
and methyl iodide (5 ml) was stirred at room tempera­
ture (nitrogen) overnight. The excess methyl iodide 
was removed in vacuo and the quaternary salt was 
washed twice by successive addition and pipetting-out 
of dry ether.8 To the original reaction vessel contain­
ing the quaternary salt was added 10 ml of ethylmag-
nesium bromide (25 mmol); the slurry was stirred for 
48 hr at room temperature.9 The resulting homo­
geneous reaction mixture was poured into 30 ml of cold 
water, and the ethereal solution was combined with 
several ether extracts from the aqueous solution and 
concentrated. The crude dialkyltetrahydro-l,3-oxa-
zine (3) was heated at reflux for 1 hr in 40 ml of water 
containing 5 g of oxalic acid, the aqueous solution was 
extracted with ether, and the extracts were washed with 
dilute (5%) sodium bicarbonate, dried (K2CO3), and 
concentrated to give 1.26 g (78%) of the desired ke­
tone. 10 
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Concerning the P-N Rotational Barriers in 
Aminophosphines1 

Sir: 
There is considerable current interest in the stereo­

chemistry of aminophosphines.2 However, there ap­
pears to be some confusion in the literature regarding 
the measurement of P-N rotational barriers by the 
nmr method. The present communication is con­
cerned with two papers3,4 where erroneous conclusions 
have been drawn. 

Greenwood, Robinson, and Straughan3 observed 
that the 25 ° pmr spectrum of methylaminobis(trifluoro-
methyl)phosphine, CH3NH P(CF3)2 (I), consists of 
two doublets with identical coupling constants (10.3 
Hz) but unequal intensities (Figure la). This spectral 

(1) This work was supported by the Air Force Office of Scientific 
Research, Grant No. AF-AFOSR-1050-67, the National Science 
Foundation (Grant GP 9518), and the Robert A. Welch Foundation. 

(2) (a) M. P. Simonnin, J. J. Basselier, and C. Charrier, Bull. Soc. 
CMm. Fr., 3544 (1967); (b) A. H. Cowley, M. J. S. Dewar, and W. R. 
Jackson, J. Amer. Chem. Soc, 90, 4185 (1968); (c) H. Goldwhite and 
D. G. Roswell, Chem. Commun., 713 (1969); (d) W. E. Slinkard and 
D. W. Meek, Inorg. Chem., 8, 1811 (1969). 

(3) N. N. Greenwood, B. H. Robinson, and B. P. Straughan, / . Chem. 
Soc, A, 230 (1968). 

(4) D. Imbery and H. Friebolin, Z. Naturforsch., 23b, 759 (1968). 
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Figure 1. 1H nmr spectra of aminophosphines: (a) 60- MHz spec­
trum of CH3NH P(CF3), (I) at 44°; (b) 60-MHz spectrum of 
CH3ND-P(CFa)2 at 44°; (c) 100-MHz spectrum Of(CHa)2NPCl2 

(II) in CHFCl2 solution at - 5 0 ° ; (d) 100-MHz spectrum of II in 
CHFCl2 solution at - 1 2 0 ° . 

observation was ascribed to the presence of unequal 
amounts of two rotational isomers. It was further 
noted that the pmr spectrum collapsed to a doublet at 
88 °. Together with the signal separation at coalescence 
(ca. 5 Hz) this would imply a P-N rotational barrier of 
ca. 20 kcal/mol in I. Since this is appreciably higher 
than the usual range of 10-15 kcal/mol for this barrier26,4 

and since one would expect the two PNCH couplings 
in I to be different, we have reinvestigated the matter. 
It now appears that the doublet of doublets in the pmr 
spectrum of I at ambient temperature is, in fact, due to 
coupling of the methyl protons to both the phosphorus 
atom and theimino proton (7PNCH = H.5 Hz; /HNCH 
= 4.9 Hz) and not to restricted P-N bond rotation. 
This conclusion is based on the following experimental 
observations: (1) the splitting of the four proton lines 
(in hertz) of I at 44° is the same at 60 MHz and 100 
MHz, indicating that the splittings arise from spin-
coupling effects; (2) the 19F spectrum of I at ambient 
temperature consists of a single doublet (JP CF = 82 Hz), 
thus providing no evidence for the presence of rotational 
isomers; and (3) the pmr spectrum of N-deuterated I, 
CH3ND-P(CFa)2, consists of a doublet at ambient tem­
perature (Figure lb) with 7PNCH = 11.5 Hz. The col­
lapse of the four-line pmr spectrum of I to a doublet 
above 88° is therefore presumably due to exchange of 
the imino proton with concomitant loss of H-N-C-H 
coupling. The unsymmetrical appearance of the doub­
let of doublets, together with the temperature depen­
dence of their relative intensities, can be ascribed to the 
proximity and temperature sensitivity of the broad 
N-H resonance.5 

(5) The N-H resonance occurs at 0.43 ppm upfield from the methyl 
signals. The HNCH coupling constant is therefore of the same order of 
magnitude as the chemical-shift separation and leads to a relative 
enhancement of the high-field components of the doublet of doublets. 
The distortion is less evident in the spectra of I at 100 MHz owing to 
the increase in S/J. The width of the NH signal can be ascribed to 
coupling with the methyl group and phosphorus atom together with 
the quadrupolar effect of the nitrogen nucleus. 
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Below -120° the pmr doublet of N-deuterated I 
does indeed split into a pair of doublets of unequal in­
tensity (see below). Owing to overlapping of the lines, 
it was not possible to measure the P-N rotational bar­
rier exactly, but it is of similar magnitude to the barrier 
in the dimethylamino analog (III), i.e., ca. 8.5 kcal/mol 
(see below). 

Imbery and Friebolin4 noted that the methyl groups 
of symmetrically substituted aminophosphines of the 
type (CHs)2NPR2(R = Cl, C6H6) remain equivalent 
down to —80° and concluded that these compounds 
freeze into the symmetrical conformation, 1. How­
ever, our recent studies of symmetrically substituted 
aminophosphines such as (CHs)2NPCl2 (II) and (CH3)2-

:3>Nr-c CH 3^ JL ^,CH3 

1 

NP(CFs)2 (HI) at temperatures below -100° indicate 
that this is not the case. Thus, the 1H spectrum of II 
(in CHFCl2) which consists of a doublet at ambient 
temperature with7pNCH = 12.5 Hz(Figure Ic) separated 
into a pair of doublets below — 120° with /PNCH = 19.2 
and /PNCH' = 4.9 Hz (Figure Id). Similarly, the spec­
trum of III, in CF2Cl2 solution, exhibited anisochronous6 

methyl resonances below —120° with ./PNCH » 14 and 
^PNCH' ** 4 Hz. The P-N rotational barriers were 
determined to be AF_i13°* = 8.4 and AF_ioi°* = 
9.0 kcal/mol for II and III, respectively.7 The observa­
tion of anisochronous methyl groups in both II and III 
below —120° indicates that both molecules adopt a gau­
che conformation, 2, at low temperature. Note that the 
nitrogen atom in 2 is represented as planar. This would 
conform to the recent X-ray structure determination on 
(CH3)2NPF2 which indicates that the nitrogen atom is 
trigonal and the CNC plane bisects the FPF angle.8 

Even if the nitrogen atoms are not completely planar 
in II or III, rapid nitrogen inversion would render them 
planar on a time-average basis. 

The problem remains of deciding how the two differ­
ent P-N-C-H couplings should be assigned in relation 
to the two methyl environments shown in 2. The pmr 
spectrum of N-deuterated I (i.e., CH3ND-P(CFs)2), 
in CF2Cl2 solution, indicates the presence of two rota­
tional isomers below —120° with /PNCH = 13.9 Hz 
and 7PNCH' « 4 Hz. The ratio of the intensities of the 
doublets was ca. 4 :1 , with the more abundant rotamer 
having the larger coupling constant. Steric considera­
tions suggest that the more abundant isomer would be 
3; hence the larger P-N-C-H coupling in amino­
phosphines may be ascribed to the methyl group cis to 
the phosphorus lone-pair electrons. 

(6) K. Mislow and M. Raban, Topics Stereochem., 1, 23 (1967). 
(7) In II and III the exchange rates near the coalescence tempera­

ture were obtained using a many site nmr program of the type described 
by Saunders [M. Saunders, Tetrahedron Lett., 1699 (1963)]. The A F * 
values were calculated from the Eyring equation in the usual manner. 
In the case of III the barrier was also determined from 81P irradiated 
spectra to b e A F - i o i 0 * = 8.9 kcal/mol, using a two-site program 
based on the equations of Gutowsky and Holm [H. S. Gutowsky and 
C. H. Holm, J. Chem. Phys., 25, 1228 (1956)]. 

(8) E. D. Morris, Jr., and C. E. Nordman, Inorg. Chem., 8, 1673 
(1969). 

Acknowledgment. The authors are grateful to Mr. 
J. R. Schweiger for preparing the sample of (CF3)2PC1 
used in some of the above syntheses. 

(9) Robert A. Welch Postdoctoral Fellow. 

Alan H. Cowley, Michael J. S. Dewar 
W. Roy Jackson, W. Brian Jennings9 

The Department of Chemistry, University of Texas at Austin 
Austin, Texas 78712 

Received November 1, 1969 

Nonreversal of Stereochemistry in the Photochemical 
Counterpart of a Thermal Retrograde Cycloaddition1 

Sir: 

Simple orbital symmetry considerations2 predict that 
the selection rule for an "allowed" thermal cycloaddition 
(an odd number of suprafacial (s) two-electron reaction 
elements) will be reversed for the photochemical coun­
terpart (even number of s elements), and several experi­
ments have confirmed the expected change in stereo­
chemistry.3 We now find a clear violation of this 
pattern in the series of bicyclic azo compounds 4, 5, 
and 6, which undergo photochemical retrograde homo-
Diels-Alder reactions with disrotation of the methyl-
bearing carbons, the same stereochemistry previously 
observed4 in the thermal decompositions. 

<i NH 

NH 
MnO; 

-50° 

trans, trans 
4 (cis-anti) 

hvorA ^= 

trans, as 

S (trans) 

NH MnO2 

-50° 
as, as 

6 (cis-syn) 

Ethereal solutions of these azo compounds,4 pre­
pared by oxidation of the hydrazo precursors 1, 2, and 
3, are stable for days at —70°. They show ultraviolet 
absorption characteristic of the n,7r* transition of cyclic 
azo compounds5 (XmaIt 384, 387, and 390 m/x, respec­
tively (e <~100)).6 At higher temperature the azo ab­
sorption smoothly disappears (U/, ~ 30 min for com­
pound 4 at —10°). The decomposition also can be 
monitored by the nuclear magnetic resonance spectrum, 
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