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Table II. Product Distribution in the Reaction of 1-Cyanonaphtha-
lene with Phenylacetic Acid Derivatives in Acetonitrile 

% chemical yield" 

Carboxylic acid 

p-Methoxy phenyl­
acetic acid (2a) 

m-Methoxyphenyl-
acetic acid (2b) 

Phenoxyacetic acid (2c) 

3 

15 

65 

10 

4 

10 

16 

6.5 

6 

28 

32 

5 

Others 

18 of 5 

14 of 7 
a Chemical yield of isolated material relative to consumed starting 

material. 

solvent cage to give, after hydrogen abstraction from a suit­
able hydrogen source, the various reduction products. If, on 
the other hand, the radical cation does not contain an acidic 
proton (quencher 2f) proton transfer is unfavorable and 
consequently chemical transformations sluggish. In benzene 
the complex formed between photoexcited cyanona-
phthalene 1 and the quencher cannot decay to ion pairs. 
Proton transfer and subsequent chemical transformations 
become thus unfavorable, while complex emission appears 
as significant deactivation mode. 

The structure of the photoproducts obtained from irra­
diation of 1 with 2a-d in acetonitrile and the product distri­
bution as function of the acids used (Table II) are compat­
ible with the suggested reaction pathway. 1-Cyanona-
phthalene reacts at the substituted ring as expected for a 
process in which the naphthalene acts as electron acceptor. 
Deuterium incorporation in the reduction product 3 and ad­
dition product 4d upon irradiation of cyanonaphthalene 1 in 
the presence of p-methoxyphenylacetic acid-rf (2d) estab­
lishes that proton transfer from the acid to the cyanona­
phthalene (1) is involved in the photoreaction. Deuterium 
incorporation in the recovered starting material indicates 
that the reduction product 3 is formed by dsproportiona-
tion of l-cyano-4-hydronaphthyl radical to cyanona­
phthalene 1 and l-cyano-l,4-dihydronaphthalene (3). The 
ratio between reductive alkylation and reduction products 
varies with the nucleophilicity of the benzyl radical in­
volved; the more nucleophilic p-methoxybenzyl radical 
reacts faster with the l-cyano-4-hydronaphthyl radical than 
the less nucleophilic m-methoxybenzyl radical, resulting in 
a more favorable ratio of reductive alkylation vs. reduction 
product. 
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Stereochemistry at the Origin of 1,2-Hydride 
Shifts. Evidence for Micellar Control in Nitrous 
Acid Deamination Reactions 

Sir: 

Wagner-Meerwein rearrangements of many chiral mole­
cules afford optically active compounds rather than the ra-
cemic products expected from the intermediacy of trigonal 
planar carbocations. Obvious mechanisms for the conserva­
tion of chirality are: (i) formation of bridged, chiral cations; 
(ii) asymmetric solvation, including the formation of ion 
pairs. The response of a specific rearrangement to varia­
tions of the reaction medium may serve to distinguish be­
tween these alternatives. Moss1, has shown that the stereo­
chemistry of the nitrous acid deamination of 2-aminooctane 
is profoundly affected by aggregation of the alkylammo-
nium ions in micelles. We report here on related observa­
tions concerning the stereochemistry at the origin of deami-
natively induced 1,2-hydride shifts. 

A series of 4-amino-3-methylalkanes (1) was prepared 
according to Scheme I. These amines were mixtures of 
3S,4S and 35, AR diastereoisomers which could not be sep­
arated. Nitrous acid deamination in aqueous perchloric acid 
(pH 3.5) afforded 55-60% alkenes, 15-20% 3-methyl-4-al-
kanols (by direct displacement), and 20-30% 3-methyl-3-
alkanols (by 1,2-H shift) as the major products. Alcohols 
resulting from alkyl shifts were identified in minor quan­
tities.2 

The absolute configuration of the tertiary alcohols 3 was 
established by correlation with 2-hydroxy-2-methylbutyric 
acid3 (Scheme II). The unsaturated alcohols 4 were pre­
pared optically active by Grignard reactions in the presence 
of 1,2,5,6-diisopropylidene-D-glucofuranose (DIPG).4 Cat­
alytic hydrogenation of 4 afforded 3 whereas ozonolysis 
yielded 5. The alcohol 3d had previously been correlated 
with linalool.5 The configuration of 3a-d is uniformly 

When deaminations of la-c were run in 1 M solution, 
the stereochemistry of 3 was found to depend on the length 

Scheme I 
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of the alkyl chain. 3a was formed with 3.6% retention, 3b 
with 2.0% retention, and 3c with 2.1% inversion. Micellar 
control became evident when la and Id were deaminated at 
various concentrations.6 Retention at C-3 predominates in 
dilute solution. Above the critical micelle concentration 
(cmc), however, the stereochemistry moves toward racemi-
zation and crosses over to ca. 7% inversion. Although the 
cmc's of la (0.35 M) and Id (0.1 M)1 differ substantially, 
the stereochemical results come very close if plotted against 
^m = (c\ - cmc)/ci, the initial extent of micellation, as sug­
gested by Moss1 (Figure 1). The results obtained for the di­
rect displacement at 2-octyldiazonium ions' have been in­
cluded in Figure 1. Obviously, the transformation 1 —«- 3 is 
subject to a micellar effect of similar magnitude, but of op­
posite sign. 

Both the displacement of the diazonium group studied by 
Moss1 and the displacement of migrating hydrogen re­
ported here are controlled by the preferential mode of sol­
vent approach. If we consider an antiperiplanar conforma­
tion of the diazonium ion as a prerequisite of hydride 
shifts,8 inverting solvolysis and retention at the migration 
origin are complementary processes. On the other hand, 
conditions favoring frontside return to the diazonium site 
will also favor inversion at the neighboring carbon (Scheme 

Figure 1. The stereochemical course of the 2-aminooctane —• 2-octanol 
(a),1 la — 3a (b), and Id — 3d (c) transformations, with 1.6 M 
NaNO2, 25°, HClO4 (pH 3.5-4), vs. Fm. 

Figure 2. The stereochemical course of the transformations 6a —• 8a 
(a), 6a — 7a (b), and 6b — 7b (c) vs. Fm. 

III). Incorporation of alkyldiazonium ions in micelles inhib­
its backside approach of the solvent and enforces frontside 
return. We refer to the model of micellar effects which 
Moss has developed in some detail.1 

The deamination of esters of isoleucine (6) enabled us to 
analyze the competing processes of Scheme III with a single 
compound. 1,2-Hydride shift to give methyl 3-hydroxy-3-
methylvalerate (7a) (42%) was the major reaction in the 
deamination of 6a, followed by elimination (40%). Direct 
displacement with formation of 8a occurred to only 2.1% 
whereas 9a (produced by methyl migration) and 10a (the 
result of an ethyl shift) amounted to 1.6 and 6.3%, respec­
tively. The absolute configuration of 7a was established as 
(—)R by chain extension of 2-hydroxy-2-methylbutyric acid 
(5). 

The stereochemical results shown in Figure 2 confirm the 
correlation between direct displacement and hydride shift 
postulated above. The concentration range in which these 
stereochemical changes occur is strongly affected by the 
ester group. The cmc's of 6a (0.40 M) and 6b (0.048 M) 
differ by a factor of ca. 10; nevertheless the stereochemical 
data of the 6a —• 7a and 6b — 7b transformations nearly 
coincide on the Fm scale. As compared to the deamination 
of amines (Figure 1), all isoleucine data (Figure 2) display 
a shift toward retention of configuration. This effect may be 
due to the presence of the neighboring ester group and de­
serves further investigation. 

The micellar control of stereochemistry at the origin of 
1,2-hydride shifts suggests that the conservation of chirality 
at such centers is due to asymmetric solvation.9 Hydrogen-
bridged ions, if involved, do not play a product-determining 
role. These conclusions are limited so far to tertiary —»• sec­
ondary shifts and may not apply to less stable carbocations. 
Research on secondary —• primary shifts is in progress in 
our laboratory. 

Journal of the American Chemical Society / 97:14 / July 9, 1975 



4143 

References and Notes 

(1) R. A. Moss, C. J. Talkowski, D. W. Roger, and C. E. Powell, J. Am. Chem. 
Soc, 95, 5215(1973). 

(2) Product ratios are given in the Ph.D. Theses of H. J. Ratajczak and G. 
Rauleder, Ruhr-Universitat Boohum, 1975. The extent of hydride shift 
(and of other rearrangements) increased with concentration (Fm) at the 
expense of direct displacement. E.g., with 1d the extreme values (per­
cent of alcohol fraction) were 52.4 ->• 36.8% 2d and 38.7 - * 52.5% 3d 
(Fm 0 — 1). 

(3) The configuration of (—)-5 is R: B. W. Christensen and A. Kjaer, Acta 
Chem. Scand., 16, 2466 (1962). 

(4) T. D. Inch, G. J. Lewis, G. L. Sainsbury, and D. J. Sellers, Tetrahedron 
Lett., 3657(1969). 

(5) Y. R. Naves, HeIv. Chim. Acta, 30, 278 (1974). For the configuration of Ii-
nalool, cf. R. H. Cornforth, J. W. Cornforth, and V. Prelog, Justus Liebigs 
Ann. Chem., 634, 197 (1960); G. Ohloff and E. Klein, Tetrahedron, 18, 37 
(1962). 

(6) The deamination of 1d has been studied previously: W. Kirmse and H. 
Arold, Chem. Ber., 104, 1800 (1971). Although the results are in qualita­
tive agreement, the previously reported rotations have not been repro­
duced in the present work and may have been due to small impurities of 
high specific rotation. [a]20D of 3d is only 0.78°. In the present work, op­
tical purities have been estimated both by polarimetry and by NMR in the 
presence of tris(3-(trifluoromethylhydromethylene)-tf-camphorato)europi-
um(lll) = Optishift II. Satisfactory agreement was reached with all sam­
ples, but only after multiple GLPC in the case of 3d. 

(7) The cmc's given refer to deamination conditions;1 without added sodium 
salts the cmc of 1a is 0.72 M, and that of 1d 0.25 M. 

(8) Hydride shifts induced by deamination proceed with predominant inver­
sion at the migration terminus: W. Kirmse, H. Arold, and B. Kornrumpf, 
Chem. Ber., 104, 1783 (1971); W. Kirmse and D. Krause, ibid., in press. 

(9) Counterion effects are also in accord with the model of micellar control. 
The stereochemistry of 7 was independent of concentration (49 ± 1 % 
retention) when chloride was the counterion in the deamination of 6a,b. 

Wolfgang Kirmse,* Cebhard Rauleder, Hans-Josef Ratajczak 
Abteilungfur Chemie der Ruhr-Universitat 

463 Bochum, Germany 
Received March 14, 1975 

Figure 1. Isophosphamide. 
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Molecular Structure of the Carcinostat Isophosphamide 

Sir: 

Among the diverse properties of Cyclophosphamide (1) 
(Cytoxan, Endoxan) are its potent carcinostatic action in 
the treatment of human cancers and its strong immunosup­
pressive properties in tissue transplants.1 

R,N» 

H 

^f 

R,N R,Nv 

RHN * 

H / " 

R = CH2CH2Cl 

Isophosphamide (2) (Ifosfamide) an isomer of 1 also shows 
considerable promise in these respects,2 and similar meta­
bolic pathways have been found.3 

Recent X-ray studies on I4 and two of its metabolites, 3 5 

and 4,6 have shown that the P = O group is axial in each 
case although the ring is substantially buckled away from a 
chair form in 3 owing to the presence of the sp2 carbonyl 
carbon. Numerous experimental results have been summa­
rized which show that in solution some phosphorus substitu-
ents prefer the axial position in 2-oxo-l,3,2-dioxaphosphori-
nanes (5a) while others tend to be equatorial (5b). Al-

5a 5b 

R=H, OMe, halogen R = alkyl, Ph, dialkylamino 

though the R group in trivalent analogs of 5 prefers the 
equatorial position in solution when R = Me2N (6a),7 it has 
come to our attention that the phosphorus substituent dis­
plays a greater tendency to be axial (6b) when it is Me,8 

PhNH, 9 a or 7-BuNH.9b This observation has been ascribed 

,0. 

Me 

Me 

/ N \ 

A^/ 

<£? p ^ 

N 

(Ph)U-Bu)Me H 

6b 

to the small steric requirements of an N H hydrogen under 
the ring coupled with the strong proclivity of the phospho­
rus lone pair to be equatorial.7"10 Because the P = O group 
and the phosphorus lone pair in these ring systems prefer 
the equatorial position in the absence of steric effects of the 
R group,7"10 it was of considerable interest to determine the 
orientation of the CICH2CH2NH group in Isophosphamide 
(2) since stereochemical inversion at phosphorus has been 
shown to be accompanied by distinct changes in chemical 
properties.7 

Crystals of 2 were grown by slowly cooling a saturated 
boiling ether solution. A single crystal was selected for 
X-ray diffraction study and assigned to the orthorhombic 
space group Pt,ca after analysis of the Laue symmetry and 
the observed systematic absences. The unit cell parameters 
a r ea = 13.29(1), b = 21.16 (1), and c = 8.78 (1) A. Inten­
sity data were collected on a four-circle diffractometer 
equipped with a scintillation counter. Positions of all non-
hydrogen atoms were determined by a combination of Pat­
terson analysis and subsequent electron density map calcu­
lation. Figure 1 shows a computer drawing of the molecular 
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