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INTRODUCTION

In 1952, Stetter and Steinacker (1) reported the prep-
aration of l-phospha-2,8,9-trioxaadamantane (I-l), and 8 years
later, Verkade and Reynolds (2) reported the synthesis of

}-methyl-2,6,7-trioxa-l-phosphabicyclo[2.2.2] octane (I-2).

Verkade and Plper later reported a study of the use of I-2

P P
NS NS
0 /P\o \o | \Oo
0
I-1 I-2 1-3

as a ligand toward transition metal ions (3, 4), and the
properties of I-l and I-2 as Lewls bases toward Group III
aclds were reported by Heitsch and Verkade (5, 6, 7, 8). The
transition metal complexes of I-1 were reported by Huttemann
in a doctoral dissértation (9) and the complexes of I-1,
I-2, and 4-methyl-2,6,7-trioxa-l-phosphabicyclo [2.2.2]octane
(I-3) with cobalt(III), cobalt(I), nickel(II) and nickel(O)
appeared in 1965 (10). In a doctoral dissertation (11),
Hendrilcker described the metal carbonyl complexes'of I-1,
I-2, and 1-3, some of which were subsequently reported else-
where (12).

The general results of the above investigations are that

crystalline metal complexes can be lsolated most of which



exhibit maximum coordination numbers for the metal with only
polycyclic phosphite in the coordination sphere. These

. findings differed from those obtained for trialkyl phosphites
in that only color changes and intractable olls were observed
in most cases (9). A comparison of the dipole moments of I-2
with triethyl phosphite showed I-2 to be more than twice as
polar as the open ¢hain phosphite (13). Oxidation of I-2°
increased the dipole moment, indicating that the moment.is
'directed toward the phosphéfus. Presumably the difference in
moments between the cyclic and open chailn phosphites is a
result of directed lone pair electron moments on the oxygens
in the former. Dreiding models indicate that in (CZH50)3P
there 1s a large amount of steric repulsion between the
alkoxy chains, whereas, I-2 is essentially strainless (9).

It 1s of interest that transition metal complexes of open
chain trialkyl phosphites have been isolated recently (9).
Dreiding models show there is still ligand-ligand repulsion,
aithough it can be minimized by restricting free rotation of
the alkoxy groupsland orientating these groﬁps so that closest
approach of the phosphorus to the metal can be attained.
Although this proéess would not be favorable entropicelly,

it could be compenséted for by increasing the dipole moment
of the ligand as a result of orlentation of the oxygen lone
palrs toward the phosphorus. Hence a stronger metal ion-

dipole interaction could arise. Such an argument was used

to explain the occurrence and stability of these complexes (9).
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From the ultraviolet spectrum of [Co(I-2)¢](€10,), (&),
a Dq value of 3320 cem=l was calculated which compares well
with 3350 cm™l obtained for [Co(CN)s]B'. indicating the
presence of a strong octahedral field. The probability of
d-pl-d-pi-bonding was invoked to explaln the unusually large
ligand field strength of I-2., Furthermore, in the metal
carbonyl work published (12), the possibility of dative
pi-bonding from the metal d orbitals to the phosphorus d
orbitals was mentioned. Such pi-bonding could explain the
high CO stretching frequencies in these compounds.

A method of determining the possible presence or extent
of pi-bonding in these complexes might be to study similar
coordination compounds using a phosphine analogous in struc-
ture to I-2, Such a ligand would be a l-phosphabicyclo[?.z.z]-
octane (I-4), Because of the difference in electronegativity
of oxygen and carbon, I-4 should be a better Lewis base than
I-2., However, when considering pi-bonding or back donatlion
of electrons ffom a trahsition metal to the 4 orbitals on |
phosphorus, I-2 should pi-bond more strongly than I-4 because
of the superior electron withdrawing power of oxygen. Of
particular interest would be the synthesis of metal carbonyl
complexes of I-4 and a stﬁdy of thelr CO, ﬁc. and MP stretch-
ing frequencles in the infrared region.' Hendricker (11)

tentatively assigned these frequencles for metal carbonyl
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complexes of I-1, I-2, and I-3.7and reviewed the metal car-
bonyl chemistry of phosﬁhorus-containing ligands. Complexes
of trimethyl phosphite might be compared to those of triethyl.
phosphine to determine the extent of pi-bonding; however, 1in:
view of the steric problems 1ndicated above,-difficuities

might arise.

P P,
Q 0.0
R CHy
I-4 o I-5

Attempts at isolating thé free phosphine I-4 have been
the subjects of two theses. Cooper (14) tried to cyclize
CHBC(CHZC(O)CJ.)3 to I-5 with elther sodium phosphide or phos=-
phine but falled to isolate any characterizable organophos-
phorus compound., A reductlion of the carbonyls on I=-5 would
have produced I-U4 (R=CH3).

Mathews (15) isolated the phosphonium salt (I-6) of
I-4 (R=0H) by the reaction sequence shown below. Attempts to
reduce I-6 to I-4 (R=OH) by treatment with L1AlH, or by

pyrolysis failed.



Fols s
4 -0R P o+ P
C2HgP(CHoCHCN)p ——> [:;T::J\ -——;;7;—€> [::r;:]
| s~y 2
: NH, 0 :

BrCH2002C2H5 Zn

?.235 (I:ZH 5
P P
L1AlEH
P 4
™~
HO CH,CH,0H HO CHpCO,CpHs
HBr
fzﬂs C2Hs
P pt
Heat -
Br
Benzene
HO CH,CH,Br OH
1-6

Previously, McEwen et al. (16) could not isolate I-4

(R=H) by treating the corresponding tribromide HC(CHZCHzBr)3

with PHg or AlP. Wiley (17) also tried reacting the tri-

bromide with PH3-1n a sealed tube with negative results. This

led Mathews (15) to prophesy that a single-step synthesis of

I-4 would have little chance of sucéess.



A review of the literature revealed few polycyclic
phosrhines or arsines with the Group V atom at the bridgehead.
The first such compound reported by Hinton and Mann in 1959
(18) was the diphosphine I-7 prepared as outlined below.

+ + -
R3P + BrCH,CHpBr —> R3P(CHp)2PR3 2Br

\\\\E:flﬂu
Br(CHz)zBr

( j RzP(CHz) >PRo
¥ LlAlHu

P
f Br(CHz)gBr
R \
LiAlHu
(R=CH2CgHs) 1-7 -

The last step in the synthesls of this very volatile compound
was reported to proceed with considerable decomposition in

low yleld which might imply that the polycyclic phosphine is

a strained unstable compound as Mathews (15) had observed in
his dissertation. Filve years previous to the reported syn-
thesis of I~7, Jones and Mann (19) reported an attempt to
isolate the 1l,4-dilarsa analogue by a similar reaction sequence.

However, they 1solated only the monocyclic RAs(CH2CH2)2AsR.
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In 1961, Krespan (20) reported the synthesis of I-8 by
treating bis(trifluoromethyl)acetylene with red phosphorus
and lodine in a heated autoclave. Compound I-8 i1s a stable
volatile solid melting at 119°. In this report, Krespan also

described the preparation of the analogous dlarsine.

1N
R AR
Heat - l I H:
RCECR + 12 > R
Pred R PR
(R=CF3) I-8

Heinekey et al. (21) reported the synthesis of l-arsa-
bicyclo[3.3.0] octane (I-9) in an overell yield of 1% by the

reaction sequence shown.

C2H50(CHp) 3MgBr +  CpHg0CHO ——> (C2H50(CHp) 3) 2CHOH

\LP BI'B
1) M

(C2HgO(CHp) 3) oCHAS (CHg) p < (CoHgO(CHp) ) 5CHBr
2) IAs(CH3)2

FHBBr

i + HEBr +
(C2H50(CH2)3)2CHAS(CH3)3 ——, > (Br(CHZ)B)ZCHAS(CHB)B
ea

Br~ Br~
Heét

As




Finally, in 1965, Coskran and Verkade (22) reported the
synthesls of the novel phosphite-phosphine I-10 by a trans-
eéterification reaction similar to that used in the prepara-
tion of I-1, I-2, and I-3 (23).

, P :
P(CHz0H)3 + (CH30)3P —> '/ h |
: CNQAL

I-10

Other preparations of bicyclo[?.z.Z]octane compounds
with a hetero atom at the bridgehead which might offer
fégsible routes to the isolation of I-4 are those for quinuc- .

lidine (I-11) and for l-silabicyclo[2.2.2] octane (I-12).

Ili ?HZCOZCZHS
N N
r +* CchZCOZCZHS  E— Q
1) “om
2) H20
3) Heat
N © N
Zn
Z
<
HC1
0

I-11



The synthesis of I-11 by Clemo‘and Metcalf (24) utilized a
Dieckmann reaction for the ring closure. Compound I-12 was
isolated by Sommer and Bennett (25), the cyclization being
affected by & Grignard reaction in 30% yield. They also
reported the synthesis of l-silabicyclo [2.2.1] heptane (I-13)

by analogous reactions (26).

H CHoCH20H CH,CHoCL CH,CH,S1C14
80012 1) Mg
C5H5N 2)81014
cl 1) BClj3
& 2) S0C13
Mg

<——— (C1CH,CHp) 2CHCH,CH,S51C15

L1AlH),
n z

S1 s1

I-12 I-13

Mailer has reviewed the chemistry and synthesis of mono-,

di-, and trialkyl phosphines (27). In addition to the
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methods of syntheslis outlined above, organometallic reagents
are frequently used to obtain alkyl phosphines. Isslelb has
reported reactions of MPR, and MpPR (M=Li, Na, K; R=H, alkyl,
aryl) with organic halides, an example of which ls indicated
in reaction (a) (28). For the preparation of noncyclic tri-
alkyl phosphines, see, for exzample, referencé'29. Issleidb

| et al. have also reported the reaction of LiPRy with ethylene
oxide as shown in reaction (b) (29), and the reaction of
(06H5)2P01 with CHoN, as shown in reaction (¢) (30). The
preparation of alkall metal phosphides used here has been

reviewed recently by Issleid (31).

| R
R P
SR
LiPR  + Br(CHp)yBr ——> < 7@ (2)

. n=L n=5
PN

LiPR, + CHZCH 2 > HOCHZCH 2PR 2 (b)

2) Hp0

0
(CeHs) 2PCL  + CHN -W (CeHs) pPCHLP(CgHs) 5 (c)
2

Another method of P-C bond formation has been the action
of organic Grignard reagents on P-Cl (32), P-Br (33), and
P-OR (34) bonds. Three examples are shown in (d), (e),
and (f).
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c1 ' CH
c6115i><CH2 aq * CH3MgBr ———> C6H5P<cn3c1 (a)
¥
1) Mg
Br(CHj) sBr - > (e)

2) CHBP(S)Brz

9 Mg
Br(CHz)SP(OR)z > (f)

Recently, Angstadt reported the alkylation of elementel
phosphorus (35). The reactions were carried out in carbon
disulfide using an alkyl hallide, white phosphorus, and alumi-
num trichloride in a hydrogen chloride atmosphere. Generally,
dilalkyl derivatives were obtalned. According to a recent
review concerning the alkylation of elemental phosphorus (36),
reactions are generally performed 1in sealed tubes or auto-
claves at elevated temperatures. It was concluded that the
reaction proceeds by a radical process, and copper metal was
sometimes used as a catalyst. Usually, mono- and dlalkyl-
chlorophosphines resulted rather than trlalkylphosphines, the
latter being apparently less stable at elevated temperatures.

In deciding upon a synthetlic route to the desired
bicyclic phosphine (I-4), a major concern was the overall
yield. 1If a slgnifigant study is to be made of the use of
this phosphine as a ligand, substantial quantities must be
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avallable. Thus, as a result of low ylelds, syntheses of the
type described by Menn et 2l. (8, 21), wherein many steps are
involved, were not initially considered.

Cooper has outlined the synthesis of CHBC(CHZCOZH)3 in
reputable yields (14), and Lukes and Ferles have converted
this acid to the tribromide in good yields (37). Using this
as a starting material, its reactions with NaPH,, magnesium
followed by PClj. and elemental phosphorus were studied. In
the synthesls of I-10, cyclizatlion was accompllished at the
bridgehead opposite the phosphine. A similar approach was
also studied as a route to I-4 by attempting to cyclize
P(CHpCHoCN) 3 (38).

In addition to the synthesis of the bicyclic phosphine
I-4, a proton nuclear magnetic resonance (n.m.r.) study of
polycyclic phosphorus compounds became of interest. In 1962,
Verkade aﬁd King (39) reported the ‘HL and P31 n.m.r. spectra
of I-1, I-2 and thelr l-oxo and l-sulfo derivatives. For the
compounds therein considered, there seemed to be a dihedral
angle dependence of the POCH coupling constants analogous to
that reported by Karplus for HCCH interactions (40). The
Bll. F19. Hl and P31 n.m.r. spectra of Group III acid complexes
of I-1 and I-2 were reported later by Verkade et al. and a
long-range (four=-bond) POCCH coupling of 2 cycles per second

(c.p.s.) was reported for the l-oxo derivative of I-1 (8).
A review of P31 n.m.r. in 1962 revealed no four-bond
(PXXXH) coupling interactions and indicated that little work
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had been done on P-H spin interactions in general (41).
Similarly, Groenweghe et al. later that year reported no long-
range coupling constants, but observed that two-bond (PXH)
and three-bond (PXXH) coupling constants seemed to bé depen-
dent on the type of atom (X) separating the coupling nuclel
and the hybridization of phosphorus (42).
| Long-range (four-bond) interactions have been noted in
unsaturated organophosphorus compounds. Cotton and Schunn
(43) reported a PC=CCH coupling constant of 2.0 c¢.p.s. in a
transition metal complex, and Singh et al. reported P=NCCH
couplings of 0.6 to 1.0 c.p.s. (44). More recently they used
this type of long-range interaction to verify structures (45).
Bene et al. in 1963 (46, 47) reported POCCH interactions
of 0.55 and 0.8% c.p.s. in (CpH50)3P and (CH50)3PO, respec-

tively. Later that year, Burgada et al. (48) reported simi-
lar long-range interactions 1in some t-butoxy phosphorus
compounds of approximately 0.5 c.p.s. Within the last year,
several articles have appeared reporting more four-bond P-H
coupling constants in saturated organophosphorus comﬁounds.
Reddy and Schmutzler estimated a POCCH coupling of 0.5 c.p.s.
for a ternary alkoxy phosphorus fluoride and observed some
four-bond F-H coupling constants (49). Ramirez et 2l. found
similar values for some alkoxy phosphoranes ((RO)3P(OR)2)
(50). Seyferth and Singh reported two PCCCH interactions of

0.76 and 0.50 ¢.p.s. for an alkyl aryl phosphonium salt and
a phosphine oxide respectively (51).
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Because of the generally low values obtained for these
long-range coupling constants and the similarity in the
magnitudes of those reported, thelr sporatic appearance has
been explained by changes in the hybridization about phos-
phorus giving rise to changes 1n the Fermi conﬁact inter-
action (47, 51).

- The comparatively large long-range four-bond coupling
value of 2 c.p.s. obtained for the oxo derivative of I-1 (8)
suggests that a second effect oi mechanism 1s needed to
explain this interaction. Meinwald and’Lewis have proposed:
a spatial interaction to explain four-bond H-H coupling inter-
actions in saturated rigid organic compounds (52). In a
review of these H-H interactions (53), the mejority of com-
pounds showing four-bond H-H couplings possessed the "W"
conformation, and thus could be explained bw a spatial inter-
action between two carbon atoms (dashed line) as shown in the

representation below. Simllar coupling constants have been

found recently in acyclic, biecyclic and steroid systems
where the intermediate skeleton is in the "W" conformation
(54, 55). Sternhell did point out in his review (53) that
there were some four-bond éouplings which could not be

explained by this conformational arrangement. Ng and Sederholm
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proposed similar "“through-space" coupling to explain some F-F
coupling constants (56), a proposition which has been ques-
tioned recently (57, 58).

Koilde and Duval have presented a theory to account for
the appearance of long-range coupling constants and the
differences in signs which have occurred (59). One mechanism
is a direct non-bonded orbital overlap between the two atoms
undergoing coupling. The second is a "through-bond" mechanism
1nVolving (a) interaction of the proton nuclear spin with
interatomic covalent bonds and (b) interatomic Hund couplings

between spins of localized electrons. For an odd number of

W+-C4+C+H VHHC%CHH
(a) (b)

bonds..these latter two.interactions tend to cancel, while
for an even number of bonds they will reinforce one another.
No five-bond H-H coupling constants have been reported
for saturated systems.' Of those reported, the systems
closest to saturation are those involving long-range coupling
to a formyl proton. Kowalewskl and Kowalewskl found values
of 0.45-0.60 ¢.p.s. for the coupling constant JHC(O)OCCH in
alkyl formates (60). They mention that these interactions
probably result from partial double bond character in the
CO bond.
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To better understand long-range H-P interactlons (coup-
ling through four bonds or more), it would be beneficial to
review what is known about PXH and PXXH coupling constants.
Most of the data presented in the liferature can be under-
stood by considering Bent's comments on the distribution of
s;character in the bonds around a central atom (61), and by
considering the Ferml contact interaction (62, 63) as the
dominant coupling mechanism. In general, the s-character.
tends to concentrate in those bonds directed toward the less
electronegative substiﬁuents which would consequehtly increase
the p-character in the bonds to the more electronegative
groups. For a ternary phosphorus compound, the lone péir is
considered to be directed toward a substituent of zero elec-
tronegativity. Thus, the non-bonded electrons are considered
to be mainly s in character. So in considering a series of
compounds RBPX, the PX bond willl increase 1in p-éharacter.
thus leaving more s-character in the PR bonds as the X group
becomes more electronegative. Such an increase in s-chgracter
would increase the P-H coupling constant between phosphorus
and the protons in the alkyl chain R as a result of increasing
the Fermi contact interaction.

In 1965, a proton n.m.r. study of adducts and phospho-
nium salts of I-l and I-2 was presented in which a linear
correlation was found between the proton chemical shifts and

POCH coupling constents (23). The trends in chemical shifts

were explained in terms of the electron withdrawing power of
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of the substituent attached to the phosphorus, the more acidic
substituents giving a greater downfield shift to the proton
resonances. The linear lncrease in POCH coupling that accom-
panied the downfleld shift of proton resonances was explained
using the arguments outlined above. It 1s interesting that
no relation was found between Jpocg and the substituent
attached to phosphorus in open chain trilalkyl phosphites and
that there was little change in the coupling value in their
adducts and phosphonium salts (23).

Hendrickson, et al. (64) reported a similar correlation
for Jpcg and Jpocy for some trialkyl phosphine derivatives
where the coupling constants increased with the positive
charge on phosphorus although there was no linear correlation.
The charge on phosphorus was rationalized from the electro-
negativity or electron attracting power of the substituents
attached to the trialkyl phosphines. Later, Griffin and
Gordon reported there to be no dependence of Jpog on the sub-
stituent attached to phosphorus for a serles of phosphonium
_salts (65), but did find that Jpog was solvent dependent.

The solvent dependence, however, could not be correlated with
any solvent properties (66).

Correlations for Jpycy in some tris(dialkylamino) phos-

phine derivatives have been reported, and the results were

analogous to the above two systems (67). However, it was
pointed out that the PNCH coupling constant in the sulfide

derivative was larger than that for the oxide. This reversal
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between the oxide and sulfide was also found in the PCCH
coupling constants reported by Hendrickson et al. (64).

A variety of correlations analogous to the three outlined
above have been reported in the literature. In 1963,
Flitcroft and Kaesz reported SmH and SnCH coupling constants
for a serles of alkyl substltuted stannanes, énd similar
interactions for some analogous lead compounds (68). The
results were explained in terms of the above arguments of
Bent. Similar correlations were found by Patil and Graham for
some alkyl tin compounds substituted with metal carbonyl
anlons (69). Massey et al. reﬁorted that both Jpey and Jpocy
decrease in a serles of phosphonium salts as methyl groups are
replaced by ethyl groups (70), and they explained this trend
using the concepts outlined by Bent. More recently, Burdett
and Burger reported similar correlations using alkyl phos-
phonates (RP(0)(OR),) (71).

Other data have appeared correlating Jpsey (72, 73),

IsnH (74), and InecH (75) with the Taft polar substituent
constant (sigma*) (76). In each of these series of compounds,
the coupling constant increased as sigma* increased, that is,
as the substituents increased in thelr electron attracting
ability. These dete were only for electron induction substi-
tuents (negative sigma*). Dudek reported that for electron
withdrawing substituents (positive sigma*) Jpgeg could not be
correlated with the polar substituent constant (73).
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David et al. have presented some Jppy Values for alkyl
phosphonates (77), Seyferth and Singh have presented some for
phosphonium salts (51), and Schmutzler and Reddy have pre-
sented JPCCH data for some t-butyl phosphonate derivatives
(78). Their results can be correlated with a few exceptions
(77, 78) according to the concepts described above, although
there were no comments concerning thils in these articles.
| Reddy and Schmutzler found correlations analogous to
those above for alkoxy and amine substituted phosphorus(III)
fluorides in which Jpp decreased as fluorine was replaced by
a less‘eleétronegative group (49). Whitesides et al. pub-
lished data on methyl substltuted phosphines in which Jpcgy
decreased with increased alkylatlon, but contrary to the
results obtained for Jgny, Jpg increased with alkylation
(79). Fluck and Issleidb found a similar correlation for Jpy
in some alkyl and aryl substituted phosphines (80).

In general, all of the data, except for directly bonded
P-H coupling constants, can be correlated so that for a
given geometry, oxldation state, and series of compounds, the
heavy atom~-hydrogen coupling constants increase as substitu-
ents of low sigma¥* (or low electronegativity) are replaced by
substituents of high sigma* (or high electronegativity).
These are the same results Juen and Gutowski obtained for

Jeg (81), wherein they found that the s-character in the sepa-
rate carbon hybrid orbitals could be determined by the elec- .
tronegativlity of the substituents provided that the total
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s-character 1s conserved. Thls 1s to be contrasted with the
correlatlions of Abraham and Pachler for HCCH coupling con-
stants which decreased as the sum of electronegativities of
substituents attached to the C-C fragment increased (82).
Grant and Litchmann have also correlated Jcyg wilth the effec-
tive nuclear charge of the B3C molety (83).

The above correlations would seem to imply that the
coupling mechanism of primary importance is the Fermi contact
interaction. Thils 1s generally accepted to be the important
mechanism for proton-proton interactions (62, 63, 84, 85),
electron-orbital and electron-dipole interactions being of
relatively little importence (62, 63). Karplus considered
only the Ferml term to explain F-F and H-F couplings (86),
end Smith did likewlse to explain Group 1V atom-proton inter-
actions (87, 88). Furthermore, Klose used only the Fermi term
to describe the PCH and PCCH coupling constants in (C2H5)3P
(89). N

Whitesldes et al. suggested that electron-orbital and
electron-dipole lntéractions would be expected to be rela-
tively more important in coupling to phosphorus due to
greater anisotropy of screening around phosphorus (79).
Previously, McConnell had stated that coupling between nuclel
not directly bonded but which made use of both s and p orbitals
in bonding will involve significant contributions from both

electron-dipole and electron~orbltal interactions with the

nuclei (90). Recently, Pople and Santry found by a molecular
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orbital calculation that Jpp in fluorine involves a largé
contribution from the electron-dipole interaction (91).

The purpose of the nuclear magnetic resonance study
reported hereln was to observe long-range coupling constants
in some polycyclic compounds to determine what geometrilcal
.criteria were necessary for these interactions. It was also
of interest to see if the hybridizatlion considerations out-
lined above were applicable to long-range interactions or 1if
this type of coupling was better explained by some sort of
direct spatial interaction.

In addition to compounds I-l and I-2, two bicyclic ortho-
formates reported in the literature were of interest. Stetter
(92) reported the synthesls of the orthoformyl derivative of
I-1 (CH in place of P), and Doering and Levy (93) reported the
isolation of the orthoformyl derivative of I-2. Two trilalco-
hols have been reported in the literature which were of
interest In affording new bicyclic compounds for n.m.r. study.
Breusch and Oguzer (94) reported the synthesis of HC(CHQOH)3.
end Grayson (95) described the preparation of P(CH20H) 3.
Cyclizations of trialcohols to orthoformate esters (93) or
phosphite esters (23) have been described previously, and
these procedures were carried out to form the bicyclic deriv-

atives of the aforementioned trialcohols.
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EXPERIMENTAL

All preparations were carried out under nitrogen flush
except for some of the organic intermediates (those for which
e nitrogen atmosphere was used are specified). For the inter-
mediate preparations, ylelds were based upon the major orgenic
precursor; for the polycyclic preparations, ylelds were based
upon the trialcohols or the precursory cyclic compound; and
for the complexes prepared, ylelds were based upon that

reactant in deficliency according to the molar ratios.
Materlals

All solvents were reagent grade and those used in con-
nection with polyecyclic compounds or complexes were dried
with Linde 4-A Molecular Sileve. Trimethylorthoformate,
trimethylorthoacetate, ethylacetoacetate, cyanoethylacetate,
and trimethyl phosphlte were purchased from Eastman Organic
Chemicals; aluminum phosphide from Alfa Inorgenics, Inc.;
2=hydroxymethyl-2-methyl-1l,3-propanedlol and acrylonitrile
from Matheson Coleman and Bell; triethylmethanetricarboxyl-
~ate from Aldrich Chemical Company, Inc.; and nickel tetra-
carbonyl and lron pentacarbonyl from A. D. MacKay, Inc.
Tetrakis(hydroxymethyl)phosphonium chloride was generously
supplied by the Hooker Chemlcal Corporation, 1.3.5—tr1hydroiy-
cyclohexane by T. J. Huttemann (9), and tris(dimethylamino)
phosphine by G. Casedy (96).
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Intermedlates Prepared

|
Ethyl-4,6-dimethyl coumalate, OC(O)CH=C(CH3)C(00202H5);&CH3

.This compound was prepared from ethylacetoacetate follow-

ing a method previously described (14, 97).

Diethyl-3-methyl gluteconate, CHg0,CCH=C(CH3)CHCO2CoHs

By modification of a procedure outlined by Bland and
Thorpe (14, 98) this dlester was obtained in 94% yield. A
solution of 36.0 g. of sodium (1.57 moles) in 500 cc. of abso-
lute ethanol was simultaneously combined with 153 g. of the
above cyclic ester (0.78 moles) over a 30-minute period while
stirring and cooling with cold water. The solution was
stirred an additional 30 minutes and allowed to stand 2 hours
at room temperature. Addition of 2=3 liters of water precipi-
tated the liquid product which was separated and extracted
with ether. Acidification of the aqueous phase resulted in an
equal amount of oil whlch was similarly treated, and the two
extracts were combined and dried with magnesium sulfate.
After'flltering and concentrating, the material isolated by
vacuum distillation (b0.2-0.5=95‘125°) proved to be a mixture

of the cis and trans isomers (see discussion).

Diethxl-}-methzl-}-gcxanocarbethoxxgethxl)-glutarate.

CHAC(CH2CO02C2Hs) 2CH(CN) CO2C2Hs

This Michael addition product of sodium cyanoethylacetate

and the preceding diester has been described elsewhere (14, 99).
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If the cyanoethylacetate was not distilled prior to use,

low ylelds resulted.

L-Methyl-2,6-dloxo-4-piperidineacetic acid,

CH3C(CH2CO2H) (CH2CO) oNH

The preparation of this plperidine derivative by acid
hydrolysis of the previous Michael addition product has been
described previously (14, 99). This derivative was never puri-
fled, the crude material isolated being déed directly in the

followling procedure.

3~Methyl-3-(carboxymethyl)-glutaric acid, CH3C(CH2COpH)3

This compound was lsolated by base hydrolysis of the
preceding compound as described by Kohler and Reid (14, 99).

Triethyl-3-methyl-3-(carboxymethyl)-glutarate,
CHBC(CHchQC 2H5 )3 '

Following a method'outlined by Lukes and Férles (37),
133 g. of CH3C(CHCOpH)3 (0.62 moles) was dissolved in a mix-
ture of 160 cc. of absolute ethanol, 200 cc. of benzene, and
one cc. of concentrated sulfuric acid. After azeotropically
removing the water, the solvents were'rémoved by atmospheric
distillatioﬁ and the residue extracted into ether. The
extract was flltered, washed with sodium bicarbonate solution
end dried with magnesium sulfate., Filtration of the solid

and removal of the solvent under reduced pressure followed by
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vacuum distillation (by 1= 120°) gave 156.5 g. (87.5% yield)
of the product.

3-Hydroxyethyl-3-methyl-1,5-pentanediol, CH4C(CH,CH,0H)q

This compound was obtained by reduction of the preceding
triester (37). To 12 g. of lithium aluminum hydride (0.32
moles) dissolved in 400 cc. of ether was added dropwise under
nitrogen flush 49 g. of the ester (0.1l7 moles) in 100 cc. of
ether while cooling with ice and stirring. After stirring
for 2 hours at room temperature, 200 cc. of water was added
dropwise followed by dry ice until the aqueous layer froze.
The ether phase was removed and discarded while the aqueous
layer was filtefed after melting and neutralized with concen=-
trated sulfuric acld. After evaporating the water under
vacuum, the residue was extracted into absolute ethanol. The
extract was dried azeotroplically with benzene and distilled,

giving 17.5 g. (by 0=175-80°) of the product (647 yleld).

3-Bromoethyl-3-methyl-1, 5-dibromopentane, CH3C(CH2CH2Br)3

Using a procedure analogous to one reported by Lukes and
Galik (100), 5.0 g. of the above trialcohol (31 mmoles) was
dissolved in 50 cc. of a 27% glacial acetic acid solution of
hydrogen bromide containing a crystal of cupric nitrate. This
solution was placed ln a 9-inch pyrex vacuum sealed tube
(30 mm.) which was heated at 100° for 24 hours. After the
tube was opened, the liquid product was precipitated by com-
bining the contents with 200 cc. of water. The product was
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then extracted into 200 cc. of chloroform after which the
extract was neutralized by washing with a sodium bicarbonate
solution and dried with magnesium sulfate. A vacuum distil-
lation yielded 10.5 g. (97.2% yield) of the product
(b0.05=127-32°).

3-Iodoethyl-3-methyl-1l,5-d1iodopentane, CH3C(CHpCHpI) 3

Following & general procedure (93), 10.5 g. of the above
tribromide (30.0 mmoles) and 20.0 g. of sodium iodide
(133 mmoles) were placed in 100 cc. of butanone and the solu-
tion refluxed for 72 hours. After removing ﬁhe solvent under
vacuun, the product was preclpitated with 100 cc. of water and
extracted lnto benzene. The benzene extract was washed twice
with 2 sodium thlosulfate solution and once with a sodium
bicarbonate solution and then dried with magnesium sulfate.
Concentrating and cooling the filtered solution gave 13.0 g.
(88% yield) of the white crystalline product (m.p.=89-92°).

L-Hydroxyethyl-4-methyltetrahydropyran,

0(CHpCH2) 2C(CH3) CHpCH0H

This material was lsolated as a by-product by Lukes and
Ferles in the reduction of CH3C(CHpCOpC2Hs)3 (37). To obtain
it in good ylelds, the following procedure was used. While
flushing with nitrogen, a solution of 49 g. of the above
mentioned ester (0.17 moles) in 100 cc. of ether was added

dropwise to a solution of 20 g. of lithium aluminum hydride
(0.53 moles) in 400 cc. of ether while stirring and cooling
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with ice. This mixture was refluxed vigorously for 3 hours
followed by decomposition with 50 cc. of water (2.8 moles),
then with 103 g. of concentrated sulfuric acid (1.06 moles).
After stirring for 2 hours, additional water was added and the
solution was neu%ralized with sodium bicarbonate., The ether
phase was discarded and the aqueous layer flltered and evapo-
rated under vacuum, the residue being extracted into ethanol.
The extract was dried azeotropically with benzene and dis-
tilled, giving 14.8 g. (60.5% yield) of the liquid product

(bg ,1=88-90°).

h~Chloroethyl-4-methyl tetrahydropyran,

O0(CH2CH3) oC (CHB) CHoCH,C1

Sommer and Bennett reported the preparation of
0(CH,CH,) 2CHCH2CHoCL (25). Following thelr procedure, 14 g.
_ of O(CHpCHp) 2C(CH3)CH2CHo0H (0.10 moles) was dissolved in
8.7 g. of pyridine (0.1l moles), and 13 g. of thionyl chloride
(0.11 moles) was added dropwise while stirring and flushing
with nitrogen. The resulting mixture was heated at 80° for
20 hours, then cooled to room temperature and extracted with
n-heptane. Distillation of the magnesium sulfate-dried
extract gave 11.7 g. (72% yleld) of the desired product
(b3,7=70-5°).

Sodium phosphide, NaPHa

This material was prepared by a method previously
described (14).
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Tribenzyl phosphine, (CgHsCH5)3P

The preperation of this compound has been outlined by
Hinton and Mann (18).

Tris(cyanoethyl) phosphine, P(CH2CHoCN)13

This compound was obtained following a procedure out-

lined by Mathews (15).

Tris(carbethoxyethyl) phosphine, P(CHpCH»C0,C2Hs)13

By a one step hydrolysis-esterification of P(CHZCHZCN)3.
this compound was isolated in a 47% yield following a pro-
cedure described by Rauvhut (38).

2-Hydroxymethyl-1l,3-propanediol, HC(CHp0H)13

This trialcohol was obtained by modification of a pro-
cedure previously reported (94). To 40 g. of lithium alumi-
num hydride (1.1 moles) in 300 cc. of diethyl ether was added
dropwise 40 g. of triethylmethanetricarboxylate (170 mmoles)
in 200 cc. of dlethyl ether while cooling with ice., The
resulting solutlon was refluxed under nitrogen while stirring
for 72 hours, after which it was decomposed by dropwise addi-
tion of water, and partially neutralized by saturating with
carbon dioxide. After siphoning off the ether phase, the
bulky white preclpltate was filtered and the filtrate neutral-
ized with concentrated sulfuric acid. The water was then
removed by vacuum distilletion and the residue dried azeo-

tropically with benzene. Distillation of the dried residue
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extracted into ethanol yielded 2.5 g. (18% yield) of a low-
melting solid (bg,3=140-4°).

Tris(hydroxymethyl) phosphine, P(CH,0H)1

A procedure described previously (95) was followed which
involved the use of tétrakis(hydroxymethjl)phosphonium chlo-
ride. This material was not characterized for each prepara-
tion and was used directly as outlined in the following

section.
.Polycycllic Compounds Prepared

2,8,9-Trioxaadamantane, (CHp)3(CHO)3CH (I)

The method used for preparing this orthoformate ester was

previously described by Stetter (92).

2,8,9-Trioxa-l-phospheadamantane, (CHp)3(CHO)P (II)*

This tricyclic phosphite and its l-oxo derivative (IiI)

were prepared as described previously (23).

4-Methyl-2,6,7-trioxabicyclo[2.2.2]octane, CH3C(CHp0)3CH (IV)

This orthoformate ester was prepared according to a

method originally described by Doering and Levy (93).

4-Methyl-2,6,7-trioxa-1-phosphableyelo[2.2.2] octane,
CH4C(CHp0) 3P (V)*

The preparation of thils bicyelic phosphite and its l-oxo

*These two compounds were formerly numbered I-1 and I-2,
The numbers II and V will be used henceforth.
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derivative (VI) have been described elsewhere (2, 23).

2,6,7-Trioxabicyclo[2.2.2] octane, HC(CH20)3CH (VII)

A mixture of 1.0 g. of 2-hydroxymethyl-l,3-propanediol
(9.4 mmoles), 1.1 g. of trimethylorthoformate (10.0 mmoles),
and two drops of triethylamine was refluxed for 3 hours,
followed by removal of methanol by atmospheric distiilation
ét 90° over a 20-hour period. Sublimation of the olly resldue
at room temperature and 0.0l mm. into a liquid nitroéen trap
produced 0.06 g. (5.0% yleld) of the orthoformate which col-
lected at the top of the trap. This material was resublimed

for purification.

2,6,7-Trioxa-1l-phosphabicyclo [2.2.2] octane, HC(CHp0)3P (VIII)

A mixture of 0.4 g. of 2-hydroxymethyl-l,3-propanediol
(4 mmoles), 0.5 g. of trimethyl phosphite (4 mmoles), and two
drops of triethylamine was refluxed at 100° for 30 minutes.
After methyl alcohol was removed from the reaction mixture
by atmospheric distillation, the residue was solidified by
cooling to 0°. Sublimation of this mixture at room tempera-
ture and 0.0l mm. produced 0.25 g. (30% yield) of colorless

crystals which were purified by resublimation.

1-0xo-2J6.7-trioxa-l-phosphabicxclo12.2.2|octane.

HC(CHZO)BPO (IX)

A solution of 0.1 g. of the above phosphite VIII -

(0.8 mmoles) in 10 cc. of ethanol was oxidized by dropwise
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addition of 0.1 g. of 30% hydrogen peroxide (0.9 mmoles of

H202). Colorless crystals formed when this solution was
cooled, and sublimation at 100° and 0.0l mm. gave 0.07 g.

(70% yield) of the phosphate.

1-Sulfo-2,6,7-trioxa=-1-phosphabicyclo[2.2.2] octane,

HC (CH20)3PS (X)

An intimate mixture of 0.10 g. of the phosphite ester
VIII (0.7 mmoles) and 0.05 g. of sulfur (1.5 mmoles) was
heated at 110° in‘a sealed tube for 30 minutes., The resulying
solid was extracted 1nto 30 cc. of acetone and the solution
filtered and evaporated leaving a solid which, when sublimed
at 100°, produced 0.11 g. (95% yield) of white crystals.

3,5,8-Trioxa-1-phosphablcyclo [2.2.2] octane, P(CHp0)3CH (XI)

To the trialcohol P(CHpOH)3 obtained from 9.0 g. of
C1lP(CH,0H)y; (47 mmoles) was added 5.0 g. of trimethylortho-
' formate (47 mmoles) and two drops of triethylamine. The
procedure was the same as that used for VII giving 1.6 g.

(25% yleld) of the orthoformate ester.

1-0x0-3,5,8=-trioxa~-l-phosphabicyclo(2.2.2]octane,

0P(CH20)3CH (XII)

According to a general procedure reported by Baltz and
Fischer (101), moleculaer oxygen was bubbled into a solution
of 0.31 g. of the phosphine orthoformate XI, (2.1 mmoles) in

50 cc. of diethyl ether contained in a quartz tube while
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irradiating with an ultraviolet light (Hanovia lamp No. 6584)
for 30 minutes. Evaporation of the ether gave a white solid
which sublimed at 50° and 0.0l mm., pressure, forming 0.03 g.
(10% yleld) of colorless crystals. If the oxygen and diethyl

~ether were dried, no phosphine oxide was isolated.

1-Sulfo-3,5,8=-trioxa-1-phosphabicyclo[2.2.2] octane,

SP(CH0)3CH (XIII)

An intimate mixture of 0.35 g. of XI (2.6 mmolés) and
0.1 g. of sulfur (3.1 mmoles) was heated at 110° for 1 hour
in a sealed tube. The contents of the tube were then extracted
with acetone and the solution flltered and evaporated giving a
white solid. Sublimation of this residue under vacuum at room
temperature gave 0,1 g. of XI. Continued sublimation of the
remaining residue at 40° produced 0.12 g. (28% yield) of the

white product which was resublimed for purification.

L-Methyl-3,5,8-trioxa-l-phosphabicyclo[2.2.2] octane,

P(CH20) 3CCH3 (XIV)

The tris(hydroxymethyl) phoéphine obtained from 22.0 g.
of ClP(CH0H)y (115 mmoles) was combined with 13.8 g. of
trimethylorthoacetate (115 mmoles) and a few drops of tri-
ethylamine. This nmixture was heated at 80-1000. thus removing
the methanol forméd while flushing with nitrogen. Upon cool-
ing, the o0lly residue solidifiled, and the product was sublimed
" giving 17.0 g. (67.5% yield) of clear crystals which were
purified by resublimation.
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y-Methyl-1-0x0-3,5,8-trioxa-1-phosphabicyclo[2.2.2] octane,

OP(CH20)3CCH3 (XV)

To 1.0 g. of the above phosphine XIV (6.7 mmoles) dis-
solved in 10 cc. of absolute ethanol and protected from water
with Molecular Sieve was added 0.8 g. of 303 hydrogen peroxide
solution (6.7 mmoles of H202). After standing 15 minutes, the
reaction mixture ﬁas filtered and concentrated to 5 cc. under
vacuum., Cooling this solution at 0o for several hours gave

0.2 g. of colorless crystals representing a 207 yield.

4-Methyl-l-sulfo-3,5,8~-trioxa-l-phosphabicyclo [2.2.2] octane,

SP(CH20)3CCH3 (XVI)

An intimate mixture of 1.0 g. of XIV (6.7 mmoles) and
0.2 g. of sulfur (6.7 mmoies) was heated in a sealed tube at
110° for 1 hour. The contents of the tube were extracted
with acetone which upon concentration and the addition of
methanol gave a white solid. Sublimation of this solid under
vecuum at 60° gave 0.4 g. (33% yield) of clear colorless

crystals.

Complexes Prepared

Bis=(XIV)-dicarbonylnickel (0)

To 3.2 cc. of Ni(CO)y (24 mmoles) dissolved in 20 cc. of
chloroform was added 2.5 g. of XIV (17 mmoles) dissolved in
5 cc. of chloroform. After stirring the mildly exothermic

reaction for 2 hours at room temperature, the solution was
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filtered and evaporated under vacuum giving a light brown
solid. Recrystallization from pentane gave 2.5 g. (73% yleld)

of white crystals.

Tris-(XIV)-carbonylnickel (0)

1.0 g. of Ni(C0)2(XIV)2 (2.4 mmoles) and 0.36 g. of XIV
(2.4 mmoles) were combined in 20 cc. of ethylbenzene and the
mixture was refluxed for 3 hours. The resulting solution was
filtered, concentrated to half of its original volume and
cooled giving 1.0 g. (797 yield) of the white crystalline

product which was filtered and washed with pentane.

Tetrakis-{(XIV)-nickel (0)

A solution of 0.45 g. of Ni(CO)2(XIV)2 (1.1 mmoles) and
0.40 g. of XIV (2.5 mmoles) in 20 cc. of ethylbenzene was
refluxed for 3 hours. Filltration of this solution, concen-
tration to half-volume and cooling deposited the impure
product which was recrystallized from a benzene-pentane mix-

ture giving 0.4 g. (56% yield) of white crystals.

Mono-(XIV)=tetracarbonyliron(0)

A mixture of 2.0 g. of XIV (14 mmoles) and 1.8 cc. of
Fe(CO)5 (14 mmoles) was combined in 25 cc. of ethylbenzene.
The resulting solution was placed in a quartz tube (11l) and
irradieted with an ultraviolet light (Hanovia lamp No. 658A)
for 2 hours. The decomposition products were filtered end

the solution evaporated giving a light yellow solid. Upon
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recrystallization from pentane, 0.8 g. (20% yield) of yellow-

whlte crystals was found.

Bis-(XIV)=-tricarbonyliron(0)"

A 25 cc. ethylbenzene solution of 1.7 g. of XIV
(12 mmoles) and 0.8 cc. of Fe(CO)5 (5.7 mmoles) was irradi-
eted as in the preceding preparation for 5 hours. The result-
ing solutlion was cooled and flltered glving a brown solid
which was extracted into dichloromethane. Concentration and
cooling of this solution gave 0.8 g. (324 yleld) of light

yellow crystals.
Attempted Preparations

5-Methyl-2,8,9-trioxa-l-phosphabicyclo[3.3.3]undecane,

CH3C (CH,CH0) 3P

Three procedures have been outlined for the preparation
of CH3C(CH20)3P. Following one (8), CH3C(CHpCH0H)3 and
trimethyl phosphite were refluxed, followed by removal of
methanol and unreacted trimethyl phosphlite under wvacuum.

Only an insoluble, involatile oll resulted.

Following the second (2), the above trialcohol and phos-
phorus trichloride were combined in pyridine and tetrahydro-
furan, Flltratlion and evaporation again left only an
insoluble, involatlle oil.

As described in the third procedure (96), the trialeohol

and tris(dimethylamino) phosphine were combined neat and
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heated at 100°. After evolution of dimethylamine ceased, an

intractable oil was left.

5-Aza-2.8.9-tr1oxa-lephosphab1cyclor3.3.3]undecanei

N(CH,CHp0) 3P

Using vacuum-distilled triethanolamine which had been
stored over Molecular Sleve, the reactions outlined for the
previous compound were attempted. From these reactions, an
uncharacterizable semisolid resulted. On one occasion a
trace of volatlile solid was obtained which could not be repro-

duced in subsequent attempts.

Ly ,6-Dioxo-l-phosphabicyclo[3.3.1] nonane,

CH2P(CH2CH2CO) 2CH

Mathews reported the synthesis of C2HsP(CH2CH2)2C0 (15).
Using an analogous procedure, tris(cyanoethyl) phosphine was
added dropwise to a t-=butanol solution of potassium t-butoxide.
This solution was refluxed several hours, followed by decom-
position with acetic acid. Hydroljsis with hydrochloric acid
and evaporation of this acld solution left only a wviscous
water-soluble 0il containing no volatile material. Whether
this was starting material, polymer, or a monocyclic deriva-
tive was not ascertained.

In another attempted preparation, P(CHgCHzCOzCzH5)3 was
added to an ethanol solution of sodium ethoxlde giving a

white preclipitate. After refluxing for several hours, the
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solution was neutralized, filtered and evaporated giving the

starting material.

l4-Methyl-1l-phosphabicyclo [2.2.2]octane, CH3C(CHoCH2)3P

Six different ﬁethods were used 1n attempting to prepare
this compound.

First, equimolar quantities of sodlium phosphlde and
CH3C(CHpCHpBr)3 dissolved in xylene were combined. After
refluxing this heterogeneous reaction mixture for several
hours, the solution was filtered and evaporated giving only
the starting meaterial.

In the second attempt, the above two reactants in the
same molar ratio were combined with two equivalents of pyridiné
and heated at 100° in a sealed tube for several hours. An
insoluble, involatile solid resulted.

Third, the above tribromide was combined with excess
magnesium 1n’dry ether. A drop of methyl lodide and a strip
of magnesium were combined in ether, and when a reaction
commenced, the mixture was added to the above solution as an
initiator. After 24 hours of refluxing, the magnesium and
the tribromide were recovered. The use of CH3C(CH20H21)3
gave similar results.

Following a procedure outlined by Hinton and Mann (18)
in the fourth attempt, an equivalent of tribenzyl phosphine
dissolved in ether was added to an ether solution of one

equivalent each of CH3C(CHpCH2Br)3 and lithium aluminum
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hydride, and the resulting solution was refluxed for several
hours. Water was added to decompose the mixture and the ether
phase was separated, dried with magnesium sulféfé and evapo-
rated giving an intractable oll.

Fifth, séveral'attempts were made to prepare the bicyclic
phosphine using the tribromide and red or white phosphorus in
1:2 molar ratios. The two were combined in either a static
or dynamic vacuum and heated at 100° for several hours. No
volatile materials-resulted and only an intractable water
~soluble solid was 1isolated. When the trilodide was used;
some veolatile PH,I was obtained. |

Sixth, in an attempt to isolate O(CHpCH2)2C(CH3)CHp-
CHzMgCI. a precursor to the desired bleyclic phosphine,
O(CHZCHZ)ZC(CHB)CHZCHzcl was combined with one equivalent of
magnesium in dry ether. After initiating the reaction with
methyl iodide, the mixture was refluxed for 24 hours. Only

magnesium and the starting material were isolated.

Analyses of New Compounds'
Carbon-hydrogen analyses were performed by Galbraith
Laboratories, Inc., Knoxville, Tennessee. Melting points
were taken in caplllaries and are uncorrected. Analytical

data for the new compounds prepared are listed in Table 1.

aoe Infrared Spectra

Infrared spectra in the sodium chloride region were

obtained on carbon tetrachloride, chloroform or dichloromethane
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solutlons where possiblef Spectra for III, VI, and IX were
obtéined on KBr pellets and those for X, XIII, and XVI on
nujol mulls., The Instrument used was a Perkin-Elmer model 21
double beam spectrometer. Far infrared spectra from 800 to
140 en™’ were obtained on nujol mulls using a Beckman IR-11
grating spectrometer. The far Infrared spectrum of the ligand

XIV was obtained on a cesium iodide pellet.

Nuclear Magnetic Resbnance Spectra
Proton n.m.r. spectra were obtained on 5 to 20% by weight
solutions on a Varian Associates Model HR-60 spectrometer or a
Model A-60 spectrometer operating at 14,100 gauss. Tetra-
methylsilane (TMS) was used as an internal standard through-
out; and absorptions were measured in parts per million

(p.p.m.) downfield from TMS.
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Table 1. Analytical data for new compounds

Compound % Carbon £ Hydrogen Mgi?éﬁg
Calc.  Obs, Cale.  Obs.

HC(CH20)3CH (VII) - 51.70 50.30 6.89 6.87 | 90-2
HC (CH20) 3P (VIII) 35.79  35.98  5.23  5.40  126-7
HC(CH,0) 3P0 (IX) 32.00  31.82 .4.66  4.74  245-7
HC(CHp0) 3PS (X) 28.97  27.08  4.21 4,00 198-200
P(CHp0)3CH (XI) 35.79 35.73 5.23 5.28 88-9
OP(CH20)3CH (X11) 32.00  32.94 4.66 5.12  152-5
SP(CH0)3CE (XIII) 28.97 28.99' .21 k.23 127-30
P(CH20)3CCH3 (XIV) 4o.54  40.27 6.08  5.90 80-2
OP(CH20)3CCH3 (XV) 36.59 35.35 5.k9  5.34 175-9
SP(CH20)3CCE3 (XVI) 33.32  33.28  5.00 5.07  174=7
N1(CO) 2(XIV)2 35.06  35.32  4.38  L.2  114-16
N1(CO) (XIV)3 - 36.15 33.92 5.08 4,84 1752
N4 (XIV)y 36.90  37.62  5.53  5.90 260°
Fe(CO)y (XIV) .25  38.75  2.84 2.76  132-3
Fe(C0)3(XIV) 2 35.82  36.12  b.0b 4,28  160°

®Decomposition point.

bDecomposes slowly.
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DISCUSSION

Intermedliates

The intermediates were prepared following literature
procedures and thus were characterized only by theilr melting
points or boiling points and by their n.m.r. spéctra.

| In the preparation of C2H502CCH=C(CH3)CH2C02C2Hs5, a

boiling range of" 30° was observed in the distillation of the
product. The n.m.r. spectra for the first and last fractions
of the distillation are shown 1in Flgure 1. The CH3CH2-
protons appear és a high-field triplet and the CH3CH2-
protons as a low-fleld quartet while the methine CH appears
as a broad peak at 5.7 p.p.m. It is apparent that the spectra
are the same except for the relative intensities of the four
peaks between 1.8 and 3.8 p.p.m. From the integration of
the spectra the ratio of the two intensities at low field to
the two at high fleld was 2:3 in Xkeeping with the assignments
of these palrs of peaks to methylene and methyl protons,
respectively. A similar ratio was found between the peak at
3.1 and that at 2.2 p.p.m., and between the peak at 3.7 and
that at 1.9 p.p.m. Although assignment of peaks to specific
isomers cannot be made, the absorptions at 1.9 and 2.2 p.p.m.
are assigned to the two different CH3C= protons and those at
3.1 and 3.7 p.p;m. are assigned to the two different CCH2C
protohs. It is postulated, therefore, that each sample con-

sists of a mixture of ¢is and trans olefinic isomers in



Figure 1., The n.m.r. spectra of CH502CCH2C(CH3)=CHCO2CoHs

in CCly for different cis-trans mixtures
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different ratlos. Suéh a cls-trans mixture could explain the
wide bolling range and the appearance of additional peaks in
the n.m.r. spectra as well as the va;yiﬁg intensities of the
four absorptions in the distillation fractions. fhis type 6f
isomerization was not reported in the original preparation in
which a constant boiling material was obtained in 75% yield
(98). The isomerization reporﬁed here 1s perhaps due to the
somewhat different procedure used affording the better over-
all yleld (94%).

" In the preparation of the tribromide CH3C(CH2CH2Br)3
it was accldently found* that with a trace of copper in the
glacial acetic acid, the yleld increased from 75 to 97%.
Because of the small amount present, the copper may complex
the intermediate organic acetate and facllitate its removal
on replacement by bromide ion. The point of equilibrium in
the reaction may therefore be shifted toward a higher concen-
tration of bromide-containing product.

Most of the n.m.r. spectra obtained for the intermediates
were easily lnterpreteble. However, AsBp patterns were
obtained for the methylene protons in CH3C(CH20H2x)3 where
X is Br or Cl. In the cyclic compounds XCHpCHaC(CH3) (CHCH2) 20

where X is OH or Cl, the methylene portions of the spectra

A*Thls disébvery was made by A. C. Vandenbroucke, Jr.,
Ph.D. candidate, Department of Chemistry, Iowa State Univer-
sity, Ames, Iowa.
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were complex because of the overlapplng of an AzBs pattern
(XCHoCH2C) with an ApA'5B2B's> pattern (C(CH5CH2)20). The
integration of the totel CHz to CH3 intensities was 6:2 in
each spectrum. Otherwise, these spectra were not analyzed.

An unanalyzed ApBoX spectrum was obtained for P(CH2CH2CN)i.
The low-field multiplet of peaks (due to CHoCN) had a greater |
width than the high-fleld multiplet indicating a larger amount
of coupling to the CH2CN protons. This implles that Jpgey is-
larger than Jpgog. For most phosphines studied, PCH coupling
constants have been found to be less than PCCH couplings (64).
This is generally rationalized 1n»terms of two canceling
coupling mechanisms for PCH interactions, one of which is
inapplicable to PCCH couplings (89). It is interesting, how-
ever, that from the spectrum'of P(CHzCH2C02C2H5)3. JpcH and
Jpccy aprprear to be equal. That is, thls unanalyzed AsBoX
spectrum conitédined a mirror line of symmetry ygtween the
absorptions implying equal P31 coupling to both PCH, and
CH,CN protons. This equality is puzzling in view of previous
results for P-H coupling constants (64), but may be a result
of CPC angle changes from P(CHpCHoCN)j to P(CHZCH2002C2H5)3
(see discussion of H-P coupling constants, specificall& that

in connection with XI).

Polycyclic Compounds
The polyeyclic compounds prepared are shown in Figure 2.

The structures given are in keeping with their melting points,



Figure 2.
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volatility, and analyses, as well as theilr infrared and n.m.r.
specpra.

-From the melting point data presented in Table 1, it 1s
evident that the thermal stability of the crystal increases
from the free ligands VIII, XI, and XIV to the sulfide X, XIII,
and XVI to the oxide IX, XII, and XV derlvatives, respectively.
The effect of substituting a methyl group for a proton in com-
paring compounds XI and XIV, XII and XV, and XIII and XVI is
‘not reflected consistently in the melting points. However,
the added stabllity of methyl-substituted compounds V and XIV
over VIII and XI to attack by nucleophilic agents may be
reflected in the yields reported for thelr preparation. For
the phosphite esters V and VIII, the yields were 85 (23) and
30%, respectively, and for the phosphines XI and XIV, the
ylelds were 25 and 67.5%, respectively. The attack of
nucleophlles such as methanol or the appropriate trialchohol
on the bilcyclic compounds would reverse‘the equllibrium of
the reaction to give starting materials or could perhaps gilve
rise to polymerization. In the methyl substituted compounds
V and XIV, the methyl group would sterically inhibit such an
attack on the methylene carbon.

The analyses obtalned for the polycyclic compounds shown
in Teble 1 are in agreement with the calculated values. Those
obtained for VII and X differ from the calculated values by

1 and 2% for carbon, respectively. Doering and Levy reported

that IV was very susceptible to hydrolysis (93) and considering
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this possibility, the low carbon analysis obtained for VII can
be explained. The purification of X consisted of sublimation
at 100° at which temperature unreacted sulfur could have sub- -
limed thus contaminating the product and causing the low
carbon and hydrogen analyses.

Some 1nfrared'stretch1ng frequencles obtalned for the
polycyclic compounds are shown in Table 2. In addition to
those absorptlons listed}igythe table, each of the spectra
(except for that of VIII) possessed a2 medium absorption around |
1180-1210 cm'l. Because of 1ts frequent appearance, this
ebsorption may correspond'to & molecular mode characteristic
of polycyclic compounds.

The absorptions listed between 900 and 1200 cm'l may
correspond to C~0 or P-0 stretching modes or to POC or COC
bending modes (102, 103). For the orthoformate and ortho-
acetate derivatives I, IV, VII, and XI through XVI, there are
two sets of three ildentical C-0 bonds; three involving the
bridgehéad carbon and three involving the methylene carbons.
Bach set possesses ij symmetry and from a group theoretical
treatment, two C-0 stretching frequencies would be expected
for each set giving a total of four (104). For the compounds
I, Iv, VII, and XIII, more than four absorptions are obtained,
four of which may be due to C-0 stretching modes and the
others to COC bending modes. Contrary to expectation, spectra
of compounds XI, XII, and XIV-XVI show no more than three

absorptions in spite of the fact that all these compounds are



Table 2. Some infrared stretching frequencles for polycyclic compounds in cm'1

C-0 Reglon

P=0  P=S P-C
900-1200 cm™t

Compound Phase

(CHp)4(CHO)4CH (I) ccly  1170(s)?®, 1135(s), 1055(s)
213 978(5) 923(s)

(CHp) 3(CHO)3P (II)  CHCl3 1107(s), 1050(w)°, 935(s)
917(s), 902(s)

(CHp)3(CHO)3PO (III) KBr  1100(s), 1085(s), 1057(m)® 1295(s)
1037 (m)
1037(m), 935(s), 917(m)

CH3C(CH20)3CH (IV) CCly  1060(s), 1046(s), 990(s)
9k5(s), 910(s)

CH3C(CHZ0) 3P (V) CHCl3 1035(s), 955(m), 923(m)
CH3C(CH20) 3P0 (VI)  KBr 1040(sh)®, 1014(s), 955(s) 1295(s)
930(m) =

(CHp) 5(cHo) 3ps? nujol 1098(s), 1085(s), 1056(m) 777(s)

aStrong.
b

Weak.

c

Mediunm.
dPreparation described by Stetter (1).
eShoulder.

81



Table 2. (Continued)
Compound Phase ¢-0 Regl°n_1  p=0  p= P-C

900-1200_cm
CH3C(CHR0) 3psT nujol 1040(s), 995(s), 940(s) 825(s)
HC (CH20) 3CH (VII) cCly  1162(s), 1114(m), 1085(m) |

982(s), 970(s), 885(s)
HC(CH20)3P (VIII)  CHCl3 1107(m), 1070(s), 1040(sh)
900(s)

HC(CH20) 3P0 (IX) KBr  1103(m), 1063(s), 96k4(m) 1307(s)

940(s), 930(s)
HC(CH20) 3PS (X) nujol 1055(sb) &, 910(sb) 808(s)
P(CH20)3CH (XI) ccly  1142(s), 1007(s), 926(s)
OP(CH20)3CH (XII) CHC13 1132(s), 1030(sb) 1208(s)
SP(CH20)3CH (XIII) nujol 1128(s), 1020(s), 1010(s) 742(s)

913(s), 889(s)
P(CHp0)3CCH3 (XIV)  CCly  1120(s), 1055(s), 1004(s) 263(m), 696(m)"
OP(CH20) 3CCH3 (XV)  CHC1l3 1119(s), 1032(s), 1016(s)  1200(s) 798(m), 698(m)"

. SP(CH20)3CCH3 (XVI) nujol 1118(s), 1032(s), 1007(s) 744 (m) 779(m), 689(m)

fPreparation described

gStrong-broad.
h

by Verkade and Reynolds (2).

Obtained on nujol mulls,

éh
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also orthoformate or orthoacetate esters. No ready explana-
tion for these absences 1s apparent.

For the phosphites, phosphates, and thiophosphates 11,
I1I, Vv, VI, VIII, IX, X, and the thiophosphates of esters II
and V, two C-0 stretching modes would be expected as well as
P-0 stretching and POC bending vibrations. Although POC bend-
ing absorptions have been assigned for II and III at 1040 end
1037 cem~1, respectivély (9), and for other phosphorus com- .
pounds in the range of 1030 to 1090 em~1 (103), there 1s no
consistent abSorption listed in Table 2 which can be assigned
to the POC bending mode.

The P=0 and P=S stretching ébsorptions were easily
aséigned by comparison of spectra obtalned for the phosphates
and thiophosphates with those of the parent phosphltes and by
a similar comparison of spectra of the phosphine derivatives.
The P=0 and P=S stretching frequencies for the phosphine
derivatives XII, XIII, XV, and XVI are approximately 100 em~1
lower in frequency than the absorptions for the phosphite
derivatives III, VI, IX, X, and the l-sulfo derivatives of
I end V. This is in agreement with the observation by
Zingaro that the P=S frequency increases as more electro-
negative substituents are placed on the phosphorus in a
series of phosphine sulfide derivatives (105). Thus, oxygen
being more electronegative than carbbn, P=S and P=0 stretch-
ing frequencles for the phosphlte derivatives should appear

at higher frequencliles than those for phosphine derivatives.
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The reason for the variation in the P=S absorptions obtained
for X and the l-sulfo derivatives of II and V compared to the
relatively constant values of the P=0 absorptions‘obtained
for III, VI, and IX is not known.

P-C stretching frequencles are tentatively assigned in
spectra of XIV, XV, and XVI. A group theoretical treatnent
implies that two stretching modes should be present in these
molecules (104) and the assigned absorptions are found at the
appropriate frequencies (103), Furthermore, that the higher
| frequency 1s more sensitive to oxldatlon and sulfuration of
thé phosphorus than the lower one 1is consistent with the P-C
stretching frequenciles reported by Daasch and Smith (103) for
ﬁrialkyl pﬁosphines.

The n.m.r.'spectra obtained for the polycyclic compounds
afé shown in Pigures 3, 4, 5, 6, 7, and 8. Also shown on
fhese spectra are expansions of certain absorptions and the
results of some decoupling experiments. The spectra for
compounds I, II, III, V, and VI have been presented elsewhere
(8, 23, 39). '

Spectra obtained for the series of compounds VII, VIII,

- IX, and X are shown in Figures 3, 4, and 5. In each case,
the methine (gc(c-)3) resonance appears as a doublet of
septuplets due to coupling with six equivalent methylene
protons and phosphorus for VIII, IX and X. Similarly, a

doublet of septuplets 1s observed for the methine resonance

due to coupling with six equivalent methylene protons and the



Figure 3. The n.m.r. spectra of HC(CH20)3CH (VII) and
HC(CH20) 3P (VIII)
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Figure 4. The n.m.r. spectrum of HC(CH20)3PO (1X)
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Figure 5. The n.m.r. spectra of HC(CH20)3PS (X) and
SP(CH0)3CH (XIII)
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Figure 6. The n.m.r. spectra of P(CH20)3CH (X1I) and
OP(CH20)3CH (XII)
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Figure 7. The n.m.r. spectra of P(CH20)3CCH3 (xIv),
OP(CH0) 3CCH5 (XV), and SP(CH,0)3CCH3 (XVI)
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Figure 8. The n.m.r. spectra of CH3C(CH20)3CH (IV),
CH3C(CH20) 3As, and CH3C(CH20)3P (V)
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orthoformyl (gc(o-)B) proton for VII. For the orthoformate
VII, the methylene resonance appears as a doublet due to coup-
ling with the methine proton. Because coupling of the methyl-
ene and orthoformyl protoﬁs is too small to be observed, the
orthoformyl resonance appears as a doublet due to coupling to
the methine proton at the opposite bridgehead. For the phos-
phorus compounds VIII, IX and X, the methylene resonance
appears as &a doublét of doublets arising from interactions |
with the methine proton and the phosphorus. In the Spectrum
of the thiophosphate X in_pyridine, an additional péak ié
present near the methylene resonance. That this absorptibn
probably arises from a slight decomposlition was shown by
obtaining the spectrum in dimethyl sulfoxide in which 1t was

. absent.

Shown in Figures 5 and 6 are the proton'n.m.r. spectra
obtained for the phosphine derivat@ves XI, XII and XIII. In
each spectrum the orthoformyl resonance is a low-fileld
doublet becauée of coupling with the phosphorus four bonds
removed. The methylene absorption likewlse appears as a
doublet arising from coupling with the phosphorus.

In Filgure 7, the n.m.r, spectra for the phosphlne
derivatives XIV, XV, and XVI are shown. .The methylene reso-
nance in each spectrum appears as a doublet due to coupling
. to the phosphorus while the methyl reéonance appears as a

-high=field singlet. Upon expansion, this singlet 1s resolved
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into a doublet in two of the spectra presumably due to a five-
bond interaction with the phosphorus.

The n.m,r. spectrum of the orthoformate ester IV 1s shown
in Figure 8 along with the spectra of V and the.bicyclic
arsenite CH3C(CH20)3As whose preparation 1s described else-
where (2). The orthoformate spectrum consists of three sing-
lets, no.coupling larger than 0.2 c.p.s. being observed. The
expanded methyl resonance in the spectrum:of CH3C(CH20)3AS
appears as an lncompletely resolved septuplet which would be
expected 1f coupled to six eéuivalent methylene protons.
Arsenic has a nuclear spin of 3/2, but also possesses an
electric quadrupole moment which would inhiblt coupling to
the protons in the molecule. In the spectrum of V, the
expanded methyl resonance 1is better resolved than that of the
arsenite and appears to be an octet which would indicate
coupling to the six methyléne protons and equal coupling to
the phosphorus five bonds removed. The postulated five-bond
P=H coupling is tentative until e decoupling experiment 1s
performed.

The proton chemical shifts observed for the polycyplic
compounds are listed in Table 3. An 1nterprététlon of the
coupling constants wili be deferred to later sedtions.

The trends in thefchemical shifts reported in Table 3
can be interpreted in terms of inductilve conéiderations |
(106). The'chéﬁical shift of the methine protons (CH2)3-

(CHO) 3X progresses to lower field as X changes from CH to P



Table 3. Proton chemical shifts of polycycliec compounds in p.p.m.

Compound Solvent CH3 CH, HC(0-)3 HC(C-)3 HC(C-),0-
(CHp)3(CHO)5CH (I)®  ccly 1.252 5.38 4.2l
- 2. 5

(CHp) 3(CHO) 3P (¢ CDC13 %.ggg k.32
(cup) 3(cH0) 520 (11D (cH3) 50 1.850 b.97

. 2.73
H3CC (CH20) 3CH (IV) cCly 0.79  3.79 5.31
H3CC(CH20) 3P (V)¢ CDC13 0.72  3.93
H3CC(CHz0)3P0 (VD) (CH3)250  0.87  4.48
HC(CH20) 3CH (VII) cCly 4.0k 5.25 1.94
HC(CH20) 3P (VIII) CDC13 k.12 2.03
HC(CH20) 3P0 (IX) (CD3) 250 b.72 2.53

aValues taken from reference 8.

beial methylene resonance.

cEqﬁatorial methylene resonance.

dV‘e.lues taken from reference 39.

09



Table 3. (Continued)

Compound Solvent CHj CH, .EC(O;)3_ HC(C-) 3 gc(c-)zo-
ﬁC(CH20)3fS (X) C5HsN h.72 ' 2.4
P(CH20) 3CH (XI) cc1y 4.33 5.32
OP(CHp0)3CH (XII) cocly b2 5.54
SP(CH20)3CH (XIII) CDC13 b.46  5.67
P(CH20)3CCH3 (XIV)  ¢€Cly 1.23  4.30 |
OP(CHz0)3CCH3 (XV) . CDCl3 1.3 b.bo
SP(CH,0)3CCH3 (XVI) (CH3) €0  1.40  b4.49

19
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to PO in the series I, II, III. Inasmuch as the methylene
protons in this series are removed by an additional bond, the
effect of the bridgehead substituent on thelr chemical shift
1s not expected to be as significant as on the methine shift,
and the lack of any trend here has been discussed elsewhere
(8). Tfends analogous to the above are noted in the methyl-
ene chemicai shifts for the series of compounds IV, V, VI and
VII, VIII, IX and in the methine (gc(c-)3) chemlcal shift for
the serles VII, VIII, IX. The downfleld trend 1in these shifts
can be attributed to the 03X portion of the molecule (where
X=CH, P, and Pb) which becomes more electron withdrawing in
chéracter from the orthoformate to phosphite to phosphate
derivatives. The absence of a significant trend in the
methyl chemical shifts for the series IV, V, VI might be a
result of their large distance from the 03X molety. The
deshielding of the orthoformyl protons (gp(o-)3) and the
methylené pfotohs from VII to XI to XII and of the methyl and
methylene protons from XIV to XV 1is alss'cbnsistggt with the
above trends. In thé.latter compounds, X(CHZ-)3 may be con-
sidered to function as the electron withdfawing moiety. The
above trends seem to imply that the electronegativity of
carbon in the orthoformates i1s less than that of phosphorus
1n’e1ther-tbe phosphite or phosphate compounds if it can be
assumed that the hybridization around all the atoms in the

various esters 1s relatively constant because of the rigid
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molecular geometries. The apparent smaller electronegativity
of carbon compared to that of phosphorus is contrary to the
values listed in three accepted électronegativity scales
(107).

The above conclusions on electronegativities might also
'explain the deshielding of the methylene protons from V to
XIV and from VIII to XI. However, the tfénd does not hold
for the l-oxo derivatives VI to XV and IX to XII which might
indicate that the stfuctural'differences of these compounds
preclude any such comparisons.

The l-sulfo derivatives X, XIII, XVI were not included
in any of the trends outlined above because of thelr somewhat
variable chemical shifts. Thls behavior might indicate that
solvent effects must be considered and in view of the rela-
tively small differences in chemlical shifts observed between
the l-oxo and l=-sulfo derivatives IX and X, XII and XIII,
and XV and XVI, such a consideration might place the sulfo
derivatives in their proper order in the above trends (8).

The large differences in chemical shift between the
$meth1ne protons (HC(C=-)3) in the compounds VII, VIII, IX, X
and the orthoformyl protons (gc(o-)3) in the compounds I,

IV, VII, XI, XII, XIII are indicative of the difference in
electronegativities of carbon and oxygen. " Thus, 1t 1s
logical that the méthine proton (HC(C-)20-) chemical shifts
should be intermediate betﬁeen the gc(c-)B and gp(o-)3 shifts

as is shown 1n Table 3.
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Finally, upon comparing the chemical shifts of the methyl-
ene protons in the series IV, V, VI and VII, VIII, IX, the
inductive effect of the methyl group 1s apparent. Inasmuch as
the methyl group 1is given a Taft polar substituent value of
0.00 .and the electron-withdrawing hydrogen substituent a value
of +0.49 (76), the above might better be attributed to the
superior electron-withdrawing ability of the hydrogen sub-

stituent compared to that of the methyl group.
Complexes

As will be elaborated upon in a later section, the
desired bicyclic phosphine I-l4 has not been isolated. How-
ever, the preparation of the closely related phosphine
P(CH20)3C0H3 (XIV) has been described herein for the first
time and a brief account of its use as a ligand toward metal
carbonyls will now be glven.

The carbonyl complexes of XIV that have been character-
ized are N1(CO)yx(XIV)y.y (x=0, 1, 2) and Fe(CO)x(XIV)g_y
(x=3, 4). The nickel compounds are taken to be tetrahedral by
their analogy to known compounds (11) and as indicated By thelir
infrared spectra. Similarly, the iron complexes are assumed
to be trigonal bipyramidal in structure, Attempts were made
to isolate Ni(CO)B(XIV); but only Ni(CO),(XIV), resulted |
from these reactions. 1In fact, the preparation of N1(CO),-
(XIV)z described herein was intended as an attempt to isolate

the monosubstituted complex. Even when a low temperature (Oo)
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and a two-fold excess of Ni(CO), was used, oniy Ni(CO)g(XIV)z
was obtained,

All of the above complexes were found to be susceptible
to oxidation by air in varylng degrees. The two iron com-
plexes and Ni(CO)z(XIV)z were found to be relatively staéle,
their non-aqueous solutions withstanding decomposition over
e period of hours. Conversely, Ni(CO)(XIV)3 and Ni(XIV)y
were so susceptlible to oxidatlon that thelr n.m.r. spectra
could notvbe obtained because of small amounts of paramag-
netlc oxidation product which preciplitated. The ease with
which these samples decomposed and hydroiyzed could éxplain
the low cgrbon-hydrogen analysls_obtéined foi a recrystal-
lized saméle‘of Ni(CO)(XIV)3. It woul& appear from the
analytical data listed in Table 1 that the thermal stability.
of these complexes increases with the degree of substituﬁion
~of XIV. . | .

The near infrared stretching frequéncies obfained for
these complexes are given in Table 4. The presence of XIV
in the complexes was ascertalned from the appearance of
three strong C-0 stretching frequencles between 1000 and
1120 cm™l. The C-0 frequencles in most of the sbeétra tend
to shift only two to eight cem~! to lower wave lengths from
the free ligand té the complex and in no ordered manner.

That three carbonyl stretching frequencles are observed

is expected from a group theoretical treatment (104). The

frequencies reported here are five to twenty en~l lower then



66

Table 4. Near infrared stretching frequencies of carbonyl
complexes of P(CH30)3CCH3 (XIV) in cm-1

Compounda Carbonyl CO C-0.
Fe(CO),, (XIV) 2059(s) P, 1988(s) 1118(s), 1052(s)
1949(vs)® 101:2(s)
Fe(CO)B(XIV)z 1904 (vs) 1116(s), 1049(s)
1011 (s)
N1(CO) »(XIV) o 2030(s), 1978(s) 1119(s), 1050(s)
A 1007(s)
N1(CO) (XIV)3 1971(s) 1117(s), 1049(s)
1005(s)
N1(XIV)y | | 1117(s), 1047(s)
: 1000(s)

“Taken on CH,Cl, solutions.
bStrong.

cVery strong.

those reported for analogous complexeé.of CZHSC(CH20)3P (173)
(11); As was pointed out in Hendricker's dissertation (11), |
there are two alternatives to explain this difference in
frequencies. Flrst, the ligand with better pi-bonding ability -
will give higher carbonyl stretching frequencies, and second,
as the base strength of the ligend increases, the carbonyl:
stretching frequency decreases. As was pointed out in the
introduction, XIV should be more basic than I-3, but the
latter should be a better pl-bonding ligand. Thus, elther of

these alternatives or a combination of them could explain

these results.
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The far infrared absorptions ofvthe ligand XIV are listed
in Table 5 along with those observed for Ni(XIV)y. In the
complex, the only absorption which should be present in addi;
'tion to the ligand absorptions 1is the Ni-P stretching fre-

1

quency. The ligend absorption at 265 cm™— was found to be

present in all far infrared spectra of the complexes varying

by only one to two cm'l; Thus, the shoulder which appears in

Ni(XIV)u at 250 en~! is assigned to the Ni-P stretching mode,
all other absorptions observed for Ni(XIV)u being aﬁtributed

to the-l;gand. It 1s apparent from the frequenciles listed
for free XIV and Ni1(XIV),, that there 1s a marked difference
in ligand absorptions in the two cases. A comparison of the
spectra obtained for the othericomplexes and free XIV
revealed thls same type of change in ligand absorptions upon
complex formation. The absorptions remaining in the spectra
of the complexes after removing those due to the ligand are
listed in Table 6 aloné with their tentative assignments.
The numbers of M-C, MCO. and M-P frequencles obtalned in this
manner agree with the number of modes expected from.a group
theoretical treatment (104).

The general ranges of frequencies obtained here are
482-600 cm™t for MCO, 364484 em™l for the M-C stretch and
187-270 em™l for the M-P mode which fall within the accepted
wave lergth limits reported for these modes (11). It should
be pointed out that a M-P stretching frequency as hilgh as
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Table 5. Far infrared ligend (XIV) absorptions (cm~l) as free
ligend and in Ni(XIV),

P(CHZ0) 5CCH3 (XIV)® N1(XIV),°
766 (m)® 700-50%
716(w) ®
697 (w) 670(sh)®
6l (s)& 662(vs)?
553(m)

456(s) 497 (vs)
Lhh(s) 440 (w)
297(sh) 295(s)
289(s) 265(m)
265(s) 250(sh)
201 (w) | 150 (w)

®Taken on CsI pellet.

bTaken on nujol mull.

“Medium.

dObscured by polyethylene absorption.
eWeak.

Tsnoulder.
SStrong.

hVery strong.
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Table 6. Far infrared stretching frequencies of carbonyl
complexes of P(CHp0)3CCH3 (XIV) in em™1

Compound® ¥-C-0 - M-C M-P
Fe(CO), (XIV) 600° 18l 250-60°
572 419
547 384
Fe(CO)3(XIV)p 562 - 387 270°
, 550
N1(CO) 5(XIV) 513 uhé 23
S 182 364 235
N1(CO) (XIV)3 519 12 T
| . 187
N1(XIV)y 250°

a'I‘aken on nujol mulls.
bAll absorptions were of medium intensity.

Partial%y obscured by ligand absorption at approximately
265 cm=

dpartially obscured by Ni(XIV), impurity at 250 emTl,

uzu <=m'l has recently been reported (108) which may allow
quite an extensive latitude in assigning M-P absorptions.
It is of interest to compare the CO, M-C, and M~P .stretch-
ing values obtained for complexes of XIV with the values
reported for I-3 (11)} As was pointed out previously, the
CO'stfetching frequencies for complexes of XIV were five to
” twenty cﬁ'lnIOWeg'than those reported_ for complexes of }-3.

The M-C stretching frequencies reported in Table 6 are
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approximately two to sixty cm=1 higher than those reported for
I-3, and the M-P stretching frequencles reported here are
fifteen to seventy-five cm~1 higher than those observed for
‘1-3. These differences in frequencles can be explained in
terms of a combination of sigma- and pi-bonding effects in the
metal-phosphorus bonds., For a detaliled discussion of these
effects, see reference 1l1. If the phosphine XIV is considered
to be a better Lewls base than the phosphite I-3 (see intro-
duction), coordination of XIV to a metal carbonyl would build
up a greater charge density on the metal than would I-3. Such
a bulld up of charge could be relleved by pi-bonding between
the metal and carbon (giving & higher M-C stretching frequency
for XIV compleies)Aforcing a reduction of bond order in the

CO bond (giving a lower CO stretching frequency for complexes
of XIV3 as 1s 1llustrated below. The larger M-P frequencles

oo e\
Py C=0:

obtained for'complexeé of XIV compared to those of I-3 can be
explalned'by added sigma M-P bonding in the former 1if XIV is .
cohsidered to be a better Lewls base than'I-B.

Hendricker (1ll) reported no perceptible changes in M-C
or M-P stretching frequencles among the varibus carbonyl com=
pounds considered which i1s contrasted with the report of

Bigorgne and Zelwer (109) that a linear increase of the M-C

stretching frequency accompanied increased substitution, From
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the date reported in Table 6, it 1s evident that the M-P
stretching frequency increases with increased substitution of
XIV, but nothing definitive can be sald about the M-C stretch-
ing frequency. Such an increase in the M-P frequency may
imply the presence of dative d-pi-d-pl bonding between the
metal and phosphorus which would increase as the charge
density on thg metal increases as a rgsult of increased sub-
stitution of XIV.

It appears then that the differences in infrared spectral
frequencles between complexeé of I-3 and XIV can be explained
‘Ain terms of the sigma-bonding differences between XIV and I-3.
Thus, there is as yet insufficient information to either sub-
stantiate or contradict the empir}cal ordering of’p;-bonding
ligands of PX3>Vw~(CgHs0)3PII> (CH30)43P> PR3> NR3
(X = halogen, R = alkyl) (11). Additional data from adducts
of XIV with boron Lewls acids would bé helpful to ascertain
whether or not XIV is indeed more baslic in a Lewls sense
than I-3,

The proton n.m.r. spectra obtailned for three carbonyl
complexes of XIV are shown in Figure 9. In the spectrum of
N;(CO)Z(XIV)Z. the methyl resonance appears at high-field as
a singlet and the methylene at low=fleld as a doublet due to
PCH coupling. Expansion of the methylene respnance showed &
broad center absorption analogous to that reported for the
corresponding complex of V which 1s an example of minimum P-P

coupling (11). The spectra of Fe(CO)y(XIV) and Fe(CO)B(XIV)z



Figure 9. The n.m.r. spectra of Ni(CO),(XIV),, Fe(CO)y(XIV),
and Fe(CO0)3(XIV)2
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show only two singlets each, the PQH coupling being approxi-
mately zero. Absence of the PCH coupling precludéd the
observation of P-P coupling. |

| The chemlcal shifts observed for these complexes are
listed in Table 7 and the coupling constants will be discussed
in a latér section. The chemical shifts listed in Table 7 are
very similar and represent a deshielding of about 0.2 p.p.m.
from those of the free phosphine as a result of coordination

to the metal carbonyl.

Table 7. Proton chemical shifts for complexes in p.p.m.

Compound Solvent CHj ng
Fe(CO)y, (XIV) CCly 1.40 L.48
Fe(C0)3(XIV)2 CHxC1, l.42 4,49
N1(CO)2(XIV)2 CH2Clo 1.34 4.38

Hl-Hl Coupling Constants

Proton-proton coupling constants obtained for polycyclic
compounds are listed in Table 8. The magnitudes of the HCCH
interactlions can be understoocd by application of the Karplus
theory for dihedral angle dependence of vicinal coupling
constants (40). According to this theory, Juceyg will attain

a value of about 10 c.p.s. when the two C-H bonds make a

dlhedral angle of zero degrees. Jyccy decreases to
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Table 8. Hl-H1 coupling constants for polycyclic compounds
in c.p.s.

Compound Jacce  JmcocE Jmcecer  JHcoccH

(CHp) 5(CHO)5CH (I)® 2.7°  <0.2 1.25°

(CH,) 5(CHO) 5P (11)? d.

— -

b

(CH,) 5(CHO) 5PO (IID)? 2.5
H4CC(CHp0)5CH (IV) <0.2 |
H4CC(CHp0) 3P . (V) 0.3
H4CC(CH0) 3P0 (VI) * |
H4CC(CHp0)588% . 0.2
HC(CH,0) 4CH (VII) 2.3 <0.2 1.7
HC(CHp0) 3P (VIII) 2.3

HC(CH,0) 3P0 (IX) 1.9

HC(CH,0)4PS (X) 2.0

P(CH,0) 4CH (XI) - <0.2

OP(CH,0) 3CH (XII) <0.2

SP(CHZ0)4CH (XIII) . 0.3

P(CH,0) 3CCH3 (XIV) f
OP(CHp0)3CCH3 (XV) f
SP(CH,0) 3CCH3 (XVI) d

8Values reported in reference 8.

bCoupling to equatorial methylene proton only.
cCoupling to axlal methylene proton onlf.

dNot resolved. ‘

€Preparation described in reference 2.

fNot observed («0).
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approximately 1 c.p.s. as the dihedral angle increases from
zero to 90 degrees and then increases to about 12 c.p.s. as
the dihedral angle increases to 180 degrees. For each of the
HCCH coupling constants listed in Table 8, the HCCH system is
gauche having a dihedral angle close to 60 degrees. Thus,
each coupllng constant should be approximately 2 c.p.s. as
observed. For compound II, this coupling interaction was not
resolved, and for I and III, the coupling between the methine
and axial methylene protons was not observed. Thls may be a
result of the postulated distortion of these adamantane like
compounds (8). From Drieding models, it 1s necessary to push
the three oxygens toward the three-fold axis of the molecule.
The result of this 1is an increase in the dihedral angle from
60 degrees betﬁeen the methine and axial methylene protons
which would decrease Jgeocyg Py application of the Karplus
theory. A smell decrease in Jyceg for the methine-axial
methylene coupling 1s expected on the basis of the slight
distortion postulated since even a 90° dihedral angle still
allows approximately 1 c.p.s. coupling. That no such coupling
is observed in I (8), however, is somewhat unexpected. It 1s
also of interest to note that the HCCH coupling in the tri-
alcohol HC(CHZOH)3 from which VII, VIII, IX and X were synthe-
sized is 6.0 c.p.s. which corresponds to an averaging of the
coupling values expected for the gauche and trans conforma-

tions.
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HCOCH coupling constants could not be resolved but were
estimated from expanded line widths to be less than 0.2 c.p.s.
for compounds I, IV, VII, XI and XII. A Jycocg value of
approximately 0.3 c.p.s. was resolved for XIII as is shown in
Figure 5. Similaerly, HCCCH coupling cohstants of approxi-
mately 0.3 and 0.2 c.p.s. were observed for V and CH3C-
(CH20)3AS as 1s shown in Figure 8. Unexpectedly large HCOCCH
coupling constants of 1.25 and 1.7 ¢.p.s. were observed for
-I and VII, respectively. The latter is shown in Figure 3;

Four-bond proton-proton coupling constants although not
common are known (53), but five-bond coupling constants in
saturated systems were hgretofore unknown. A spatial coupling
mechanism-as proposed by Meinwald and Lewis (52) might be
invoked to explain the HCOCCH coupling interactions in that
the C-H bonds involved are colinear in VII and parallel in I.
Support for the postulate that a spatial interaction is of
importance in these two compounds might stem from the lack of
eny five-bond coupling in XIV, XV and XVI wherein there is no
fixed conformational arrangement due to the rotating methyl
group. The data in Table 8 at least show the strong geomet-
rical dépendence of five-bond coupling constants and may also
imply a spetial interaction through the polycyclic system.

In thils context 1t 1s of interest to note that Torl et al.
(110) found & five-bond coupling constant of similar magni-
tude (1.8 c.p.s.) in a highly substituted bicyclo[2.2.2]-

oct-2-ene. The similarity in magnitude between this coupling



77

and that for VII might imply that the coupling mechanism is
analogous in each compound and thus independent of any unsatu-
ration in the systems and the nature of any substituents
attached.

There is some support for a "through-bond" coupling
mechanlism to explain these filve-bond interactions. Thé ratlo
of Jycoccy for VII to Jacoccy for I is approximately 3:2
which corfesponds exactly to the ratio of the number of paths
available for "through-bond" coupling in VII and I, respec-
tively. Furthermore, if the magnitudes of five-bond éoupling
constants obtained by Kowalewski and Kowalewski (60) of 0.45
to 0.6 ¢.p.s. for alkyl formates are taken to be representa-
tive of coupling constants in saturated systems, then the
magnitude of coupling through two bonding paths as in I woula
give a coupling constant of 0.9 to 1.2 ¢.p.s., while the '
magnitude through three'bonding paths as in VII would give a
Jucoccy Velue of 1.35 to 1.8 c.p.s. These values compare
favorably with those obtained for I and VII. It is also
important to note that if a spatial interaction 1s considered
for the adamantane type molecule I, the C-H bonds are not
properly aligned as they are in VII. Furthermore, if a direct
interaction dependent on the distance between these two carbon
atons 1s of importance, the coupling constants of I and VII do
not reflect the shorter C-C distance (by 0.4 X) in VII com=-

pared to I as obtailned from Drieding models.
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If the spatlal interaction described above is of impor-
tance, it should be applicable as well to the HCOCH couplings
noted in Table 8 where each compound possesses the "W" con-
formation. Furthermore, HCCCH couplings are noted for V and
CH3C(CH20)3AS wherein the "W" conformation is not present
since the methyl group is free to rotate. Thus, the similar-
1ty of the magnitudes of Jyogeg 20d Jycecn would seem to imply
that a spatial coupling mechanism is not of lmportance for
these four-bond systems.

In addition to the long-range coupling theory of Koide
and Duval (59), Barfleld (111) has found a dihedral angle
dependence of féur-bond H~-H coupling constants analogous to
that réported for vicinal interactions described above (40).
Barfield found that the coupling constant has a value of
about 1.0 c.p.s. at a dihedral angle of zero degrees which
passes through a minimum of 0.0 c.p.s. at 90 degrees and rises
to approximately 1.2 c.p.s. at 180 degrees. In compound I,
the HCOCH dihedral angle 1ls zero degfees. while in IV, VII,
XI, XII and XIII, it is 60 degrees, and no HCCCH dihedral
angle can be described for IV, V, VI and CH3C(CH20)3AS.V In
contrast to Barfleld's conclusions then, there is no dihedrel
dependence from the data reported in Table 8 for four-bond
coupling constants,

The theory of Koide and Duval (59), which considers a

two-fold "through-bdnd" coupling mechanism, predicts that the

two mechanlsms will reinforce for four-bond coupling and will
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cancel for five-bond coupling. If the two flve-bond couplings
for I and VII are lgnored, thils theory would then explain the
observed four-bond couplings in Table‘8~and the absence of
five-bond couplings in XIV, XV and XVI. Furthermore, Kolde
and Duval would very probably explain the large JHCOCCH values
of 1.25 and 1.7 c.p.s. obtained for I and VII, respectively,
by & direct coupling through the cage, as mention of this type
of direct interaction was made in their publication.

A determination of the signs of the four-bond coupling
constants listed in Table 8 would greatly facilitate a study
of the coupling mechanism which gives rise to thelr occur=-
rence. Generally, coupling between nuclel separated by an
even number of bonds gives a negative coupling constant |
while coupling ovér an odd number of bonds gives a positive
coupling constant (59,' 86, 112). Thus, if the four-bdﬁd
coupling constant arises from a "throuéh-bond" mechanism, it
should be negative. But if there is a spatial interaction as
1llustrated in the introduction, the bonding path would be
reduced to three "bonds" and the coupling constant should be
positive. For compounds I and VII, both the "through-bond"
mechanism (coupling through five bonds) and the "through-
space” mechanism (reduction of the path to three "bonds")
should give a positive coupling constant. Thus, a differen-
tiation of these two mechenisms would .not be possible. Howé

ever, this does raise the interesting point that :the large
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coupling values obtalned for I and VII may be a result of a
reinforcing of both the "through-bohd" and "through-space"
mechanisms.

It should also be pointed out that the intervening oxysgen
atoms may play an important role in the long-range coupling
values., Holmes et al. (113) found that two coupling inter-
actions of different sign were needed to explain the H-D
coupling observed in HOD., One of the interactioﬁs involved

the non-bonded electron density on oxygen which constituted

about thlrty.pércent oflthe "through-bond" interaction.

gl-p31 Coupling Constants

The phosphorus-proton coupling constants that were
obtalned for the polycyclic compounds and complexes are
listed in Table 9. The POCH interactions discussed first are.
analogous to results published elsewhere (23, 39, 106).
JPOCH is seen to increase from the phosphites II, V, and VIII
to the sulfides (CHp) 3(CHO) 3PS, CH3C(CH»0)3PS, and X to the
oxides III, VI, and IX, although the difference between IX
and X i1s zero. These results are consistent with the con-
cepts outlined by Bent (61), in that the electronegatlivity
of the substituents increases from the lone pair (phosphites)
to sulfur (thiophosphates) to oxygen (phosphates). Such an
increase would then increase the s-character in the POCH
bonding system and account for the increased coupling by an

increase in the Ferml contact interaction. The larger
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‘Table 9. Hl-P31 coupling constants for polycyclic compounds
and complexes in c.p.s.

J J J

POCCCH

Compound Ipcr Yrocn Yrcocn Yrocer Yrcocch
(CHp) 3(CHO) 3P (II)® 6.0 <0.5
(CHp)4(CHO) 3P0 (IIT)® 20.0 2.0
(CHp) 3(CHO) 3PS™ 19.0 P
HaCC(CH0) 3P (V) 2.0 0.3
H4CC (CHp0) 3P0 (VI)® 7.0 P
H4CC(CHZ0)3PS™ , 6.0 o _
HC(CH0)3P (VIII) 1.6 7.2
HC(CH0) 3P0 (IX) 6.5 6.2
HC(CH20) 3PS (X) 6.5 5.9
P(CH,0)3CH (XI) 8.5 1.0
OP(CH20)3CH (XII) 7.k 3.0
SP(CH,0) 5CH (XIII) 5.3 3.3
- P(CH20)3CCH3 (X1V). 8.0 0.3
OP(CH,0) 5CCH5 (XV) 7.3 | P
SP(CH'ZO)BCCH3 (XVI) 5.6 0.3
Fe(CO)y, (XIV) _° _
Fe(C0)3(XIV), S e
N1(CO),(XIV)5 1.8 e

aV’alues taken from referenbe 39.
bNot resolved.

®Not observed (~0).
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magnitude of POCH coupling in II, III, and the l=sulfo deriva-
tive of II compared to similar derivatives of V suggests a
dihedral angle dependence of POCH coupling as has been dis-
~cussed previously (30).

The difference between POCH coupling values reported here
and POCH, PNCH, and PCCH values reported in the literature for
open chaln systems merlts some speculative consideration. The
coupling value of Jp.ny for (CéH5)3P is 13.7 c.p.s. (64),
Ipnog for ((CHB)ZN)BP is 8.82 c.p.s. (67), and Jpocy for
(CzHBO)BP is 7.9 c¢.p.s. (47). The coupling constants for the
corresponding oxides are 16.3, 9.47, and 8.4 c.p.s., respec-
tively. In each case, Jpccg” IpncH> Jpocy: end the decreasing
trend iIn J is in the same order as the increase in the number
of lone-palr electrons present on intervening atoms. Holmes
et al. (113) found that interaction of nuclear spins with such
non-bonded electrons on intervening atoms gives rise to a
'coupling 1ntefaction of opposlte sign to the interaction which
is strictly through-bond in nature. Consideration of this
additional interaction would explain the above results for
PCCH, PNCH, and POCH coupling constants. The POCH inter-
actions listed in Table 9 are seen to increase on oxidation
of the polycyclic compounds by a larger magnitude than the
increase noted for the three open chain compounds above., This
might be a result of the-difference in rigldity of structure

between the polycyclic and open chain compounds, where the

latter may undergo more radical change in structure upon
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oxldation. _Any structural changes would effect the percent
of s-character in the bonds to phosphorus.

If there 1s a dlhedral angle dependence for PCCH coup-
ling constanfsl a maximum value should be attained for II
(Jpocg = 6.0 c.p.s.) where the POCH dihedral angle 1s 180
degrees, and-é value close to minimum should be observed for
V and VIII (Jpooy = 2.0-1.6 c.p.s.) where the POCH dihedral
angle is 60 degrees. Thus, by analogy to the Karplué relation
(40), an approximate range for Jpoog Would be 1 to 6 c.p.s.
for a dihedral angle range of 90 to 180 degrees. For én open
chain trilalkyl phosphite, & POCH coupling constant should be
observéd representing an average value of the gauche (60
degrees) and trans (180 degrees) conformations. Such an
average value would be 3.5 c.p.s. which is low compared to the
value of 7.9 c.p.S. reported for (02H50)3P (47). The higher
observed value might then be rationallized as a result of a
larger OPO angle in the open chain phosphite compared to the
polycyclic phosphites and, thus, a larger percent s-character '
Ain the P-0 bonds resulting in a larger Fermi contact inter-
action,

The PCH coupling constants listed in Table 9 are seen to
attain a maximum absolute value for the free phosphines XI and
XIV, and decrease to the oxides XII and XV, and then to the
sulfides XIII and XVI. Furthermore, complexation of XIV

reduces.JPCH to 1.8 c.p.s. for Ni(CO),(XIV), and to zero for



8L

the iron carbonyl compounds. These results are inexplicable
in terms of the concepts outlined above for POCH coupling
constants. Hendrickson et al. (64) reported Jpcg Velues for
substituted trialkyl phosphines of 0.5, 11.3, and 11.9 c.p.s.
for (CZHS)BP’-(CZHS)BPS' and (Czﬁ5)3P0, respectively, giving
a-trend analogous to that reported herein for POCH coupling
constants. Also the values of'8.5'and 8.0 ¢c.p.s. oﬁtained
for XI and XIV are anomolously high compared to the Jpcy velue
obtained for (CpHg)3P and other alkyl phosphines (64). The
PCH coupling constant observed for'the trialcohol P(CHZOH)3 ‘
is 2.0 c.p.s. (22).

A consideration of bond angles has beeh invoked to
explain'the increase in Jpoy from P(CHZOH)B to the cyclic
compounds XI through XVI (22, 106). The CPC bond angle in
(CH3)3P has been determined by an electron diffraction struc-
tural study to be 98.9° (114) which might be assumed to hold
approximetely for P(CH20H)3. In the polycyclic phosphines
reported in Table 9, the CPC angies might be considered to be
nearly tetrahedral because of thelr rigid cyclic étructures.
If this 1is the case, cyclizatlion of the above trialcohol
would increase the CPC bond angles glving an increase in the
percent s-character in the C-P bonds whlich would explain the
increased coupling by the Ferml contact interaction.

Cullingworth et al. (115) have recently observed that

Jpcp chenges sign when (CH3)3P is coordinated to A1(02H5)3.
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By plotting the PCH coupling constant against the ratio of
A1(02H5)3 to (CH3)3P they observed that Jpeop passed through a
value of zero, although they were not able to discern the
sign of the values.

If a change in sign of the PCH coupling can be assumed
upon coordination of the phosphine XIV, then the data in
Table 9 can be explained by the concepts outlined above for-
POCH coupling. If for the sake of argument JPCH is taken to
be negative for the phosphine XIV and N1(CO),(XIV),, and all
other derlivatives of XIV are considered to have positive
coupling constants, the following order of increasing Jpcp 1s
obtained: XIV<N1’(CO)Z(XIV)2<Fe(CO)L,,(XIV)wFe(CO)3(XIV)2<
XVI<XV. The same order holds for the series XI<XIII<XII.
The JPOCH values listed in Table 9 for derivatives of V and
the values of 4.0, 5.1 and 5.0 c.p.s. obtained for Ni(CO),-
(V)5, Fe(CO)y(V) and Fe(C0)3(V),, respectively (12), follow
the order V<N1(CO)2(V)2<Fe(CO)L,,(V)J‘Fe(CO)3(V)2<CH30-
(CH20)3PS<:VI. Not only do these—two orders agree completely,
but the multiple of increase 1s seen to be approximately the
same through both orders. For example, both Jpgey and Jpcg
increase from the free ligands to the complexes by one-half
the magnitude of Ancrease from the ligands to the oxides.
Thus, if a change in the sign of the PCH couplihg constant is
assumed, the order of the trend observed may be explained by

the concepts of electronegativity as outlined by Bent (61).
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From the arguments presented above, it is apparent on
comparing Jpog and Jpocy velues for the ligands XIV and V,
respectively, and their derivatives, that a chaﬁge in sign for
the PCH coupling is necessary for consistency in the two
trends. Jpop 1s noted to increase on cyclization of P(CH20H)3
to XIV (or increase in negative magnitude if the assignment of
signs given above 1s accepted), to approach zero from XIV to
Fe(C0),(XIV), and then to increase in positive magnitude to
XV. As was outlined in the introduction, many data for qua-

ternary phosphorus and tin compounds have been presented which

*  were interpreted using only the Ferml contact interaction. On

- the other hand, no structural'data are a#ailable for poly-
cyclic phosphines from which a CPC bond angle can be estimated
for XIV. Thus, 1t seems reasonable to explain the variation
of Jpoyg from XIV to XV in the aforementioned serles using the
Ferml contact mechanlism, and to propose an alternative
cogpling mechanism to explain the increased PCH interaction
from P(CH,0H)5 to XIV.

The generally low values of PCH coupling constents com-
pared .to the larger PCCH coupling constants have been ration-
alized in the following menner (64, 79, 116). The PCH coup~
ling 1s considered to be small as a result of two different
coupling mechanisms of different signs giving rise to a
cancellation of terms, whereas the PCCH coupling is considered

to arise mainly by the Ferml contact interaction. The added

interaction in PCH coupling has been vaguely described as a
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spin-orbital, spin-electron-dipole, spin-d orblital interac-
tion, or as a spin interaction with the non-bonded electrons
on the phosphorus (79). Participation of phosphorus d orbitals
in bonding would probably not be of importance for phosphines,
but by analogy to the work of Holmes et al. (113), interaction
of the nuclear spiné with the non-bonded electrons on phos-
phorus could account for perhaps 30% of this additional PCH
interaction. Specifically what interactlion gives rise to the
increase in Jpoy on cycllization 1s obscure. Consideration of
the interaction with non-bonded electrons would explain the
rather large increase in JPCH on quaternization that is
observed in Table 9 and on quaternization of other trialkyl
phosphines mentioned previously in that not only would the
Fermi interactlon increase, but the Iinteractlion of nuclear
spins with the non-bonded electrons (presumably of opposite
sign) would vanish.

Speculation can be made about the signs of JPCH reportéd'
herein. Although Jpgcy 1s generally considered to be positive
(71), there is controversy concerning the sign of Jpgy and
JPCCH (70, 79, 116), except that they are considered to be of
opposite sign (70, 117). The signs may be considered analo-
gous to those reported for protonfproton Interactions where
Jycy end Jgcog are teken to be negative and positive, respec-
tively (112). Only the Ferml contact interaction is con-

sidered to be dominantly responsible for the signs of these
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interactions. As discussed above, the Ferml interactlion was
taken to be the major mechanlism in describing the PCH coupling
constant for the phosphine oxides XII and XV, thus by analogy
to the accepted sign for JHCH' JPCH may also be considered as
negatlive for these two compounds. As a result of this, the
serles of derivatives of XIV would be ordered as follows 1ln
terms}of increasing Ferml contact interaction and increasing
negative coupling: XIV(+8.5 c.p.s.)<:N1(COj2(XIV)2 (+1.8
¢.p.5.) <Fe(C0), (XIV)Fe(CO) 5(XIV) 5(0 c.p.s.) KXVI(-5.6
CePeS.)<XV(-7.3 c.D.S.).

Two types of four-bond P-H coupling constants are listed
in Table 9, PCOCH and POCCH interactions (106). As was pointed
out in the introduction, four-bond P-H couplings have been
observed before and are generelly of low magnitude., For
example, in (CZH50)3P and (CZH50)3PO. JpoccH was found to be
0.55 and 0.84 c.p.s., respectively (47). The various substit-
uent groups 1n these latter two compounds can be considered to
undergo free rotation about all bonds, and thus from a lack of
any specific geometrical arrangemeht, the long-range coupling
can be considered to arise from a "through-fond" Ferml con-
tact interaction. If this is accepted to be the case, then
the long-range coupling noted for XI, XII, XIII and II, III
may also be explained in terms of a Ferml contact interaction.
There are three equivalent routes avallable for "through-bond"
coupling in XI, XII and XIII, and thus the Fermi terms might

be 1.6 c.p.s. for XI (three times 0.55 c.p.s.) and 2.5 c.p.S.
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for XII and XIII (three times 0.84 c¢.p.s.). Inasmuch as there
are two equivalent paths avallable for "through-bond" coupling
for II and III, the Ferml terms might be 1.1 c.p.s. (two times
0.55 c.p.s.,) and 1.7 c.p.s. (two times 0.8%4 c¢c.p.s.), respec-
tively. The approximate agreement in magnitudes between the
values calculated above and those listed in Table 9 suggests
that a "through-bond" coupling mechanism is dominant in the
coupling observed in these compounds. Furthermore, the
increase of these four-bond coupling constants on oxidation
or quaternization from XI to XII or XIII and from II to III
is consistent with the arguments.outliﬁed by Bent (61) for an
increase in s-character in the P-O{bonds upon oxidation and
hence 1s also consistent with a Ferml coupling mechanism.

The decrease of Jpyoeg fYom 7.2 to 6.2 to 5.9 c.p.s. from
VIITI to IX to X is completely inconsistent with the trends
observed for other coupling éonstants listed in Table 9. Con-
sideration of this trend.and the large magnitudes'observed for
these three POCCH interactions suggests that an interaction in
addition to the Fermi contact one 1s of importance here. An
indication of what this added term might be becomes apparent
upon considering the structures of II, VIII, and XI. Molecule
VIII differs from XI in the relative positions of the CHZO
groups and 1s different from II in the orientation of the C=H
bonds four bonds removed from the coupling phosphorus atom.
Speculation might allow for a direct interaction between the

phosphorus and carbon at the opposite bridgehead in VIII
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facilitated in some manner by the oxygen atoms around phos-
phorus to explain the high POCCH coupling observed. Thls type
of interaction would likely decrease on oxidation or sulfura-
tion due to withdrawal of electron density by the substituent
attached to phosphorus. This postulate is in keeping with the
observed decrease in Jpgoeg from VIII to IX end X. That
Jpoccg In IX and X 1s twice the slze of Jpngep in XII and XIII
might indicate that thls added interaction is still present in
the oxide IX and the sulfide X. -

This secondary interaction would be of no importance for
the four-~bond couplings in the phosbhine4XI or its derivatives
XII and XIII where the phosphorus. 1s surrounded by carbon
atoms or in the adamantane derivatlves II and III where the
C-H bond involved is not colinear with the phosphorus lone-
palir orbital, Support for this conclusion stems from the
increase in four-bond coupling upon oxidation of XI or II
which would be expected for a "through~bond" mechanism. Fur-
thermore, from Drieding models, the distance from phosphorus
to the apical carbon is 2.2 R in VIII end 2.6 & from the
phosphorus to the methylene carbon in II. This difference of
0.4 X might expléin the absence of a direct interaction in II
and III in addition to the above geometrical argument.

No five=-bond P-H coupling constants have been previously

reported for saturated organophosphorus compounds. The
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magnitudes of JPOCCCH and JPCOCCH are seen to be small (0.3
c.p.s.) and the same for both the phosphite V and the phos-

phine XIV. From the arguments above, these couplings probably

are a result of a "through-bond" interactlon in these com~-
pounds although a partial "through-space" interaction cannot
be ruled out in the case of V. Again there are thrée equiva-
lent bonding paths from the phosphorus to the coupling
protons under consideration which might explain the presénce
of five-bond coupling here and its absence in open chain

compounds.

Attempted Preparations

The reaction sequence used for the preparation of the
intermediate precursors to CH3C(CH;CHp)3P (I-4) is shown below.
Compounds A-~l, A-2, A«3, and A-5 were then-used separately in
attempts to prepare I-4.

If the trialcohol A=l were cyclized to the corresponding
phosphite ester CH3C(CH2CH20)3P, a stepwise Arbuzov rearrange-
ment énd reduction might give I-4 as outlined by Cooper (14).

The first intermedlate in thls sequence would be CH3-

é(CHZCHZO)ZP(O)CHZéHZ. obtained by heating the above phos-
phite. Reduction of the 0x0 group and two successlve treat-
ments with heat followed by reduction would give I-4. As
was outlined in the experimental section, three attempts
were made to 1solate this bicyclic phosphite without

success. Presumably, the added length of the alkyl chaln
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in CH3C(CHZCH20H)3 compared to CHBC(CHZOH)B is sufficlient to
separate the hydroxyl groups enough so that polymerization 1is
more likely than cyclization when the tpialcdhol is treated
with either (CH40)5P, PCly, or P(N(CHj),),.

In this connection, the preparation of the bicyclic
amine-phosphite N(CHZCHZO)BP became of interest. Thils mole-
cule would contain two different sites for coordination to a
transition metal (R3N'versus (RO)jP). and a study of its use
as a ligand would allow a direct comparlson of the coordina-
ting ability of amines and phosphites. ‘Cyclizations of tri-
ethanolamine have been described previously in preparing
N(CH(CHB)CH20)3B (118), N(CHZCHZO)BAI (119), and N(CHZCHZO)B-
Si-R (R = alkyl) (120). The latter two were isolated from
transesterification reactions involving N(CHZCHZOH)3 and
elther A1(OC2Hs5)3 or RS1(OC2Hs5)3, and the former was made by
combining the trialcohol with boric acld. Not only was thils
type of transesterification reaction attempted herein using
N(CHaCHp0H)3 and P(OCH3)3, but also the reaction of this
trialecohol with PClg and P(N(CH3)7)3. In each instance, the
desired bicyclic compound was not formed, but rather a
polymer Jﬁdging from the 1nsolub111ty and viscoslity of the
resulting syrup.

A heterogeneous reaction between the tribromide A-2 and
NePHs 1n xylene was attempted with negative results. If the
desired CH4C(CHpCHBr),CH,CH,PH, had been obtained, it would

have been treated with a base to abstract HBr and cyclize
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the compound to I-4, It was rationalizéd that the reaction
did not occur because the two components dld not come into
sufficient contact, Combining the reactants with two equiva-
lents of pyridine in a heated sealed tube resulted in the
formation of a supposed polymeric materiel. This product may
have been analogous to one reported by McEwen et al. (16) who
‘reported a material with the repeating unit FCH,CH,C(CH,CH,) »-
;(C6H52}h nBr~ as the producﬁ of a reaction between HC(CH,CH,-
Br)3 and KpPCgHs.

Attempts were made to prepare the desired phosphine I-4
(R=CH3) by reacting the tribromide A-2 or trilodide A-3 with
either red or white.phosphorus in a2 heated vacuum system.
Presumably conslderable decomposition took place as indicated
by the tar-like gum that remalned after reaction. Grayson
indicated that trlalkyl phosphlines rarely resulted from these
reactlons since they apparently are unstable at elevated tem-
peratures (36).

Under the conditions outlined in the experimental section,
Grignard reagents of A-2, A-3, or A-5 did not form. This
might be a result of sterlc hindrance in that each of thé
compounds possesses three substantlial alkyl chalns and a
methyl group. However, Sommer and Bennett did report the
preparation of O(CHyCHp) oCHCH,CHoMgCl (25) which differs from
A-5 only in the absence of a methyl group two bonds removéd
from the reaction center., If the Grignard reagents of A=-2

or A=3 had been formed, they would have been treated with
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P013 to obtain I-4, After forming the Grignard derivative of
. A-5, 1t would have been reacted with P013 to give O(CH5CH)) o~
C(CH3)CHZCH2PC12 which could have yielded I-4 by the reaction
sequence Sommer and Bennett used to form a polycyclic silane
as illustrated in the introductlon. |
An attempt was also made to cyclize P(CHZCHZCN)B or
P(CHZCH200202H5)3 using an alkoxlde base to isolate I-l4,
Upon examination of the first intermedlate (A-6) which would
be formed in treating P(CH,CH,CO,CoHg) 4 with NaOCoHg, it
seems apparent that Ha, being the most acidic proton due to
the withdrawing carbonyl groups, would be lost to "OR and |
intramolecular cyclization could take place as shown to give
the bilecyclo[3.3.1] nonane A-7. However, as was reported in the
experimental section, thls cyclization did not take place.
When P(CHZCHZCN)3 was used, the product isolated after baslc
hydrolysis was not characterized because no volatile materlal
resulted. By analogy to the volatile compounds I-XVI, poly-
cyclic phosphines would be expected to be volatile as well.

R P
P cn\zég
/’ % B
Ha 0 0
CO2C2Hs CO,CoHs

2-6 o A-7
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SUGGESTIONS FOR FUTURE WORK

It would be of interest to prepare the iron aﬁd‘nickel
carbonyl derivatives of VIII and XI to see if a correlation
could be found for the four-bond coupling constants analogous
to that reported herein for Jpsy  Correlations of these
interactions and POCCH and PCOCH interactlons obtalned from
Lewls acid adducts of VIII and XI, respectively, would perhaps
yield additional information concerning the additlional coup-
ling mechgnism'postulated for VIII, IX, and X. A determina-
tion of the signs of the four-bond interactions for compounds
VIII to XIII might also be beneficlial in describing this
additional mechanlsm, |

If Jpog can be described in terms of the Ferml inter-
action alone, as proposed, then the preparation of the adducts
of BF3. B(CH3)3. anq BH4 of XIV as well as the preparation of
phosphonium salts of XIV in conjunction with a_study of their
n.m.r. spectra should provide a check on this postuléte. If
the Fermi mechanism is dominant, then a good correlation
between JPCH for these derivatives and the electronegativ;ty
of substituents attached to phosphorus should be obtained
anelogous to those outlined in the introduction.

The study of metal carbonyl derivatives of XIV reported
here is very incomplete., To better compare the donor ability
of XIV to that of V, the XIV derivatives of chromium, molyb-

denum, and tungsten carbonyls should be syntheslzed and their
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infrared spectra from 5000 to 50 cm'1 studied. From these
spectra, CO, MC, and MP stretching frequencles could be
assigned for derivatives of XIV. With this data and that
obtained herein, a substantlal comparison of these two ligands
could be made using the far infrared data reported by
Hendricker (11) for phosphite metal carbonyl derivati#es.

The attempted preparation of CH3C(CHZCH2)3P described in
this dissertation might suggest that organometallic reactions
will not afford the desired bicyclic phosphine. On the other
hand, perhaps all that 1s needed is a sultable medium in which
to carry out the reaction of a dilute solution of CHBC-
(CHZCHzBr)j with NaPszin that these two do react when com-
bined neat.

In addition to the above sodium phosphide reactant..salts
such as NaP(CH206H5)2 or Na,PCH,CgHg might be used. Reactlon
of these phosphides with the above tribromide would yield
BrCH,CH,C (CH4) (CH,CH,) yPCH,CgHg or (BrCH,CH,) 5C(CHg) CH,CH P-
(CH206H5)2 which would be analogous to the intermediates in
the synthesis of P(CHZCH2)3P as outlined in the introduction.
On heating either of these two intermediates, the cyclic phos-
phonium selts [CHyC(CH,CH,)3PCH,CgHg] ™ Br™ or [BrCH,CHoC(CHj)-
(CHZCHZ)ZP(CH206H5)2]+_Br' would form which could be reduced
to CHBC(CHZCH2)3P (I-4, R=CH3) or BrCHZCHZC(CHB)(CHZCHz)Z-
PCHpCgHg. The latter could be converted to the desired prod-
uct by heating followed by reduction.

It might also be rewarding to react CH3C(CH20HzBr)3 with
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(CH3O)3P, which should gilve the Arbuzov product (BrCHCH5) 2~
C(CH3)CH20H2P(O)(OCH3)2. Treatment of this material with
magnesium might give the phosphine oxide CHBC(CHZCHZ)BPO.
Alternately, the Arbuzov product might be reduced, followed
by heating to give BrCHZCHZC(CH3)(CH20H2)2P(O)OCH3. Reduction
of this last compound followed by heat would give the desired
phosphine oxide, which should be reducible to I-4 (R=CH3).

It would a2lso be of interest to attempt a reaction
betweén the trialcohol CH3C(CﬁZCH20H)3 and PH3 in hopes of
forming the bicyclic phosphine I-4 (R=CH3). In this con-
nection, Maier (121) has reported the reaction of HoP(CHy)x-
PH, with RoNCH,O0H to give (R,NCH,),P(CH,)yP(CHoNR,), in

excellent ylelds. |,
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