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CHAPTER I

INTRODUC'TION

After trauma or inflammation an eardrum may become permanently

perforated, frequently resulting in some hearing loss and

proneness to infection, Until 1950 the treatment of a per-

forated eardrum consisted of covering the drum permanently with
artificial material, -e.qg. fish's air bladder, India rubber,
egg membrane or, more recently, silicone rubber. Improvement

in hearing seldom occurred.

Since then a surgical technique to establish a functional re-
construction of the eardrum was developed. The principle of this
technique which is called myringoplasty, is based on covering
the drum perforation with a collagenous structure, -i.e. the
graft-, which must function as a scaffold for the migrating
epithelial tissue from the edges of the perforation. During

the healing process which may take several months the
scaffolding structure is expected to be absorbed gradually.
Almost all grafting materials used until now are of biological
origin which implies that their rates of degradation cannot
sufficiently be predicted. Myringoplastic operations may fail
because of premature desintegration of conventional tissue
grafts and also the grafts may cause a remarkable antigenicity
or a rather intense inflammatory tissue reaction. Yet another
reason why biological tissue grafts may prove to be inadequate
ls related to the treatment of complicated perforations, =,
total or subtotal perforations, atelectatic ears or congenital
anomalies. The treatment of such perforations often requires
specific grafts which usually cannot be prepared properly from
the rather soft biological tissues.

Biomedical research activities over the last twenty years have
revealed an increasing interest in the application of synthetic
biodeqradable polymers in medicine and surgery, having a pre-
dictable rate of absorption and loss of strength. This interest
originated from an area where natural absorbable collagenous

materials were used for over many centuries and concerns the
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ELSURAT LS AN JRTiSE and Surgleal eSO . TUReL ] led us to a more detailed study of the chemistry of this

ly "catgut" derived from the submucosa of the Sheep

stine remained unchallenged as the most acceptable forp

biodegradable poly(a-hydroxy acid).

. . i the structure of the monomer D,L-lactide havinc
absorbable suture and ligature material. Although age- In Chapter II il . ’ ]
I . a melting point of 126 C is discussed. X-ray structure elu-
"catgut" exhibits a number of shortcomings relategd - . |
; : cidation was used to answer the question whether D,L-lactide
that it is a complex natural proteinaceous Substa; - : :
: 3 . (m.p. 126 °C) is in fact a 1:1 racemate of L-,L-lactide and
-uniform composition. These shortcomings include . .

I : D-,D-lactide, - both having a melting point of 95 ¢ -, Or
variable strenght and tissue absorption rate, and loca]

whether D,L-lactide consists of the meso-lactide molecule,

activity. ) 3
> : . -i.e. each lactide molecule consists of one levorotatory and

The well-functioning synthetic biodegradable noj ;

! - one dextrorotatory lactate residue.
mers is as yet limited. The poly (e—hydroxy acids), -i.e.
c acid), poly(lactic acid) and their co-polymers D,L-lactide can be considered as a modified lactone, that is to
he poly(a-amino acids) represent twc important classes say that the ring compound comprises two ester groups instead

synthetic biodegradable polymers which have been applie of usually one. Although in several publications mechanisms

AVE - ™ 1 1 y = i - 1 & a9 = -
amongst others, as biodegradable sutures, burn wound cover have been proposed for the initiation or, in a broader sense

sustained release system, and as resorbable prostheses in for the polymerization of lactones, the precise mechanism, - or

maxillofacial and orthopedic surgery. mechanisms -, are still disputed. In addition to this, there

virtually exist no data on the interaction between the initi-

esearch activities reported about in this thesis g : X
i * = ator and lactone monomer prior to the actual ring=-opening. The

REESIEW Ol 'LhXer sibjecta: latter has especially been the subject of the research dis=~
chemistry of poly(D,L-lactic acid) , the synthetic bi closed in Chapter III. An experimental set-up was chosen which
oolymer which was extensively studied in experi- involved the IR-spectroscopical study of the complex formation
myringoplasty (Chapters II, III, IV and V). in solution of a number of initiators or potential initiators,

and, - amongst others -, D;L-lactide.

The lack of reproducibility of polymer molecular weight upon
the melt polymerization of D,L-lactide with tetraphenyltin

- oy P [ initiator was already mentioned. In Chapter IV the results of
dpplication of a number of biodegradable and alsoc micr
. : . : . ] a study of the relation between melt polymerization conditions
Porous non-degradable synthetic polymers in experimental
: and polymer molecular weight and weight distribution is des-
myringoplasty (Chapters VII and VIII). : _
cribed. Tetraphenyltin initiator concentration was kept con-
preferred method for the preparation of usable, high mole stant or was varied, in both "single" and "multiple" (four

“ular weight poly(D,L-lactic acid) is the ring-opening poly Or eight reactions at the same time) melt polymerizations,

neérization of the six-membered cyclic diester D,L-lactide while also the effects of impurities were studied. "Multiple"-

{ "'(‘:‘* ¥ 35 5 . i s . s gy
M.P. 126°C) in the melt, initiated with a suitable initiator. type polymerizations were also carried out to determine the

€ observation that high molecular weight poly (D,L-lactic effect of polymerization time on the degree of conversion of

a¢ld) could not be prepared in a reproducible way by melt D,L-lactide and on polymer molecular weight. Chapter IV is

polymerizing D,L-lactide with tetraphenyltin initiator, has concluded with a discussion on the possibility of a "living"




=m for the melt polymerization of D,L-lactidm
nism fcC e m E o,

mechan The last two chapters are devoted to the application of a num-
There are strong indications that the degradation behavyj gy, ber of biodegradable and microporous non-degradable synthetic
Ao . vmers i cted by both molee 5 : ~aBAlLE e
biodeqradable polymers is affec Y moleculay weight polymers in experimental myringoplasty.
: e weight distribution. Hitherto, however L _ . |
and molecular welg “r 1nfor. Chapter VII starts with a description of the anatomy and func-
tion on the molecular weight of poly(D,L-lactjc acid) : =1t : o
PSSR S i i tioning of the human eardrum and with a historical survey of

acid) =, is limited. Even less Systematic

poly (L-lactic _ , datg the treatment of perforated eardrums. Thereafter a justifi-

on the molecular weight distribution as part of <t Charactey;, cation is given of the idea that synthetic polymers will be a
zation of poly(lactic acid) have been published 50 far, There. valuable supplement of the existing biological grafting materi-
fore a number of poly(D,L-lactic acid) samples Prepared jp als. In the second part of Chapter VII the results of the ex-
thiasotady were'excensively 'characterized by hiUh-p!*““Tf:; perimental myringoplasty are described. For that purpose arti-
permeation chromatography, using a universal CalLLJJ‘iWTTQ ficial eardrums made from several biodegradable synthetic poly-

Loa o m o5 3 sd in Cha ] whicl = : - . :
method. The results are presented i pter V which ajg mers and made from a number of microporous, non-degradable

deals with the effect of in vitro hydrolytic degradation synthetic polymers were implanted into the ears of rats and
the molecular weight distribution of two POlY{D:L‘ZhTLfa~: dogs, and as a reference subcutaneously. Based on these results,

amples. at the end of Chapter VII a number of recommendations are

n

As was mentioned before, the poly(a~hydroxy acids) and the given for further research activities in the area of experi-
1 -amino acids) represent two important classes Ol meu mental myringoplasty.

ted synthetic biodegradable polymers. Other types of syntheti Finally in Chapter VIII a part of the experimental myringo-

biodegradable polymers with different degradation character- plastic studies already mentioned in Chapter VIT is presented

1stics may prove a valuable supplement to these, -e.q. 3 in greater detail.

polymer which combines properties of both a-hydroxy acid hom-

polymers and of a-amino acid homo-polymers. Therefore in

Chapter VI attention is paid to a potentially new class of

thetic biodegradable polymers, the linear, alternating poly-

depsipeptides, -i.e. polymer chains having ester and amide
linkages which succeed each other and which are separated b
arbon atom. Hitherto syntheses of linear, alternating poly-

depsipeptides, based on succesful multi-step synthetic route:

to sequential polypeptides, have only been carri t
very small scale. It is believed that, in principle, linear,

alternating polydepsipeptides can be prepared directly and

£ N -

laraer scale by the ring-opening polymerization of 2,5

°rpholinediones, which are six-membered heterocyclic

comprising both an a-hydroxy acid residue and an a-amino aci
receidiia v M - A 3 . . T
t€Sldue. In Chapter VI the chemistry and preparation of

"EW Neterocyclic monomers are discussed and a few poly-

Terization attempts are described.




A racemate of D-,D- and L-,L-lactide allows, in principle,

the formation of stereo block-type copolymers (Lillie and
STRUCTURE OF 3,6-DIMETHYL-1,4-DIOXANE-2,5-DIONE
R : ¢ ’ Schulz, 1975; Schindler angd Harper, 1976).
D-(L-,L-)-LACTIDE]

r

Crude D-,L-lactide was prepared according to Sinclair and Gynn

(1972) . From this product two compounds could be obtained, one

melting at 400 K and one melting at 316 K. Suitable crystals
= 9.086 i B 155

o3 (maximum dimension 0.4 mm) of the compound, melting at 400 K,
693 X7,

were obtained by controlled recrystallization from dry ether.

In this paper the first X-ray structure elucidation of race-

was carried out at 293 K. All hydrogen ;¢ _ _ _
> 4 mic lactide is reported

located. The molecule has approximate C, symmetry .
2 }

o ; L & Fiatte
Al ey F itensities up to 6 = 257 were collected at 293 K on a Philips
3.8% for 872 reflexions. The compound D,L-1zc+ v g ' :

; : "W1100 single-crystal diffractometer, using the w=20 scanninc
the racemate of D-,D- and L-,L-lactide. : . 9 e ' g J

technique (scan width: (2 + tan”}o), with graphite-monochroma-

tized Mo Ka radiation. The scan speed was 0.03° S_l. The total

L
2

( !
'lbgtckt]r"r peak} f
< lhterest with a minimum of 5 s at each side of the peak.

of poly(D-,L-lactic acid) in medicine

background measuring time was scan time x
years there has been considerabl

The number of reflexions measured was 1294, of which 872 were

+ ] Q78 o W 1 e . ; : }
thal, 1975), for example as a grafting mat considered significant (I 0(I), where o(I) is the standard
ated eardrums (Feenstra, Van der Ven, Kohn and deviation from counting statistics).
The preferred method of preparation is the ring-oper

. _ i . ' The stucture was solved by direct methods (Germain, Main and
yme? ation of racemic lactide (or dilactide, commonly own )
ol . el . ; ' Woolfson, 1971) and refined with a local version of ORFLS
D=,L-lactide (Kulkarni, Pani, Neuman and Leonard, 1966 3
i iz o ' ! g _ (Busing, Martin and Levy, 1962). The function minimized was
X-membered cyclic diester synthesized from the commercially : - 2ibco =
ot AT gy ' LW([F | = k|Fg|)® with w = © (F). o(F) was calculated from
ilable racemate of L(+)- and D(-)-lactic acid. P -
1(I) + 0.01|Fg|. The atomic Scattering factors were taken from

’Stantial synthetic evidence exists (Jungfleisch and Godschot nternational Tables for X-pay Crystallography (1974). The

veane and Hammond, 1960 ; Holten, Miiller and Rehbinder, parameters refined were the scaling factor, positional para-

the D-,L-lactide (m.p. 400 K) routinely used is in meters for all atoms and anisotropic temperature factors for

4 racemate of L-,L- and D-,D-lactide (m.p. 368 K). Thi: the non-hydrogen atoms. For H atoms isotropic temperature
10t been appreciated generally. Some authors (Fouty factors were refined. Extinction corrections were applied.
’i Gregory, Schwope and Wise, 1973; sinclair, 1977) suqaes The final unweighted and weighted R factors were 4.6 and 3.8%
D-,L-lactide consists of meso-lactide molecules. In b y respectively, for the significant reflexions.
derived from the meso-lactide the stereo sequence canno
more than two D- or L-lactate units in succession. IT.2 Discussion

: The asymmetric unit consists of one molecule of lactide.
dummel, S. Harkema, F.F Kohn and J. Feij

] L o Ol jen, T s iy N i g : = n e Y 4 ~ 3

t., B38, 1679-1681 (1982). Atomic coordinates are given 1in Table I (see Fig. 1 for
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0(2)

014}
C(3)
Ci6)
C(7)
CiLE)
Q19
Ci10)
Hi1)
Hi(2
Hil)
Hi4
H(5)

=

H(7
H.\I

L

6386 (2)
6130 (2)
4863 (3)
3605 (2)
7909 (3)
7692 (1)
9401 (4)
4878 (3)
8831(2)
3200 (4)
796 (3)
1049 (4)
524 (3)
236 (4)
328 (4)
292 (3)
92614)
950 (5)

i

9651 (2)
7170 (2)
B9E6 (3)
9665 (2)
8742 (3)
7729 (3)
9748 (5)
7394 (1)
7400 (2)
6872 (4)
B13(1)
918 (3)
684 (3)
704 (3)
583 (4)
738 (4)
1035 (4)
1032 (4)

6789 (2)
3179 (2)
6465 (3)
6522 (2)
6907 (3)
5664 (3)
1070 (5)
6033 (3)
5108 (2)
5169 (5)
770(3)
713(3)
691 (3)
566 (3)
494 (4)
425 (3)
623 (4)
793 (5)

* Defined according to Willis & Pryor (1975)

f. .

q
55(1)
58(1)
49(1)
71 (1)
561(1)
32 (1)
B4(2)
551]|
76 (1)
79(1)
66 (R)
74 (R)
61 (8)
77 (10)
93 (1)
75 (10)
B7(13)
114 (14)

Table |. Fractjonal atomic coordinates

(x 10%; H x IUj} and equivalent
isotropic thermal parameter (Ax10

O(1)-C(3) 1-340 (3) C(3)-C(B) 1-507 (3)

0(1)-C(5) 1.462 (3) C(5)-C(6) 1-497 (4)

0i(2)}-C(6) 1-34] (3) C(5)-C(7 1-490 (5)

O(2)-C(8) I-455 (3) C{6)-0(9 1-200 (3)

CeEOm 119703 SE=CUD) 1-44(3) Fig. 1. The D-,D-lactide molecule showing the atomic numbering
C(3)=0( 1N—C(5) 118:1(3) C(6)-C(5)-C(7 114-2 (3)

Cl(6)-0(2)—-C(8) 117.5(3) O(2)—-C(6)-C(5) 116-6 (1)

O(1)-C(3}-0(4) 119:7(3) 0(2)-C(6)-0(9) 119.9(3)

O(1=C(3-C(®) 115:7(2) C(5)—C(6)—-0(9) 123-5 (3)

O(4)-C(3)-

O(1}-C(5)
Q1)-C(5)
[able 2.
) i

. bl
M J €13t
(

) C(E
) (
lable 3.

C(8) 124-5¢
-C(6) 109-8¢(
C(7) 107-7 (

Bond distances RX} and angles ()

£hd) ITE-3(2) C(8)
(8 ‘ 1) *C(K)
q 8.2 (1) 07y
Ciln 0(2)
H 79 (2 O}
0 14)-3 12 9y
I 22-0(4) 009y
H 02z 1Y)
Cis 484 ( Ok
' 71-8 (N
Cis 6712) Hil}
Hi 79(2 0i2)
H 6212 (2
HiE 62§ 02
® Tarsion angles in the cyclic

3) 0(2)—-C(B)-C(3)
2) O(2)-C(R)—C(10)
1) C(3)—C(8)-C(10)

D0 2-Cih)-0(9)
QI2-Clh)-0(5)

Cle)=-Ci(5) -0
Ci6)-C(5)-C(7
Hily
Ci6)-C(5)-011)
Cl6)-C(8-Cin
C6)—Cl(8)-Hi)

C(6)

C(5)=0(1}-Cin
Ci5-0{1)—-Ciny
C(5)-0i 1=Ci 1)y

CB)-COI0)-H(4)
CiB}=C(10)-HI(8K)
ClR-ClI01-H( %)

group

Pairwise comparison of
: }
)l

angles (

110-0(2)
106:6(3)
113-5 (3)

177 (2
56 (2)

A (2}

torsion

Fig. 2. Stereoscopic view of the molecular packing.




bles 2 and 3 contain bond distances
)5 e "y References
angles. Within experimental eryg

be expected for
W.R. Busing, K.O. Martin and H.A. Levy, ORFLS. Report
to space-group Symme try
ORNL-TM-305, Oak Ridge National Laboratory, Tennessee
cyclic group has an iy

(1962) .

in which (see Table 3) two ) _ :
D.D. Deane and E.G. Hammond, .. Jairy Sei. 43, 1421-1429

occur: O 4) § a1 3.’ ' C H‘ ’ (@] ( l) . C | SJ s ]
i : (1960) .
0{2),; C(8]), C(10)

L. Feenstra, B.W.C. van der Ven, F.E. Kohn and J. Feijen,
molecular packing. The shortest intermolecyi, Int. J. Artif. Organs 3, 354-357 (1980) .

33 12) ‘B :J(SJ---OiBI = 3.2 o - R.A. Fouty, Assignor to Ethicon, Inc. ‘anadi
structure determination ;“,L.”Jf 923245 (1973) .
racemate of D-,D- ang L 2. G. Germain, P. Main and M.M. Woolfson,
this lactide. 368-376 (1971).
J.B. Gregory, A.D. Schwope and D.L. Wise, U.S. Nat. Techn.
Inform. Serv., A.D. nept. No. 759381 (1973).

C.H. Holten, A. Miiller and D. Rehbinder, Lactic

obtained by Jungfleisch and Godsch
Hammond (1960) , as lnterpreted by
N agreement with our results.

: ) ! i 221-224, Verlag Chemie, Weinheim (1971).
Olymers derived from the tit]

~

isotactic sequences. International Tables for X-ray Crystallography. Vol.
Birmingham: Kynoch Press (1974) .

E. Jungfleisch and M. Godschot. Compt. rendus, 144, 637~
639 (1909).

R.L. Kronenthal, Polymers in Medicine and Surgery, edited
Dy R.L. Kronenthal, Z. Oser and E. Martin, pp. 119-137,
Plenum Press: New York and London (1975).

R.K. Kulkarni, K.C. Pani, C. Neuman and F. Leonard. U.S.
Nat. Techn. Inform. Serv., A.D. Rept. No. 636.716 (1966) .
E. Lillie and R.C. Schultz. M mol. Chem. 176, 1901~
1906 (1975) .

R.G. Sinclair, assignor to Gulf 0il Corp.

4045418 (1977).

R.G. Sinclair and G.M. Gynn, U.S. Nat. Techn. Inform. Serv.,
l.J. KRept. No. 748411 {8 e B U

A. Schindler and D. Harper. Polym. Lett. 14, 729-734 (1976).

.M. Willis and A.W. Prior. Thermal Vibrations in Cry-

':wjrw;%r pp. 101-102. Cambridge Unversity Press (1975) .

[ |




CHAPTER III . .
lactic acid) PLA and PDLA and of co-polymers of glycolic and
S AR Ty o =lactic acid GA/LLA as biodegradable olymers in medicine and
{ECHANISM OF THE RING-OPENING POLYMERIZATION o L=lactic acid G/ o e 3 A el
‘ : surgery (1). Absorbable sutures prepared from PGA (2) and from
.- -; -\ ; :: .f B s ~ '] 4
GA/LLA co-polymers (molar ratio 90/10) (3) are commercially
available. In our laboratories we have recently applied PDLA
S Tt as temporary eardrum grafts in rats (4) and dogs.
btain more insight in the rlng-opening POlymerizat;.. - Nowadays the preferred method for the preparation of high mole-
lactones, the complex formation of the initiators tetraph. cular weight PGA, PLLA, and PDLA or corresponding co-polymers
tin, s S actoate, tintectrachloride, aluminjium } romigd is the ring-opening polymerization of the six-membered cyclic
%= ; S } . : g0 ~ ; O
1sobutylaluminium (TIBA), and the monomers [, (-} . diesters glycolide (m.p. 87 C), L-lactide (m.p. 95°C) and D,L-
2 L=-lactide and glycolide was studied by 1R- lactide (m.p. 127°C), respectively, initiated with a suitable
- ar bDenzene or toluene solutions of init tors ar initiator, e.g. tintetrachloride (5), stannous octoate or te-
were combined, only complexes of aluminium krae: traphenyltin (6). The ring-opening polymerization is schema-
L4 I Milde A = -
L-1la lde or glycolide, and of TIBA and D . Ti=1] S tically depicted in Scheme 1.
lycoli were observed. The complex formation was i
*tall Dy varying the initiator and monomer concenti
ese results and theoretical considerationas 14 o
2o X 5 L Fo = - Q1S =LldlClons j 1S con- R\ ~ - R 0 R o)
: - o5 % - |
-OmplexXes are formed by the coordinatior B H/C c=0 i Il | Il
_ _ : | | —— 0O0—-¢c-¢c-0-C-—-¢C
1 O the monomers and the aluminium daton I init ~H | |
: , D o=c Eon . H
i€ corresponding polymers were formed when TIBa 1S U L 0 T n
dS an 1nitiator. When AlBr., was used only pPolymers were nht
Jyher traces of water were l'j\:jl__i’t'(j- It is *:'".’rlC].Ui_El_:(}' that i the
I AlBr ; the actual 11.1t_1:jtin[;; sSpecies is HBr nd that ¢ R-H glycolide
iymerization initiated with TIBA proceeds vervy
. ] R = CH, lactide
rdinated insertion of the lactone monomer int
m-carbon bond. i . - : ; : )
scheme 1. Ring-opening polymerization of glycolide and lactide.,
._;.!,., :.f‘_'-'.,'?l.-_.-| E
The polymerization is preferably performed in the melt at
highei temperatures, although lactide has also been polymerized
past 15 vears thera - - = ] T . I - . . : . " =
t=et® there has been considerable interest i Succesfully in solution under mild conditions 740 1
‘PPllcation of poly (glycolic acid) PGA, poly (L- and D,L- _ : ' . .
= Purified D,L-lactide derived from the racemic mixture of L(+4)-
(] L)
lactic acid and D(-)-lactic acid, is the molecular 1:1 compound
of both enantiomers L(=)-lactide and D(+)-lactide (8) . Lactide
L
| and glycolide can be considered as modified lactones and their

n, +G. van Ommen and J. Feijen,

ir. Polym. J., 19, 1081-1088 (1983)




has been reported to r

oe

ne (9)

have been
for the poly
isms can be subdividegd into

(16-20); and (iii) Coordiy

N : i = . itetrachlos tet henyltin (purchased from Polvy ciences)
latter type is Considered by ya. g . : : oly '

- - P - - y [ ~ 1 = ] - - . q
. : stannous octoaf . ( /=Salt of Z-ethylhexcic acid: pur-
case between the two othej . i :

: = chased from Polysciences) and triisobutylaluminium (TIBA; pur-
the many data published o FEs ; : i

= . from Schuchard, purity 93-95 procent) were used without
pecially of B-propiolact.

. : y purification. Aluminium bromide was sublimed (p=0.1
the question whether 3 lacto; -

and stored under nitrogen until use.

cleavage or by alkyl
Another as yet insuf
he true nature of

(purchased from Polysciences) was recrystallized

acetate C le Nn a vacuum oven at room t em-—
o Gl
95 C) The

results obtained bv KC
on the interacti D1 . - 1 13 7 e - :
. . raction ‘ation of D,L-lactide (m.p </ C) from the racej b A
monomer prior to the act ring of L(+)=-lactic acid and D(=)=lactic aci was
this lnteraction is

cedures developed by Kulkarni e.: 33) and by
~ e + - B Y e - ;= \ " T T 1

purpose the interaction be (34) . Crude D,L-lactide was 2crystallized sever
L-lactide and ™ + LA PR e =N : 1 I |
L-lactide ana D, L l.:]\_.-.__L.Jr o ective] times from .-__t_-J]-.__-l acetate in ordex to Separate the compound

- s - N Sy 1 [ ; 4
In the study by melting at 127 C from the meso-lactide melting at

be isolated after mixing Purified D,L-lactide (m.p 277°C) was dried in a vacuum oven
Lewis acid and glycolide wer tudied at temperature and stored in a dessiccator on

his way solid compounds of glycolid colide (m.p. 87 was prepared according to Lowe
s Tit_'l4 (molar ratio Lz1) - )| : Sorenson and Campbell (36). TE was recrystallized several times

obtained and compared with pu: 1lvcolid from ethyl acetate, dried in vacuum oven at room temperature

) and stored in a dessiccator or P,O.. During the preparation of
mailnly complex formation in Lut i i 25 St : !

) ) B glycolide a considerable amount of powdered, low molecular
Precliplitates were studied b

i ‘ weight oly (glycoli 1Icid) mixed with antimonv trioxide has to
complex formation in the melt '

] I

be intr n small portions into the reaction vessel which

and maintained at a pressure lower than
original procedure (35) a supply vessel connected

Mmeans of heavy-walled, flexible tubing to a stopcock fitted

into the inlet

iree-necked reaction flask is re-

commended. In o Xxperience the use of this equipment led




to accumulation of solidified glycolide 4

C 1CCU Ulst ]
-k i
sequent plugging of the stopcock and tubing
le dosage system shown in Figure 1a was devy
A s e
{\
1 "
e e ol
ey f=———n
L e 1 v d
_w S
— .
| a
— |
| | — — _'J |
L_,_r-t"_ E ra :
.-5-—’- I = _h
_ | § bl
— |
: = 7 a
2 [ ! 1)
[ | | €
i g J /
W, l / . i
|1 k- | |
|
' |
|
- B
igeé system for the admini- Fig. Ib. Adaptor.
tration of ;‘-".«l_i-:'l'l.d ma e ‘[‘i_l]
uated reaction vessel.
iIrning the individual Supply vessels onq I
contents can be administered in a contri
°t Dbenzene (Merck, pro analysis) was dried ¢
Cil Larbide, 1 and degassed and saturated wit
ttrogen (32). The O, and H,O contents of I
< “

'+l was used throughout all experiments

A typical procedure for the preparation and IR-spectroscopical

investigation of a complex of D,L-lactide and :‘\lBr3 was as
follows. Glassware, syringes and needles were dried overnight

at 120°C. A polymerization tube (37) was filled with a small
amount of D,L-lactide and connected by means of a special
adaptor (Figure 1lb) and vacuum tubing to a vacuum system de-
signed for experiments under nitrogen (38). In order to remove
traces of water and other contaminating solvents the polymeri-
zation tube was placed in an oil bath {maximum temperature
100-120°) and the D,L-lactide was sublimed slowly onto the
upper part of the tube at reduced pressure (0,1 mm). The amount
of D,L-lactide which is lost during the sublimation process is
negligible. Next the tube was purged with nitrogen and toluene
was 1ntroduced through the septum. After the D,L-lactide had
dissolved, the solution was transferred through a septum into

a4 reaction vessel using a syringe which was previously purged

with nitrogen. This reaction ves

sel was previously connected

to the vacuum system when still hot, and was purged with nitro-
gen. A solution of sublimed ;‘\Iijri in toluene was prepared in

a dry box and injected through the septum to the reaction
vessel which contained the D,L-lactide solution. After 5 minu-
tes a sample of the combined solution was transferred through
the septum of the reaction vessel into a syringe which was pre-
viously purged with nitrogen. The solution was then quickly
thjected 1nto an IR-solution cell which was also purged with
nitrogen. The IR-spectrum was recorded on a Perkin-Elmer 357
grating IR-spectrophotometer. Toluene was placed in a reference
cell to compensate for toluene absorption. When TIBA was used
instead of I\lbi‘a, 1t was added pure or as a solution in toluene.
When the complex formation of L(=)-lactide and tetraphenyltin,

Stannous octoate or SnCl. was investigated, L(-)-lactide was

4

treated in the same way as D,L-lactide (maximum sublimation
temperature IOO“K}. ‘;5r'1(;‘l__l was added pure or as a solution in tol-
Uéne. Stannous octocate was added a4s a solution in toluene. Tetra-—
Phenyltin was added as a solution in benzene; in the latter case
L(-)-lactide was also dissolved in benzene. For experiments

under nitrogen at elevated temperatures including solu-

17
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lactide and D,L-lactide,

is characteristic of the

i. This indicates that ring-openi,
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n was more difficult because

115 1nitiator in benzene and, ij
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wave lenghts and 1 ft : of o G towards the
wave lenagths. The )Sitions of ) jina and shifted
yn bands did ne change >n more TIBA was added, up tc

) of 1:1. Due to the relatively small shift in
_]; the shifted band partially overlapped the
When the molar ratio TIBA ‘D,L-lactide was

<y
groups present cc uld l!-.:p!-r"tlc\'Lll:.' form coordination
with TIBA. The fact that still weak absorption bands of
riginal carbonyl and ether groups were present indicated
considerable '
the equilibrium of the complex formation reaction was not
the basis of

' the side of the complex.

although

D,L-lacti

abso rption at 16 3

& oF AlRr. (34) fnctass .. :

; [ P o Ny ’ o the v ) woa of ) ~=lac - d sul : sd A T
actide and Alpr ' rary t he complexes of D,I actide ind sublimed All 30
omplexes of glycolide and sublimed AlBr , could not

J

epared at room temperature. When an equal amount of

solution of sublimed AlBr, in toluene (c 0.1 mole/
-lactide and TTRA i~ - *
I'IBA were mk added to a warm solution of glycolide in toluene (c 0.1
IR-spectrum nf +} . .
i el ) , @ complex precipitated upon cooling wh dissolved
ller shifts [+ P : : ; flach
= C. Therefore the IR-spectrum of the complex was
lex (Table . o, ‘
Lo rom a toluene solution at about 90°C. The charac-
the Al1-C bonc - : .
> Al=C bond frequency shifts are summarized in Table 2.
this insertj rea _ i
’ = » carbony group of glycolide absorbs at practical ly the
characteristic =

_ : length as the carbonyl group of D,L-lactide which
The withdrawel ; : . . . . / :
agreement with observations made by Goulden an Millard
Le presented . . e : .
complex formation with AlBr. a shift in (C=0)
(Scheme 2). 1 ligt : 1 I i
towards the long wave lenghts was observed which
with rluIR_ﬁ_ : S
than the shift in (C=0) observed for the

L=lactide=-AlBr 3 complex

original ether absorption for pure D,L-

>tide and T - - N
. T ln toluene was found at 1235 em ~, the
described for D,I .
I D,]I glycolide in toluene showed an intense absorption at

weak absorption at 1210 cm . Kogan e.a.

values of the

se of th W ) 3 : ' -
5 f he All 3lgned a band at 1215 cm l to the stretching wvibration
addition o Y =

ner group of glycolide, the occurrence of a band at
) -1
1290 cm was not mentioned. An extensive sur vey of the liter-
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or for the rira -
- an ~haracterized by a shift of the carbonyl band and the presence

attempted solution palwm : : t ) o S
: d solution POlymerijz, f a free N-H band. However, in comparison with the carbonyl

oluene initiated w . : g 5 g i . 0 i -
ed wit] vxygen of an ester group, the carbonyl oxygen of an amide group

el yuma Wh o e ° . 4

polymer. When the s an increased electron density due to the great tendency

nas
»d with ;\lar3 and traces gf of the nitrogen atom to donate electrons (50,51). These authors
was formed as inidicated by stated that the polymerization of t-caprolactam using
at elevated temperatures is actually initiated with HC1.
TIBA afforded moderate]: T also proved to be a rather effective initiator for the

,L-lactic acid) (M SR Ay solution polymerization of D,L-lactide. Lilly and Schulz (5)
w d &

the possibilitvy ) § suggested that the initiation of L(-)-lactide involved the

from a “omplex of formation of a coordination bond between Snth and an ether

en followed by acyl-oxygen bond cleavage and the release

dissolved in 1 uen: oxvdg

eased in a stepwise Mannas of Cl . In view of our results with AlBr. as mentioned above,

= 3
the addition of eaci it might also be possible that in the case of FHC14, HC1l was
mixture was refluxed ¢q, the actual initiating species. A possible mechanism for the
recorded. Upon the sycc initiation and polymerization of lactide and glycolide (in
shifted bands correspondi oluene) with strong acids such as HBr or HCl is depicted

gradually, whereas th. in Scheme 3. First protonation will take place on one of the

’
the IR-spectrum of wo available carbonyl oxygens followed by a proton shift and
IH—Sppctrﬁﬁcw“k; | ,¢-type transesterification reaction. According to Mhala
formed after the attempt: nd Mishra (52) the acid catalyzed hydrolysis of D,L-lactide
blide initiated with T[h; nvolves as the first step protonation of an ether oxygen
jlycolic acid) ., W h does not seem in agreement with the present weight of
cal evidence which shows that esters are initially pro-

*d on the carbonyl and not on the ether oxygen (53).

complexes with D,L-lactid Using the mechanism depicted in Scheme 3, polymerization with
ycolide using A could AlBr., should lead to charge separation which might explain
x‘--.l[ﬁri as such is not a good initiator.

vherdron e.: \1U) when Lewi 'ne only compound that could both form complexes with D,L-

initiator lactide or glycolide and initiate their polymerization under

= e o alels BT - $ . g e i - ~ =l 1 . =
results Strongly € - inydrous solution conditions was TIBA. According to the often

Nydrolysis of AlBr.,, was the actual ‘lted (28,31) mechanism proposed by Cherdron e.a. (10), the

g4 Nho detectable amounts of cationic initiation of a lactone takes place via the attack

at Iirst somewhat contra of a cationic species onto the ether oxygen followed by acyl-

ind Hay (49) that sncCl, ’Xygen bond cleavage. The propagation step involves the attack

~

with ~caprolactam which w OL an acylium ion upon the ther oxygen of the next monomer
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D,L-LACTIDE

itions for D,L-Lactide

ed with regard to poly

ibutions. "Single"™ polvm

four or eight r

studies are described.

T &

4 IN

inlitliator CoOncentratie

non-reproducible molec
'merizations at constant

in nearly ident

initiat
verse _-_;th_'-r';r_ienc‘_-.' of init
2cular weight. Both the
ymerizations resulted in
The presence of
polymerization most
nolecular welight.,
1

Polymerization of

welight followed by
4 constant value. It
D,L-lactide in the melt ini

eed :E‘.I_'.:.L_,j,f_.”_[ a " l i l..'i ng L

twenty years there have been studies for the

(D,L-lactic acid) as a biodegradable po-
] 2
and surgery , €.g. as sutures , burn wound

4 .
sustained release system , or as resorbable prosthe-
'_I
1

: g 6 :
tillo-facial™ and orthopedic surgery In our labora-
have applied poly (D,L-lactic acid) as t emporary
-afts in rats’' and dogs.

(D,L-lactic acid) may be prepared by the direct

: 8=10 =
of L(+)- and D(=-)=lactic acid H, the preferred
preparation of high molecular weight poly (D,L-

is the ring-opening polymerization of the six-
ra . 0. : ;

lic diester D,L-lactide (m.p. 126°C), initiated
; . : Ll e Tl

itable initiator, e.g. tin- (IV)-chloride o T

octoate” or tetraphenyltin. The polymerization can be

in solution under mild condxrluns]\ or, for the pre-

f high molecular weight polymers, preferably in the
higher temperatures. Purified D,L-lactide (m.p. lJb”C?,
from the racemic mixture of L(+)- and D(-)-lactic acid,
molecular 1:1 compound of both enantiomers L(=)-lactide

reported that for the melt polymerization of lac-
)lymer molecular weight can be controlled by varying
of initiator ],Jb. This statement, however, is not
1t with other literature dutaj,]?_rl. A literature
the melt or bulk polymerization of lactide and Of
en-membered ring lactones, i.e. glycolide

one, revealed that initiators have been employed

1

-oncentration range and also that both high and low

i weights have been obtained with no relationship to
r““uu“tydtiunﬂlg :3*36. Only under solution po ymeri-
onditions does the ring-opening polymerization proceed
dictable way>’

Of this study is to find the relation between melt




T _|i.':f'r_.:"< >atior N ] :
£ 2 —eatxon conditions for D, L=lactid
b s actide lNitia+a ) 1 : -
Phenyltin and polvme : i SRETREed WEth tute s placed in a clean polymerization tube which was dried for
- < = He POLymer molecul Ar weiagh+ = . : was 3
Ul c "‘_l--:l._ daNnd wei tht & a Y- . : ~ . 3 7 o % 1
In addition + .1 . : el GdSEriby { hours. The appropriate amount of initiator dissolved in 2,5
10N g LN1s, the existence of a ”ll"_]_rq" Ly 4 | k . .
the melt polymerization m~e n - = eanany for ml or dry benzene was added. The tube was then connected
: JICL 1Zc 40101 OI U, L= l—‘:‘-(—.tlh}{_' is digcunned md . ! ;
SCussed, irectly ("single" polymerizations) or via an adaptor ("mul-
LICLL LY - - —
iple" polymerizations) to a purge valve system with acces to
ycuum or dry nitrogen (Fig. 1).
IVv.2. Materials
e solvent was evaporated at reduced pressure and the lower
D L=1asei . = . wrt of the tube was placed in an oil bath (temperature range
—rbl—lactic acid | a '.HJ 3 ;{r}, "'JUS so] e ‘ d
——————————— b S0O4Uut 1LOT COoOnt: M N I ] - . : - - Va 4 -
~il €ontalning the r §0-100°C). D,L-lactide was subl imed onto the air cooled por-

MiXture of L-'*'*j;h;t;: acid and D(- jolackic Sl . _ ..
phenvitin e SELd) ang tetras tion of the tube (0,1 mm Hg) for removal of residual solvent
FUTIIY 4T1ln were Purchased from FIF"""S“"“ﬂf“g“-\" =

i s i of D,L-lactide is lost

D . Tk ea = water vapor. A neqligible amount
g B8 (N.P. 126 C) was pDrans : i _

a5 Prepared accor e - p 4

35 = ccording to the Proce- juring the sublimation step. During the sublimation step the

several times with dry nitrogen. After the

i - J‘.hulddrhl et al, ’ and of Sinclair and Gynn“” y tube was purged

<iNC oxlde as the depolvmeri- tio . SR 2 &

par ‘ﬁn;criéi;i:ri::L?hﬁ?n Ld{AI?Sti H?ter solvent sublimation the tube was sealed under vacuum and uux} the tube

at YC pat ;e;r“i:'fjfer wars ?trlppuq Ooff for 14-16¢ ! was immersed in an oil bath which was kept at 180 + 1°C for 24

wisa ”F“r'd-it; +' HE;LJ"“'&’ starting at 760 mm Hg ang step- hours or for various time periods, respectively. Apart from the

L2 “JELicasSlinc cO 25 mm I

was tho _PHI“;PJ; T%JuFrai ““ “?f The temperature of the bath "time variation" experiments, the resulting poly (b,L-lactic

S ANEreased o 180°C and the crude D,L-lactide was dis- icid) (melting from GI~S@UC according to DSC) was dissolved in

till ed at 0 l mm Heo €44 = .

. abL 4 Hull g LOX dDOout 4 hours e e " : - ; I I .
was r 11 + The crude D, L-lactide icetone, precipitated in water under vigorous stirring, filter-
wes Iecrystallized several timec ‘ 3 -

i -1lme 1N order ~ B ’ . .
¥ s 439 14 - 7 ©Fder to remove the meso- ed and dried in vacuo at room temperature. Only very small
lactide (m.r Ve —

de (m.p.43°C r

imounts of monomer are removed by this procedure. For

-

"time

four or eight sealed tubes (cf. "mul-
>f 180 +

Approximately 5 m of ethy et a
iY o ml. of ethyl acetate was used for every 20 g1 r‘aria y
: - e 20 qi _ variation" experiments

— — 3 r . = <4
L CIude D, L-lactide” and ’
’ Li4CTlge iNnd the first recrvst s 1 . > : . - b ) : : 1
car . "crystallization was tiple" polymerization) were immersed in the ocil bath ¢
-watlled out in the presence 0f chavessl
CI1E +=aClCe O charcoal. Purif T . . : A ] ]
! Purifie D,L=lactid L C at time t=0. At predetermined intervals the tubes were re-
0

(Yyield 15- ’0%: m p 12670 )
4 2 =¥ Ee MepPe 120 C) was dried in - vacuum overn WEERR . ; \; :
- © Vacuum oven at roon noved and quenched by cooling. After storage at -15°C the con-

t l":m'E‘.'C:.r ature in :;Jr'l'_if"l' tO preve nt a1l 1 4 n g
€ preven sublimatior storec o Ao : " : £ i
ton, stored in a desic- ~ents of the tubes were dissolved in tetrahydrofuran. Aliquots

-

-

-ator over P O ind S }.I.Sf'l[I':{\ T S . -
=9 suUbsequently over CacCl ~§ A £ e £ 1 ;
; - Prio: US€e a these solutions were used for gel permeation chromatography

SIMa l.. column \ ]""| g 1 J ]'J ( [ - - + ¥ - .
A < SIIYg Ll . L | dlarl _'t..‘l UV,2 cm) Cor dlning U ) !
| I 1€ L: » I B iy 11n iy L- 5eée be ow) . l‘.'-f(' E-‘L.':ik.j were observeq L J . r"]]. Lo it =
Convers 10N O E D ’ L ] acC

lactide was eluted with - T 5 = :
1th a small amount of lce-cold dry ether t« D, L-lactid monomer was still present.

remove residua Dur - L
ual impurities. P e . Wl _ LG i E PR o
tde was calculated from the relative peak area’'s (after correc-

increments of poly-

tion for the diffetence in refractive i ndex

Po -:'J‘_E,."; actic .-1,_.1,_1'1 - Tt e ri Nd=0Dper - G ey -
e — J 1n ng .fxlf__.Lr.I I..J _l]}.”l'f_]' lZation of mer in THE fIJI"J_-"If.l‘.' " f),l“)’]f‘j} and I,J[- ]_',f_,-l.l[‘t ilil_' il‘l THF ['.:il'l,f‘li.L'

D,L-lactide in the melt was alsc based o he ~ ivan A .2 - -
. : -:x : ._; < LDdSed on the PI -’_.r-._Qljl._.f es de- ), 046) , J'.'"’_’S[J&_.‘l_' tively) . M and M of the I"':_}l','[n(:' rs were also cal-
eloped bv 7 i S . ¥ 2 30 = P _— _‘ ) O) - I W -
-+Oped Dy Kulkarni et al. ' and Sinclair and UYHDL) using 1lated. Thie S S : : i PR T
. ] ‘iated. This procedure differs from the one described by
v traphenyltin as the initiator T B Yot anmbt s s a2 A , 3y
i : 18NS -Or. Fure D,L-lactide (1 gram) 'ilding and Reedq'” ind by Sanina et al.”~ in which residual
Y §
J
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rer was removed and the percentage conversion was based on
e

of insoluble polymer obtained.

ymount
Methods

1.1 Gel permeation chromatography

0 T - e——— - Qe S » ~ nea remer e were ] =] FOY -
_3gr“erzatmﬁ multiple polymerizatior rhe gel permeation chromatographic measurements were perfor
.  with a low-pressure Water's Model GPC-200 apparatus having

i1 a
vacuum t'n’E vari on \ # o a ~ / 2
el Experiments : q syphon. Four analytical columns (4ft. long * 3/8 in.)

e with Styragels of porosity ratings 105, 3x104, lﬂj and
qu:} ; X had been installed in series. The operational conditions
[ | vere: flow rate, 1 ml/min.; solvent, THF; temperature, EHUC;

le concentration, approximately 0,5%; sample injection

sec. A differential flow through refractometer was
as a detector. The columns were calibrated by the Q-fac-
0 y ; ; = —
Tq?hudq with poly (D,L-lactic acid) samples of known Mr-
i

M -values, previously determined by membrane osmometry and

sublimation > ™~ o : .
i D - 2 g o] ight scattering, respectively. Q, the molecular weight per

A Lactide [ ™) I o P ngstrom unit was shown to be 33+1 when based on the MbJ—\hllthS

the poly (D,L-lactic acid) samples determined by light
ittering. Q-values based on osmometrically determined in_
tm,j oil bath . lues turned out to be higher (58+5). In another study4 3
a universal calibration curve procedure, we were able
le that Q = JJil had to be taken as the right value. In
esent study columns with a low exclusion limit in the low
ecular weight region were chosen to be able to determine
mer and oligomer content in a reliable way. Empirical peak-
idening correction was applied based on polystyrenes for

ich H”, M and M? were known (membrane osmometry, light scat-
W .

ering and equilibrium distribution in the ultracentrifuge,

spectively 4LJ,

aind 'multiple! 1t 1 tior r - & .
I V.3.2 Light scattering measurements

Scattering measurements were performed at 5 concentra-

below 0,5% (w/v) in a Fica 50 light scattering photo-




TABLE 1

le" melt LJI_J]_",'H'.t.-:J"LA‘.-\Ifj.\.rr|5 of D,L-lactide

11,000 000

85,000 20,000

13,000 2,000
14,000 000
14,000 2,000

118,000 311,000

,000 15,000 000
,000 36,000 » , 000
,000 36,000 000
,000 78,000 8,000
,000 ;000 000
L0000 ,000 30,000
,000 25,000 59,000
,000 28,000 7,000
000 56,000 3 000
000 83,000 8,000

000 000

000 000

000 000

,000 48,000

tetraphenyltin; polymerization time 24 hours;

0
tion temperature 180 C.




TABLE 11

yf "mult plc" melt polymerizations of D,L-lactide at

:.IFIP;‘I-]..."'.:I'-_ ons 8 a¢ " : s Ol

.onstant initiator concentrations

-

29,000
20,000
34,000

27,000

SERIES 2
/I = 15,000

8,000

SERIES

/T = 30,000

31,000
30,000
43,000

43,000

tetraphenyltin; polymerization time 24 hours;
: o
rization temperature 180 C.




re presented in series 7 of Table IV. In another

1tiple” polymerizations two tubes had been filled

srepared D,L-lactide whereas the other two tubes

~lactide which had been stored in a desiccator

subsequently over caCl, for several months.

yre given in series 8 of Table IV,
variation experiments
multiple" polymerizations were carried out to deter-

sct of polymerization time on the degree of con-

~lactide

TABLE IV

of "multip le" melt polymerizations of D,L-lactide

liberately 7): old and

ly | l*.‘J_'rL_I'_I..'tl

30,000
28,000 4,500
51,000 9,000
6,200 25
time) melt po
‘ystallization

mother 1i




3,700

tide

+
1

3,400

C

4 000

J g U

"~

40 , 000

unreacted DL La

-
o
4
o]
)
=

representative react [/ R :

to M = 104,000 and M - N D.L LACTIDE |

W s {_"' —~ - e e i =) ¢
on, using : nonome i ” _{__f’} e = %'41_()
16 24
polymerization time (hrs)

a short ind

I“lE_:l_ . . - ' = 14} 2 o S - : .
Reaction profile for a 24 hour melt polymerization
1}

conversion o ¥ of D,L-lactide initiated with tetraphenyltin (T = 180°C;

R 1 M/1I = 30.000).
this conversion being ] :

opurs. Second, after 9
Ef I e, L s 3 . 50 = _DL LACTIDE
r -adClllng 1 Md X 1M i = J r-]_-__"_———[}_
conversion of D,L-

hours a slow decrea

constant values

" e .
1 T ew multiple

) L Lactide (%)

onversion
2t this time.
polymerization, polym
) I 1

as 1s indicated by

unreacted

the largest chain

oDlymerization time.

T |
Q0 120

polymerization time (min)

hort=time 'reaction profi le' for a melt ln\]-,']'n rization
yL=lactide initiated with tetraphenyltin (T = 180°C;

15,000).




polymerizatlion

observation that high molecular weight poly(D,L-
.id) could not be prepared reproducibly by melt poly-

D,L-lactide initiated with tetraphenyltin, was con-

e } e

the results of the "single" melt polymerization study
Table I. However, better results are obtained if four
rizations are carried out simultaneously. In the first
four melt polymerizations at constant initiator
wtrations (series 1 and 2, Table II) a very good repro-
was found for ﬁw and to a somewhat lesser extent for
in series 3, at the lowest initiator concentration,
oducibility is still satisfactory.

three series of "multiple" melt polymerizations
rt-time "multiple" polyme [oni (series y, 6, Table III) the initiator concentration was
ore closely the 1d1 1 pel iried in each series, but no inverse relationship between ini-
>f the polymerizatior tiator concentration and polymer molecular weight was obtained.

"reaction profile" (M series 6 the four different initiator concentrations were
0 minutes hardly any polymer pt guite low. In this case only a slight decrease of polymer

or this polymerization. mo 1 lar weight with decreasing initiator concentration was
gh of the largest 4 bserved. This might suggest that without initiator still poly
ylymerizati ; . lac > acid) with reasonably high polymer molecular weight

obtained. This suggestion, however, is contradicted by

1st result of series 4 of Table III.

reproducibility of lactone polymerizations has received

le attention so far. A substantial variation of M _ between
.
- W
1C
- . = . . = = h
W= 36,000 was observed by Lundberg et al. during so-

n polymerization of e-caprolactone. It was suggested that
largest chain molecules thil /drliation was due to the presence of trace amounts of

(x i) mal ure which was confirmed by a very significant decrease of
\ Y Y :

molecular weight after polymerization in the presence
= A
of H,0. According to Fouty water can act as a

agent. During our experiments much care was
exclude impurities. Elution of the small coclumn of

with ice-cold, dry ether resulted according to




er recrystallization

yptimum :ii:‘:._,'l_"L"..n.L_'['l‘_'.;j‘:j_ -

the polymerization

"a J i ng effect of

imum depolymerization

it was found that

1ires as recommended by

‘9

Gynn could not effec

From a number of orgs

excess of
rystallization solven

r, po ].“,'IT'I(_‘J. S prepared I1

her or from chloroform

weights.

yrepared from the D,L-lc

liquor had been added

lower polymer molecular

is indicates that poss

such as moisture or the

vely removed during
hat the ethyl acet:
ystallization ©

lactide, meso-la

J,L-lactic acid) and lactc

compound may be form

moisture than racemic D,L-l

can be polymerized unde

and we suggest that
[F,L—lc'i:_‘f_ ide

actually

.

t1

1d especially of meso-lactid:

stannous octoate and lauryl alcohol as a catalyst acti-

ith data on the bulk polymerization of

3 3
ted although Sanina et al. 3

: 19
ion co-polymerization study

.oncluded from the results presented in series 8 of Table

D,L-lactide stored in a desiccator over P?Oﬂ and sub-

caCl, is subject to an "aging" effect, -i.e.

ovelrl

~f lactovllactic acid from remnants of the moisture

meso-lactide present in the D, L-lactide.

on the reaction mechanism

mments

melt polymerization "reaction profiles" shown in Fig's

sre representative for a number of other observed

prufilES"- OQur time variation results may be compared

ita on the melt polymerization of glycolide initiated

g.19 33

e )
at 2307C or with antimony trifluoride at 160 - 170 ;

ge-caprolactone
>n appears that under our experimental conditions the con-

of D,L-lactide was a comparatively slow process. Gll=
R@wdl observed that 80% conversion of glycolide had

sce within the first 30 minutes and an additional 3.5

sielded a further 16%, 96% being the limit of polymeri-

. . - . 6
Polymer chains of molecular weights as large as 2x10

present within 30% of conversion. NO induction period was

mentioned a relatively slow
tion process with antimony trifluoride. From a low con-
it was concluded that gly-
was clearly more reactive than lactide.
et ﬂl.du monitored the bulk polymerization of e=capro-
initiated with a coordination-insertion type initiator
by following the viscosity as a function of polymeri-
time. Although the polymerization appears to proceed
shape of the e-caprolactone "reaction profile"
0 the one drawn in Fig. 2, also showing a maxi-
polymer moclecular weight; however, an induction period
entioned.
mechanism for the ring-opening polymerization of

19 33 35 37 45 46
F r

g p ’ . Thus

has frequently been discussed

. . . 33 5
mechanism was postulated by Sanina et al. * for the




glycolide, whereas Gilding ang Reeqid .ese calculations it was found that in the average the

ree with such a mechanism for ¢p. . . act acid) samples having low average molecular

and e-caprolactone, Feéspective contained 400 - 800 times more polymer chains than

indications that under Solutior phenvltin initiator molecules; those having medium average

onditions the polymerization of ghts contained 100 - 200 times more polymer

a "living" mechanism. If those having high average molecular weights con-

__ 46 NS ,
mechanism are met (CE. raf.47) - 80 times more polymer chains. Also in the early
welght can be calculated theoret melt polymerization (see Fig's 2 and 3) the number
x Molecular Weidght f polymer chains was already a multiplicity of the number of

iy henyltin initiator molecules originally present which
in with a "living" mechanism. These results might
he resulting poly (D,L-lactjc ; . indicate that chain transfer phenomena, ester interchange re-
olecular weight distribution which woulg _I ctions and perhaps the formation of cyclic compounds in a de-
yr high molecular weight polymers from - polymerization reaction have taken place. It should be realized
ith M i =~ 1 /DP. Our results show : that in our investigation the polymerization temperature was
a "living" mechanisn 2 more or less equal to the depolymerization temperature for the

: —lac le from low molecular weight poly
ually measured D,L-lactide rom 1 olecular tht Yy

d tic ~id) A few polymerizations of D,L-lactide in
were measured for the "sinagl: = . . A fe poly 1 - n ' la

I ' ] e n were carried At a considerably lower 2action tem-
L-lactide carried out at M/I 15 e I were carried out at a considerably wer reaction tem
L) .
n = 0°C the presence of stannous octoate as the
a living" mechanism M 130 C, in the pre C us oc 1

1 . 1 nit or lea q ol C Fica 13 ahe ; = 5 o ) ~
weight distributions « S T L initiator, leading to significantly higher Mw values but not to

ery high M_-values (e.g. M_ = 326,000; M_ = 35,000 M/I =
samples prepared for this udy . £y high Mo lues (e.g W 6,000; M 5,000 /1
than ool e : : . 7,000). Also in these cases the number of polymer chains was
than could have been expected on : 15
A m : ~1 + 17 - p— - init1: . TPl [ P
b whhi Sl WOEe 5 " e /6 - nd a maltiplicity of the number of initiator molecules
ginally preser (30 i me nore i he above ex: 5 O e
he early stages of melt e jinally present (30 times more in the above e xample) 0O the

Pl 5 . = 1anc : *an not be excluded that the I'UE-I_'IE’E‘JUHYI.t.].n
rig s £ and 3) T -he Atter i

till growing (Tables V s Ahh g L ] does not act as a real initiator, but that one tetra-
S | 4 L OW1TC \1dbDles |\ al vi) BOTI LacCl

et L molecule is able to catalyze the formation of a num-
naracter for the early stages A

chains. Our study of the initiation mechanism of lac-

Ctlide (see, however, below).
1. o e : ild not glve an answer as to the true initiat 1ng nature
Ch tetraphenyltin mole .

AT = 4 _ etraphenyltin.
number of initiator molecul

>lymerization can easily b

chains after the polymeriz

d e
d) sample "
——== X Avogadro's




single” and "multiple"

ide indicate that polyn

| §

- LU .

carried out at
eproducibility

"multiple" pol

lnitiator concentre

concentration

molecular

:sence of contaminants

2L ::',L_ld\_"-_il_].t,' and

) i 1
of D,L-lactide at 180°C

reaching tl}

1 slow process,
after about 15 hours, fc
¢

decrease to a constant

noted in the reaction.

ring-opening polymeriz
discussed. This study
conversion, induction peri
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DT ution under mild conditions (9), OL, Prererably, in the
1t higher temperatures. Purified U,L—Idﬁtkdf, derived from
ARACT : N OF POLY (D,L-LACTIC ACID) BY GEL PERMEAT] N ' | racemic mixture of L(+) lactic acid and D(-) lactic acid,
MATOG o lecular 1:1 compound of both enantiomers L (-) lactide
lactide (10). There are strong indications that the
STRACT jradation behavior of biodegradable polymers is affected by
i molecular weight and MWD (11 T b7 .45
ik f samples of poly(D,L-lactic acid) (PLA) wit therto, however, information on the molecular weight Charace
1ge molecular weights __ in the range 1:'_'v,;-_h'i.j_:_‘:‘\-'.J._ _ zation of poly(lactic acids) is limited. Nuwayser et al. (13)
pared by a ring-opening polymerization. The moleculas iq mined the M of fou: poly(lactic acids) ,» both poly(L-lactic
. W
e S R A e i i) and poly(D,L-lactic acid), by GPC and found a linear
S TR Se PR 5 LI - e e lation when .ﬁw (range ‘.-'lJ',':_JIIII—'_1I|"I<'_-],{jll*.'iF was plotted against
libration f the columns on the basis of pwlyﬁ'ylth

t reduced specific viscosi ty (0.1% w/v in dioxane). Ditt rich
y rapid iteration algorithm leading to the establi and Schulz (14) presented the following values of the Mark-

f the Mark-Houwink FEEMEARRAEL Y ol ol SR TS | : Hou K (MH) parameters for poly (L-lactic acid) in chloroform
metry data are presented. The effect of :"1‘}"‘”-"]'."1 L Bt = C: a G e - S (e ]I..l_.; ml -.IHI, which were also

opolymers of L (-) lactide and D,L-lactide 8.7 i

rimental details, however + Were not given. Recer cLy,
i €r and Harper (16) have ¢ stablished a MH equation by
ring the intrinsic Viscosity of partially hydrolyzed PLA
r the past 15 years there has been dn increasing inft

whose number-average mol ecular weights ﬁl_ had been
ipplication of PLA as a b lodegradable polymer i; - —_— X . i Fe ’
i PLA ; s . : rom carboxyl €nd-group determinations (3 = 0,37, K =

s rger ) . g, ds biodegradable sut ures: . T = _ -] ’ A L .
rge L1y X ’ J - - X 1 ml g r Chloroform, 30 Gl In this MH equation
ring Istained release system (4), r a -

'’ringoplastic surgery (7).
g referred method for the preparation of high-mole r- L jamma function of a + 2 was introduced dassuming that

’ - is the ri -ope merization of the 1L X=mem- tandomly degraded polymers will POSsess a most probable MWD
red i liester D,L-] 126°C) initiated w 4h which M /M, = 2. We could not justify this assumption

Able catalyst, e.g., tin (IV) chloride (8), stannou E el L 111y because lomogeneous degradation of PLA samples

) I tetraphenyltin, The polymerization can b r forme prepared with both LL-'fI'-'i.f"“t"”‘,-'lI.ir'. and stannous Ooctoate resulted

= L

l MWD in which .'-‘[”;"I‘_‘ turns out to be lower than 2.
W il
' =YSteématic data on the MWD as part of the Characterization
ive been Published so far. Gilding and Reed (] 7:.18)
in UVl)k, J.A.M. Smit, F.E. Kohn and J. Feijen : ‘Y Paid attention to this subject. Their work ,

Yolym. Chem. Ed,, 21, 197-208 (1983). ' =%+ has mainly been concerned with the characterization




jon enables us to estimate the values of a, and K,

ypproximation. For the different PLA samples the
be measured separately. As the corresponding elution

values at the peak of the chromatograms are taken.

+

=8 91

+-hand side of eq. (2) can now be calculated and lnM,

1}
11l L

,d as a function of v. Using the latter relationship
.btained value of a,, the viscosity-average molecular

is ca lculated accordi ng to

“': l

l /f (vIM, = (v)dw)

f(v) represents the normalized chromatogram. To improve

calibrating CPC columns

a well-established
of a, and K, already found the measured LVNs are

“

yroduct of the molecula: ' ; =5
osity number (LVN) with the above obtained values of M. , according to
- ! | 40 LA 4V iv J v

for various polv e . MH relationship, producing new values of a, and K,. Again

values are inserted in eq. (2) and a second calculation

started, resulting in new values of a, and K,. An
L “
ion performed in this way may be stopped when constant

yf a., and K, are obtained. With final values of a, and

ow-MWD sta } o p 2 <

PLA (Bolvine ‘orrect relationship between 1lnM, and v is established,
A (polyme 7

samples are poly the calculation of the molecular weight averages.

lteration

} -5 ™ o
in the srimental

syntheses

ation of the poly(D,L-lactic acid) samples via the

for the ing polymerization in the melt was based on the pro-
e ) NG functi edul leveloped by Kulkarni et al. (19,20) and Sinclair and

cal ‘«’l'.S'-_“")n'm?tI")' With the exception of :_-;;lﬂ‘u[.rlt'.“_—i HJH-16 and =23, tetra-

standards. In order

was used as the initiator at concentrations in the
A

-4 : _
follows. x 10 mol/mel D,L-lactide. For the prepara-

HIJH-16 and ?3 stannous octoate was used at concentra-

the range t]—J]xlﬂj-Ll mol/mol D,L-lactide. Careful pu-

on and drying of the D,L-lactide (mp 126°C) is necessar)
high-molecular-weight poly (D,L-lactic acid). D,L-

was recrystallized several times from ethyl acetate,




ts were performed « 'rs model 150C high-pres-
equippes rith fo Styragel columns with exclusion
espectively. Operating condi-
solvent THF; solute PLA and polystyrenes (standards
sure Chemical Company); injected volume 400 ul; sample
; temperature of columns

Istyrenes were injected as

narrow dC

samples were measured on a Waters model 200

columns (4 ft x 3/8 n.) packed with Styragel

limits 107, . [ 0 , and 250 A had been
'ne operational conditions were solvent THF; tempe-
lumns 30 C; injection volume 1 ml; flow rate 1 ml,

ncentration 0.5 wtS§

performed in a semimicroviscometer of

type at 31.15°C with THF as the solvent

tionated PLA samples and polystyrene standards the

determined by the usual extrapolation to zero concen-

ncentration range 0-1.5 wtg)

ssures were measured as a function of PLA concentra-
automatic osmometer (Hallikainen, model 361) in which

membrane (Schleicher and Schull, type RC 51) was

he measurements were carried out in toluene at 35.8°C.

samples STPZ-1 and STPZ-3a the number-av: rage mole-

were obtained by using a Perkin-Elmer vapor-

Smometer working at 52.3°C with toluene




carried out
separation paran

Figures

, humerical
asonable agreement

s obtained by

L] L)

18 22 26
v (min)

ometric calibration data for polystyrene.

1]

turn out to be a = 717 and K Lo o L0 md

'HF at ; _. The range of validity
M LB R ( s shown in Figure
with earlier data 25 According to
ion of the Ml and [ s ation functions

Iniversal calibration function p(v). It must

Iny is adequately described by a polynomial

legree in v. The values of the lnpy function at the
olumes of the PLA chromatograms are of interest

+

to - (3) they can be correlated to the

determined values of 1lnlnl,. From a linea:




T L

1" 13

itionship for polystyrene () and PLA (o).

pairs of points it is found that a :
With these wvalues the
the former section is
NOWS the values of the MH constants found
lterations. The rapid convergence of the

‘ulation leads to constant values of a

operation they have been fixed at a.

2 =

mi g

Using these values and the measured

constructed in Figure 3.

}'.'I and K., are Known, eg. (2) esta-
tionship between M. and M or M, and v. As a

- 1
*alibration curves shown in Figure 1 are almost

ractor (1 + a )/ ( - a,) deviates not more

fact that : two €S do not coincide
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12000

- -3 - -3
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vapour membrane
pressure osmometry

osmome try

T

75 — 100

M x10

two typical PLA samples showing the presence of material

molecular ';u't_'[;_"||l_ "

>f three polystyrene standards. The effect of
PLA and the MWD was studied using the samples
The molecular weight averages of the partially

K e ples are summarized in Table VII. The chromato-

Mw/Mn measured in this case with a GPC operation at low

real pl re. ACCor 19 to a method described earlier (26), the

zed chromatograms were transformed into integral
’es which were combined with the known MWDs.

f the corresponding values in Tables III and VII
Serious errors are introduced by the transforma-
lnterpretation of the results in Table VII it is
consider the assumption of Schindler and Harper

hydrolysis of PLA must proceed as a random chain
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‘NEDIONE ', A POTENTIALLY NEW HETEROCYCLIC MONOMER

s CLASS OF BIODEGRADABLE POLYMERS, - SYNTHESIS,
ATTEMPTED POLYMERIZATION

ERI ZAl ]'-.)N AND
duction

int [’:_'u_i uct i on
two decades much progress was made in the de-

synthetic absorbable polymeric materials showing

table degradation behaviour than the natural

"2dlcC
.eous polymeric materials which were mainly used as

sutures, e.g. catgut

ynt classes of synthetic absorbable polymeric ma-

ly(a-amino acids) and the

be distinguished: the no

1clids) .

vr i

wcids) which are conveniently synthesized by a

polymerization of a-amino acid N-carboxyanhydrides

»re developed on the hypothesis that synthetic natu-
terials composed of chemical units which are found

body will show a superior biocompatibility (1).

'
ive study on methyl and benzyl esterified L-aspartate-

s

jpolymers was performed by Sederel and co-workers

-degradation is controlled to a great extent by the

ition and general formula of poly(d-amino acids).

l,4-morx i'.;‘-l.-l ine-2,5=-dione




Formation and general formula of poly (g

R=CH.)
'3

acids)

chemist approach to new synthetic biodegradable poly-

ported by Goodman and co-workers (12) who synthe-

block copolymers containing poly(g=-amino acid)
oxy acid) segments (Fig. 3).

Jjlycolide or lact

these so called polydepsipeptides was

ring-opening copolymerization of an g-amino

initiator (Fig.2)

; § ; vuvanhvAdr . e A ahity w ol Fren ke T SChe TR
indications that soxyanhydride and an hydroxy acid anhydrosul

‘drolysis (10) These types of copolymers were said to display
physical, chemical and bioclogical properties and
to possess unique hydrolysis characteristics. How-

stantial evidence to prove this was not forwarded

Leneral formula of random block copolymer of a—amino and

~hydroxy acid




of this tetradepsipeptide derivative was based

neral coupling procedures (19,20) for the formation of

ind depside linkages, using N-protected a-amino acids,
ted a-hydroxy acids and N- or C-protected reaction

ts of these acids, i.e. didepsipeptides.

the syntheses of only a few other linear, alLernaLinq

s S ET Prug e
POLY(L_VALINE L_LACTIC acip ‘depsipeptides were reported, including POly(L-leucine-L-

rdroxy-4-methyl pentanoic acid) (J:I” = 24,000) (21) and poly
pO‘”LJL‘"WE—hﬁlC“CACm ‘ine-glycolic acid), the molecular weight of which was
ly quite low (22,23). The starting material for the first
PoLnL-chmne¢_cuc0utacn ymer was a preformed tetradepsipeptide, the carbonyl group
which was activated through an acid chloride. For the second
formulas of ““Llr-dltr“dtﬁhlpﬂhdtp%“n;f__ b polymer a didepsipeptide was used. In this case the carboxyl
Goodman et al. (15-17) roup was activated with p-nitrophenol.
trary to activation of the carboxyl group of a preformed
ipeptide, Kunz and Lorenz (24) have recently described the
ligomerization of a L-leucine-L-lactic acid=L-leucine-L-lac-
re of these block copolymers Goodman

1d tetradepsipeptide which was protected and activated
yntheslis of some linear, alternati

LwhylrhlnphcnmxycdrbOnyl as the N-terminal group.
100,000) pPolydepsipe

lausible that the biodegradation pProperties of linear,
synthesized at a very small scale v t titernating polydepsipeptides having regular sequences of a-
nal properties (17,18). The bes! 1t iMLno acid and a-hydroxy acid residues, will be different to
Oobtained by the thermal polymerizati © fertailn extent from those of the random block co-polydepsi-
of the pentachloropheny tel peptides mentioned previous ly.
an inert, celite matrix (1t y: = Pelleve that the degradation rates of the latter polymers
determined by both the degradation rates of the com-
FOXY acld and a-amino acid homo=-blocks. As the
such random block co-polydepsipeptides cannot
it is likely that a considerable variation of
o H O H O H O

I T | i | i he degra 1 time will be observed.
€C=0-C—C—N-€C~C—0~C=C~—0- !

b | I i / crary to this, a linear, alternating polydepsipeptide has a
R H = R' 4

*d composition. Therefore the rate of degrada-
lymer is expected to be more predictable. The

biodegradation of a polymer involves complete
. : woval of polymer residues from the tissue (7). This may be
i trifluoro acetate salt of a pent 1101

etradepsipeptide




>lubilization
i In principle, linear, alternating polydepsipep-
~ellular
orepared directly by a ring-opening polymeri-
new heterocyclic monomer. Attempts to poly-
monomers will be reported. For reasons that will be
the polymerization studies were
either non- or partially substituted 2,5=-morpho=-
erivatives.

Ring-opening polymerization of 2,5-morpholinedione

r experience with the ring-opening polymerization of

from m_hydroxy acid residue P: lactone polymerization

lrom m_amino acid residue Q: lactam polymerization

Formation of linear, alternating polydepsipeptides by the ring-

opening polymerization of 2,5-morpholinedione or its derivatives
-« <2) as outlined in other parts of this th
itlonalized that, in principle, linear, alternatin
*S €can be synthesized ring-opening
“r2-morpholinedione (1) or its derivatives
—.'-';'-_r!_r..[“-_,...!l.-,”'_-. can be considered both as a 6-membered lac-
ell as 1 b-membered lactone.
Ng time 6-membered lactams were considered 4S non-poly-

23, 26). Newer developments in lactam polymerization,

made the anionie ring-opening polymerization of the




smbered lactam, Q—preridlnone, fejﬁnhn

g = holinedione and its derivatives have only been men-
ening polymerizations of the 6-mem}

- S ccasionally in the literature, whereas their syn-
1 = e = Yerazinaedi an g
actam) 2,5-piperazinedione (16) i, ‘ , .
— ; — : has not been studied Systematically. These compounds
rEad (29=3YX): In the Presence . . _ )
) considered as the simplest representatives of the so
were obtained (32). Attempted ; T e =
(36) cyclodepsipeptides, which are, -Oorften large-,
substituted 2 lperazinedj ; - ;
. PA AR =a1 systems involving regularly or lrregularly alternating

i'B-
As is 2Xxtensively outlined in

A ; ?

amide linkages (37, 38). Since their first discovery

ilactones such as D,L-lactide - 1
LaLLUlicSs o ‘r attlde cyclodepsipeptides have attracted lncreasing

.

various conditions. The same - i = . ’ ; .
TR S TR ecause of the biological activity exhibited by

lerolactone. urally occurring members of this group (39-46). This
of view o he linear, ; P} ludes antibiotic activity and the ability to transport se-
synthesized, the -} raree - s lectively alkal metal cations in biological systems. The un-
monomer i oreferabls : ”.'_ sual biologic: activities of these compounds have stimulated
lactic acid . = f..,;:: _ ki search for synthetic analogs (40, 47).

i—amino acid residue is Preferab]l clomonodepsipeptide", i.e. a 2=

occurring
imino acids which are found 1 e iman body morpholinedi derivative (2) , was reported (Fig. 8). The
H) , alanine
acid (R.
finite choise of a part
also depend on the desired

linear, alternating polydepsipej

a polymer with functional

omers with substituted
however, may easily
. Hall and co-workers
that the tendency of both la
polymerize, always diminishes if all ‘gure O: Chemical formula of toxin of Pseudomonas tabaci (2)
Present in the ring.
he polymerizability of unsubstitute P EEpatiiogenic toxin of Pseudomonas tabaci isolated by Woolley
E,B-murphollnediOHE was investigated i ¢ 1. famy S been shown to be most probably a 2,5-morpholine-
from lactic acid and from a, —uinmlno—-—hydluxy—
S,Z*morphoanQUione {i} The synthes S and characterization of unsubstituted 2,5=morpho-
not been puhllsiuwl[‘ruviuuﬁjy From an extensive

4 rather simple heterocy




with respect to
2dione (see also
synthetic routes to

yughl Y be divi ded

T e [T -
ny uI-J.'\",’&.Il_.\;:"_;-- 1

Prepared with

-morpholinedione which

< T8 S 40,66)
chloride or azide
. According to Thamm ((
through the format
formation of
arguments for
however g Ll
ic monomer
expensive wher

in fact, to

mentioned complex sy
'Ptides described by G
and Stewart (2

side-products

sodium (5) or alkal

ak and Kupryszew

< ,2—-morpholinedion
.,L--~urunupxupluny1q]yvinw
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spectra were recorded by Miss J.L.M. Vrie-

] : . .
Visser on a H-NMR apparatus Bruker WP 80.

were recorded by Mr. T.W. Stevens on a mass sSpec=

varian MAT 311A. Elemental analyses were carried out

and 1,4-dioxane (having
diethyldithiocarbamate as a preservative) were

yroacetylglycine (6) with silv id ; from Baker; chloroacetylchloride and D,L-a~bromopro-
iioxane . Very -« ple -Ocedure for ¢ ionv1lb1 » from Merxck; D oromopropioenylchloride and

a1

omide from Aldrich; N-chlorcacetylglycine (6),

acetyl-D,L-valine (7) and N-chloroacetyl-L-phenyl-
(8) from Sigma; tetraphenyltin and stannous octoate
ciences; N-chloroacetyl-L-proline (9) from Koch-

sobutylaluminium from Schuchardt, purity 93-95%; and

ramethylguanidine from Merck-Schuchardt,

tylglycine (6)

N-chloroacetylglycine (6) under Schotten-Bau-
based on a procedure of Fisher (79) for the
on structural and prepatr on of N-D,L-a-bromopropionylglycine (10) . Prior to the
5-morpholinedione. reg ation jlycine and chloroacetylchloride were purified
that cycliz ) f lnea 1 rdir 0 procedures described by Perrin (80,a,b).
compels both ¢ 1de _ ne (10 - pall | 33 mole) was dissolved in agueous
) at room temperature. To the
stirred, ice-cold solution chloroacetylchloride
U0.175 mole) and aqueous sodium hydroxide solution
N) were added dropwise and simultaneously, at such
the pH of the solution remained approximately 9.
the introduction of the reagents was about one
-fieé reagents were added, the solution was stirred
however, additional 30 minutes. The clear solution was acidified
by the slow addition of 5 N aqueous hydrochloric acid
ng the addition the solution was continuously
cooled with an ice-water mixture. No N-chloroace-

jlycline pr ecipitated upon acldification. The solution was




7 C=Br 690 cn ; monosub-
spectrum was very similaz
henylalanin
gnificant pe

148 and 91, and was

2) wWwas pri

Tr

described by | 83). The starting materi: was a

pper=(I)=-oxide and copper=(I11)=-oxide inwire form,

(Merck, no. 2767). First the slightly

oxide was washed with an aqueous sol
’ washed with distilled water and dri

ied copper oxide was packed in a clean piece

s

f quarz for its reductionwith hy

mole) under Schotten- ) I } i

> COpper oxXlde war purged with nitrogen t

oCedure IC xduction was carried out by heating the c« pper ox 1l

-rude produc \1J.2 g U9 T means of an electric furnace, us

volume The reduced copper was allowed to c
Pl

. Ry _ :
)4-3 7 i - W4 : rear hydrogen ant 1en stored under nitrogen. Prior to
copper was pulverized under a blanketing atmos
nitrogen resulting in a mixture of fine and
(l1l1) was prepared

bromoacetylbromic
[ L ( lv=ha O ACY | =y =13 1 ~ ar c . - C
etailed p: ¢ Lum s S t=halogenacyl-a-amino acids (cf. (69)

o=

Contrary to thi: lure ically 2-5 grams of the h-haleogenacyl-a—-amino acid were

bromide was use ind th . ) i 1n an equivalent of a 1IN agueous sodium hydroxide

toc pH 2 whereupon ti lution -he solution may not become basic in order to preve

crystals precipitated. 1 ¥ ibstitution of the halogen atom by a hydroxyl group). The

melted sharp at 134°C L1ts water was evaporated in vacuo yielding the very hygroscopic

recrystallization | BEYVER M. I €cf. 3) as a compact mass. This was crushed to a

1firmed by IF o wae l 81tu, under nitrogen. The fine powder was

N-H tech 2 g/ ] several YSs in a vacuum oven at 1 mm and stored in
= |

+ dMlde




preparation of the

iium hydroxide solution

disadvant ageous
\ E.l b ’ C Iﬁt—_‘ S !'J\'i 1um
difficulty, as f

r

ith ether.

S-morpho

SOd

linedione

ium salt

salt 5) of N-ch

1lal apparatus

mm) prepared from

tillhead
warmed du

Table

sodium s

was
y diffusio
0il pump.
sublimator

¢ vVery short cor

ring distillati

d I t

out
cm; diameter
e sublimator, the d
bottom of the sul

of the "cold finge

:onnected via two co

n pump which was us

A typical sublimati

was quickly

N-chloroacetylglycine

salt and copper powder (12). After the sublimator was

times with dry nitrogen, i1t was connected to the oil
svacuated for about 15 hours. Thereafter the mercury

pump was used and the actual sublimation was started.

ure of the oil bath was raised at a rate of 30-
] . a -

nutes to 170 C if copper was added. The temper

| » :

bath was kept at 170°C for one or two hours until

ature

1
lection of the reaction product on the surface of the
nger" had almost stopped. Thereafter the temperature
at a rate of about 1HUC;30 minutes to maximal JJHUC.

C onwards a gradual discoloration and melting of the

I 4
lt was always observed. At 170 C the sodium salt was

ly molten and light-brown. If no copper was added the

A A D : 2o
ure had to be raised to about 200 C before the first
on product collected on the surface of the

a few occasions a larger sublimator was used
whether an increased contact surface between the
heating medium would improve the yield (diameter
wall 10 cm; diameter "cold finger" 9 cm).

the results of the sublimation experiments with the

of N-chlorocacetylglycine are summarized.

allization

5-morpholinedione (1) obtained after the sublimation

nts was recrystallized from dry methanol (less than

water) under a blanketing atmosphere of dry nitrogen.
N

’ - e v A o . , pll ! v X e -
jlassware used was dried ove: night at 130 C. Typical-

g of crude 2,5-morpholinedione was placed in a 25 ml

Ltted with a condensor. The flask was warmed by a water

th a thermostatic control. While the bath temperature

fae g S kg e o
USt under the boiling temperature of methanol (65°C),

L was added gradually until most of the crude 2,5-mor-
lione (slightly yellow-green coloured) had dissolved.
lod of addition may not be too long, otherwise undesired
‘actions will occur. The last remnants of crude 2,5~

lnedione were dissolved by refluxing the solution for a




. anla~ o
to dry distillation at 160-180"C for about one hour.

vellow-coloured 6-methyl-2,5-morpholinedione (13)

ved in ethyl acetate (30 ml). The solution was

sSummarized in Table 2, i e yne hour in the presence of charcoal. After fil-
1llization procedu > by re-g +ion of the charcoal, white 6-methyl=-2,5-morpholinedione

iione were

*d a substant

CH, O ﬁ 9
—N—C—C—0Na
| |

(1) has a fairly : I
== X . pr—C—C
2lting point is considerab], H H H

glycolide (8 . @

than that
Sublimation of

; 2 1
starts from 145°C onwards.
Schematical representation of the formation of b-methyl-2,5-

norpholinedione (13) from the sodium salt (14) of N-D, L-ua-

bromopropionylglycine

= . of ethyl acetate to dryness. The crude
S5tC] inrrared
; - The laborious recrystallization from
(1) 4in th condensed
) _ C ether, however, resulted in a considerable
y-morpholinedione are 0 0
R ) g (20%); m.p. 96 C; 1lit. 98°C (68). IR- and
)L Z2,5-morpholinedione
REg4 : pectroscopical data ¢ b-methyl-2,5-morpholinedione (13)
= 115 (parent ion s
n in Tables 3 and 4, respectively.

rude yield of 6-methyl-2,5-morpholinedione was not im-

. = e i ; the reaction was carried out in a sublimator.
b-methyl-2,5-morpholinedione

the sodium salt (14) of N-D,L- IR VI.2.3 Other attempted synthetic routes to 2,5-morpholinedione

derivatives

sOodium salt (14)

occurred in a cons t=halocgenacyl-a-amino acids with silver oxide

duced pressure (0.
i

m

'he stillhead, flalogenacyl-a-amino acids used in these experiments in-

2Ccelver were warmed ﬂ‘“L]UFHJCT'?IQIYCIHQ (6), N-chlorcacetyl-D,L-valine

T g sodium salt (0.062




comblned

-L-phenylalanine

rl1-L-phenylalanine

roacetyl-D,L-valine

clne

was

JIL

32 number of N-alkylated ‘a-brom

ffor

P T A
olated

v I

no acid

min

(a8),

the compound

also

(11},

i—amino acid (1

the additio

n
il

solid

ation and the reaction

poration to dryn

obtained.

"

an -halogenacyl-a-amin

(cf. 69)

sodium carbonate soluti

alogenacyl-a-amino

(7).

N-chlorocacetyl-L-prolin

=

2 equivalents o

d shaked for about 10

an

extracted several times

dried

1er layers were

solvent ev

o
DYy

zation route which

S used in these

ex

N-chloroacetyl-

osure of

N,N,N',N'-tetramethylg

in dry glassware

A solution of

4 mmole) in dry N

N,N,N' , N'-tetrameth

N,N-dimethyl formamide

acids:

(10) . The 'a-halogenacy

an aque

was des

s 2-morpholinediones i

regular intervals of 30 minutes 1 ml of both solu-

added to the reaction vessel which originally con-

ml of stirred dry N,N-dimethylformamide. After both

had been added, the reaction mixture was stirred for

".;].l I‘
on T.L.Cs

No 2,5-morpholinedione formation could

THF

hours.

(silica gel, or chloroform, UV- or

visualization)

products were

ymeril zation

ed ring-opening pelymerization of 2

s 5-morpholinedione

6-methyl-2,5-morpholinedione (13) in the melt

olymerization of 2,5-morpholinedione and

(1)

ring-ope-

mpted [

2,5-morpholinedione (13) via a lactone type

was based on the procedures

85)

On wa AL tempte ning polymerization in the melt

by Kulkarni e.a. (8, and Sinclair and Gynn (86,

the melt polymerization of the dilactones lactide or
[ Y

(see also other chapters of this thesis).

ylinedione or 6-methyl-2,5-morpholinedione (200-500

(88)

“ph

vas placed in a small polymerization tube which had

.0 . g
dried at 130 C for 24 hours, and the corresponding amount

(0. 1-0.2

tiator dissolved in a small quantity ml) of dry

(tetraphenyltin) or dry toluene (stannous octoate) was

solvent was evaporated at a reduced pressure and the

e . ed b Owel = C ) I ?_}H;" an Ull
(0.05

raised gradually until

polymerization tube was placed in

the polymerization tube was evacuated

of

mm) ,

temperature the o0il bath was the

Il

bl : "
morpholinedione (maximum temperature 160 C)

1250CJ had

peri or its 6-methyl
Lve (maximum

of

temperature sublimed cnto the

the polymerization tube which was cooled by air.

times

L-ph

an the sublimation step the tube was purged several

iry nitrogen. By other

of

and

IV

this procedure residual water

undd oo : :
‘fiinating solvents are removed (see also chapter this

Finally the polymerization tube was sealed under re-

>Sure and placed in an oven with thermostatic control

v . 3 .
1 th for a certain period of time.




room temperature and

tetrahydrofuran (

i £

were measured by gel permeati

IV and V of this thesis). Th

polymerization of 2

d

ro=-morphol ing

£l

rpholinedione yia a lacte
ry ;

summarized Tal

thesis

2rization of é-methyl-?

r

sublimation

tion polymerization

attempted solution

polymeriz

(17 itiated

1n wilith

sgdlone

DX s des Klei

cribed

(90)

by
for
IX1

ocedure

*h and Schulz the

acti (see also chapter

de

formed under a blCl['lthl[l"] -_"1'.‘_]'-'7')55.-;-

was

l1ly 6-methyl-2,5-morpholinedione

(5

Xperiments

mk, ©

ved in dry toluene

he addition of

triisobutylalumini

th L

e reaction mixture was re

saction products were isolated by

char

acterized by melting
ryfski
rme

ation chromatography. No p
monomer was recovered.
LM

temperatures,

for 2,5-morpholinedione

pounds
oW
derit

2,5-morpholinedione or 1its

of

sodi

reaction an ‘a-halogenacyl-a-an

9), a number of ‘a-halogenacyl-

be

ymmercially available. These compoul }

the

)ensive. They can be prepared with ngs was

an a-amino acid with an ac - As the

excess-, under Schotten

of

riment:

=

this synthesis

he

I

T J ILI
authors

are

chapter

salt

thermal

onsiderable

low yvield of

ated

1-a-amino acid crystals are precipitated by acidifica-

reaction mixture. Although it is recommended by a

to

acidify to pH 3=-4 (cf. 79,82), better

obtained if the reaction mixture is acidified to

f 2,5-morpholinedione and its derivatives

S5-morpholinedione by dry distillation

(1)

of the sodium salt (5) of N-chloroacetyl-

distillation and sublimation results summarized

was concluded that of the so-

dry distillation

N-chloroacetylglycine (route c of Fig. 9) was

procedure for the preparation of 2,5-morpholine-

[ =]
=]

Clearly better result 5

(Table

were obtained when the sodium

reduced

4)

under pressure in a sublimator

} and The amount of 2,5-morpholinedione

F
L

on the surface o the cold finger, however,

arison with the theoretical amount

~omp

(12)

e.a. (91), when attempting to prepare glycolide

'3
.

s LE Ol

s

his thesis) by dry distillation of the

of chloroacetic acid under reduced pressure at

of

observed

of

excessive charring the sodium

glycolide was very low. According

this charring was most to the

When

probably due

conductivity of sodium chloroacetate.

salt was mixed with copper turnings resulting in

increase of the thermal conductivity of the

heated, the yield of glycolide was always more than

theoretical amount. The quality of the copper tur-

't specified.

2,5-morpholinedione (1} in the f£irst ex-

in addition to the observed formation a large




B emATD ned I r 1
2,5-morpholinedione (1) via dry . unt of tar-like products, could also have been the result
ymoun

. 2+ 4 of : i : (5 - Lo
or sublimation of the sodium salt (5) . low heat conductivity of the sodium salt (5) of N-chloro-

.etylglycine, it was decided to investigate the thermal de-

SALT REAC- PRES- REAC- CRUDE _ :
Cu TION SURE(a)TION(b) YIELD TR rrom the results of the sublimation experiments 3-14 of Table
(g/g) TEMP. (mm) (hours) (mg '
' (Y¢c)

mposition of this salt in the presence of active copper.

it can be concluded that the addition of the active copper

11

esulted in a decrease of the reaction temperature range and

considerable increase of the yield of 2,5-morpholinedione.
resumably the lower reaction temperature range had diminished

tendency for side reactions, i.e. charring, resulting in a
EaRilo higher yield of the desired reaction product. On the other hand,
0.002 153 : , decrease of the reaction temperature range also indicates a
0.003 9 l. italytic effect of the added active copper upon the ring-
0.004 76 _ sure reaction., The data of the sodium salt - active copper
0.003 227 T ratios might suggest that the best results are obtained if
0.001 522 : this ratio is approximately 1:8. The number of experiments,
170-210 0.003 )90 | iowever, is too small to substantiate this suggestion. The ex-
160-200 0.003 302 18 | periments do suggest, however, that a certain minimum amount

f copper <. d 2 ag s B
5 170-210 0.003 477 9 f copper (12) has to be added
170-210 0.002 ' 5 3 Attempts to improve the yield

6,803 .- ale e.a. (92) who prepared di- and higher cyclic esters of
jlycolide by the sublimation of sodium chloroacetate powder,
0.004 577 ] purified the sodium salt by treating it with acetone. Prior
0.003 51 3¢ the experiments 11 and 12 of Table 1 a small column of the
0.002 . 590 2 sodium salt (5) of N-chloroacetylglycine was treated with dry,
e=cold acetone and dried. This procedure did not improve the
0.0005 yleld. In the sublimation experiments the temperature of the

salt=copper mixture was always raised rather quickly to ]?OOC.
170-210 0.0005

*after in most experiments the temperature was raised very

0

Corresponding to the repor ly, in a stepwise manner, to 210 C. This latter tempera-

ncluding warming=-up time; c: Percent e . :
- - > 3 =5 ; 1 identi- € rise was attended w an 1creasi nde 4 - char-
This reaction was performed twice i g ident s ith increasing tendency for char

Table 1 the reaction

Small amount of crude 2,5-morpholined * ;' . fing. In the experiments 13 and 14 of

lium salt was treated with ice-cold, dry e temper . - 0. . :
: : . n ste ciiperature was kept at 170 C in order to oppress this tendency
A waxy product with an acid smell was obtained 1% “= . S s ) PP L 1

orpnolinedione; h: Sublimator with large ”'1}¢i“1U11? lncrease the yield of 2,5-morpholinedione (1).
holinedione was contaminated with a considerablt Al thc

Al
acid smelling product.

yuah

k - : ; y
JN the charring in these experiments was indeed less ex-

*S1Ve than in the others, the yield was not increased. This




loroacetylglycine were sublimed

=clOosure reaction

charring was still p
he experin S i ] all our experiments indicate that the synthe-
the experiments coul
] of unsubstituted 2,5-morpholinedione (1) via the
small portions of the sodij 1
] hlimation of the sodium salt (5) of N-chloroacetylglycine
two experiments larger portions of i _ 1bl 5
: 1y useful if small amounts of the sodium salt are sub-
3 : . in combination with a considerable amount of active
sublimator was used which affor
) .

he salt and the heating mediy 1 O} ic

‘ontact surface the yield .
b. rnthesis of 6-methyl=2,5-morpholinedione (13) by dry dis-
the pure sodium sal 3 . ——— 3
g l1lation of the sodium salt (14) of N-D,L-a-bromopro-
The sublimation —
nylglycine

5), in the pres

— S \ he sv \5is " non- ; ute % o
1), resulted in omparison with the synthesis of non-substituted 2,5-mor

amount. After >ne (1) via dry distillation of the sodium salt (5)

. ot o Lalve . } Preoi, SACE : it .
1d finger", ~hloroacetylglycine, the synthesis of 6-methyl=-2,5-mor=-

P N e e R _ ylinedione (13) via dry distillation of the sodium salt (14)

2> [IOUL S
2,5-morpholinedione ( however . w f N-D,L-o-bromopropionylglycine (Fig.l0) was clearly more
"cold fir 1 ssful. As was mentioned before, Chadwick and Pascu (68)

e | o L 191
4 smellinag product ted the upon dry distillation of the sodium salt of
aCcCld sSme ng proauc

L-a-bromopropionylglycine a substantial amount of 6-
r1-2 ,5-morpholinedione was obtained by the extraction of

finely ground residue. In our hand solvent extraction of
’asc 68), only e y . ;
Pascu (68), o esidue using various organic solvents yielded no pro-
(13) distilled on the dr i e i ’ :
13) distil g 2 lucts. Contrary to the observation done by the same authors,
the sodium

r hands no 6-methyl-2,5-morpholinedione (13) was formed

3
upon storage of the sodium salt (14) of N-D,L-

whereas the remainder of e reactic spontaneously

hard solid lump. By the extrac bromopropionylglycine at room temperature.

substance using

about 40% of the theoretic . int of - Uther attempted synthetic routes to 2,5-morpholinedione
edione was is ne attempted &/ ind 1its derivatives

ground subst b 1 - ] . . :
i-halogenacyl-a-amino acids with silver oxide i
reactions of
in the presence

tHadtona. Tiia Hiaht spite of the results claimed by Rumsh e.a. (72), in our

i the treatment of wvarious 'a-haloge W] = - y acide
2,5-morpholinedione 1 t of various fa-halogenacyl-a-amino acids

*luding H'DrlmﬂwJCCtQ’l—L—yﬂnulyLq]«H:inl- (11) which was used

Rumsl

n himself) with Ag.0 in dioxane (route d of Fig. 9) did

it might not have

r-like sublimation




olid silver salts were obtained.

= L

lact«

yvlated la=bromoacyl=-a-amino acids did

) 5-morpholinedione (1) oOr its vativ T - ; : b .
2y = itlves, to be very soluble only in water and could not be recrystalli-

solvents. After many other organic solvents had

- carbonate solution heen tried, only methanol turned out to be a moderately effec-

sodium

/ ecrvstallization solvent if it was used in a large ex-
-tonization (route a of Fig. 9) ir recry } large e

: ) . rhe great differences in the recrystallization results
solution described by Cook and Cox 1 y -
marized in Table 2 can not easily be explained.

N-chloroacetylglycine (6)
, ! “ 2: Recrystallization of 2,5-morpholinedione (1) from
N-D,L-o-bromopropionylgly (a) &
1 3y N methanol
.-phenylalanine (8) or N-chloroacety]

It should be mentioned in this resg
: QUANTITY VOLUME OF YIELD PERCENTAGE OF MELTING
that the rate
) : METHANOL THEORETICAL POINT
N-bromoacetyl-L-proline i
, (mg) (ml) (mg) AMOUNT g ol)
ition was much higher than in a great

y—amino acid ions under ident

own results, in our opini 17 247 2 191-193

a fast internal bimolecula: '8 : 2 3t : 189-192
between the carboxylate grouj 16 262 191-192
for N-bromoacetyl-L-proline 10 failure
10 failure
18 failuro(

a0 -

the presence of N,N,N

1itained less than 0.05% water; b: No water-bath with
zactions of N-chloroacetyl-L nostatic control was used, erlenmeyer containing crude
strong dipolar solvent rpholinedione and dry methanol was heated directly on
the use of alk L=metdl i hot plate; c: Crude 2,5-morpholinedione was contaminated
sions which are, gener waxy, acid smelling product; d: Upon cooling of the
reactions. Therefore the strong tiltrate a small quantity of crystals was formed which dis-

ethylguanidine was used in DMF, the g solved again.

jenerally more soluble than the COIrespo - —

al salts in strong dipolar organic

inedione formation, however, could b letecte 1 the exception of recrystallization no. 2, all recrystal-

+

hromatographic examination. rieatlions were performed under exactly the same conditions. The
-¢2=morpholinedione (1) samples used in the recrystalli-

4 and 5 were stronqgl

zation 2,5-morpholinedione (1) ‘ s jly contaminated. On the other hand,

>-morpholinediones have been recrys

allization no. 6 involving crude 2,5-morpholinedione

. not st rongly contaminated, was also a failure. If no
s such as chloroform, ether or light ) _
formed upon cooling of the solutions of crude 2,5~

Unsubstituted 2, 7_.—mr_))_’},‘a'[]!:}l inedione



‘haracteristic infrared absorption frequencies of
(1), 6-methyl-2,5-morpholinedione

yrpholinedione
STt T A e
celiperacure -elated compounds

remained behind ter
BAND POSITION cm

AMIDE AM

2, 5-morpholinedi

esterification of thq

thanol

“lhﬂniq}].du— 690-=
720

(trans) 1570 ] 2

1670 =

1690

ryszewski

Recorded ti-“."




region; d-:

acid ester:

wd

}i 91

5-morphol

ined1one

‘haracterization of 2,5-morpholinedione (1) and 6-methyl-

morpholinedione ( )

~frared spectroscopic data (condensed phase)

characteristic infrared absorption frequencies of

table

s-morpholinedione (1) and of the starting compound N-chloro-

tylglycine (6) are presented, together with data on 6-methyl-
-morpholinedione (13) and its starting compound N-D, L-g-
propionylglycine (10). Tul'chinskii e.a. (75) have reported
IR-study of several substituted 2,5-morpholinediones
region 2000-600 cm_l. An example is given in Fig. 11.
spectra were compared with those of their acyclic precur-
(17) . The results are also presented in Table 3, together
data reported by Nissen e.a. (16) on IR-spectra of some
tituted 2,5-morpholinediones (19,20) dissolved in chloro-
For comparison, characteristic infrared absorption fre-
ies of 2,5-piperazinediones (16) (Fig. 12) and their acy-
dipeptide precursors (18) are also included. For IR-spec-

pic data of glycolide and lactide the reader is referred

ipter II1I of this thesis.

1as been shown (95-99) that, in the condensed phase, there

onsiderable differences in the region of the N-H stret-

frequencies for the amide bonds of 2,5-piperazinedione
ind its derivatives, in comparison with their acyclic

tide precursors (18] ¢

: - = 5 .
stretch = 3180-319%5 cm l, N-H stretch, = ~3300 ecm " :

c1s trans

that of the amide II vibrations (N-H plane deformation vi-
i -
amide II . = 1440-1455 cm ~, amide II = 1540-
1 Ccls trans
"3 and in that of the amide V vibrations (N-H non-
ool e -1 : :
vibrations): amide V = 760-850 em ~, amide V
- Ccl18 trans
cm .

ONH-groups in 2,5-piperazinedione (16)




acyclic amides the DT TSP, Ty 1e more stable, extended form (Fig. 14b) in which

sterically hindered amj gead g . i ; 1 the favoured trans-conformation (cf. 97).

vlacetamide th

f approxim:

ripration,

. \ - ¥ .
Folded (a) and extended (b) form of t-halogenacyl-o~-amino acids

an amide both exists in the cis- and trans-conformation,
>us amide vibrations show twin bands in the [R-spectrum.
- In p1 ple 1t 1s possible to estimate the relative proportions
‘\N — HeoooelD = C/
|

c N—Hees
4

and trans-rotational isomers by comparison of the
itensities of the twin bands. However, as the various
09 bands in the spectra of N-chlorcacetylglycine (6) and
romopronionylglycine (10), respectively, were in part
)y other bands, we were not able to estimate the
Ages cis- and trans-conformation of the amide groups of
-halogenacyl-a-amino acids.
Stretching vibrations had shifted from 3320 cm-]
halogenacyl-a-amino acids (6,10) to approximately
)r the 2,5-morpholinediones 13) This indicates that,
condensed phase, in 2,5-morpholinedione, too, the amide

ire hydrogen bonded in a cis-, cyclic dimer, arrangement

conformational state of the ester (lactone)

=0 stretching vibration at 55 cn f 2,5-morpholine-

2, 5-morpholinedione, ! R R ang b-methyl-2,5-morpholinedione 3) has not been
folded In acyclic compounds the ester group has a strong

the cis-




{100). Zhuklistova e.a. (76) hav

nce
, : . = v} . . epectrum where several other strong bands appeared.
-~ @l ®
analysis that 1n D,D=3,6-diisop; ot g the S}

amide and ester group are ji;
NMR spectra 1 data

very likely that in e

" ' PIO] {ne. 1 P ) y
,5-morpholinedione ( . n Table 4 the H-NMR spectral data for 2,5-morpholinedione
take the cis-conformat o ' (1) and its starting compound N-chloroacetylglycine (6) are

verify this presumpt o -ompiled, together with the data for 6-methyl-2,5-morpholine-

r

rary to what has been suggested re dione (13) and N-D,L-g—-bromopropionylglycine (10). There may

some doubt as to the correct interpretation of the sig-

1formational state of acyc

f small lactones (cf. 4.03 and 4.08 ppm for N-chloroacetylglycine (6), and

-stigation of the IR-spectra ir signals at 3.96 and 4.03 ppm for N-D,L=-a-bromopropionyl-

n will not reveal the pres: (10) . Due to the partial double bond character of the

This may be 111-@5[-&1“;:‘_‘; single bond in amides (100), two isomeric (cis- and
rustura elucidation of the forms of N-chloroacetylglycine and N-D,L-a-bromopro-
(103), the results of which .ne can theoretically be distinguished (Fig. 15). The
thasis, showed that both fferent magnetic environment for the two protons "b"
the: cis~configucation. eflected by two different signals, -i.e. at 4.03 and
BibE it day Bha ppm, and at 3.96 and 4.03 ppm, respectively. Nevertheless
b oty (b daetdo satdl signals were interpreted as a doublet (4.05 ppm, J = 5.8 Hz

(c%. OlyL NcoRserinen 4.00 ppm, J = 5.6 Hz, respectively), resulting from a
S ey iRl e RELEY: i) Bk pling between the two protons "b" and proton "c¢". Arguments

hat the C=0 stretching vibrations
osition, at 1735 cm—l and at 175
observations were done by Oki
small and large lactone rings.
jroups have the cis-conformation
the trans-form is the preferred
ce, however, could not be shown by
ing vibrations. In principle the
nal state of the ester group in a 2
determined by an investigation
C -0 skeletal def
c=0 ether

nown to be sensitive to conforr

'er, this C-0 band could not be b
= = I5: (Cis- and trans-) isomeric forms of N-chloroacetylglycine and
[R-spectrum of 2,5-morpholinedione (1 - :
: N=D,L-ca-bromopropionylglycine
orpholinedione (13) because it appeared ir




iistillation.

cis enerqgy barrier

+*+

Thamm (67)

(=]
b o
|

+ Cyclization of a linear didepsipep-

B

r S
0
(g]
1]
o

the formation of an amide bond is preferred to

(o]
]

e
0=
k-

formation of an ester bond. Reasons for this preference,

4
b

ver, were not given. It has been shown (see characteri-

study above) that in most acyclic amides the trans-

nformation of the CONH-group is (by far) predominant. The

O4 ——aI-Z

irrier to rotation for the C-N bond is about 90 kd/mole (100).

W
/!

(o]
I I
O 0
I-Z 5
0 -
1
0-="0
J Il
T o

he conformational situation in acyclic esters very much re-

sembles that for the N-monosubstituted amides, with a strong

/

/

trans-preference. The energy barrier, however, is only 42 kJ/
le (100), that is, half the barrier of related amides.
2,5-morpholinediones both the amide and the ester bond are
cis-conformation. If we assume that, in order to forn
‘pholinediones via a cyclization reaction, the activation
the formation of an amide bond does not dif fer very
from that for the formation of an ester bond. Then the

rmation of the 2,5-morpholinediones is largely determined by

easiness of the trans-cis isomerization of the ‘central
t" of the precursor, -i.e. the amide bond in case of an 'a-
1logenacyl-a-amino acid or the ester bond in case of an‘'a-
lnoacetyl-a-hydroxyacetic acid. The high trans-cis energy
irrier of the amide "central unit" may explain that we were
ble to lactonize several 'a-chloro- and bromoacyl-a-amino
neither in sodium carbonate solution or a strong di-

lar solvent, nor by the treatment with Ag,0. However, it was

tther surprising that we did not succeed in the lactonization

chloroacetyl-L-proline in aqueous sodium carbonate solu-

+ Decause this compound is already forced to adopt the

*d cis-amide conformation by the presence of the pyrroli-

ring. The possibility that the 2,5-morpholinedione ring

* actually been formed but was immediately opened by a con-

€Cutive hydrol Y8ls reaction can not be excluded.

[ragmentation pattern
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Perature

e pon the ring-closure reaction, in addition to

thermal conduct 1vity, 1s suggested. No att empt

fy the mechanism of this catalytic effect

not preclude the possibility that a c«

a1 1n-=-

S were
experi=-

mplex

le group

)f the ni-

ond” .

- t he ictive copper and the nitrogen of the amic
formed which promoted the folded cis-amide conformation of
loroacetylglycine by diminishing the involvement
en's paiir f unshared electrons in a C-=N "double I

i}

Attempted polymerization of 2,5-morpholinedione

6-methyl-2,5-morpholinedione ( 13)

ts of the att empted po lymerization of

1) and 6-methyl-2,5-morpheclinedione (13) in the

2 (1)and

y S-morpholine-

melt

1 lactone type polymerization (Fig. 7, route a) are sum-

three attempts to polymerize 2,5-morpholinedione

'us concentrations of tetraphenyltin, an effective

l

tor the ring-opening polymerization of lactones (

|_l_] l.ilriilll!
lnitia-

:f. chap-

LV of this thesis), were failures. Rather soon after the

pted polymerization was started, a considerable «

lis~-

ration of the reaction product was always observed. Even-

Lly tar-like products were obtained. The third polymeriza-

was dilscontinued after three hours. By that time

++ AN excessive charring had already occurred. The

‘tion temperature was inevitable because of the hi
0

polnt of Z2,5-morpholinedione (i), 131=193"C.

thyl=2,5-morpholinedione (13) melts at a consider
() ;i
r 96 C. Therefore the Ir.-ul;'ma-r Lzation of 6-

=morpnolinedione could be tried under much milde:

the fourth polymerization at tempt of Table 5 tetra

iS€d as the initiator. An oligomer, M = 300, was
n

OMblination with a lql"JL‘ amount of unreacted monom

phienyltin is used as an initiator for the polymeri

‘tones, e.g. D, L-lactide (m.p. 126 C), in the melt

I temperature is usually 170°C or somewhat hig

r how-

high

gh mel-

ably lower
methyl-
conditions.
flhl‘l‘.“,'ll 1n
obtained
er. l1I te-
zation of
r the

her.



>d melt polymerization of DB
! < i -edj i h ttempted melt polymerization of 6-methyl-2 5-morpho-
"‘WULHVl‘Jn5‘m01phollned1unw (] } fif attemptec I Y 'S | Y § I

) = 5 lap. 1 inadione however
polymerization (Fig. 7 ~C el PO '

¢+ TOute

failed under such temperature conditions

excessive charring.

-tive 1nitiator for the ring-opening polymerization

SRR T TRT "D ; ~FONes I he melt which is usually used at lower reaction
WUANTITY INITIATOR I : M REACTION nesm.. of lactones in the C 3 ,
mole/ TEMP, nra YN RE. empe ures 1s stannous octoate (cf. Ch. IV and V of this
(0¢) S ;
long polymerization times are required to ob-

molecular weight poly(lactones). Stannous octoate was

} the pu]ynmﬂ'lﬁdtlLuLegxpcrlnun|ts numpber six and seven.
tetraphe- . ) _ 0 . ]
nyltin : ldl} lo charr g occurred, albeit that at 0 C a slight discolor-

was observed. Glassy, "polymeric-like" products were ob-

tetraphe- }
nyltin i i3 tained, which, unfortunately, could not be characterized by

permeation chromatography because they could not be dis-

tetraphe- 5 , ~glip Strahviles £ . & Alms »t band at 1540 o -] e
Lyltim : 3 red n tetrahydrofuran. distinc pand a 240 cm COo1l

to the trans-amide II vibration was observed in the
the reaction products indicating the formation
linear compound. For comparison in the last polymeriza-
experiment (no. 8) no stannous octoate was added. An oli-
in combination with a large amount of unreacted monomer
obtained.
:15000
lution polymerization
J was formed upon solution pPolymerization of 6-methyl-
#2000 pholinedione (13) initiated with triisobutylaluminium.
initiator was chosen because it had proven to be an ef-
initiator for the solution polymerization of D, L-
dé under the conditions reported here for the solution
ymerization of 6-methyl-2,5-morpholinedione (see also chap-

of this thesis).

Ar-like products

=

With a large amount of unreacti

-omment on the pPolymerization studies

was insoluble in tetrahydrofurai nd ] S only small amounts of E;B‘NUIPHUJiHCdlUHD (l} and of 6-

terized by gel permeat hroma methyl-2,5-morpholinedione (13) could be synthesized, the po-

charac

de band at 1540 cm_l in IR-sp rum; : 'f”"l”“blll'i of these potential new heterocyclic monomers ,
eaction product obtained at 150°C +2lng some effective initiators for lactones, could not be

vestigated Systematically and therefore the results of this




addition to this, the active copper may

-t upon the ring-closure reaction.

could be prepared somewhat
the sodium salt of N-D,L-a-

lglycine.

2,5-morpholinedione appears to be very soluble
Dry methanol used in a large excess was found to

cceptable recrystallization solvent.

molecular structure of 2,5-morpholinedione, 6-met hyl-
>-morpholinedione and their precursors could be verified

IR-, IH—NHR-Jnu mass spectroscopy. Based on these re-
1lts and theoretical considerations it is expected that

f

.

>yclization of an ‘a-halogenacyl-g-amino acid is impeded

high trans-cis energy barrier for the (non-alkylated)

small quantities of 2,5-morpholinedione and 6=methyl-
"|__'."j.'_',l,-| inedione could be ii‘I'IIIt._']l_'.‘:;l"(_,‘r,]! the ]_..'.J‘J'gm\g'i;__g]_,L—
lnvestigated systematically and was

ted to a number of lactone type polymerization at-

ittempted melt polymerization of unsubstituted 2,5-mor-
linedione initiated with tetraphenyltin only resulted in
‘Cesslive charring probably due to the high reaction tempera-

ire which was necessary because of the high melting point

= s = i ~ o ¢
y2-morpholinedione (191-1937C)

1-2,5-morpholinedione melts at a much lower tem=-
ﬁ
W ¢ . .
=96 C-, melt polymerizations could be carried out
conditions. If stannous octoate was used as the

lassy, "polymeric-like"

products were obtained
by 'J‘""L";‘IT’”"'—“-[J]}’; could not be characterized properly by

e c - formation of
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MYRINGOPLASTY

reatment f a pe yrated eardrum consisted of

drum permanently wit artificial material. Since
cal technique to establish a funetional reconstruc-

eardrum was developed (myringoplasty). A survey of
and K. Titlestad,

grafting materials used in this technique is

oducts om tetra- and pent

non-degradable synthetic materials may prove
supprlement to th existing biological grafting
eardrums made from several biodegradable
acids) and poly(a-amino acids) and made from a
oporous poly(tetrafluorcethylene) membranes and
ous bisphenol=-A poly (carbonate) membrane
ears of rats and dogs and
were histologic:
From the biodegradab
rl-L-aspartate-co-L-leucine 50/50
and the newly formed eardrums were the best
overall integrity. The formation of
be accomplished by the support of
thin, highly porous poly(tetrafluorocethylene

referably anted as composite graft
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th a more or less permanent collagenous structure,
araft, which must function as a scaffold for the
1¢ . .
g epithelial tissue from the edges of the perforation.

-tive is a functional reconstruction of the tympanic

i T ur cal technigue consists of making a new wound by

scar tissue and the epithelial rim from the edges

tympanic

¢ s perforation. Thereafter the graft is placed underneath
Bally, e 'l =s }

" on top (overlay) of the middle layer of the drum.
support ! b

o . reaction of the body starts with infiltration of
\VOn Helmhol:
) polymorphonuclear leukocytes, followed by capillar-
surfa L )
irowth after a couple of days. Also epithelial cells cross

ft starting with a hyperplasia near the rim of the

ion. When the two opposing epithelial edges meet, the
f the epithelial and mesenchymal tissue declines

a thinning of epithelium and graft. After closure

foration a new collagenous middle layer is formed

rading fibroblasts between the two epithelial layers.

lanted graft is absorbed gradually during this process.

number of different grafts, both viable (transplants)
iable (implants) have been used in myringoplasty. The
Amongs hese were f ; loneer: on Moritz 35) , Z0llner (58) and Wullstein (57) used

-ubber, paper jrafts for the reconstruction of the drum membrane. Skin
i ) ’

rubber were abandoned rather soon because of the high failure
Various autologous tissues, i.e. originating from the
; _ have been used for the preparation of grafts. These
seligvel Lhat of mesenchymal (mesodermal) origin enclose vein, peri-
e y aiaac
M e periost, earlobe fat, cheek mucosa and above all
tachment between (Heermann, 18)

Jous grafts were prepared from non-viable human tissues
riginating from the own body including amnion, cornea,
rardium, perichondrium, periost, vein, arteria umbilicalis,
alves, dura, fascia, omentum and tympanic membrane
37; Storrs, 47: Feenstra and Feenstra, 9; Feenstra
xenologous materials used for the preparation

conveniently divided into those originating from




ous) and non-bioloagicr~ .
i A Nateri e - (11) when performing experimental myringoplas-

mesenterium (sheer
el ats, obtained good res s with heteroclogous collagen

reconstituted collage; ; * ] £
dgen ar inc o= rigin , whereas homologous collagen prepared from

tendon caused serious anomalies.

reported. Watson a ey + is estimated that about 15% of the myringoplastic operations
adhesive for se: of premature desintegration of a conventional
the healing per i.e. autologous fascia. The develoopment of a

blasties in cats using iraft material which could reduce this failure rate

(gelatine sponge) di attractive. Moreover, the commercial availability of

the presence of graft reduces operation time.
thne » Of S . = = : / ; -

e Use on a. o I 1] ] treatment of complicated perforations (e.g. total or sub-
perforations, atelectatic ears or congenital anomalies)

terature autologous requires specific grafts which usually can not be pre-

allologous material properly from the rather soft autologous or allologous

Pre-fabricated, tailor-made synthetic grafts might

o a more successful treatment of these types of

ch for new synthetic grafting materials was based on
yaches: (a) the development of synthetic, non-colla-
grafting materials which possess sufficient inherent
migration is slower in thi m nice strength and which show a controlled rate of degra-
ffolding graft. It is som ] ition; (b) the application of non-degradable microporous
autologous fascia offers the best thetic materials which could function as a permanent rein-
olding ability of the va 1S Mmes rcement of a healed drum by replacing the absent collagen
fact determined by the
Ss. This fact has "o mmo! used material like collagen was not further inves-
metituted coliag Thus lgated ause the medical aspects of the application of
(38) prepared Lel ] ' 'n as a biomaterial are still very poorly understood
at and from ti A=t & tenzel et al., 46) and it is as yet impossible to control
tempts to close perforatl ifficliently the rate of degradation of modified collagen.
variable re ol €5ldes 1t may cause a remarkable antigenicity or a rather

yod result

memorane i ! y . eéived with thanks from Braun, Melsungen, Germany.
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methods (Patt erson

.

myringopolasties in
>ly (vinyl alcohol). The r.
11 months, were disappoint
grafts showed overgrowth

were finally recovered s

- LI

0 indications of biodegra
(Kronenthal, 28§)
PO l}'T‘.’IO Y, was
scial graft to the

derably less toxic is

17) in the middle ear

severe inflammatory res

to induce 'spontaneous

us

Gelfoam disecs as a

with our approach.

r NOWever, 1s very high

eardrum graft must meet
wst be thin and it must
nght and consiste
perforation. At the
pliable to minimize
© allow the

adhere to it.

Y during the healing procs

Y, the synthetic biodegradal

this process and it degq:

nas fullfilled its task. In

)T the graft will inevit

'--'_5'(.‘".' ver

1ined for several month

sufficient inhe

ide completely and the degr

" |

ave to be removed -om the implant site. These degrada-
-+s should not cause any adverse effects to the en-

yaug

.1 tissue, nor cause adverse systemic effects (Williams

and they must not retard or impede the healing

55) »
the perforated drum. The tissue environment of the
s relatively poor in blood as a result of which the
f degradation products might be hampered and accumula-
degradation products might occur. Degradation products
rbable polymers which are relatively harmless at low
ions, may be harmful to the environmental tissue at
ncentrations. A typical example of such a degradation

is formaldehyde which is formed from alkyl-a-cyano-

tissue adhesives (Hastinas, 17).

research activities over the last twenty years have

an increasing interest in the application of synthetic

;radable polymers in medicine and surgery (Kronenthal, 28).
rest originated from the often impredictable degrada-

ehaviour of resorbable sutures prepared from natural

naceous polymeric materials (catgut). The number of we 11-

nimn

ing _-'.'_,'[uf}l(;i'*.if biodearadable [u-]\J,-’ml-"l'F., however, is as

limited. The synthetic poly(a-hydroxy acids) and po

icids) represent two important classes of accepted bio-
olymers.

iod 1955-1970 poly(glycolic acid), poly(lactic acid)

o-polymers became well-known by the extensive
amongst others, Frazza (14; c.f. Mennie, 33) and
al. (29, 30). These polymers are degraded by hy-
Kronenthal, 28) releasing glycolic acid and lactic
harmless degradation products. The rates of degradation
established up to twelve months after implantation
ssue of bone (Miller et al., 34). Although glycolic-
as such are harmless degradation products,
ity that local pH-changes are induced cannot be
such pH-changes may influence the growth of new
issue when eardrum grafts prepared from these poly

acids) are implanted.




was put into the development of Synthet

, ~ Diodeq, s ace implants remained more or less unchanged during an implan-
lFel]en et al'l 13: Se{-l!--\v‘ 2 ; 4 rnesc L~ ' I ;
P seriod of three months. Somewhat hydrophilic implants

32; Anderson et al.. ) ot ration . .
v 2). A wel jdeqraded to a certain extent after this period whereas the

co-poly (a-amino acids) having o

: : ving +-anhilic implants had disappeared within a few days. Small

jas synthetized and evaluated, el
_ * SRE e dey . ccs prepared from poly(L-lactic acid) and from the co-poly
nicdegradable eardrum grafts we L s iErar i : : ] .

_ i e o -amino acids) were tested in an experimental study which in-

polymers mentioned above. ' ;

ved a small number of rats, maximum follow-up was four months.

From this study we learned that the hitherto unknown reaction

¢ the tissue of the middle ear evoked by these polymer implants

(

not differ very much from the reaction of subcutaneous

: . i.e. a mild or very mild tissue reaction was evoked
)» and several co-poly (a-ami the poly(L-lactic acid) and the hydrophobic co-poly(a-amino
ted as potential candidate id) grafts and a more pronounced adverse tissue reaction was
grafts. A co-polymer of I lactic evoked by the other grafts. Also the rates of degradation of the
is clinically applied as a syntheti co-poly (a-amino acid) discs implanted subcutaneocusly as a
naterial (Craig et al., 6). Fron

: : ference did not differ very much from those implanted in the
= kﬁﬂr?k et al., 32) it was concluded chat environment of the eardrum which is rather poor in blood. This
) P08y lacanino acide) degraded that the hydrophilic and partially hydrophilic co-poly
°d subcutaneously (table I). mino acids) are not suitable for the application as syn-

hetic absorbable eardrum grafts: their degradation times are
}1'§'d1’0phlllC1t: Dearation rat L short.
hydrophobic o fo n addition, more information about the design requirements
hydrophobic the eardrum graft was obtained, which resulted in the re-

. icement ~ ] [ i
{ itarmeatate ment of the rather stiff eardrum grafts fabricated from

hydrophilic mmercially available poly(L-lactic acid) (Polysciences, 40)

hydrophilic more pliable ones made from poly(D,L-lactic acid) (Feenstra

1., 12; Van Hummel et al., 21; Van Dijk et al., 9; Kohn

1d; Leu: L-leucine: Glu: L-glutamic

ethyl ester; OH: acid; ONa: sodium salt;

lar weights: 50,000-100,000 second stage involved an extensive, long-lasting experimen-
'us 1mplantation in rats, Slow: hardly

ter three months of implantation. Intermediate

2gradation was observed over the same period. Fa tiled description of which is reported elsewhere (Feenstra

detected after a few d:l}’h of i?‘?pldntﬁti“!‘I‘ _ IJ_., 12}

study in rats - maximum follow-up twelve months - a

ot

Eardrum grafts were prepared from poly(D,L-lactic

1d) , from poly[Asp{OBz}SOLQUSQ] and also from poly(glycolic

N SErud : , ol behaviou f 2 ; : ; - i
ture and degradation behaviour iCld) which has found clinical appllcatlon as Dexon synthetlc

Absorbable suture material (Frazza, 14; Mennie, 33). Each of

tho
i

three resorbable polymers was implanted in 35 rats, both




and subcutaneously. In this Animal

e (-lactic acid) was regularly observed.
ormed eardrums in terms of thicknee.
was compared. Significant differene. although the initial guality of the poly(glycolic acid) film
- n{ 1 = - =T T =3 = - =1 1 r i - ~
formed eardrums in relation to the - which the grafts were prepared had seemingly improved,
} 1 x sy 3 C ] SNAarmp 2eC =8 We 2 2 e Wl']iCh
bserved. Moreover, the P after implantation sharp needle were observed

' = syere ] > saction. 1e be rio f the poly
tissue was similar to that evnk. .aused a severe tissue reaction. The behaviour o poly
e, (S g g " .

. ' nr-) 201,eu20] qr s in dogs resembled that in rats. No
Therefore our results do not 0Bz " 46t ] gEREES &F i Mgt i Wi (e
» tissue reaction or only a very mild one was observed

verst

gators that the reaction of
fter complete degradation of the grafts the newly formed

to foreign materials is consi.
) i mpanic membranes were comparable to a normal tympanic membrane.
kinds of tissue, AR 3
eardrum with the 50/50 rardan .
with the 50/50 random cc pol vi1.4.3. Non-degradable, microporous grafts

ate and L-leucine resulted ir

wilCh were comparable to a rmal ion-degradable microporous grafts which are meant for a

ty of the newly formed eardrums i nermanent reinforcement of a healed eardrum have to fullfil
acid) grafts was also good. Wit} ‘0 a certain extent the same requirements as mentioned before
jrafts a violent cellular reaction i 1ddi - with respect to their synthetic biodegradable counterparts.
‘esintegration of the grafts into sharp need] here are, however, important differences. Instead of being
Films had been prepared with great biodegradable, they must remain completely 'inert' for an

1ly crystalline (Sinclair and Cynn, 4 indifferent period of time. Neither their chemical structure,

he lecir - -~ — B s 1 . . 4 : " s
the desintegration could well have r their inherent mechanical properties may change after im-
T 11 1 1 v I v —i= 1 ‘ " 2 .
r quality of the films from which the plantation. During the healing process they must become in-
rporated into the newly formed eardrum, preferably by the

testing preceeding a possible cli jrowth of tissue or by the covering of tissue on both sides.
logs having eardrums similar in ventually they must function as a permanent reinforcement of
Grafts (diameter 7,4 mm) pre healed drum and improve its acoustical functioning. The
poly (glycolic acid) and poly jrowth of tissue, including collagen fibres, into a micro-
24" 1n & long-lasting experiment orous material is governed by at least two parameters: the
different polymers 11m¥rwr1;* liameter and the degree of porosity. Too small a pore
subcutaneous implants served ilameter will prevent the tissue from growing into the pores
the quality of the newly Nereas a low degree of porosity, i.e. the absence of a large
Lar B X2 18, 26, imount of intercommunicating pores, will obstruct the nourish-
histologically. The result it of ingrowing tissue.
‘ge extent the results of the study ! It is difficult to estimate the ideal pore diameter and degree
c

porosity (Wesolowski et al., 52; Klawitter and Hulbert, 25;

ly (D,L-lactic acid) grafts did

A marked adverse tissue reactlor winter, 56; Howe et al., 20; White et al., 54: Pollock et al.,
in the subcutis evoked )i Nelson et al., 36). Nowadays a considerable number of micro-




porous membranes prepared from different polymerjc p.
: | TTET1C matery,, __ved no adverse or only a very mild tissue reaction. Tissue
is commercially available, e.g. filtration membranee “ it
¥ ranes or p,. .+ clearly grown into and through the pores of the latter
abrics. Considering only the pore diameter g ;
Ll __rbrane whereas the small sized pores of the other PTFE
orosity, several of these commercial memi AR
emby o ~branes were found free of tissue. At the same time the

be potential candidates for the application as ‘
' & iese membranes were not completely covered with

S .. -ides O tl
qrafts. Most of these membranes, however. have | : des . :
» slave been pre R Moreover, the thickest PTFE membranes gave sometimes

materials which are either not syuffi~:i._.. N : i
MIf1cient]; . eo to moderate inflammatory reactions. The small pore sized
rt' themselves, e.qg. cellulose triacetate. o 1o i )
- + O which cony; ++f membranes were not used for further studies.

which are toxic to the human body, e.q. ;
vl chloride). Therefore a careful The PTFE membrane successfully applied, however, had a serious
drawback. During surgery the membranes creased and curled up

available microporous membranes
easily. Therefore it was decided to use this membrane in

of }Jl ‘1!3:1\_.‘-.11'.'1_!"\; 'I”_\‘:I-‘\vJI (Ld: .'Cb(] te) : =
L . =M J Jndte ] I ] t ld 3 € a
na 1‘ on w]. r_l'-l l) ll L r{].l__'q'] 1'1(11’1 k) ].E' PO ‘) { D | ez actlc ac i ] -

has 2] ~ecoani zad i eco ge o i J
been rec ized as j idouble-layer' graft in the second sta f this study (Feenstra
'inert' biomaterial which has. for instance . 12)
ts clinical application in vascular pI

scs were cut from the bisphenol-A poly(carbonate) membrane and

some experimental microporous PTFE meml
the PTFE membrane placed on a poly(D,L-lactic acid) film.

eardrum grafts, including a membrar : . . )
f these materials were implanted in 35 rats as eardrum

ssfully by Winter (56) as a trancutaneous implant i
i grafts and subcutaneously as a reference. From this long-lasting

got the following information. The microporous PTFE

we
: s, implanted in combination with biodegradable poly(D,L-

Development of non-degradable, microporou .
acid) film as a 'double-layer' graft evoked hardly any

se tissue reaction, neither did the poly(D,L-lactid acid)

first study small discs cut from microporo
1 dls 1 OpoOrous = 3
The PTFE discs became a real part of the newly formed

carbonate) (Nuclepore } membranes (diameter 25 m
= = \dlamectel _ . . 7
: i : ) eardrum or of the subcutis after degradation of the poly(D,L-
S 0 milcrons, porosity 10% ore size 10 microns. pores ' I
. & il e lactic acid) layer. Connective tissue covered both sides of

>arallel; see Fi 3 : . i us PTFE mbrane
. ﬁﬁi;k:;:;’lir:Tc;g:;criZ:;::fvr;;” it"““;_ ne membrane and had grown into and through the pores (Figs.
L iqt; | r F CY ~1 '-”":: 4a,b). This observation is in full agreement with the results
T{U£.téj;5;n %l;i::jTl:?Z:;lnq' fgg_:j"'tw:_i' obtained by Winter (56) who used a similar membrane as a
3 Crons porous PTFE membl transcutaneous implant. The tissue reaction evoked by the rather

Nslderably smaller pore sizes (maximum 2 microns; port stiff mic : slmeahe ynate i
_ LIf microporous bisphenol-A poly(carbonate) discs was also

35%) were tested in rats with ' f W =UJ
-ed 1I £ h a maximum f WU ae . .
i /ery mild. They had become surrounded with a very thin capsule

fibrous tissue. However, contrary to what was observed in

P

f the PTFE membranes, hardly any tissue had invaded the

L,

dy we obtained the following information.

0l-A poly(carbonate) and the thinnest PTFE membrar pores (Fig. 4c). It turned out that a pore size of 10 microns

was too small to allow the ingrowth of tissue. At first sight

Minchen, Germany. the small difference between the pore sizes of the bisphenol-A




embrane and of the PTFE membrane
had grown abundantly into ¢}
it, however, plausible that the
pore patterns, the degree of POrosits
2nce caused the observed difference

into the bisphenol-A poly (carbon

PTFE membrane.

served to explore the
grafts prepared from micropor:
emyringoplasties were performed

»f the PTFE grafts

(diameter 7,4 m
ore with respect to the third stage

biodegradable grafts.

microporous PTFE grafts were implante
as far as the design of the graft wWas
implanted in combination with
as 'double-layer' grafts. Alt
ts, these double-layers which ar
each other, were not considered
was then attempted to impregnate the
with poly(D,L-lactic acid) by a casti
micrograph of the resulting mi
i) composite graft (thickness
in Fig. 5a. For comparison a

same magnification of

i

poly(D,L-lactic acid), the
incorporated into the newly
tissue which was also obse
Stage 2. However, the degrada
d) showed a more pronounced
served in the middle ear of rats
cement with the observed tissue
D ,L-lact ic

acid) implanted in the

"_] abc we .,

1€ DOre:-

Tust

conclusion

cfunetioning of several potential synthetic biodegradable
F UM arafts and non—-degradable, microporous eardrum grafts was
~ed both visually and histologically in three consecutive

imental studies with animals. After the first and second

experimental study in rats, poly(D,L-lactic acid), poly

solic acid) and poly[hsy(ﬁﬁz}50L0u50] were selected as poten-

-vnthetic biodegradable grafting materials, whereas a
norous PTFE membrane showed potential for the reconstruc-
f a missing fibrous middle layer of an eardrum.

the third stage experimental study with dogs only the

hetic biodegradable graft prepared from pOly[Asp(DBzJBO

"] and the porous PTFE membrane were finally selected for

sue reaction it evoked in dogs. Therefore,

ble clinical trials. The PTFE membrane was implanted as
roporous PTFE - poly(D,L-lactic acid) composite graft
ated by the impregnation with poly(D,L-lactic acid).
iodegradable polymer, however, is no longer considered
suitable grafting material because of the marked adverse
if clinical
will be performed with microporous PTFE, it is proposed

" ‘ s § o xR l_:.(_J]
this membrane as a composite with polyLASp(UHz}--Leu =
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ear of a rat; at Fig. 2b. A tympanic PTFE tympanic membrane (TM) Fig. 4b. PTFE-PLA-composite membrane,
sar canal (EC), at ch after implantation oraft of . vear after implantation., EC (ear 26 weeks after implantation into the
ear (ME ), running in random copolymer of [-] ads ; X L ME (middle ear), arrow subcutis of a rat; arrow PTFE, double
(TM) with part of benzylaspartate (molar i 50/50). I - !I'F'T' membrane. arrow space occupied by the PLA.
he malleus (hammer), . e Hardly any reaction can be seen.

Fig. 4c. Polycarbonate tympanic membrane (TM) one year after implantation;
arrow indicates polycarbonate; tympanic membranme slightly thicker than

: ; normal (c.f. Fil-_',. 2a).
acid film one week after subcutaeous

dle-like structure can be clearly

mi rograph Fig. 3b, SEM picture of Pio e . P . : :
Flg. scanning electron micro- Fig. 5b. Scanning electron micrograph
stapnh of PTFE-poly(D,L-lactic acid) of microporous PTFE (2000x).

mposite (2000x%).

sphenol - A poly- PTFE membrane. Magnifi
(Nuclepore™),
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1 Introduction

.+ number of autologous, homologous and heterologous
are currently used for the repair of a defect in tym-
membranes. These grafts act as a scaffold for the mi-
. - sithaelium fro he border of o s rfor Usu-
ums made from b i "_-'d':(_-l.[‘df_idl.’l(_‘ 5o ] )1 TI1E lium from the border ) f the per foration. UsSu
-afts disappear partially or completely after ful-

acid) and poly (B-benzyl-],- Sl ' he g1

¥ . ’ - } > - ok T} 3 o -3 1 . VT sl =] ir be = S -
made from the microporous p g their task. The resulting membrane may be satis

. = = ) sometimes it 1s too sti or on the other har
isphenol-A poly (carbonate) DUt SOt ff or on the other hand

} = 1vbby. Moreover in the case of atelectatic ears or

the ear and as a reference <yl " ! 3
g : ital anomalies one would like to do better than with the

nly used fascia or sometimes used homograft drum. Es-
histologically examined for

T
Pt
£

the late results obtained with the latter in our

biodegradable polvmers cstnd ; .
: le polymers studie were very disappointing.

te-co-L-leucine) 50/50 evoked ¢t

| < experimental study in rats we have tested a series
the newly formed tvmpan ki
cne iewly rormed t ympanic meml

RS e ) idegradable synthetic polymers, poly(D,L-lactic acid)
LIl 1 C |'.IJI;':_-;‘_-; and overa |_]_ inte

= AL )1y (glycolic acid) PGA and poly(f-benzyl-L-aspartate-co-
f

atluoroethylene) membrane

Y y 50 PBzAL as a f\_'!"."i_'wl' ALY scaffold f_\ir the mi-
support for the formation

1

g epithelium.

-degradable microporous membranes made from poly(tetra-
2thylene) PTFE and from bisphenol-A poly(carbonate)
were also tested as a permanent reinforcement for a new-

formed tympanic membrane.

materials implanted in the ear were also implanted sub-

ineously as a reference.

Methods and Materials

Ur experiments we used rats (Wistar, CPB-TNO-Rijswiijk,
free from otitis media. Under hypnorm (0,1 ml/100 gm,
inaesthesia the right ear drum together with malleus and

was removed transmeatally. Subsequently a myringoplasty

performed using a circular artificial drum with a diameter

mm. The left ear served as a control.

ifter four artificial drums of the same material were im-

Kohn and J. Feijen, : c)'i*U“VUf-flwruua]y on the back. The wound was sutured with




some properties of the implanted materials.
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referred

method for the preparation of high molecular

1y (D,L-lactic acid) is the ring-opening polymerization

.ix-membered cyclic diester D,L-lactide (m.p. 126°C) in

initiated with a suitable initiator, -

]

[T the structure of the monomer D,L-lactide (m.p.

¢ discussed. From X-ray structure elucidation results
.oncluded that D,L-lactide (m.p. 126°C) is in fact

- . — i q
racemate of L- ,L-lactide (m.p. 95 0 ) and D-,D-lactide

,in more insight in the mechanism of the ring-opening

-ation of D,L-lactide or - in a broader sense -

- in Chapter IIT complex formation of the (potential)

stors tetraphenyltin, stannous octoate, tin tetrachloride,
m bromide and triisobutylaluminium (TIBA), and the
L(-)-lactide, D,L-lactide and glycolide was studied

ctroscopy. When equimolar benzene or toluene solutions

rs and monomers were combined, only complexes of
bromide and D,L-lactide or glycolide, and of TIBA
tide or glycolide were observed. It is concluded
-omplexes are formed by coordination of a carbonyl oxygen
nomer and the aluminium atom of the initiator - where-
basis of existing theories a coordination with the
xygen of the monomer had been more likely. From conco-
lution polymerization studies 1t 1s concluded that in
of AlBr, the actual initiating species is HBr and
polymerization initiated with TIBA pr¢ yceeds very

through a coordinated insertion of the lactone monomer

aluminium-carbon bond.

IV melt pelymerization conditions for D,L-lactide

with tetraphenyltin were studied with regard to
Ll

nolecular weight and weight distribution. 'Single

rations using constant initiator concentrations resulted

d scattering of non-reproducible molecular weight

-'_I_JE?I_]_'_'J]_-:" pf']]‘;!nl_-_‘l.lr'-if ions [(four or eight reactions at

time) at constant initiator concentrations, however,




sult earl i tical molecular weight profile
‘Multis | ] rizati at different initiator cc .
J y i ers _;,_-E-L-] \;t_'l.\‘_\ 0 lnitiator
Sisam | X ecular weight Both the 'sir '
' . ] ¢ merizat resulted in rather brx
1i stribut . The presence of hydrolys
ila 1d I € | P - lymerization most lik
£f ¢ ecular weight. After a 1
1 3 W 1 L VITi€ izati 1 £ ,11—} ICTL
1laz 1nt )l lowe b a sligl [ 6 1
E 1 ] ta 11u It 1s conclude
rizat D,L-lactide 1 t melt initiate -
i . proc through a 'living' mechani
t lecular weight distribution of a
, L= =t Yo samp le having M 's in the ra
W
: - = I ¢ tudied 1 reater detai DYy 1€
. The met i olved a universal calil
k f polystyrene standards ar
1 jorit leadl L the stablishmer -
1ti 1ip. idition, smometry and vis
! tad, 1 effect of hydrolytic degrad
. istribution of two poly(D,L-lacti
lied 1 el permeation chromatography
i is argu tha linear, alternatinc L=
1able supplement to the existi: -
i I X For their preparation a
t involve t lactone or lact
- lymerizati ), 5-morpholinedione
t t e rather unknown heterocyclic compour
I 1 wit iderable difficulties vi 5
f an 'a-halogenacyl-a-amino acid - ¢
r t ium salt of N-chlorocacetylgly:« 5
r == . ycine. It s demonstrated tha L
in "“=hal iICyl-au-amino acid is impeded b
- 1 X r for the (non-alkylated) ami
10 ype polymerization attempts
ttempted melt polymerization of unsul '
1 R

wrbonate)

.1inedione at about 190°C , initiated with tetraphenyl-
~esulted in excessive charring. There were some indi-
+ the attempted melt polymerization of 6-methy 1-2,5-
nedione at 130 or IGUDC, initiated with stannous octo-

1 to polymeric products.

ed

var VIT At is shown that biodegradable and microporous

rradable synthetic polymers may prove to be a valuable

nent to the existing biological grafting materials used

oplastic operat ions. Artificial eardrums made from

iodegradable poly ( 1—hydroxy acids) and poly -amino

i made from a number of microporous poly(tetra-

hvlene) membranes and from a microporous bisphenol-A
membrane were implanted into the ears of rats

.nd as a reference subcutaneously. The implants were

1ically examined for periods up to one year. From the

polymers st udied, poly(f-benzyl-L-aspartat

idable By

) 50/50 evoked the least tissue reaction and the newly

sardrums were the best in terms of thickness and overall

tv. The formation of a reinforced eardrum may be accom-
porous

yy the support of an inert, very thin, highly

trafluoroethylene) membrane pre ferably implanted as a

ite graft with a biodegradable polymer.

in Chapter VIII a part of the experimental myringo

in Chapter VII 1s presented

udies already mentioned

iter detail - e.g. the fabrication methods for the

ic eardrum grafts.
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mechanische eisen en vormeisen gesteld, dat deze

“'I'Lz_';iL‘_J‘—'I"d'—: w""l];".‘__’ (__it.‘ll-_i'[l"}-'fll'L'L"I'ta kunnen worden ult de

zachte '.-.m‘t‘t:_iz.‘l:-‘» van l.-l'.'lf,'-iLr,—'n,','.u-' oorsprong.

onderzoek gedurende d¢ afgelopen 20 jaar laat zien
nuit de genees- éen heelkunde een toenemende belang-
voor de toepassing van synthetische,
riaal, bijvoorbed _ fbreekbare runststoffen die op een voorspelbare
ei-membraan e L § .orbeerd worden en daarbi] op een voorspelbare wijze hun mecha-
iandeling leidde i e sterkte verliezen.
tal goed funktionerende synthetische, biodegradeerbare
is vooralsnog beperkt. De poly(a-hydroxyzuren)
pwiy[quculzuur}, poly (melkzuur) en hun co-polymeren-
1y (a—aminozuren) vertegenwoordigen twee belangrijke

bedekken wvan e ti1 klassen van :%';.’I.tht_"-.iSC]'lL‘, biodegradeerbare kunststoffen die,

1-bindweefselachti : iale alleen nog in de t.jit;-‘['—t_':i]:;'t.'l']_T“:lul"."l_]_':_' situatie, maaxr

tieklap oet fu el k reeds in de klinische situatie- toegepast

de aangroei va teeds worden: 'LJi_j'drfaL‘,-l‘l»;.‘c_‘ld als in het lichaam afbreekbaar

de- wondranden va ateriaal ter vervanging van het reeds eeuwen gebruikte he
dat een aantal t ial op natuurlijke eiwitbasis, als afdekking van

steunende Fru r q wond 118 5Ucmutr01001d doseringssysteem voor medicl ]
iegradeerbare protheses 1n de '.'-11'l;t.—I.L!\.IJ:_'.-..'fu- en

als plas zichtschirurgie.

-bijvoc i f£a t nderzoek waarover in dit pruvTaghrJii gerappor

praktijk betekent en samenhangend verband beschreven in hoofdstuk

worden onvoldoen t r- A ] icht o© de volgende drie hoo fd-onderwerpen:

en karakterisering van [.(":L-J.-:{'i,1,—I|'.r,-lf-'.,-’.l'.l_Jl'] , ee

che, in het lichaam afbreekbare kunststol die uits

toegepast en geéevalueerd werd als tijdelijk tromme 1-

substituut in dier-experimenteel rzoek (hoofdstukken

II1, IV en V):

lemlie van ]_j_;-,,:.,_]i[-t.' a ]_['_l_'l'I':l.'iIi"l'.".i'..' ;---']'}'114_-‘[-:;|i-t"]:.\1 iden, een

tieel nieuwe klasse van synthetische, in het

)1 jvoorbee

ceekl ey SPERE R =g . ( } FA o 1k / H
lektatische reekbare kunststoffen {II(HHT dstuk VI):

het liochaam

ran de [J“E.-if'i-‘i‘_'lL?--' \ £ "-_'_:.:f,.;_;]_[;u’i en l""-"'-'.ll].l-'it i:‘ van eéen -l-l!lf.l] Lii
plastieklappen dikwijls inlg breekbare, en microporeuze, niet-afbreekbare synthetische




IR-spektroskopie de komplexvorming
werd van een aantal initiatoren met

._;1}.-1‘1:-11‘-_"5{‘_ De {pt;t:_-liti;_'.h-} initiatoren ware

het tin-(II)=-zout van 2-ethylhexaanzuur, tir
e, alumin iumbromide en triis butylalumis
squimolaire r'.E_';.]_'_.,L;sL;‘,gc—;-rl van initiator e
-

tolueen bi jeengevoegd werden, werden

nen van aluminiumbromi de met D,L-lact jlycolide

1BA met D,L-lact ide of glycolide. De complexvorming werd

._;._-'\'111'_]_1_%'1'(1 bestudeerd door de initiator n monomeer
jes te varieéren. De resultaten van de complexvc
kombinatie met overwegingen van theor

tot de konklusie dat komplexen gevormd worden door
van het aluminiumatoom van de in itiatol
van het monomeer, terwijl op basis van op
theorién koordinatie met een etherzuurstof
in de lijn der verwachting lag. De overeer
werden gevormd wanneer onder water-vrije omstandig-

BA werd toegepast als initiator. Wanneer aluminiumbro-

iniitator werd toegepast, werden alleen poly
toevoeging van spore-hoeveelhe den wate

nklusie dat in geval van :'\lrin's het
HBr is, en dat de polymerisatie gelnitieerd

srote waarschijnlijkheid start via een koordi
et lacton monomeer in de aluminium-koolstof

iet-reproduceerbaarheid van het -gemil ddelde- poly:
wicht tijdens de smeltfase polymerisatie van
rd door tetrafenyltin werd reeds genoemd.
de resultaten beschreven van een studie dlie
e te onderzoeken tussen de omstandi gheden waar-
smeltfase polymerisatiewordt uitgevoer d én het mole-
‘ht en de molekuulgewicht sverdeling van de gevormds

1 - 1 4 ! 1vme -
studie betrof zogenaamde 'enke lvoudlge polymer.l

'meervoudige’ polymerisaties (waarbij 4 of 8 polymeri-

akties gelijktijdig werden voorbereld en uitgevoerd) el

1 : ; : - - i ! umerisa-
fhankelijke' polymerisaties. 'Enkelvoudige' polymerisa

litgevoerd bij konstante initiatol roncentraties resulteerden




i X idi 3 et-reproduceerbare . = gevolgde methode bestond uit een universele kalibratie
msoarvoudige' polymerisatiles nitgevoerd bij konstant : i 1 .pCc-kolommen OP basis van polystyreen-standaards met zeer
: 11teerd laarentegen 1n bijna ident - l--y ,h;yhuulguchhtsvurdelingen en een wiskundig iteratiepro-
” ¢ inae wanneer 'meervoudige' pol _ : behulp waarvan de parameters van de Mark-Houwink relatie
ill initiatorkoncentraties werden uitgev 1M_¢Tp;4 xonden worden. Van negen op deze wijze gekarakteri-
p X latie evonden tusse initiatorkonce | & onsters met gewichtsgemiddelde molekuulgewichten 35.000 -
] r-molecuulgewicht. Zowel de 'enkelvoudige' als de ' _ _;‘y werden waarden VvVoOOr Fw;ﬁn gevonden tussen Z en 3. Twee
i ' smeltfase polymerisaties resulteerden in tamelj sters met huu411ﬁw‘s hadden aanzienlijk bredere verdelingen.
X 5 rdelingen. Op basls van resultaten va " : ;arnaast werden de relevante osmometrie en viskosimetrie gege-
yties van D,L-lactide uitgevoerd in de aa : . 5 epresenteerd. Tenslotte werd het effekt van in vitro hydro-
irolyse-produkten van lactide werd vastgeste] , +ische degradatie Op de molekuulgewichtsverdeling van twee
atst ile hoogte van het polymeer-molekuulgewicht vermge-  2;5£€-TWI?(D;L‘NCIKZUUY) door middel van GPC bestudeerd. Ver-
. idelig beinvloeden. Polymerisaties van het 'y ) rassenderwijs werden toen ook waarden voor ﬁwfﬁn < 2 gevonden
'-type werden OOX ultgevoerd om de invlioced te best . zelfs een waarde zeer dicht bij é&én.

ymerlisatle tlj)d OE de omzetting wvan D,L-lact ' L ; : ) : :
' 7 i« vermeld in de aanhef van deze samenvatting, vertegen-

ecls>

meer-molekuulgewicht. Uit de resultaten var eze 't ( '
2n van d 1 jds- ~digen de poly (a=hydroxyzuren) en de poly (n-aminozuren) twee

] rgigen QGc

1anxe L K¢ ; lymerisatiest udies werd gekonkludeerd : : :
R Y 8 elangrijke klassen van geaccepteerde, in het lichaam afbreek-

lymerisatie van D,L-lactide, die =T - _ . : ;
: o s fen. Anderssoortige in het lichaam afbreekbare

Hh

rSTtO

door e korte induktieperiode, resulteert . p ]
= ; : ; wthetische kunststoffen met verschillende degradatiekarakteris-

- l 7 4+
Kuulgew 11 ylgens er : : i

' ieke uden een waardevolle aanvulling hierop kunnen betekenen
k tant vaarde T wordt aar 4 . S o) 1T I el o A b e
s -bijvoorbeeld een kunststof die in zich elgenschappen kombineert

fdstuk IV beredeneerd waarom de polymerisatie - )
= I . 5 an zowel een a-hydroxyzuur homo-polymeer en van een t—aminozuur

fase, geinitieerd door tetrafenylt : ; e .
' ' i omo-polymeer. Daarom wordt in hoofdstuk VI aandacht besteed

rend' mechanisme verloopt. ] ]

I ian een potentieel nieuwe klasse van 1n het lichaam afbreekbare
1idelijke aanwijzingen dat de wijze wvan deg ynthetische kunststoffen: de lineaire, alternerende polydepsi-
\fbreekbare kunststoffen mede belinvloed peptiden, dat wil zeggen polymeerketens waarin ester en amide

door ste eds

' r-molekuulgewicht en de molekuu jroepen elkaar afwisselen terwijl ze gescheiden zijn
- o Lhles 5 > , . . _ -
1 1 17N gegeve s over het me Kuu koolstofatoom. Tot nu toe konden lineaire, dlfp]_“g-;\-]uj(_
rL-melkzuur) -of van poly(L-melkzuur)- maa: > polydep aptiden slechts op zeer kleine schaal gesynthetiseerd

KL 1t voorhander NAarr = e e ¥ G : : j
= T Nog minder systematische geg dorden volgens bepaalde multi-step syntheses, ontwikkeld voOOIX
ibliceerd over de molekuulgewichtsverdell . i€ bereiding van polypeptiden. In hoofdstuk VI wordt beredeneerd

cterisering van 1 <t s R r Ol | - ; ; ; - ine i Yok
risering van poly (melkzuur). Daard idl, 1N principe lineaire, alternerende POle“FblpVPtLdV“ 00K

= f
ly (D,L-melkzuur) monsters uit dez« tudl | 8&n stap en op grotere schaal gesynthetiseerd kunnen worden via
ekuulgewichten ﬁh in de orde I1o>. ' en lacton of lactam type ring-opening polymerisatie val 2 5=
jekarakterises ijn 2 lorfolinedionen. Deze laatste heterocyclische 6-ring verbindingen,
: " xuulg P S lons! ‘1€ 1n de literatuur maar sporadisch beschreven zijn, bevatten

residu. In

AR towel een a~hydroxyzuur residu als een a-aminozuur
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de at 2,5-morfolinedi
gesynthi seerd konden word
i (=1= ‘n-halogee 1C ]1- =dmlr
1tue 2,5-morfoli L kond
I et atrium zout van N-chl
el i takeief?® per; d X
i rmoedelijk de thern k
£ massa st rk wverh T\_l =
mi rt, terwijl niet uitgeslot
Atalyserena ffekt heeft 8]
1yl-2,5-morfolidi Kon wat
1 roge de lllatie va
mpI 1 .‘J.']-.Il';'ﬁ 1ne. Ongesubstitu
iet of nauwelijks oplosbaar i ;
e 2 L 1S daarentegen I |
rde O-morfolinedion k y
sati Uit een ruime overmaat dr
1Iktuur van 2,5-morfolinedion,
un lineaire uitgangsverbinding
r middel in IR-, In—unu——,.
leze resultaten en theor:
udeel 1t de ringsluiting wvan
11 @il elijk gehinderd wordt
e barriére or de (niet-gealky
lech jeringe ho eelheden 2,
r2-morfolinedion gesyntheti
LSE rbaarheid an deze | e Y
let systematis ondaerzof
rkt antal lacton-type ring-og
jevoerd. De pogingen ongesubsti
eltfase te polymeriseren n
resulteerden slechts i sterk
11 gevolg van de hoge reakti
ANW het \ je S eltpunt Fa
ingezien 6-methyl-2,5-morf 1
ratuur smelt —BL“L— konden smelt
Z 16 13K ldere omstandigheden w
19¢

tijdelijke) tromme

rdroxyzuren) en poly(:—aminugurun)

het tin-(II)=-zout van 2-ethylhexaanzuur werd ge-

wrrdenqlasachtiue,'kunﬁtstofachtiqe'pru-

anneer

;hliiaLOI,
_.ijgch,diehclaasznid opnwﬂekuulqewichtqekarakteri-
wmrdenvanwenuonoplughdarheid in tetrahydrofuraan,
_,hm¢oamiddvl van de bcschikbarulaqc—druk—qol—permea—

.tograaf. IR-spektroskopisch onderzoek wees op de vOrming
1ineair produkt. Wanneer geen initiator werd toegevoeqgd,
elfde polymer Lsnticnmnﬁtanditﬂuﬁlen,

naast een oligo-

EvaoﬁlnmidInct-qwroaguerdnmmunwur teruggewonnen.
Lete twee hoofdstukken zijn gewijd aan de toepassing van

.1 in het lichaam afbreekbare en microporeuze, niet-
kunststoffen als (tijdelijke) trommel-

synthetische
(experimentele

bstituten 1in dier-experimentele studies

last iek) .

ik VII begint met een beschrijving van de anatomie en
het menselijk trommelvlies en met een historisch
van de behandeling van geperforeerde trommelvliezen.

All
gens wordt een verantwoording afgelegd van de filosofie
lvliessubstituten van synthetische kunst-
waardevolle aanvulling kunnen betekenen op de momen-

. plastieklappen van biologische oorsprong (zie

.anhef van deze samenvatting). In het tweede deel van
k VIT worden de resultaten beschreven van de experimen=
myringoplastiek-studies. Daartoe werden trommelvliessub-

ten gemaakt van diverse, in het lichaam afbreekbare poly

én gemaakt van een
roporeuze pol}’[ted.rnfltu;retluaenl membranen en van

roporeus bisfenol-A puly{carbonaat) membraan, geimplan-

in oren van ratten en honden, en als een referentie on-

Weefselreakties werden gedurende een periode van
lichaam

115 h
“4UD . woce Ll

een jaar bestudeerd. Van de onderzochte, in het

eekbare synthetische kunststoffen bleek poly (B-benzyl-L-

taat-co-L-leucine) 50/50 de geringste weefselreaktie te

iken, terwijl het nieuw gevormde trommelvlies het best

enkwam me S — J
wam met een normaal trommelvlies. Een andere doelstel-

in

» de vorming van een 'versterkt' trommelvlies, 1lijkt




! realised te kunnen worden door als weefselingroe LEVENSLOOP
rsteunende struktuur een inert, zeer dun en zeer pore wial Kol 8
1 € Eer poreus ~oderik Emiel Kohn werd op 28 maart 1947 geboren t Hengelo (o)
4 . - r et £ mem T t v =] 3

raliuorc neel membraar - gebruiker dat bi OO0k . } |
L ! L] N JrKeur - ie openbare k lE".J'f‘.'I"'.il_'Il"'f"]. ¢ lagere school en het -:"}.H_.'f'li_.._x\li

¥ ’ 14 " - "
word 115 e« composiet-substituut' met eer ; - -
: e s O vmnasium De Bataafse Kz werden bezocht. Na het behalen va
11 iam afbreexbar = thetische kunststof. Op basis va ; R ! oy -
p basis va ! liploma gymnasium-= ging hij in 1965 chemische technologie

et dlj

1ltaten worden enkele sanbevelingen gedaar .
- . 1 Ca i iASK v K IPAE =0 hd Ll al \_- v - . L " - - a - . =5h= = -1 - 4 : E
. - 4 ; rafgegaan toen nog door één jaar algemene propadeuse=

.+uderen aan de TH Twente. In 1969 werd het baccaleureaats-
te wordt in fdstuk VIII een deel van het myringo- inloma en in 1972 het ingenieursdiploma behaald, beide met
r-experimenteel onderzoek, reeds beschreven i lLaiJueﬂjrluhtLnncwnnncrnmolcculqixu materiaalkunde en -techniek.

1illeerde vorm uitgewerkt waaror vervolgens werden de militaire verplichtingen vervuld en was

hij in 1974 en 1975 werkzaam als research fellow in de Bio-

.dical Engineering Unit van het North Staffordshire hospital
Stoke=-on-Trent, Engeland. In de periode medio 1976 - medio

181 werd het onderzoek verricht dat ten grondslag ligt aan dit

: : sroefschrift en was er een tijdelijk dienstverband van 3% jaar

11 1am ifbreekbare Kunststorten voor :

s wetenschappelijk ambtenaar aan de afdeling Keel- Neus- en

e 115 WEl
s1kunde van de VU te Amsterdam, terwijl de overige promo=

Qorhee

tietijd ge financierd werd door de TH Twente.

sedurende bijna de gehele on orzoekperiode was Frits Kohn gesta-

tioneerd binnen de vakgroep Macromoleculaire Chemie éen Materiaal-
lunde, afdeling Chemische Technologie, TH Twente.

nds 1 oktober 1981 is hij werkzaam binnen de afdeling produkt-
ntwikkeling van Firet B.V. te Veenendaal, producent van non-

joven vliezen.




DEVELOPMENT OF BIODEGRADABLE
POLYMERS FOR APPLICATION IN
MYRINGOPLASTY

STELLINGEN Frits Kohn




'mIII.'iiI'IIIi'l'i'..i'.'.i.'..".'“i'"" J

1 Voor de
productie van nonw
_ - oven vliez
tegenwoordig veel gebruik gemaaict vaEHGWurdt ! 5 Verschillende onderzoekers hebben getracht bloed-
random-kaard als vl emvarmsn. - € Zogenaamge { compatibele materialen te vervaardigen door

3} .8

De vezeloriéntatie in de nog ongebonde eyl Wbt pvsame- s U e
: i 4 - en Vii - 1

gfvormd Op.de random-kaard is duidelilk n l{?u&ﬂ In de literatuur worden voor zulke zogenaamde

dan op basis van de naam van deze kaa inder randon gehepariniseerde oppervlakken geen eensluidende

worden. ‘aard verwacht pap resultaten vermeld m.b.t. de bloedplaatjes-

adhesie en de contact-activering van het
stollingsproces. De bedoelde verschillen kunnen
grotendeels worden verklaard door het al dan
niet weglekken van heparine van het oppervlak.

2 De bewerin
g van Brydso
Y n, dat van nylon-4,6 via het R. Larsson, G. Edwall, H. Lagergren, E. Nilsson

smeltspinproces peen '
zljn, is aan bed g . goede vezels te produceren en P. Olsson, Proc. Eur. Soc. Artif. Organs, VII
jn, 1 bedenkingen onderhevig. 76-79 (19803’ e ¥

J.A. Brydson, Plastic m th
_ ' aterials, 4 ed., Butterwort : '
Seisptific, Tort o5 o , Butterwort TaAéOP%?;g2?n L.I. Valuev, Biomaterials, 4,

E.W. Salzman, R.D. Rosenberg, M.H. Smith, J.N.
Lindon en L. Favreau, J. Clin. Invest, 65,
64-73 (1980).

3 ie Dtﬁka;Straal 1s waarschijnlijk geen goede maat
oor he c ) \ -
oo e ?or een mauromo;ecuul in oplossing meege- M.F.A. Goosen and M.V. Sefton, J. Biomed Mater. Res.,
L::_p ° Volume aan oplosmiddel, dat aan het 17, 359-373 (1983).

macromolecuul 'gebonden'is door de zogenaamde -

"hydrodynamische interactie'.

P.F. Mijnlieff en F.W. Wiegel, Physica, 85a, 207 (1976).

6 Het dient vermeden te worden dat de financiering
van fundamenteel onderzoek van hoge wetenschappe-
lijke kwaliteit teruggedrongen wordt ten gunste

4 Day en Wright hebb . van onderzoek waarvan de maatschappelijke relevantie
tr# . ", pide bij hun Ondgrzoek naar de direct aantoonbaar is.
lermische degradatie van polyepichloorhydrine
rubbers de invloced van de hoeveelheid zuuracceptor

onderschat,
1 I e 777 ]
J. Eskqf” W.W. Wright, Brit. Polym. J., March 1977, 7 Het tegenwoordig zo in zwang geraakte begrip
06-71. 'innovatie' verhoudt zich tot het ouderwetse begrip

'onderzoek en ontwikkeling' als een sandwich tot
een snee brood.




10

11

n

.|
(D
1y

- X
Ay
: 0
1
lt\

hetzelf
at de regel: "Rechtdoorgaand verkeer op dezelfd
! ey NneasT T 28 ok ab=1 al s oy A ¥+ . i =T A
weg el voorrang 0K geldtl en opz e \
gangers en dat een zebrapad er 1s om bescherming t
a = - - ~ - = - 1 + o B el ™ a
bieden aan voetgangers, schijnt bij grote groepen va
de Nederlandse bevolking niet bekend te zin
- ~ + o Fat+ i o~ A re '.“_'_._I,,_ Ay
Door de huidige opzet van het promotieregleme /a
} - - Twarnt re et ceteld -~
de Technische Hogeschool Twente {(vastgestelid doOO
1 7 ~ A +ambher 1018
het College van Decanen d.d. 14 september 1982

N
=
4]
+
(@]
O
(D
bon |
o
D <
e I
(g
-
W)
N O
(]
b
ct
M
-
o
- |
L
®
e
-
Q
5
O
ct
L5
m
™
3
b
(@]
T

gewaarborgd.

Aan de promovendus wordt, omdat hij/zij een promotit
y de pr k.
onderzoek afrondt, vaak ten onrechte een grote

: 1 uiten
deskundigheid toegeschreven op gebieden die b

het onderwerp van de promotie liggen.

PZLJ . AT
Vergelijk Saskia van der Stoel, OPZl, lle Jrg
1

983, p. 31.

A

december

Ruil84 -931




