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ing acids and that the contact time must be controlled care- 
fully to  maximize the yield of' ketone. It may be that 4 is 
more labile to the acid medium than 5.  

Unfortunately, experimental verification for both hy- 
potheses is lacking since no mass balance was reported for 
the reaction. 

Experimental Section 
Aldrich 1 M dibo- 

rane in T H F  (13.8 ml) was added to a stirred solution of 6.9 g 
(0.0537 mol) of 1 in 13.8 ml of freshly distilled T H F  under nitro- 
gen. After 20 min, 5.7 ml of 3 N sodium hydroxide was added 
dropwise (caution, frothing) to the stirred solution followed by 4.2 
ml of 50% hydrogen peroxide (slowly, reaction exothermic). The  
reaction mixture was stirred for 2 hr .  

Water (20 ml)  and some sodium chloride were added and the 
mixture was extracted three times with ether (30 ml, 2 X 20 ml) .  
The  combined ether extracts were washed with water (3 X 50 ml) 
and dried over magnesium sulfate. The  ether solution was con- 
centrated to about 30 ml by slow distillation through a small Vi- 
greux column and examined by glpc (Perkin-Elmer Column K,  
15% Carbowax 20M, 170", 40 psi). The  analysis showed, in order 
of increasing retention time, 8% 1, ,579~ 2, 1% of an unidentified 
substance, and 34% 3. 

T h e  chloro alcohol mixture was separated by preparative glpc 
(column: 20 f t  x 0.375 in. 20% SE-30 on Chromosorb P 45/60, 
185", 29 psi): 1-chloro-2-exo-norbornanol (2) ,  m p  84.5-85.5", ir 
(CC1,) hydroxyl 3550 c m - I ,  the nmr (CDC13) consisted of a mul- 
tiplet centered a t  T 6.36 (tu-hydroxy proton) and a multiplet be- 
tween T 7.65 and 9.0, in the  ratio of 1:lO; l-chloro-3-exo-norborna- 
no1 (3) ,  mp 76.5-77.5", ir (CC14) hydroxyl 3590 c m - l ,  the nmr  
(CDC13) consisted of a multiplet a t  T 6.1 (ci-hydroxy proton) and 
a very complex multiplet between r 7.7 and 8.95, in the ratio of 
1:lO. 

Oxidat ion of I-Chloro-3-exo-Norbornanol (3).8 Ruthenium 
tetroxide (2.9 ml of ca 0.137 M solution in Freon 11 (Matheson)] 
was added with a chilled syringe to a stirred solution of 50 mg 
(0.00034 mol) of 3 in 2 ml of Freon 11 and 2 ml of pentane a t  5-  
10". It was necessary to add an equal volume of pentane to bring 
the chloro alcohol into solution; a t  0" the chloro alcohol was only 
partially soluble. The reaction mixture was stirred at  0" for 20 
min. 

The  excess oxidant was consumed by addition of 2 ml of anhy- 
drous ether and the black ruthenium dioxide was removed by f i l -  
tration. The  solvent was removed by careful evaporation with ni- 
trogen and sublimation of the residue afforded 25 mg of 5 ,  ir 
(CC14) carbonyl 1775 c m - I ,  the nmr  (CDC13) showed three multi- 
plets centered a t  T 7.3, 7.45, and 7.87. 

Oxidat ion of 1-Chloro-2-exo-norbornanol (2) .8  Alcohol 2 (30 
mg) in 2 ml of Freon 11 (2  was completely soluble in Freon 11 a t  
0") was oxidized with 1.9 ml (0.00026 mol) of 0.137 M ruthenium 
tetroxide solution a t  0" as in the procedure above except tha t  the 
reaction mixture was stirred a t  room temperature for 18 hr.9 
Work-up identical with that  given above afforded 17 mg of 4, ir 
(CC14) carbonyl 1780 cm ', the  nmr (CDC13) showed two multi- 
plets, one centered a t  r 7.33 and the other between T 7.5 and 8.8, 
with the relative areas of 1:9.4. 

Hydroborat ion of I-Chloronorbornene 
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In the compounds of general formula R-X-Y-X-R, 
where X and Y stand for any divalent group, the two 
bonds Y-X are equivalent and a priori the same confor- 
mation on both may be expected. Summarizing the re- 
sults of our dipole moment studies and those obtained 
from other methods, we reached the conclusion1 that the 
actual conformation can be predicted from the conforma- 
tion of the simpler model compound R-Y-X-R. If it is 
planar, the electronic configuration on the central atom Y 
is usually sp2 and the bonds Y-X acquire partial double 
bond character. The whole molecule R-X-Y-X-R is then 
also planar, or nearly planar (carbonates and their ana- 
logs, anhydrides,2 diacyl sulfides,l boronic esters3). When 
the central atom Y has a tetrahedral sp3 configuration, 
the model molecule R-Y-X-R as well as the bifunctional 
molecules R-X-Y-X-R are nonplanar. The latter has 
more frequently CZ than C, symmetry   acetal^,^ gem-di- 
sulfones$ sulfonic acid anhydrides,l dialkylphosphinic 
 ester^,^ trisulfides). 



Notes 

Table I 
Polarization Data  of I,I-Diacyloxyiodobenzenes 

(Benzene, 25") 

Pi( m), 

Ia C~H;I(OCOCH,)Z 514.6 

IC CsHjI(OCOCsH:)2 570.2 

Ie  CGH;I(OCOCGH~F-~)Z 634.8 
If CGHjI(OCOCGH4Br-4)~ 660d 

Compd cma 

Ib  4-ClCsH4I(OCOCH3)2 338 .O 

Id CsHjI(OCOC6H4CH3-4)z 561.8 

63 .3  4.68< 4 .61  
68.2 3 .61  3.56 

105.1 4.74 4.69 
114.4 4.65 4.59 
104.7 5.06 5.02 
120.8 5 . 1 d  5.1d 

a Calculated using Vogel's atomic incrementsg including 
the common value for iodine. Suitable exaltations, 1.25 
and 0.1 cm3, were added t o  account for Ph-CO and Ph-Hal 
conjugation, respectively, b Correction for the atomic polar- 
ization o f 5  or 15% of the RD value, respectively. c Reference 
10 gives 4.9 D without correcting for the atomic polariza- 
tion. These values are less precise owing to  the unex- 
plained instability of the solutions. 

The polyvalent iodine derivatives offer the rare opportu- 
nity to study compounds with the dsp3 configuration on 
the central atom Y and with the two X-Y bonds practi- 
cally collinear, oriented to the two apices of the trigonal 
dipyramid.6 ,7 Since the alkyl derivatives are not avail- 
able, we used in this study the {I-diacyloxyiodobenzenes 
Ia-f (Table I) .  We are aware that the replacement of alkyl 
by acyl may influence the results; e.g., the conformations 
of acylalsg and acetals4 are not the same. Since the two 
rotating groups are relatively distant (Figure 1) we may 
anticipate that the conformation is controlled by the in- 
teractions on each 1-0 bond (see the Newman projection 
11); any comparison with simpler model compounds does 
not seem to be possible. 

We followed the same experimental approach as pre- 
vi0usly.~-5 The experimental dipole moments (Table I) 
are also influenced by the estimated molar refraction, 
which is uncertain owing to an unknown increment for 
tervalent iodine atom. Since the measured moments are 
large, they would be not affected even by an  inaccuracy of 
1 cm3 in molar refraction. The expected dipole moments 
for individual conformations have been calculated assum- 
ing the exactly linear conformation 0-1-0 and common 
geometry of the acyl group ( L  0-C=O = 124", L C-C=O 
= 116", LC-0-1 = 113" as in esters). We used the bond 
moments well tried in previous ~ o r k l - ~ , ~  on similar com- 
pounds, viz., C,,-H 0.3 D, Car-H 0 D, C-0 0.74 D, C=O 
2.5 D, Car-Cl 1.60 D, Car-Br 1.58 D, Car-F 1.35 D. In the 
actual conformation the bond moments C-Hal are almost 
insignificant and the 1-0 moment is completely irrele- 
vant; the C=O and C-0 bonds have been confirmed on 
many acyl derivatives.1,2 s 8  Most problematic is the formal 
moment C-I, including also the two lone electron pairs. 
Its value should be intermediate between that in iodoben- 
zene dichloride (equal to its dipole moment,10 2.6 D) and 
aliphatic iodides (ca. 1.45 D). We got reasonable results 
with the moment of 1.9 D, but the final conclusions are 
not affected by its exact value. 

The expected moments have been calculated for various 
dihedral angles 7 1 , ~  = LC-I-0-C in the two moieties and 
for various planar conformations on the C-0 bond, i .e. ,  E 
or 2. From these only the 2 conformation in both moieties 
(Figure 1) yielded dipole moments comparable to the ex- 
perimental ones. The 2 conformation is clearly the only 
reasonable one, since it is found in all compounds con- 
taining the COO- grouping (see, e.g. ,  ref 1, 2, and 8). The 
computed and experimental values are compared using 
the previously introduceds graphical method (Figure 2). 
In Figure 2 only the symmetrical conformations are 
shown: T I  = 72, i .e . ,  the two acyl groups symmetrically 
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Figure 1. Steric arrangement of the molecule of I,Z-diacyloxyio- 
dobenzene. The actual conformation with 71 = 72 = 0 is shown. 

situated when looking along the 0-1 bond (full lines), and 
71 = -72, i .e . ,  the two acyl groups eclipsed (broken lines). 

Figure 2 shows in a convincing manner that only the 
planar conformation IIa with 71 = 7 2  = 0 in which the di- 
pole moment is a maximum is compatible with experi- 
ment. The dipole moment method is, of course, unsuffi- 
ciently sensitive to the presence of other, little populated 

150p / 

'-l-----ip--__l______l 

0 10 20 p=bI 
Figure 2. Comparison of dipole moments of I,I-diacyloxyiodoben- 
zenes, experimental and calculated for various conformations. 
Values of pz for the unsubstituted compounds (Ia, IC) are plotted 
on the x axis, and values for the para derivatives (Ib, Ie) on the y 
axis. Computed values are plotted as a function of the dihedral 
angle 7 = L C-I-0-C; the experimental points are shadowed. 



2814 J. Org. Chem. ,  Vol. 39, No. 18, 1974 Notes 

A Facile Method for  the Transformation of Ketones 
into a-Substituted Aldehydes 

Stephen F. Mar t i n * '  and  R u d o l f  Gompper 

Institut f u r  Organische Chemie der Universitat, 
8 Miinchen 2, West Germany 

Received April 25, 1974 

The introduction of dissimilar geminal substituents with 
concomitant creation of a quaternary carbon center re- 
mains a problem in the synthesis of natural products, 
where fully substituted carbon atoms commonly occur. Re- 
cent approaches to geminal alkylation involve the use of 
the thio-Claisen rearrangement,2 the base-induced decom- 
position of methyl dialkylcyanodiazene~arboxylates,~ the 
acid-catalyzed rearrangement of cyclopropyl  ether^,^ the 
[2,3] sigmatropic rearrangement of allylic sulfonium ylides5 
and allylic ammonium ylides,6 the [2,3] sigmatropic rear- 
rangement of sulfur-stabilized car be no id^,^ the addition of 
organocopper or organolithium reagents to a, /%ethylenic 
sulfur compounds,s and the spiro annelation procedure 
based upon the rearrangements of oxaspir~pentanes.~ Un- 
fortunately, these methods typically involve multistep pro- 
cedures with the isolation of intermediates. We now wish to 
report an efficient, one-pot procedure for the one-carbon 
homologation of ketones to a-allyl aldehydes which may, in 
principle, be extended to the synthesis of other a-substitut- 
ed aldehydes and ketones. 

It is well known that enamines of aliphatic a-disubsti- 
tuted aldehydes react readily with electrophilic reagents 
such as allyl bromide to afford, upon hydrolysis, a-allyl di- 
alkylaldehydes.1° I t  occurred to us that the conversion of a 
ketone with one-carbon homologation to the enamine of an 
a-disubstituted aldehyde, and the subsequent reaction of 
the thus formed enamine in situ with an appropriate elec- 
trophilic reagent (E), would provide an efficacious synthe- 
sis of a quaternary carbon atom possessing two substitu- 
ents of differing functionality (eq 1). We envisioned that a 

I I A  IIB 
forms. Neither have such forms been revealed by the nmr 
spectra of several derivatives from Table I. Within the 
temperature interval -50 to 55", which was limited by the 
solubility and stability of the compounds, no additional 
signals or shifts were observed. We conclude that the con- 
formation IIa is the prevailing one, or even the only one 
present. 

The result shows that the interaction of the two acyl 
groups is negligible as anticipated, but i t  is somewhat sur- 
prising with respect to the interactions about the 1-0 
bonds. If we compare the two staggered conformations IIa 
and IIb in terms of Wolfe's theoryll of gauche interaction, 
we would give IIb the preference. It has the bonds I-C and 
0-C in the gauche positions and in addition there is a 
double Edward-Lemieux effectll (a polar bond between 
two electron pairs) destabilizing the form IIa. We could 
conclude that Wolfe's concept is not applicable to dsp3- 
hybridized atoms;12 e.g., the CI-1-0 angle of 90" could 
produce greater repulsion between phenyl and carbonyl 
groups, not fully compensated by the C-I and 1-0 bond 
lengths. Alternatively, the apparent exception could be 
caused by the presence of acyl groups. On the other hand, 
we do not find any clear reason why the repulsion between 
phenyl and carbonyl should exceed that between phenyl 
and, e.g., alkyl. In addition, disagreement was found even 
with other compoundsl3 where similar arguments do not 
apply. Hence, there is a more probable explanation that 
the whole theory,l' although promising, is not valid with- 
out exceptions in its simplified form. 

Experimental Section 
M a t e r i a l s .  1,I-Diacyloxyiodobenzenes were prepared by the  

known procedure14 and  found t o  be 99% pure by iodometry. 
P h y s i c a l  Measurements.  T h e  same method  was used as pre- 

vi0usly,~-5,8 except t h a t  t he  concentrat ion of benzene solutions 
was lowered t o  10-3-10-2 M o w i n g  t o  the  l o w  solubi l i ty. 
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modified Wittig reaction of a dialkylaminomethylphos- 
phonic acid ester with a ketone would effect the conversion 
indicated in step l.ll 

Treatment of diethyl pyrrolidinomethylphosphonate12 
(I)  with 1 equiv of rz-butyllithium in tetrahydrofuran a t  
- 1 8 O  afforded the dnion 2, which reacted smoothly with 
ketones 3 to give the corresponding enamines 4 (Scheme I). 
Subsequent reaction of 4 with an excess of allyl bromide 
and hydrolysis of the intermediate immonium salt afforded 
the a-allyl aldehydes 5 in good yields. These results are de- 
picted in Table I. 

Scheme I 

1 2 

4 5 

The enamines 4a-e which were generated are very useful 
synthetic intermediates which undergo a wide variety of 
t r a n s f o r m a t i ~ n s . ~ ~  For example, in a preliminary experi- 


