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PART I: SYNTHESIS AND CHARACTERIZATION OF PfOCHgCHgjgN 

AND ITS DERIVATIVES 
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INTRODUCTION 

The report of the synthesis of trlethanol amine borate, 

BfOCHgCHgïgN, 1, by Rojahn^ In 1933 Instigated the study of 

a unique class of caged compounds of the general formula 

MfOCHgCHgigN where M = boron,s i l i c o n ,^2-35 tin, 

germanium,aluminum,vanadium,̂ ^"^0 

samarium,bismuth,titanium,̂ 5)^9:53-56 zirconium, 

hafnium,5° iron,^? molybdenum^^'^S ̂ nd zlnc.^® Tables 1, 

2 and 3 list the known compounds for these elements. 

The unique feature common to these systems is an 

internal N-M transannular coordinate bond which appears to 

account for an array of extraordinary properties. The 

three five-member rings sharing a common side account for 

the frequent reference to these molecules as triptych" 

structures. Voronkov,^^ however, suggested that all triptych 

compounds could be unified under the name "atrane" with an 

appropriate prefix for the various bridgehead atoms (e.g^., 

M=B, boratrane; M=A1, alumatrane; and M=SiH, silatrane). 

Comparison of the lengths of the Voronkov and lUPAC names 



www.manaraa.com

3 

Table 1. Boratranes (l-bora-5-aza-2,8,9-trloxatrlcyclo-
[3.3'3.0]undecanes 

Compound Reference 
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Table 1. (Continued) 

Compound Reference 

H CgH^ 

H CH=CK, 

H 

CH_ CH_ 

H CH.-ÎT^ 

10 H cHg-^r 

11 
I  \  

V 

CH. 

R=H R'=OCH 
3 
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Table 1. (Continued) 

Compound Reference 

^ H OCgH^ 7 

13. H OCgHc 7,11 

1^ H OCHgCgH 7 

15 H OCHgCHeCHg 7 

16 H ^^^(CHgï^gCHg 11 

37 OCgH OCgH^ 7 
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Table 1. (Continued) 

Compound Reference 

19 C2H5 

20 n—CgHy n—CgHy 

21 n-C|^Hg n-C^Hg 

22 CH, CgH^ 

23 

I \ 

R^CHpCl 

24 CH OH 

25 CH NHg 
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Table 1. (Continued) 

Compound Reference 

26 CHpCN 

27 CHgNHCOgCHgCgHr 

28 8,14 

29 

I \ J 
I t  V  f  ^  

V 

30 

Ê\ 1 

CH 

31 

,0 

R—\v u—^ 

R=CH_OC.Hc R'=CH_ 
2 D 5 3 

11 
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Table 1. (Continued) 

Compound Referenae 

32 CH, CgH^ 11 

33 CgHg CHg 11 

34 H CHgOgCCCHgiigCH. 11 

35 CH^ CHgOgCfCHgiigCH 11 

36 

I  \  

f 

37 

K 

lU 
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Table 1. (Continued) 

Compound Reference 
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Table 2. Sllatranes (l-8lla-5-aza-2,8,9-trioxatricyclo-
C3.3.3.0]undecane8) 

Compound Reference 

40 -Si 

L.. 

R=H 13-16 

41 CH, 12,13,16 

42 C2H3 16,25 

43 l-CgHy 16 

44 25 

45 n-CisHs^ 13 

46 C6H5 12,13,16,24 

47 CHgCgH^ 22 

48 ÇHCgH^ 13 

CH. 
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Table 2. (Continued) 

Compound Reference 

^ F 15 

^ CH2=CH2 13,16,25 

51 CH-CHpCN 24 

^ CHpCl 20 

n CHgNfCgH^jg 19 

^ (CH2)3C1 20 

^ (CHgj^NHg 18,25 

^ (CHgjgNfCgH^ig 19 

^  ( C H ^ ) ^ N H C H ^ C H ^ N H ^  l 8  

^ CHg-N^O 19 

^ (CH2)^-I^0 19 
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Table 2. (Continued) 

Compound Reference 

60 CHg- 19 

61 (CHgig-N 19 

6 2  CHpSCH-CHgOH 21 

63 CHgCHg 24 

64 

/°\ 

(CHg)^0CH2CH-CH2 24 

u^^U2UUK=un2 J-/ 

CH. 

66 CH202CC=CH_ 17 

67 (CH2)202CCH=CH2 17 

CH, 

68 (CH2)202CC=CH2 17 

69 (CH2).02CCH=CH2 17 
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Table 2. (Continued) 

Compound Reference 

CH. 
I 3 

70 (CH2)_0^CC=CH2 17,24 

71 (CHg)^02CCH=CHg 17 

CH_ 

, I ^ 
J 2  (CH2)^0gCC=CH2 

73 m-CgH^NOg 15 

74 m-CgH^Cl 16 

75 P-CfHnCl 23 
- u H 

76 CHg-p-CgH^F 22 

77. CHg-m-C^H^F 22 

OR 
,0.1 
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Table 2. (Continued) 

Compound Reference 

79 CH. 16,27 

80 CgH 12,13,16,27,29 

81 n-C_Hy 16,27 

^ l-C_Hy 16,27 

83 n-C^Hg 16,27 

M 8-C%Hg 16,27 

85 1-C^Hg 16,27 

86 t-C^Hg 16,27 

87 n-CrH^^ 16,27 

88 16,27 

89 neo-C^H^^ 16,27 
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Table 2. (Continued) 

Compound Reference 

90 n-CgHi3 16,27 

91 
""^14^39 

16,27 

92 CgHll 16,27 

93 

I-C3H7 

CH, 

13 

94 16,28 

95 ^6^5 
26  

96 p-CH OCgH^ 26  

97 p—t—BuCgH^i iD,ZO 

98 p-ClCgH^ 16 ,28  

99 o-CHgCgH^ 16,28 
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Table 2. (Continued) 

Compound Reference 

100 m-CH^CgH^ 16,28 

101 p-CH_CgH^ 16,28 

102 CHgCgHc 16,27 

103 o-NOgCgH^ 16,28 

104 m-NOpCgH^ 16,28 

105 p-NOgCgH^ 16,28 

CH3 

106 -( > 16,28 

>—' 
1-CgHy 

107 CI 16,28 

108 foTol 16,28 
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Table 2. (Continued) 

Compound Reference 

109 C(0)CH, 15 

110 C ( 0 ) C g H [  15 

111 SKCHg)] 15 

112 8 1 ( C 6 H ^ )  15 

113 ^^(OCHgCHgjgN 15 

114 CH; 

JO J rr\ 
• I 

•L,n, 

R=H 14,15 

115 CH, 13 

116 13,16,22 

117 01 15 

118 Br 15 
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Table 2. (Continued) 

Compound Reference 

119 P 15 

120 RcCgH^ 

CH, 

15 

121 SlCOCHCHgjgN 15,30 

122 

R 
/Oj 

( 

. 'yN-- / 
-CH. 

V 

R=H 14,31 

123 
^6^5 

15 
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Table 2. (Continued) 

Compound Reference 

125 15 

126 
{ 

'— 

V 
.0 

R=CH 
3 

32 

127 C2H5 32 

128 n—C3H7 32 

1  o n  

130 CH=CH. 32 

151 C5%5 32 

132 m—C lCgH|| 32 

133 p-ClCgHy 32 

134 p-PCgH^ 32 
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Table 2. (Continued) 

Compound Reference 

135 m-CHgCgH^ 32 

136 32 

137 CHjOgH 32 

138 CHj-p-OlCgH^ 32 

of-', 
t 

w-

R=CH, 33 

140 CH=CHr 33 

l4l 
^6^5 

33 

142 m—C lCgH|| 33 

143 p-ClCgH^ 33 

144 p-BrC^H^ 33 
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Table 2. (Continued) 

Compound Referenoë 

145 OCH, 33 

146 OCgHr 
2 5 

33 

147 

148 

OCgH^ 

0 

33 

33 

149 
I m \ > I 

R=CH, 34 

150 CH=CH, 34 

151 Cl 34 

152 34 

153 OCH. 34 
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Table 2. (Continued) 

Compound Reference 

154 OCfOigCH 34 
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Table 3. Metalatranes (l-M-5-aza-2,8,9-trloxatrlcyclo-
[3.3.3.0]undecanes 

Compound Reference 

156 

157 

R=CH_ 37,39,40 

C2K5 37,39,40 

158 n-C|^H^ 37,39,40 

159 37,39,40 

160 OCH, 36 

161 O-i-CgHy 38 

162 0-n-C^H^ 38 

163 

164 

R=CH_ 41,42 

CgH 38,41,42 
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Table 3. (Continued) 

Compound Reference 

165 «6% k 2  

l66 42 

167 OCgH^ 43 

168 43 

169 O-s-C^Hg 43 

170 0-t-C^Hg 43 

171 44,45)46,47 

47 
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Table 3. (Continued) 

Compound Reference 

173 

174 

175 

176 

177 

0 

V 

r.H r.l 

34 

48,49,50 

50 

50 

51 
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Table 3. (Continued) 

Compound Reference 

178 52 

179 53 

l8o n .w.  
_) w ' 

l8l m-CH^CgH^ 49,53 

182 o-CH^OCgH^ 49,53 

1 8 3  p-l-C^HyCgH^ 49,53 

184 p-t-C^HgCgHy 49,53 

185 p-ClCgHy 49,53 
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Table 3. (Continued) 

Compound Reference 

186 m-NOgCgH^ 49,53 

187 p-NOgCgH^ 49,53 

188 

CI 

/oVci 

/ 
Cl 

l lQ 9,53 

1 8 9  

Br 

Br 49,53 

Br 

190 49,53 

191 49,53 

192 53 
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Table 3. (Continued) 

Compound Reference 

193 SKCgH^)^ 55,56 

194 SKCHgCgH^)^ 55,56 

195 Sl(n-CgH^2) 56 

196 SKCgH^igCHg 55,56 

197 SnfCgHg)] 54,56 

198 Snfn-CyHg)^ 54,56 

199 Snfn-C^Hgigl-Pr 56 

200  

CI 

p=_/0 Ui 

CI 
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Table 3. (Continued) 

Compound Reference 

201 

202 

203 

204 

Cl 

R = -^Ô^Cl 53 

Cl 

R = 

Cl 

Cl 

Cl 

R = l-C_Hy 

53 

34 

R = Sn(CgHc)_ 56 

205 SKCHgCgH )_ 56 
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Table 3. (Continued) 

Compound Reference 

206 R = Sn(CgH^)^ 56 

207 SKCgH^)^ 56 

208 
-I 

HT 
QPT 

V " \/ 
1 

> 
R = Sn(CgH^)^ 56 

209 81(CgH^)_ 56 
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Table 3. (Continued) 

Compound Reference 

210 57 

211 58,59 

212 60 
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for 2 (3jTjlO-trlmethylboratrane versus 3,7,10-trlmethyl-l-

bora-5-aza-2,8,9-trloxatrlcyclo[3.3.3.0]undecane) points up 

an obvious advantage to the Voronkov system. For the 

2 

remainder of this dissertation the "atrane" terminology will 

be used. 

1 2 
Boratranes ' are probably the most studied atranes and 

the known derivatives are listed In Table 1. The triptych 

2 structure v:as favored by Brown and Fletcher over the 

blcycllc one because of the low chemical reactivity of 1. 

Rates of reaction for quaternizatlon of nitrogen by methyl 

Blcycllc Triptych 

iodide and protonation of nitrogen by strong acids" compared 

with the nitrogen of triethanol amine, tripropylamlne, and 
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quinuclldlne (N(C2H^)^CH) showed that the nitrogen lone pair 
2 of !_ was not readily available. It was also found that 1 

and 2 were orders of magnitude more stable to hydrolysis 

than acyclic alkyl borates This evidence was 

taken to be consistent with a triptych structure. 

The lack of any examples of amine adducts of alkyl 

9 borates raised some objections to this conclusion. The 

B-N transannular bond required by the tricyclic structure 

would not only involve such an adduct but also a rehybrid-

Ization and subsequent loss of pn-pn overlap of oxygen lone 

pairs with an empty p-orbital of boron. These considerations 

favored a bicyclic structure. 

The equilibrium established in water solution for these 

6s two geometries reported by Lucchesi and DeFord would 

have allowed the rationalization of the low chomical 

reactivity of 1 and However, the assumption made by these 

authors that a mixture of triethanol amine and boric acid 

in water quantitatively forms boratrane is faulty. Experi­

ments with a mixture of these materials has shown no 

infrared band characteristic of vB-N (1090 cm ^) in 1.^ 

Moreover, boratrane itself would have hydrolyzed^^ to these 

materials in the time allowed in their experiment. 

The measured dlpole moment for 1_ and 2_ (8.8 and 6.9 

Debye, respectively) is much larger than that calculated^^ 

using known bond moments and a bicyclic geometry. The 
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triptych framework with B-N and 0-B bond moments aligned 

along the molecular axis fits this data better than the 

bicyclic structure. 

Any remaining doubts about 1 and 2 having internal B-N 

coordination and a triptych structure were dismissed by the 

five  r e p o r t e d  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n s . V a l u e s  

of the B-N bond length range from 1.65 - 1.69 A which is 

slightly greater than the sum of the covalent radii 

(1.65 and both nitrogen and boron are surrounded by a 

distorted tetrahedron of atoms. 

This triptych geometry appears to be the major factor 

contributing to the stability of boratranes as evidenced by 

their ready formation, which in some cases is exothermic, 

and the formation of a weak internal amine-borate adduct. 

This rather rigid geometry presents a steric barrier to 

electrophilic reaction at nitrogen and nucleophilic attack 

at boron owing to the presence of a B-N interaction. The 

steric barrier arises from the configuration of the NCHg 

protons blocking access to nitrogen. In contrast, 

hydrolysis of the tetrahedral borate moiety is inhibited 

compared to the planar boron geometry in B(OR)^ by virtue 

of boron's four-coordination. The B-N interaction further 

protects boratrane from reaction by partially filling the 

empty p-orbital of boron and raising the ionization energy 

of the nitrogen lone pair. 
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The sllatranes (M=S1-R) listed In Table 2 have been 

extensively studied because of the unusual pentacoordlnate 

stereochemistry of silicon. Intermediates In many organo-

-;N 

74 
silicon reactions are thought to be pentacoordlnate, but 

none are stable enough to Isolate. Sllatranes by contrast 

are quite stable, melting in the range 100 to 

15 
and they can be recovered from acidic aqueous solution. 

Frye aJ. noted that the vi;lH band in the rnfr-Hred 

spectrum of # was shifted to a lower frequency than that 

expected for an organosllicon compound with an HSIO^ 

grouping, indicating an increase in the electron density on 

silicon. Voronkov^^ found that nmr chemical shifts of 

the nitrogen methylene hydrogens in 40-43, 46, 30, 79-86 

and 102 to be 0.10 - 0.31 ppm down field from the value In 

trlethanol amine due to a decrease in electron density at 

nitrogen. The dlpole moments measured for 

80 and 94^^ (larger than those calculated on the basis of a 

blcycllc structure and larger than those measured for 
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acyclic organotriethoxysilanes, RSifOCgH^)^) indicate a 

group moment of 5-2 ± 0.2 D for -SifOCHgCHgjgN. The binding 

energy of the nitrogen lone pair was found to be greater in 

the UPS spectra of ^£0, ̂  and ̂  than that of triethanol 

73 amine. These results also favor the triptych structure. 

Crystal structure determinations of 73.5 152 and 

155^^ confirmed this conclusion for the solid state. The 

Si-N bond length varied (2.19, 2.12, 2.3%, and 2.3% A, 

respectively) due to the variable electron-withdrawing 

ability of the substituent on silicon^^'^^ and the steric 

77 constraints of the fused benzene rings, 152. It is 

possible that this bond length exceeds the sum of the 

covalent radii (1.93 because of the steric require-
7c: 

ments of this geometry. Silicon is pentacoordinate in a 

trigonal bipyramidal configuration while nitrogen is in a 

tetrahedral one. 

The factors which presumably decrease the reactivity 

of silatranes as given by Frye e^ are 1) the bridge­

head coordination of silicon in an essentially strain free 

system precludes backside attack and reduces the likelihood 

of flank attack; 2) peripheral groups (alkyl substituents 

on ring carbon atoms) tend to impede the approach of an 

attacking nucleophile; and 3) the increased electron 

density from the Si-N dative bond partially fills silicon's 

3d orbltals and makes them less available for Incoming nucle-

ophiles. Each factor is a result of the triptych geometry. 
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The remaining known atranes are listed in Table 3. 

These compounds have not been as extensively studied as the 

boratranes and silatranes, but the evidence for a triptych 

structure predominates. While only the synthesis procedure 

pji p j p  ^6 
has been reported for a few compounds, ' ' they are 

thought to have the atrane structure. 

07 i|0 
The work of Tzschach and Ponicke and Tzschach et aJ. 

has established that stannatranes 156-159 are tricyclic with 

Sn-N coordinate bonds. The nitrogen methylene hydrogens were 

observed at lower field than those of triethanol amine or 

other alkyl amines as observed for silatranesThe in-

2 
crease in the tin-hydrogen coupling constant, ^snH' indi­

cates an increase in the coordination number of tin to 

five.^^ The measured dlpole moment of 156 is also consistent 

with a. ti-iptych structure and trigonal bipyramlâa'i coordi­

nation of tin. It is Interesting that Mossbauer spectral 

measurements were not found to be useful for determining the 

geometry of stannatranes^^ because of little or no difference 

between the isomer shifts of acyclic and triptych compounds. 

Germatranes were studied primarily by Voronkov e^ 

but the literature available in English does not contain a 

great many details of their investigation. Crystal struc­

ture determinations are available, however, for l64 and 

166.^^'^^ These establish the triptych structure for 

germatranes with trigonal bipyramidal germanium coordination 
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and a Ge-N bond of 2.25 and 2.26 Â, respectively (sum of 

the covalent radii is 1.97 

Alumatrane exhibits polymer-like properties in 

solution. A molecular-weight determination produced a 
lili lie: 

value six times the one expected. Hein and Albert 

have suggested a polymer structure with external Al-N 

/ 
••••Al 

4 

coordination. A polymer structure similar to that suggested 

by Kcin and Albert vras proposed  fo r  the monohydrate of 

ferratrane^^ in which hydrogen bonding to a water molecule 

linked adjacent molecules. This behavior can be attributed 

to dipolar interactions of polar triptych molecules much as 

82 was seen in concentrated solutions of boratrane. 
n Q 

The vanadyl (V=0) band in the infrared spectra of 

vanadatranes 174-176 was shifted to lower frequencies by 

increased electron density on vanadium. Large dipole 

moments (about 10 also show that these compounds have 

colinear V=0 and N-V bond moments which is consistent with 

a triptych geometry. 

\ 
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Voronkov and Paltel'son,Pelve et aJ.and Voronkov 

59 1 and Lapsln ^ used the H nmr chemical shift parameter of the 

methylene hydrogens adjacent to nitrogen and dlpole moment 

measurements to establish transannular N-M coordination for 

titanatranes 179-202, 204 and 205, zirconatranes 206 and 207, 

halfnatranes 208 and 209 and molybdatrane 211. Pollner's^^ 

crystal structure determination of zincatrane, 212 (Zn-N 
O 

distance of 2.15 A compared to the sum of covalent radii of 
o 72 

2.0 A), and a distorted trigonal bipyramidal coordination 

geometry around zinc added this compound to the atrane class. 

The large number of nitrilotriacetic acid (NTA) 
8i| complexes precluded their inclusion in the present list 

of atranes. NTA generally functions as a quadridentate 

ligand which is used extensively for the analytical 

determination and separation of metals. 'I'he one crystal 
O pr 

structure reported for an NTA complex, K^ZrfNTA)^, 

exhibits a triptych geometry with a Zr-N distance of 

2.44 L 

The strength of the M-N transannular bond in atranes 

depends upon the electronegativity of the M atom, its 

ability to accept added electron density (empty orbitals) 

and on the distance between M and N in the triptych 

structure.Despite the greater electronegativity of 

87 phosphorus, P>B>Si, and the availability of d-orbitals 

(like silicon) phosphatrane has hitherto not been 
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synthesized. The only example of M with more than two p-

valence electrons is the reported synthesis of bismatrane, 

178.^^ However, only the synthesis and no details of the 

characterization of 178, were Included by the authors. 

The goal of the research reported here was the 

synthesis of phosphatrane, PfOCHgCHgï^N (213), and the 

determination of whether the triptych structure was main­

tained In the presence of a lone pair of electrons on each 

bridgehead atom. Also of interest was the chemical 

reactivity of phosphatrane, since the possible donation of 

nitrogen's lone pair to phosphorus would presumably render 

phosphatrane a strong Lewis base. 
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EXPERIMENTAL 

Materials 

Solvents and materials unless specifically noted 

otherwise were all of reagent grade or better. Methylene 

chloride and chloroform were dried over kk Molecular Sieves 

while acetonitrile was dried by refluxing with and distilla­

tion from calcium hydride onto 4A Molecular Sieves. 

Aromatic solvents were purified by shaking with concentrated 

sulfuric acid, neutralized with saturated sodium bicarbonate 

solution and dried by distilling off the water azeotrope 

before collecting over 4A Molecular Sieves. 

Tris(dimethylamino)phosphine (TDP) and the borane 

adduct of tetrahydrofuran (H^BrTHP) were obtained from 

Aldx-lch Cuemioal Co. The 90% TDP, as supplieô; whh distilled 

under vacuum. Bp. 55-6° at 10 mm, before use. Triethanol 

amine (Fisher) was azeotropically dried with benzene and 

distilled, Bp. 172-3° at 0.5 mm, before use. Potassium 

superoxide (KCu) and the hexacarbonyls of molybdenum and 

tungsten were used as supplied from Alfa and Pressure 

Chemical Co., respectively. 

Nmr Spectra 

All nmr spectra were obtained in 5-15# solutions 

using either a Varian A-60 or a Hitachi Perkin-Elmer R20-B 

spectrometer operating at 60 megahertz (MHz). Chemical 
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shifts are given in ppm (6), a positive shift Indicating a 

reasonance at lower magnetic field than the internal 

standard, tetramethylsilane. Coupling constants are 

reported in cycles per second (Hz). 

A Bruker HX-90 spectrometer was used to obtain and 

31 
P nmr spectra operating at 22.63 and 36.44 MHz, 

respectively. The spectrometer was operated in the Fourier 

Transform (FT) mode using the "block averaging" technique 

to improve the signal to noise ratio. Carbon chemical 

shifts are reported in ppm relative to internal tetramethyl 

silane while phosphorus chemical shifts are reported in ppm 

relative to external 85% ortho phosphoric acid. The carbon 

spectra were white-noise proton decoupled while the 

phosphorus spectra were obtained with and without proton 

4 n rr 

Infrared Spectra 

A Beckman 4250 spectrometer was used to obtain infrared 

spectra of samples in solution (0.05 - 0.01 M) and in KBr 

pellets. The spectra were calibrated with polystyrene. 

Mass Spectra 

Mass spectra were obtained from an AEI MS-902 high 

resolution spectrometer. Exact masses were determined by 

peak matching with standards. Elemental analyses were 

performed by the Spang Microanalytical Laboratory. 
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Preparations 

As a general precaution against moisture, a nitrogen 

atmosphere was maintained insofar as possible throughout the 

following preparations. 

TrlethyIdxonlum tetrafluoroborate 

This compound was prepared by the literature procedure 

88 
of Meerweln. 

TrImethy1oxonlum tetrafluoroborate 

This compound was prepared by the procedure of 

Bq 
Meerweln. ^ 

TriphenyImethy1 (trltvl) tetrafluoroborate 

QQ 
This compound was prepared by the literature method 

from tripherylcarbonol a.nn fluoT-oborie acid in acetic 

anhydride. 

l8-Crown-6 ether 

91 
The procedure of Gokel and Cram was found preferable 

op 
to that of Greene^ for preparation of this material since 

the product was more easily purified. 

Tetraethylammonium bromopentacarbonyltungstate 

The bromo tungsten carbonyl species, [(OC)^WBr]"s was 

prepared by refluxlng the hexacarbonyl, 88 g (0.25 moles) 

with tetraethylanmionlum bromide, 42 g (0.20 moles) in 300 ml 

of diglyme.^3 
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Acetonltrllopentacarbonyltungsten 

The acetonitrlle complex of tungsten hexacarbonyl was 

prepared from the bromide complex above and acetonitrlle in 

oil 
the presence of a Lewis acid. 

l-Phospha-3-aza-2^ 8,9-trloxabicyclo[2.2.2]undecane (213) 

The compound was prepared by the reaction of dilute 

solutions of trlethanol amine and TDP in a three-neck 

round-bottom flask fitted with two needle-valve pressure 

equalizing addition funnels and a reflux condenser and 

flushed continuously with a stream of nitrogen. A solution 

of 7.5 g (50 mmoles) of NfCHgCHgOH)^ in 30 ml chloroform 

diluted to 200 ml with dry toluene and a solution of 9.0 g 

(55 mmoles) of P(N(CH^)2)2 200 ml of dry toluene, were 

simultaneously added' dropwise over a two hour period to 

250 ml of refluxing toluene in the flask. The presence of 

dimethyl amine in the exit stream of nitrogen indicated that 

reaction was taking place. The mixture was refluxed for two 

hours after the additions were complete. It was found that 

allowing the reaction to continue for a longer time made 

product separation more difficult and did not significantly 

increase the yield. 

Isolation of the product (213) has not been successful 

using a variety of techniques including chromatography 

(column, thin layer and high pressure liquid), sublimation, 

distillation and crystallization. Each method resulted in 
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decomposition and/or no substantial increase in purity. 

However, the derivatives described below have been made and 

characterized. 

l-Thlo-l-phospha-5-aza-2,8,9-trloxablcyclo[3.3.3]undecane 

(214) 

The reaction mixture of 213 was cooled to about 50-60° 

and sublimed sulfur (1.8 g, 56 mmoles) was added. The mixture 

was then slowly heated (one-half hour) to reflux and allowed 

to cool to room temperature. The mixture was filtered to 

remove any precipitated material (polymer as Judged by its 

general Insolubility in a variety of organic solvents). The 

filtrate was then evaporated to dryness on the vacuum line. 

(Use of a water aspirator for a vacuum source was found to be 

unsatisfactory.) After taking up the sticky solid in a 

minimum of methylene chloride, dropwise addition of Skelly B 

resulted in the precipitation of a white solid which upon 

settling appeared to have a rubbery, polymer-like texture. 

The mixture was filtered through a layer of Celite on a 

porous glass frit. This precipitation-filtration process was 

repeated with the filtrate until the precipitate formed 

remained as a finely divided solid. After several such 

cycles the filtrate became too dilute for efficient elimi­

nation of polymeric impurities and it was evaporated to dry­

ness under vacuum and redissolved in a minimum of methylene 

chloride before the next addition of Skelly B. 
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The resulting white solid could be crystallized from a 

methylene chloride-hexane,^ acetonitrile-ethyl ether^ or 

toluene solution cooled to -78° or sublimed at 120-130° at 

0.1 mm. Mp. 218-20° decomp., m/e 209.0276±0.0011 (calcd. 

209.0276 for CgH^^NO.PS), ir vP=S, 88I and 6l2 cm~^ (CHCl^). 

The yield of the reaction calculated on the basis of 

starting materials was 6% for product which is >95% pure as 

judged from nmr spectra. Higher purity material has been 

obtained after several recrystallizations reducing the yield 

to less than 

l-Oxo-l-phospha-5-aza-2,8,9-trioxabicyclo[3.3.3]undecane 

(lis) 

The reaction mixture of 213 was cooled to 45-50° and a 

four-fold molar excess of finely ground potassium superoxide, 

KOg, 14.2 g (200 mmoles), and a catalytic amount of I 8 -

Crown-6, 0.2 g (0.75 mmoles), was added and the mixture was 

heated carefully to 90-100°C. As the reaction proceeds, gas 

is evolved. If heated too rapidly, a foam forms which will 

overflow the flask. Keating is continued for about one hour 

after the gas evolution stops. 

^Recrystallization was carried out using a concentrated 
solution of the compound in the first solvent and adding the 
second solvent dropwise with stirring to the cloud point. 
The mixture was then cooled to -78° unti"" crystallization 
took place. 
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The mixture was then allowed to cool, filtered and the 

filtrate evaporated to dryness on the vacuum line. Purifi­

cation was accomplished by the same procedure described for 

214. The white powder which results from this tedious 

procedure was recrystallizable from methylene chlorlde-

hexane (see footnote on preceding page) or chloroform solu­

tion cooled to -73° and sublimable at 120°, 0.1 mm. (A 

significant amount of material decomposes during 

sublimation). Mp. 208-12° decomp., m/e 193•0504±0.001 

(calcd. 193.0489 for CgH^gNO^P), Ir vP=0 1276 cm~^ (CHC1_). 

The overall yield for this product was 3% and Is substantially 

reduced to 0.5% when higher purity material is desired. 

l-Seleno-l-phospha-5-aza-2,8,9-trioxabicyclo[3•3.3]undecane 

(216) 

Red selenium, 7.9 g (100 mmoles), was added to a 

cooled reaction mixture of 213 and the mixture heated to 

75-80° for two hours. The temperature of the mixture should 

not rise above 80° since the more reactive red selenium 

reverts to the gray allotrope above 80°. 

The isolation procedure was that described for the 

other chalconlde derivatives, 214 and 215• Again, the white 

solid produced was recrystallizable from methylene chlorlde-

hexane (see footnote on preceding page) solution cooled to 

-78°. Mp. 208-10° decomp., m/e 256.9648+0.001 (calcd. 
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256.9720 for CgH^gNO^PSe), Ir vP-Se 580 cm"^ (CHCl?). The 

overall yield again is low (4%). 

l-H-l-phogpha-3-aza-2,8,9-trioxatrlcyclo[3.3.3.0]undecane 

fluoroborate (217) 

This derivative was the product of the reaction of 

triethyloxonium or trimethyloxonium fluoroborate (60 mmoles) 

with the reaction mixture of 213. The Meerwein reagent was 

added dropwise in acetonitrile solution (100 ml) at room 

temperature. The majority of the white solid which formed 

was precipitated polymer along with the reaction product. 

The solid was filtered and extracted with two 25 ml portions 

of hot acetonitrile. The solvent was removed vacuo and 

the residue extracted with 25-30 ml of acetone. The nmr of 

the remaining solid showed it to be about 80% product. 

Further purification was accomplished by the 

precipitation-filtration procedure already noted for 214 

utilizing a concentrated acetonitrile solution and dropwise 

addition of ethyl ether to remove polymeric impurities. 

Eventually the product precipitated and was collected as a 

white powder which could be recrystallized in 8% overall 

yield from hot acetonitrile solution. Mp. 210-212°, m/e 

177.0553±0.0009 (calcd. 177.0555 for CgH^gO P). Calcd. 

C, 27.31; H, 4.86; N, 5.29; and F, 28.80. Found: C, 27.70; 

H, 4.95; N, 5.29; and P, 28.68, ir vP-H 2240, 2286 cm"^ 

(KBr)j conductivity 1:1 electrolyte in DMSO. 
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l-Trlphenylmethyl-l-phospha-5-aza-2,8,9-trloxatrlcyclo-

[3.3.3.0]undecane fluoroborate (218) 

An acetonitrlle solution (100 ml) of trlphsnylmethyl 

(trityl) fluoroborate, 16 g (50 mmoles), was added dropwise 

to a reaction mixture of 213 at room temperature. After 

stirring for two hours the solvents were removed vacuo. 

When the residue was extracted with 100 ml of chloroform 

a finely divided solid product remained. This solid was 

collected by filtration through Cellte and extracted into 

acetonitrile solution. 

The crude product in acetonitrlle solution was purified 

by the procedure described for 217. It was necessary to 

repeat this process several times. Mp. 204-6° with decompo­

sition, conductivity 1:1 electrolyte in acetonitrile. The 

over-all yield was 8%. 

l-Borano-l-phospha-5-aza-2,8,9-trloxatrlcyclo[3.3.3.0]-

undecane (219) 

Two equivalents (100 ml IM THF solution) of the borane 

adduct of tetrahydrofuran (H^B'THP) was addea aropwise to 

the reaction mixture of 213 at room temperature. After one 

hour of stirring the mixture was evaporated to dryness under 

vacuum and the residue was extracted with dry ethyl ether 

in a Soxhlet extractor for eight hours. Stripping off the 

ether and sublimation of the residue at 80-100°, yielded 

crude 219 » Further purification was accomplished by repeated 
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sublimation. Due to substantial losses of product by 

repeated sublimation, recrystallization would probably be a 

better method of purification. Unfortunately, the compound 

is only soluble in DMSO and cannot be satisfactorily recrys-

tallized from that medium. Mp. 175-8°, m/e 189•0847±0.001 

(calcd. 189.0841 for CgH^^BNO^PO, ir vBH 2395, 2351 cm"^ 

(KBr)). Yields for this preparation are about h%, 

l-Pentacarbonyltungsten-l-phospha-5-aza-2,8,9-trioxabicyclo-

[3.3•3]undecane (220) 

A toluene solution of the acetonitrile complex of 

tungsten carbonyl, (OC)^WNCCHg, 19 g (52 mmoles), was added 

at room temperature to a reaction mixture of 213 which was 

then heated to 90° and held there for two hours. The yellow 

solution gradually precipitated a yellow solid and became 

dark brown in color. The mixture was filtered and the 

filtrate evaporated to a dark brown tar. The tar was 

dissolved in 50 ml of chloroform and absorbed on 50 g of 

silica gel by evaporating the mixture to dryness. After 

grinding the residue to a free-flowing powder it was added 

to the top of a silica gel column prepared with 350 g of 

silica gel and a 5:1 ratio of Skelly B/ethyl acetate in a 

3  X 12 0  c m  co l u m n .  T h e  c o l u m n  w a s  e l u t e d  w i t h  1  &  of 5= 1  

Skelly B/ethyl acetate, 2 & of 3=1 Skelly B/ ethyl acetate 

and finally 500 ml of ethyl acetate. The middle fractions 

(3:1 Skelly B/ethyl acetate) contained 220. Solvents were 
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stripped from these fractions and the pale yellow residue 

was recrystalllzed from ethylacetate-hexane (see footnote 

on page 46) solution cooled to -78°. Mp. 139-^0, m/e 

il98.9683±0.001 (calcd. 498.9783 for C^^H^gNOgPW), ir vCO 

2078, 1956, 1948 (cyclohexane). Yields of 13% for this 

species are the best achieved for any derivative of 213 » 

1-Pentaearbonylmolybdenum-l-phospha-l-aza-2,8,9-trioxa-

blcyclo[3•3•3]undecane (221) 

Molybdenum hexacarbonyl, 13.2 g (50 mmoles), was added 

to a reaction mixture of 213 and heated until carbon monoxide 

evolution had ceased (about two hours). After cooling, the 

mixture was filtered and evaporated to dryness under vacuum. 

As with 220, the product was isolated by column 

chromatography on silica gel except that the elutions were 

carried out with 1 & 5:1 Skelly B/ethyl acetate, 2.5 & 3:1 

Skelly B/ethyl acetate and 500 ml ethyl acetate. The 

product fractions (3:1 Skelly B/ethyl acetate) were 

evaporated and the combined residues were recrystalllzed 

from ethyl acetate-hexane (see footnote on page 46) (1:15) 

cooled to -78°. Mp. 122-4° with decomposition, m/e 

408.9284 + 0.001 (calcd. 408.9363 for C^g^H^gNOgPMo), Ir vCO 

20/8, 1956 (cyclohexane). The yield of this product was 9%. 
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l-Pentacarbon.vltunp:sten-l-phospa-5-aza-5-methyl-2,8,9-

trloxablcyclo[3.3'3]undecane fluoroborate (222) 

Trlmethyloxonlum fluoroborate, 0,290 g (2 imoles), and 

0.761 g (1.5 mmoles) of 220, were placed In a 50 ml round 

bottom flask and dissolved in 25 ml of dry acetonitrile. 

The mixture was stirred at room temperature for four hours 

before anhydrous ether was added to the cloud point. The 

flask was then cooled (-78°) whereupon the product 

crystallized. It was collected and dried under vacuum. 

Mp. 255-8° decomp., yield 92%, ir vCO 2079, 1959 cm~^ (KBr). 

l-Pentacarbonylmolybdenum-l-phospha-5-aza-5-methyl-2,8,9-

trloxablcyclo[3.3•3]undecane fluoroborate (223) 

This compound was prepared from 0.19 g (1.3 mmoles) of 

trlmethyloxonlum fluoroborate and 0.426 g (1 mmole) of 221 

by the procedure described for 222. The molybdenum species 

appeared to oxidize slightly during the reaction, turning a 

pale green color. It was necessary to recrystallize the 

product twice to eliminate the green coloration. Mp. 165-8° 

decomp., yield 83%, ir vCO 2080, 1959 cm ^ (KBr). 

l-Oxo-l-phospha-5-aza-5-niethyl-2,8,9-trioxabicyclo[ 3.3.3]-

undecane iodide (224) 

The nitrogen atom of 215 was quaternized by reaction 

with methyl iodide in acetonitrile solution. Methyl iodide 

(0.24 g, 1.6 mmoles) was added to O.O76 g (0.4 mmoles) of 

215 in a 4 ml of acetonitrile. The mixture was heated to 40° 
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for 10 hours, by which time a solid had formed in the flask. 

This white solid was collected by filtration and dried under 

vacuum. Mp. 201-2° decomp. The yield was virtually 

quantitative. 

l-Thlo-l-phospha-5-aza-5-methyl-2,8,9-trloxabicyclo[3'3.3]-

undecane iodide (225) 

This compound was prepared by the procedure described 

for 224. Mp. 178-80° decomp. The yield was virtually 

quantitative. 

l-Seleno-l-phospha-5-aza-5-methyl-2,8,9-trioxabicyclo-

[3.3•3]undecane iodide (226) 

This compound was prepared by the procedure described 

for 224. Mp. l80-2° decomp. The yield was virtually 

quantitative = 

X-Ray Crystal Structure Determinations 

These experiments were carried out in collaboration with 

Dr. J. C. Clardy and Dr. J. P. Springer. 

l-H-l-phospha-5-aza-2,8,9-trioxabicyclo[3.3.3]undecane 

fluoroborate (217) 

Crystals of 217 were grown from an acetonltrile solution 

cooled to -10° for five days. A single crystal, 0.35 x 0.l8 

X 0.42 mm, was selected for study and mounted in a Llndeman 

capillary to protect it from atmospheric moisture. 
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Preliminary examination of 217 showed that the crystals 

belonged to the orthorhombic crystal class with a = 12.784(6), 

b = 9.320(4) and c_ = 8,988(3) and four molecular units of 

[HP(0CH2CHg)per unit cell. Unfortunately, the assign­

ment of a space group was not unambiguous since the systematic 

extinctions (Ok& absent if k+Jl = 2n+l, kO& absent if k = 

2n+l) were consistent with both Pna2^ and Pnam. The latter 

space group requires there to be a molecular mirror plane in 

the absence of disorder. 

A total of 8 7 3  unique reflections using a variable w-

scan technique (minimum l°/min) were measured (20<_ll4°) with 

a Syntex P2^ computer-controlled four-circle diffractometer 

and Cu radiation (1.54l8 A). During data collection 

three standard reflections, (312), (223) and (Ol4), were 

mon it or eu. Trie intensities of these reflections were seen 

to remain the same throughout the data collection, making 

any correction for decomposition unnecessary. After 

correction for Lorentz, polarization and background effects, 

615 reflections were judged to be observed ) ). 

Intensity statistics did not prove to be helpful in deter­

mining which space group was correct since they were inter­

mediate between centrosymmetric (Pnam) and noneentrosymmetric 

(Pna2^), in value. The presence of a heavy atom could easily 

have been responsible for this result. 
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Solution of the crystal structure was begun by routine 

application of direct methods via a multiple solution 

96 
weighted tangent formula scheme in the noncentrosymmetric 

space group Pna2^. The positions of the fluoroborate anion 

and phosphorus were located in the resulting electron density 

calculation. After three cycles of least squares refine-

97 
ment of those positions, the conventional agreement factors 

R and wR were 0.452 and 0.507, respectively. The phased 

07 
electron density synthesis revealed the positions of the 

rest of the nonhydrogen atoms which refined to R = 0.219 

and (joR = 0.223. Variation of isotropic temperature factors, 

followed by the anisotropic factors in succeeding refine­

ments resulted in agreement factors of 0.095 and 0.087 for 

R and wR, respectively. All hydrogen atoms were located in 

Q7 
subsequent F syntheses'' and full matrix i easr. squar-ea 

refinement for the 615 observed reflections and l83 variables 

produced final crystallographic residuals of 0.062 and 0.062. 

The geometry of this model was very poorly behaved with 

chemically identical bonds differing by five standard 

deviations. 

Refinement was then attempted in the alternate space 

group Pnam (an alternate setting of the standard Pnma). 

After the first cycles of Isotropic refinement it was 

apparent that a model in which the molecule resided on a 

mirror plane would not refine and models in which the carbon 

atoms bonded to nitrogen, C(3) and C(4), were disordered 
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were tried. These refined satisfactorily to Isotropic values 

of R = 0.186 and wR = 0.199 and anisotropic residuals of 

R = 0.085 and wR = 0.088. Inclusion of the hydrogen atoms 

resulted in final R and wR of O.o65 and 0.067, respectively, 

for the 135 variables used in the refinement. The molecular 

geometry was much better behaved for this model. The atomic 

scattering factors used in these refinements were those of 

QB qg 
Hanson et aJ. Corrections, ^ real or imaginary, for 

anomalous dispersion of phosphorus were also used in the 

calculations. 

Statistical comparlson^^^ of these models showed them to 

be of the same level of significance. Despite the better R 

value (.6.2%) for the Pna2^ refinement of 183 variables, the 

Pnam R value (6.5%) was accomplished with 135 variables. 

Since the second treatment of the data is chemically more 

acceptable, those values of the positional and thermal 

parameters and the observed and calculated structure factors 

are listed in Tables 4, 5 and 6. 

l-Thin-l-phospha-5-aza-2,8,9-trloxablcyclo[3.3.3]undecane 

(214) 

Crystals of 2l4 were grown by slow evaporation of a 

methylene chloride solution or vapor diffusion of hexane 

into a methylene chloride solution in a closed container. 

A crystal fragment 0.34 x 0.22 x 0.40 mm was selected and 
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Table 4. Fractional coordinates of the unique atoms of 
[HPfOCHgCHgjgNlBPy 

Atom x/a y/b z/c 

P 0 . 2 3 8 6 ( 1 )  0 . 1 9 6 5 ( 2 )  0.2500 

0(1) 0.3454(4) 0.1110(5) 0.2500 

0(2) 0.1894(3) 0.2489(4) 0.40l4(4) 

N 0.3236(4) 0.3748(6) 0 . 2 5 0 0  

C(l) 0.4447( 6 )  0.1804(10) 0 . 2 5 0 0  

C(2) 0 . 2 1 9 8 ( 6 )  0.3834(7) 0.4694(8) 

C(3)* 0.4275(9) 0 . 3 3 3 8 ( 1 3 )  0 . 1 8 5 8 ( 2 )  

C(4) 0.3290(14) 0.4218(16) 0.4055(15) 

C(4)*b 0 . 2 6 3 0(15) 0.4757(15) 0.3494(17) 

B 0.0258(7) 0.7334(10) 0 . 2 5 0 0  

F(l) 0 . 0 7 9 0 ( 6 )  0.7615(11) 0 . 2 5 0 0  

P( 2 )  0 . 0 7 8 2 ( 1 0 )  0 . 8 5 6 0 ( 1 0 )  0 . 2 5 0 0  

F(3) 0.0443(5) 0 . 6 5 1 0 ( 6 )  0.3732(5) 

H(1)C 0.484(6) 0 . 1 5 1 ( 8 )  0.340(8) 

H(2A) 0.248(6) 0 . 3 6 3 ( 8 )  0.557(12) 

H(2B) 0 . 1 5 8(7) 0.443(9) 0 . 4 9 0 ( 1 0 )  

H(3A)* 0.422(10) 0.342(10) 0.072(20) 

H(3B)* 0.482(8) 0.393(11) 0 . 2 1 7 ( 1 3 )  

H(4A)* 0.353(10) 0.540(12) 0.405(12) 

H(4B)* 0.379(12) 0.370(16) 0 . 4 5 6 ( 1 6 )  

H(4*A)* 0 . 3 1 2 ( 1 7 )  0 . 5 1 7 ( 1 8 )  0 . 1 1 0 ( 1 7 )  

H(4#B)* 0 . 2 0 6(9) 0 . 5 1 5 ( 1 2 )  0.212(14) 

H(P)# 0 . 1 8 8 ( 6 )  0.071(9) 0.267(15) 

^Atom Is disordered and was refined with an occupancy 
factor of 0.50. 

^An asterisk (*) denotes a disordered atom which was 
refined with an occupancy factor of 0.50. 

^Hydrogen atoms are labelled with the number of the 
carbon atom to which they are bonded. Where more than one 
hydrogen is bonded to a carbon atom, the hydrogens are 
labelled with a number and letter. 
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Table 5» Thermal parameters^ for [H-P(0CHgCH2)gN]BF2| 

Atom Gil ^22 ^ 3 3  6i2 «13 ^23 

P 4. 9(14) 5. 9 8 ( 2 1 )  o .71(27) 0 .54(13) 0 .0 0. 0 
0(1) 5. 75(35) 6. 1 5 ( 5 7 )  20 . 6 2 ( 9 4 )  0 .74(34) 0 .0 0. 0 
0 ( 2 )  7. 7 9 ( 2 8 )  11. 3 6 ( 4 5 )  11 .46(51) -1 . 7 3 ( 2 8 )  2 .86(30) -0 . 60(42) 

N 4. 8 6 ( 4 0 )  6. 9 5 ( 6 3 )  6; .76(80) -0 . 5 0 ( 4 1 )  0 . 0 0. 0 
C(l) 5. 3 5 ( 5 9 )  10. 8 ( 1 2 )  21 .2(17) 0 .60(66) 0 . 0 0. 0 
C ( 2 )  9. 40(53) 12. 1 9 ( 7 6 )  i:. . 4 8 ( 9 3 )  -0 .19(54) 2 .16(60) -3. 6 0 ( 7 2 )  
C ( 4 )  8. 3(12) 7. 6 ( 1 3 )  1Î3 . 8 ( 2 2 )  -0 .3(14) -1 .0(15) 5. 2(17) 

C ( 5 )  7. 9(11) 9. 7(17) 12 .6(19) -0 . 8 ( 1 2 )  -0 .3(13) -1. 4 ( 1 5 )  
C ( 6 )  4 .  9 3 ( 7 2 )  11. 7(17) lb . 7 ( 2 3 )  0 . 1 6 ( 8 5 )  1 .27(84) -0. 0(12) 
B 6. 4 3 ( 6 4 )  9. 1 ( 1 2 )  11 .0(12) 1 . 7 9 ( 6 5 )  0 .0 0. 0 
F(l) 11. 7 1 ( 5 9 )  32. 1(16) 33 .1(18) 6 .00(74) 0 .0 0. 0 
F(2) 19. 9 9 ( 5 6 )  21. 2 9 ( 7 9 )  13 . 5 6 ( 7 5 )  4 .09(50) -2 . 6 2 ( 5 0 )  4. 7 4 ( 5 8 )  
F(3) 24. 3(11) 21. 2(13) 43 . 7 ( 2 3 )  -12 .1(10) 0 . 0 0. 0 

^The anisotropic thermal ellipsoid is of the form e.xpC-(g^^h^ + ^22^^ 

$23^^ + 26^2hk + 2g^gh& + . 

^Numbering of the atoms corresponds to that in Figure 5-

^All g values c.ve 3 x 10^. 
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Table 6,. Observed and calculated structure, .factors for 1 

H  =  0  1  4  1 3  1 5  7  5  1 1  1 1  
K  L  F O  F C  1  5  1 2  - 1 2  7  7  5  —  6  
0  4  4 1  4 5  1  7  1 0  1 0  8  0  1 4  1 4  
0  6  6 2  - 6 7  1  8 5  - 5  8  1  3  - 2  
0  8  3 9  4 0  2  0  2 6  2 8  8  2  1 8  - 1 8  
1  3  5  4  2  1  1 1  -  1 2  8  3  6  —  5  
1  5  5 4  - 4 9  2  2  5 8  6 0  8  4  9  9  
1  7  2 0  1 9  2  3  4 3  - 4  7  8  5  4  5  
1  9  6  - 7  2  5  2 5  2 6  9  1  3  - 2  
2  2  6 5  6 9  2  6  1 4  1 4  1 0  0  8  7  
2  4  2 0  - 2 2  2  7  6  5  
2  6  4 2  4 4  2  8 1 0  - 9  H  =  2  
2  8  2 0  - 1 9  3  0  2 5  2 7  K  L  F O  F C  
3  1  1 7  - 1 3  3  1  4 3  44 0  0  5 7  —  6 5  
3  3  3 7  3 6  

3  2  1 3  1 3  0  1  2 5  2 7  
3  5  2 1  - 2 1  3  3  3 6  - 3 8  0  2  4 0  - 3 8  
3  7  1  1  - 1 3  3  4  2 8  - 2 9  0  3  6 0  - 6 5  
3  9  5  - 5  3  5  1 8  1 7  0  4  3 7  - 3 4  
4 Û  4 0  - 4 2  3  7  1  8  - 1 7  0  5  2 2  2 0  
4  2  9  9  3  8  9  8  0  6  3 2  2 8  
4  4  2 6  - 2 4  3  9  6  6  0  8  1 1  - 1 1  
4  6 1  1  - 1 0  4  0  5 4  5 3  1  0  4 1  3 6  
5  1  7  - 7  4  1  5  6  1  2  5 4  - 5 0  
5  3  5 9  - 5 9  À  i  V  — X M 

1 5  

1 3 2  - 5  
5  5  2 7  2 7  4  3  1 5  

— X M 

1 5  1  4  1 6  1 2  
5  7  8  9  4  4  1 3  1 3  1  S  3 5  3 9  
6  2  2 2  - 2 2  4  5  8  - 7  1  6  3  2  
6  4  6  6  4  6  2 0  - 2 1  1  7  3 6  - 3 7  
6  6  l U  i 0  4  8  1 4  1 4  1 9 1 8  17 
7  1  

3  

7  

3 2  

- 5  5  1  2 4  - 2 4  2  0  2 1  -  1 7  
7  

1  

3  

7  

3 2  3 2  5  3  1 5  1 4  2  1  2 5  1 7  
8  0  1 4  1 3  5  5  3 2  - 3 2  2  2  1 3  1 2  
6  2  1 1  1  1  5  6 5  6  2  3  4 1  4 3  
8  4  7  - 7  5  7  1 3  1 3  2  4  9 5  
3  6 6  S 6  0  3 6  - 3 5  2  5  5  —  4  
9  1 1 8  1 7  6  2  1 5  1 5  2  6  2 2  - 2 0  
9  3  2 1  - 2 1  6  3  8  8  2  7  1 4  - 1 5  

1 0  0  7  8 6  4  3 3  - 3 3  2  8  6  6  

6  5  6  —  8  3  0  7 4  8 4  
H  =  1  

6  6  1 6  1 7  3  1  1 5  - 1 5  
K  L  F O  F C  7 1  2 0  2 1  3  2  3 4  - 3 8  
1  0  1 0  - 1  4  7 2  6  ~7 3  3  1 0  1 0  
1  1  1 6  1 5  7  3  1 6  - 1 7  3  5  1 0  - 1 2  
i  2  11 -11 7 4 :: :  1  
1 3  5 1  5 2  
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Table 6. (Continued) 

3  6  2 3  - 2 2  1  7  1 0  - 9  8  0  8  - 7  
3  7  1 9  1 9  1  8  7  —  6  8  2  4  4  
3  8  8  8  2  0  2 3  - 2 2  8  3  7  - 6  
4  0  3 2  - 3 2  2  2  4 6  —  4  6  8  5  4  3  
4  1  2 4  - 1 8  2  3  1 9  - 2 0  9  0  4  5  
4  2  1 0  8  2  4  2 4  2 4  9  3  4  - 4  
4  4  4 3  4 5  2  5  7  9  

4  5  1 2  - 1 2  2  6  1 3  - 1  3  H  =  4  
4  7  1 3  1 4  2  7  6  - 7  K  L  F O  
5  0  6 0  - 6 3  3  0  2 3  2 7  0  0  6 3  6 4  
5  2  2 4  2 6  3  1  4 6  - 4 5  0  3  1 3  1  1  
5  3  1 0  7  3  2  1 7  - 1 6  0  4  G  1 0  
5  6  1 0  1  0  3  3  3  - 3  0  5  1 7  1  7  
5  8  5  - 4  3  5  7  6  0  6  9  - 1 0  
6  0  2 4  2 2  3  6  1 0  - 9  0  7  6  7  
6  1  3  - 5  3  7  1 3  1  3  0  8  1 5  1 5  
6  2  1 7  1 8  3  8  8  8  0  9  5  - S  

6  3  8  1  0  3  9  6  - 7  1  0  8 8  1 0 0  
6  4  2 2  - 2 2  4  0  3 0  - 3 1  1  1  2 5  - 2 5  
6  7  4  1  4  1  2  -  1  1  2  1 3  1 2  
7  0  7  8  4  2  2 7  2 7  1  3  3 3  3 0  
7  1  5  - 4  4  3  2 0  2 0  1  4  3 0  - 2 9  
7  2  1 1  1  1  4  4  2 6  - 2 5  1  5  2 9  - 2 5  
7  3  1 0  - 1 0  4  5  9  - 1  0  1  6  9  - 9  
7  4  A  3  î  3  4  1  3  •7 t  5  
7  5  4  - 4  4  8  6  - 6  1  8  6  6  
0 0 3  2  5  0  2 1  - 2  0  1  9  9  -8 
8  2  2 0  — 2 0  5  1  3 5  3 4  2  0  2 5  - 2 4  
8  3  Î 5  - 1 5  5  2  1 0  1  2  2  1  5 7  — 5 4  
8  4  1 0  1 0  5  3  2 1  - 2 0  2  2  1 6  1 7  
8  5  5  5  5  4  1 6  -  1  6  2  3  9  - 8  
9  2  8  - 8  5  5  2 7  2  8  2  4  2 2  - 2 4  
9  3  1 5  1 5  5  6  5  5  2  5  1 0  - 1 0  
9  T  7  5  7  1 2  ~  1  2  2  6  2 4  2 4  

1 0  0  1 7  - 1 7  6  0  2 5  2 5  2  7  1 3  1 4  

G  1  S  1  0  2  S  î  1  - l î  
H  =  3  6  2  7  - 7  2  9  3  3  

K  L  F O  F C  6  3  4  2  3  0  3 6  - 3 5  
1  0  2 5  - 2 7  6  4  1 9  1 9  3  1  3 7  3 4  
1  1  3  - 3  6  6  1 0  - 1  0  3  2  8 8 
1  2  8  7  7  0  4  2  3  3  2 5  - 2 3  
1  3  2  3  7  ! 2 0  - 2 0  3  4  1 1  1 1  
1  4  2 3  2 ô  7  3  2 2  2 1  3  5  1 4  Î 4  
1  5  6  —  6  7  4  6  6  3  6  2 7  2 7  
1  6  8  8  7  5  i 6  -  1 6  3  7  1 4  —  1 4  

7  6  4  - 3  3  8  8  - 9  
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Table 6. (Continued) 

4  0  S  9  2  0  2 6  - 2 7  H  a  6  
4  1  5 8  5 7  2  1  2 3  — 2 6  K  L  F O  F C  
4  2  2 8  - 3 1  2  2  1 8  1 9  0  0  1 9  - 2  3  
4  4  1 0  1 2  2  3  2 2  2 0  0  1  31 - 3 7  
4  5  6  5  2  4  7  7  0  2  3 2  3 3  
4  6  1 2  - 1 2  2  5  9  - 7  0  3  2 7  - 2 4  
4  7  2 2  - 2 2  2  6  1 9  1 7  0  4  3 3  - 3 0  
4  8  3  2  2  7  1 9  1  8  0  5  1 5  - 1 4  
5  0  1 3  - 1 5  2  8  1 4  - 1  3  0  6  6  - 7  
5  i  1 0  - 5  3  0  1 6  1 8  0  7  1 2  1  1  
5  2  1 0  1 0  3  1  1 8  1 6  1  0  1 6  - 1 0  
5  3  6  - a  3  2  1 1  1 0  1  1  1 1  - 1 3  
5  5  7  6  3  3  3 7  - 3 6  1  2  1 6  - 1 7  
5  6  1 1  - 1 3  3  4  7  - S  1  3  1 9  - 1 9  
6  0  1 7  1  5  3  5  2 2  2 3  1  4  7  - 8  
6  2  1 3  - 1 0  3  6  8  9  1  5  1 0  1 0  
6  3  2 3  - 2 4  3  7  1  1  - 1 2  1  6  8  9  
6  5  6  6  3  8  4  - 4  2  0  2 8  2 9  
6  6  5  - 5  4  0  5 0  5 2  2  1  1 7  2 1  
7  0  5  7  4  1  9  1 0  2  2  3 6  - 3 7  
7  1  2 6  - 2 7  4  2  3 7  - 3 8  2  3  1 7  1 5  
7  2  2 2  - 2  3  4  3  1 4  - 1 4  2  4  3 4  3 3  
7  3  2 1  2 2  4  4  2 2  2 2  2  5  5  4  
7  4  1 4  1 4  4  5  1 4  1 4  2  6  1 2  - 1 2  
7  5  a  - 9  4  6  2 1  - 2 0  2  7  1 4  - 1 4  
7  6  5  - 3  4  7  7  - 6  2  8  6  6  
R  m  1  «  —  I t  - 6  

4  à E  O  l O  
8  1  1 4  - 1 3  5  0  1 0  i  0  3  1  2 1  - 1 9  
8  2  2 2  2 1  5  î  2 2  - 2 1  3  2  7  - 5  
8  3  2 6  2 7  5  2  4  5  3  3  3 5  3 4  
8  4  1 5  - 1 5  5  3  2 5  2 5  3  4  1 7  - 1 6  
8  5  6  - 7  5  5  2 2  - 2 2  3  5  2 1  - 2 0  
9  0  6  5  5  7  1 0  1 0  3  6  7  - 8  
9  l  1 5  1 4  6  0  3 1  - 3 1  3  7  1 0  9  
9  2  9  9  6  1  7  —  6  A  0  7  - 7  
9  3  1  c. —  1 6  ô  2  2 3  2 2  c  C  1 C  f  

6  4  2 9  - 3 0  4  3  3 3  
H  =  5  6  5  7  - 7  4  4  1 6  - 1 6  

K L  F O  F C  6  6  1 5  1 6  4  5  7  - 6  
1  0  5  - 8  7  0  1 0  - 1  1  4  6  7  7  
1  1  7  7  7  l  ! 5  l  5  4  7  1 1  1 1  
i  2  1 4  - 1 4  8  0  7  7  5  0  1 8  - 1  7  
1  3  1 3  1  3  8  2  6  — ô  5  3  ! 3  - 1 3  
1  4  4  - 3  9  1  3  2  5  4  1 5  1 4  
1  5  1 6  - 1 7  9 2  4  —  4  5  6  4  5  
1  6  6  - 7  

—  4  

: 7  5  1 0  

1  8  3  4  
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Table 6. (Continued) 

6 0  3 6  - 3 6  4 4 1 5  -  1  6  4 0 5 2 
6  1 9 1 0  4 6  S 5  4 1  1 5  - 1 5  
6  2  1 5  1 5  5  0  1  4  - 1 4  4  2  1 6  - 1 7  
6 5  4 5  5  1  1 5  1 5  4  3  1 2  1 2  
6 6 9 1 0  5  3  1 8  - 1  8  4 4  1 1  1 1  

7 0  1 0  1  1  5  4  5  - 5  4  5  1 2  - 1 0  

7 1  3 1  3 1  5  5  1 5  1 5  5  1  4  2  
7 2  1  1  1 1  6  G  1 3  1  1  5  2  5  - 3  
7 3  1 5  - 1 5  6  1  7 5  5  3  1 2  1 3  
7 4  6  - 7  6  2  5  - 4  5  4 4  1  
7 5  1 1  1  1  6  4  5  6  5  6  3  - 2  

8  0  2 3  2 3  6  5  6  5  6  0  11  1 1  

8  1  6  - 5  6  6  3  - 4  6  3  1 2  - 1 2  

8  2  2 1  - 2 1  7  0  7  6  6  5  3  3  

8  3  6  —  6  7 1  8  - 3  7 0  1 4  - 1 3  

8  4  1 1  1 2  7 3  5  6  7 1  1 2  - 1 2  

9 0  4  4  7 4  5  6  7 2  3  1  

9 1  1 4  - 1 5  7 5  6  — 6  7 4 3  - 3  

8  0  9  - 1 0  8  0  1 4  - 1 4  
H  =  7  8 3  6  6  8  1  6  -4 

< L  F O  P C  8  2  9 9 
\ 0  1 0  - 1  0  H  =  8  

1  1  1 4  l  5  K  L F O  F C  H  =  9  

1  2  2 4  2 3  0 0  3 2  - 3 1  K  L  F O  F C  

1  4 4 - 4  0 1  1 8  1 8  1  1  9 - 1 0  
1  5  8  7  0  2  3  - 3  1  2  1  1  —  1  0  

: 3  5  c  3  ï  5  -  î  5  1  j 5  ï û  

1  7  1 1  - 1  0  0  4  2 0  2 0  1  5  1 0  - 1 0  
2  0  3  - 3  0  5  2 6  2 7  2  0  3 2  - 2 9  

2  1  1 5  1  3  0  6  4  3  2  i  6  - 6  

2  2  1 3  - 1 3  0  7  3  — 5  2  2  2 1  2 1  

2  3  1 0  -  1  0  1  0  4 7  4 9  2  3  1 7  1 7  
2  4  1 5  1  5  l 2  2 1  - 2 1  2  4  1 2  - 1 2  
2  5  5  - 5  1  3  2 5  2 5  2  5  4  - S  
2  6  1 3  - 1 4  l  4  2 4  2 3  2  6  1  1  1 0  

2  7 ô  —  S  m  5  ô  — 6  2  7  5  6  

3  0 1 2  1 3  ! 6  1 9  - 1  8  3  0  8  - 7  
3  1  3 2  - 3 3  2  0  1 4  1 5  3  I  1 9  2 0  

3  2  2 3  - 2 3  2  2  1 2  1 0  3  2  1 1  1 1  
3  3  1 5  1  4  2  4  2 1  - 2 1  3  3  1 6  - 1 6  
3  4  I  0  1  0  2  6  4  4  3  4  4  - 3  

3  5  1 1  - 1 0  3  0  4  4  3  5  9  1 0  
3  6  8  - 9  3  2  1 0  9  3  6  9  9  
3  7  1 4  1  3  3  3  2 0  - 2 1  4  0  2 0  2 0  
4  0  7  - 5  3  4  7  - 4  4  1  l i  1 1  

4  1  8  - 7  3  5  1 0  1 1 4  2  1 6  - 1 7  
4  2  1 6  1  5  3  6  6  4  4  3  8  - 9  
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Table 6. . .(.C.ont.lnae.d) 

4  4  11  1 1  

4  5  1 1  1 3  

4  6  7  - 7  

5  0  2 0  2 0  

5  1  9  - 7  

5  2  7  - 5  

5  3  9  a  

5  4  8  8  

5  5  4  - 5  

5  1  1 3  - 1 3  

6  2  4  5  

6  3  6  7  

6  4  7  - 8  

7  Q  6  - 7  

7  1  6  5  

7  2  7  6  

7  3  4  - 4  

H  =  1 0  

K L  F O  F C  
0  0  2 1  - 2 0  

0  1  3 0  - 3 0  

0  2  2 8  2 7  

0  3  2 5  2 4  

0  4  1 6  - 1 7  

0  5  2 3  - 2 3  

G  5 Ô  
1  0  1 1  -  1 2  

1  1  1 4  1 5  
1  2  1 0  1  0  
1  3  2 9  - 2 9  
1  4  1 7  - 1 7  

1  5  1 2  1 2  

2  1  1 6  1 5  

2  2  1 3  - 1 3  

2  3  2 2  — 2.1 

2  4  1 3  1 4  

2  5  1 0  9  
2  6  3  - 3  

3  0  1 6  —  1  6  

3  3  1 0  1  0  

3  5  4  - 3  H  =  1 2  
3  6  4  4  K  L  F O  F C  
4  0  9  1 0  0  0  1 5  1 6  
4  1  4  5  0  2  1 8  - 1 7  
4  3  1 0  9  0  3  8  - 7  
5  0  1 8  1 8  0  4  9  8  
5  1  4  — 5  1  1  1 1  - 1 2  
5  2  9  - 8  1  2  7  - 8  
5  4  5  5  1  3  8  9  
6  0  1 1  - 1 2  1  4  1 3  1 4  
6  2  4  3  2  0  5  - 4  
7  0  6  - 5  2  2  7  7  

2  3  8  8  
H  =  1  1  2  4  5  - 5  

K  L  F O  F C  3  2  1 0  1  I  
1  0  7  7  3  4  7  - 8  
1  1  6  4  4  2  3  3  
1  3  6  — 6  4  3  5  -  6  

1  5  7  7  5  0  3  - 2  

2  0  6  7  5  1  3  3  

2  2  6  - 8  

2  4  1 0  1 1  H  =  1 3  

3  0  5  - 3  K  L  F O  F C  
3  1  1  0  - 1  0  1  0  3  1  
3  2  3  - 3  3  0  7  - 7  

o  1  3  n 
3  4  3  3  
3  5  9  - 9  

4  0  8  - 8  

4  1  7  - 8  

4  2  7  8  

4  3  4  4  
4  4  6  - 7  

5  0  1 5  - 1 5  

5  1  4  4  
5  2  7  8  

5  3  7  - 7  
6  0  4  3  
6  1  1 0  1  1  
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mounted in the Lindeman capillary as a precaution against 

atmospheric moisture. 

The crystals were found to belong to the orthorhombic 

crystal class with a = 12.231(2), b = 6.590(1) and c^ = 

11.284(2) 1 and four molecular units of SP(0CH2CH2)gN per 

unit cell. Systematic extinctions (hO& absent if h = 2n+l, 

OkS, absent if & = 2n+l) allowed assignment of the space group 

of Pca2^. 

A Syntex P2^ computer-controlled four circle diffrac-

tometer was used to measure 755 unique reflection intensities 

inside a 26 sphere of 114° with Cu radiation (1.54l8 %). 

During the data collection three reflections, (341), (142) 

and (023), were observed. No significant change in them was 

noted. Of the reflections measured 631 were judged observed 

after- correction for Lcrents, polarization and backgrounn 

effects (FolSoCPg)). 

Routine application of direct methods (MULTAN)^^ 

resulted in location of the positional parameters for sulfur, 

phosphorus and the three oxygens in the first phased E 

97 
synthesis. These positional parameters were refined to 

conventional agreement factor values of 0.302 and 0.321, R 

and wR; respectively. The rest of the nonhydrogen atoms 

97 
were located in subsequent electron density calculations 

and reduced the R and loR to 0.139 and 0.178. Isotropic 

(R = 0.108 and wR = 0.130) then anisotropic thermal 

parameters (R = 0.068 and wR = 0.076) were included in the 
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model. All of the hydrogen positions were found in 

07 
difference F syntheses. Pinal full matrix least-squares 

refinements led to crystallographic residuals, R and wR, of 

0.057 and 0.063J respectively. Fractional coordinates, 

thermal parameters and observed and calculated structure 

factors for this model are listed in Tables 7, 8 and 9. 

The atomic scattering factors used in the refinement were 

Q8 QQ 
those of Hanson £t al^. Corrections, real and imaginary, 

for anomalous dispersion of phosphorus and sulfur were also 

used in the calculations. 
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Table 7. Fractional coordinates of SaPÇOCHgCHgïgN 

Atom^ x/a^ y/b z/b 

S 0 . 2 6 2 3 ( 2 )  0 . 1 3 4 4 ( 3 )  0 . 0 5 6 5 ( 3 )  
p 0.1828(1) - 0 . 0 6 2 1 ( 2 )  0 . 1 4 7 8  

0(1) 0 . 2 6 0 4 ( 5 )  - 0 . 2 2 8 4 ( 1 0 )  0.1953(7) 

0 ( 2 )  0.0957(6) - 0 . 1 7 4 8 ( 1 0 )  0 . 0 6 7 6(7) 

0 ( 3 )  0 . 1 2 2 3 ( 6 )  0 . 0 3 8 0 ( 9 )  0 . 2 5 0 2(7) 

N 0 . 0 5 1 0 ( 6 )  - 0 . 3 8 3 8 ( 1 1 )  0 . 2 9 3 8 ( 7 )  

C(l) 0 . 2 5 1 7 ( 8 )  - 0 . 3 1 8 9 ( 1 3 )  0 . 3 1 1 1 ( 9 )  

0 ( 2 )  0 . 1 5 8 1 ( 9 )  - 0 . 4 5 3 9 ( 1 5 )  0 . 3 2 9 7 ( 1 0 )  

C ( 3 )  0 . 0 6 5 5 ( 8 )  - 0 . 3 8 2 3 ( 1 5 )  0 . 0 7 5 9 ( 8 )  

C ( 4 )  0 . 0 0 7 9 ( 9 )  - 0 . 4 4 5 7 ( 1 3 )  0 . 1 8 3 2(9) 

0 ( 5 )  0 . 0 1 8 7 ( 9 )  -0.0120(14) 0 . 2 9 4 8 ( 1 1 )  

0 ( 6 )  0 . 0 0 9 0 ( 1 0 )  - 0 . 2 0 9 8 ( 1 6 )  0.3560(12) 

H(l) 0.248(7) -0.148(11) 0 . 3 4 4 ( 8 )  

H(1A) 0 . 3 3 3 ( 7 )  -0.379(15) 0 . 3 3 1 ( 9 )  

H ( 2 )  0 . 1 6 6 ( 8 )  - 0 . 5 9 7 ( 1 6 )  0 . 2 5 5 ( 1 0 )  

H (PA) 0.163(0) - 0 . 5 2 8 ( 1 2 )  0.436(8) 

H ( 3 )  0 . 1 5 5 ( 7 )  - 0 . 4 7 0 ( 1 5 )  0 . 0 9 3 ( 9 )  

H ( 3 A )  0 . 0 2 9 ( 6 )  - 0 . 4 0 5 ( 1 2 )  0.007(7) 

H(4) - 0 . 0 0 6 ( 6 )  - 0 . 5 6 9 ( 1 2 )  0 . 1 7 9 ( 7 )  

H(4A) - 0 . 0 7 0 ( 8 )  - 0 . 3 6 4 ( 1 5 )  0 . 1 5 9 ( 1 1 )  

H ( 5 )  - 0 . 0 3 2 ( 6 )  -0.030(12) 0.199(7) 

H(5A) - 0 = 0 0 7(6) 0 , 0 8 5 ( 1 5 )  0 . 3 5 0 ( 1 0 )  

H ( 6 )  0 . 0 7 0 ( 9 )  - 0 . 2 1 5 ( 2 0 )  0 . 4 5 7 ( 1 2 )  

h ( 6 a )  - 0 . 0 6 4 ( 6 )  -0.209(13) 0.381(7) 

^Numbering of the atoms corresponds to that in Figure 7. 

^Standard deviations are given in parentheses. 
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Table 8. Anisotropic thermal parameters^ for 8 = P ( 0 C H g C H g ) ^ N  

Atom^ Bll* ^22 ^ 3 3  1—'
 

ro
 

9l3 ^ 2 , 3  

S 7.9(2) 2 0 . 9 ( 5 )  7 . 2 ( 2 )  -3.6(2) 0.5(2) 1 . 6 ( 3 )  

P 5.2(1) 13.1(4) 4.3 -0.6(2) 0.0 0.0 

0 ( 1 )  6 . 6 ( 4 )  28.6(16) 10.0(6) 0 . 3 ( 7 )  - 0 . 6 ( 4 )  4.2(9) 
0(2) 11.7(6) 27.0(17) 6 . 4 ( 5 )  -7.7(8) - 1 . 5 ( 5 )  2.2(9) 
0 ( 3 )  11.3(6) 17.7(14) 10.3(6) -0.1(8) 4 . 1 ( 6 )  1.2(8) 

N 8 . 5 ( 6 )  19.9(17) 7 . 1 ( 6 )  -0.3(9) 1 . 4 ( 5 )  3 . 0 ( 1 0 )  

C(l) 8.4(6) 27.3(21) 5.2(6) 2.5(13) -0.7(6) 3.0(12) 
C ( 2 )  10.3(9) 26.6(27) 8 . 8 ( 9 )  0.0(12) -1.5(7) 6.6(13) 
0 ( 3 )  9 . 6 ( 7 )  25.2(24) 5 . 4 ( 8 )  - 7 . 0 ( 1 2 )  —1.6(6) -3.1(11) 
C(4) 8 . 8 ( 7 )  19.3(22) 10.7(10) -4.7(11) - 2 . 0 ( 7 )  2.7(11) 
0 ( 5 )  9 . 8 ( 8 )  1 7 . 6 ( 1 9 )  10.3(9) 3.6(11) 3 . 9 ( 8 )  1.3(13) 
0 ( 6 )  13.2(10) 25.5(27) 12.1(11) 0.1(15) 8.5(10) 3.0(14) 

^The anisotropic thermal ellipsoid is of the form exp[-(g^^h^ + + 

+ 26^ghk + 2g]^hA + 26^ 

^Numbering of the atoms correfjponds to that in Figure J. 

^All 3 values are 8 x 10^. 
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9. 

0 
F O  

2 5  

3 0  

4 7  

1 5  

7 6  

18  
3 5  

3 0  

1 3  

2 
6 2  
Ô9 

1 4  

2 9  

3 6  

16 

4 6  

4 0  

1 1  
2 1  
3  

4 4  

1 7  

5 6  

11 
10 
1 3  

18 
3 6  

4 0  

I S  
8 
8 

7  

1 7  

1 1 
1 3  

2 1  
14 

5  

1 1 
3  

i  

F O  
4  

18 
10 
1 7  

28 
2 3  

3 1  

5 1  

2 3  

4  

8 
16 
12 
22 
3 4  

18 
16 
1 5  

2 3  

11 
5  

8 
12 

3  

21 
5  

18 

1 4  

10 
8 
4  

1 4  

1 9  

1 1  
1 
o 

3 2  

8 
10 
10 

8 
8 
5  

4  

S O  

Calculated and observed structure factors for 
s= P(OCHgCHg OgN 

1 - 1 1  6  5  5  - 6  1 3  1 2  2  - 7  1 8  

F C  1  - 1 0  9  1 0  5  - 5  1 9  1 9  2  - 6  1 0  

2 7  1  - 9  1 0  1 0  5  - 4  1 8  1 7  2  - 5  1 8  

3 0  1  - 8  4  3  5  - 3  9  1 0  2  4  2 7  

4 7  1  - 7  1 1  1 2  5  - 2  3 2  3 1  2  - 3  2 3  

1 6  1  -  6  2 7  3 3  5  -  1  4  4  2  - 2  3 0  

8 3  1  - 5  1 6  1 6  5  0  3 4  3 3  2  - 1  5 2  

1 8  1  - 4  2 5  3 0  6  - 6  5  5  2  0  2 5  

3 3  1  - 3  3 9  4 0  6  - 5  8  8  3 - 1 0  5  

2 9  1  - 2  5 1  5 4  6  - 4  8  8  3  - 9  8  

1 3  1  -  1  5 8  5 9  6  - 3  7  7  3  - 8  1 5  

4  1  0  5 4  5 1  6  - 2  2 6  2 6  3  -7 1 1  

6 3  2 - 1 1  8  7  6  - 1  4  5  3  - 6  2 3  

6 9  2 - 1 0  3 4  6  0  2 3  2 3  3  -4 3 3  

1 3  2  - 9  1 0  1 0  7  - 2  5  6  3  — 3  1 9  

2 8  2  - 8  2 8  2 6  7  0  7  7  3  - 2  1 4  

3 7  2  - 6  2 9  3 0  3  - 1  1 8  

1 2  2  - 5  9  9  H  =  2  3  0  2 6  

4 6  2  - 4  6 3  6 9  K  L  F O  F C  4 - 1 0  1 3  

3 9  2  - 3  2 7  2 8  0 - 1 2  1 8  1 9  4  - 9  4 
1  1  2  - 2  2 9  2 9  0  - 1 1  1 8  1 7  4  - 8  9  

2 3  2  - 1  2 0  1 8  0 - 1 0  2 8  2 6  4  - 6  1 2  

0  2  0  4 0  3 7  0  - 9  1 4  1 3  4 - 5  3  

4 6  3 - 1 1  3  2  0  - 8  1 9  2 1  4  - 4  2 0  

1 7  3 - 1 0  9  8  0  - 7  1 2  1 3  4  - 3  4  

5 8  3  - 9  7  8  0  — 6  1 5  1 8  4  - 2  1 6  

1  1  3 — 8  2 1  1 9  0  - 5  2 6  3 2  —  1  A  

1 0  3  - 7  1 5  1 4  0  - 4  3  8  4  0  1 5  

1 5  3  - 6  3 9  4 0  0  - 3  1 3  1 1  5  - 8  9  

1 9  3  - 5  1 3  1 3  0  - 2  5 7  6 7  S  - 7  7  

3 7  3  - 4  3 5  3 8  0  0  3 2  3 5  5  - 6  3  
4 2  3  - 3  1 2  1 3  1  - 1 2  1 1  1 0  5  - 5  1 3  

1 6  3  - 2  1 1  9  1 -  1 1  11 1 1  5  - 4  1 9  
9  3  - 1  2 9  3 2  1  - 1 0  2 1  1 9  5  - 3  1 1  

9  3  0  4  4  1  - 9  2 2  2 2  5  - 2  2  

8  4 - 1 0  1 1  1  1  1  -  8  z i  2i 5  -  I  6  

1  7  4  - 9  7  5  1  - 7  2 1  2 1  5  0  3 4  

1  1  4  —  8  1 6  1 8  1  -  6  1 0  1 1  6  - 6  7  

1 4  4  - 7  1 5  1 6  1  - 5  1 1  1 0  6  - 5  9  

2 2  4  6  2 4  2 4  1  - 4  1 3  1 5  6  - 4  1 0  

1 3  4  - 5  1 1  1 1  1  - 3  4 2  4 2  6  - 3  8  

4  4  - 4  2 4  2 4  1  - 2  7 8  8 5  6  - 2  8  

1 0  4  - 3  1 4  1 5  i - 1  3 2  3 4  6  =  1  5  

3  4  - 2  2 1  2 1  1  0  6 3  6 3  6  0  5  
4  - 1  1 5  1 4  2  - I  I  8  6 7 - 1  9  
4  0  1 2  1 3  2 '  - 1 0  1 9  Î  7  

F C  5  - 8  1 2  1 2  2  - 9  1 1  1 1  

3  5  - 7  9  1 0  2  - 8  2 1  2 0  
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Table 9. (Continued) 

H  =  3  5  - 7  1 4  1 3  2  - 5  1 8  1 9  1  -4 1 3  1 3  

K  L  F O  P C  5  - 6  1 3  1  3  2  - 4  2  0  1  - 3  2  2  

1 - 1 1  1 1  1 1  5  - 5  2 1  2 1  2  - 3  2 2  2 5  1  - 2  4 2  4 1  

J - 1 0  1 7  1  7  5  - 4  1 1  1 2  2  - 2  2 3  2 3  1  -  1  1 2  1 1  

1  - 9  9  8  5  - 3  1 5  1 5  2  - 1  2 5  2 9  1  0  1 3  1 5  

1  - 8  1 7  1 5  5  - 2  2 4  2 4  2  0  3 4  3 3  2 - 1 0  9  9  

1  - 7  5  6  5  - 1  1 1  1 0  3 - 1 0  1 5  1 3  2  - 9  1 5  1 4  

1  — 6  3 4  3 7  5  0  3 6  3 5  3  - 9  1 1  1 1  2  - 8  2 4  2 3  

i  - 5  4  4  6  - 6  9  9  3  - 8  4  1  2  - 7  1 0  1 0  

1  - 4  5 3  59 6  - 5  1 4  1 3  3  - 6  2 3  2 5  2  — 6  5  3  

1  - 3  2 5  2 5  6  - 4  2  3  3  - 5  7  7  2  - 5  9  9  

1  - 2  6 6  7 3  6  - 3  2 1  2 1  3  - 4  8  8  2  - 4  3 1  3 1  

1  -  1  2 8  2 9  6  - 2  1 4  1 3  3  - 3  2 5  2 5  2  - 3  1 0  1 0  

1  0  2 7  2 9  6  -  m  7  S 3  = Z 2 0  2 1  2  - 2  3 0  3 0  

2 - 1 1  1 0  9  6  0  1 5  1 5  3  - 1  2 0  2 1  2  - l  2 5  2 3  

2 - 1 0  1 0  9  3  0  2 1  1 9  2  0  5 0  5 0  

2  - 9  1 4  1 3  H  =  4  4  - 9  7  7  3 - 1 0  1 1  1 2  

2  - 8  2 1  2 1  K  L  F O  F C  4  - 8  8  7  3  - 9  1 3  1 3  

2  - 7  1 7  1 7  0 - 1 1  1 6  1 4  4  - 7  5  5  3  - 8  7 6  

2  —  6  2 7  2 8  0  - 1 0  5  6  4  - 6  1 4  1 4  3  - 7  1 5  1 5  

2  - 5  1  1  1 0  0  - 9  3 1  2 9  4  - 5  1 6  1 6  3  — 6  1 8  1 8  

2  - 4  3 3  3 5  0  - 8  3 1  3 1  4  - 4  2 2  2 2  3  - 5  8  8  

2  - 3  2 5  2 8  0  - 7  3 4  3 5  4  — 3  1 7  1 5  3  -4 1 7  1 6  

2  - 2  5 0  5 0  0  - 6  2 8  3 1  4  - 2  1 8  1 9  3  - 3  2 3  2 3  

2  ~ 1  4 6  4 5  0  - 5  5 0  5 7  4  -  1  1 4  1 4  3  - 2  1 9  1 8  

2  0  1 3  1 6  0  - 4  ! 6  1  5  4  0  1 6  1 5  3  —1 3 9  3 9  
3 - 1 0  6  6  0  - 3  4 1  4 8  5  -  7 5  7  ô  û  2 2  2 2  
3  - 9  1 7  1  7  0  - 2  1 2  1  1  5  — 6  7  7  4  - 9  1 3  12 
3  —  8  2 1  2 1  0  - î  i i  1  0  5  = 5  8 9  4  - B  S S  1  i  
3  - 7  1 2  1 2  0  0  7 3  7 6  5  - 4  1 0  1 0  4  - 7  1 1  l i  
3  —  6  1 5  1 5  î - 1 1  y  7  5  - 3  4  3  4  - 6  3  7  
3  - 5  3 0  3 2  1 - 1 0  4 4  5  -2 1 3  1 4  4  - 5  7  7  

3  - 4  2 1  2 1  1 - 9  1 7  1 6  5  - 1 1 4  1 3  4  - 4  2 2  2 3  
3  - 3  2 7  2 8  1 - 8  1 3  1 3  6  - 5  9  9  4  - 3  1 8  1 8  
3  - 2  1 0  1 0  1 - 7  3 0  2 9  6  - 4  9  9  4  -2 1 6  1 6  
3  - 1  1 9  1  8  1 - 5  11 1 2  6  - 3  10 10 4  •= 1 2 9  2û 
3  0  3 0  2 9  1  - 5  2 8  3 0  6  -1 1 2  1 2  4  0 3  2 
4  - 9  1 4  1 4  1 —  4  3 2  3 3  6  0  4  4  5  - 7  10 10 
4  - 8  5  6  1 - 3  3 0  3 6  5  — 6  1 9  1 9  
4  - 7  1 6  1 7  1 -2 3 0  3 3  H  =  5  5  - 5  1 2  1 2  
4  - 6  S  6  î - i  2 8  3 2  K L  F O  F C  5  - 4  1 2  1 3  
4  - 5  2 7  2 8  1  0  10 7  1 - 1 1  5  5  5  - 3  1 3  1 3  
4  - 4  1 5  1 7  2 - 1 1  l i  1 0  1 - 1 0  1 3  1 7  5  - 2  9 9  
4  - 3  3 1  3 1  2  - 1 0  6  6  1  - 9  1 3  1 1  5  - 1  2 2  2 2  
4  -2 1 3  1 2  2  - 9  1 3  1  1  1  - 8  8  7  6  — 4  1 7  1 7  
4  - i  2 6  2 3  2  —  S  7 7  î  - 7  S  S  6  - 3  8 7  
4  0  3 5  3 5  2  - 7  11 1 1  1  - 6  1 1  1 1  6  -2 5  4  
5  - 8  1 1  1 0  2  - 6  7  6  1  - 5  1 3  1 4  6  - 1  8  8  
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Table 9- (Continued) 

6  0  1 3  1 2  4  - 7  6  5  3  0  4 6  4 8  3  - 8  7  7  
4  -  6  8  7  4  - 7  3  3  3  - 7  6  7  

H  =  6  4  - 4  2 7  2 7  4  —  6  9  9  3  - 6  i o  1 0  
K  L  F O  F C  4  - 3  1 0  9  4  - 5  8  8  3  - 5  6  7  
0 - 1 0  1 1  1 0  4  -  2  1 3  1 4  4  - 4  1 6  1 7  3  - 4  9  9  
0  - 9  4  3  4  - 1  8  8  4  - 3  4  3  3  - 3  2  1  
0  - a  3 1  3 2  4  0  2 7  2 5  4  - 2  2 3  2 3  3  - 2  2 2  2 2  
0  - 7  2 7  2 6  5  - 6  3  3  4  - 1  9  9  3  0  2 1  2 0  
0  —  6  4 8  4 9  5  - 5  8  7  4  0  1 7  1 7  4  - 7  2  3  
0  - 5  3 4  3 3  5  - 4  8  8  5  - 5  3  3  4  - 6  7  6  
0  - 4  4 4  4 8  5  - 3  1 1  1 2  5  - 4  1 5  1 7  4 - S  7  8  
0  - 3  1 2  1 0  5  - 2  1 0  1  0  5  - 3  6  7  4  - 4  3  4  
0  - 2  3 2  3 8  5  0  2  1  5  - 2  1 4  1 4  4  - 3  5  6  
0  - 1  1 0  9  6  - 3  5  6  5  - 1  1 0  8  4  - 2  1 4  1 4  
0  0  1 4  1 4  6  - 2  1 1  1 0  5  0  8  7  4  - 1  6  7  
1 - 1 0  4  2  6  - 1  4 5  6  -  1  3  4 4 0  3  4  
I  - 9  8  8  6  0  1 4  1 3  6  0  3  3  5  -4 9  9  
1  - 8  2 1  2 1  5  - 3  8  7  
1  - 7  1 5  1 5  H  =  7  H  =  8  5  - 2  6  7  
1  -  6  3 5  3 5  K  L  F O  F C  K  L  F O  F C  5  - 1  9  9  
1  - 5  3 2  3 2  0  - 3  1  0  0  - 9  6  7  5  0  3  3  
1  — 4  2 0  2 1  1  - 1 0  1 3  1 2  0  — 8  1 7  1 9  
1  - 3  1 8  1 8  1  - 9  7  8  0  - 7  1 1  1 0  H  =  9  
1  - 2  1 7  1 9  1  - 8  1 2  1 2  0  -  6  3 3  3 2  K  L  F O  F C  
1  - 1  9  1 0  1  - 5  1 8  1 8  0  - 5  S  5  1  - 8  6  6  
1  0  3  2  î  —  4  1 1  i  i  0  -4 3 4  3 2  1  - 7  1 0  9  
2  3  z  1  2  f  C  _  1  e  « _  A  5  A  
2  - 9  5  4  1  - 1  1 3  1 5  0  - 2  1 2  1 2  1  - 5  8  8  
2  - 8  1 4  1 5  1  0  1 3  1 3  0  -  1  2 3  2 4  1  - 4  1 0  1 0  
2  "=7 1 3  1 3  2  - 9  7  6  0  0  1 6  1 6  1  - 3  1 2  1 3  
2  —  6  1 5  1 5  2  - a  t  5  1 4  l  - 9  7  7  l  - 2  2 2  2 3  
2  - 5  1 3  1 4  2  - 7  6  5  1  - 8  1 1  1 2  1  - 1  7  8  
2  - 4  8  1  0  2  - ô  6  4  i  - 6  2 6  2 7  1  0  ô  7  
2  - 3  1 4  1 3  2  - 5  7  6  1  - 5  2  2  2  - 8  1 2  1 1  
2  - 2  2 6  2 9  2  - 4  9  8  1  - 4  3 0  3 8  2  - 7  1 3  1 2  
2  —  â  î G  s  5  2  — 3  1 0  1  0  1  = 3  S  7  •̂ 6 2  
2  0  5 0  5 4  2  - 2  2 2  2 3  1  - 2  1 6  Î 9  2  - 5  E 8  1 8  
3  - 9  7  7  2  - 1  1 5  1 5  1  "  1  8  9  2  =  4  1 1  1 1  
3  - 8  1 0  1 0  2  0  2 4  2 6  1  0  2  3  2  - 3  2 1  2 2  
3  - 7  1 0  9  3  - 9  6  6  2  - 8  4  5  2  - 2  1 7  1 7  
3  —  6  1 4  1 3  3  - 8  1 4  1 3  2  - 7  6  8  2  - 1  6  6  
3  - 5  1 0  1  1  3  - 7  3  3  2  — 6  1 4  1 3  2  0  3 0  2 9  
3  - 4  9  9  3  — 6  ! 3  1 2  2  - S  8  9  3  - 7  i l  9  
3  - 3  1 4  1  5  3  - 5  9  9  2  - 4  1 7  1 7  3  — 6  4  3  
3  - 2  3 2  3 2  3  - 4  9  8  2  - 3  5  6  3  =  5  1 3  1 3  
3  - 1  1  7  1 5  3  - 3  9  9  2  - 2  1 5  1 6  3  - 4  8  8  
3  0  2 3  2 2  3  - 2  2 6  2 6  2  - 1  7  6  3  - 3  3  3  
4  — 8  1 2  1 2  3  - 1  1 8  1 8  2  0  2 2  2 1  3  - 2  1 7  1 7  
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Table 9. (Continued) 

3  - 1  7  8  4 - 1  9  9  

3  0  2 3  2 3  4  0  7  8  

4  - 5  5  6  

4  - 4  1 7  1 7  H  =  1 1  

4  - 3  1 0  1 0  K  L  F O  F C  

4  - 2  1 2  1 2  0  0  2  0  

4  - 1  1 2  1 2  1  —  6  6  5  

4  0  7  8  1  - 5  1 0  1 0  

5  - 2  9  9  I  - 4  3  3  

5  - 1  1 1  1 0  1  - 3  1 0  1 0  

1  - 2  1 0  1 0  
H  =  1 0  1  - 1  5  6  

K  L  F O  F C  2  - 5  1 2  1 3  

0  - S  1 2  1 1  2  - 4  Î O  1  l  

0  - 7  1 1  Î C  2  - 3  8  9  

0  - 6  8  7  2  - 2  6  6  

0  - 5  7  6  2  - 1  9  9  

0  - 4  1 9  1 9  2  0  1 1  1  1  

0  - 3  2 4  2 2  3  - 4  3  4  

0  - 2  7  8  3  - 3  1 4  1 4  

0  - 1  2 7  2 8  3  - 2  4  3  

0  0  1 0  9  3  - 1  6  6  

1  - 7  9  8  3  0  2  1  

1  - 6  1 3  1 2  4  0  4 4  

1  - 5  1 0  1 0  

1  - 4  7  6  H  s  1 2  

l kl K V  k  L  F G  F  C  

1  - 2  8  9  0  - 5  4  5  

1  "  1  1 9  2 9  0  - 4  6  5  
1  0  9  9  0  - 3  1 3  1 3  

2  =  7  6  5  0  _  2  9  8  
2  - 6  2  2  0  -  1  2 1  2 2  

2  - 5  1 2  1 0  0  0  1 8  1 7  
2  - 4  5  7  1  - 5  7  6  

2  - 3  1 2  1 2  1  ~  4  3  3  

2  • = 2  i l  i — 3  6  9  
2  —  1  4 S  1  - 2  7  7  

2  0  1 2  1 1  1  - 1  1 7  1 8  

3  - 6  3  5  1  0  4  3  

3  —  5  12 1 2  2  - 4  S  5  

3  — 4  2  1  2  - 3  6  6  

3  - 3  9  9  2  - 1  6  6  

3  8  7  2  0  2  l 

3  - 1  3  2  3  - 1  4  4  

3  0  4  4  3  ô  7  7  
4  - 4  1 0  1 0  
4  - 3  9  9  

4  - 2  3  4  

H  »  1 3  

K  L  F O  F C  

1 - 1  2  2  
1 0  4  3  
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RESULTS AND DISCUSSION 

Synthesis and Reactions of Phosphatrane 

The goals of this study, namely, the synthesis of 

phosphatrane, 213, and the determination of its structure, 

have been reached by a somewhat Indirect route. Phosphatrane 

213 was prepared by Reaction 1, but the major product is a 

CfHLCH? 
PCNCCHgjg)^ + NfCHgCHgOH)^ 

( 1 )  

P(0CH2CH2)^N + HNCCH^)^ + "polymer" 

a polymer of unknown structure. The yield was increased by 

high dilution conditions to a maximum of 15% (estimated). 

T'his was AchiAVAn with f.hp nrncAnn^A np<?pr>ihAri in rho 

Experimental section. Longer reaction times, slower 

additions or higher dilutions did not increase yields beyond 

this level. 

The small amount of 213 present in the reaction mixture 

relative to the large quantity of polymer would not have 

constituted an insurmountable separation problem were it 

not for the observation that concentration of the dilute 

reaction mixture or allowing the mixture to stand for a day 

or more resulted in further polymerization. Problems caused 

by the polymerization and the apparent facile hydrolysis of 
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213 during elutlon prevented Isolation by chromatography. 

Residues from the evaporation of toluene from the reaction 

mixture could not be successfully recrystalllzed and were 

explosively pyrolyzed before the product sublimed or 

distilled. 

While the reactivity of 213 seriously hampered puri­

fication attempts, it facilitated the formation of 

derivatives. The reactions shown in Figure 1 produced the 

stable compounds 214-226. It was hoped that the parent 

compound could be regenerated from one or more of these 

materials once they were purified. Palling this, it was 

hoped that spectroscopic examination of these derivatives 

might reveal important structural features of 213. 

Isolation of 214-226 was a laborious procedure consisting 

of repeated precipitation-filtration cycles to remove the 

polymer until crystallization took place. 

The product of Reaction 9 (Figure 1) was 217 rather 

than the expected [R-P(0CH2CH2)gN]BF^, R = CH^ or 

Although this reaction is not presently understood, the 

source of the proton is thought to be either the Meerwein 

reagent or water in the reaction mixture. Phosphatrane, 213, 

may deprotonate an ethyl or methyl group of R^OBP^, R = 

or CH^, releasing an olefin into the reaction mixtures. 

Reaction 8 (Figure 1) takes place as expected since there is 

no proton available for deprotonatlon in (CgH^)gCBF^. Water 
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Figure 1. The reactions which phosphatrane, 213» 

was observed to undergo 
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In the reaction mixture, despite precautions to exclude It, 

produces fluoroborlc acid, HBF|^, by decomposition of the 

Meerweln reagent, which could be deprotonated by 213• 

Presumably, water contamination also accounts for the 

observation of [H-PfOCHgCHgj^N]* In the products of 

oxidation of 213, since forms a mixture of nitrous and 

nitric acids upon reaction with water. 

A large number of reagents were employed to oxidize 

213, but only potassium superoxide, KOg, produced the 

isolable product 215. Benzoyl peroxide, m-chloroperbenzoic 

acid, trimethylamlne oxide, potassium peroxydlsulfate, 

ozone, singlet oxygen (formed photolytically) and dinltrogen 

tetroxlde produced some reaction, but the product was not 

successfully separated from the resulting mixture or it was 

found not to be the desired materials The other reactions 

in Figure 1 proceeded to the expected products. 

Nmr Data 

The nmr spectra of 213-223, recorded in Table 10, 

consist of a doublet of triplets for the oxygen methylene 

group, OCHp, and a triplet for the nitrogen methylene group, 

CHN, except in the spectra of 21J_ and 21^ wherein the CH^N 

resonances are an apparent quartet and a triplet of doublets, 

respectively. These splittings, due to phosphorus-hydrogen 

and hydrogen-hydrogen couplings, are similar for all of the 
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1 a 
Table 10. H nmr data for phosphatrane derivatives 

Compound ôCH^O^ dCHgN 6 other H groups 

213^ 3.68dt 10.5 5.6 2.60t 

214 4.10dt 16.5 6.2 S.Olt 

215 4.05dt 16.1 5.8 3.02t 

216 4.17dt 16.5 5.3 3.06t 

217^ 4.i6dt 14.1 6.2 3.43q (^Jp% = 6.2) 6PH, 6.Old = 794) 

218^ 4.23dt 16.8 6.0 3.30td = 3.0) 6CgH^, 6.79m 

219^ 3.96dt 14.1 5.1 2.97t 

^Spectra were recorded in d^-chloroform unless otherwise noted. 

^Chemical shifts are accurate to ±0.05 ppm. 

^Coupling constants are accurate to ±0.5 Hz. 

*^The spectrum was recorded in benzene. 

®The spectrum was recorded in d^-acetonltrlle. 

f 
The spectrum was recorded In dg-dlmethylsulfoxlde. 
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Table 10. (Continued) 

Compound ôCH^O 

220 3.94dt 13.8 5.0 

221 3.98dt 13.0 5.6 

222^ 4.45dt 14.0 4.0 

223^ 4.38dt 15.0 5.0 

224^ 4.66dt 16.0 4.0 

NtCHgCWgOH)] 3.67t 5.0 

a C H  N  6 other H groups 

2 . 9 6 t  

2.97t 

3.7lt 

3. 8ot 

4.lit 

a C H _ ,  3.18s 

6CH , 3.18s 

CO 

2 .62t 
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compounds listed (^Jppj = 13.0-16.5 Hz and = 4.0-6.2 Hz). 

The appearance of = 5.8 and 3.0 Hz in 217 and 218, 

respectively, is responsible for the different CHgN splitting 

patterns in those compounds. 

The chemical shift of the nitrogen methylene hydrogens 

of 214-216 and 219-221 are 0.35-0.41 ppm downfleld from 

those of trlethanol amine, while in 217 and 2l8 they are 

0.82 and 0.69 ppm downfleld, respectively. The positive 

charge on 217 and 218 may account for their larger shifts, 

but these values are not as great as the ones recorded for 

222 (1.10 ppm) and 223 (1.19 ppm) which are also positively 

l6 86 
charged species. Voronkov, Pestunovlch ̂  aJ. and 

4o 
Tzschach e_t a2. attributed similar changes in 6 CH^N of 

silatranes (0.10-0.31 ppm) and stannatranes (0.25-0.34 ppm) 

to a reduced electron density on nitrogen as a result of 

participation in a transannular S1=N or Sn-N bond. 

1? 
The -"C nmr data in Table 11 show that the chemical 

shifts of the OCHg carbon and the phosphorus-carbon coupling 

2 constants, Jp^, in the phosphatrane compounds are similar 

to the values found for tri-n-butylphosphate. The chemical 

shifts of the CH^N carbon of 214-220 are 3.5-6.4 ppm upfield 

with respect to trlethanol amine while the 6 CH^N values of 

222 and 224 are 7.9 and 8.4 ppm, respectively, downfleld 

from trlethanol amine. The different shift directions are 

not due to the positive charge on the quaternlzed nitrogen 
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13 
Table 11. C nmr. data for phos.phatrane derivatives 

Compound* gCHgfO)^ gcHgfN) ^Jpç 

214 67. 7 11. .8 50.9 

215 65. 9 8. .9 49.0 — — 

216 67. 6 12, .8 50.7 — — 

217^ 60. 0 10. ,8 48.5 12 .8 

218® 63. 2 12, ,8 48.0 9 .8 

219® 64. 9 10, .8 49.4 2 .0 

220 63. 3 10, .8 49.0 -— 

222^ 60. 2 10, .8 62.3^ -— — 

224® 64. 3 6, .9 63.1^ -

NtCHgCHgOH)^ 56. 8 54.4 

PfO-n-C^Hg); 66. 0 5 .9 

^Nmr were taken In d^-acetone unless otherwise noted at 
a sweek width of BOOO Hz.' 

^Chemical shifts are accurate to ± 0.1 ppm. 

^Coupling constants are accurate to ±0.5 Hz. Coupling 
that was not resolved is shown by a dash, . 

^The spectrum was recorded In d^-acetonitrlle. 

®The spectrum was recorded In dg-dimethysulfoxide. 

f 
The nitrogen methyl group has a coincident chemical 

shift. 
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of 222 and 224 since the cationlc compounds, 217 and 2l8, 

have the largest upfleld shifts, 5.9 and 6.4 ppm, 

•3 
respectively. Three-bond phosphorus-carbon couplings, Jp^j 

are observed in the spectra of 217-219 while this coupling 

is too small to be resolved for any of the other compounds, 

214-216, 220, 222 and 2^. As will be seen in later 

discussion, these observations are Indicative of certain 

structural features in phosphatrane systems. 

The nmr chemical shift parameters recorded in 

Table 12 for 214-216 are not very different from those of 

the bicyclic phosphorus compounds Y-P(0CH2)gCCH_ where 

Y = Sj 0 and Se (-57.4 ppm^^^, 8.0 ppm^^^ and -60.5 ppm,^^^ 

respectively). The phosphorus-selenium coupling constant of 

216 (973.2 Hz) is also close to that measured for 

1 0 ^ o =: P f nnV-l ) rVW ( *1 n O n W ^ r^H/-\c7r>V>rNV>Tic^mci1-o I 

coupling constants in 220-223 are similar to those for 

acyclic and bicyclic phosphites in pentacarbonyltungsten 

complexes, (OC)^WL where L = P(OCH^)^ (^J^p = 398) and L = 

P(0CH2)(^'J^p = 393)^^^'^^^ and in pentacarbonyl-

molybdenum complexes, (OC)^ML where L = P(OCH^)^ (^^MoP ~ 

216 Hz) and L = P(0CH2)oCCH_ (^Jj^^p = 226 Hz) (see Appendix). 
1 g o 

The nmr active isotopes of tungsten ( W, 14.4%) and 

molybdenum (^^'^"^Mo, 15.7 and 9.5%) split the major ^^P 
-| Q n 

resonances into a doublet for W (I = 1/2) and a sextet 

for 95,97^10 (I = 5/2). The sextet for 221 is reproduced in 
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Figure 2. These data are consistent with a tetrahedral 

geometry for the phosphorus atom In 21^-216 and 220-224. 

However, the 6 values of 217-219 are unlike those 

of analogous compounds. The chemical shift of 217 (20.9 ppm) 

is over HO ppm upfield from the shift for [HP(OCH^) 

(-32.2 ppm)l°G and [HP(OCH_)_]+ (-24.4 ppm).^®"^ The spectrum 

of 217 contains coupling to both CH^ groups' hydrogens ( Jpjj 

and and the proton bonded directly to phosphorus 

(^Jpn) (Figure 3). The phosphorus-hydrogen coupling 

constant of 217 (^Jpg ~ 779.2 Hz) is distinctly smaller than 

that of either [HPfOCHgïgCCH^]* (899 Hz)^°^ and «^(OCHg)^] 

(826 Hz).107 While the ^^P chemical shift of 23^ is 

considerably upfield from [(C^^^)2CP(0CH2)2CCH^]^ (-51.3 Ppm) 

and [(Cg.H^)gCP(0C2H^)g]^ (-25.7 ppm), the phosphorus-carbon 

coupling constants. are very similar (Table 12). 

The chemical shifts of 219 (-98.3 ppm) and HgB-P(0CH2)gCCHg 

(-97.5) are nearly the same, but the phosphorus-boron 

couplings, ^Jpgs are markedly different (120.3 Hz and 

91.0 Hz, respectively). A tetrahedral geometry for 

phosphorus in 217-219 is not consistent with these 

parameters. 

Triptych Structures 

A triptych structure for compound 217 requires a five-

coordinate phosphorus atom with the ester oxygens equatorial 

and the hydrogen and nitrogen axial in a trigonal bipyramidal 
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Figure 2. The nmr spectrum of pentacarbonylraolybdenum 

pliosphatrane. 221, shovjs a sextet (1:1:1:1:1:1) 

of satellite peaks due to coupling 



www.manaraa.com

84 

M 

A. JL_ 
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Figure 3. The nmr spectrum of 217 consists of a doublet of multiplet 

due to coupling. Eight of the expected fourteen peaks 

of each multiplet can be seen. The large singlet peak Is the 

external standard, 85% H^PO^ 
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Table 12. P nmr data for phosphatrane derivatives 

Compound^ 6^ 3j ° Miscellaneous 
Couplings 

213^ -115.2 10.0 

214 -60.9 16.6 

215 6.6 15.8 

216 -58.0 16.6 = 973.2 

217^ 20.9 — = 779.6 

218^ -5.9 16.1 Ijer = 5.9 

219^ -98.3 — = 120.3 

220 -119.2 14.4 = 403.6 

221 -143.7 14.1 = 229.0 

PSe 

^PH 

^PC 

^PB 

^WP 

^MoP 

^Spectra were recorded in d,-chloroform unless otherwise 
noted at a sweep width of 9000 Hz. 

^Chemical shifts are accurate to ±0.1 ppm. 

^Coupling constants are accurate lo ±0.5 Hz. Coupling 
that was not resolved is shown by a dash, . 

^The spectrum was recorded in benzene. 

®The spectrum was recorded in d^-acetonitrlle. 

f 
The spectrum was recorded in dg-dimethylsulfoxide. 
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Table 12. (Continued) 

Compound 6 Miscellaneous 

224® 7.2 16.1 

Couplings 

222® -122.5 14.0 = 416.2 

223® -146.4 15.0 = 235.7 
MoP 

-51.3 " 5.9 

[{CgH5)3CP(0CH3)3f -25.7 Jpp 6.0 
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geometry. The P-N transannular bond would add electron 

217 

density to phosphorus Increasing the base properties of the 

compound. This enhanced basicity is consistent with the 

unprecedented stability of 217• With the exception of 217, 

all protonated phosphite esters are formed only at low 

temperature in strongly acidic mediaThe hydrogen 

bonded to phosphorus in 217 cannot be removed by ui-dlnary 

bases. Four equivalents of l,8-bis(dimethylamlno)naphthalene 

(Proton Sponge) or two equivalents of sodium methoxide 

(Reaction 15 in Figure 1) do not deprotonate phosphorus, but 

rather appear to remove a hydrogen from a methylene group, 
O 1 

The P nmr spectrum of this product (Figure 4) shows a 

decidedly different multiplet with a chemical shift and 

of 10.0 ppm and 726.9 Hz compared to 20.9 ppm and 779.6 Hz 

for 217. Although this product has not been isolated or 

further characterized, the symmetrical second order multi­

plets in Figure 4 are consistent with removal of a proton 
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3 1 
Figure 4 . The P nmr ispectrum of the product of 

Reaction 15 (Figure 1) is a double of 

multiplets. The large singlet is the 

external standard, 85% H^PO^ 
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from one of the methylene groups of 217• Furthermore, under 

strongly acidic conditions, H80gP°SbF^ in liquid SOg at -50°, 

the P spectrum of 217 remained unchanged, indicating that 

the nitrogen bridgehead was not protonated. 

107 
Vande Griend and Verkade demonstrated a correlation 

between phosphite basicity and for protonated phosphites. 

Phosphorus-hydrogen coupling has also been shown to mirror 

the effective nuclear charge parameter better than the per­

cent s character parameter of the Fermi contact term in 

such systems wherein phosphorus is tetravalent.^^^ The 

value of 217 may be small because the electron density from 

nitrogen keeps the effective charge on phosphorus low. 

Moreover, the detection of this coupling in the absence of 

a protonating solvent demonstrates the strongly basic 

character of the parent compound 213 -

A triptych structure v;as confirmed by an X-ray crystal 

structure determination in the case of 217The bond 

distances and bond angles are listed in Table 13 and computer 

97 
drawings are shown in Figures 5 and 6. The P-N trans-

annular bond of 1.986 1 is greater than the sum of the 

covalent radii (1.85 This distance is about the same 

as the Si-N distances found in ̂  and if the 

difference in atomic radii of silicon and phosphorus is taken 

into account. The P-N bond length is also comparable to 

the phosphorus-nitrogen distances in the six-coordinate 
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Table 13. Bond distances and angles, for [H-P(0CHgCHg)gN]BF2^ 

Atoms^*^ Distances (&) Atoms^ Angles (°) 

P-H(P) 1 . 3 4 9 ( 7 1 )  

P-N 1 . 9 8 6 ( 5 )  

P-O(l) 1.577(3) 

P-0(2) 1.581(4) 

C(l)-0(1) 1 . 4 2 5 ( 9 )  

C ( 2 ) - 0 ( 2 )  1.447(6) 

C ( l ) - C ( 3 )  1.557(13) 

C(2)-C(4) 1.552(13) 

C(2)-C(4)* 1 . 4 8 6 ( 1 4 )  

N - C ( 3 )  1 . 4 9 8 ( 1 1 )  

N - C ( 4 )  1.467(10) 

/ }f \ it \ -T / 1 R T n / 1 n ) 

B - F ( l )  1 . 3 6 6 ( 1 0 )  

B-F(2) 1,368(6) 

B - F ( 3 )  1.324(11) 

P - 0 ( 1 ) - C ( l )  122.7(4) 

P - 0 ( 2 ) - C ( 2 )  121.7(3) 

P-N-C(3) 106.0(4) 

P-N-C(4) 105.7(5) 

P - N - C ( 4 ) *  103.9(5) 

0(l)-P-0(2) 120.0(1) 

0(l)-P-0(2) 120.0(1) 

0(2)-P-0(2)' 1 1 9 . 3 ( 3 )  

N-C(3)-C(l) 105.1(7) 

N - C ( 4 ) - C ( 2 )  1 0 3 r 9 ( 7 )  

N - C ( 4 ) * - C ( 2 )  102.5(7) 

F(1)-B-F(2) 1 0 6 : 1 (5 } 

P(l)-B-F(3) 1 0 9 . 3 ( 8 )  

F ( l ) - B - P ( 3 ) '  106.1(5) 

F(2)-B-P(3) 1 0 8 . 0 ( 6 )  

F ( 2 ) - B - F ( 3 ) '  1 1 3 . 4 ( 5 )  

F(3)-B-F(3)' 1 1 3 . 4 ( 5 )  

N-P-O(l) 87.1(2) 

N-P-0(2) 87.6(1) 

^Numbering of the atoms corresponds to that in Figure 5. 

^Primed atoms have been generated by the mirror plane. 

'^An asterisk (*) denotes a disordered atom. 
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Table 13. (Continued) 

Atoms Distances (&) Atoms Angles (°) 

N-P-0(2)' 87.6(1) 

H-P-O(l) 88.8(29) 

H-P-0(2) 88.7(48) 

H-P-0(2)' 100.2(48) 

H-P-N 172.2(48) 

0(1)-C(1)-C(3) 106.6(5) 

0(2)-C(2)-C(4) 107.1(6) 

0(2)'-C(2)'-C(4)*106.9(6) 

C ( 3 ) - N - C ( 4 )  113. 8 ( 8 )  

C(4)-N-C(4)* 112.6(7) 

C(3)-N-C(4)* 113.6(7) 
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Figure 5. The computer drawing shows the molecular 

structure of the cation of 217• Only the 

hydrogen bonded to phosphorus is shown for 

clarity 
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Figure 6. The computer drawing of the molecular 

structure of 217 is viewed down the 

axis. Only the hynrogen uonded 

to phosphorus is shown for clarity 
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systems below (1.91-1.98 A). The electronegative fluorines 

RF3P 0 ^6^5 

on the six-coordinate phosphorane group are effective in 

making the phosphorus acidic enough to attract the nitrogen 

lone pair,^^^ 

The phosphorus coordination geometry is trigonal 

bipyramidal in 217 with O-P-0 and 0-P-N angles averaging 

T H O  U  U  " 7  ) | 0  T T  r - ,  v - x  X J  T 3  T v T  T T O  
_L _L ̂  CiliV-t W t • -I ) j. j CtiiV* UC 11 X 11 W J. _L ( C. . \ / . 

This slightly distorted trigonal bipyramidal geometry of the 

five electron pairs around the phosphorus atom in 217 con­

trasts the relative instability of this electron pair 

112 
configuration in :PX?+NRg adducts and intermediates 

involved in certain reactions of trivalent phosphorus 

c o m p o u n d s . T h e  P - H  b o n d  d i s t a n c e  i n  217 (1.35 is about 

0.1 A shorter than the 1.4l to 1.45 % found in several 

+ 114 
phosphines and PH^ and is also slightly shorter than the 

sum of the covalent radii (1.38 The rest of the bond 

angles and distances of the tricyclic 217 are typical for 

this geometry. 
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115 
McEwen e^ aJ. have proposed that a p-d interaction 

between the methoxy oxygen and phosphorus of o-anisyldlaryl-

phosphlnes, as depicted below, lowers the transition state 

energy of quaternization reactions of these phosphines. 

CM. 

The Increased electron density in the d-orbitals of 

phosphorus from such an Interaction is believed to result in 

a marked acceleration of this reaction compared with ti-iaryl 

phosphines lacking ortho-oxygens. The P-N p-d interaction 

of 217, which greatly enhances its stability and the base 

strength of the parent compound, lends some support to the 

115 
rationale of McEwen et al. It should be pointed out, 

however, that the ring size in 217 is larger than that in 

the proposed transition state shown above. 

The triptych structure provides a rationalization for 

4 3 
the observation of the Jpy and Jp^ couplings in the nmr 

spectra of 217. Thus, the four-bond phosphorus-hydrogen 

coupling is reduced to a three-bond interaction by the P-N 
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transannular bond. Similarly, the phosphorus-carbon coupling 

becomes a two-bond coupling. The fact that phosphorus does 

not couple to the nitrogen methylene groups of 214-216, 220 

and 221 may be an indication of a bicyclic geometry for these 

compounds and hence the lack of a P-N bond. Since the and 

nmr spectra of 2l8 and 219 are similarly split by 

phosphorus, the triptych geometry must be considered likely 

i. VJJ.' OliCOC ^ 

Compound 2l8 is far more stable than [(CgH^)gCP(0CH^)2 

CCHg]^ or [ (CgH^) ̂CPCOCH^) which decompose on standing. 

The ^^P chemical shift of 2l8 is about 20 ppm upfield from 

the resonances of the latter compounds. These observations 

coupled with the electron withdrawing property of the 

trityl group, (CgH^)gC , and the above-mentioned phosphorus 

couplings indicate that the structure of 2l8 is probably 

also triptych. 

1 ] ? 
The H and C nmr data of 219 are of little assistance 

in determining its structure since a coupling is resolved 
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while a splitting is not. The ^Jpg value (120.3 Hz) 

observed in the P spectrum of 2]^ is unusually large when 

compared with the largest value of this coupling in phosphite-

borane adducts, 108.0 Hz for (CH^0)(H-B)P(0CHCH_)gCH2 (227). 

BH3 

227 

It is tempting to attribute the large ^Jpg value of 219 to 

an enhanced basicity of 213, but studies^^^*^^^ have shown 

such conclusions to be tenuous, in smoothly varying series 

such as HgP-BHg, PgHP-BH^ and F^P-BH^ the ^Jpg value 

quantitatively mirrors basicity; however, a comparison of 

^Jpg values of similar magnitude for compounds of very 

117 
different composition or structure is not valid. In 

light of this caution the phosphorus-boron coupling constant 

only indicates that there appears to be a change in 

phosphorus geometry and/or donor properties. 

Exchange studies of solutions of 219 and a series of 

Lewis bases, however, do imply that the large ^Jpg value is 

consistent with an increased base strength. No borane 
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exchange was evident In solutions of 219 and trlmethyl-

phosphlte, triphenylphosphlne, trlethylaralne and pyridine in 

Reaction 16 even when equilibrated for two months. The 

reverse exchange does take place (Reaction 17). 

219 + Base > N.R. (l6) 

Base = PfOCHg)^, or 

213 + HLBPCOCHg)^ ^MSQ > 219 + PCOCH^)^ (17) 

n d 
Application of Bent's isovalent hybridization rule 

to the B-H bond and assuming that B-H and C-H stretching 

frequencies behave similarly in their dependence upon the 

119 
carbon hybridization, allows use of the vB-H frequencies 

of borane adducts as a measure of base strength. The 

hybrid 1'nation of boron's valence crbitals and vB-H will var-y 

with the amount of electron density donated by the base. 

A decrease in vB-H corresponds to less s character in the 

B-H bond and an increase in basicity. The vB-H frequencies 

in the infrared spectrum of 219 (2385, 23^7 cm ̂ ) are lower 

than those of H^BP(OCH2)2CCH^ (2421, 2363 cm"^) or 22% 

(2392, 2342 cm~^). This evidence for the enhanced basicity 

of 219 coupled with the high polarity of the adduct as 

evidenced by its insolubility in all but the most polar 

solvents, reinforces the assignment of a tricyclic structure 

for 2 1 9 .  
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Blcycllc Structures 

The structure of the chalconlde derivatives, 214-216, 

and zero-valent metal carbonyl complexes of phosphatranes, 

220 and 221, are not easily deduced from the available 

spectroscopic data. Nmr data reflecting the phosphorus 

stereochemistry are consistent with a normal tetrahedral 

geometry, while those associated with the nitrogen bridge­

head stereochemistry are rather ambiguous. The similarity 

of the chemical shifts of 214-216 and the ^^P-Se, 

31pl83y a^nd coupling constants in 216, 220 and 

221, respectively, to known compounds, as previously noted, 

suggests a normal tetrahedral geometry at phosphorus. The 

infrared spectra of 214-216 also show no unusual vP=S, 

vP=0, or vP=Se frequencies (881 and 6l4 cm~^, 2176 cm~^ and 

580 cm""^, respectively), according to the ranges set by 

120 
Thomas. 

The reactivity of the nitrogen bridgehead of 214-216 

is greatly reduced. A reaction time of nearly 10 hours is 

needed to quaternize the nitrogen in 214-216 and methyl 

iodide at 4o° in acetonltrlle (Reactions 10-12 in Figure 1) 

while triethanol amine reacts completely in 30 minutes under 

the same conditions. Reactions 13 and 14 in Figure 1 

quaternize the nitrogen of 220 and 221 after 4 hours, but 

trimethyloxonium fluoroborate does not methylate the 

nitrogen of 214-216 during the same time. 
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Neither a bicycllc nor a triptych structure accounts 

for this low reactivity. A bicycllc geometry would seem to 

require the nitrogen to be at least as reactive as trlethanol 

amine. While a tricyclic structure severely decreases the 

availability of nitrogen for reaction, it also requires a 

pentacoordlnate phosphorus which Is Inconsistent with the 

nmr evidence. 

The chemical shifts of the nitrogen methylene group in 

the and nmr spectra of 214-216, 220 and 221, as 

discussed earlier in this section, are not consistent with 

a tetrahedral nitrogen. The values of the nmr parameters 

are nearly the same as those for 217-219» but no electronic 

interaction with phosphorus Is indicated. Dlpole moment 

measurements may have helped to decide which structure is 

correct, buL these ooiupouiius were not sufficiently sclublG 

In the solvents tried. 

The dilemma was resolved by the crystal structure 

121 
determination of 2l4. The bond distances and bond angles 

for 214 are listed in Table l4. The phosphorus coordination 

geometry is tetrahedral with S-P-0 and O-P-0 angles 

averaging 110.8° and 108.1°. However, the nitrogen is 

nearly trigonal planar with C-N-C angles averaging 119.2°. 

This is readily seen in the computer drawlngs^^ of 214 in 

Figures 7 and 8. The nitrogen is 0.13 A out of the plane 

formed by the carbons bonded to nitrogen. The P-N distance 
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Table 14. Intramolecular bond distances and angles for 
. 8=P.(0CH2CH2)^N 

Atoms^ Distances (&) Atoms Angles (°: 

P-S 1.933(3) S-P-O(l) 110.7(3) 

P-O(l) 1.568(7) S-P-0(2) 110.6(3) 

P-0(2) 1.609(7) S-P-0(3) 111.2(2) 

P - 0 ( 3 )  1 . 5 4 8 ( 7 )  0(l)-P-0(2) 106.2(4) 

0(1)-C(1) 1.528(12) 0(l)-P-0(3) 110.0(4) 

0 ( 2 ) - C ( 3 )  1.513(11) 0(2)-P-0(3) 108.0(4) 

0 ( 3 ) - C ( 5 )  1.492(12) 0(1)-C(1)-C)2) 110.0(8) 

C(l)-C(2) 1.537(14) 0(2)-C(3)-C(4) 116.6(8) 

C(3)-C(4) 1 . 5 3 8 ( 1 4 )  0(3)-C(5)-C(6) 117.1(8) 

C ( 5 ) - C ( 6 )  1.589(14) P-N-C(2) 84.1(5) 

C(2)-N 1.460(14) P-N-C(4) 85.6(5) 

C(4)-N 1.424(14) P-N-C(6) 8 4 . 3 ( 5 )  

C(6)-N 1.466(14) P - 0 ( 1 ) - C ( l )  124.3(6) 

P - 0 ( 2 ) - C ( 3 )  126.1(6) 

P-0(3)-C(5) 127.6(7) 

N-C(2)-C(l) 118.3(8) 

N-C(4)-C(3) 117.9(7) 

M-C(6)-C(5) 1 1 6 . 5 ( 8 )  

C(2)-N-C(4) • 119.5(8) 

C(2)-N-C(6) 116.2(9) 

C(4)-N-C(6) 121.8(9) 

S-P-N 179.2(4) 

^Numbering of the atom corresponds to that in Figure 7. 
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Figure 7. The computer drawing shows the molecular 

structure of 214. The hydrogen atoms 

have been omitted for clarity 
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Figure 8. The computer drawing shows the molecular 

structure of 214 viewed down the S-P-N 

axis. The hydrogens have been omitted 
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( 3 . 1 3 2  1 )  arising as a consequence of the geometry appears to 

preclude any transannular P-N interaction. The P=S bond 

distance (1.933 X) is slightly longer than the average bond 

length of thiophosphoryl groups (1.91±0.06 but within 

the range of known values (1.85-1.98 

The planar nitrogen in 2l4 Is probably more sterlc in 

origin than electronic. The chemical and spectroscopic 

studies of manxine 228 have concluded that the nitrogen and 

H  

methine bridgeheads are substantially flattened to relieve 

n 2 ji TO 6 
1,5 hydrogen-hydrogen interactions. ~ These inter­

actions involve the hydrogens on carbons a and c and carbon 

b of different bridge arms of the cage. The best evidence 

for this flattening is the structure of manxine hydro-

chloride^^^ whose C-N-C angles are opened to 115.5° and whose 

ring angles, N-C-C (117.4°) and C-C-C (113.9°-119.7°), 

deviate substantially from the tetrahedral value (109.5°). 

In 214 the absence of hydrogens on the three oxygens along 
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with the flexibility of oxygen in organophosphorus com-
T n 0 

pounds allows phosphorus to retain the normal angles. 

However, the hydrogen interactions from carbons b and c still 

cause ring strain (N-C-C, 117.6° and C-C-0, 116.6°) and 

flatten the nitrogen bridgehead. 

By analogy to 214 the structures of 215, 216, 220 and 

221 may well have a tetrahedral phosphorus and a trigonal 

planar nitrogen. The reduced reactivity of nitrogen in these 

compounds may be the result of steric hindrance of the 

methylene hydrogens as in 228 which blocks approach to 

nitrogen lone pair. Strain produced in making nitrogen 

tetrahedral in the quaternization and/or a molecular dipole 

effect^^^ may also be operative. 

1 1 ? 
The values for the H and C chemical shifts of the 

121 
nitrogen methylene group of manxins (2.8^ and 50.1 ppmj 

respectively) match the values in Tables 10 and 11 for 

compounds 214-221. These values are then more reasonably 

Interpreted as indicative of a planar nitrogen rather than 

transannular bonding as proposed by Voronkov,^^ Pestunovich 

et al.5^^ and Tzschach e^ al. 

Structure of Phosphatrane 

Phosphatrane, 213, can reasonably be assigned a 

structure in which phosphorus is tetrahedral and nitrogen 

is planar by analogy to the structures of the derivatives 
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2 1 4 - 2 2 1  a l r e a d y  d i s c u s s e d .  T h e  g e o m e t r i e s  o f  t h e  r e a c t i o n  

products of phosphatrane may be either triptych or may 

retain this bicyclic structure depending upon whether or not 

enough electron density is removed from phosphorus for it to 

accept the nitrogen lone pair. On the basis of the available 

data, phosphorus substituents which remove a large amount of 

electron density and probably II^D) result in 

a triptych configuration while those which do not (chalco-

nides and zero-valent metal carbonyls) remain in the 

phosphatrane sulfide (214) structure. 
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SUMMARY 

Phosphatrane, 213, which can be synthesized from trl-

ethanol amine and tris(dimethylamino)phosphine in toluene 

solution probably has a pyramidal phosphorus and a trigonal 

planar nitrogen. In reactions with chalconides and zero 

valent metal carbonyls, it appears to retain this geometry 

while in reactions with strong electron withdrawing groups 

such as (CgH^)gC* and probably the phosphorus 

accepts electron density from the nitrogen lone pair forming 

the transannular P-N bond in the triptych geometry. These 

tricyclic products exhibit properties consistent with the 

consequent enhancement of the phosphorus Lewis basicity. 

The [3.3.3] bicyclic structure in general forces both 

bridgehead atoms toward planarlty in order to relieve 

hydrogen-hydrogen interactions. Thus, atrane compounds 

tend to have a trigonal planar nitrogen for sterlc rather 

than electronic reasons. In the presence of a sufficiently 

electronegative second bridgehead atom which also has an 

empty orbital, the nitrogen lone pair electrons form a 

transannular M-N bond in a triptych geometry. 



www.manaraa.com

115 

PART II: STRUCTURE-TOXICITY RELATIONSHIPS OF 

K I ( :Y C I ,( M / . / . / It ICTMIMr.^ 
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INTRODUCTION 

The discovery of the high toxicity level of 4-alkyl-l-

phospha-2,6,7-trioxabicyclo[2.2.2]octanes, Y-P(0CH2)gC-R, and 

their 1-oxo and 1-thio derivatives, Y = 0,S was reported 

V=p, 

1 9Q 
within the past three years by Bellet and Casida. These 

compounds are approximately 30 times more toxic than the 

pesticide parathion, (S)P(0C2H^)2(0CgH^N02), or the central 

nervous system poison diisopropylfluorophosphate, 

(0)PF(0-i-CgHy)2. This disclosure caused a great deal of 

concern for workers in many areas of the chemical community 

due to the use of these compounds in coordination and spec-

troscopic studies and their patented properties as flame 

130 199 19il 
retardants, stabilizers and anti-oxldants In polymer 

products. 

Intraperitoneal administration to mice in doses as low 

as 0.2 milligrams per kilogram of body weight of these com­

pounds produce convulsive seizures and death within a few 

minutes. The ethyl compound, P(0CH2)^C-C2H^, was found to 

be fatal to rats in Inhalation studies^^^ (exposures of about 
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twelve hours at 5 ppm). Also, the small amounts of 

0=P(OCH2)present In the combustion products of poly-

urethane foam containing trimethylol propane, CgH^CfCHgOH)^, 

as a plasticizer and flame retarded by organophosphorus com­

pounds produced tonic-clonic seizures and death in rats.^^^ 

Studies which have indicated that the toxicity of these 

110 117 
compounds is not due to acetylcholinesterase inhibition ' 

(unlike other toxic organophosphorus compounds) have height­

ened the concern of those who work with these phosphorus 

esters while at the same time rendering these systems of keen 

interest to investigate with regard to their mode of action. 

Fortunately, barbiturates have been found to be useful anti­

dotes and the toxicity is apparently not cumulative. 

Bellet and Casida^^^ speculated that the similar toxicities 

f i- Tn a y> c? r> Vt-i -f-vn'K r\ c r> V> o Q o-n H -n >-» c r> vî -f->>-i o o •Pr>v>mc r\-P o 

given cage compound Y=P(0CH2)^C-R (Y = Ip, S or 0) were 

probably due to prior ̂  vivo oxidation of the phosphite and 

phosphorothionate to the phosphate. It was also felt that a 

structural similarity of the bicyclic phosphates to cyclic 

adenosine monophosphate (c-AMP) might be relevant. 

Adenine 

0^ 
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Two other polycycllc compounds are known to act at 

similar dosage levels to produce severe convulsions and death 

in rats and mice, namely 2,6-dithlo-ls3s5s7-tetrazatricyclo-

[3.3.1.1]decane-2j 2,6,6-tetraoxide (tetramethylenedisulfo-

these compounds and their dissimilarity in chemical compo­

sition and structure obscures any simple structure-toxicity 

relationships. The study presented here was designed to 

relate structure and composition features of bicyclic 

compounds of the type listed in Table 15 to toxicity as well 

as to look for Indications of the mode of action. 

tetramine)^^^'^^^ and l-(p-chlorophenyl)-l-sila-5-aza-2,8,9-

trioxatricyclo[3•3.3.O]undecane(p-chlorophenyl sila-

trane).^^^'^^^ The similarity of the symptoms caused by 

d-C1C,H. 
I 0 4 

Tetramethylenedisulfo-
tetramine 

p-Chlorophenyl silatrane 
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EXPERIMENTAL 

Materials 

Materials not specifically noted and solvents were of 

reagent grade or better. In most instances solvents were 

dried and stored over Linde 4A Molecular Sieves. Anhydrous 

ether and tetrahydrofuran were obtained by refluxing over 

and distillation from lithium aluminum hydride on to Molecular 

Sieves under nitrogen. Phosphorus trichloride and trimethyl 

phosphite were obtained from Aldrich Chemical Company and 

carefully distilled before use. Pentaerythritol, 2-hydroxy-

methyl-2-methyl-l,3-propanedlol, 2-hydroxyraethyl-2-ethyl-

l;3-propanediol, 2-hydroxymethyl-2-propyl-l,3-propanediol, 

triethylorthoformate, triethylorthoacetate, and trimethyl 

orthovaleratt; were hIso pur-chaaed fr-oni Aldrich and were used 

without further purification. 

Nmr Spectra 

All spectra were obtained in 15-20% chloroform-d^ 

solution (except where noted) using either a Varian A-60 or 

Hitachi Perkin-Elmer R20-B spectrometer operating at 60 MHz. 

Chemical shifts are given in ppm (6) relative to internal 

tetramethylsilane, with a positive shift indicating a 

resonance at an applied magnetic field less than that of the 

standard. 
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Infrared Spectra 

Infrared spectra were obtained on a Beckman model 12 or 

a Beckman 4250 spectrometer. Both solids and liquids were run 

as 0.05 M - 0.01 M solutions in chloroform in demountable 

cells (Barnes Engineering Company) with sodium chloride 

windows and 0.1 mm spacers. All spectra were recorded in the 

double beam mode with solvent in the reference beam and were 

calibrated with polystyrene. 

Mass Spectra 

Routine mass spectra were obtained using an Atlas CH-4 

mass spectrometer. All compounds, whether liquid or solid, 

were run as liquids due to their high volatility. 

Preparations 

For the purposes of this study compounds 278, 279 and 

280 in Table 15 were obtained from Borg-Warner Chemicals and 

compounds 287, 291 and 292 were provided by Chemical Samples 

Company, M&T Chemicals Inc. and the Pish and Wildlife 

Service, United States Department of the Interior, respective 

1^2 
respectively. Casida £t aJ. prepared compounds 247, 248, 

250-252 and 286 and Ebel prepared compounds 281 and 282. 

The preparations of the remaining compounds in this study 

are described below. 
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1,2;4-Butanetrloi 

The technical grade material from Aldrlch Chemical 

Company was found to give poor results. Purification of the 

triol vas accomplished by repeated washings with an equal 

volume of acetone. After vigorously shaking the mixture 

the triol would separate as a viscous layer with the acetone 

layer carrying away much of the yellow coloration and odor 

of the impure triol. Purification in this manner improved 

the yields of reactions greatly. 

2-Hydroxymethyl-2-isopropyl-la3-propanediol 

This triol was prepared by three different literature 

lilil 1146 liifi 
methods. ' ' The best procedure involved the use 

of sodium hydroxide instead of calcium oxide or hydroxide 

and less formalin solution which results in less difficulty 

in the isolation of the product. 

2°Hydroxymethyl-2-butyl-1.3-propanedlol 

This triol was prepared following the preceding 

l H 6  
method. 

2-Hydroxymethyl~2-hexyl-l,3-propanediol 

This triol was prepared following the preceding 

146 
procedure. 

2-Hydroxymethyl-2-pentyl-l,3-propanediol 

This triol was prepared following the preceding 

l h 6  method.^ ° 
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2~Hydroxyinethyl-2-phenyl-l,3-propanedlol 

11)21 
This triol was prepared by a literature method. 

2-Hydroxymethyl-2-bromomethyl-l,3-props.nediol 

Monobromopentaarythritol was prepared by a literature 

1^7 procedure. ' 

Trimethylorthobutyrate 

This orthoester was prepared following a literature 

. 148 
procedure. 

Trimethylorthoisobutyrate 

This orthoester was prepared by a literature 

, 148 
procedure. 

4-Butyl-l-phospha-2,6,7-trioxabicyclo[2.2.2]octane 

The cage phosphite was prepared by the reaction of the 

triol, C^HgCfCHgOH)^, with phosphorus trichloride as 

lilQ 
described by Rix e^ aJ. This procedure was found to be 

1 cn 
preferable to the transesterification method for long 

chain alkyl groups in the 4-positlon. The product was 

sublimed at 50° and .1 mm. Mp. 35-6°, yield 5%%, nmr 

CHg (d, 3.93 = 3 Hz), C^Hg (m, 112), m/e 190 (M+). 

4-Butyl-l-oxo-l-phospha-2,6,7-trioxabicyclo[2.2.2]octane 

(240) 

The phosphite was oxidized using 30% hydrogen peroxide 

in absolute ethanol following the literature procedure for 
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oxidation of PCOCHgigC-CHg.^Sl Mp. 197-8°, yield 78%, 

nmr CH^ (d, 34.57 -Jp% = C.'A Hz), C^HL (m, 1.01), m/e 

206 (M*). 

4-Pentyl-l~oxo-l-phospha-2,6,7-trioxablcyclo[2.2.2]octane 

(241) 

The phosphate cage was prepared by the reported 

method. 

4-Hexyl-l-phospha-2,6,7-trloxablcyclo[2.2.2]octane 

The phosphite was prepared by the literature 

il 0 
procedure. 

4-Hexyl-l-oxo-l-phospha-2,6,7-trloxablcyclo[2.2.2]octane 

(242) 

The phosphite was oxidized by the method noted for 240. 

Mp. 62-3°, yield 95%, nmr CH^ (d, 4.50 = 7 Hz), 

(m, 1.25), m/e 234 (M+). 

4-Phenyl-l-phospha-2,6,7-trioxablcyclo[2.2.2]octane 

The compound was prepared by the method reported 

153 
previously. 

4-Phenyl-l-oxo-l-phospha-2,6,7-trioxablcyclo[2.2.2]octane 

imi 

This phosphite was oxidized by the procedure described 

for 2^. Mp. 87-8°, yield 90%, nmr CH^ (d, 4.82 = 

6 . 5  Hz), CgH (m, 7 . 2 8 ) ,  m/e 226 (M^). 
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4-Methyl-2,6,7-trloxablcyclo[2.2.2]octane (253) 

The procedure used to prepare compound 253 is the same 

as those used for compounds 254 to 277 and will only be 

described In detail for compound 253. 

A mixture of 5.0 g (0.042 moles) of triol, CH^C(CHgOH) 

6.5 g (0.044 moles) of triethylorthoformate, HC(0C2H^)^, and 

one drop of concentrated hydrochloric acid in a 50 ml 

round-bottom flask equipped with a magnetic stirring bar 

and a micro distillation apparatus was lowly heated to 

80-90°. The ethanol produced by the transesterification 

reaction was collected as it distilled. After two hours, 

90% of the theoretical amount of ethanol had been collected 

and the reaction flask was cooled. The syrupy reaction 

mixture was then vacuum distilled. All ortho esters boiled 

between 75 and 110° at 0.5 mm and most of the distillates 

crystallized upon cooling. These were further purified by 

sublimation at 50-60° and 0.5 mm while the liquids were 

redistilled. Mp. 103-4, yield 35%, nmr, CH^ (s, 0.79), 

CHg (s, 379), HCO_ (s, 5.31), m/e 130 (m"^), ir 2970s, 

2880S, 1469m, 1392w, 1363m, 1258w, 1150s, 1126w, 1096w, 

1066m, 1005VS, 970s, 959m, 912s, 855m, 850m. (The infrared 

spectra of the rest of the 2,6,7-trioxabicyclo[2.2.2]octanes 

prepared are very similar and will not be reported here.) 
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4-Ethyl-2,6,7--trloxablcyclo[2.2.2]octane (25^) 

This compound was prepared by the procedure described 

for compound 253. Mp. 58-60, yield 43%, nmr (q, 

1.20, t, 0 . 8 0 ) ,  CHg (3.88), HCO_ (5.46), m/e 144 (M*). 

4-Propy1-2,6,7-trioxabicyclo[2.2.2]octane (255) 

This compound was prepared by the procedure described 

for compound 253. Mp. 57-8, yield 63%, nmr (m, 

0,94- 1 . 1 6 ) ,  CHg (s, 390), HCO_ (s, 5.49), m/e 158 (M+). 

4-Isopropyl-2,6,7-trioxabicyclo[2.2.2]octane (256) 

This compound was prepared by the procedure described 

for compound 253• Mp. 58-6o, yield 67%, nmr (m, 

1.45, 0.94), CHg (s, 3.94), HCO_ (s, 5.46), m/e 158 (M+). 

4-Butyl-2,6,7-trioxabicyclo[2.2.2]octane (257) 

This compound was prepared by the procedure described 

for compound 253. Bp. 95-8 (1 mm), yield 57%, nmr 

C^Hg (m, 0.89, 1.16), CHg (3.91), HCOg (5.52), m/e 172 

(M+). 

1,4-Dimethyl-2,6,7-trioxabicyclo[2.2.2]octane (258) 

This compound was prepared by the procedure described 

for compound 253• Mp. 105-6, yield 4o%, nmr CH^ (s, 

0.81), CHg (s, 3.88), CHgCOg (s, 1.43): m/e 144 (M+). 



www.manaraa.com

126 

4-Hexyl-l-methyl-2,6,7-trloxablcyclo[2.2.2]octane (259) 

This compound was prepared by the procedure described 

for compound 253. Mp. 38-40, yield 87%, nmr (m, 

0.83, 1.18), CHg (3.90), CH_CO_ (1.40), m/e 158 (M+). 

4-Propyl-l-methyl-2,6,7-trloxablcyclo[2.2.2joctane (260) 

This compound was prepared by the procedure described 

for compound 253• Mp. 38-9, yield 74%, nmr (m, 

0.94, 1.16), CHg (3.91), CH-CO- (1,44), m/e 172 (M+). 

4-Isopropyl-l-methyl-2,6,7-trloxablcyclo[2.2.2]octane (26l) 

This compound was prepared by the procedure described 

for compound 253. Mp. 37-9, yield 83%, nmr (d, 

0.86, m, 1.44), CH^ (s, 392), CH_CO (s, 1.4l), m/e 172 

(M+). 

4-Butyl-l-methyl-2,6,7-trloxablcyclo[2.2.2]octane (262) 

This compound was prepared by the procedure described 

for compound 253• Bp. 100-5 (1 mm), yield 49%, nmr 

(m, 0.94, 1.16), CH^ (s, 3.92), CH^CO^ (s, 1.44), 

m/e 186 (MT). 

4-Hexyl-l-methyl-2,6,7-trloxablcyclo[2.2.2]octane (263) 

This compound was prepared by the procedure described 

for compound 253. Bp. 105-7 (1 mm), yield 80%, nmr 

(m, 0.86, 1.19), CHg (s, 3.89), CH^CO^ (s, 1.42), 

m/e 214 (M*). 
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^-Bromomethyl-l-methyl-2,7-trloxablcyclo[2.2.2]octane (264) 

This compound was prepared by the procedure described 

for compound 253. Mp. 50-2, yield 89%, nmr BrCHg (s, 

3.10), CHg (s, 3.98), CH.CO. (s, 1.44), m/e 223 (M+). 

4-Methyl-l-ethyl-2,6,7-trloxablcyclc[2.2.2]octane (265) 

This compound was prepared by the procedure described 

for compound 253• Bp. 104-5 (30 mm), yield 93%, nmr 

CH^ (s, 0.81), CHg (s, 3.86), CgH COg (m, 0.90, 1.68), 

m/e 158 (M+). 

1,4-Dlethyl-2,6,7-trloxablcyclo[2.2.2]octane (266) 

This compound was prepared by the procedure described 

for compound 253. Bp. 114-6 (30 mm), yield 90%, nmr 

CgH (m, 0.94, 1.11), CHg (s, 3.90), CgHrCO. (m, 0.94, 

1.67), m/e 172 (M^)r 

4-Propyl-l-ethyl-2,6,7-trloxablcyclo[2.2.2]octane (267) 

This compound was prepared by the procedure described 

for compound 253• Bp. 90-4 (2 mm), yield 85%, nmr 

CgH (m, 1.16), CHg (s, 3.91); C^H-CO. (m, 0.95, 1.66), 

m/e 186 (M*). 

4-Methyl-l-propyl-2,6,7-trloxablcyclo[2.2.2]octane (268) 

This compound was prepared by the procedure described 

for compound 253. Mp. 40-l, yield 74%, nmr CH^ (s, O.8O), 

(s, 3.88), C.HyCOg (m, 0.95, 1.59), m/e 172 (M+). 
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4-Ethyl-l-propyl-2,6,7-trloxabicyclo[2.2.2]octane (269) 

This compound was prepared by the procedure described 

for compound 253. Mp. 99-105, yield 82%, nmr (m, 

0.82, 1.13), CHg (s, 3.88), C_H-CO_ (m, 0.92, 1.57), m/e 

186 (M+). 

1,4-Dipropyl-2,6,7-trioxabicyclo[2.2.2]octane (270) 

This compound was prepared by the procedure described 

for compound 253° Mp, 71-2, yield 8o%, nmr (m, 

0.90, 1.59), CHg (s, 3.90), C.HLCOg (m, 1.15, 1.59), m/e 

200 (M+).  

4-iyiethyl-l-isopropyl-2,6,7-trioxabicyclo[2.2.2]octane (271) 

This compound was prepared by the procedure described 

for compound 253. Mp. 37-8, yield 70%, nmr CH^ (s, 0.78), 

CHg (s, 3.66), CgH.COg (m, 0.95, 1.85), m/e 172 (ir). 

4-Ethyl-l-isopropyl-2,6,7-trioxabicyclo[2.2.2]octane (272) 

This compound was prepared by the procedure described 

for compound 253• Mp. 30-1, yield 86%, nmr (m, 

0.90, 1.05), CHg (s, 3.68), C.HyCOg (m, 0.95, 1.85), m/e 

186 (M+). 

4-Propy1-l-isopropy1-2,6,7-trioxabicydo[2.2.2]octahe (273) 

This compound was prepared by the procedure described 

for compound 253. Mp. 3^-5, yield 86%, nmr (m, 

1.13), CHg (s, 3.88), C H CO (m, 0.96, 1.75), m/e 200 (NT). 
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1,4-Dllsopropyl-2,6,7-trloxablcyclo[2.2.2]octane (274) 

This compound was prepared by the procedure described 

for compound 253. Mp. 64-5, yield 8l%, nmr (m, 

0.85, 1.64), CHg (s, 3.93), C_H_CO_ (m, 0.95, 1.75), m/e 

200 (M+) .  

4-Methyl-l-butyl-2,6,7-trloxablcyclo[2.2.23octane (275) 

This compound was prepared by the procedure described 

for compound 253. Mp. 33-4, yield 8l%, nmr CH^ (s, 0.79), 

CHg (s, 3.87), C^HgCO (m, 1.40), m/e 186 (M+). 

4-Ethyl-l-butyl-2,6,7-trloxablcyclo[2.2.2]octane (276) 

This compound was prepared by the procedure described 

for compound 253. Bp. 78-80 (0.2 mra), yield 94%, nmr 

CgHg (m, 1.10), CHg (s, 3.82), C^H-CO. (m, 1.10), m/e 

n n n  f  >  

l-Tris(chloromethyl)methyl-4-methyl-2,6,7-trloxablcyclo-

[2.2.2]octane (277) 

This compound was prepared by the direct esterlflcation 

of (ClCHg/^CCOgH^S^ by CHgCfCHgOH)^, in xylene solution as 

1 qq 
described In the literature. 

l-Thlo-l-phospha-5-aza-2a 8;9-trloxablcyclo[3.3.3]undecane 

(214) 

This compound was prepared as described in a previous 

part of this dissertation (p. 45). 
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1-Protlo-l-phospha-5-aza-2,8,9-trioxatrlcyclo[3.3.3.0]-

undecane tetrafluoroborate (217) 

This compound was prepared by the procedure described 

In an earlier part of this dissertation (p. 48). 

l-Trlphenylmethyl-l-phospha-5-aza-2,8,9-trloxatrlcyclo-

[3.3'3.0]undecane tetrafluoroborate (218) 

This compound was prepared by the procedure described 

In an earlier portion of this dissertation (p. 49). 

l-Oxo-l-phospha-2,8,9-trloxaadamantane (288) 

This compound was prepared as described In the 

literature. 

1J5,9-Trioxaadamantane (289) 

This compound was prepared by the procedure described 

157 
In the literature. 

l-Methyl-2,7i8-trloxablcyclo[l.2.3]octane (290) 

This compound was prepared by the procedure described 

for compound 253 from purified 1,2,4-butanetriol and 

triethylorthoacetate. Mp, 81-4°; yield 65%, nmr CH^ 

(m, 2.20), OCHg (m, 3.98), OCH (m, 4.64), CH.COg (s, 1.56), 

m/e 130 (M+). 
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Toxicity Studies 

This portion of the study was carried out by 

Dr. J. E, Caslda's research group at the University of 

California, Berkeley. Only the essential details of that 

work are Included here. (A more detailed description can 

be obtained from reference l42.) 

LD^P values (lethal dose 50% effective) were determined 

for male albino Swiss Webster mice 24 hours after ip (intra­

peritoneal) administration of the bicycllc compounds. 

Thirty or more mice were used to determine each value 

except 248 and 286 where only four mice were used because 

of a limited amount of compound. 

Subacute toxicity tests with mice Involved dally or 

bl-daily administration of the compounds. 

Studies with other species were also made. The 

following animals were tested for sensitivity to the 

bicycllc compounds: mature white leghorn hens, one week 

old white leghorn chicks, fertile white leghorn eggs, 

leopard frogs (Rana piplens), and adult male American 

cockroaches (Perlplaneta americana). Other Insects (adult 

milkweed bugs, adult German cockroaches, adult houseflles, 

larval and adult yellow mealworms, lepldopterous larvae of 

4 species, bean aphids and two-spotted mites) were tested 

by standard contact, topical, spray or dip procedures. 
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Miscellaneous Biological Tests 

The response of muscle and nerve tissue was tested with 

the diaphragm of mice and the abdominal nerve cord of the 

American cockroach and the crayfish (Cambarus. sp.). 

The metabolism of 231, 232 and 233 by mouse liver 

microsomes with and without reduced nicotinamide adenine 

dinucleotide phosphate (NADPH) was investigated by bio­

chemical techniques. 

The effect of bicyclic compounds on the beef heart 

c-AMP phosphodiesterase enzyme was also checked to test the 

possible involvement of c-AMP in the mode of action. 



www.manaraa.com

133 

RESULTS 

Structure-Mouse Acute Toxicity 

For the purposes of clarity and discussion, the compounds 

used in this study have been divided into three categories. 

The first includes l-phospha-2,6,7-trioxabicyclo[2.2.2]-

octanes, Y-P(OCHg)^C-R (229-252), while the second contains 

2,6,7-trloxabicyclo[2.2.2]octanes, R'-C(0CH2)gC-R (253-277)a 

and the last collects the remaining blcycllc compounds, 214, 

217, 2X8 and 278-292. The results of the toxicity studies 

are summarized in Table 15. 

There is a remarkable similarity within the first 

grouping of the potency of the corresponding phosphites, 

phosphates, and phosphorothionates (where R = CH^, CgH^, 

n-CgHy, l-CgHy and CHgOH, compounds 229-239 and 244-246). In 

the R = n-alkyl series, 229-236 and 240-242, optimal toxicity 

appears with the n-propyl group, but two- to three-fold 

greater toxicity is found with the i-propyl group, 237-239. 

A phenyl substituent, 243, is about the equivalent of an 

n-butyl moiety, 240, in toxicity. Compounds containing a 

hydroxymethyl ^roup, 244-246, are inactive (500 mg/kg) while 

the aceto compounds, 247, and the tertiary alcohol, 248, are 

moderately toxic. Nitrogen-containing R-groups vary greatly 

in toxicity from essentially nontoxic, 250 and 252, to 

moderately toxic, 249 and 251. 
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Table 15. Mouse Intraperitoneal LDrg values for bicyclo-
octanes ^ 

Compound Ip LD^q (mg/kg) 

214 260 

217 

0^ 
I tr f 

\ 
\ ; BF, 

270 

218 

BF, 

28 
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Table 15. (Continued) 

Compound Ip LD^q (mg/kg) 

229 X = 0 R = CH, 32' 

230 

231 

232  

233 

234 

235 

236 

237 

2 3 8  

239 

'40 

241 

S 

&p 

0 

s 

£p 

0 

S 

-P 

0 

0 

0 

CH, 

=2«5 

C2«5 

=2«5 

n-CgHy 

n—C 
/ 

n-C,H„ 
3 i 

1-CLH 

I-C3H7 

l-CgH 

n-C|^H^ 

34' 

i . r  

1 . 0 '  

1 . 1  

0 . 3 9  

0.38' 

0.79' 

a 
0 . 2 2  

0.18' 

0.26^ 

1.5 

37 

^These values were determined in reference 13o. 
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Table 15. (Continued) 

Compound Ip LD^q (mg/kg) 

242 0 n-CgH^_ 500 

243 0 CgH 1.5 

244 &p CHgOH >500^ 

245 0 CHpOH >500^ 

246 S CHpOH >500^ 

247 0 C(0)CH_ 51 

248 0  C(OH)(CH jg 25-50 

249 0 NOg 9.5^ 

250 0 NH >500 

251 0 N(CH jg 3.0 

252 0 N(CH^)^C1 >500 

253 R'-^\ R' = H R = CH^ >500 

V 

254 H CgH 95 
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Table 15. (Continued) 

Compound Ip (mg/kg) 

255 H n-C_Hy 23 

256 H  i-C„H„ 12 
3 7 

257 H  n-C^H 220 

258 CH_ CH^ >500 

259 CH_ CgHr >500 

260 CH_ n-CgHy 85 

261 CH_ l-CgHy 42 

262 CH_ n-CyHg 250 

263 CH_ n-CgH^g >500 

264 CHg CHgBr 390 

265 CgH^ CH >500 

266 CgH^ CH_ 500 

267 CgHq n-C^H >500 

268 n-CgHy CH >500 

269 n-c.hy cgh^ 420 

270 n-CgHy n-CgHy 29 

271 l-C.Hy CH >500 
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Table 15. (Continued) 

Compound Ip LD^q (mg/kg) 

272 

273 

274 

275 

276 

277 

l-CgH_ 

1-CgHy 

1—C gHry 
U I 

n-Ci^Hg 

C2H5 

n-CgHy 

CH, 

C2H5 

(CICH^)^C CH_ 

350 

>500 

>500 

295 

22 

525 

278 >500 

279 

^ 1  

>500 

280 
CHGOP 

V / 
POCH 

>500 

281 >500 
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Table 15. (Continued) 

Compound Ip LD^g (mg/kg) 

282 
Sb "-C3H7 

250 mg 

283 174' 

284 0=P 

\ 
189' 

285 
CH 

95' 

286 >500 

287 250-500 
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Table 15. (Continued) 

Compound Ip LD^q (mg/kg) 

288 

289 

510 

>500 

290 .̂ 5 >500 

291 0.22 

292 
so. 

0.24 
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It is evident that the mouse toxicity of Y-PCOCHg)^C-R 

compounds is greatly influenced by the size of the R-

substituent. Sufficient data are available in the 

0=P(OCH2)^C-R series for structure-toxicity regression 

analysis, using those compounds with well-defined 

values. The toxicity (log l/LD^^) correlates well with the 

van der Waals volume of the R-group, provided it is 

hydrophobic in nature such as the alkyl, phenyl and nitro 

groups. This relationship is shown in Figure 9 where 

158 
Vr = Vp/Vgy and and are the van der Waals volumes 

of the substituent and methyl group, respectively. However, 

the results for compounds with hydrophilic groups such as 

acetyl, hydroxymethyl, amino, or dimethylamino groups 

deviate significantly from the plot in Figure 9- The use of 
1 cn 

viic iJ.a UÙ Cii—1'u J J. oa ui'vjpuuu xu x pcii cLiiic vci' ̂ 11 3 w _L uii uiic 

van der Waals volume did not yield a satisfactory correlation. 

This may be due to the fact that the tt of hydrophobic groups 

is directly related to their volume while that of hydrophilic 

groups is not. For this reason the specific hydrophobicity 

factor, ïïs = ïï/Vr, was introduced. With this factor 

satisfactory correlation with both hydrophilic and hydro­

phobic groups was achieved as can be seen from Table I6. 

These results indicate that the optimal size (van der waals 

volume) of the R-grouo is 33-97 cm^/mole (Vr = 2.48). 
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Figure 9. Correlation of mouse toxicity (log l/LD^^) 

with selected properties of the R 

substituent in C^PfOCHgïgC-R compounds 

O = Hydrophobic group 

# = Hydrophllic group 
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Table 16. Regression analysis of structure-mouse toxicity 
relationship for OPfOCHgJgC-Z compounds 

Compound Z Vr& TTS^ 
log 

Obs. 

1/LD50 

Calcd. 

229 CH_ 1.00 0.52 -1.51 -1.15 

232 C2H5 1.75 0.55 0.00 0.02 

235 n-CgHy 2.50 0.57 0.42 0.42 

238 l-CgHf 2.50 0.56 0.74 0.40 

2i)0 3.23 0.59 -0.18 0.09 

241 
-"^5^11 3.99 0.54 -1.57 -1.15 

242 G-CgHlS 4.74 0.53 -2.70 -3.04 

243 C6%5 3.35 0.56 -0.18 -0.10 

247 CCOCH^ 1 . 8 6  -0.20 -1.71 -1.49 

249 NOg 1.23 0.20 -0.98 -1.41 

251 N(CH,), 2 . 3 2  0.043 -0.48 -0.73 
J C. 

^Relative volume of Z calculated as Vr = where 

Vg and Vgg are the van der Waals volumes of Z and CHg, 

respectively. 

"Specific hydrophoblclty parameter calculated as 
TTS = ïï/Vr. 
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Replacement of phosphorus with carbon at the bridgehead 

of the blcycllc system In the second group of compounds, 

253-277, always yields compounds of greatly reduced toxicity. 

The optimal R-substltuent again appears to be the isopropyl 

group for orthoformates and orthoacetates, H-CfOCHgï^C-R and 

CHg-C(0CH2)gC-R. Toxicity was found to decrease in the order 

H>CHg>CnHr for the R' substituent. This trend is not 
3 2 5  

entirely clear because of the relatively high toxicity found 

for R' = R = n-propylj 270, and R' = n-butyl, R = ethyl, 276. 

More compounds may be needed to explain this discrepancy. 

The last grouping of test compounds (214, 217, 218 and 

278-292) Include many differing structural shapes and 

chemical compositions. The parent hydrocarbon, 287, of the 

blcyclics tested is of only moderate toxicity as are the 

phosphatrarip op-ri v«r.j ves. 2 1h . 217 and 218 . None of these 

caused the characteristic symptoms (see below) of the more 

toxic substances. Blcycllc compounds of nearly the same 

size but different shape, 288-290, were essentially inactive 

as were the polybicyclic compounds 278-280. Changing the 

phosphorus atom to an antimony atom, 28l and 282, resulted 

in detoxification (these compounds were administered as 

subspenslons rather than solutions). Moderate toxicity was 

found for the dlphospha cage compounds, 283 and 284. 

Replacement of all oxygens with sulfurs, 285, also reduces 

the toxicity. The unstable acyl blcycllc phosphate, 286, 
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is not toxic. Two compounds, 291 and 292, known to be toxic 

were also tested for comparison purposes. 

Symptoms of Poisoned Mice 

The symptoms of poisoning by all compounds with mouse 

ip LD^q values below 100 mg/kg shown in Table 15 (except 

compound 2l8) appear to be similar, if not Identical to 

each other. Thus, a dose at least twice that of the LD^q 

typically yields alternate contraction and relaxation of 

muscles with severe flexion Jerks of the hind legs initiated 

one to five minutes after injection. The convulsions appear 

with increasing intensity until generalized motor seizure 

occurs, culminating in death in three minutes to one hour. 

Death occurs more rapidly at higher doses. Petajan e^ a^. 

reported that the electroencephalogram of a poisoned rat 

showed high amplitude spike discharges well before any 

visible muscular flexions. Postmortem examination showed no 

gross pathology in all organs except for the lungs in which 

scattered hemorrhaging was evident.Similar s^mptom-

ology is evident for mice treated intraperitoneally with 

lethal doses of bicuculline, picrotoxin and pentylene­

tetrazol, but not with strychnine. 
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Bicuculline 

X \ V 

Picrotoxln 

Pentylenetetrazol Strychnine 

Pretreatment of mice with either of two agents was found 

to decrease the toxicity of the convulsants. The effect was 

los in magnitude and compound dependent with piperonyl 

butoxide but quite dramatic for all compounds with sodium 

phonobarbitol. Other compounds commonly used to combat 

Na 

CHgOCgH^OCpH^OC^Hg 

C6"5 0 

Piperonyl butoxide Sodium phenobarbitol 
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central nervous system poisoning, 5,5-dlphenylhydantoin, 

atropine sulfate and 2-pyridlnealoxlme methyl methane-

sulfonate, were ineffective as antidotes. 

H 

•N 

5,5-Diphenylhydantoin 

H 

LMgUM 

Atropine sulfate 

• H i c ru "SÏV V ^ Viim 

"N" Y J 

2-Pyrldinealoxlme methylmethanesulfonate 

Acute Toxicity with Other Species 

The toxic effects of only the more toxic compounds 

studied were investigated with other species. With either 

hens or chicks, the acute ip values were 1.0 and 0.2 

mg/kg, respectively, for 232 and 238. Three orthocarboxylic 

acid esters (260, 26l and 276) administered to chicks at 



www.manaraa.com

m s  

their mouse Ip doses produced severe convulsive 

seizures, but the chicks recovered completely within three 

hours and showed no delayed effects. 

Progs Injected with 238 or 292 produced convulsions 

and death In one to two hours (LD^g for both was 0.3 mg/kg). 

A survey of various insects and mites revealed no 

species sensitive to 232. The American cockroach, however, 

gave an of ~100 yg/g. 

Subacute Toxic Effects 

Subacute toxicity studies with mice showed no mortality 

or significant weight differences compared with control 

animals using 232 or 238. At the end of these observations 

the mice were normal in respect to their susceptibility to 

an dose of the test compound. Their weights and the 

gross appearance of their organs (brain, kidney, liver and 

spleen) were also normal. 

Subacute toxicity studies with mature hens showed 

neither accumulative nor delayed effects with either 232 or 

238. 

Embryos of chicken eggs Injected with 238 developed 

normally, but on hatching the weight of the chicks was 

reduced and there was a 33-100% incidence of fusion of leg 

joints from which the chicks did not recover during the 

observation period. Higher doses of these compounds 
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markedly reduced the hatch and produced 100% incidence of 

leg defects in the chicks. Other bicyclic compounds, 245, 

2^9 and 258, failed to manifest this syndrome. 

Action on Muscle and Nerve Tissue 

Beef heart cyclic AMP phosphodiesterase is not sensitive 

to inhibition or stimulation by compounds 232, 238, 245 or 

249. 

Isolated mouse diaphram muscle tissue was induced to 

twitch rapidly on exposure to 238. Compound 292 also caused 

twitching while twenty-four other compounds were inactive, 

229-233, 235, 239, 249, 254, 259-261, 264, 276, 282-285, 

289, 291, bicuculline, picrotoxin and strychnine. 

American cockroaches responded with an increase in 

spike frequency nf the abdominal nerve when injected with 

an dose of 238. Sectioning of the motor neurons 

innervating the legs completely abolished the compound-

induced twitching activity. Symptoms were observed to be 

undiminished if the animals were decapitated and sectioned, 

providing that the ganglionic Innervation of the limb 

muscles was left intact. 

The isolated abdominal nerve cord of the crayfish 

responds to 238 with an increase in spike frequency and the 

appearance of large intensity spikes. Solutions of 232 

produced a similar but smaller response. 
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Metabolism of Blcycllc Phosphorus Compounds 

Incubation of compounds 231, 232 and 233 with mouse 

liver microsomes and the oxidase cofactor NADPH did not cause 

any change In the phosphate and phosphorothlonate. The 

result was no different without NADPH. The phosphite, though, 

was more than 50% metabolized in one hour to the phosphate. 

This oxidation did not occur without both the microsomes and 

NADPH present. 
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DISCUSSION 

Three features appear to contribute to the high toxicity 

demonstrated by the compounds examined in this study. For 

optimal activity the compound must have a highly symmetrical 

cage structure (bicyclo[2.2.2]octane in this study), a 

hydrophobic substituent of critical size and shape at the 

relatively positive end of the dipolar molecule and strong 

molecular dipole moment. 

Variations of the bicyclo[2.2.2]octane shape, demon­

strated by compounds 288-290 resulted in the disappearance 

of nearly all activity while the parent hydrocarbon, 287, by 

contrast, is more toxic than would be expected for a pure 

hydrocarbon. The low values for compounds 291 and 292 

indicate that the "football" shape of the bicyclo[2.2.2]-

octanes is not a necessary structure if it assumed that 

these compounds act at the same site. However, the high 

degree of symmetry found in each of these cage compounds 

appears to be a requirement for toxicity. 

Regression analysis of the structure-toxlcity data for 

0=P(0CH2)gC-R compounds showed the optimal size of the R-

group to be about 34 cm^/mole (about the van der Waals 

volume of a propyl group). The higher toxicities of alkyl 

groups also Indicate that the R group should have hydrophobic 

character. Similar trends are evident for Y-P(0CH2)gC-R, 
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Y = Ip or S, and R'-C(OCHg)^C-R, but there were insufficient 

data for regression analysis. 

Changing the chemical composition of compound 238 by 

replacing phosphorus with carbon (253-277) or antimony (28l-

282), replacing the oxygens with sulfurs (285), or adding 

another phosphorus atom (283, 284) resulted in a decrease 

in activity. A common factor in each of these variations is 

a decrease in the overall dipole moment of the molecule. 

Caged hydrocarbon substituted orthoesters (2.7-3.2 D), 

phosphites (3.8-4.1 D), phosphates and phosphorothlonates 

of the bicyclo[2.2.2]octane-type possess dipole moments 

roughly twice as large as their acyclic analogs. (This is 

due to the constraint of the bond moments and lone pair 

vector moments so that they lie along the axis of the 

\l6O-l62 cage - I  

These features apply only partially to the other cage 

compounds, 214/ 217, 218 and 291-292, studied. The shape 

requirements mentioned above apply to these substances while 

the desired alkyl substituent is not present. The molecular 

dipole factor appears to be included in these compounds, 

however. The assumption that all of the compounds studied 

act at the same site may not be valid since the structurally 

very different bicuculllne, plcrotoxin, and pentylenetetrazol 

also produce the same symptoms of poisoning at the equivalent 

163 dosages. 
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Previous speculatlon^^^ about metabolic activation of 

the phosphorus compounds prior to poisoning has been proven 

partially wrong. Only the oxidation of the phosphite form 

to the phosphate form appears to take place. The phos-

phorothlonate form remains unchanged as does the phosphate 

form. The expected microsomal oxldatlon^^^ of the 4-alkyl 

substituent to a 4-C(0)-R or 4-CH(0)H)-R substituent was not 

observed. Since these oxidized derivatives, for example 

247 and 248, are much less toxic than the parent compounds, 

such an oxidation would constitute a detoxification rather 

than an activation mechanism. Another metabolic pathway 

would be the oxidation of the cage methylene group, OCHg, 

to the cyclic anhydride, 0C(0), but again this derivative, 

58, was not toxic, acting Instead as an acylatlng agent. 

The subacute toxicity studies Indicate that there are 

no accumulative or delayed effects; the compounds being 

detoxified by some presently unknown metabolic process. 

Also, there were no tolerances to the toxicants built up 

during the studies. 

The possible Involvement of c-AMP in the mode of action 

for these compounds^^^ appears to be ruled out by the lack 

of any activity of the phosphorus cages toward c-AMP 

phosphodiesterase. The toxicity of the blcycllc orthoesters 

provides even stronger evidence against this hypothesis since 

there Is no phosphorus present In these compounds. 
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Ion trapping by the cage compounds as a mode of action 

must also be ruled out. These bicycllc structures do not 

++ + + 
possess a large enough cavity to trap Ca , K or Na ions. 

Although the phosphorus compounds have important metal 

1^1 ligating properties, the noncoordinating orthoesters 

produce the same symptoms of poisoning. 

The trioxabicyclo[2.2.2]octanes appear to act in the 

central nervous system (CNS) of vertebrates, primarily in 

the brain and possibly in the brain stem. Several other 

CNS stimulants, bicuculline, plcrotoxin and pentylene­

tetrazol, produce similar poisoning symptoms and have 

similar interaction with barbiturates. These natural 

product toxins are thought to antagonize the inhibitory 

neuronal function of the amino acids, glycine, y-amino-

1 T— » - ^ » T n r. * fJ r /\ "O f\ ^ «-« V» 4 VI 
CIV-.J-U. ctxi*a c/u-ixx # 

Interestingly5 shortly after this present work was 

llip 
published, a group of British scientists presented 

evldence^^^ that the bicycllc phosphorus esters were 

involved in GABA antagonism. This Included GABA's depressant 

action on single neurons in the rat brain and its depolar­

ising action on Isolated rat superior cervical ganglion. 

Also reported was a close correspondence of the values 

with the concentrations which both bicuculline and 238 and 

plcrotoxin and 232 antagonized GABA, further supporting this 

mode of action as probably being the correct one. 
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SUMMARY 

Several 2,6,7-trloxablcyclo[2.2.2]octanes have been 

screened for toxicity and mouse LD^q values range from 

greater than 500 mg/kg to a low of 0.2 mg/kg. The most 

toxic members of this series suggested that three factors 

were important for toxicity, the symmetrical shape of 

bicyclo[2.2.2]octanes, a substituent at the ^-position of 

the cage about the size of an isopropyl or propyl group 

and a substantial dlpole moment for the molecule. 

The compounds were central nervous system stimulants 

which cause tonlc-clonlc seizures in lethal doses. There 

were no accumulative actions or delayed effects observed. 

The mode of action appears to be much like that of 

blcuculline and plcrotoxin which antagonize inhibitory 

neuronal mechanisms. The use of this type of compound 

should be undertaken with caution. 
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APPENDIX^ 

The only nuclei which have been reported to couple to 

'^^Mo are in MoF^^ and ^"^0 in molybdate ion.^ In 

neither case were the two isotopic couplings resolved. In 

the Table are listed the first reported examples of 

lj95s97]yjo31p couplings for ten (OC)^MoL complexes. Because 

I = 5/2 for each of these molybdenum isotopes and both are 

of comparable abundance 15.72% and ^^Mo, 9.46%, 

respectively), the P nmr spectrum decoupled from other 

nmr-active nuclei should consist of a main singlet with two 

sets of satellites, each set being composed of six peaks of 

equal intensity. Although the resolution of such sets of 

satellites has been reported for in 

{CurP(0Me)^]n}C10n,^ in'{CdI^[P(n-Bu)^]p},^ 

and {SnCl^CPCn-Buï^Og},^ for example, the 

closeness of the magnetic moments for ^^Mo (-0.9099) and 

9'^Mo (-0.9290), and the breadth of the satellite peaks 

(20 Hz at half height in the best cases) preclude resolution 

of the satellite sets which are expected to differ in J 

value by onl-y 3 to 6 Hz in this coupling range. In the 

Figure is shown a ^^P spectrum of (0C)^MoPF2 which shows a 

1 g 31 
quartet of satellite sets owing to P- P coupling. 

18s 67 
It has been observed with other metals such as W, * 

and ^^^Pt^ that the absolute values of the metal-^^P 

couplings rise with the electronegativity of the phosphorus 
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substituents of the coordinated anionic ligands. As was 

found earlier by us for In (OC)^WL complexes using 

a similar set of ligands^'^ rises linearly 

(correlation coefficient > O.98) with the phosphorus 

substituent atom electronegativity using the Allred-Rochow, 

Sanderson or Pauling scales. 

A few years ago it was determined that the sign of 

is positive in (0C)^WPMe2Ph^ thus making it 

probable that this coupling is positive in all such 

1 QS Q7 11 
complexes. Because of the similar trend of S P 

and with electronegativity, it is likely that the 

former coupling is negative since the magnetogyric ratios 

of and are of opposite sign. The larger reduced 

couplings for a given ligand can be attributed to 

uhe Incr-éaèed magnitude of the valencG z orbital expected 

with rising atomic number of the acceptor atom.^^ The 

^^3y_31p spin-spin interaction also appears to be somewhat 

more sensitive to the electronegativity of the phosphorus 

ligand since the slopes of these plots (1.53 to I.98 x 10 ) 

are larger than those for the couplings (0.99 to 

1.11 X 10^). 

The complexes were made by literature methods (L = PF^;^^ 

and P(CgH^) (0^12)2^^ and the remaining ligands^^). 

P nmr spectra were obtained on a Bruker HX-90 spectrometer 

operating at 36.434 MHz in the FT mode with white noise 
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proton decoupling in all cases except where L = PP^. 

Typically 6OOO-8OOO scans were required to observe the 

95»97]yjQ satellites with a sample of 200-300 mg. Except 

where indicated, the spectra were obtained in d^-chloroform. 
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Table 1. nmr data for (OC)^MoL complexes 

L 6^^P 1j95,97H q̂31P 

(±0.1 ppm) (Hz)& 

PPgb -147.2 284(2) 

P(OPh)^ -154.3 231(2) 

PfOCHgigCEt -137.3 226(1) 

P(OMe)_° -l6l.l 216(1) 

P(OEt)_° -155.9 214(1) 

PPhCOMejg -176.6 183(2) 

PPhpCOMe)^ -145.6 142(10) 

PPhgd - 37.5 124(10) 

PfNMeg). -145.4 173(1) 

PPhMe. - 15.4 133(4) 

^Estimated uncertainties appear in parentheses. 

^Taken in d^-benzene. 

c 6 
Taken on neat liquid using d -acetone as an internal 

lock. 

^The relatively large uncertainty is due to overlap of 
the satellite members. 
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Figure 1. nmr specorum of (OO^MoPP^ showing the 

qc: qv 
satellite peaks due to 'Mo isotopes 
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