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cT+ 
Fig. 1. Hammett plots of rates of rearrangement of 

substituted allyl aryl ethers: 0, allyl p-X-phenyl ethers 
plotted apainst up+; +, X-cinnamyl p-tolyl ethers plotted 
against o+; and 0, rearrangement of allyl m-X-phenyl 
ethers to 2-allyl-BX-phenols plotted against up + 

This picture of the activated complex also ex- 
plains the unusual substituent effect in the rear- 
rangement of allyl mX-phenyl ethers (determined 
spectrophotometrically2a). The rates of rearrange- 
ment to the unhindered 2-allyl-5-X-phenols were 
obtained by multiplying the overall rates by the 
fraction of this isomer formed (ascertained by iso- 
tope dilution analysis). These rates were correlated 
using a,+(not a,+) and a p of -0.66 (r = 0.96), 
which is similar to that used for the para isomem. 
This result is explicable if structures such as V 
contribute to the transition state.6 

t 

V Ar 

(5) f t  is reported that inhibition of autoxidation by sub- 
stituted phenols is correlated by u + constants and a negative 
p ( ( 2 4  D. Cook, D, C. Lane, and R. S. Stone, private com- 
hunication) . 

(6) There is ho o pr ibr i  reason for expecting a difference in 
energy between structures III and V. Simple LCAU-MO 
calculations indicate that the change from reactant to this 
transition stste involves nearly equal energy incrementa for 
both mda and pcra substituted isornere‘Bi 

The proposed transition state also accounts for 
the accelerating effects of alkyl and aryl substitution 
at  the CY and ?-positions in the allyl side chain. 
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Gas Chromatographic Separation of Steroidal 
Amines 

Sir: 
Recent studies in this laboratory have established 

that gas chromatographic methods may be used to 
separate naturally occurring compounds of complex 
structure in the ~teroidl-~ and alkaloida fields. 
The sensitivity and resolving power of these 
methods is now well established; however, it is 
not known in these fields if structural correlations 
can be made from retention time interrelationships. 
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In order to investigate this point, a study was 
made of the gas chromatographic behavior of a 
series of steroidal amines derived from tomatidine 
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RETENTION TIME RELATIONSHIPS FOR STEROIDAL AMINES" 

Compoundb C-22 Config.b 

Tomatidine (I) 
5a-Solasodan-3@-01 (11) 
Solasodine (111) 
Dihydrotomatidine A (IV) 
Dihydrotomatidine B (V) 
Dihydrosolasodine A (VI) 
Dihydrosolasodine B (VII) 
Tetrahydrosolawdine A (VIII) 
Tetrahydrosolasodine B (IX) 
C-25L,22-isosolanidan-3-one (X) 
C-25D,22-isosolanidan-3-0ne (XI) 
C-25D,solanidan-3-one (XII) 
Solanidan-3-one (XIII)  
C-25L,22-isosolanidan-3p-o1 ( XIV) 
C-25D,22-isosolanidan-3~-01 ( XV) 
C-25D,solanidan-3p-o1 (XVI) 
Solanidan-38-01 (XVII) 
Cholestanee 

22a 
228 
220. 
228 
22a 
2% na 
22a 
228 
228 
22a 
22a 
228 
2.28 

C-25 Config.c Timed 

25 normal(L) C5a 4.26 
25 iso(D) C5a 4.10 
25 iso(D) Ab 3.95 
25L C5a 7.33 
25L C5a 7.65 
25D Ab 7.20 
25D Ab 7.85 
25D C5a 7.27 
25D C5a 7.95 

3.32 
3.37 

25am R,=O 
258(D) R , = O  
258( D) R,=O 2.33 
25a(L) R,=O 2.41 
25a(L) R , - O H  3.05 
258( D) R,--OH 3.09 

25a( L) R,-OH 2.24 
1.OOd 

258( D) R,--OH 2.13 

a Argon ionization detector, 6 ft. X 4 mm. i.d. column, pressure 20 ps i . ,  temperature 22Z0, 0.75% SE30 phase on Chromo- 
The normal configuration corresponds to an axial 25-methyl; the 

Relative retention time, with cholestane as reference compound. e Time, 3.9 
sorb W, 80-100 mesh. 
is0 configuration to an equatorial 25-methyl. 
min . 

The notation follows Sat0 et al. 
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Fig. 1. Gas chromatographic behavior of steroidal amines. 
Suitable phases are silicones SE-30, SE-52, and SF-96 (Gen- 
eral Electric Co.); this separation was carried out a t  222O, 
18 p.s.i., with 1% SF-96 on Gas-Chrom PI 100-140 mesh, 
in a 6 ft. X 4 mm. i.d. column. The compounds are identi- 
fied in the Table. 

and solasodine. The Table of relative retention 
times shows the values obtained in each instance 
for pairs of compounds which were identical except 
for the configuration of substituents at C-22 and 
C-25 carbon atoms. In compounds IV-IX, those 
having the 22a configuration (Diol A series of 
Sat0 and Latham') had a uniformly lower retention 
time than that observed for the corresponding 
compounds having the 22p configuration (Diol 
B series). 

For solanidane derivatives, the E,F ring rela- 
tionship was found to be of major importance in 
determining the relative retention times. Com- 
pounds of the 220-H series had uniformly much 
lower retention times than compounds of the 22a-H 
series. The configuration of the methyl group at 
C-25 had a smaller effect on the retention time; 

(7) Y .  Sato and H. G. Latham, J .  Am. Chem. SOC., 78,  
3150, 3146 (1956); Y. Sat0 and N. Ikekawa, J .  Org. Chert., 
in press. 

for each pair of compounds the lower retention 
time was found when the 22-H and 25-methyl had 
a cis-relationship. 

The fact that these compounds may be sepa- 
rated readily by gas chromatographic techniques 
at 222" is a further illustration of the value of 
these methods for studying compounds and 
reactions in the steroid and alkaloid fields. In this 
instance the stereochemical assignments were 
made on the basis of relationships established by 
classical chemical procedures (footnote or ref- 
erences), but it is evident that for groups of 
compounds correlations may be made between 
structural features and retention times. 
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Sir: 
Extensive 

Reaction of Benzyne 
Organophosphorus Esters' 

investigations of the reactions of 
benzyne with nucleo&iles have been conducted in 
recent yearsa; a number of these reactions have 
employed heteroatom nucleophiles leading to the 
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Chem. & Ind., 1058 (1960). 
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