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In conjuction with our studies2 of homogeneous asym- 
metric hydrogenations using chiral phosphine/rhodium I 
catalysts, we prepared and characterized four diastereo- 
meric organophosphines, (R)p- and (S)p-menthylmethyl- 
phenylphosphines 1 and 2 and (R)p- and (SIp-neo- 
menthylmethylphenylphosphines 3 and 4, and the four 
corresponding oxides 5-8 (Figure 1). These same com- 
pounds have been made and studied by Valentine et al.3 
Proper interpretation of our asymmetric hydrogenation 
experiments ideally required the use of phosphine ligands 
which were diastereomerically pure. Since the synthetic 
route used to  prepare the phosphines could lead to race- 
mization: an analytical method capable of distinguishing 
and quantifying the phosphorus diastereomers was re- 
quired; Fourier transform (FT) 31P NMR proved to be an 
appropriate convenient m e t h ~ d . ~  

Although it is known that organophosphorus reluxation 
times can vary widely depending upon ~ t r u c t u r e , ~  the 
magnitude of the difference does not seem to be widely 
appreciated; we were made aware of this phenomenon 
when we were attempting to quantify spectral data of 
samples containing known amounts of a phosphine and 
the corresponding oxide. A series of NMR spectra, in 
which the pulse width was varied, were taken of the same 
sample. The spectra did not accurately reflect the known 
relative amounts of phosphine and phosphine oxide 
present. We then determined that the two compounds had 
widely different 31P relaxation times and that improper 
data collection conditions were responsible for saturating 
the signals so that the signal intensities did not accurately 
measure the relative amount of each nucleus present. 
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Figure 1. Structures for diastereomeric phosphines 1-4. The 
phosphine oxides (oxygen atom bonded to the electron pair) 
corresponding to 1-4 are respectively (R)p-MMPP oxide (5), 
(S)P-MMPP oxide (6), (R)p-NMPP oxide (7), and (S)p-NMPP 
oxide (8). 

Table I. Structures," Relaxation Times,b and Chemical 
Shiftsc of Diastereomeric Menthyl- and 

Neomenthylphosphines and -Phosphine Oxides in C6D, 

(!?' 

I 
Ph-P- Menthyl (or Neomenthyl) 

tie 

compd 
1 
2 
3 
4 
5 

6 

7 

8 

substituent 
menthyl 
menthyl 
neomenthyl 
neomenthyl 
menthyl 

menthyl 

neomenthyl 

neomenthyl 

config at 
phosphorusa 

(R)-phosphine 
(S)-phosphine 
(R)-phosphine 
(S)-phosphine 
(S)-phosphine 

(R)-phosphine 

(S)-phosphine 

(R)-phosphine 

oxide 

oxide 

oxide 

oxide 

T, &em 
times,b s shifts, 6 

15.4 34.7 
14.6 31.9 
16.0 38.9 
17.0 36.4 

2.5 -37.6 

5.2d -35.9 
7.1e -35.9 
9.9 -36.2 

11.0 -38.8 

a Structures determined by X-ray crystall~graphy.~*~ 
Because of the R,S sequence rules, (R)-phosphine is con- 
figurationally related to (S)-phosphine oxide when 
oxygen takes the place of the electron pair. See ref 2a 
for standard inversion-recovery data curves. Chemical 
shifts are in parts per million from H,PO,: positive, 
upfield; negative, downfield. 
15 mg/0.4 mL. e Concentration in C6D, 45 mg/0.4 mL. 

Concentration in C6D6 

Relatively few papers have appeared in the literature 
which report 31P relaxation times (T,) for organo- 
phosphorus compounds. Stanislawski and Van Wazel.6 and 
Pregosin and Kunz" have addressed the problems involved 
with obtaining quantitatively accurate NMR spectra 
of organophosphorus compounds, and Ojima' is also aware 
of this potential problem. Yet, papers reporting the use 
of 31P NMR as a chemical probe are appearing with in- 
creasing frequency in the organic literature without sub- 
stantiating evidence for the quantitative accuracy of the 
measurements. W e  hope that our results involving 31P 
relaxation times will make others more cognizant of the 
conditions necessary for obtaining quantitative 31P NMR 
data.  

(6) Stanislawski, D. A.; Van Wazer, J. R. Anal. Chem. 1980, 52, 96. 
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The standard inversion-recovery method was used to 
determine the spin-lattice relaxation timesa (TJ of each 
of the eight compounds (Table I).9 The T1 values were 
determined in benzene-de under the conditions we were 
employing to analyze our samples. These numbers should 
not be considered to be absolute standard reference values 
because the solvent was not rigorously purged of oxygen; 
it is likely that benzene-d, does have an effect on the Tl 
values as shown by an observed definite concentration 
effect. A Tl measurement made on one sample containing 
45 mg of 6 in 0.4 mL of benzene-d, showed a significantly 
longer Tl (7.1 s) than one determined on 15 mg in the same 
amount of solvent (5.2 e).  All subsequent analytical spectra 
were taken on samples containing 15 mg of compound in 
0.4 mL of solvent so that the relative T1 values in Table 
I are significant. 

The observed Tl differenced0 required that the NMR 
instrumental parameters be adjusted to accommodate the 
compound with the longest relaxation time present in the 
sample being analyzed. Typically, a pulse width, corre- 
sponding to a flip angle of ca. 30°, was employed," with 
a delay time appropriate for the compound with the 
longest T1 contained in a sample according to the guide- 
lines given by Stanislawski and Van Wazer, for the col- 
lection of quantitative data for NMR spectra under these 
conditions. It was established by using standard samples 
that a component could be determined within 1% of its 
known composition and could be detected down to 0.5%. 

Experimental Section 
General Methods. The 31P NMR spectra were taken on a 

Varian XL-100 spectrometer supported by a Nicolet TTlOOA 
Pulse and data system and were broad-band 'H decoupled. The 
solvents used (C@, and CDClJ were purchased in 0.5mL ampules 
sealed under N2 (Aldrich) and handled in a glovebag for phosphine 
samples. Samples containing only phosphine oxides were prepared 
in air. 

All samples were dissolved in 0.4 mL of C&,. The phosphine 
oxide samples were freshly prepared with 15 mg of compound, 
except for one sample which contained 45 mg. The experiments 
on the phosphines were run on mixed sealed-tube samples con- 
taining approximately 40 mg of each phosphine. 

Relaxation Time (T,) Studies. The experiments were run 
automatically by a standard inversion-recovery sequence in the 
NTCFT software program supplied by Nicolet for its computers. 
After the 90' and 180' pulses were determined, values for the 
variable T were supplied to the computer. The inversion-recovery 
sequence was run, and resulting spectra were examined. If 
necessary, the T values were adjusted, and the experiment was 
repeated. The Tl value was calculated on the basis that no signal 
appears when T = In 2T1. 
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are interesting from a stereochemical viewpoint. Within the group of 
phosphines and the phosphine oxides, the neomenthyl isomers show 
longer T,'s than do the menthyl derivatives. The difference is much 
greater in the neomenthyl series (Table I). On the basis of X-ray crystal 
structures for the four compounds,211 the neomenthyl oxides are more 
sterically hindered than the menthyl oxides. More extensive TI and NOE 
experiments with degassed samples would be required to determine the 
source of the differences. However, based on the quantitatively prepared 
but not degassed reference samples, the relative NOE effects were the 
same within the analytical accuracy of the measurements. 
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1974, 13, 196. 
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Some time ago, we studied the reaction of secondary' 
and tertiary2 alcohols with N-iodosuccinimide (NIS). At 
this time, we report the oxidation of some primary alcohols 
with NIS. We subjected a series of eight primary alcohols 
to NIS oxidation with irradiation. The identity of the 
products obtained supports the belief3 that alkyl hypo- 
iodites are formed when alcohols and NIS react, followed 
by homolytic decomposition of the intermediate hypo- 
iodites. 

Three of the alcohols, 1-pentanol, 1-butanol, and 3- 
methyl-1-butanol, give, almost exclusively, tetrahydrofuran 
products (Table I). The yields of tetrahydrofurans ob- 
tained by treatment of these primary alcohols with NIS 
are much better than when the same alcohols are oxidized 
with lead tetraacetate* or ~erium(IV)~. Tetrahydrofuran 
formation is one of the pathways of decomposition 
available for alkyl hypoiodites, the other two being car- 
bon-carbon bond cleavage to produce alkyl iodides and 
alkoxy radical disproportionation to form aldehydes. The 
above three primary alcohols give very small percentages 
of the other two product possibilities. 

The formation of a tetrahydrofuran product can be il- 
lustrated by a discussion of the oxidation of l-pentanol(1) 
with NIS (2). When the alcohol 1 is dissolved in benzene 
and mixed with 2, high yields of 2-methyltetrahydrofuran 
(3; 92-94%) could be obtained at  ambient temperatures 
after 3 h with irradiation. Less than 2 %  of 1-iodobutane 
and pentanal were found. The stoichiometry shown in eq 
1 is supported by good yields of iodine and succinimide 

h 

1 
v 

2 

c;"" 0 + (l) 

4 
(4). If the same two c-.emicals in c lorobenzene are al- 
lowed to combine in the dark at  ambient temperatures, 
less than 1% of product is found in 6 h. A fourth primary 
alcohol, 2-methyl-1-propanol, gives 2-iodopropane 
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