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A series of thirteen phosphinyl- and phosphinylidyuenreas, -aziridinecarboxanudes, and -senticarbazides were

svithesized as potential oucolytic agents and screened i one ar more tumor test systems.

Selected derivatives

were investigated for chelating properties, monoamine oxidase inhibitions, and antinialarial activity,

Since previous studies®® have indicated that direct
phosphorylation of physiologically active amines re-
sults i a reduction of activity and toxicity, it was
considered advisable to separate the phosphorus and
nitrogen atoms by a carbamoyl grouping in an at-
tempt to produce agents with antineoplastic activity
per se or as aresult of bioconversion.  Derivatives of this
nature were prepared by condensation of phosphoriso-
evanatidice dichloride or phosphinyvlidyne trisisocyanate
with amines or hydrazines to vield phosphoryvlated
ureas or semicarbazides.

The reaction between phosphorisocyanatidie  di-
chloride and amines proceeded in good vield with forma-
tion of dichlorophosphinylureas. These fairly reactive
and deliquescent materials are not normally isolated;
however, by means of washing and in vacuo drying, it
was possible to obtain pure products in the two cases
attempted.  Amidation of the dichlorophosphinyl-
uregs using excess amine or equimolar amounts of
amine and triethylamine afforded the corresponding
diaminophosphinylureas.

Condensations of isocyanates with aryl- or acyl-
substituted hydrazines are reported to yield 1l-sub-
stituted semicarbazides.* On this basis, as well as
faillure to detect primary amine groups by chemical
means, the structures for IX and XIII are proposed.
Reaction between monoalliylhydrazines and an iso-
cvanate moiety, however, produces 2-alkylsemicarba-
zides,® presumably due to the greater nucleophilic
character of the secondary amine groups. Nmr spectro-
scopic examination of XI i dry DMSO-ds® revealed o
single, intense peak at 2.95 ppm which is assigned to
the protons of a methyl group attached to N? of the
semicarbazide. The law-field site of the methyl reso-
nance peak indicates its apparent increased deshielding
by the carbonyl group. In addition, XTI gave a positive
ninhydrin test and an aqueous solution reacted with
exeess benzaldehyde to form a white, water-insoluble
product. The instability of this material precluded its
analysis; however, assuming it to be the trissemicarba-
zone derivative a yield of 849, was obtained. Semi-
carbazides IX, XII, and XTIIT gave negative results in
similar testing. Attempts to crystallize the urea and

(1) This investigation wasz supported by Grant CA-08711 from the
National Cancer lnstitnte, {7, S, Publi: Health Service.

12) T'or thie previous prqeer of Yhis series see b, AL Cades, WO Laweedee
and R. J. McClain, J. Floene Sec, 58, 1400 11665,

3) L. A. Cates aud N. M. Ferguson. /bid., 55, 966 11964,

{4} C. Pacilly, Rec. Trie. Chim., 58, 101 (1938},

(5) 1. D). Morton and E. Hoggartl in ' Chemistry of Carbou Compoaneds,””
I2. 11. Rodd, Ed., Elsevier Publishing Cu., New York, N. Y., 1452, n ¢19.

(6) Performed by Southwest Research lustitute, San Antouw, 1Texus,
and Purdue University, Lafayette, Ind.

carboxamide products from different systems apparently
resulted in occlusion of solvent molecules while heating
invariably led to decomposition. This latter effect has
been observed in related compounds and referred to as
an undetermined change” The phosphinylidynetris-
semicarbazides are subject to oxidation, rapidly de-
colorizing potassium permanganate solution with hy-
drogen peroxide formation.

Several of the compounds reported herein are strue-
turally related to agents possessing anticancer activity:
VI, VII, VIIT, and XIII can be compared to
bis(ethylenimido)phosphorourethans,® triethylenephos-
phoramide, 3-diethyl-1-methoxyurea,® and methyl-
glvoxalbis-N-methylthiosemicarbazone ®  vespectively.
In view of the high antineoplastic activity shown by
methylhydrazine derivatives, a  phosphinyvlidynetris-
semicarbazide incorporating thiz group (XI) as well
as two homologs (X and XII) were prepared. Methyl-
hydrazines are a new class of oncolytic agents markedly
suppressing the mitotic cyvele by producing a high per
cent. of chromatid breaks during or after DNA syn-
thesis.! This fragmentation of DNA takes place ouly
in the presence of oxygen and the degradation is con-
sidered to be due to the formation of HyO.. 1-Methyl-
2-benzylhydrazine! was the first member of this class
to be synthesized for possible monoamine oxidase
inhibition and later shown to produce pronounced
inhibition of scveral transplanted tumors.  Similarly,
N-igopropyl-a-(2-methylhydrazino)~p-toluamide is very
active against Hodgkin’s discase!® and produced psychie
reactions in clinieal trial and potentiated sleeping tunc
of barbiturates i 1 manner similar to AMLAQO inhibitors.
Bollag! indicates that only the methythydrazine com-
pounds are active antitumor agents, whereas other
hydrazine compounds, c.g.. ethylhydrazine, are in-
active.  He relates this difference to the slower rate of
autoxidation of the methyl derivatives, allowing tiue
for the compound Lo reach the tumar before being
oxidized.

It can be postulated that hy drazides may also undergo
in vivo oxidation forming hydroxamic acids which in

(70 A. A KWropasheva, G. L Derkact L. . Zhoravieva, N. V. Suzouov,
and A. V. Kirsanov., Zh. Ubxheh, Khiom., 82, 1540 (1842): Chem, Anvir,, 58,
3375d (1963).

(8) T..J. Bardos, Z. B, Papanastassions, A. Seealoff, aud J. L. Ambrus,
Nidwre, 183, 300 710501,

ere O Mahieson Cuete, Boosh Pagent 920814 (hudy 1o, dapit,

L0y B Mibieh acet O AL Noeha), Cioprer Res., 28, 1410 10105+

1ML W, Bolaye in “Chemotharapy of Caneer)” Yo A Pluhiaee, b
Itsevier Publishing (Co.. New York, N. Y., 1184, p 10},

Y20 WL Bolag an'd L Grouberg, Feperiend, 19, 130 11063,

(130 G. Mathe, M. Sehneider, A Cattan, b Lo Aaied and Lo Sebwacsere
horpe, ref Y1, p 2011,

Srl 1L Gerhapz, cef 110 p 215,



September 1967 PHosPHORUS-NTTROGEN Compounps. VII 925
TaBlE I
ProsruINYL- AND PUOSPHINYLIDYNEUREAS, ~AZIRIDIN ECARBOXAMIDES, AND -SEMICARBAZIDES
R.P(O)NIICOR’

——Caled, %—— ——Yound, Yp——
No. R R’ Mp, °C?® Formula C H N (¢} ¢ N
I ci NHOCH, 91-92 dec  C;H:CLN,O;P 11.6 2.4 13.5 11.7 2.5 13.3
I al N 70 dec CH,CLN,O,P 17.7 2.5 13.8 17.8 2.7 13.6
I CHNH N 150152 CullNOP 570 5.4 17.7 56.7 5.3 17.4
IV CHNH NH—@‘NOz 295-297 CuHEuNOP 524 4.2 204 52.5 4.2 20.2
\ CH,NH NHC:H.Br-p 206-208 CuHBIN,O.P 51.3 4.1 12.6 51.6 3.8 12.5
Vi [Dw NHOCH, 99-101 CsHisN,OsP 32.7 6.0 254 32.7 6.0 25.5
VII  DNConH N 285-287 dec CoH,;:N:O,P  35.8 5.0 27.8 35.8 5.3 27.6
VIII CIHLONHCONH NHOCH, 181-182 dec  CsH;NoOP 220 4.8 26.7 228 4.7 26.4
IX  CH;NINHCONII NHNHCsII; 211-212dec CulluN.OP 507 4.9 233 50.6 4.9 2i.l
X NH,NHCONH NHNH, 138-140dec  CyHuNO.P 134 45 468 13.3 4.6 46.2
XI NHQNI{(CEIQCONH N(CH})NH; 126-124 dec CQEIBN‘.(OAP 23.1 5.8 40,53 23.0 5.8 40.3
XII (CH,),NNHCOXNH NTIN(CHy): 160-161 dee  CoHasN,OLP 30.6 6.8 35.7 80.3 6.7 33.6
NIII CH,NHCSNHNHCONH NIINHCSNHCII, 205 dec CollaNuOPS; 221 4.3 344 221 4.2 342

+ VII-XTIT at 4°/min.

turn cleave yielding hydroxylamines, credence being
lent to this hypothesis by the work of Boyland, ef al.,®
which indicated that the alkylating hydroxamic acid,
N-hydroxyurethan, is the active metabolite formed from
urethan which is responsible for chromosome breaks.
These authors concluded that these radiomimetic
effects may be caused by some simple hydroxylamine
derivative released in the tissue. In an earlier study of
urethan, Berenblum, et al.,'® mentioned the possibility
that the carcinogenic activity of this drug is due to for-
mation of an effective metabolite through some oxida-~
tive mechanism. Hydrazides IX-XIII may, therefore,
allow for an appropriate rate of autoxidation and in-
corporation in tumor cells prior to bioconversion to
cytotoxic products. This rationale is essentially that
offered for hydrazide MAO inhibitors whereby these
acyl derivatives serve as “carrier’”’ moieties to produce
peripherally inactive agents relying oun metabolic
degradation to release the active compounds in the
brain,7

In consideration of these data, an estimation of the
degree of MAO inhibition by certain of the semicarba-
zide derivatives was considered worthy of determina-
tion. None of the compounds produced reversal of
reserpinie-induced blepharoptosis; however, central
stimulation of some nature occurred upon administra-
tion of XI as indicated by the convulsion induced by
this compound. Semicarbazides of certain hydrazines
are known to possess potent M AO inhibition;'® however,
pbosphorylated semicarbazides may not provide for
tissues selectivity and, in view of their lack of stability
toward oxidation in wvifro, it is likely that they may
undergo oxidative biodegradation with cleavage to an
active moiety prior to distribution to the target organ.

Preliminary antitumor screening indicates that VI
may be the most promising of the series, giving a

(15) 1, Boylaud, R. Nery, K. 8, Peggie, aut K. Williams, Biovhen. J.,
89, 113p (1963).

(18) 1. Berenblum, D. Ben-1stai, N. Uaran-Glera, A. lapidot, 1, $imon,
and N, Trainin, Biochem. Pharmaccl., 3, 168 (1959).

(17) J. H. Biel, A. Horita, and A. E. Drukker in “Psychopharmaco~
logical Agents,'”" M. Gordon., Ed., Academic Press lnc., New York, N. Y.,

1964, p 359.
(18) Reference 17, p 414.

T/C (%) of 68 against Walker 236 subcutaneous at a
dose of 1 mg/kg. Subsequent testing at higher dose
levels and against other systems may afford greater
activity. X gave the most favorable response, T/C (%)
= 27, against Walker 265 subcutaneous at a dose of
80 mg/kg.

T'ive compounds were incidentally screened for anti-
malarial properties; none extended survival time
sufficiently to be classified as being active under the
test conditions,

Phosphorylation of ureas and semicarbazides results
in the formation of compounds containing a large num-
ber of donor atoms, particularly in the case of the
phosphinylidynetrissemicarbazides (IX-XIII)and 1,1’,-
1”’-phosphinylidynetris-3-methoxyurea (VIIT) which
may be considered to be tridecadentate ligands. Upon
potentiometric titration to determine their approxi-
mate ability to chelate, three derivatives complexed
with cupric lon and two with zinc in a 2:1 ratio. Ouly
XTI was examined with vanadium ion which it sequest-
ered iu 4 ratio of 2:1.

Experimental Section

Chemistry,—Mlelting points were taken on a Fisher-Johus
apparatus and are uncorrected. Coleman carbon, hydrogen,
and nitrogen analyzers were used for the elemental analyses.
Infrared spectra of all starting materials, intermediates, and
products were taken in a Nujol muil on a Beckman IR-8 spectro-
photometer and gave the expected absorptions. A Corning Model
12 pH meter was used in the potentiometric titration and a
Varian A-60 spectrometer for the nmr spectra. The experimental
procedures given below refer to the compounds listed in Table 1.

Synthesis. 1-Dichlorophosphinyl-2-methoxyurea (I) and N-
Dichlorophosphinyi-1-aziridinecarboxamide (II).—A solution of
phosphorisacyanatidic dichiloride!® (80 mmoles) tn 100 ml of
ether was cooled to 5-10°, and an equimaolar amount of aziridine
or methoxyamine® in 50 mi of ether was added dropwise. Follow-
ing filtration the rexidues were wnshed with ether and placed in a
vaenuimn desiceator.

N-Dianilinophosphinyl-1-aziridinecarboxamide (III).—Coni-
plound II (25 mmoles) was added in portions to aniline (100

(19) Z. B. Papanastassious and T. J. Bardos, J. Med. Pharm. Chem..
5, 1000 (1962).

(20) T. C. Bissot, R. W. Parry, and D. H. Campbell, J. Am. Chem. Soc..
79.°796 (1957).
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TasLe L
CHELATION STUDES

0.03 M
Courped Yigand
VIII RN 2.8 l:1 Ca
2.52:1 Ciy
2.6 (2:1 7y
X1 6.6 1ol Ca)
2.6 (2:1 Cu)
3.0 2y
4.0 (2:1 Zm)
XIi 5.4 2.5(1:1 Cmy
F.6 (201 Cu
4.3 (11 Zm)
4.0 1 Zmy
UMt A ndienates precipitation.,
ligand. < pll 118 after 3 moles of base/mole of ligaud (2:1 Cn).

TasBre IIT
MAO IngmBiTION

Mean puotic score

Dose, 2.5 mg. kg 5 my ke
Compd muioles kg reserpine reserpine
IX 1.1 3.2 3.2
N 1.1 2.4 3.0
NI 1.1 Taxier Taoxie*
(1,825 Toxier
(), 370 R
(0.275 3.2
XTI 1.1 3.2 3.2
XTIl 1.1 3.0 3N
Vehiele 2.4 3.4
[racarboxazide 1.1 .0 th.0

* Na smrvivars, 4 Two stwvivors convilsed ta death apon
being disturbed. ~ Two sirvivors, one of which died of convul-
sions while being abserved. The laxt survivor gave a score of 4.0.
¢ Mean score of three survivars, ¢ All snrvived.

wimoles) in 50 mi of acetonitrile, previously dried (CaHy). The
white mass thus formed was crystallized from ethanol-water.
1-Dianilinophosphinyl-3-(5-nitro-2-pyridyl)urea (IV) and
1-Dianilinophosphinyl-3-(4-bromophenylurea (V).—FEquimoalar
amountts of phaosphorisocyanatidie dichloride and 2-amino-5-
nitropyridine (dioxane) or p-bromoaniliue (benzene) reacted in the
manner described for I and II. Aniline (4 moles) was added to
the reaction mixture, the solvents were removed by =pin evapora-
tion, and the residues were washed with dilute HCI. The re-
maining materials were extracted with 100-ml portions of 10¢(
NaOH and filtered, and the filtrates were acidified with dilnte
HCl to yield yellow precipitates. Thix process was repeated until
no clonding oceurred npon filtrate acidification. The precipitates
were crystallized from ethanol-water (IV) or dioxane-water (V7).

1-Diaziridinyiphosphinyi-2-methoxyurea (VI).—Aziridine (50
umiales) and triethylamine (50 mmoles) in 100 ml of acetone
were treated with IT (22 mmoles) in the same manner as described
for 111, Following sadvent removal the residue was extracted
with ether and concentration of the ether extract produced the
witer-soluble product which gave a negative test with 0.1 .V
AgNOu.

N,N’.N“-Phosphinylidynetris-1-aziridinecarboxamide (VII).
1.1’.1’*-Phosphinylidynetris-3-methoxyurea (VIII). and Phos-
phinylidynetrissemicarbazides (IX-XIII).—Phoxphinyvlidyue tris-
tracyanate (phosphioryl isoevanate, Allr Inarganies, Iue) (30
nnuaoles) in 30 ml of acetonitrile wus added ta a cooled (3-10°)
suliitionr of 100 mmoles of phenylhydrazine, hydrazine, methyl-
livdrazine, 1,1-dimethylhydrazine, or 4~-methyl-8-thiosemicarba-
zide in 200 ml of acetonitrile ax deseribed for T aud IT. XIIT was
further prified by stirring with dilnte 11CH and with ethanol
1o remove the unreacted semicarbazide.

NT gave an une peak (DMSO-dg), 8 295 (N=Cllz). Ta 20 g
(6.4 mnioles) of thix product in 100 ml of water wasadded 2,12 ¢

Cpll TLO after 3 males of hase/mole of Dgand 7201 Cu,

e — = 11 digan e (ady- -

Vol 10
= Motes of bhusermoles of gt

Vo IR
a2l Oy 40
320 Can T2l Car dark green
GG Zny =
6.5 (2:1 Zny —+
G.0 (31 Zny —
L2001 Ciny 4+
GgoNa2:l Can 119 ¢2:1 Coy dark bhie-green
DORALL a4
G621 Zun
B8 Cay +
G ar2:1 O 9 N e2:1 Cny dark hrown
T2 Ty 4
Tl Zan 1 Sl 2wy
1000201 Z1io 12.012:1 Zn)

T ATter 1 moles of hase/mole of

TaBLe 1V
ANTICANCER AND ANTIMALARIAL SCREENING

Reudern
s Anticancer tost cesi)igse—-- antimalaria!
Stape 1est resul(s
Test Vase, index Asnurvival
Compd Avs(en e ket T C lime, days"
I Ll 200 03 1.3
11 WA 2% N2 0.0
111 WA 1o RS
v LIS 200 5)
WM 170 47
v LIS 40 N7
Vil WA I 68
VI WA ht 145 0.7
VTl LIS 400 00 1.1
WM 40t¢ ST
IX LIz 400 04 0.
WA Ot a2
AN LI 200 02 0.3
WA N 27
N1 LI 110 100
X1l LI 100 X7 1
WA ot 72

* Thghest dose allowing all test animeds toosorvive, A 640
nmig/kg. the highest dose with 5/3 srvivars, © Ouly dose level
adniinistered.

(20) mmoles) of benzaldehyde with stirring at room temperatime
for 2 hr. The precipitate was collected o a filter and washed re-
peatedly with ether. All operations were conducted under N..
The residue was eryvstallized from DMF-ether to yield 3.1 g of
white, crystalline product weighing 3.1 g (84¢; caleulated ax
benzaldehyde phosphinylidyuetris-2-niethylsemicarbazone) which
oh exposure Fa air converted to a vellow muass.

Chelation Studies.-—Threc phosphinylidyuetrissemicarbazides
(X--XII) aud one phosphinvlidyuetrisurea (VI11) were patentio-
nietrically  titrated with 0.1 N KOIL. These wuter-soluble,
triprotic derivatives were combined with varving amounts of
CuS0; and ZnSOy prior to titration and the results are given iu
Table II. Compound X (0.03 1 = pH 7.4) gave an immediate
precipitate upon addition of hase. In addition a NI:Vav: (as
vanadyl suifate dihvdrate) ratio of 2:1 gave a clear, amber soln-
tion upon the addition of 2 moles of base/mole of ligand (pH 11.9).
whereas a ligand:vanadium ratio of 1:1 gave a precipitate after
introdietion of 1 male of hase/mole of XI (pH 4.6). Thix
precipitate disappeared at pII 8.2 npon continued titration ol
remaiiied a clear, amber solution at pH 11.7.

Pharmacological Studies. MAO Inhibition.— Contpounds IX
NIT were evalunted for possible manoamine oxidaxe mhibitory
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activity by a procedure similar to that of Aceto and Harris?
as modified by Nematollahi, ef al.?? A dose of 1.1 mmoles/kg
was administered orally to groups of ten mice (male, strain C;H
20 = 1 g). Since IX and XIIT are insoluble in water, a 39 sus-
pension of acacia in distilled water was used as the vehicle in all
cases except where otherwise noted. After 2 hr, five mice in
each group were challenged with a 2.5-mg/kg ip dose of reserpine;
the other five being given 5 mg/kg ip of reserpine. The animals
were left undisturbed for 3 hr then evaluated as to degree of
blepharoptosis by two individuals. Ten control mice received
only vehicle and reserpine (2.5 and 5 mg/kg for each half) ax a
control while isocarboxazide, administered in the same manuer
as the test compounds at a dose of 0.275 mmole/kg, served as
a standard. The following ptotic scoring system of Aceto and
Harris?! was used: 4 = complete, 3 = three-fourths, 2 = one-
half, 1 = oue-fourth closure of the eyelids and 0 = open eyelids.
Since the administration of XI resulted in convulsive death of
all animals at the 1.l-mmoles/kg level, the test was repeated
using 0.275, 0.55, and 0.823-mole/kg doses (aqueons solutions)
i 2 group of five mice with a challenging dose of 5 mg/kg ip of
reserpinte.  The results of the testing are given in Table III.

(21) M. D. Aceto and L. P. Harris. J. Toxicol. Appl. Phurmacol., 7, 329
{1052).

(22) J. Nematollahi, W. Guess, and J. Autian, J. Med. Chem., 9, 660
(1966).
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Anticancer Screening.—Derivatives containing aziridinyl
moieties were tested against Walker 256 subcutaneous (WA);
the remaining compounds against Walker 256 intramuscular
(WM) and/or Iymphoid leukemia L1210 (LE).22 Screening
results are presented in Table IV,

Antimalarial Screening.—I'ive mice were infected with a
lethal dose of Plasmodium berghei 3 days prior to administration
of I, II, VII[-X, and XII in doses of 40, 160, and 640 mg/kg s¢
in oil.** The mean survival time of infected control mice was 6.1
davs. The chauges in survival time are giveu as the mean sur-
vival time of the treated group minus the mean survival time of
the control group. The results of the rodent antimalarial tests
are given in Table IV,
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The author is also indebted to D. A. Montalvo, South-
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and J. E. Robbers, Purdue University, for recording
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(23) Test results furnished by the Cancer Cliewottierapy Nauoual
Service Center, Bethesita, Md.

(24) Test results furnished by Walter Reed Ariny Medical Center,
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Alkylating Agents Related to 2,2’-Biaziridine.
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N,N’-Dicarbethoxy-2,2’-biaziridine

PETER W. I'EIT AND OLE TVAERMOSE N1ELSEN

Leo Pharmaceutical Products, Ballerup, Denmark

Received December 17, 1966
Revised M anuscript Received April 17, 1967

pL- and (2R:2'R)-N,N’'-dicarbethoxy-2,2'-biaziridine (3) and the bismethanesulfonates of the symmetrical
position isomers of pL- and (28:38)-N,N'-dicarbethoxydiaminobitanediols (1 and 2) were synthesized. Un-
successful attempts to prepare the corresponding 1,4-dihalogeno-2,3-diaminobutanes are mentioned. As far as
they are available the anticancer screening data for the compounds are summarized.

For reasons already discussed! the present communi-
cation concerns the synthesis of prL- and (28:3S)-
N,N’-dicarbethoxy-2,3-diamino-1,4-butanediol 1,4-bis-
methanesulfonate [pr-1. (S:8)-1]. (28:38)-N,N’-di-
carbethoxy-1,4-diamino-2,3-butanediol 2,3-bismethane-
sulfonate [(S:8)-2], and pL- and (2R:2'R)-N,N’-di-
carbethoxy-2,2’-biaziridine [pL-3, (R:R)-3].

ITIHCOOEt

CH,S0,0CH,CHCHCH,080,CH,

NHCOOEt
1
080,CH,

EtOCONHCH,CHCHCH,NHCOOEt
080,CH,
2
COOEt
N

CH —CHCﬁ \CH
& IV 2

N
COOEt
o 3

(1) Paper I: P. W, Feit and O. Tvaermose Nielsen, J. Med, Chem., 10,
097 (1967).

The biaziridine derivatives 3 might act in vivo as
alkylating agents per se, or alternatively after being
metabolized to the corresponding unsubstituted 2,2’-
biaziridine, inasmuch as James? has proved aziridine
formation from N-carboalkoxyaziridines in vitro after
incubation with rat plasma.

For the N ,N’-dicarbethoxydiaminobutanediol bis~
methanesulfonates 1 and 2 a ring closure to the biaziri-
dine 3 seems unlikely under physiological pH as this
reaction proceeds in vzfro under strong alkaline condi-
tions only. However, there might be a possibility of
metabolizing to the unsubstituted amino compounds
which are considered ¢n wvivo precursors of the cor-
responding 2,2’-biaziridine.

Chemistry.—The synthetic route for the preparation
of pL-1 and (S8:8)-1 and the corresponding biaziridines
pL-3 and (R:R)-3 is summarized for the optically
active compounds in Scheme 1.} Ring closure to the
biaziridine (R:R)-3 could be performed by treatment
of (8:8)-1 with KOH in methylene chloride. Exami-
nation of the infrared spectrum established the strue-
ture since a stroug carbouyl absorption is present while

(2) R. M. James, Biockem. Pharmuacal., 14, 915 (1965).

(3) The reaction from 6 to 7 proceeds under Walden inversion at C-2 and
-3. The prefix (S:8) is not clianged in this special case due to tlie rules of
the Calin—Ingold—Prelog system: R. 8. Caln, C. K. lngzold, and V. Prelog.
Angow. Chem., T8, 413 (1966), and preceding papers.



