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several hours. One could obtain a family of linear isotherms (with strong hysteresis), 
and corresponding to 2,3 or 4 h of equilibrium for each point. 

'The strong affinity of chloroethane for chlorinated polymers was also revealed by 
measurements on PVDC. 

At 293 K there is adsorption (and no longer penetration) of CH,CH,CI and the 
isotherm is linear up to pipo = 0.5, corresponding to an approximate coverage of 8 = 2. 

The adsorption equilibrium is reached after 45 min. only but there is a strong 
hysteresis on desorption, indicating some kind of retention. 

About 40 h of pumping were needed to clean the surface. This contrasts with the 
behaviour of sulfur dioxide, neopentane and butane adsorbed on PVDC in the same 
temperature range [ I ,  21 and which have surface areas similar to the surface area of 
chloroethane. 

Conclusion. - The present study, combined with previous investigations, shows 
that at  low temperatures PVC and PVDC may be similar because of the C1 groups 
present on both surfaces. At higher temperatures, however, penetration effects appear 
with PVC. This may be caused by the poor cristallinity of the solid, owing to its 
atactic structure. In  the case of PVDC, on the other hand, the structure is much 
simpler and the cristallinity is higher. Hence, there are fewer or no penetration sites 
at  all between the chains. 

This is also in agreement with the (relatively) lower penetration of water into a 
chlorinated PVC (63% Cl), as observed by Babkin & al. [4] near room temperature. 
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191. Preparation, Properties and Structure of Phenylthionophosphine 
Oxide (Phenylmonothiophosphonic Anhydride), {C,H,P( S)O], 

by J.  J .  Daly, L. Maier* and F. Sanz 
Monsunto Research S .A  ., Eggbiihlstrasse 36, CH-8050 Zurich, Switzerland 

(23 .  VI. 72) 

Summary .  Interaction of phenylthiophosphonic dichloride with H,S in the presence of tri- 
ethylamine in benzene solution yields phenylthionophosphine oxide (I) which, in solution as well 
as in the solid state, is a trinier (I b) ; an X-ray structural analysis indicates a nearly planar six- 
membered ring structure with P-0 bonds in the ring. 

The chemistry of dimeric thionophosphine sulfides (dithiophosphonic anhydrides) 
[RPS,], 111 and phosphonic anhydrides [2] has been studied extensively, but little 
is known about the preparation, structure, and properties of thionophosphine oxides. 
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Trimeric plienylthionophosphine oxide (I) has been obtained by the reaction of 
phenylphosphine with SOC1, in benzene solution ; in addition a higher polymer and 
phenylthiophosphonic dicliloride were also formed 131. For compound I structure I a 
or I b was proposed. 

l a  

One of us argued 141 that by analogy witli the structure of tetraetliyl monothio- 
pyrophosphate, which apparently exists only in the tliiono form since the thiol 
structure is extremely unstable, I should have structure I b. 

More recently it has been said that I is also formed in the controlled hydrolysis of 
phenylthiophosphonic dichloride with water in tlie presence of tertiary ariiiiies [5]. 
No physical properties nor the size of the molecule were given. 

K,W 
PhI’(S)Cl,+H,O - ~ -k ~I’l>l’SO],+:’ K,N . HCI 

The only other paper concerned with I mentions tlie preparation of pentanieric 
plienyltliionophesphine oxide (11) from tlie interaction of (€’1iPO)5 with sulfur [6]. 
Again no physical properties were given. It seemed of interest to synthesize an au- 
thentic specimen of I and determine its structure unambiguously. 

By analogy with dimeric thionophosphine sulfides 1 I], I was obtained in a fast 
exothermic reaction, in 44% yield, by treating a benzene solution of Ph P(0)C12 in 
the presence of a. tertiary amine with H,S. When recrystallized from hexane, I had 
a m.p. 135-139’. 

3 PhP(OjC1,+3 H,S+h Et,N --> [I’hP(S)O(,tG Et,N.H(’l 

It showed in the IR.  spectrum (in KBr) hands for P- S at 635.2 and 645.2 cni-l 
and for P-0-P at 945 cm-I, but no band for a P-0 bond. lH-NMR. (in CDC1,): 
m- and$-CH a t  7.55 ppm (m, 3.06 H) ;  o-CH a t  8.15 ppm (m, 1,94 H). 31P-che~n. shift 
(in CHCl,) : -71 :ppm. Molecular weight (cryoscopically in benzene) found: 467, 442; 
calc. for trimer : 468.2. 

The trimer I is cleaved by ethanol to give PhP(S)(OH)(OEt), 31P -78.3 ppni 
(ammonium salt m.p. 141-144”, 31P -67 ppm); by water to give PhP(O)(OH),, 
31P --17 ppm; and by Et,NH to give the amide, PhP(S)(OH)NEt,, :%lP -62 p p i .  

[PhP(Sj0-1,+3 EtOH -+ 3 Ph€’(Sj(OH)(OEt) 

[l’hP(S)0l3tO H,O i 3 Phl’(O)(OH),-t 3 H,S 

[I’hP(S)0],+3 Et,NH + 3 I’hI’(S)(OH)(NEt,) 
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Interaction of I with PC1, in CC1, solution yields a mixture consistingof 70% PhP(S)CI, 
and 30% PhP(O)Cl,. From this evidence it is concluded that I has structure Ib. 

An X-ray structural analysis of single crystals of I grown from a concentrated 
benzene solution confirms this assignment. The crystals are monoclinic, space 
group P2Jc with a = 12.257, b = 9.299, c = 21.027 A, /3 = 119"46', D ,  = 1476, D, = 

1499 kg m-3, Z = 4. The structure was determined by direct methods and 3148 
monochromated diffractometer data were refined by least squares to an R of 0.043. 
iz drawing of the molecule is shown in the figure. 

v 
T h e  molecule projected oizto the least squares p lane  of the heterocyclic rz>ig 

The lengths of chemically equivalent bonds are in good agreement with one 
another, average values for the various types being P-C, 1.879(3) ; P=S, 1.896(1) ; 
P-0,1.613(3) ,&; C-C, 1.383(6) ; C-H, 1.02(6) ,&. The heterocyclic ring is approximately 
planar, the deviations of the individual atoms from its least squares (w = atomic 
number) plane are P(1), -0.053; O ( l ) ,  0.044; P(2), 0.061; 0 (2 ) ,  -0.228; P(3), 0.060; 
0(3),  0.048 A. Two sulfur atoms and one phenyl group lie on one side of this plane 
while the other sulfur atom and the remaining two phenyl groups lie on the other side. 
This suggests the possible existence of another isomer with all three sulfur atoms lying 
on the same side of the heterocyclic ring. The P-0 bond length of 1.613 A, which is 
the same as that found in the bridge bond of pyrophosphates, suggests that ring 
formation does not lead to any additional n-stabilisation. The near planarity of the 
heterocyclic ring is probably the result of intramolecular repulsions involving the 
sulfur atoms and the phenyl groups. 

The method of preparation has been extended to the cyclohexyl (ni.p. 159-161") 
and the methyl (m.p. 118-123") derivatives. 
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192. Struktur von Coleon E, einem neuen diterpenoiden Methylenchinon 
aus der Coleus barbatus-Gruppe (Labiatae) 

von P. Riiedil) und C. H .  Eugster 
Organisch-chemisches lnsti tut  dcr ITniversitat Ziirich, CH-8001 Ziirich, Kamistrassc 76 

(15. V I .  72) 

. S . U M % U ~ ~ J .  Wo havc isolated froin the glands on the lcavcs of Coleus bavbatus (Benth.)  .-lg?iew, 
C .  kil imandschava (Ciirrke) -4gnew and a C.  species P.  H .  0. Ral l y  N o .  10431, all of East African 
origin, a ncw, vcry labile, deeply red colourctl quinonc methide, Coleon E,  C‘,oH220,. Degradations 
and spectra (including 13C-XMK.) havc been interprctcd in terms of the unusual irregular diter- 
pcnoid structurc 1. Its  fully conjugated unsaturated system extends over 3 rings. The CH,-group 
at C ( 3 )  and rz-propyl side chain a t  C(13) instead of the  usual isoproppl group are regarded as  arislng 
by modification of an abictanc precursor. Colaovi E, after reduction and mcthylation. has been 
found t o  undergo ;t skcletal rcarrangcmcnt leading to a formal intcrchangc of t h e  alkyl side chain 
with a phcnolic OH-grciup 

Einleitung. -- Als Coleon E bezeiclinen wir ein neues diterpenoides )-Methylen- 
chinon, das in bedeutender Menge in Blattdriisen von Spezies der ostafrikanischen 
Coleus barbatm-Gruppe vorkonimt. Muster dieser Arten liatten wir schon seit mehre- 
ren Jahren uiitersucht 2 ) ,  ohne dass es uns geluiigen war, die genuinen Farbstoffe 
kristallisiert und. rein zu erhalten. Ihre ausserordentliche Empfindlichkeit erschwerte 
die gcnauere l i n  tersuchung. Zalilreiche Reaktionen mussten deshalb an amorphem, 
chromatographisch soweit wie inoglicli gereinigteni Material ausgefiihrt werden. Erst 
vor kurzem gelang es uns, den Hauptfarbstoff (= Coleon E) zu kristallisieren. Be- 
sonders reich daran ist C. kilirnandschari (Giircke) Agneze, 3), ein aufrechter, dicht 
flaumhaariger, fast baumartiger Strauch mit eiformig his eiformig-elliptischen Blat- 
tern, endstandigen Rlutentrauben und hellviolett-blauen Bliiten. Er kommt im holier 
gelegenen Buschland von Kenya vor. Im Gebiet der Kikuyus wird er, da rascli 
wachsend, zur Herstellung von Hecken benutzt. 

Sehr ahnljch ist C. barbatus (Benth.) Agnew, ein ebenfalls aufrechter, sukkulenter, 
dichtwollig behaarter Strauch. Von C. kilimaizdschari unterscheidet er sich durch die 

I )  

2, 

3, 

Xus der 1)issert ation von P. l t i i ed i ,  IYniversitat Zurich; in Vorbcreitung. 
l’orarbeiten haben die Herren H.-P.  Iiiing (1959) und M .  Xibz (1967) ausgefuhrt. 
Colezis kil i lnandschari ist friihcr von C .  barbutus nicht untcrschieden wordcn. Dr. 4 .  D.Q. Aglzew, 
University College of Wales, Dept. of Botany, Aberystwyth, vereinigt neuerdings in Q Revision 
of the  I<abi;itac D, o Flora of the Herbs of Upland Kenya )), Oxford University Press, Nairobi 
(im Druck), zahlreichc Coleus-Artcn mit den1 (;enus Plcctrarithzis Z’Hiril. Die obcn angefuhrtcn 
.\ngal)cn ubcr C. kilzinandschrcri untl C. barbatus sintl seiner Flora cntnonirnen. 




