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--Proton chemical shifts, and “&lH unrpling comtanfs through seqm of l,Z3, and 4 
&u&al bonds, are reported for the 5.5.suhtitu~-1.3.2dioxaphosphor (I: x = 0 ors; 
RI n RI = Me or Et; R, = Me, R, L= CICH,; R, - alkyl, alkoxy, aryloxy, alkylamido. hal~o. 
H.). In some cases, the 4,bmcthylcnc hydrogen resow have ban analyscd by means of an ABX 
approximation. 

Comparison of the “P speara of the cstQs (I: R, n R, - Me; X = 0, S; R, = OMe) with 
rhat of a monothiopyrophosphatc indicates that the latter has the structure (II: X - S; Y = 2 - 0) 
rachathan(11: x=2=0; Y-S). 

ALTHOUGH NMR spectroscopy can provide useful information about conformational 
aspects of organic ring systems, * it has been applied only recently to ring systems 
containing phosphorus. Many more studies have been carried out on five-membered 
monocyclic+4 and polycyclicbo phosphorus compounds than on six-membered 
monocyclic compounds.lO*ll 

Six-membered rings with at least three adjacent, unsubstituted methyltne groups 
may give rise to complex NMR spectra. However, these may be simplified by replao 
ing the hydrogens of the centre methylene group. Thus, geminally substituted com- 
pounds have proved to be easier subjects for NMR studies,” as we found in our 
examination of 5,5disubstituted-1,3,2dioxaphosphorinanes. Many 5,5dimethyl-2- 
oxo- and 5,5-dimethyl-2-thiono-1,3,2dioxaphosphorinanes have been described 

a Part IV. R S. Edmundson and J. 0. L. Wrigley. Tetrahedron 23, 283 (1967). 
‘J. E. An-n. Quart. Rev. 19,426 (1965). 
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* K. D. Berlin, C. Hildcbrand. A. South, D. M. Hdlwege, M. Peterson, E. A. Pier and J. G. Verkade, 

Tetrahe&on 24). 323 (1964). 
l J. G. Verkadc and R W. King, Inorg. Gem. 1,948 (1962). 
’ K. J. Coskran and J. G. Vcrkadc. Inog. Chem. 4.16SS (l%S). 
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‘I M. Antcunis and D. Tawnier. Tetrakdron titters 3W9 (1964); M. Antcunis. Bull. Sot. Chim. 

&&. 73,731 (1964); E.J.GrubbsandD. J.Lac,/.Og. Chem.~,3105(1%4); R.S.Edmundmon, 
Tetrahedron Letters 1649 (l%S). 
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previously,‘S-17 and stereospecific formation of closely related compounds has been 
shown to take place using 4-alkyl-2,6,7-trioxa-l-phosphabicyclo(2,2,2)octanes in the 
Arbuzov reactioo.B+r8 

The preparation of some new 5,fi_dimcthyl- and 5,5-diethyl-2-oxol,3,2dioxa- 
phosphorinanes is described. The methods used, were (a) interaction of a phosphonic 
dichloride and the requisite dial in the presence of pyridine (I : X = 0; R, = & - Me; 
& = CC&, sec. Bu, t-Bu, CHMePh), (b) via the Arbuzov reaction using 5.5di- 
methyl-Zmethoxy-1,3,2dioxaphosphorinane (giving I: R, - Rp = Me; R, = Me, 
CH,Ph, CPh,; X = 0) or 4-methyl-2,6,7-trioxa-l-phosphabicyclo(2,2,2)octane (giving 
I; X = 0; R, = Me, R, = CICH,; R8 = CH,Ph), and (c) from the cyclic phosphor- 
ochloridate with an alkylamine or metal alkoxide (giving I: X = 0, R, = & = Me; 
R, = OBu-tert; X = 0, R, = R, =- Et, R5 = OPr-iso, NHBu-1.). 

RZ O\,HX 
R, 0' ‘R, 

I 

MC c 0,; f,o_ Me 

/ 
P-Y.-P 

MC 
\ 

- 0 O- J Me 

Ii 

EXPERIMENTAL 

hfurerials. Gawal uqwimattal duails ara as outlinul in previous papers in this s&a M.px aru 
uncorrcctcd. 

5,5-Di~thiy~2oxcF2-t~~n~~~t~~~-l,3,2-&x+s@win~nt. Reaction m triphenyl- 
mcthylphosphonic dichloride” and 2,2-dimcthylpropane-1,Miol in the pirsawr: of pfidinc in 
boiling tolucm ykdded none of the required phosphonatc. 

S.~Dimcthyl-Zmthoxy-1,3,2dioLaphoJphoriM (3.3 g; prqmrcd bybtioobctwen 
trimethyl phoaphitc and 2&dim&ylpropanc-1,Miol) and triphcnylmctbyl chloride (5-J g) were 
heated together. At 140’. evolution of McCl commenced and, a&s 4 hr at tbc same tnnp, the 
mixture bccamc solid. The heating wan continued for a furtkr &r, and the cookd product wan 
trituratcd with EtOH, and the residue aystallized from the same soknt. ‘lb covd (S-3 g, 67 *A 
had m.p. 211~5-212”. (Found: C, 7355; H, 6.3; P. 8.1s. C&,.0$ requires: C, 73.45; H, 6-4; 
P. 7-9X.) 

2-&N;vl-S,3d~thy~-2~x~1,3.2diox+spharitwne. This (60*~, m.p. 105~5-106” (from 
cyclohaanc), was prepared by essentially the same procedure. The rwctioo mbrturt was lwatal for 
12 hr at 170-180”. (Found: C, 600; H. 7.1; P, 13.15. C,,H,,OQ rap~ircs: C, 6@0; H, 7.15; 
P. 12.9z.j 

2-O~~S,Et~thy~-l,3,2~o~s~~. This compound has prwiously ban recorded’* 
but it has now been otincd in better yield by a mod&d procedure. 

5.5.Dimethyl-2-mcthoxy-1,3,2dioxaphosphorinene (49 g) and NaBr (@S g) wcsc stirred togaha 

ID R. S. Edmundson, Tetruk&on 20.2781 (1964). 
lb R S. Edmundson, Chem. & M. 1220 (l%s). 
IL R. L McConnell and H. W. Coover, 1. 0%. C/urn. U, 630 (1959). 
I* R. S. Edmundsoo, Tetruk&on f&2379 (l%q. 
fv R S. Edmamdson. Chem. & ind. 784 (1963). 
** w. s. wadswrtb and W. D. Emmons, J. Am. Chem. Zioc. 84,610(1%2). 
1e D. V. N. Hardy and H. H. Hxtt. /. Chum. See. 3778 (1952). 
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at 70” for 18 hr. The residue was extracted with boiling A&Et from which tbc compound (1.3 g) 
separated. 

S-C~oromcthyi-~~thyI-2~x~2-rr~nylnuthyI-l,3,2jiioxcrpliospAo~. This, m.p. 19&191° 
(from EtOH; lit. m-p. 20/O) was prepared as described by Vcrkadc cr ui.r* 

2-&~y~~kAJoronu~h~~-S-~~hyi-2-ctxo-l,3,2-&xaphvs~r~. Thb was obtainat by heating 
together benxyl chloride (2.5 g) and dmc(hyl-2,6.7-trioxa-l-phosphabicyclo(~2,2)odane (3.0 g) at 
170” and 12 hr. The resulting crude pduct was chromatographcd on silica and clutcd with bcnmnc- 
ether. 2:3. Theprod&, (O-5 g. 10%) had m.p. 1565-157” (from Ccl,). (Found: C. 52-25; H. 5.9; 
P, 11.35. C,,H&lO,P rquircs: C, 5245; H. 5.9; P, 11.30/,) 

5.S Ditnethy~-2-oxo-2-rrichIoromethyf-1,3.2&x@tosphor&ane. Trichiorornethylphosphouic di- 
chloride (163 g) was added portionwise to 2,2-dimcthylpropanc-1.3-diol(5.3 g) and pyridinc (7.9 g) 
in bcnrcnc (25 ml). The reaction was cxothcrmic. The mixture was allowed to stand for 1 hr, and rhen 
bcatcd over steam for 1 hr. The cooled soln was washed with water, KHCOgq (1oOgpcr 1.X and dried. 
Evaporation of the soin and crystahixation of the residue from knzme yielded the compound 
(7.7 g. 58%) m.p. 168-169”. (Found: C. 26.95; H, 4.0s; P, 11.X C,H,,CI,O,P rcquircs: C. 
26.95; H, 3.8; P, 11+6%.) 

2-r-&tyl-S,~i~rhyl-2~~~,3,2-dioutplroJ~~. A mixture of ~2-dimcthylpropanu1,3- 
dial (5-4 g), pyridinc (7.9g) and t-butylp~ho~ dichloride (8.7 9, in tofuas (2.5 ml) was rcftuxed 
for 13 hr. The soln was worked up as in the previous example. The comporuaf(3~1 g, 30’4 had m.p. 
166165” (from bcnxene-pctrokurn ctha). (Found: C, 52.5; H, 9.1; P. 15.3. C,H,,O,P requires: 
C, 52.4; H. 9.3; P, lSO%.) 

S,5-Dinurhy~-2oxo-2-3t-plunflrrliyl-f ,3,2-dioxqhosphorirw~u. This, m-p. 120-122” (from ether) 
will be described elsewhcrc.” 

2-~c&tyi-S,S-dimcthy/-2~x~f ,3,2-dioxupkosphodnwu. This, m.p. 60” (from pet cuber) will be 
described ds~ture.~ 

S,5-Dimerhyl-2&urhylamino- 1,3,2-dioxaphosphorie. This, (S7O%), b.p. w/6 mm. was 
prepared in the conventional manna from the cychc phosphorochloriditet4 and dimcthyhunine in 
c&r. (Found: C. 47-6; H, 8.8; P, 17.7. CTHlrNO,P requires: C, 47.5; H, 9-O; P, 17S%.) 

5,5-Dimthyl-24nuthyi amino-2-thkvw- I ,3,2_diox+spisoriMH. This, m.p. 71-73.5” (from 
pet ether, b.p. 40-60) was obtained in tbcorctical yield by addition of S to the above cyclic phosphor- 
amidite. (Found: C, W2; H, 7.SS; P, 15.0. C,H,,NO,PS requires: C, 402; H. 7.7; P, 14+80/) 

2-i-&toxy-S,kfimcfhyi-2~x~~,3,2-dio~hosp~r~. Solid sodium t-butoxidc (from 1.15 g Na) 
was suspcndcd in ether (100 ml). 2Chloro-S,S-dimethyl-2-ox~l,3,2-dio~phospho~ (9.3 g) was 
added in portions during 1 hr. The mixture was r&n& for 6 hr, wasbcd with water and dried. The 
solvent was removed to leave the ester (S.9 g. S3.4. m.p. 78-79” (dcs) (from pet ether). (Found: 
C, 48.6; H. 8.6; P. 147. C,H,,O,P requires: C. 48.65; H, 8.6; P, 13.95%) 

2_CAforo_S,S_dict~x~~ ,3,2~ox~s~ri~. A mixture of 2,2~~~yfpro~~,~~I 
(26,4 g), pyridine (31.6 gI and PCX& (31 g) in bcnxenc (Klo ml) was heated at 60” for 1 hr. and worked 
up in the usual way to give the cyclic phosphorochloridatc b.p. 161-167”/4mm,(lit.~~m.p.42~5-44~S”). 
which slowly solidihcd. (Found: P, 14.1s. Cak. for C,H,,ClO,P: P, 1450/,) 

S*S-Dirthy~-2-iroptopoxy-2-oxo-f,3,2_d~x~~~~rfruvu. A mixture of the above cyclic pbos- 
phorochloridate (4.6 gt and sofid sodium isopropoxidc (from C-S g Na) in bcnmnc (20 ml) was rctIuxcd 
for 3 hr and worked up in the usual way. The csrer, (I*6g, 32’4 has b.p. 136138”/@4 mm, I$’ 
14460. (Found: C. 5@9; H. 8.9s; P, 13.1. C,,H,tO,P requires: C, 5085; H, 8.7; P, 129”/) 

2-r-&r~ykuni~S.5~e!l?y1-2-oxo-l,3,2~oxqt&os@u~ri~ne. Pmpared from the cyclic pbos- 
phorochloridate (2.1 g), and t-butylamine (IS g) in boiling bcnznc (10 ml). The u&r& (24 g, 95*b 
had m.p. 126-I 26.5” (from bcnxcnepct ether). (Found: P, 12.6. CIrHuNO,P requires: P, 
12.4s %.) 

S)ertroscopy. AU lH spectra were recorded at 60 MC/S and with r.f. lcvd about 02 mG on a 
Varian A-60 spectrometer. at room temp. untus otherwise spcc&d. Chemical shifts were measured 
with rcspcct to internal TMS. Most rtxuurancn ts were made with cu. IO % solm in Ccl, or CD&, 
but other solvents arc indicated where used. 

*‘P spectra were recordal for Chf solm at 23.3 MC/J in an r.f. fidd corresponding to 1 mV on a 
Perkin-Elmer R 10 spcctromcra with P.0, as reference. 

w R. S. Edmundson and E. W. MitcbeJl. to be published. 
” U.S. Pat. 2.892.862 (Union Carbide and Carbon Corp.). 
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TADLE 4. Ciiaaca ssiwn (nc ppm) AND aNPuN CoNsfAM (tN c/s) FoR MtscELUNBous s,s- 
DlMETHYL L)KXAPitOSPHoillKAKES 

Substitucnts S-mahyl protons 
Ref. x R, narrow broad 4.6 protons 

P-R* 
R,shift coupling Solvmt 

4.1 0 H 0% 1.28 VA.6 6-88 675 CDCI, 
4.2 S H 094 1.27 3.6-e3 768 600 CCI, 

091 l-28 3.54.3 7.77 601 CDCI, 
4.3 0 Cl 093 1.32 3&a-4 _ _ CDCl, 
4.4 s Cl @91 1.32 3.5-4.4 __ -- 

4.5 S SH 1-1s. (sin+) 4-M. (doubkt) Jmn, 3.25. - CDs 
15.5 

46 S SDt 1.13 4.08 (doubkt) Jma, 
15.5 2.85 - CDCI, 

l sii vRllK!a u -55”. 
ttlmining2s%H. 

TABLE 5. CHEMKXL stiwrs (IN ppm) AND coupus(r CowTAMs (IN c/s) fou prno~HospH.~~~3 

Ref. x Y z 

S-1 0 0 0 
5.27 s s s 
5.3. 0 0 s 
s-4 s s 0 

5*st s 0 s 
SOS 

54Mthyl protons 
narrow broad 

0.93 1.35 
0.89 1.2 f 0.1 
091 1.32 
O-92 1.34 

(2.0 c/s) (2.5 c/s) 
093 1.32 
0.85 1.19 

4.6 protons Solvent 

367-4.70 CDCl, 
toowcak C~JSO 
3-60-4.75 CDCI, 
3.648 CDCI, 

3.747 (weak) CDCI, 
too weak (CUSO 

l “P two- is quartet (28 c/s splitting) at 68-S and 1363 ppm upfield from P.0, (CM solo). 
t SoIns very dilute because of poorsolubiity. 

P-CH, 



RESULTS 

Generalfirm af mdear resotwmx spectra. Strictly, all the NMR spectra arc of 
very complex spin systems. For example, the system for spectrum l-10 (Table 1) 
might formally be described as AA’BB’qt&X, where A, B are 4,6 hydrogens, K 
and Q at% Me bydrogens, and X is the phosphor; in many of‘the ~rn~~~ 
the phosphorus is ftkrthcr coupled to protons in the R, group. However, in view of the 
small ~~it~des found fur the couplings Jdba and JBRer across the ring, and from the 
It&-protons to the S-Me protons, in imprison with ~up~ngs JAa, J,= and Jax, WC 
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frequently approximate these systems to ABX or AMXss Thus the lH spectrum of 
the typical 5,5dimethyl-1,3,2dioxaphosphorinane (Fig. 1) consists of: (i) very slightly 
broadened axial and equatorial 5-methyl peaks near l-2 and l-0 ppm respectively; (ii) 
an approximation to the AB part of an ABX system from the 4.6 protons in the 
range 3.4-48 ppm; and (iii) additional -CH, -NH, methyl, etc., peaks, according 
to the nature of the R, group, usually with further coupling to the phosphorus. 

The NMR spectral data are summa&d in Tables l-5. The following remarks 
amplify these for certain groups of compounds; more general points are covered in 
the Discussion. 

Cyclicphosphates (Table 2). In the 4,6-proton region, spectra 2.3 (Fig. 2), 2.4 and 
2.5 have what are taken to be deceptively simple forms, with an intense narrow peak 
at 4.05 ppm and an apparent quartet centred on 38 ppm; they were not suitable for 
ABX analyses. 

In spectrum 2.3, methine-methyl coupling within R, gives a 6.5 c/s doublet for the 
Me protons; the corresponding 6.5 c]s septet for the methine proton is complicated 
by phosphorus coupling to give a sequence of observed relative intensities: l-3:4*6: 
8*9:8*3: 5*3:2.6: 1.0. In accounting for the methine resonance, r1P coupling to the 
4,6_protons may be neglected so that the spin system may be regarded as &BX. As an 
approximation, the B part of this has been calculated by superposing two B parts of 
A,,B systems, tj in each of which there are 16 non-zero lines and the ratio Jdn/vdn = 
0.25. Comparison of calculated spectra for J(P-O-CH) equal to JAR and to 2 JAI, 
indicated that the 31P-O-CH coupling was near 6.5 c/s rather than 13 c/s. An 
analogous situation holds for spectrum 2.4 except that the first order septets are out of 
register. In 2.1, on the other hand, the positions of the three sharp peaks of approxi- 
mately equal intensity in the 3.74.1 ppm region show that P-O-CH, coupling 
must be 11 c/s. In this spectrum, the pair of lines of the alP-split R,-Me is superposed 
on a fortuitously simple 4,6_proton region of the kind shown by spectrum 2.3. The 
many lines to be expected in the 31P resonance of 2.1 are not resolved; a 50 c/s wide 
band is observed 119.3 ppm upfield from P.0,. 

Miscelluneous dioxaphosphorinunes (Table 4). While the fortuitous simplicity of 
the 4,6_proton region in the spectra of the cyclic phosphates (Fig. 2) is not maintained, 
there is again one very intense component of the AB part of the ABX system at 4.2 

PPm* 
Large direct P-H splittings were measured for spectra 4.1 and 4.2. Despite the 

simplicity of the R3 groups, it is noticeable that, except for 4.5 and 4.6, all of these 
spectra show the distinct axial and equatorial S-Me peaks to be expected from rigid 
conformations. Apart from some broadening of the lines, the general form of the 
spectrum 4.5 did not change when the temperature was reduced to -55”. There is a 
surprisingly large solvent effect on the appearance of the 4.6proton resonances of 
compound 4.2. In Ccl,, a quartet of broad lines centred at 4.05 ppm is replaced by a 
very sharp, intense band at 4.2 ppm plus a multiplet at 3.S4.1 ppm when CDCl, is the 
solvent. 

Eicycfic pyrophosphares (Table 5). In lH resonance, all the compounds show 
axial/equatorial pairs of 5 and 5’ Me protons at the expected positions of about @92 

I* An analogous approximation m ABX in GUI aromatic ring proved satisfactory in psuktitutsd 
triarylphosphincL” 

“J. Ran& AM. akr Physf& 10,1(1%2). 
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(narrow) and 1.33 ppm (broad) in CDCl, solutions; those measured in deuterated 
DMSO, because of low solubility, are shitted upfield slightly. Methyl line-widths 
of the symmetrical molecules are only slightly broader that in the corresponding 
monocyclic compounds. The very slight extra broadening from 15 and 2-O c/s to 
2.0 and 2.3 c/s in the symmetrical bicyclic pyrophosphates shows that the chemical 
shifts of the 5 and 5’ methyls must be only slightly influenced by the atoms X, Y, and 
Z. Similarly, the methylene protons seem little affected by the composition of the 
bridge region; for spectrum 5.4, eight lines of the AR part (JAR = 11 c/s) of the 
mcthylene system are well resolved. Each is broadened to about 4 c/s and shows signs 
of structure, possibly because of coupling to at least one of the 5.5’ Me groups. 

In compound 5.3, one might expect 31P resonance to give an AB system, from the 
chemically different phosphorus nuclei, split by coupling to the formally different 
sets of axial/equatorial 4,6,4’,6’ protons. In fact, rough quartets of 28 c/s splitting are 
resolved at 68.5 and 136.5 ppm upfield from P,O,. These shifts are quite close to the 
values of 49.5 and 119.3 ppm measured in the relevant monocyclic 1,3,2dioxa- 
phosphorinanes 2.7 and 2.1, respectively, and helped to confirm the asymmetrical 
arrangement in the monothiopyrophosphate, (11:X = S; Y - Z = O).” In the iso- 
hypophosphate ion, phosphorus-phosphorus splitting amounts to 17 c/s.~ 

DISCUSSION 

Examination of the 5-methylprotons. In most of the spectra in all the Tables, the 
5,5dimcthyl resonances consist of one relatively narrow (l&l*1 c/s) peak at about 
090+95 ppm and a slightly broader peak (1.2 c/s) at about 0.3 ppm higher field. 
For spectra of compounds with a direct P-C linkage (Table 1) however, this sequence 
is sometimes reversed (spectra 1.3, 1.5, 1.8) or indeterminate (spectrum l-9). High- 
field singlet resonances are obtained in spectra 1.4, 1.6 and relatively low-field singlet 
spectra in 4*5,4*6. In the cyclic phosphates (Table 2), there is no significant change in 
the 5-Me shifts along the R, sequence, -Me, -CH,Me, -CHMe,, -CM%, but 
in the cyclic phosphonates (Table 1) the axial/equatorial shift is appreciably smaller 
with R, = Me than with R, == CM%. 

In the 5,5dimethyl phosphonates (Table I), the width of the ~-MC resonance in the 
5-methyl-5-chloromethyl compound is l-1 c/s (spectrum 1.4) compared with widths 
of l-3 and 1.5 c/s in the 5,5dimethyl compound (spectrum 1.3) for & - CPh,; with 
R, = CH,Ph, the corresponding values arc 1.0 c/s (spectrum 1.6) and 1.1 and 1.4 
c/s (spectrum l-5). 

In all cases, the axial and equatorial peaks have a significantly lower height and 
measurably greater breadth than otherwise comparable three-proton peaks split only 
by phosphorus. For example, in spectrum 3.5, the 5,5dimethyl peaks are broadened 
to 1.3 and 1.8 c/s, compared with 1.1 c/s for the N-Me peaks, and in spectrum 1.1, the 
dimethyl peaks are 1.2 and l-0 c/s wide compared with 0.6 c/s for the P-Me peaks. 

Evidently, there is unresolved long-range coupling of-the 5-Me protons to each 
other and/or the 4.6protons. In substituted I-methylcyclohexanols made rigid by a 
bulky Csubstituent, it has been found= that enhanced long range coupling to the axial 
y An analogous situation has ban shown to exist in tb a~ of tetnuthyl monothiopyrophosphata. 

R. A. Y. Jo- A. R. Kntritzky and J. Micbalski, Pwc. Chem. Z&c. 321 (1959). 
*’ C. F. Collis, J. R. van WHAT. J. N. Shoolay and W. A. Anderson, 1. Am. Chum Sot. 79, 2719 

(1957). 
“C. W. Shoppee. F. P. Johnsoo, R. E Lack and S. Stembdl, C&m. Comm. 347 (l%S). 
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2,dprotons caused the axial Me peak to broaden to l+-1.3 c/s as compared with 
am.7 c/s for the corresponding quatorial Me signal. For the cyclic organophos- 
phorus compounds of the present series without a bulky R, group, the six-membered 
rings are also presumed to be only slightly distorted, and it seems plausible to assign 
the broader Me resonance as axiaI; thus C/f, (ax.) would resonate at lower field than 

CK (eq*). 
Examinafion of the 4,6-methylene protons. Despite the formal complexity of the 

systems, solutions were obtained for many of the spectra as AB parts of ABX 
systems and the parameters are listed in Tables 1 and 3. In a number of cases, the A 
and B protons resonate at sufficiency different shifts (non-overlapping lines) for the 
AMX approximation to be appropriate; the corresponding parameters are listed in 
parentheses in the Tables. 

An ABX analysis may be subject to ambiguities. Thus, in general, it is impossible 
to determine the sign of JAnr and the relative signs of J,, and JRX can be found only 
when JdR/dAhB is not too small. An additional ambiguity arose in some cases because 
the assignment of AB sub-spectra could not be checked from the X part of the 
spectrum. Even where the alp spectrum was available (see footnote to Table 2). 
additional RS couplings broadened the line to 50 c/s so as to mask the individual X 
components. Often, better intensity agreement was obtained with one of the two sets 
of parameters, Y dr Ye, IJ& iJuxl, so that the other set could be rejected. 

As Tables 1 and 2 show, axial-equatorial couplings are 1 l-1 l-5 c/s, whereas phos- 
phorus couplings to the 4,6-protons range widely from 5 (or even less) to 22 c/s, In 
cases where the axial S-Me resonance can be assigned, as suggested in the preceding 
section, the planarity of the axial Me/axial methylene zig-zag enables the coupling 
constants Jdxr Jnx to be correctly associated with s1P coupling to axial or quatorial 
4,frprotons. In this way the chemical shifts d, and b, can themselves be assigned to 
axial or equatorial protons. For example, in spectrum 3.5 (Fig. 3) the A and B linesof 
the ABX spectrum do not overlap. Cross-ring coupling causes each B line to appear 
as a triplet whereas each A line is merely broadened, presumably because further 
coupling to the 5-methyls is stronger for the A protons. Accordingly, d, can be 
ascribed to axial and b, to equatorial methylene protons in this compound. 

Among other spectra, for which ABX and/or AMX calculations were made, less 
marked, but analogous, differences are evident between the A and B lines in spectra 
1.1, 1.5 and 3.1, so that again 6, can be assigned to axial or dB to quatorial4,6- 
protons. In spectra 1.3, 1.4, 1.7, 1.9 and 3.2, on the other hand, the broadenings of 
the two groups of lines are about the same. 

Phosphorus coupiing constants. The spectra discussed in this paper provide further 
evidence that phospho~~hydrogcn spin-spin coupling constants in organophos- 
phorus compounds parallel those observed for hydrogen-hydrogen couplings, and 
that the magnitudes of J$lP, *H) are usually greater than those of the corresponding 
JPH, IH).m-s We find values ranging from 675 c/s for J(P-,-H) in spectrum 4.1, to 
0.8 c/s for J(P-N-C--C-H) in spectrum 3.1. 

In contrast with the observations of Hendrickson et al.,*’ J(P-C-H) (17.9, 22.1, 

n 1. B. Hcndricksm. M. J_. Maddox, J. J. Sims md H. D. K&m, Tefmh&m XI, 449 (1954). 
tl C. E. Griffin, Temhedrm Z&2399 (PX4). 
n C. E. Gfi and M. Gordon, J. Oganome~all. Chem. 3,4i4 (1965). 

C. E. Griffin, R. B. Davkon and N. Gordon, Tctrah&on 22,561 (I%Q. 
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21.7, 21.5, c/s in spectra 1.1, 1.5, 1.6, l-7 respectively) is, on average, greater than 
J(P-C-C-H) (16.8, 18.6 c/s in spectra 1.2, and 1.8). While Boros ef al.’ report 
J(P-O-C-C-H) values of about 6 c/s in the rigid boat rings of 2,6,7-trioxa-l- 
phosphabicyclo(2,2,2)octane and related compounds, we find quite small (< 1 c/s) 
values for J(P-O-C--C-H) (spectra 2.2 and 2.5) and for J(P-N--C-C-H) 
(spectra 3.1 and 3.2) more in line with the near zero J(P-C-C-C-H) couplings 
reported by Hendrickson in aliphatic chains. Within the R, groups, values of 
J(P-Y-C-H) show some similarities; for Y = C: J = 16.3 and 18.6 c/s (spectra 
I.2 and 1.8); Y = 0: J = 12.5, 11.5 and 13.9 c/s (spectra 2.1, 2.4, 2.7); Y = N: 
J .= 12.0 c/s (spectrum 3.5). 

In the spectra 1.1, 1.5 and 3.1 of 5,5dimethyl compounds for which 4,6 protons 
have been assigned, Tables 1 and 3 show that the coupling constants J(PO-O-CH), 
are in the range 7.8-10 c/s and J(P0-U-C H),, are in the range 13.8-16.3 c/s. For 
the phosphoramidothionate in spectrum 3.5, J(PS-O-CH), is 6.2 c/s and 
J(PS-O-CH),, is as high as 22.4 c/s. The magnitude of the axial/equatorial differ- 
ence in all these compounds is appropriate to a chair rather than a boat conformation. 
Some support to our assignment of the 4,6 protons is provided by the values of 
J(PO-O-CH),, = 20 c/s and J(PS-O-CH),, = 19 c/s observed in comparable 
sterically rigid systems.” 

Coupling constants J(P-O-CH) to the (presumably) freely rotating R, group, 
are quite close to the values within the ring, J(P-O-CH),, and J(P-O-CH),,: 
J = 1 l-0 and 13.9 c/s in spectra 2.1 and 2.7. The apparent J(P-O-CHM~) in 
spectrum 2.3 (6.5 c/s) is surprisingly low. 
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