taken UT) 
there was no  sign of a change in the rate of absorption a t  
either oiie or two moles, .itid starting material was recovrred, 
though in loa yield. No reduction occurred using 5% 
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palladized charcoal in methanol or using Adams catalyst 
in acetic anhydride-hydrobromic acid solution. 

Reduction with Adams Catalyst in Ethanol.-The re- 
duction of 5 g. of IV in 50 ml. of ethanol led to the uptake 
of somewhat more than 5 moles of hydrogen and stopped; 
the yield of reduction product was only 66%. The product 
precipitated readily from the ethanol during the reduction. 
Fractionation from methanol gave two fractions: a higher 
melting material which started to melt a t  228", then par- 
tially solidified and melted from 232-235", [alZoD -19.8' 
(20.383 mg. in 2 ml. of pyridine). The other fraction 
melted at  222-224', [ a l Z o ~  -24.7' (19.110 mg. in 2 ml. of 
pyridine). 

Complete Reduction of the Ketoester in Acetic Acid. 
-Ten grams of the ester IV in 250 ml. of glacial acetic acid 
was hydrogenated in the presence of 1 g. of Adams catalyst 
a t  1900 pounds pressure. Filtration and concentration in 
uucuo gave an oil which crystallized rapidly when diluted 
with methanol. Recrystallization gave some material 
melting at  223-224', but most melted over the range 219- 
235". From three runs (32 g.) 11.7 g., or 37%, was recov- 
ered in the 223-225' range in the first crystallization. 

a,ti-Dihexahydrobenzoyl-yhydroxy-L-omithine Lactone, 
m.p. 242-243" (Presumably VIII).-Close examination of 
the melting point showed microcrystalline material in the 
melt. One crystallization of the 223-225" fraction from 
methanol gave 5.7 g. melting from 226-235", and after two 
more crystallizations 1.2 g. of material was obtained melt- 
ing sharply a t  240-241'. Repeated and prolonged frac- 
tional crystallization of various fractions finally gave a total 
yield of 3.5 g. of colorless needles, m.p. 242-243", [ ~ ] * O D  
-32.1' (c 2.0 in pyridine); [a]"D -85 & 2' (c 1.8 in 80% 
concd. hydrochloric acid and 20% dioxane). 

B. 

C. 

Anal. Calcd. for ClpHaoN204: C, 65.11; H, 8.63; N, 
7.99. Found: C, 65.31; H, 8.83; N, 7.99. 

a$-Dihexahydrobenzoyl-7-hydroxy-L-omithine Lactone, 
m.p. 262.5-263'' (Presumably IX).-Careful fractionation 
of the methanolic mother liquors from lactone, m.p. 243O, 
finally yielded about an equal quantity (3.4 g . )  of very fine 
colorless needles, m.p. 262.5-263'; [ a ] " D  -4.27" (c 2.1 in 
pyridine). 

Anal. Calcd. for ClgH30NzO4: C, 65.11; H, 8.63; N, 
7.99. Found: C, 65.11; H, 8.65; N, 7.91. 

Mutarotation in Strong Acid.-A 2% solution of the 
higher melting lactone in a mixture of 80% concd. hydro- 
chloric acid and 20% dioxane showed 

Hours [oi]20D 

0 
3 
5 

21.5 

- 3.9'  
+23 ' 
+20° 
+20.4' 

The material recovered after mutarotation had the same 
melting point and infrared spectrum as the starting material, 

When 10 mg. each of the two lactones, m.p. 242 and 263", 
were heated together in 2.5 ml. of methanol and the solution 
taken to dryness, the mixture showed m.p. 226-230' (soften- 
ing and sublimation a t  223-225') and [ a I z 0 ~  -18.1' (pyri- 
dine). The properties of the mixture obtained directly on 
hydrogenation (m.p. 222-223.5", [ a ] z o ~  -24.7') or from 
mother liquors of the pure lactones (m.p. 222-223", [ a I za~  
-18.5') are very similar, if not identical. 

Hydrogenation with Raney Nickel in Methano1.- 
Twenty grams of pure a,&-dibenzoyl-7-keto-L-ornithine 
methyl ester (IV, m.p. 169-170') dissolved in 350 ml. of 
methanol was hydrogenated in the presence of 5 g. of Raney 
nickel a t  a pressure of 1000 lb./sq. in. and a temperature of 
120". After five hours the pressure was constant. The 
catalyst was removed by filtration and the warm solution 
and washings (400 ml.) allowed to crystallize. Only a small 
crop (0.1 9.) of crystalline buttons was obtained a t  this 
point. The mother liquor was concentrated to one-fourth 
of its volume (100 ml.) and cooled very slowly in a bed of 
cotton. After two days a mixture of two distinctly different 
types of crystals was obtained which were separated me- 
chanically under the microscope. 

a,&Dihexahydrobenzoyl-y-hydroxy-L-ornithine Lactone, 
m.p. 242-243' (Presumably VIII).-This isomer formed 
feathers of very fine long colorless needles, subliming from 
225", m.p. 231-236" (quiet colorless melt). After two re- 

D. 

TABLE 111 
PRODUCTS AND YIELDS IN THE REDUCTION OF ~ J - D I B E N -  
ZOYL-7-KETO-L-ORNITHINE METHYL ESTER (IV) WITH 

RANEY KICKEL AT 120' 
AP- 

prox. 
M.p.,  yields, 

y-Hydroxy-L-ornithine lactone derivative OC. % 
Low melting dihexahydrobenzoyl (VIII) 243 -80 
High-melting dihexahydrobenzoyl (IX) 263 -10 
(cis?) -a-Benzoyl-6-hexahydrobenzoyl 
(cis?) -a-Hexahydrobenzoyl-&benzoyl 
(cis?)-a,G-Dibenzoyl (V) 234 -2 

crystallizations from about 20 ml. of methanol 0.6 g. of fans 
of transparent needles, appearing under the microscope as 
long flattened needles or elongated rectangular platelets was 
obtained, m.p. 242-243', undepressed on admixture with 
the analogous lactone obtained by hydrogenation with plati- 
num. The infrared spectrum showed three characteristic 
carbonyl bands (5.69, 5.96,6.06 p ) .  

} (VI) ;;;I;;;} -5 

Anal. Calcd. for C ~ O H ~ ~ N ~ O ~ :  C, 65.11; H,  8.63; N, 
7.99. Found: C, 65.36; H,8.54; N, 7.81. 

a,6-Dihexahydrobenzoyl-y-hydroxyornithine Lactone, 
m.p. 262' (Presumably IX).-The other crystalline modifi- 
cation formed spherical clusters of short, very fine needles, 
subliming to somewhit 13rger needles a t  235', melting a t  
253-255'. After two slow recrystallizations from about 25 
ml. of methanol 0.25 g. of felted fine needles was obtained, 
m.p. 2G1-263', undepressed on admixture with the high 
melting lactone obtained on catalytic hydrogenation with 
platinum a t  room temperature. The infrared spectrum 
showed only two bands in the carbonyl region (5.65 and 6.07 
P I .  

Anal. Calcd. for ClgHaoNzOc: C, 65.11; H,  8.63; N, 
7.99. Found: C, 64.87; H, 8.48; N, 7.92. 

The mother liquor on further concentration (70 ml.) depos- 
ited a mixture of crystals (3 g.) not separable mechanically. 
By fractionation with hot benzene more (-0.8 g.) of the low 
melting dihexahydrobenzoyl compound was obtained. The 
remainder of this 3-g. fraction consisted largely of the high 
melting dihexahydrobenzoyl isomer which was difficult to 
free from a compound lower in hydrogen, which was more 
soluble in ethyl acetate. 

In order to obtain this compound, which apparently had 
to be looked for in the final methanolic mother liquors, the 
mother liquors were further concentrated to about 50 ml. 
and left in the cold room for two weeks. The crystalline 
deposit (14.1 8.) melted unsharply a t  200-225" and showed 
only two peaks in the carbonyl region. 

There 
was obtained 6.5 g. of colorless powder, largely soluble in 
chloroform in which the following bands were shown: 2.92, 
5.63m, E1.76~, 6.OOva, 6.06", 6.22m p.  This fraction was dis- 
solved in 250 ml. of hot benzene and poured onto 300 g. of 
alumina (Woelm, neutral, activity I). Nothing was eluted 
with benzene or ether. With ethyl acetate containing 4% 
acetone (each time 250 ml.) five fractions (I-V) were ob- 
tained. 

Compound (Presumably aJ-Diben- 
zoyl-7-hydroxyornithine Lactone, V) .-Fraction I consisted 
of 0.25 g. of a crystalline powder, soluble in methylene chlo- 
ride, showing only two carbonyl bands (cis series) in Nujol: 
5.5Sn, 6.1OV8 and a weak phenyl band a t  6.22w p .  It was 
sparingly soluble in ethyl acetate, and appeared on slow 
cooling in fine needles, m.p. 234". 

The final mother liquor was evaporated to dryness. 

Anal. Calcd. for C I P H I ~ N Z O ~ . ~ / Z H ~ O :  C, 65.70; H,  5.51; 
N, 8.07. Found: C, 65.37; H, 5.98; N,8.01. 

a,6(or 6,a)-Benzoyl-hexahydrobenzoyl-r-hydroxyomi- 
thine Lactone (VI).-Fraction I1 (0.45 g.) was recrystal- 
lized from ethyl acetate in which it is not very soluble. 
After slow recrystallization (four days at 30') cushions of 
short stout colorless needles were obtained, m.p. 207-210" 
(sintering a t  187'). Further recrystallizations from a little 
methanol separated this fraction into twocomponentsof which 
the one less soluble in methanol formed long lissome needles, 
m.p. 218-222', [CY]~OD +14.6" (pyridine, c 1.0). 

Anal. Calcd. for C ~ ~ H ~ ~ N Z O ~ J / ~ H Z O :  C, 65.42; H, 
7.08; iY, 7.97. Found: C,65.03; H, 7.00; N, 7.92. 
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TABLE I V  
SEPARATION AND PROPERTIES OF THE Two DIASTEREOISOMERIC DIHEXAHYDROBENZOYL-y-HYDROXYORNITHINE LACTONRS 

(\.'I11 AND Ix) 
Pnre low melting Pure high melting Mixture (VII) iaitially present, 

iir obtained from mother liquors 
(presumably VIII)  fpresumably 1x1 af ter  separation of VI1 and I X  

diastereoisomer diastereoisomer 

M.p., "C. 242-213 262.5-263 222-223 
[ a ]  2 0 ~  in pyridine -32.1' -4.27" - 18.5" 
[ O ~ ] ' ~ D  in 80% dioxane + 20'3 -85" 31 2"" constant -3 .9"  ( 1  = 0)" - 3 3 . 9  

No change after 2 hr. concd. HC1 +20.4" ( f  = 2 hr.) 
a The recovered material had the same m.p. and mixed m.p. and the same infrared spectrum as the starting material. 

[Calculated for [ a ] D  of equimolar mixture of VI11 and IX: -85' + 20.4 = 64.6: 2 = 32.3'1. 

TABLE \.' 
PROPERTIES OF VARIOUS MIXTURES OF DIASTEREOISOMERIC 7-HYDROXYORNITHISES AS THE DI- AND MOSOHYDROCFILORIDES 

AS ~ V E L L  AS THE FREE LACTONES OR OPEN ACIDS AND THEIR SODIUM SALTS 

nitial Final Initial Final acid 

From original mixture -17.5' C13.7" 
VII,  m.p. 200-201" (in water) f8.2" f 3 . 3 "  -1.1' -2 .3"  -1 8' Not 

( 3  days) measured 

From pure VI11 -53.8' +17.1° f16 .3"  f 4 . 8 "  +13.6" f5 .26"  . . .  + 12,30 a 

m.p. 220" (45 min.) (43 hr.) (22 hr.) in buffer pH 7 . 8  (constant) 
72% Ls-erythro and 287, Ds-threo 
From pure IX 
m.p. 217-223' f7.02" 4-22.3" 0" +3.72" +10.12' 2.48" i -5 .6"  
69% Ls-threo and (30 hr.) (constant) in buffer pH 7 . g d  (constant) 

Figures calculated for sodium salt. e Picrate obtained from dihydrochloride after 
Based on the initial reading the calculated ratio would be about 51% 

These values were observed when the dihydrochlorides were dissolved in 1 / 1 ~  M phosphate buffer 

(mixture of 4 iso- -13 5' f13.7" (constant) (23 hr.) 
mers) (in 0.1 .V HC1) 

31% Ds-erythro 1 7 . 6 9 "  -8.79" 
a Figures calculated for free acid. 

mutarotation differs from that of starting material. 
of VI11 and 49% of IX. 
pH 7.8. 

Two further recrystallizations raised the m.p. to  226-229". 
Anal. Calcd. for C ~ Q H Z ~ N ~ O ~ :  C, 66.26; H, 7.02; N, 

8.13. Found: C, 66.13; H, 6.83; N, 8.06. 
The more methanol-soluble part obtained from' mother 

liquors appeared in fine needles, m.p. 192-194 , [a]"D 
$4.98' (pyridine, c 1.0). 

Anal. Calcd. for CISHZ~NZO~: C, 66.26; H.  7.02; N, 
8.13. Found: C,66.81; H ,  6.78; S, 8.24. 

The subsequent fractions (111-V) contained high-melting 
dihexahydrobenzoyl lactone contaminated with monoben- 
zoyl lactone. The material eluted from the column using 
Dure acetone and subsequently chloroform and methanol 
;mounted to 2.9 g. 

?-Hydroxy-L-ornithine Lactone Dihydrochloride (Pre- 
Donderantlv X). A. From the Hvdrolvsis of Lactone, m.p. 
i43°.-On6-half gram of the didexahydrobenzoyl lactone, 
m.p. 240-242", was refluxed in a mixture of 10 ml. of concd. 
hydrochloric acid and 10 ml. of water for 2.5 hours. The 
clear solution was extracted with four 10-ml. portions of pure 
ether. Titration of the ether showed 1.95 equivalents of 
hexahydrobenzoic acid. When the aqueous portion was 
dried in vacuo in the desiccator, it crystallized. Two tri- 
turations with 2 ml. of absolute ethanol, followed by ether, 
gave a white, non-hygroscopic powder which began to brown 
a t  208", softened a t  218' and decomposed a t  220'. 

Anal. Calcd. for C6HloN20z.2HC1: C, 29.57; H, 5.96; 
N, 13.80. Found: C,29.66; H ,  5.87; K, 13.86. 

Mutarotations (Table V).-A solution of 20.766 mg. of 
the dihydrochloride in 1 ml. of 0.1 M phosphate buffer of 
PH 7.8 gave the following values, using the equationz8 

The average change of rotation during the first ten minutes 
was -0.74"/min.; to was the first reading taken about one 

(28) Cf. F. J. Bates, "Polarimetry, Saccharimetry and the  Sugars," 
Circular of t he  National Bureau of Standards, C440, U. S. Govern- 
ment Printing Office, Washington, 1912, p 442. 

minute after the preparation of the solution. The calcu- 
lated values for pure L-erythro-hydroxyornithine, assuming 
only epimerization a t  C(2), would be [a]"D -48.4' + 

$7.2" (in buffer pH 7.8) and -85.8" + $44" (in water). 

0 
0 . 5  
1 
2 
3 
3 . 5  
4 
5 

-31 9 39 72 
-13 40 21 22 1 870 0 5 4 )  

+ 1 06 7 76 5 12 
+ 2 99 4 83 8 22 30 
t 3 67 4 15 9 57 28 

t- 4 87 2 95 13 46 22 

- 7.14 14 96 2 68 43 ~ 

+ 4 15 3 67 10 83 26 I 
36 av 0 34 

When a mutarotated aqueous solution giving values 
[a]D -51.5" -+ 12.0" was evaporated to dryness (at 20" 
in vacuo) with excess 2 N hydrochloric acid, the new initial 
rotation in water was [a]D -34.6", indicating incomplete 
reclosure of the lactone or epimerization (alkyl-oxygen 
fission?) or partial polymerization in the course of lactone 
opening. 

Picrate.-Addition of saturated aqueous picric acid to a 
water solution of the dihydrochloride precipitated yellow 
roseps  which browned a t  215-218' and decomposed a t  229- 
231 . The picrate was insoluble in cold alcohol, only 
slightly soluble in acetone. In recrystallization from water 
mutarotation apparently occurred (see below) and yellow 
needles were obtained which turned dark brown a t  238' and 
decomposed with melting from 244-248'. 

Anal. Calcd. for C6H10N202.2C6H3N301: C, 34.70; H, 
2.74. Found: C, 35.23; H, 3.11. 

The same picrate was obtained when a solution of 25 mg. 
of the lactone in 1 ml. of water was left to mutarotate for 48 
hours and then mixed with 1 ml. of saturated picric acid. 
Crystallization started within 10 minutes giving irregular 
yellow plates which turned black a t  243" with distillation, 
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paralleling the behavior of the picrate from lactone before 
mutarotation after it had been recrystallized. 

Reheckate.-The addition of free aqueous Reinecke acid, 
prepared by ether extraction of a solution of Reinecke salt in 
2 N sulfuric acid, caused the immediate precipitation of 
raspberry-colored crystals, easily soluble in acetone but for 
a small residue; [ ( Y ] M ~ ~ ~ ~  -11.4" (acetone, c 0.7). 

Assay by Stein and Moore Technique.-The method of 
Hirs, Moore and Stein29 as modified by Pied7 was utilized 
to assay the purity and composition of the lactone. An 
aliquot containing approximately '/z mg. of lactone dihydro- 
chloride in 0.1 M phosphate buffer of pH 7.8 (less basic 
buffer solutions failed to achieve satisfactory elution and 
resolution) was left a t  20" for 48 hours to effect mutarota- 
tion and then passed through a 100 X 0.9 cm. column of 
Dowex-50 (shorter columns failed to effect separation) sur- 
rounded by a jacket containing water thermostated a t  37". 
Slight pressure was applied to keep the flow rate a t  2 drops/ 
minute; 0.1 M phosphate buffer of PH 7.8 was used as 
effluent. One-ml. samples were collected with an automatic 
fraction collector and analyzed by the ninhydrin method30 
utilizing X,,, 570 mr .  The marker was "natural" hy- 
droxylysine18 containing 82 % 6-hydroxy-L-lysine and 18% 
allohydroxy-slysine as obtainable by acid hydrolysis of 
gelatin. When collection was started a t  the time the sample 
and two 1-ml. washings had just gone into the column, the 
highest concentrations were found as follows: hydroxy-L- 
lysine, tubes 260-262; allohydroxy-D-lysine, tubes 277- 
280; threo-hydroxy-D(or L-)-ornithine, tubes 309-3 12; 
erythro-hydroxy-L(or D-)-ornithine, tubes 325-328. The 
hydrolysis of lactone, m.p. 242', after 2.5 hours of refluxing 
in 6 N HC1 gave a dihydrochloride containing 28% of the 
more elutable diastereoisomer (presumably D-threo-(or al1o)- 
hydroxyornithine, XV) and 72% of the less elutable amino 
acid (presumably L-erythro-yhydroxyornithine, XVIII). 
When the time of hydrolysis was shortened to one hour or 45 
minutes there was essentially only one peak (tubes 325-328) 
observed indicating L-erythro-y-hydroxyornithine (XIX) of 
a purity of 90 & 10%. 

7-Hydroxy-L-ornithine Lactone Dihydrochloride (Pre- 
ponderantly XIII) B. From the Hydrolysiso of Lactone, 
m.p. 263'.-One gram of lactone, m.p. 262 , was boiled 
with 20 ml. of water and 20 ml. of concd. hydrochloric acid 
for 7 hours, dissolving after 5 hours to yield a slightly amber 
solution. Extraction with four 20-ml. portions of ether and 
evaporation of the water layer gave a gum which, on stand- 
ing for four days in 20 ml. of absolute ethanol, became a hy- 
groscopic crystalline powder. Repeated trituration with 
ethanol and centrifugation gave a colorless powder which 
became soft and began to brown a t  217", melting with froth- 
ing a t  223". In subsequent runs the time of hydrolysis 
was shortened to three hours. 

Anal. Calcd. for C6HloNz02.2HC1: C, 29.57; H, 5.96; 
N, 13.80. Found: C, 29.61; H,  6.05; N, 13.95. 

Mutarotation.-A solution of 19.09 mg. of lactone dihy- 
drochloride in 1 ml. of 0.1 M phosphate buffer of PH 7.8 
gave the following readings a t  20" 

YO' - Ym 

Hours [ U ] ~ O D  1 - rm Y - r m  kl + km 
0 +7.69 16.48 . . .  . .  
1 . 5  f 1 . 0 5  9.84 1 .67  0 .15  1 
3.0 -2.93 5.86 2.81 
4 . 5  -4.61 4 .18  3.94 ::3" jAv'o ' '2 

21.5  -8 28 0.51 32 3 ,070 
24 -8.79 
The mutarotation coefficient,28 kl + k z ,  changes as the re- 

action proceeds. The reason for this is the presence of four 
different species (70% L-threo-hydroxyornithine as lactone 
and free acid, 30oJ, D-erythro-hydroxyornithine as lactone 
and free acid) in the mutarotated solution. The calculated 
values for pure L-threo-hydroxyornithine lactone before and 
after mutarotation would be +10.61° -+ -9.5" (in buffer 
PH 7.8) and -28.4' + 52.1" (in water). 

Comparative Mutarotations in Different Solvents.-1 1-95 
mg. of the above lactone dihydrochloride in 0.5 ml. of I/IO N 
sodium chloride solution gave a final value of [CY]% +8.1 =I= 
0.1'. The same amount dissolved in 0.5 ml. of '/IO N so- 

(29) C. H w. Hirs, S. Moore and w. H. Stein, J .  Bid.  Ckcm., 195, 

(30) S. Moore and W. H. Stein, ibid. ,  176, 367 (1918). 
669 (1952). 

dium hydroxide was left for 48 hours and the solution 
brought to PH 7, [aI2OD +6.48 i 0.1'. 

Manometric Observation of Lactone Opening by Reaction 
with Chloramine T.-Manometric determinations were run 
according to a modification of the method of P. P. Cohen.al 
Solutions of the amino acid (hydroxyornithine lactone dihy- 
drochloride) were made up 0.003 to 0.004 M ;  0.1 to 0.3 ml. 
of these solutions were placed in the side-arms of Warburg 
vessels. To each cell was added 1 ml. of 10% Chloramine 
T solution, 0.7 ml. of citrate buffer PH 4.7 and sufficient 
water to bring the total volume (including the solution in the 
side-arm) to 2 ml. 

The solutions were shaken a t  25" until equilibrium was 
established and the amino acid solution was added from the 
side-arm. There was a brisk evolution of CO2 which usu- 
ally became negligible after 15 minutes. The results are 
summarized in Table I. 

Picrate.-When 170 mg. of the dikexahydrobentoyl-r- 
hydroxy-L-ornithine lactone, m.p. 262 , was refluxed with 
10 ml. of 6 N hydrochloric acid the lactone dissolved to form 
a clear pale yellow solution at the end of 12 hours. The 
solution was allowed to cool, diluted with 10 ml. of water and 
extracted with three 10-ml. portions of ether. The ether 
contained 1.5 equivalents of cyclohexanecarboxylic acid. 
The aqueous solution was dried in vucuo a t  room tempera- 
ture to a slightly yellow-brown viscous material which did 
not become readily crystalline on trituration with alcohol. 
To a solution of this material in 1 ml. of water was added 10 
ml. of saturated aqueous picric acid. Needles (65 mg., no 
darkening below 240°, dec. above 250") soon crystallized, 
insoluble in hot methanol or acetone, slightly water-soluble 
and readily soluble in, and recrystallizable from, warm 
water. The recrystallized picrate began to bdown a t  about 
220°, spotting and subliming a t  about 239 , becoming a 
mass of black rods at  249". 

Anal. Calcd. for C ~ H I O N Z O ~ . ~ C ~ H ~ N ~ O , :  C, 34.70; H, 
2.74; N, 19.05. Found: C,34.73; H,2.87; N, 18.02, 18.07. 

No weight loss a t  100". 
Again, the mutarotated lactone dihydrochloride gave a 

picrate identical with the one from unmutarotated lactone 
after recrystallization from water. 

Direineckate .-Free reinecke acid added to the aqueous 
solution of the dihydrochloride formed a pink crystalline 
precipitate, easily soluble in acetone but for a small light- 
pink, on washing almost colorless, residue amounting in- 
variably to about 10% of the weight of the reineckate; m.p. 
214-230" dec.; [ ~ 1 ] ~ 0 ~ 3 1 4  -8.3" (acetone, c 1.1). 

Anal. Calcd. for CjHl&02.2H [Cr( XH3)~(SCN)4] : C, 
18.97; H,3.67; N, 23.83. Found: C, 19.22; H ,  4.01; K, 
24.01. 

Assay by Dowex-50.-The analysis of the ornithine lac- 
tone dihydrochloride (after mutarotation in 0.1 M phos- 
phate buffer of PH 7.8) by the method described above 
showed that the action of 6 N hydrochloric acid for 3-7 hours 
leads to mixtures containing 2/$ of the more easily eluted 
amino acid (presumably L-threo-hydroxyornithine) and 
of the epimerized compound (presumably D-erythro-hy- 
droxyornithine); for the above lactone the ratio was 68%: 
32%. The hydrolysis of 20 mg. of lactone, m.p. 263" in 2 
ml. of 6 N hydrochloric acid for 45 minutes gave mainly one 
peak (309-312) and a very small second peak (325328') in- 
dicating 90% L-threo-hydroxyornithine. The margin of 
error in such disparate ratios is higher ( - = k l O % )  than in a 
70:30 ratio (-4=5%). 

Incomplete hydrolysis is observed when the time of reflux- 
ing is shortened to 15 minutes. Of 20 mg. of lactone about 
5 mg. of starting material (m.p. 260-263") was undissolved 
a t  that time. The acid solution after ether extraction to 
remove some hexahydrobenzoic acid and evaporation left 
a residue which was insoluble in hot water (m.p. 245-250" 
dec.), 230' crystalline transformation from small prisms to 
birefringent fine needles.32 

(31) P. P. Cohen, ibid.. 136, 571 (1940). 
(32) Incomplete hydrolysis needs t o  be further investigated to  con- 

firm tha t  the expected monoacyl derivative is the u-hexahydrobenzoyl- 
y-hydroxyornithine formed uia acyl migration N -c 0 and subsequent 
ester hydrolysis and not the d-acyl compound which is observed in the 
acid hydrolysis of ornithuric acid [P. Karrer and M. Ehrenstein, Helu. 
Chim. Acta, 9, 323 (1926)l; base hydrolysis of ornithuric acid leads to  
a-benzoylornithine [S. P. L. Sorensen, M. Hoyrup and A. C. Ander- 
sen, Z. phrsiol .  Chcm., '76, 52 (1912)l. Lysuric acid forms a-benzoyl- 
lysine on controlled hydrolysis with base or acid. 
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Hydrolysis for 20 hours did not significantly change the 
above 2 : l  ratio. The analysis of identical samples after 
mutarotation in 0.1 M phosphate buffer PH 7.8 or after 
mutarotation in dilute alkali a t  pH 12 (to eliminate any pos- 
sible alkyl-oxygen fission) did not show different ratios 
within the limit of experimental error. 

C. Hydrolysis of the Lactone Mixture (VII), m.p. 222- 
224'.-0ne-half gram of lactone, m.p. 222-224", from the 
mother liquors of the two pure lactones was refluxed with 
20 ml. of 6 N hydrochloric acid yielding a clear solution in 
less than one hour. Gentle refluxing was continued for two 
more hours, after which it was worked up as the previous 
runs. One week's digestion in absolute alcohol was neces- 
sary to convert the dried amber gum to a crystalline white 
solid which was very hygroscopic. I t  softened a t  206' and 
melted with frothing and discoloration a t  210-215'. 

Anal. Calcd. for CsHloNzO~.2HC1: C, 29.57; H, 5.96; 
N, 13.80. Found: C, 29.86; H, 6.02; N, 14.10. 

Mutarotation.-Solutions of the lactone dihydrochloride 
in 0.1 N hydrochloric acid showed 

Time, hr. 0 3 21 43 
[a] 'OD -13.5' -7.7' 9.7' 13.7" 

The dipicrate formed pale yellow needles, m.p. 249-251' 
dec. 

Anal. Calcd. for C s H l ~ N z 0 ~ ~ 2 C ~ H s N ~ 0 ~ :  C, 34.70; H ,  
2.74; N, 19.05. Found: C,34.97; H, 2.99; N, 18.82. 

Free Lactone.-A solution of 508 mg. of lactone dihydro- 
chloride in 10 ml. of water was stirred with a slurry of Dowex- 
50 acetate until the liquid phase no longer showed a test for 
chloride. The mixture was centrifuged and the aqueous 
phase was decanted. The Dowex-50 acetate was twice 
more stirred with 50-ml. portions of water, centrifuged, and 
the aqueous phase decanted. The combined solution was 
taken to dryness in  vacuo a t  30°, the residue taken up in 
methanol and, after filtration, again taken to dryness in 
vacuo. I t  was then triturated with 3-4 ml. of absolute al- 
cohol and the procedure repeated. Finally the solid was 
washed with ether and centrifuged. The yield was essen- 
tially quantitative. The colorless solid liquefied a t  50-55'. 
I t  was insoluble in hot or cold ethanol, but soluble in water 
or methanol. It could not be recrystallized from any com- 
bination of these, and formed a gel in methanol. 

Anal. Calcd. for C ~ H ~ ~ O N ~ O Z . H ~ O :  C, 40.53; H, 8.11; 
N, 18.91. Found: C,40.38; H,  7.54; N, 18.43. 

The solid material turned to a viscous mass before the 
analysis could be completed. 

Silver hydroxide could not be used for the liberation of 
the lactone from the dihydrochloride, since it was rapidly 
reduced to silver. 

The Action of Nitrosyl Chloride on y-Hydroxyornithine 
(Lactone).-The solution of nitrosyl chloride was prepared 
by the addition of 0.5 g. of silver nitrite to 6 ml. of 1 N hy- 
drochloric acid a t  0' and filtration from the silver chloride. 
This solution was added to a solution of 200 mg. of either 
lactone dihydrochloride (from various hydrolyses of dihexa- 
hydrobenzoyl lactones, m.p. 243 and 263") in 10 ml. of ice- 
cold 9 N hydrochloric acid. Freshly prepared solutions of 
the lactone dihydrochlorides reacted with vigorous bubbling 
and with immediate discharge of the yellow color of the ni- 
trosyl chloride solution. Solutions of open y-hydroxyorni- 
thine which had been allowed to mutarotate for several days 
in a small volume of water, showed much slower reaction 
with nitrosyl chloride at  comparable acid concentration. 
The reaction mixture was allowed to stand for ten minutes 
in the cold and then heated to 55' for 30 minutes (for varia- 
tions of these conditions see Table 11) and then dried in  vacuo. 
Whereas various hydrolysates from lactone, m.p. 263", gave 
colorless solutions on warming with NOC1, most reaction 
mixtures of NOCl with the lactone from hydrolysis of the di- 
hexahydrobenzoyl lactone, m.p. 243", gave red solutions. 

The residue was analyzed for total nitrogen by the micro 
method according to Kjeldahl-Nessler and for the liberation 
of COz with Chloramine T at  25" in a Warburg manometer." 
The following values were obtained: 9.83y0 total nitrogen 
and 11.5% COZ for the product from lactone before mutaro- 
tation, and 9.3% NZ and 7.6% COz for the product from 
mutarotated 7-hydroxyornithine (in each case obtained by 
3-hour hydrolysis in 6 N hydrochloric acid from the lactone, 
m.p. 263'). 

Calculation of the Results.-The following table sum- 
marizes the results which indicate a preferential reactivity 
of the a-amino group 

Composition of 
the reaction 
mixture, % 

From 

From 
lac- 
tone 

before 

bo1 wt. NI CO, tarot. 
Reaction Sym- Mol. Theory, % mu- 
products 

7-Hydroxyornithine 
(lactone).2HCl 1%' 203.2 13.8 21.7 37 

a-Chloroacid.HC1 X 186.2 7 . 5  . . 53 
6-Chloroacid.HC1 Y 186.2 7 .5  23.6 10 
a-6-Dichloro- y 

valerolactone Z 169.2 0 0 0 

by- 
droxy- 
amino 

acid 
after 
mu- 

tarot. 

29 
65 
6 

0 

The calculations are based on the assumption that with one 
mole of nitrosyl chloride the amount of a,6-dichloroacid is 
zero or negligible. The figures for W, X and Y in the above 
table are obtained from the following equations (a) before 
mutarotations: 13.8W + 7.5X + 7.5Y = 9.83; 21.7W + 
23.6Y = 11.5; W + X + Y = 1; (b) after mutarotation: 
13.8W + 7.5X + 7.5Y = 9.3; 21.7W + 23.6Y = 7.6; w + x  +Y = 1. 

With excess nitrosyl chloride, assuming that little or no 
6-chloroacid is formed, the amount of 2-chloroacid rises to 
approximately 70% before, and 80% after, mutarotation. 

Cyclization of the Mixture of a-(or 8)-Chloro-&(or a)- 
amino-y-hydroxy-valeric Acids to a Mixture of (Al1o)Hydroxy- 
prolines.-The dry product from the reaction with ni- 
trosyl chloride was taken up in 2 ml. of water and then 
heated with 10 ml. of 0.2 N barium hydroxide a t  100" for ten 
minutes (for variations of these conditions see Table 11). 
The solution was neutralized and freed from barium ions by 
the addition of sulfuric acid. The filtrate from the barium 
sulfate was taken to dryness and analyzed for natural and 
allohydroxyproline. 

Separation of Natural and Allohydroxyproline on Dowex- 
50.-An aliquot containing approximately 1 mg. of hydroxy- 
proline in citrate buffer pH 3.3 was passed through a 50 X 
0.9 cm. column of Dowex-50 maintained a t  37', under suffi- 
cient pressure to pass about 2 drops per minute. Citrate 
buffer of pH 3.3 was used as effluent. An automatic frac- 
tion collector collected 1-ml, samples. These samples were 
analyzed by the ninhydrin method of Moore and Steinz9." 
observing absorbancy at  440 ms. The column was first 
standardized with normal and allohydroxyproline for de- 
termination of the absorbancy factors. The collection was 
started when the sample had just gone into the column, the 
maximum concentration of normal hydroxyproline was 
found in the 37th tube, and of the allo isomer in the 47th. 
A marker such as methionine sulfoxide (29th tube) was al- 
ways used. The ratios of normal to allohydroxyproline for 
various cyclization mixtures are recorded in Table I V  (see 
also Fig. 5). 

Characterization and Partial Separation of Normal and 
Allohydroxyproline as  Reineckates. A. Hydroxy-L-proline 
Reheckate.-Purest hydroxy-L-proline (0.5 g., [a] **D 
-75.2') in 5 ml. of water was treated with a slight excess 
of a freshly prepared 10% aqueous solution of Reinecke acid, 
made from Reinecke salt by suspending it in 2 N sulfuric 
acid and extracting with ether. The reineckate crystallized 
slowly in pink platelets which were washed with water; m.p. 
152-153' (red-violet viscous melt, no decomposition). The 
compound is very acetone-soluble, 50 mg. dissolving in as 
little as 0.5 ml. of acetone; -38.9' (acetone, c 2.0). 

Anal. Calcd. for C~HQNOJ.H [Cr(NHa)2(SCN),] : C, 
24.01; H, 3.58; N, 21.79. Found: C, 23.95; H, 3.81; 
N, 21.68.33 

B. Di- [allohydroxy- proline] Reheckate.-In contrast 
to the slowly crystallizing reineckate of normal hydroxy- 
proline that of allohydroxyproline formed immediately in 
water as mush of pink crystals which were much less acetone- 
soluble than the epimeric reineckate; pink-violet cubes, 

(33) A compound prepared with Reinecke soil has previoulsy been 
reported as having m.p. 248O and the composition CIHONOI.H[C~- 
( N H I ) , ( S C ~ ) ~ ~ . N H I [ C ~ ( N H ~ ) ~ ( S C N ) ' ] . ~ H I O ;  J. Kapfhammer and 
R.  Eck, 2.  physiol. Chem.. 170, 294 (1927). 
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c :rkening a t  165', m.p. 177-180' (viscous melt). A 
sample which was washed with acetone several times instead 
of with water, gave similar analytical figures (C, 29.92; 
H,  4.66) but did not melt up to 270"; [ ~ Y ] ~ ~ 6 2 3 4  f44.4" (ace- 
tone, c 0.56). 

A n a l .  Calcd. for 2.CbH9NOs.H[Cr(NH3)2(SCN)4] : C, 
28.91; H, 4.33; N, 19.27. Found: C,29.26; H,4.28; N, 
19.58. 

Partial Separation of Hydroxy-L-proline from Allohydroxy- 
mproline by Fractional Precipitation of the Reineckates.- 
To a solution of 0.2 g. of hydroxy-L-proline and of 0.2 g. of 
allohydroxy-D-proline in 3 ml. of water was added 10 drops 
of a 10% aqueous solution of Reinecke acid. The pink pre- 
cipitate which formed immediately was washed 3 times with 
3 ml. of water and then with 2 ml. of acetone. The rotation 
of this reineckate (150 mg.) [ C Y I ~ ~ ~ Z ~ ~  $36.0" (acetone, c 0.46) 
shows that allohydroxyproline of about 90% purity is pre- 
cipitated first by reinecke acid. Of subsequent fractions 
formed in the presence of excess reinecke acid those that 
formed slowly on standing in the cold room showed decreas- 
ing rotations ( [ ~ ~ ] ~ O 6 2 1 4  +12.6') which were still positive. 
The isolation of the more soluble hydroxy-L-proline reinec- 
kate from the last mother liquors was not attempted. 
Chromatographic separation of the acetone solution of a mix- 
ture (1 : 1) of the two reineckates on a column of neutral 
aluminum oxide did not lead to the formation of discrete 
bands or zones. 

Stereochemical Correlation of the Hydroxyl Group of y- 
Hvdroxvornithine Lactones (X-XIII) bv Transformation to 
a -Mixt&e of Natural and Allohydroxfproline. A. Chro- 
matographic and Polarimetric Analysis of Hydroxyprolines 
from Hydrolysate of Dihexahydrobenzyl Lactone, m.p. 
243'.-A freshly prepared solution of 400 mg. of lactone di- 
hydrochloride from hydrolysis (three hours) of dihexahydro- 
benzoyl lactone, m.p. 243", was immediately treated with 
8 ml. of the nitrosyl chloride solution as described above. 
The reaction slowed down after the addition of 4 ml. and the 
solution turned red when heated a t  55" for 18 minutes. 
The reaction mixture was dried in vacuo, dissolved in 2 ml. of 
water, heated with 10 ml. of 0.2 N barium hydroxide a t  100' 
for 10 minutes, neutralized with 1 N sulfuric acid and dried 
m vacuo. 

The dried residue was dissolved in 3 ml. of water and 
treated with 0.6 ml. of a 20% reinecke acid solution. The 
most insoluble reineckate was separated immediately. Ac- 
cording to the high nitrogen analysis (found: N, 22.8) this 
material was mainly the very insoluble direineckate of un- 
changed starting material (calcd.: N, 23.8). An excess of 
reinecke acid was added and the solution left in the cold 
room overnight. A precipitate of 185 mg. of raspberry 
crystals was collected, [ ~ T ] ~ 6 2 3 (  -l5.3Oa4; 150 mg. of this 

(34) The advantage of fractionation with reinecke acid of the ter- 
nary mixture of hydroxyornithine and the two hydroxyprolines is a 
twofold one: (a) separation of the amino acids from other ions, (b) 
separation from starting material which is precipitated a s  the di- 
reineckate before the diallohydroxyproline reineckate. No significant 
separation of the two hydroxyprolines was achieved nor desired: thus 
the composition of the second reineckate fraction was representative 
of the ratio of hydroxyprolines in the entire fraction, as independent 

reineckate dissolved easily in acetone. I t  was converted to 
the sulfate by the addition of excess 2 N sulfuric acid and 
extraction of the reinecke acid with ether. The colorless 
solution was then freed of sulfate ions with barium hydrox- 
ide. The dried hygroscopic lacquer of the free amino acid 
weighed 22.2 mg. Rotation of a sample dried over phos- 
phorus pentoxide was [CY]~OD -20.0'. 

Regardless of mechanism only one of the two possible 
pairs of hydroxyprolines is to be expected: (a) 1iydroxy-D- 
proline (f75.2") + allohydroxy-L-proline ( -58.1"), or 
(b) hydroxy-L-proline ( -75.2') ' f allohydroxy-Dproline 
(f58.1"). In order to obtain the observed rotation, the theo- 
retical ratios must be: (a) hydroxy-mproline 29% f allo- 
hydroxy-L-proline 72% or (b) hydroxy-i-proline 59% f 
allohydroxy-D-proline 41 yo. Ion-exchange analysis of the 
isolated amino acid mixture gave a ratio, normal to allo, of 
69:31,36 thus showing the mixture to be normal hydroxy-L- 
proline plus allohydroxy-D-proline; the stereochemistry of 
the hydroxyl, therefore, is of LG configuration. 

B. Analysis of Hydroxyprolines from Hydrolysate of Di- 
hexahydrobenzoyl-7-hydroxy-L-ornithine Lactone, m.p. 
263".-When 400 mg. of lactone dihydrochloride from 3- 
hour hydrolysis of lactone, m.p. 263', was treated with 
nitrosyl chloride as described under A, the fractional pre- 
cipitation of the reineckates (total yield 330 mg.) gave frac- 
tions averaging a rotation of [a]Zoti234 -6.5'; a later fraction 
of 134 mg. was converted into the free amino acid as de- 
scribed above yielding 23.5 mg. of crystalline amino acid, 
[ c Y ] ~ ~ D  -21.3". To give the rotation found, the theoretical 
ratios must be: (a) hydroxy-D-proline 28%; allohydroxy- 
i-proline 72%; (b) hydroxy-L-proline 60%; allohydroxy- 
n-proline 40%. Ion-exchange analysis showed a ratio of 
normal t o  a110 of 39:61, showing that the mixture is one of 
normal hydroxy-D-proline plus allohydroxy-L-proline and 
the hydroxyl group is of DO configuration. 
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analyses of numerous cyclization mixtures obtained in yields of 20-60% 
(Table 11) demonstrate. 
(35) Ion-exchange analysis showed tha t  only 47% of the amino acid 

isolated was hydroxyproline. The  low recovery of hydroxyproline 
suggests that  the conversion to  chloraminohydroxy acid was incomplete 
and tha t  unchanged hydroxyornithine was present in the insoluble 
reineckate fraction. If one assumes that  52% of the starting material 
did not react, then during the subsequent stages i t  would have muta- 
rotated to  -6.0. Calculated for 32.5% of normal hydroxy-L-proline 

+58.1°): +8.6'; 62.7% of mutarotated hydroxyornithine lactone 
([Q]D - 6.0'): -3 2'. Resultant rotation of the amino acid residue 
was -19,1°: found - 2 0  0'. 

( [ Q ] ~ ~ D  -75.2'): -24.5'; 14.8% Of allohydroxy-o-proline ( [ o l M D  


