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Carbon-13 nmr spectroscopy has shown 1tself to be a most powerful tool in the investi-
gation of conformations of cyclic systewms, e g. l,i—dloxanesl and cyclohexanes ® Recently3
13¢ nmr has been combined with 3P nmr and pmr results in the determination of the conform-
ations of the trivalent six-membered ring heterocycles most closely related to 1,3-dioxanes,

1
the 1,3,2-d1oxaphosphorinanes (1) By contrast to what 1s known about the 1,3-dioxanes, the
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STE-butyl-E-Z-l,B,2-d10xaphosphor1nanes (i) were found to be more stable in the cis form with
the substituent Z axial (2 = Cl, CHgO, CHs, 1-Pr, and Ph)

Because of the unusual effects of the phosphorus heteroatom on ii we desired to determine
the consequences of having trivalent phosphorus i1n a five-membered ring, the 1,3,2-dioxaphos-
pholane system (EQ The conformational stabilities and relative energies of cis and trans
1somers of the E-Z—h—methyl-l,B-dioxolanes4 (2) have been well studied For 3 the cis 1somer
18 the more stable form, and no single conformer i1s greatly favored energetically for eirther
the cis or trans 1somer By contrast for the series of §> the trans 1somer i1s the more stable
form with the ratio trans/cis about 2 > A full account of the rather difficult 'H nmr studies
of these AMKX3Y systems by which we have determined the conformations and cis or trans geometrie
of various E w1ll be published elsewhere.5 What we wish to emphasize here i1s the ease of

assignment of cis and trans geometries to the isomers of 2 on the basis of 13C and 3P nmr

spectra alone Furthermore, some unusual effects of geometry on both 13¢ and P chemical
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shifts resulting from the § relation of Z and Me will be noted

In Table I are recorded the 3C and 3P chemical shifts of 1,3,2-dioxephospholenes
32:21 Several trends are noteworthy. In all cases for 4-Me and Z cis 65P is downfield of
what 1t 1s in the trans isomer. This trend 1s reversed from that found in the cis and trans
S-E—butyl-E-Z-l,B,2-d10xaphosphor1nanes3 (i)- In that ring system 1t can be pro-
posed that the upfield 831P shift noted for Z axial 1s a consequence of a type of Y-effect.2 ©
Thus, 1n carbon systems the 13C shift of the carbon (Cs and Cs 1in 4) o to those whose hydrogens

are 1nvolved in steric interactions (C; and C,) are upfield shifted. The types of substitution
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effects on chemical shaft in 23C, 15§, and 3'P systems are generally similar. In cis-2,

8
however, any steric interactions are of the § type (5&) which have the opposite chemical shift
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consequences to those found for the y-effect E.g., §23C for C-3 1n T, 18 downfield of that

=3

9
for C-1. The system 2 then provides a clear demonstration of the §-effect on the chemical

shift of an o phosphorus atom which 1s part of a ring. These results also show the danger

of extrapolating correlations of §3'P and c1s/trans geometry from one ring system to another.

As prédicted by the s-effect, §'3C for C-U of cis-2a-f 18 found downfield by 0.5-2.6
ppm of that for 35225722:3; an effect seen in 1. This phenomenon i1s also operative for
C-2« 1n 24 (Z=PhCHz) 1n that §3C for C-2¢ of the cis-isomer is found 1.45 ppm downfield
from that for the trans-isomer

The chemical shifts of C'~k of g&rgs'are most 1nteresting. The §-effect predicts that
8130 for C-4! for the cis isomer should be downfield from thet of the trans isomer This 1s
exactly opposite to what 1s noted i1n Table I except for 25. However, 1t has been shown
that the §'3C values for axial 5-methyl groups 1n trans-2-methoxy-5-methyl-1,3,2-dioxaphosphor-
inaneaeand 335-5-methyl—e_R-dloxaneslc are at lower field than are those for their equatorial
counterparts, Furthermore, pmr analysis shows5 that the trans g&;gs’exlst 1n more than one

conformation as expressed by the equilibrium 68 === ¢b (pseudoxial methyl in €b) whereas the
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Table I. 13C and 31P Spectral Parameters for ’%a
5—0
>P-z
2
b K+ o
R Z 631p c-4 C-h! c-5 C-2¢ C-28
c1s-Me CHz0 -139 62 T 233 18 99 T70.01 kg 17
{9.8) (< 3) (7 6) (9 1)
trans-Me CHa0 -135.25 72.84 19.97 70 82 49 17
(9 4) (k.2) (8 3) (9 1)
H CH0 -132 56 64, bl 6h. Lk Lg.08
(8 9) (8 9) (9 0)
ci1s-Me Ph -169.00 75 08 18 45 70 19
(9.5) (<3) (8 6)
trans-Me Ph -165.19 72.52 19.36 70 52
(8 9) (3.7) (7.9)
H Ph -161 42 64.15 64.15
(9 5) (9.5)
cis-Me MeoN -147.34 72.78 17 69 80 34,98
(7 5) (3 0) (7.5) (19 8)
trans-Me MeoN -142.51 T1.78 20.1h 70 Th 34.98
(8 1) (1) (9 5) (19 8)
H MesN -1%0 55 64.37 64,37 34,84
(8.8) (8.8) (19.7)
c1s8-Me PhCHo -190.36 Thohh 18 79 69.89 46,10
(91 (< 3) (8.4) (49 2)
trans-Me PhCH» -185.L44 T2.45 19.77 TO 61 LY 65
(9.8) (3.7 (8.0) (47.6)
cis-Me t-Bu -207 37 74,07 17.03 70.95 57.06 23.99
(6.4) (3.4) (6.6) (43.7) (19 9)
trans-Me 1-Bu -201 48 73.58 20.09 71.96 37.79 23,35
(8.8) (4 5) (7 6) (44.9) (18.6)
cis-Me £-BuO -140.22 73.82 20.6k4 68.98 75. Lk 31.27
(9.0) {<3) (7.6) (7.5) {9.1)
trans-Me t-Buo -137.84 71.21 19.64 69.58 75 U4k 31 27
(7.8) (k.5) (7.6) (7 5) (9.1)

®Measured in benzene at 30°. 13C nmr spectra were obtained using a Varian XL-100-15 spectrometer
equipped with a Varian 620-F computer and operating in the Fourier transform mode.
spectr% were obtained using a Varian XL-100-15 spectrometer operating in the continuous wave

mode.

In ppm downfield from external 85 % HgPO4.
a [9op| 1n Ha.

¢ In ppm downfield from internal TMS.

1P nmr
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cis EE?EE populate essentially only ZE. If the downfield shift effect of an axial methyl 1s the
dominant one, the apparent anomaly regarding the C-4' shifts of Table I 1s readily explained
On careful examination of Table I, one notes that §+3C for C-L' for the trans 1somers

1s not affected much by changing substituent Z (C-4' = 19 36-20.1L ppm), whereas the chemical
shifts for C-L' of the cis-isomers range from 17.03 to 20 64 ppm. This is reasonable, since
1n the cis 1somers the h-methyl group and the substituent Z are on the same side of the ring.
One would expect the variation of the interaction between the cis h-methyl group and the
substituent Z would lead to a relatively large change in 8'3C for C-b'., Another noteworthy
feature for the h-methyl group 1s that the coupling Jop for the h-methyl of the trans 1somer

1s always larger than that of the cis i1somer  This probably demonstrates the dihedral

angular dependence of 3J, and appears to be useful in the assignment of geometries to cis

cp
and trens isomers of 2-Z-lh-methyl-1,3,2-d10xaphospholanes
Acknowledgment., This work was supported by Grant CA11045 from the National Cancer

Institute of the Public Health Servaice,

References
1 (a) A, J Jones, E L Eliel, D M Grant, M C. Knoeber, and W F Bailey, J Amer Chemn.
Soc , 93, k772 (1971), (b) F G Riddell, J Chem. Soc. B, 331 (1970), (e) G M Kellie
and F ~G Riddell, 1bid., 1030 (1971)

2 D K Dalling and D M Grant, J Amer Chem. Soc., 94, 5318 (1972).

3 (a) W G Bentrude, H -W Tan, and K C Yee, J Amer Chem. Soc , in press, (b} W G
Bentrude and H -W Tan,~1ibid , 95, 4666 (1973), (c) W G Bentrude, K C Yee, R D
Bertrand, and D M Grant, ibid , 93,797 (1971), (d) W G Bentrude and K C Yee,
Tetrahedron Lett., 3999 (19705, (7 M Haemers, R Ottinger, D Zimmermann, and J
Reisse, Tetrahedron, 29, 3539 (1973).

b (a) W E Willy, G Binsch, and E L BEliel, J Amer Chem Soc , 92, 5394 (1970),
(b) F Borremans, M Anteunis, and F fnteunis-DeKetelaere, Org Magn Res , 5,299 (1973).
5. W G Bentrude and H -W Tan, manuscript in preparation.

6. J D Roberts, ¥ J Weigert, J 1 Kroschwitz, and H J Reich, J Amer Chem Soc ,
92, 1338 (1970), G W Buchanan, D A Ross, and J B. Stothers, 1bid , 88, 4301 (1966)

T Compare ref 2 and 6 with R L Lichter and J D Roberts, J Amer Chem Soc , 25} 24g5
(1972), L. D Quin and J J Breen, Org Magn Res , 5, 17 (1975)

o

S H Grover, J P Guthrie, J B Stothers, and C T Tan, J Magn Res , 10, 227 (1973)

O

G W Buchanan, J B Stothers, and G Wood, Can J Chem , 23?57u6 (1973)



