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The body of information concerning carbon-carbon 

spin-spin coupling constants now includes a large number 

of coupling constants, the establishment of a dihedral angu-

3 3 lar dependence on J
C C'

 an<^ the application of J"cc to 

conformational analysis. This study adds another dimension 

to the growing wealth of information associated with 

13 
C-NMR: the influence of some non-bonded interactions on 

3 j 
CC* 

Four types of non-bonded interactions that could 

influence vicinal carbon-carbon NMR coupling constants 

were investigated. To facilitate the NMR studies, a 

13 
variety of C-labeled compounds were synthesized. 

The first type of interaction investigated was the 

3 
effect on of increasing the number of impinging 

13 
rear lobes in cage-like molecules. 1- -C-labeled diaman-

13 
tane (congressane) was synthesized and its C-NMR 

3 
parameters were determined. The values observed 

13 
for 1- C-diamantane were compared with the appropriate 
3 

values that were observed for adamantane, norbor-

nane and cyclohexane. 



3 

The effect on Jcc of hydrogen and carbon substituents 

located along the coupling path was the subject of the 

second part of the study. It was observed that the position, 

the number, and the nature of the substituents located on 

the involved carbon framework influence the magnitude of 
3j 
CC" 

The third type of non-bonded interaction investigated 

was the effect on Jcc of the interactions between the 

bridgehead carbon atoms in a series of 1-substituted 

bicyclo-alkanes. A result of the investigation was the 

observation that the proximity of the bridgehead carbon 

atoms in the 1-substituted bicyclo-alkanes studied 
3 

influenced the magnitude of the involved 

Finally, in the fourth part of the study, a series 

of l-substituted-13-C-labeled-2,2-dimethylcyclopropanes was 

synthesized. The syntheses were carried out to provide 

model compounds for an investigation to determine the 
13 . 

importance of the nature of the C-labeled substituent m 
the 1-position of l-substituted-2,2-dimethylcyclopropanes. 

3 

It was observed that Jcc was particularily sensitive to a 

change in substituent when the substituent was cis to 

the coupled nucleus. Jcc for the trans configuration was 

much less sensitive to a change in substituent than was 

3JCC for the cis configuration. It was also observed that 
O 
Jcc for the cis configuration may vary threefold as a 



substituent is forced by steric encumbrance to occupy 

3 

different orientations; while the trans Jcc is relatively 

insensitive to the orientation of the same substituent. 
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CHAPTER I 

IMPINGING MULTIPLE REAR LOBE EFFECT 

Introduction 

The pioneering work in conformational analysis of 

organic molecules by 1H Nuclear Magnetic Resonance Spec-

troscopy was published by M. Karplus in 1963 (12). In 

this work he constructed a theoretical model for vicinal 

proton-proton coupling constants. His model suggested 

that the vicinal coupling constant, JHHr was related 

to the dihedral angle of the H-C-C-H framework involved. 

This theoretical model was also supported by experimental 

evidence (15). The relationship showed that J H H was 

maximal when the nuclei of the H-C-C-H portion of the 

molecule was coplanar. Specifically, was maximal 

when the dihedral angle of the H-C-C-H framework was 

0°, and 180° and decreased to near 0° as the dihedral 

angle approached 90°. This simple model has revolutionized 

the use of NMR in determining the shapes of molecules and 

thereby has profoundly influenced conformational analysis 

of organic systems. 

This work by Karplus (12) laid the foundation for new 

methodology concerning carbon-carbon couplings. For the 

C-C-C-C framework, a relationship similar to that of Karplus 



was predicted (1, 19) and it was reocgnized that potential 

advantages lay with this new method. One advantage of this 

method is that it allows one to observe the involved four-

carbon chain directly in conformational analysis. Accord-

ingly, one need not observe the coupling behavior of the 

protons attached to the carbons in question to determine the 

conformation of the C-C-C-C molecular framework. Systems 

not suited to conformational analysis by proton-proton 

couplings (because of no hydrogens, too many hydrogens, or 

hydrogens substituted in the wrong places) (15) might be 

amenable to NMR analysis if a successful correlation of Jcc 

and the dihedral angle were established (14). Attempts to 

establish a Jcc -dihedral angle correlation were for the most 

part successful but some difficulties particularly in adaman-

tane (15, 16) derivatives were encountered. 

The empirical data for several carboxylic acids (15) 

(see Figure 1) showed that at or near a dihedral angle 

of 180° a Karplus type relationship apparently failed. 

For compound 4 the dihedral angle between carbons 5 and 8 

was 164° and the observed splitting was 5.6 Hz (15). Com-

pound 8, on the other hand, contains three equivalent systems 

(carbons 3, 5, and 7 are equivalent), where the dihedral 

angle between carbon 11 and the three vicinal carbons is 

180°. The observed (Ĵ  ^ = J7 11 = J3 11̂  splitting was 

3.6 Hz (15). The Karplus relationship would suggest that 

the observed splitting would increase as the dihedral angle 
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Fig. 1—Plot of Jr-vs-dihedral angle for compounds 
1-9 (15). 



increased from 164° to 180°. In fact, the observed splitting 

decreased 2 Hz (15). The direction of the research was 

turned to the elucidation of the factors contributing to 

the unexpected low coupling values found for the cage-like 

molecules in Figure 1. 

Approach Taken 

The possibility that the small observed couplings of 
O 

Jcc(9=180°) were the result of increasing numbers of 

impinging rear orbital lobes (see Figure 2) became the 

focal point of this work for a time. The observed split-

tings (0=180°) for butane, substituted cyclohexane, and 

1-substituted adamantane decreased as the number of imping-

ing rear lobes increased. This suggested that there was 

a negative contribution to the observed coupling as a 

result of impinging multiple rear lobes (IMRL). The next 

step was to find a model molecule that possessed increased 

numbers of impinging rear lobes and maintained a four-

carbon atomic structure with a dihedral angle of 180°. A 

suitable choice was 1-substituted diamantane (two fused 

adamantanes). The requirement of a dihedral angle of 

180° was satisfied by this choice and the number of 

impinging rear lobes relative to adamantane was doubled. 

In the early 1960's the synthesis of polycyclic 

molecules (given whimsically descriptive names such as 

barrelane and cubane) prompted organizers of the 19th 
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Fig. 2--Schematic representation of the increase in the 
number of impinging rear lobes in the series (1) propane, 
(2) cyclohexane, (3) adamantane, and (4) diamantane. 



Congress of the International Union of Pure and Applied 

Chemistry in 1963 to issue as a goal for organic chemists 

a hypothetical hydrocarbon that was given the name 

Congressane (diamantane). Its structure is the Congress 

emblem of the International Congress of Pure and Applied 

Chemistry (20). 

Diamantane was not commercially available and had to 

be prepared prior to the synthesis of its appropriately 

1 

C labeled derivatives. The synthesis of diamantane 

(congressane), was accomplished in three steps (Scheme I). 

The first step involved the Lewis acid-catalized [4 +4] 

dimerization of norbornadiene (7, 3), producing the poly-

cyclic compound binor-S (Scheme I). The second step 

involved the reduction of the two cyclopropane ring 

portions of the binor-S molecule with hydrogen under the 

influence of Adams catalyst, producing tetrahydro-binor-S. 

The reaction most likely proceeds in a manner that relieves 

the most ring strain (7). Finally the conversion of 

tetrahydro-binor-S to diamantane was accomplished by an 

aluminum chloride-induced isomerization in methylene 

chloride (4). 

The functionalization of diamantane was accomplished 

by preparing the 1-halide in near bromine (Scheme II) 
13 

(4, 8). Synthesis of 1-diamantanecarboxylic acid-15- C 
13 

was accomplished by recycline carbon- C monoxide through 

1-bromodiamantane dissolved in sulfuric acid. The 
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carboxylic acid was converted to 1-(hydroxymethyl)-

13 
diamantane-15- C by lithium aluminum hydride reduction. 

Results and Discussion 

Carbon-13 chemical shift assignments for 1-diaman-

13 

tanecarboxylic acid-carboxyl- C were made by integra-

tion (one carbon vs. two carbons); comparison of values 

with the parent compound diamantane; use of Continuous 

Wave Off-Resonance Decoupling; and observation of carbon-

carbon splitting. Fortunately, through this combination 

of methods all assignments could be made unambiguously 

and securely. For the utilization of the <5 values of 

diamantane, misassignments in the literature (7) had to 

be corrected (see Table I). The splittings of four other 

carbon signals by the labeled carbon were measured for 

compound 11. 

In contrast, chemical shift assignments for compound 

12 were rendered difficult by the tight spectral pattern, 

and only one splitting could be measured. Table I lists 
13 

chemical shifts (6 values) and C couplings (Jcc values) 

for 11, 12 and 13. 

To investigate further the nature of the non-bonded 

coupling pathways, molecular orbital (MO) calculations 

were performed for 1-methyladamantane. The calucations 

were based on finite perturbation thery (FPT), using the 

intermediate neglect of differential overlap (INDO) 
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Table 1 

CARBON-13 NMR CHEMICAL SHIFTS AND COUPLING CONSTANTS 

FOR 1-DIAMANTANE DERIVATIVES 1 1 - 1 3 

9 

n , r = h 

12, R = 13C00H 

13, R = 13CH20H 

11 
(R = H ) a 1 2 (R = 1 3 C 0 0 H ) 1 3 (R = 1 3 C H 2 0 H ) 

c a r b o n 

11 
(R = H ) a 

number ppm^ ppmb J C C ' H z c ppm*3 
J q c ' H z c 

4 2 6 . 1 2 5 . 3 2 5 . 8 

9 2 6 . 1 2 6 . 3 2 . 8 2 ( 3 J ) 2 7 . 2 2 . 4 0 ( 3 J ) 

2 , 1 2 3 7 . 7 3 7 . 1 3 8 . 2 

7 , 1 1 3 7 . 7 3 7 . 5 2 . 8 d ( 3 j ) 3 8 . 2 e 

6 3 7 . 7 3 6 . 7 3 9 . 7 

1 3 7 . 7 4 0 . 2 5 5 . 4 ( 1 J ) f 

3 , 1 4 3 8 . 5 3 5 . 3 3 2 . 7 

8 , 1 0 3 8 . 5 3 7 . 5 3 7 . 3 

5 3 8 . 5 3 8 . 0 3 8 . 8 

1 3 3 8 . 5 4 2 . 0 1 . 7 0 ( 2 J ) 3 9 . 9 

15 1 8 3 . 4 6 8 . 3 

a-f see Appendix I 
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approximation of self-consistent field (SCF) molecular 

orbital theory. The calcuations (and those in subsequent 

chapters) were performed by Dr. Michael Barfield (1) and 

Steven Walter at the University of Arizona, using computer 

software developed by Dobosh (6). 

In the INDO-FPT MO calculations for 1-methyladaman-

tane, the non-bonded interactions between pairs of atoms 

C1-C5, C1-C7, C3-C5, C3,C7, and C5-C7 (Figure 2) were 

set equal to zero (but not the bonded interactions between 

Cl and C3). The calculated change in the vicinal coupling 

constant was 0.38 Hz (2). Thus the calculated contributions 

from these types of non-bonded interactions are not only 

too small to account for the observed decreases in the 

vicinal coupling constants, but they also are of the 

wrong sign. Therefore, the calculations indicate that 

multiple impinging rear lobes do not provide a major 

contribution to the magnitude of the observed splittings 

in the cage-like molecules studied. The fact remains, 

however, that the value of the splitting (Ĵ  = 2.8 Hz, 

0 = 180°) was less in the 1-diamantanecarboxylic acid-15-

13 

C system than in the adamantane, norbornane, and cyclo-

hexane systems in Figure 1. This indicates that there is 

another effect, be it non-bonded interactions or otherwise, 

that is responsible for the seemingly anomalous splitting 

values. In the following chapter another rationale will 

be considered. 
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Experimental 

13 

C-labeled carbon monoxide (90 percent enriched) 

was obtained from Prochem Chemical Company, B.O.C., Ltd., 

Deer Park Road, London SW19 3UF U.K. The boron trifluoride 

etherate was purchased from Eastman Kodak, Rochester, NY 

and norboradiene was obtained from Aldrich Chemical Co., 

Milwaukee, WI. The dibromobistriphenylphosphene cobalt II 

was prepared after the procedure of G. N. Schrauzer et al. 

(17, 18). The aluminum chloride was obtained from Fisher 

Scientific Co., Fair Lawn, NJ. 

Carbon-13 NMR spectra were recorded on a JEOL PFT-100 

NMR spectrometer, using tetramethylsilane as an internal 

standard; values were determined by measuring the 
13 

splittings of the natural carbon signals of C-labeled 

compounds and utilizing 8K data points over a 500-Hz spec-

tral window. They are considered to be accurate within 

0.1 Hz. "̂H NMR spectra were recorded on a Hitachi Perkin-

Elmer PE-24B NMR spectrometer, using tetramethylsilane as 

an internal standard. NMR samples were prepared in 

chloroform-d. Infrared spectra were recorded on a Beckman 

IR-33 infrared spectrophotometer. Melting points were 

determined by using a Thomas-Hoover apparatus. Mass 

spectra of binor-S and tetrahydro-binor-S were obtained 

using a Finnigan Model 3300 automated chromatograph/mass 

spectrometer system, using a 5 ft x %-in glass column 
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packed with 10 percent SP 2100 on 100-120-mesh Supelcoport 

support medium. All other mass spectra were obtained on 

a Hitachi Perkin-Elmer RMU -6E double-focusing mass spectro-

meter . 

Binor-S, (Heptacyclo [8 .4.02'?Q3'8.Q4'5.Q579.Q11/12]-

tetradecane) (4, 10, 11, 17).—Toluene was dried over NaK, 

and was distilled and stored under dry nitrogen for several 

days before use. The BF2-OEt2 and the norbornadiene were 

distilled immediately prior to use. The norbornadiene 

(77.2 g., 0.84 mol) was placed in a 100-mL three-necked 

round-bottom flask equipped with a magnetic stirrer and 

four reflux condensers (two on each side). Into the flask 

were introduced 150 mL of dry toluene and 3.0 g of CoB^-

<pph3)2. 

To the stirring mixture 8.0 mL of freshly distilled 

boron trifluoride etherate were added dropwise. After all 

of the BF2-OEt2 was added, the stirring mixture was gently 

warmed until a visible reaction commenced. The exothermic 

reaction generated enough heat to bring the toluene to re-

flux. Other investigators (4) report a violent reaction 

that needs occasional moderation with a dry ice/acetone bath, 

but violent exothermicity was not observed in this case. 

After the reaction subsided the heat was reapplied and the 

mixture was maintained under reflux overnight. 
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The cooled mixture was diluted with 250 mL of methy-

lene chloride and the organic layer was washed with 750 mL 

(3 x 250 mL) of water. The organic layer was dried over 

magnesium sulfate and the solvent was removed under reduced 

pressure. The resulting freeflowing oil solidified in a mat-

ter of minutes. Recrystallization of the crude product from 

methanol produced 61.0 g (79 percent based on norbornadiene) 

of white crystals: mp 60-62°C, (lit 65-65.6°C) (7); IR (thin 

film) 3100, 3030, 2970(s), 2900, 1470, 1370, 1355, 1320(s), 

1250, 930, 860, 820 (s). 1H NMR 6(CDC13) 1.05 (s,6H), 

1.30(s,4H), 1.65(br,2H), 1.90(s,4H); mass spectrum, m/e 184, 

B118 (M-C5Hg). 

Tetrahydro-binor-S (7).—Binor-S (19.0 g, 0.1 mol) was 

dissolved in hot glacial acetic acid (72.0 mL) containing 0.8 

mL concentrated HCl. To the binor-S solution was added 0.12 

g of Adams catalyst (PtC^). The mixture was hydrogenated 

overnight at 50 psi and 70 C. The hydrogenation was accom-

plished using a small-scale Parr Hydrogenation apparatus. 

The catalyst was removed by suction filtration. Water 

was added until two layers formed. The bottom layer, con-

taining only tetrahydro-binor-S, was removed and the top 

layer was washed three times with 50 mL of methylene 

chloride. The methylene chloride washings and tetrahydro-

binor-S layer were combined and washed with water (2 x 

100 mL), then dried over magnesium sulfate, and the solvent 

was removed under reduced oressure. 
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The resulting product was a brown syrup. This liquid 

was distilled under vacuum using a device consisting of 

an inverted "U"-shaped glass tube, fitted with a stopcock 

at the top (the top part connected to the vacuum line) 

and ground glass joints at either end of the tube. The 

brown liquid was placed in a 50-mL round-bottom flask 

vacuum 

stopcock 

and placed on one end of the "U" tube. An empty receiving 

flask was placed on the other end of the tube. The system 

was evacuated, and the receiver was immersed in liquid 

nitrogen. The flask containing the liquid was gently 

heated with a heat gun. The distillate was a clear liquid 

(bp 105-110 °C, 1.5 torr) (7) weighing 15 grams (7.9 x 

_ 2 

10 mol, 79 percent based on binor-S). The mass spec-

trum confirmed its identity as the tetrahydro product; 

the spectrum contained only m/e = 188 and not 184 and 186, 

which would indicate the presence of binor-S and the dihydro 
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product (17. The "̂H NMR spectrum was consistent with 

that reported by Schleyer, the absence of nortricyclene 

peaks at 6 1.05 and the presence of a more complicated 

spectrum with peaks in the 6 2.25-0.75 region (7): IR 

(thin film) 2980(s), 2930(s), 2S60(s), 1535, 1490, 1475, 

1450, 1360, 1315, 1295, 1260, 1250, 1235, 1080, 1025, 

985, 920, 850, 815; mass spectrum, m/e 188, B 91 = 

trophyllium (M - + H ^ i s the norbornyl 

cation). 

Daimantane, Pentacyclo [7. 3.1. 1^' ̂ . 0^' ̂ . 0^'^] -

tetradecane, Conqressane (4, 5, 10, 11, 17, 18).—An appa-

ratus consisting of a 250-mL three-necked round-bottom flask, 

a reflux condenser, and a magnetic stirring bar was oven-

dried and assembled. The reflux condenser was capped with a 

nitrogen inlet and positive nitrogen pressure was maintained 

throughout the reaction to insure the exclusion of moisture. 

Methylene chloride was dried over calcium chloride and 

distilled prior to use. A solution of tetrahydro-binor-S 

_2 

was prepared by dissolving 15.0 g (7.9 x 10 mol) of 

tetrahydro-binor-S in 150 mL of dried methylene chloride 

and drying it again over magnesium sulfate. The tetrahydro-

binor-S solution was placed in the flask and 3.0 g 

-2 

(2.2 x 10 mol) of aluminum chloride were added. The 

mixture was heated and maintained at reflux with the 

exclusion of moisture for twelve hours. 
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When the aluminum chloride was added the mixture 

turned brown. After about fifteen minutes, solid white par-

ticles began to appear. After about four hours, the re-

action mixture was opaque and still light brown. Some 

small crystals were still in the mixture. 

After twelve hours, heating was discontinued and the 

mixture was cooled in an ice bath. Crystals began to 

form immediately around those already present. The 

crystals were separated from the solvent by suction fil-

tration and washed with 200 mL of cold methylene chloride. 

After washing, the dried material had a melting point of 

238-242 °C. After the material was treated with decolorizing 

carbon, the melting point was raised to 241-242 °C (lit. mp 

242-244 °C) (7). The total weight of the material was 3.8 g. 

The mother liquor and washings were combined and 

washed with 500 mL of 5 percent sodium hydroxide solution 

(5 x 100 mL). The mixture was dried over magnesium sulfate 

and decolorizing carbon was added. The mixture was then 

filtered and the solvent was removed under reduced pressure. 

Brown crystals were recovered at this point. 

The brown crystalline material was dissolved in a 

minimum of hexanes and was placed on a column of activated 

alumina (Alcoa F-20, 80-200 mesh) and eluted with hexanes. 

The first fraction was colorless and the second was brown. 

The first fraction was taken and the solvent was allowed 
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to evaporate. The residue consisted of 4.0 g of material 

of the same purity as the 3.8 g initially obtained. The 

total yield was 7.8 g (4.1 x 10 mol, 52 percent based on 

tetrahydro-binor-S) of white chrystals: IR (thin film) 

2870(s), 2845(s), 2830(s), 2740, 2720, 1460, 1445, 1380, 

1345, 1320, 1285, 1060, 985, 800; 1H NMR S(CDC1,) 1.68(s); 
13 
C NMR, (see Table I), mass spectrum, m/e 188, B 187. 

1-Bromodiamantane (8).—A 250-mL three-necked round-

bottom flask was equipped with a magnetic stirrer, a 

reflux condenser, an addition funnel, and an ice bath. 

The flask was charged with 7.8 g (4.0 x 10~2mol) of 

diamantane. The diamantane was stirred and cooled as 

the bromine (30 mL) was added dropwise. After all of the 

bromine was added, the ice bath was removed and the mixture 

was stirred at room temperature for two hours. The mixture 

was diluted with 75 mL of carbon tetrachloride and poured 

over ice. The excess bromine was removed with sodium 

bisulfite; the disappearance of the bromine color indi-

cated the complete consumption of the excess bromine. The 

clear CCL^ layer was washed several times with water 

(about 1000 mL total) and dried over magnesium sulfate 

(13). After evaporation under reduced pressure a slightly 

yellow solid was obtained. Sublimation of the solid gave 
_2 

9.69 g (3.6 x 10 mol, 91 percent based on congressane) 

of white crystals: mp 214-217 °C (lit. mp 222-224 °C) (8); 
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IR (thin film) 2940(s), 2860, 1465, 1450, 1340, 1290, 1270, 

1075, 975, 880, 800; 1H NMR 6(CDC13) , 2.40(br,4H), 2.05 

(br,5H), 1.70(br,8H), 1.45(br,2H); 1 3C NMR (CDC13) 25.1, 

31.4, 34.7, 36.4, 37.1, 38.5, 41.4, 45.9, 51.4, 78.9; 

mass spectrum m/e 266, 268, B 187 (M-Br). 

13 

1-Diamantanecarboxylic acid-carboxyl-15- C (3,7).— 

A gas-recirculating reaction vessel was constructed so 

that nitrogen and carbon monoxide could be introduced and 

the mixture of gasses passed through the reaction mixture 

as finely divided bubbles. A ballast system was used to 

monitor the uptake of carbon monoxide. A dropping funnel 

was provided for the introduction of liquids. Sulfuric 

acid (159 mL, 96 percent) was placed into the reaction 

vessel and cooled to 3° C. The 1-bromodiamantane (1.59 g, 
-3 

6.0 x 10 mol) was dissolved in 10 mL of cyclohexane 
and added dropwise to the sulfuric acid. The system was 

13 

flushed with nitrogen and 90 percent carbon C monoxide 

(250 mL) was circulated through the rapidly stirred 

solution until the uptake of carbon monoxide ceased. 

The reaction mixture was poured over ice and allowed to 

stand overnight. The mixture was extracted with ether, 

and was treated with 5 percent sodium hydroxide. It 

was then acidified with 20 percent hydrochloric acid and 

was dried over magnesium sulfate. The solvent was removed 

under reduced pressure. Recrystallization from benezene 
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produced 0.85 g (60 percent based on the bromide) of white 

chrystals: mp 192-193 °C (lit. mp 201.5-202.2 °C) (7); IR 

(KBr) 3500-2300 (s), 1670 (s), (1740 for unlabeled compound), 

1430, 1390. 1305, 1260 (s), 1235 (s), 920; 1H NMR 6(CDC13) 

2.13 (br,2H), 1.70 (br,15H), 14.5(br,2H); 13C NMR, see 

Table I; mass spectrum, m/3 233 (M, 232 for unlabeled 

compound), B 187 (M-COOH). 

13 

1-(Hydroxymethvl)diamantane-15 C (15).—An apparatus 

consisting of a 250-mL three-necked round-bottom flask, 

a reflux condenser, an addition funnel, and a magnetic 

stirring bar were oven-dried and assembled. The reflux 

condenser was capped with an argon inlet and positive argon 

pressure was maintained throughout the reaction. Lithium 

aluminum hydride (0.2 g, excess) was placed into the flask 

and a slurry formed through the dropwise addition of 75 mL 

of anhydrous ether. A solution of 1-diamantanecarboxylic 
-3 

acid (0.38 g, 1.6 x 10 mole) in 20 mL of anhydrous ether 

was slowly added to the stirring slurry of lithium alum-

inum hydride. After the addition was complete the mixture 

was heated and maintained at reflux for three days. The 

excess lithium aluminum hydride was decomposed with Glauber's 

salt (Na2SO^•lOt^O). The solid salts were removed by suction 

filtration and the mother liquor was washed with water. The 

ether layer was dried over magnesium sulfate and the volume 

was reduced under reduced pressure to give a quantitative 
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yield of product. The crude product was chromatographed 

(Alcoa F-20 alumina, 80-200 mesh, pentane) to give 

0.137 g (38 percent based on the carboxylic acid) of 

white crystals: mp 206-209 °C (sealed), IR (thin film) 

3400, 2850 (s), 1435, 1335, 1310, 1260, 1100, 1040, 1000; 

1H NMR 6(CDC13) 3.17 (d, 2H, J = 136 Hz; s for unlabeled 

compound), 2.85 (s, 1H), 2.12 (br, 2H), 1.90 (br, 2H), 

1.5-1.2 (br,13H), 0.92 (br, 2H); 1 3C NMR, see Table I; 

mass spectrum, m/e 219 (M; 218 for unlabeled compound), 

B 188 (M-CH20). 



APPENDIX I 

Footnotes for Table I 

a. Assignments of 11 were made by CW off-resonance 

decoupling and by reversing the medial and secondary 

assignments of reference 7. b. Referenced to internal 

Me^Si, accurate to 0.1 ppm. Chemical shifts for 12 are 

certain, for 13, C-5, C-6 and C-13 might be exchanged, 

and C-2, C-12 and C-8, C-10 might be reversed. c. 

Accurate to 0.1 Hz except where noted. Where an entry is 

not made, splitting could not be discerned, beacuse of 

either no coupling or overlap with other signals. d. Ac-

curacy of ±0.5 Hz, owing to overlap of signals with that 

of C-8. C-10. e. Broadening observed, but no discer-

nible splitting, owing to overlap of signals with that 

of C-2, C-12; it appears that broadening of both C-7, 

C-ll and C-2, C-12 is occurring. Rough estimates of 

j££ are difficult. f. Signal never observed; compare 

with geometrically similar 1-(hydroxymethyl) adamantane 

(15) where the C-l signal also is not observed. 

22 
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CHAPTER II 

METHYLENE AND METHINE SUBSTITUENT EFFECTS 

Introduction 

In the previous chapter the notion that impinging 

multiple rear lobes (IMRL) provide a major contribution 

to vicinal carbon-carbon couplings was examined. At 

that point it was determined that the IMRL contribution 

was too small to account for the unusually small value 

of the splittings seen in the cage-like molecules used 

in the study. Additionally, it was found that the cal-

culated value of the contribution was of the wrong 

sign. Attention was therefore turned to the possibility 

that the unusually small splittings were due to a sub-

stituent effect of some kind. 

In previous studies (7, 9) it was proposed that 

another NMR parameter, chemical shifts, was dependent 

upon carbon substituents located along the coupling 

pathway. In these studies it was proposed that chemical 

shift assignments could be made on the basis of chemical 

shieldings that arise as a result of interactions be-

tween gauche 1,4 carbon atoms. This influence on chem-

ical shieldings has been interpreted in terms of a model 

which emphasizes the steric interactions between the 

hydrogens on y-carbon (1,4 carbons) atoms in systems 

25 
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1 
* 

C ^ 3 \3yH 
CH 
2 

— 
3 C 

5 
analogous to the one below. Interestingly, INDO-FPT MO 

calculations indicate that the trans (0=180°) vicinal 

(C1-C5) coupling constants are also affected by sub-

stituents attached to the 2 or 3 position of the carbon 

chain in the same system (2, 3). 

Table I shows the calculated coupling con-

stants for the various combinations of unsubstituted, 

monosubstituted, and disubstituted butane fragments. 

The calculations were performed so that the 

dihedral angle was 180°. It can be seen from the table 

that there is a significant change in the calculated 

C1-C5 coupling when a substituent is placed on C2 or C^. 

The calculations in Table I also portend another, less 

significant, effect resulting from a substituent at C^. 

Since a substituent at C-̂  occupies a position that is a 

to it will be called an "a-substituent" (20). Ac-

cordingly a substituent at C^ or will be called a 

"Y-substituent" (1, 2) because subst.ituents on C^ or 

occupy positions that are Y to either C,. or respectively. 

Because the calculations of Table I strongly suggest 

the existence of a Y-substituent effect and portend an 
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TABLE I 

INDO-FPT RESULTS FOR TRANS VICINAL COUPLING CONSTANTS; 
CC (180) FOR BUTANE (X = 1 3 ™ ) (3) 

Molecu!e 

2 ^ C . 
^ C ̂  

, I 
^ C 

V 
4 

^ c ^ \ x 

J c c 

4.27 

4.26a 

4.12^ 

4 
3.81 

1< X 
3.44 

3.81 

3.44 

a. Reference 6 
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a-substituent effect, empirical values were explored to 

determine if there were any supportive physical evidence. 

The direction of this research turned to the investigation 

of an a and/or a y-substituent effect for vicinal carbon-

carbon coupling constants at or near the trans configur-

ation (dihedral angle = 180°). The cis configuration 

(dihedral angle = 0°) involves other through-space effects 

and will be treated in Chapter IV. The investigation 

included the collection of experimental evidence regard-

ing contributions to the unusually low splittings observed 

for cage-like molecules (12). 

Approach Taken 

The compounds in the series 1-10 offer features that 

make them ideal choices for investigating the substituent 

effects mentioned above. In compounds 2-4 and 7-10, the 

carbon framework is rigid, and conformational averaging 

does not contribute to in the molecules. In Chapter 

I the angular dependence is maximum for 0 = 180° 

and 0°, minimum for 0 = 90°) of 13C-13C coupling constants 

was discussed. A result of the angular dependence of 
3 

i® that the magnitude of the coupling is diminished 

as a result of conformational averaging in nonrigid 

molecules (9-11). 

The compounds in the series 1—10 contain a broad 

range of a and y-substiuents. The two main a and 
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y substituent categories may be divided into two addi— 

tional sets; a —methylene and ot — methine, and Y— methylene 

— R 

i « 1 3 

1 R - . C0 2H 

5 R = 1 3CH 2OH 

2 R' 

6 R» 

9 R' 

13 

13 

CO2H 

CH2OH 

13 
CH. 

3 R' ' 13 
= JCO 2H 4 R' 1 ' = 

7 R' ' = 1 3CH 2OH 8 R1 ' ' = 

10 R' ' 
13 

= CH3 8 R 1 1 1 = 

13 

13 

13 

CO2H 

CH2OH 

CH2OH 

and y-methine substituents. This feature affords a 

broad sampling of the parameters that might influence 

the magnitude of the coupling. Finally, the series 

includes a small sampling of functional groups in order 

to obtain a cursory glance at the effect of changing 

13 
the terminal C portion of the molecule (this aspect 

3 
° f JCC w i l 1 b e treated in detail in Chapter IV). 
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Results and Discussion 
I O 

The preparation of 2-adamantane carboxylic-11- C 

acid (Scheme I) was accomplished by carbonating the cor-

1 3 

responding organomagnesium halide with C-labeled carbon 

dioxide. The carboxylic acid was carried on to the alco-

hol by LiAlH4 reduction in ether. The alcohol was converted 

to the chloride by the action of thionyl chloride. The 

final step involved the reduction of the chloride to 
13 

1-methyladamantane-ll- C through the use of "activated 
magnesium" to form the Grignard reagent, which was quenched 

13 

with water. 1-(Hydroxymethyl)-diamantane-15- C was prepared 

by LiAlH^ reduction of the carboxylic acid as described in 

Chapter II. The remaining compounds in the series were 

available from previous studies (10, 11). 

Table II is a compilation of the experimentally deter-

mined couplings for the compounds in the series 1-10. The 

compounds are separated into the three substituent classes 

of compounds (i.e. 13CC>2H,
 13CH2OH, and

 13CH3) , each of 

which is in descending order of the magnitude of 

The immediate feature of the table is that the order of 
3 

decreasing Jcc remains the same in each substituent 

class as the skeletal framework becomes more complex. 

The observation that the coupling values change signifi-
13 13 

cantly on proceeding from C 0
2
H t o CH2OH indicates 

13 
that hybridization may play an important role in C NMR 
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1. Mg 

2. CO 

SOCl 

rCH 2 Cl 
'Activated Mg' 

H2O 

13 
CH 



TABLE II 

THE VICINAL 13C-13C COUPLING CONSTANTS FOR THE 
COMPOUNDS IN THE SERIES 1-10 FOR 0 = 180° 

32 

C O 2 H 

3 J C C 

4. 0a 

4.2 

3.6 

C O 2 H 
2.82 

co2H 
2 .8 
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TABLE II--Continued 

3 J C C 

4.2 

3.59 

3.31 

C H 2 O H 2.4 

C H 2 O H <•5 
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TABLE II—Continued 

{ /7-CH3 

& 
3 j c c 

3 . 4 4 

10 3 . 3 2 

a. Low value is a result of conformational averaging 
between the chair (trans) and boat (cis) conformation. 
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couplings. This prospect will be discussed in more 

detail in Chapter IV. 

The material included in Table III provides a des-

cription of how the order to the experimentally deter-

mined couplings in Table II can be rationalized in terms 

of a and Y-methylene and methine substituents. To 

arrive at the values in the right hand column of Table 

III a simple calculation is performed. A value of 4.27 

Hz (from Table I) for the unsubstituted trans confor-

mation of butane is used as a starting value. The next 

step is to assign numerical values to the various a and 

y-substituents contained in the molecule. These assign-

ments are y-methylene, -0.75 Hz; y-methine, -1.0 Hz; 

a-methylene, -0.25 Hz; and a-methine, -0.15 Hz. The 

algebraic sum of all of the numbers associated with all 

of the substituents contained in the structure of the 

molecule under consideration plus 4.27 Hz produce the 

calculated coupling. The calculations provide a reason-

able fit to the experimentally measured values for the 

compounds contained in Table I. The values assigned to 

the various a and Y- substituents herein are in keeping 

with the predictions of Table I that the y-substituent 

effect will be greater than the a-substituent effect. 

The notion that a-substituents are important in 

3 
JCC ^ = I®®0) is at variance with previous interpre-

tations (20). However, in dismissing the a-substituent 
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TABLE III 

CALCULATIONS OF J c c WITH a AND Y-SUBSTITUENT VALUES 

methylene (-0.25) 

v«— ymethylene (-0.75) 
* 

-C 

4.27 
-1 .0 

3.27 

methine 
(-0.15) 

methine (-1.0) 

* methylene (-0 .75) 

4.27 
-1 .90 

2.37 

•v methylene 
(0.25) 

cK methylene 
(0.25) 

methylene (-0.75) 
5—iT methylene (-0.75) 

4.27 
•2.0 
2.27 

°< methylene 
(0.25) 

<=< methylene 
(0.25) 

C st methine (-1.0) 

/methine ,(-1.0) 
4.27 

•2.5 
1 .77 

o< methylene 
(0.25) 

c< methine (0.15) 

ymethylene (-0.75) 

•<< methine (-1.0) 

methylene (-0.75) 
4, 

• 2 , 

27 
90 

1 .37 
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effect as "negligible" in the earlier interpretations 

the author did not have at his disposal the compounds 

that were synthesized during the course of the present 

investigation. 

The experimentally measured couplings in Table II 

may be interpreted in terms of all of the substituents 

attached to the carbon chain in the coupling pathway. 

Additionally, it is important to note that the nature of 

the substituent is also an important factor that should 

not be overlooked. 

The series of compounds 1-10 clearly shows that even 

CC 
3 

with the same geometry (9 = 180°), the J values may 

3 

vary considerably. Thus the J c c values seem to be 

imprecise indicators of the involved dihedral angle 

through this series of compounds. It is to be concluded 

that even when the geometry of the molecular framework 

remains constant, the value of the involved coupling 

constant may vary considerably. This variance may be a 

function of the nature and number of the substituents 

along the coupling pathway. Therefore extreme caution 
3 

must be exercised in using J c c values in conformational 
3 analysis—even more so than when using J values, 

HH 

which have also been shown to be heavily dependent upon 

the nature of the associated molecular framework (13). 
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Experimental 

Carbon-13 labeled carbon monoxide (90 percent enriched) 

was obtained from Prochem Chemical Company, B.O.C., Ltd. 

Deer Park Road, London SW19 3UF U.K. The 2-bromoadamantane 

was purchased from Pfaltz and Bauer, Inc., Stamford, CT. 

Anhydrous magnesium chloride for "activated magnesium" 

was procured from Aldrich Chemical, Milwaukee, WI. Potas-

sium iodide was obtained from Baker Chemical Co., Phillips-

burg, NJ. The potassium metal was purchased from Matheson, 

Coleman, and Bell, Norwood, OH. 

13 

All C NMR spectra except for 2-hydroxymethyl-

adamantane were recorded on a Bruker Instruments WH-90 

Fourier Transform NMR spectrometer operating at a fre-

quency of 22.63 MHz. The spectrum of 2-hydroxymethyl-

adamantane was recorded on a JEOL PFT-100 Fourier trans-

form NMR spectrometer operating at a frequency of 25.14 

13 

MHz. All C spectra were obtained in chloroform-d, 

which served as internal lock. Chemical shifts, referenced 

downfield from tetramethylsilane, were routinely assigned 

by intensities of signals and off-resonance decoupling. 

Resolution of J c c coupling values was usually possible if 

they were greater than 0.5 Hz, with an accuracy of ± 0.05 Hz. 

Proton spectra were obtained on a Perkin-Elmer 

PE-24B NMR spectrometer, using samples dissolved in chloro-

form-d and referenced to internal tetramethylsilane. 
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Infrared spectra were recorded on a Beckman IR-33 spec-

trophotometer. Melting points were taken on a Thomas-

Hoover apparatus. The mass spectrum of 2-chloromethyl-

13 

adamantane-methyl- C was recorded on a Finnigan Model 

3300 automated chromatograph/mass spectrometer system. 

The column used was a 6 ft x %-in glass column packed 

with 10 percent SP 2100 on 100-200 mesh Supelcoport 

support medium. All other mass spectra were recorded 

on a Hitachi Perkin-Elmer RMU-6E double-focusing mass 

spectrometer. 

Carbonation of Organometallic Reagents 

a. Vacuum Line Calibration.--The vacuum line 

described in Appendix I (at the end of this chapter) 

was calibrated (g CC^/cm Hg) in the following manner: 

1. Stopcocks D and E were closed and A, B, C and F 

were opened; 2. when the line was evacuated, A and C 

were closed; 3. carbon dioxide was introduced into the 

line through stopcock E until the mercury column dropped 

60 cm; 4. liquid nitrogen was placed around flask B 

until the mercury column rose to its original height, at 

which time stopcock F was closed; 5. stopcock C was 

opened and E was slowly opened to the atmosphere; 6. flask 

B was removed and weighed; 7. steps 1-6 were repeated, 

introducing 5 cm less CC>2 with each repetition. 
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b. Carbonation.—The vacuum line was utilized for 

carbonations in the following manner: 1. stopcock D was 

closed and a carbon dioxide supply was attached to the 

inlet controlled by stopcock E; 2. stopcocks A, B, C, E, 

and F were opened and the line was evacuated (the valve on 

the CC>2 tank was kept closed); 3. a magnetic stirring bar 

and the organometallic reagent were placed into flask A 

and attached to the vacuum line; 4. stopcock D was opened 

just enough to boil the solvent, producing a solvent vapor 

atmosphere above the solution; 5. with D closed, the 

solutions were frozen with liquid nitrogen; 6. stopcock 

D was opened to equilibrate the pressure between the line 

and flask A; 7. stopcocks A, C and D were closed, and the 

required amount of carbon dioxide was introduced into the 

vacuum line by opening the valve on the CC>2 tank and 

monitoring the mercury drop in the column; 8. stopcock 

E was closed and D was opened; returning the mercury to its 

original height in the column; 9. dry ice/liquid nitrogen 

was packed around flask A. 

The liquid nitrogen evaporated, leaving the flask 

packed in dry ice; at this point the flask was checked 

to insure that the solution was being stirred. The dry 

ice was allowed to sublime and the solution was warmed to 

room temperature. Excess carbon dioxide was vented 

through the mercury reservoir. 
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Preparation of 2-Adamantanecarboxylic Acid (4, 10, 

11)_.—A 500-mL three-necked round-bottom flask was equipped 

with an argon inlet, a magnetic stirrer, a 125—mL pressure-

equalizing dropping funnel, a heating mantle, and a reflux 

condenser. The entire apparatus was flame-dried and flushed 

with argon. Dry magnesium (2.8 g, 0.116 mol) was placed 

into the flask, followed by the addition of 150 mL of dry 

tetrahydrofuran (the THF was dried over NaK and distilled). 

The 2-adamantylbromide (25 g, 0.116 mol) was dissolved in 

dry THF and slowly dropped into the mixture as it was 

agitated with a magnetic stirrer. About halfway through 

the addition, another 150 mL of dry THF was added to the 

reaction mixture. After the addition was complete the mix-

ture was heated and was brought to reflux and maintained 

at reflux for 12 hours. The mixture was transferred into 

flask A (see Appendix I at the end of this chapter) along 

with a magnetic stirring bar, and was placed on the vacuum 

line. The mixture was carbonated (5 g CC>2, 0.116 mol) by 

the procedure described on page 39 and Appendix I (12). 

The reaction was quenched with water (50 mL) and the 

THF was removed under reduced pressure. The reaction 

mixture was acidified (turned blue litmus red) with con-

centrated HC1. The mixture was diluted with water (300 

mL), and was extracted with ether (3 x 100 mL). The ether 

layer was made basic (turned red litmus blue) with an 
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aqueous solution of NaOH (5 percent). The ether layer 

was then washed with water (3 x 100 mL) and all of the 

aqueous layers were combined. The combined aqueous layers 

were acidified with concentrated HCl and were extracted 

with ether (3 x 100 mL). The ether extracts were combined 

and dried over magnesium sulfate, and the solvent was 

removed under reduced pressure. 

After complete evaporation of the solvent, 8.8 g (42 

percent based on the bromide) of white crystals remained: 

mp 140-142 °C, lit. mp 143.5-144.5 °C (18); IR (CHCl3 soln.) 

3400-2400 (s), 1675 (s), unlabeled compound, 1440 (s) , 1400, 

1345, 1335, 1320, 1290, 1275(s), 1265(s), 1165, 1120, 

1090 (s) , 1060, 1050, 1035, 970, 925; 1H NMR SjCDCl̂ ) 10.81 

(s, 1H), 2.55 (br, 1H), 2.22 (br, 2H), 1.61 (br, 12H) ; 

mass spectrum, m/e 181 for labeled compound, B 149 (M-C^). 

This reaction was carried out several times; yields 

were much poorer when the solvent was diethyl ether (16 

percent - 22 percent). It was also noted that the more 

dilute the reaction mixture, the less coupling product was 

produced. In all of the reactions the coupled product was 

isolated; this accounted for all of the material that was 

not recovered as carboxylic acid. 

2-Adamantanemethanol-Cll-13c (3, 10).—An apparatus 

consisting of a 500-mL three-necked round-bottom flask, 

a reflux condenser, a 125-mL pressure-equalizing dropping 

funnel, and a magnetic stirring bar was assembled. The 



43 

reflux condenser was capped with an argon inlet and the 

apparatus was flame-dried. The flask was charged with 

__ 2 

2.2 g (6.0 x 10 mol, excess) of LiAlH4 and a slurry 

was formed by slowly adding 100 mL of anhydrous ether 

as the solution was being stirred vigorously. The 

2-adamantanecarboxylic acid (8.8 g, 5.0 x 10~2 mol) 

was dissolved in 125 mL of anhydrous diethyl ether and 

was slowly added to the rapidly stirring LiAlH^ slurry. 

When the addition was complete, a heating mantle was 

attached and heat was applied as the mixture was stirred 

at reflux for 3 days. 

The mixture was allowed to cool and the excess LiAlH^ 

was destroyed with Glauber's salt (19). The solid was 

separated from the liquid by suction filtration and the 

solid cake was washed with 300 mL of ether. The mother 

liquor and ether washings were combined, washed with water 

(3 x 150 mL), and dried over magnesium sulfate. The 

ether was removed under reduced pressure, leaving 6.8 g 

(90 percent based on carboxylic acid) of white crystals: 

mp 88.0-90.0 C, lit. mp 90.5-81.5 C (3); IR (HCl3soln.) 

3610, 2995, 2900 (s), 2850 (s), 1440, 1250, 1085, 1015, 985;*H 

NMR ^(CDCl^) 3.6 (d, doublet of doublets, J = 135 Hz for 

labeled compound, 2H), 1.78 (br, 15H); 13C NMR see Appendix 

II at the end of this chapter; mass spectrum, m/e 167 

(166 for unlabeled compound), B 135 (M-13CH M-CH OH for 

unlabeled compound). 
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2 Adamantylchloride (5).—An apparatus consisting of 

a 500-mL three-necked round-bottom flask, a reflux con-

denser, a magnetic stirring bar, and a pressure-equalizing 

dropping funnel was oven-dried and assembled. The reflux 

condenser was capped with an argon inlet. The 2-adamantyl-

methanol (5.084 g, 3.0 x 10 ^ mol) was dissolved in 100 mL 

of pyridine (the pyridine was dried over BaO and distilled) 

and was added to the stirring solution. The mixture was 

stirred at reflux for 12 hours. 

The excess thionyl chloride was destroyed with 100 mL 

of water and the pyridine was converted to its hydrochlor-

salt by the action of 103 mL (1.24 mol) of 12N HC1. The 

mixture was extracted with ether (3 x 100 mL) and the 

combined washings were dried over magnesium sulfate. The 

ether was removed under reduced pressure, leaving a brown 

liquid. Trap—to—trap distillation (see p. 15) produced 

1.9 g (26 percent based on the alcohol) of a pale yellow 

liquid: IR (CHC13 soln.) 3000, 2975-2800 (s), 2670, 2650, 

2630, 1440(s), 1345, 1335(s), 1305, 1290, 1270(s), 1255, 

1090(s), 1050, 970, 950, 925, 875; mass spectrum, m/e 184 

and 186, B 135 (M-CH2C1). 

2-Methyladamantane (10, 14, 15. 16) .—An apparatus 

consisting of a three-necked 500-mL round-bottom flask, 

a magnetic stirring bar, a reflux condenser, and a pressure-

equalizing dropping funnel was oven-dried and assembled. 
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An argon inlet was placed on top of the reflux condenser 

to insure the presence of an inert atmosphere throughout 

the course of the reaction. The flask was charged with 

_2 
1.19 g (2.0 x 10 mol) of anhydrous magnesium chloride, 

_ 2 

1.66 g (1.0 x 10 mol) of freshly cut potassium metal 

and 150 mL of dry THF (the THF was dried over NaK and 

distilled). The mixture was heated gently, initiating 

the exothermic formation of black, finely divided mag-

nesium metal. The mixture was stirred at reflux for 2.5 

hours and was allowed to cool to room temperature. 

The 2-admantylchloromethane (1.9 g, 1.0 x 10~2 

mol) was dissolved in 25 mL of dry THF and was slowly 

added to the stirring mixture. The solution was heated 

to reflux and was stirred at reflux for 12 hours. The 

reaction was quenched with water and was extracted with 

diethyl ether (3 x 100 mL). The combined organic layers 

were dried over magnesium sulfate and the ether was removed 

under reduced pressure. The dark yellow liquid that 

remained was placed on a column of alumina (Alcoa F-20) 

and was eluted with n—hexane. The yellow color remained 

on the column and evaporation of the solvent gave 1.3 g 

(87 percent based on the chloride) of a sticky white 

solid: mp 132 °C (sublimes at room temperature and pressure), 

lit. mp 143.8-146.0 °C (17); IR (thin film) 2980, 2920, 

2870, 1270 (s), 1100 (s), 1030 (s), 810 (s); 1H NMR <5 (CDC13) 

1-9-1.1 (br, 15H), 0.9 (d, doublet of doublets, J = 114 Hz 
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for labeled compound, 2H); 1 3 c NMR see Appendix II at the 

end of this chapter; mass spectrum, m/e 150 (151 for labeled 

compound) B 134 (M-CH4, M-
13CH4 for the labeled compound. 
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13 i o 
C NMR PARAMETERS FOR l-METHLYADAMANTANS-ll-C 

AND 1-ADAMANEMETHAN0L-11-C12 

48 

molecule carbon # 6^(Me^Si) 

31 .5 
39 .3 
31 .5 
34.0 
28.4 
38 .8 
28.7 
39.6 
34.0 
39.6 
19.0 

JCC H 

1 . 1 
35.7 

1 . 1 
0.4 

3.44 
0 .4 
3.44 

5 
6 
7 
8 
9 

10 
11 

29.3 
47.2 
29 .3 
32.0 
28.1 
38 .3 
28. 5 
39.0 
32.0 
39.0 
65.1 

<0.5 
38.2 
<0.5 

3. 54 

3. 54 

a• Chemical shifts were varified by off—resonance 
decoupling experiments and are secure except for 5 and 
7 (in both compounds), which may be reversed. 
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CHAPTER III 

THE INFLUENCE OF BRIDGEHEAD CARBONS ON 3J 
CC 

Introduction 

A number of theoretical discussions and experimental 

studies have addressed the importance of the non-bonded 

interactions between the bridgehead carbon atoms in the 

series of bicyclo-alkanes 1-4 (14, 27). These interactions 

6» 5 

1 _2 _3 4 

include ionization potentials and hyperfine coupling con-

stants from electron spin resonance spectra of related 

organic radicals (6, 15, 16, 17, 30). In the above mentioned 

works the authors suggest that the non-bonded ("through 

space ) interactions increase in the series of radicals 

related to 1-4 and parallel the decrease in the bridgehead 

C1~C4 (ci~c3 distance in 4) distances in the series. This 

study addresses the possibility that 3J C C coupling con-

stants are affected by similar "through space" interactions 

in the same series since spin-spin coupling constants also 

operate on the principle that spin information is transmitted 

as a result of a partial unpairing of electron spins (how 

51 



52 

else would spin information be transmitted?). it might 

be expected that spin-spin couplings show analogous 

behavior to hyperfine couplings. The mechanistic con-

tributions in spin-spin couplings would not be expected 

to be the same as for hyperfine couplings because all 

of the orbitals are filled with two electrons. It would 

be of interest to see if bridgehead interactions are 

significant in spin-spin couplings. 

Approach Taken 

In the two series 5-8 and 9-12, the number of 3-bonded 

coupling paths between the labeled 1-substituent and the 

"rear" bridgehead (#4 carbon in 5, 6, 7, 9, 10 and 11, #3 

carbon in 8 and 12) increases from 0 pathways in compounds 

5 and 9 to 3 pathways in compounds 8 and 12. Previous 

studies (19 and references cited therein) investigating 

10 11 

- 4 ^ 

C,U2O(4 

12 
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the additivity of 13C NMR coupling constants over multiple 

pathways indicate that as the number of 3-bonded coupling 

paths increase, the magnitude of the coupling should increase 

additively. However, in the same two series it can be 

seen that the C1»C4 distance decreases as the number of 

3-bonded pathways increases. It seems reasonable that any 

"through-space" contribution to the magnitude of the 

coupling would be a function of the distance between the 

involved nuclei. Calculations by means of a modified MO 

procedure (2) indicate that the interactions between the 

bridgehead carbons provide a negative contribution to the 

coupling between the 1 3c labeled carbon and the "rear" 

bridgehead carbon. The experimentally measured splittings 

in the series should reflect the increase in 3-bonded 

coupling pathways (positive contribution). At the same 

time the C1_4 non-bonded interactions should provide a 

negative contribution as a function of the C^-rear bridge-

head carbon internuclear distance. If the experimentally-

determined couplings in the series 5-7 and 9-11 reflect 

the calculated predictions mentioned above a new dimension 

will be added to the additivity parameters considered in 

reference 20 for 13C NMR coupling constants. In evaluating 

JCC m o l e c u l es with multiple coupling pathways the role 

of bridgehead carbons would have to be included. 
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The 1-bicyclo[2.1.1] hexanecarboxylic acid-carboxyl-
13 
C and the 1-bicyclo[2.1.1]hexanecarboxylic acid-carboxyl-

13 
C were prepared from the corresponding chloride and 

bromide respectively by forming the Grignard reagent 

with "activated magnesium" and carbonating with >90 percent 
13 

c labeled carbon dioxide (Scheme I). The 1-bicyclo-

[2.2.2]octane carboxylic acid-carboxyl- C was available 

from a previous study. All of the alcohols were prepared 

by the LiAlH^ reduction of the corresponding carboxylic 

acids (Scheme I). The 1-bicyclo[1.1.1]pentane halide was 

not synthetically accessible; therefore, the corresponding 

carboxylic acid and alcohol were not available. 

Results and Discussion 

Table I lists the NMR parameters for 5-7 and 9-11. 

13 13 
The C- C splittings were measured using >90 percent 

13 

C-labeled compounds. Chemical-shift assignments were 

determined by comparison of the literature data (18,23) 

for the compounds, intensities of signals, and off-reson-

ance decoupling experiments. The magnitude of the split-

tings in labeled compounds were useful in removing additional 

ambiguities. The technique of "J-resolved" spectroscopy 

(8, 9, 22) was used to remove an ambiguity arising from a 

situation where the chemical shift differences and J 

splittings could not be differentiated in compound 11. 

The ambiguity appeared because the unlabeled compound was 
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not available for chemical-shift analysis. The C2 and C3 

resonances appear as a four-line pattern in Figure la. 

The four lines could be the result of the two nuclei having 

the same chemical shift and being coupled to the labeled car-

bon with splittings of 1.3 and 4.8 Hz. The other possibility 

for the four-line pattern is that the two nuclei are coupled 

to the labeled carbon with nearly equal coupling constants 

and have a chemical-shift difference of 1.7 Hz. In the 

J—resolved spectrum shown in Figure la the splittings are 

measured along the F1 axis and the chemical shifts along 

the F2 axis. The C2 and C3 carbons are split by about 3 

Hz and have a difference in chemical shift of 1.7 Hz. 

Assignment of the C2 or C3 resonance to the upfield or 

downfield signal remains ambiguous. The J-resolved 

spectra were obtained by Steven R. Walter at the University 

of Arizona under the direction of Dr. Michael Barfield. 

Table II is a compilation of the data for the coupling 

of the labeled carbon to C3 and C4. Vicinal (3-bonded) 

splittings to the C3 carbon in the two series vary by less 

than 0.5 Hz and therefore exhibit no apparent trends. 

The coupling to the bridgehead carbon atoms (C4) 

provides the most interesting trend; there are no three-

bonded paths in the bicyclo[2.2.2]octane compounds (5 and 

9) and the measured splittings are less than 0.3 Hz. In 

the bicyclo[2.2.1]heptane compounds (6 and 10) there is 
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F , . H , 

F,. Hz 

Fig. 1—(a) The two doublets due to the C2 and C3 
resonances in the 13C NMR spectrum of 11. The center 
of this pattern (0 Hz) is 637.4 Hz downfield from Me4Si. 
The assignment of the two doublets is ambiguous. (b) The 
J-resolved 13c NMR spectrum of the C2 and C3 resonances 
of 11, the E, axis, which contains the same information as 
in (a), is measured in hertz downfield from Me4Si. The 
F-^axis, which contains the coupling-constant information, 
indicates that both coupling constants are about 3 Hz, and 
removes the ambiguity in the doublets. 
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one three-bond path to the bridgehead carbon (C4) and the 

vicinal couplings to C4 are larger than to C3. The 

bicyclo[2.1.1]hexane compounds (7 and 11) provide two 

three-bond-coupling paths to C4. The number of three-

bond paths is double relative to the bicyclo[2.2.1]heptane 

compounds and the distance between the Cl and C4 atoms 

decrease. The combination of increased number of three-

bond-coupling pathways and reduced internuclear distance 

results in an increase in the coupling by 57 percent and 

88 percent for compounds 7 and 11 respectively. 

The calculated INDO-FPT MO results for the two series 

of compounds are in good agreement with the experimental 

results tabulated in Table II. The vicinal couplings to 

the bridgehead C4 carbon are larger than those to the C3 

carbon in 6 and 10, and the calculated increases in the 

couplings follow the increase in the number of three-bond 

paths by 63 percent and 52 percent in 7 and 11 respectively 

and 41 percent and 49 percent in 8 and 12 respectively. 

These increases in coupling are substantially less than 

would be expected on the basis of equal contributions 

along equivalent paths. With this in mind, the non-bonded 

interactions between bridgehead carbon atoms require a 

closer look. 

To determine the importance of the non-bonded inter-

actions between the bridgehead carbon atoms to the value 
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of the vicinal coupling constants in the series of molecules 

a modified INDO-FPT MO procedure was used. The Cl - C4 

interactions were not allowed in the calculations, thereby 

eliminating the transmission of coupling along that pathway 

(2). Details relating to the disallowed interactions are 

given in reference 3. Table III lists the differences in 

the calculated values where the non-bonded interactions 

are allowed to participate in the coupling and those values 

where the non-bonded interactions were not allowed. These 

differences provide a qualitative measurement of the 

importance of the non-bonded coupling pathways in deter-

mining the overall value of the coupling constant (2, 5). 

Also given in Table III are the internuclear separations 

(10, 11, 12, 31, 32) between the Cl and the C4 carbon atoms. 

All of the non-bonded contributions are of negative 

sign and increase in magnitude with the internuclear sepa-

ration, R. An exception is the small positive contribution 

13 13 

of 0.06 Hz to the four-bond C- C coupling constant in the 

bicyclo[2.2.2]octane compound 9. The more negative values 

of for the bicyclo[2.l.l]hexane derivatives 7 and 11 

relative to 6 and 10 account for the lack of additivity 

in calculating the coupling constant as the number of 

three-bond paths increases (Table II). The magnitudes of 

the non-bonded contributions calculated for the bicyclo-

[1.1.1]pentanes in Table III clearly show the importance 
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of the proximity of the bridgehead carbons in this type of 

coupling. These non-bonded interactions therefore reduce 

the overall increase in value of the coupling as the number 

of three-bond routes increase. Additional experimental 

evidence for the importance of the non-bonded interactions 

in NMR couplings in general is found in the measurement of 

18 Hz for the long-range H-H coupling between hydrogens 

bonded to the two bridgehead carbon atoms in bicyclo[1.1.1]-

pentane (28) . In other systems that have no bridgehead 

carbons the long-range H-H coupling over four saturated 

bonds (H-C-C-C-H) is rarely greater than 3 Hz (1, 4). When 

4 

J J J J J is calculated for the bridgehead carbons in bicyclo-

[1.1.1]pentane a value of 28.3 Hz is obtained; when the 

C1~C3 interactions (analogous to the interactions in 

Table III), the calculated value drops to 3.5 Hz. Thus 

the interactions between the "rear lobes" of carbon 

orbitals of the bridgehead carbon atoms provide the 

dominant mechanism for long-range H-H coupling (4, 19). 

Previous studies (20 and references cited therein) 

imply that coupling constants are additive over multiple 

pathways and with a few exceptions this seems to be a good 

approximation. One exception is when there is a strong 

substituent effect (4.21). Another exception is where 

non-bonded interactions influence the magnitude of the 

coupling constant to an extent that they outweigh the con-

tributions resulting from multiple coupling pathways. 
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Experimental 

C-13 labeled carbon monoxide (90 percent enriched) 

was obtained from Prochem Chemical Company, B.O.C., Ltd., 

Deer Park Road, London SW19 3UF U.K. Anhydrous magnesium 

chloride for "activated magnesium" was procured from 

Aldrich Chemical Co., Milwaukee, WX. Potassium Iodide was 

obtained from Baker Chemical Co., Phillipsburg, NJ. The 

potassium metal was purchased from Matheson, Coleman, and 

Bell, Norwood, OH. 1-Chlorobicyclo[2.2.1]heptane was 

prepared using the procedure described by Bixler and 

Niemann (7). The l-bromobicyclo[2.1.1]hexane was prepared 

by the procedure described by Barfield et al (3). The 

1-bicyclo[2.2.2]octanecarboxylic acid-carboxyl ^ C was 

synthesized by the procedure described in this work for 

1-bicyclo[2.2.1]heptanecarboxylic acid-carboxyl-13C. 

13 

All c NMR spectra were recorded on a Bruker Instru-

ments WH-90 Fourier transform NMR spectrometer operating at 

a frequency of 22.63 MHz. The spectrum of 2-hydroxymethyl-

adamantane was recorded on a JEOL PFT-100 Fourier transform 

spectrometer operating at a frequency of 25.14 MHz. The 
13 
C NMR spectra of 1-bicyclo[2.2.1]heptanecarboxylic acid-

13 
carboxyl- C and 1-bicyclo[2.1.1]hexanecarboxylic acid-^^C 

were obtained in acetone-dg which served as internal lock. 
13 

All other C NMR spectra were obtained in chloroform-d 

which served as internal loc. Chemical shiftsr referenced 
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downfield from tetramethylsilane, were routinely assigned 

by intensities of signals and off-resonance decoupling. 

Resolution of Jcc values was usually possible with an 

accuracy of ± 0.05 Hz if they were >0.5 Hz. 

Proton NMR spectra were obtained on a Perkin-Elmer 

PE-24B NMR spectrometer, using samples dissolved in chloro-

form-d and referenced to internal tetramethylsilane. 

Infrared spectra were recorded on a Beckman IR-33 spectro-

photometer. Melting points were taken on a Thomas-Hoover 

apparatus. The mass spectra of 1-hydroxymethylbicyclo-
13 

[2.2.1]heptane-7- C were recorded on a Finnigan Model 

3300 automated chromatograph/mass spectrometer system. 

The column used was a 6 ft x %-in glass column packed 

with 10 percent SP 2100 on 100-120 mesh Supelcoport sup-

port medium. All other mass spectra were recorded on a 

Hitachi Perkin-Elmer RMU-6E double-focusing mass spectro-

meter . 

1-Bicyclo[2.2.1]heptanecarboxylic acid-carboxyl-"^c 

—25, 26). An apparatus consisting of a 100-mL three-

necked round-bottom flask, a heating mantle, a magnetic 

stirring bar, and a reflux condenser was oven dried and 

assembled in an argon atmosphere. The inert atmosphere 

was maintained as the flask was charged with 2.01 g (2.11 
- 2 

x 10 mol) of anhydrous MgC^, oven-dried potassium 



65 

iodide (3.55 g, 2.14 x 10 mol), and 1.5 g (3.84 x 
- 2 

10 mol) of freshly-cut potassium. The flask was fitted 

with 9- rubber septum, capped with an argon inlet, and 

removed from the inert atmosphere. Tetrahydrofuran (50 mL, 

dried over NaK and distilled) was removed from the still by 

syringe and was injected into the reaction flask. The 

mixture was heated to reflux, at which time the potassium 

melted. The ensuing exothermic formation of "activated" 

magnesium was moderated by the occasional removal of the 

heating mantle. Vigorous stirring and heating were 

required to insure complete consumption of the potassium, 

which was indicated by the absence of fire when a small 

aliquot was removed by syringe and squirted into a beaker 

of water. The test was performed three hours after the 

potassium melted. 
The l-chlorobicyclo[2.2.1]heptane (1.25 g, 9.6 x 

-3 

10 mol) was injected into the mixture and reflux was 

maintained for an additional 12 hours. The mixture was 

carbonated (0.75 g CC^) in the usual manner (see p. 39). 

The carbonated mixture was quenched with water, 

acidified (to blue litmus) with concentrated HC1, and 

extracted (3 x 100 mL) with ether. The ether extracts 

were combined and washed (5 x 100 mL) with 10 percent 

aqueous NaOH. The aqueous base was acidified (to blue 

litmus) with concentrated HC1 and was extracted (3 x 100 mL) 
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with ether. The combined ether extracts were washed 

(until the iodine color no longer appeared) with aqueous 

5 percent sodium bisulfite solution. The organic layer 

was dried over MgSC>4. The solvent was removed under reduced 

pressure, leaving 0.54 g (37 percent based on the chloride): 

mp 109-110 °C, lit. mp 109-110 °C (23); IR (thin film) 

3200-2600, 2960 (s), 2880, 1655 (s, 1675 for unlabeled 

compound), 1460, 1410, 1345, 1320, 1265, 1235, 965; ^ 

NMR <5(CDC13 7.4 (s, 1H) , 2.3 (br, 1H) , 2.0-0.9 (complex, 
13 

10H); c NMR see Table I; mass spectrum, m/e 141, B 111 

(M-CH20). 

1-Hydroxymethylbicvclo[2.2.1]heptane-8-13C.—An 

apparatus consisting of a two-necked round-bottom flask, 

a reflux condenser, a dropping funnel, and a magnetic stir-

ring bar was oven dried and assembled. The reflux condenser 

was topped with an argon inlet to provide an inert atmos-

phere. The flask was charged with 1 gram (excess) of LiAlH , 
4' 

followed by the slow addition of 75 mL of anhydrous ether. 

Biclcyo[2.2.1]heptane-l-carboxylic acid (0.5 g, 3.6 x 10~3 

mol) was dissolved in 25 mL of anhydrous ether and slowly 

added to the stirring LiAlH^ slurry. The mixture was main-

tained at reflux for three days. The cooled mixture was 

quenched with Glauber's salt and the solid was removed by 

suction filtration. The solid cake was washed several 

times with ether. The combined liquids were washed with 
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water (3 x 100 mL) and dried over MgSC>4. The solvent was 

removed under reduced pressure, leaving 0.3 g (66 percent 

based on carboxylic acid) of a yellow semi-solid (7); IR 

(thin film) 3600-3050 (s), 2920 (s), 2900(s), 2840 (s), 1450, 

1335, 1310, 1210, 1170, 1140, 1090, 1010 (s), 990(s), 960, 

915; H NMR <5 (CDCl^) 3.55 (d, 2H, J = 137 Hz) (for unlabeled 

compound, s), 2.34 (s, 1H), 2.20 (br, 1H), 1.55-1.17 (com-

13 

plex, 10H); C NMR see Table I; mass spectrum, m/e 126 

(127 for labeled compound), B 67 (M-C3H70). 

1-Bicyclo[2.1.1]hexanecarboxylic acid-carboxyl-^C 

(24, 25, 26).—Activated magnesium (2.11 x 10~2 mol) 

was prepared as described on page 45 and page 65. The 

1-chlorobicyclo[2.2.1]hexane (1.55 g, 9.6 x 10~3 mol) 

was added to the activated magnesium with a syringe and 

maintained at reflux for 12 hours. The mixture was carbon-

13 

ated (0.75 g CC>2) as described on page 39. The carbon-

ated material was quenched with water and acidified 

(turned blue litmus paper red) with concentrated HC1. 

The acidified mixture was extracted (3 x 100 mL) with 

ether and the combined ether layers were washed with an 

aqueous 10 percent NaOH solution. The water washings 

were acidified (turned blue litmus paper red) with concen-

trated HC1 and extracted (3 x 100 mL) with ether. The 

solvent was removed under reduced pressure, leaving 0.80 g 

(66 percent based on the chloride): mp 40-45 °C, lit. mp 
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50.7-52.4 °C (29); IR 3600-3040 (s) , 2960 (s), 2910(s), 

2960 (s), 1660 (s, labeled material), 1450, 1380, 1320, 

1275, 1220, 1205, 1170, 1085(s), 1045(s), 950, 880; XH 

NMR slCDCl̂ / labeled compound) 7.1 (s, 1H), 2.4 (br, 1H), 

1.70 (s, 4H) , 1.28 (br, 4H) ; "^C NMR see Table I; mass 

spectrum, m/e 127 (labeled) , B 81 (M-^CC^H) . 

Reaction of the activated magnesium with the bromide 

was extremely vigorous, and the bromide had to be added 

dropwise. The crude product retained water tightly, and 

in order to remove all of the water and ether a careful 

trap-to-trap distillation was done on the vacuum rack. 

13 

l-Hydroxymethylbicyclo[2.1.13hexane-7- C (3).—An 

apparatus consisting of a 100-mL two-necked round-bottom 

flask, a reflux condenser, a pressure-equalizing dropping 

funnel, and a magnetic stirring bar was oven dried and 

assembled. An argon inlet on top of the condenser provided 

an inert atmosphere throughout the reaction. The flask was 
_3 

charged with 0.14 g (3.9 x 10 mol) of LiAlH^ and was fol-

lowed by the slow addition of 50 mL of anhydrous ether. The 
_3 

carboxylic acid (0.5 g, 3.9 x 10 mol) was dissolved in 25 

mL of anhydrous ether and was slowly added to the stirring 

slurry. The mixtrue was brought to reflux and maintained 

for three days. The excess LiAlH^ was destroyed by adding 

Glauber's salt to the cooled mixture. The solid was removed 

by suction filtration and the cake was washed (3 x 100 mL) 
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with ether. The combined etheral material was washed with 

water (3 x 100 mL) and dried over MgSO^. The ether was 

removed under reduced pressure, leaving a quantitative 

yield of a pale yellow liquid (29) : IR (thin film) 3650-

3100(s), 2990 (s), 2950(s) , 2900(s), 1275, 1110, 1035, 

820; 1H NMR 6 (CDC13, labeled compound) 4.1 (br, 1H), 3.6 

(d, J = 136 Hz), 2.40 (s, 1H), 2.35 (s, 1H), 1.55 (br, 4H), 

1.25 (complex, 2H), 1.00 (complex, 2H); 13C NMR see Table I; 

mass spectrum, m/e 112 (m-1, molecular ion not observed), 

B 80 (M-CH3, H20 or
 13CH3OH). 

1-Hydroxymethylbicyclo[2.2.2]octane-9-^C (3) . —An 

apparatus consisting of a 100-mL three-necked round-bottom 

flask, a magnetic stirring bar, and a pressure-equalizing 

dripping funnel was oven dried and assembled. The reflux 

condenser was capped with an argon inlet, and 0.5 g of 

LiAlH^ was placed into the flask followed by the slow 

addition of 50 mL of anhydrous ether. The 1-bicyclo[2.2.2]-

_3 

octanecarboxylic acid (0.264 g., 1.7 x 10 mol) was dis-

solved in 100 mL of anhydrous ether and slowly added to the 

stirring slurry. The mixture was brought to reflux and 

was maintained three days. The excess LiAlH^ was destroyed 

by adding Glauber's salt to the cooled mixture. The solid 

was separated from the liquid by suction filtration and the 

solid cake was washed (3 x 100 mL) with ether. The mother 

liquor and washings were combined, washed with water (3 x 
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100 mL), and dried over MgSO^. The solvent was removed 

under reduced pressure, leaving 0.191 g (81 percent based 

on the carboxylic acid) of a white solid: mp 54-57 °C, 

lit. mp 60-62 °C (13); 1H NMR 6(CDC13) 3.02 (s, doublet 

J = 137 Hz for labeled compound, 2H), 2.40 (s, 1H), 2.34 

(br, 1H), 1.33 (br, 12H); 1 3C NMR see Table I; IR (thin 

film) 3600-3060(s), 2950(s), 2880(s), 1465(s), 1590, 1320, 

1160, 1125, 1055 (s), 1025, 995, 920, 885, 830, 810, 750; 

mass spectrum, m/e 140, B67 (M-C^HgO). 
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CHAPTER IV 

3 
THE EFFECT OF CHANGE IN HYBRIDIZATION ON J c c 

Introduction 

A close examination of the data in the preceding 

chapters indicates that the value of the vicinal coupling 

constants is influenced by another factor—the nature of 

the 13C labeled moiety. For example, the coupling from 

the labeled carbon to C-7 and C-ll (c-7 = C-ll) in 

13 

l-diamantanecarboxylic acid-15- C is 2.8 Hz; when the 

carboxylic acid is reduced to the corresponding alcohol, 

the coupling over the same carbon chain drops to less than 

0.5 Hz, a change of over 80 percent. Similar but less 

dramatic changes are seen in the adamantanes of Chapter I 

and the 1-substituted bicycloalkanes of Chapter III. 
13 

In order to investigate the effect on vicinal C-
l o 13 

C couplings of changing the C labeled substituent, 

a system had to be devised that met the following require-

ments: 1. the substituent range should be as broad as 

possible; 2. the parent molecule should be rigid to avoid 

conformational averaging; 3. the series of model molecules 

envisioned must be synthetically accessible. 

73 
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Approach Taken 

The series of 1-substituted cyclopropanes (1-9) offers 

several features that make this series an ideal choice for 

the study. The three-carbon ring is rigid; therefore the 

couplings observed will not be influenced by conformational 

averaging that occurs in systems such as cyclohexane that 

C=N C H , 0 H 

H ,CH H. ,0H HO ,CH3 

K 
\ H 3 

fluctuate between conformations. The 2,2-dimethyl substi-

tution affords a look at the cis (0 = 0°) and trans (0 -160°) 

couplings in the same molecule. The substituent range covers 

a large number of the classes of organic compounds. Finally, 

C-l bears four different substituents, making it an aysmetric 

center; therefore in the case of the secondary alcohols 

13 

(compounds 8 and 9) the C labeled carbon is also an 

aysmetric center and a diasteromeric pair results. This 
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feature affords a probe into the effect of the orientation 

of the hydroxy moiety on the cis and trans coupling. 

The synthesis of the parent compound, 2,2-dimethylcyclo-

propyl bromide, was carried out in two steps (Scheme I). 

First, dibromocarbene was produced by the action of potassium 

t-butoxide on CHBr^ followed by the addition of isobutylene 

to form l,l-dibromo-2,2dimethylcyclopropane. Secondly, 

selective replacement of one bromine by hydrogen was 

accomplished utilizing tri-n-butyltinhydride. 

13 
The labeled C was introduced by forming the organo-

lithium reagent from the 2,2-dimethylcyclopropyl bromide 

13 

and condensing 90 percent C enriched CC>2 into the sample 

(Scheme II) . The reaction mixture was allowed to warm to 

room temperature, followed by dilute acid work-up to pro-

duce the carboxylic acid. The primary alcohol was prepared 

by the LiAlH^ reduction of the carboxylic acid. The 

aldehyde was obtained by the oxidation of the primary 

alcohol with pyridine chromyl chloride. The methyl ketone 

was produced by the addition of methyllithium to the lithium 

salt of the carboxylic acid followed by hydrolysis. Lithium 

aluminum hydride-reduction of the methyl ketone gave the 

secondary alcohol. The methyl ketone was also used to 

produce the tertiary alcohol by the addition of methyl-

lithium followed by hydrolysis. The amide was produced by 

the addition of ammonia to the acid halide. The dehydrating 

action of thionyl chloride on the amide produced the nitrile. 
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Scheme I 

CHBr3
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Scheme H 
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Results and Discussion 

Examination of a molecular model of 1—substituted—2,2— 

dimethylcyclopropane makes it clear that the inter-

nuclear distance is smaller than the corresponding sepa-

ration between C. and C,. With this in mind it seems 
4 o 

reasonable that the geometry of the molecule precludes 

interactions of Cg with the functional groups at This 

restriction should not apply to similar interactions 

between C. and Cc because of their close proximity. 
4 b 

The data in Table I reveal that the cis (C4-C5) 

couplings are significantly more sensitive to a change in 

substituent at than are the trans (Ĉ -C,-) couplings. 

The trends in the data for the two coupling geometries 

(cis and trans) do not correlate and appear to depend 

on different parameters. For this reason the cis and 

trans couplings will be discussed separately. 

The situation where the coupling pathway is in the 

trans geometry will be discussed first. The notion that 

the magnitude of the coupling constant increases with 

increasing sigma—bond character of the associated molecular 

framework has been presented in previous studies by G. J. 

Karabatsos (6-11). In these works he recognized that the 

hybridization of the terminal carbon atom played an impor-

tant role in determining the magnitude of the vicinal 

carbon—hydrogen coupling. Karabatsos found that in a 

series of tert-butyl compounds with the general structure 
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TABLE I 

CARBON-13 NMR CHEMICAL SHIFTS AND COUPLING CONSTANTS 
FOR 1-2,2-DIMETHYLCYCLOPROPANE DERIVATIVES 1-9 

Carbon 
# 

ppm< JCC' Hzb 

5 

3 

2 

1 

6 

4 

18.85 

22.63 

23.80 

26.96 

26.96 

177.82 

1 .57 

1 .48 

1 .52 

73.71 

1 .22 

5 19.04 1 .68 

3 20.54 1 .34 

2 22.52 1.51 

6 27.07 1 .02 

1 28.92 63.36 

4 178.20 
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Carbon ppm« 
# J C c ' Hz b 

5 18.85 2.65 

3 22.30 1 .32 

2 25.07 1.27 

6 25.90 0.74 

1 35.49 53.78 

4 200.30 

5 

3 

2 

6 

7 

1 

4 

18.07 

23.00 

26.22 

27.25 

32.02 

35.52 

205.52 

1.42 

1 .89 

1.6 

0.98 

41 .55 

52.54 
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Carbon ppm' 
# J C c ' Hzb 

1 

2 

5 

3 

6 

4 

10.24 

20.58 

21 .91 

22.10 

24.79 

120.93 

78.59 

1 .95 

2.68 

2.35 

0.99 

*CH 2 OH 

2 

3 

5 

1 

6 

4 

16.03 

18.31 

19.84 

27.22 

27. 60 

63.07 

1.19 

0.61 

3.40 

48.40 

0.40 
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Carbon ppm' JCC' H z b 

\ , ch 3 2 

3 

5 

7 

6 

1 

4 

15.22 

17.27 

19.00 

22.14 

26.31 

31 .93 

69.29 

1.68 

<0.4 

3.26 

39.27 

<0.4 

48.48 

H ,0H 

2 

3 

5 

7 

6 

1 

4 

15.13 

17.70 

19.25 

22.79 

26.41 

31 .84 

68.90 

<0.4 

1.82 

2.90 

38.89 

0.65 

47.69 
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Carbon 
# 

ppm( J C c ' Hzb 

HO CH 

3 

2 

5 

6 

7 

8 

1 

4 

15.35 

16.35 

19.66 

20.00 

29.54 

32.22 

35. 56 

70 .15 

1.71 

1 .44 

1.04 

0 .98 

29 .83 

39.22 

47.82 

a. Referenced to internal Me4Ci, accurate to 0.1 ppm. 

b. Accurate to 0.1 Hz. 



85 

^CCOR, and (CH^J^CCN (9, 10), the magnitude 

of the coupling increased with the increasing sigma-bond 

3 9 
character: 3.6-6.0 for sp , 3.7-6.4 for sp , and 5.4 for 

sp hybridization. The experimentally measured splittings 

for the series of compounds below indicate that the vicinal 

trans carbon-carbon couplings in this study behave in the 

same manner as the vicinal carbon-hydrogen couplings in the 

earlier studies by Karabatsos. 

C H2OH ON 

trans J = 
0.40 Hz 

trans J = 
0.74 Hz 

trans J = 
0.99 Hz 

Additionally, Karabatsos observed that the electro-

negativity of the substituent on the terminal carbon atom 

influenced the size of the three-bonded carbon-hydrogen 

coupling. He observed that the increase in was of 
CH 

the order Cl>Br>I; the more electronegative the substituent 

the larger the carbon-hydrogen coupling. The data in this 

study show that a similar situation exists for three-bonded 

carbon-carbon couplings for both sp^ and sp^ hybridized 

terminal carbon atoms. The series below is for the sp^ 

hybridized case. It can be seen in the series that as the 
O 

terminal substituent becomes more electronegative, J c c 
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trans J = 
0.74 Hz 

trans J = 
0,98 Hz 

trans J = 
1.02 Hz 

trans J = 
1.22 Hz 

3 

increases accordingly. The sp hybridized situation shows 

analogous behavior as illustrated below. In this series 

hydrogen atoms are successively replaced by the more 

electronegative carbon atoms. As the number of more electro-
3 . 

negative substituents increases, increases in a like 

ch2oh 
H. .CH H OH HO ,CH3 

Yh, 

trans J = 
0.4 Hz 

trans J 
0.4 Hz 

trans J = 
0.65 Hz 

trans J = 
0.98 Hz 

manner. In this case, however, the following argument should 

not be overlooked: since spin-spin couplings are ai result of 

electron-nuclear interactions (17, 18), the coupling should 

increase as more and more electron-donating methyl substi-

2 

tuents are placed on the terminal carbon atom. In the sp 

hybridization case, the same rationale does not apply, because 
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the substituents become more electron-withdrawing as one 

proceeds from left to right in the series of carbonyl 

compounds shown above. Additionally, the observation 

3 

that the trans Jcc couplings for both diasteromers of 

1-(dimethyl-21,21-cyclopropyl)ethanol are not the same or 

nearly the same indicates that there are other factors 

involved that remain to be uncovered. Further discussion 

regarding the importance of the orientation of the OH 
3 

moiety on trans may be found in subsequent paragraphs 

dealing with the series of alcohols 6-9. 

Coupling to the cis (#5) carbon will be discussed at 

this time. The situation regarding the cis coupling is 

the same as it is for the trans coupling with respect to 

the degree of hybridization and electronegativity of the 

substituent. Therefore, any effect influencing the trans 

coupling attributed to hybridization or electronegativ-

ity of substituents must also apply to the cis coupling. 

The fundamental difference between the two geometries in 

l-substituted-2,2-dimethylcyclopropanes with respect to 

13 
C NMR couplings appears to be the proximity of C4 to C5. 

This situation provides an excellent opportunity to obtain 

a semi-quantitative description of the through-space contri-
3 

bution to Jcc arising from the various substituents in the 

series 1-9. Table II lists the compounds in the series 

1-9 and the difference in the cis and trans couplings for 

each of the compounds. From the table it can be seen that 
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the only carbonyl compound that has a significantly differ-

ent behavior from the other sp2 hybridized carbon compounds 

is the aldehyde. This difference of behavior can be 

interpreted in terms of the greater degree of rotation 

about tne ^ond in the aldehyde relative to the other 

carbonyl compounds. Because hydrogen is smaller than any 

of the other substituents^ the aldehyde carbonyl oxygen 

attains an orientation away from Cg. The moieties -CH3, 

-NH2, and -OH on the other hand are much larger than -H 

and therefore force the carbonyl oxygen to be directed 

toward c5. The data in Table I and Table II seem to 

indicate that the carbonyl oxygen tends to attenuate the 

through-space interactions between C4 substituents and C5 

when the carbonyl oxygen is directed toward C5. This 

attenuation appears to diminish when the carbonyl oxygen 

is free to rotate away from C5. 

The most dramatic effect on the C4~C5 coupling is 

seen in the series 6-9. In this series the orientation 

of the hydroxy1 group plays a significant role in deter-

mining the value of the splitting between and C5. As 

<CH2OH 

H _,CH3 HO CH3 
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TABLE II 

VICINAL CARBON-CARBON COUPLING CONSTANTS 
FOR COMPOUNDS 1-9 

R = 

1 13C00H 

cis 3J c c trans 3J c c 

1 . 5 7 1.22 

2 1 3 C 0 N H 2 1 - 6 8 

3 1 3 C 0 H 

5 1 3 C N 

13 
? X C H 3 

> 0 H 

H .OH 

1 3 ' / 

N C H . 

2 . 6 5 

4 1 3 C 0 C H 3 1 . 4 2 

2.68 

6 1 3 C H 2 0 H 3 . 4 0 

3 . 2 6 

2 . 9 0 

1 .02 

0 . 7 4 

0 . 9 8 

0 . 9 9 

0 . 4 0 

< 0 . 4 

0 . 6 5 

13 
9 I J C ( C H 3 ) 2 0 H 1 . 0 4 0 . 9 8 
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the labeled carbon bearing the hydroxyl group becomes more 

methyl-substituted, the resulting steric encumbrance forces 

the hydroxyl group to be oriented towards the vicinal cis 

methyl group (C,.) , as in 9, rather than away, as in 6. The 

result is that the cis three-bonded coupling decreases 

from 3.40 Hz in 6 to 1.04 Hz in 9. The trend in this 

series agrees with the calculations of Table III, which 

presents INDO-FPT calculations for vicinal carbon-carbon 

coupling constants for 3-methyl-l-butanol. Included are 

the values for the cis and trans conformations as (and 

therefore the hydroxyl group) is rotated about the c^~c
2 

axis. The calculated values for the trans coupling (Ĉ -

C^, Table III) indicate that the orientation of the hydroxyl 

group plays no significant role in determining the magni-

tude of the trans vicinal carbon-carbon coupling. This 

is in close agreement with the experimentally obtained 

values in Table I. 

In summary, this series of compounds (1-9) demonstrates 

the importance of the nature of the substituent on the value 

3 

of J
cc- is particularly significant in the cis con-

formation and less important in the trans. 

The series (6-9) shows that the value of the cis 
3 

may vary threefold as a substituent (this case hydroxyl) 
is forced by steric encumbrance to occupy different orien-

3 

tations, while the trans is relatively insentitive 

to the orientation of the same substituent. Even a 
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TABLE III 

CALCULATED (INDO-FPT) VICINAL CARBON-CARBON COUPLING 
CONSTANTS FOR 3-METHYL-l-BUTANOL 

5 ^ H 

H 3 C ^ 3 2 ^ H 

H3C4 'CH 7 

HO 

6, cis t r a n s 
d e g r e e s 3 \\z hz 

0 0.6 1.8 

45 2.3 1.9 

90 6.1 1.6 

135 7.1 1.4 

180 6.4 1.5 

225 7.6 1.5 

270 6.6 1.6 

315 2.3 1.4 

a. Defined by the dihedral angle of Cj-^-Ci-O, viewed 
clockwise from the terminally substituted carbon. 
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conformationally-free hydroxyl substituent can influence 

3 

the value of the cis Jcc if the hydroxyl group preferen-

tially occupies different orientations. 

Experimental 

13 

C labeled carbon monoxide (90 percent enriched) was 

obtained from Prochem Chemical Company, B.O.C., Ltd., Deer 

Park Road, London SW19 3UF U.K. 

Isobutylene was purchased from Matheson Co., P.O. 

Box 85, East Rutheford, NJ. Methyl iodine was obtained from 
13 

Aldrich Chemical Co., Milwaukee, WI. C NMR spectra were 

recorded on a Bruker Instrument WH-90 Fourier transform 

NMR spectrometer operating at a frequency of 22.63 MHz. 

Melting points were determined using a Thomas-Hoover 

apparatus. Infared spectra were recorded on a Beckman 

IR-33 infared spectrophotometer. 

Mass spectra of 1,l-dibromo-2,2-dimethylcyclopropane, 

l-bromo-2,2-dimethylcyclopropane, 2,2-dimethyl-l-cyclo-
13 

propanecarboxylic acid-carboxyl- C, and 1-hydroxymethyl-
13 

2,2-dimethylcyclopropane-methyl- C were obtained using 

a Hitachi Perkin-Elmer RMU-6E double-focusing mass 

spectrometer. All other mass spectra were recorded on 

a Finnigan Model 3300 automated gas chromatograph/mass 

spectrometer system. The chromatographic column used was 

a 6 ft x h in glass column packed with 10 percent SP 

2100 on 100-120 mesh Supelcoport support medium. 
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l,l-Dibromo-2,2-dimethylcyclopropane (20).—A three-

necked three-L round-bottom flask was fitted with a 

mechanical stirrer, a dry ice condenser, a heating mantle, 

a thermometer, a rubber septum, and an argon inlet. The 

flask was flushed with argon and charged with 946 mL of 

t-butyl alcohol. The condenser was fitted with a two-

hole rubber stopper, and a short and a long piece of glass 

tubing, and connected to an external source of water. 

The water was warm enough to prevent the alcohol from 

freezing to the inside of the condenser yet cool enough 

to condense t-butyl alcohol. Potassium (58.5 g., 1.5 

mol) was added to the sitrring alcohol. The exothermic 

reaction raised the temperature high enough to melt the 

potassium. The formation of the potassium t-butylate 

took three hours to complete. 

The condenser was charged with dry ice/acetone, and 

946 mL of pentane were added to the reaction mixture to 

prevent the alcohol from solidifying. The reaction ves-

sel was cooled to 0 °C with a salted-ice slurry. 

Liquid isobutylene (150 mL, 1.6 mol, colled in dry 

ice) was injected into the stirring solution. Bromoform 

(97 mL, 1.0 mol) was injected into the reaction mixture, 

10 mL at a time. The temperature rose from -1 °C to 9 °C 

with each injection. After the last injection the mixture 

was kept at 0 °C for 14 hours. 
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The reaction mixture was washed with 6 L (12x500mL) 

of water and dried over magnesium sulfate. The pentane 

was removed under reduced pressure, leaving 213 g (93 per-

cent based on bromoform) of a pale yellow liquid (lit. 65 

percent based on olefin) (20): IR 3000(s), 2970(3), 

2940 (s) , 2890, 1465, 1455, 1445 (s), 1390, 1270, 1130, 

1110, 1055(s), 1010, 975, 850, 700(s); 1H NMR 6(CDC13) 

1.65 (s, 2H), 1.60 (s, 6H): mass spectrum, m/e 226, 228, 

230 (ratio 1:3:1), B 147, 149 (ratio 1:1, M-Br). 

Tri-n-butyltin hydride (22).—A two necked 1-L flask, 

a pressure-equalizing dripping funnel, a reflux condenser, 

and a magnetic stirring bar were oven dried and assembled. 

The reflux condenser was capped with an argon inlet and 

positive argon pressure maintained to insure an anhydrous 

reaction condition. A lithium aluminum hydride slurry 

was prepared by placing 18.0 g of LiAlH^ into the flask, 

followed by the slow addition of 500 mL of anhydrous 

ether. The dropping funnel was charged with 156 g (0.48 

mol) of tri-n-butyltin chloride. The tri-n-butyltin 

chloride was added to the rapidly stirring slurry over a 

four-hour period, brought to reflux, and maintained at 

reflux temperature overnight. 

Heating was discontinued and the raction mixture 

allowed to cool in an ice bath. Glauber's salt (21) was 

added to the cooled mixture until all of the excess 
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LiAlH^ was decomposed. The solid material was removed by 

suction filtration and the solid cake washed with 150 mL of 

ether. The mother liquor and washings were combined and 

the solvent was removed under reduced pressure, leaving 109 g 

(70 percent absed on the chloride) of a clear liquid: 

bp 75-83 °C (0.7 torr), (lit. bp 76-81 !C, 0.7-0.9 torr) 

(22); "̂H NMR and mass spectrum agreed with spectra of the 

compound purchased from Aldrich Chemical Co. The compound 

was used without distillation immediately after preparation 

as decomposition occurred on standing. 

l-Bromo-2,2-dimethylcyclopropane (19, 22).—An 

apparatus consisting of a water-jacketed three-necked 

250-mL round-bottom flask, a stirring bar, and a pressure-

equalizing dropping funnel were oven dried and assembled. 

The flask was capped with an argon inlet and positive argon 

pressure was maintained throughout the reaction. Water was 

circulated through the jacketed flask; the circulating 

water was kept at 10 °C during the course of the reaction. 

The 1,l-dibromo-2,2-dimethylcyclopropane (103.19 g, 0.453 

mol) was placed in the flask, followed by the tri-n-butyltin 

hydride (131.55 g, 0.453 mol). The tri-n-butyltin hydride 

was slowly added to the rapidly stirring dibromide. The 

temperature of the raction mixture never exceeded 15 °C. 

Upon complete addition of the tin hydride, the mixture 

was distilled; the pale yellow liquid, 65.2 g, (96 percent 
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based on the dibromide collected between 100 and 115 °C was 
O 

taken as product. The product was dried over aA molecular 

sieves and redistilled, producing a clear liquid: index of 

refraction (sodium D line) 1.525, (lit. 1.511) (19); bp 107-

108 °C (1 atm), (lit. bp 107-108 °C, 1 atm) (19); IR (thin 

film) 3180, 2940 (s), 2920 (s), 2870 (s), 2750, 1470, 1450(s), 

1380 (s), 1340, 1290 (s), 1215(s), 1130, 1095, 1080, 1035 (s), 

970, 925, 835; "*"H NMR was consistent with that reported in 

reference 19, <5(CDC13) 2.64 (doublet of doublets, 1H) , 1.24 

(s, 3H), 1.12 (s, 3H), 0.93 (doublet of doublets, 1H), 0.6 

(doublet of doublets, 1H); the latter three sets of signals 

are superimposed; mass spectrum, m/3 148, 150, B41 (M-C2H^Br) 

Lithium sand.—A 500-mL Erlyenmeyer flask was modified 

by adding a standard-taper 24/40 female fitting to the top. 

A gas inlet fitting, mineral-oil bubbler, and argon tank 

provided positive argon pressure to the flask. The 

flask and inlet fitting were oven dried (110 °C) and about 

100 mL of mineral oil added to the cooled flask. The lith-

ium metal (2 percent Na) in mineral oil was washed and 

weighed in hexanes and transferred into the flask. The 

flask was purged with argon (argon, being heavier than 

sirr flushes the flask quite nicely) and was maintained 

under positive argon pressure. The flask was placed 

onto a hotplate and heated until the lithium melted. 

The flask was shaken, using asbestos gloves, until the metal 
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became finely divided and solidified. The flask was 

allowed to cool to room temperature and the contents 

were transferred into a 2—L separatory funnel (the large 

funnel was used because the hole in the stopcock was large 

enough to allow the lithium sand to pass through), fol-

lowed by 100 mL of anhydrous ether. Because of its low 

density, the lithium metal floats on the mineral oil-

ether mixture. The liquid was drained off and more 

ether added. After several successive ether washings, the 

lithium was funneled into the reaction vessel. 

2,2-Dimethylcyclopropanecarboxylic acid. (2, 4, 5, 15, 

23J_. An apparatus consisting of a three-necked 500-mL 

round-bottom flask, a stirring bar, a gas inlet, and a 

dropping funnel was oven dried and assembled and fitted 

with a magnetic stirrer and an ice bath. Lithium sand 

(1.32 g, 0.175 mol + 10 percent) was prepared as pre-

viously dexcribed and washed into the flask with 250 mL 

of anhydrous diethyl ether while purging with argon. The 

dropping funnel was charged with 13.0 g (0.114 mol) of 

l-bromo-2,2-dimethylcyclopropane and was maintained under 

positive argon pressure throughout the remainder of the 

reaction. The ice bath was charged with ice/NaCl slush 

and maintained at 0 °C while the bromide was added to 

the stirring mixture over a period of 1 hr, 45 min. The 

reaction mixture was stirred for an additional hour at 0 °C. 
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The mixture was transferred into an oven-dried 500-mL 

separatory funnel and the ether layer was drained into an 

oven—dried carbonating flask and carbonated in the manner 

previously described (4.0 g labeled and unlabeled C02, 

slight excess). 

The carbonated mixture was acidified (turned blud 

litmus paper red) with aqueous 20 percent HC1 and extracted 

(3 x 100 mL) with ether. The combined either extracts were 

washed (5 x 100 mL) with aqueous 15 percent NaOH. The 

combined base extracts were acidified (turned blue litmus 

paper red) by adding dropwise concentrated HC1 to the 

rapidly stirring solution. The cooled solution was washed 

(3 x 150 mL) with ether and the combined washings were 

dried over MgSO^. The ether was removed under reduced 

pressure, leaving 6.7 g (68 percent based on the bromide) 

of a pale yellow, foul-smelling liquid. The colorless 

acid was obtained by distillation: bp 85 °C (5 torr), 

198-202° (1 atm) , (lit. bp 198 °C-201 °C, 1 atm) (2,15); 

mass spectrum, m/e 114 (M; 115 for labeled, compound), 

B 69 (M-COOH); IR 3500-2400 (s), 1650 (s), (1700 unlabeled 

compound), 1460, 1440 (s), 1400, 1324, 1290 (s), 1230 (s), 

1140, 1120, 1065, 985, 865; "̂H NMR was consistent with that 

reported in reference 15, <5(CDC13) 11.5 (s, 1H) , 1.40 

(doublet of doublets, 1H), 1.21 (s, 3H), 1.11 (s, 3H), 

0.99 (doublet of doublets, 1H), 0.79 (doublet of doublets, 
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1H); the latter three sets of signals are superimposed; 

13C NMR see Table I. 

(2',2'-Dimethylcycloproply)methanol (5).—An apparatus 

consisting of a three-necked 250-mL round-bottom flask, 

a magnetic stirring bar, a reflux condenser, and a 125-mL 

addition funnel was oven dried, assembled, and capped 

with an argon inlet. The apparatus was maintained under 

positive argon pressure throughout the reaction. Lithium 

-2 

aluminum hydride (2.19 g, 5.8 x 10 mol) was placed into 

the flask and 100 mL of anhydrous ether were slowly dropped 

in to form a slurry. The 2,2-dimethylcyclopropanecarboxylic 

acid (6.7 g 0.58 mol) was dissolved in 60 mL of anhydrous 

ether and slowly dropped into the rapidly stirring LiAlH^ 

slurry. Upon complete addition of the acid, the raction 

mixture was brought to reflux and was maintained for 

three days. 

Heating was discontinued and the mixture was allowed 

to cool to room temperature, at which time the excess 

LiAlH^ was decomposed with Glauber's salt (21). The 

liquid was separated from the solid by suction filtration 

and the solid cake was washed with 100 mL of ether. The 

mother liquor and the washings were combined and dried 

over MgSO^. The solvent was removed under reduced pressure, 

leaving a colorless liquid: "̂H NMR ^(CDCl^) 3.39 (ABX 

system JAB - 14.0 Hz, J = ca. 3Hz for the downfield wing 
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of the AB pattern; J = ca. 4 Hz for the upfield wing of 

the AB pattern; the ABX pattern was additionally split, 

J = 138 Hz, for the labeled compound.)/ 0.95 (s, 3H), 

0.91 (s, 3H), 0.95 to -0.10 (complex pattern for labeled 

13 

and unlabeled compounds), C NMR see Table I; IR (thin 

film) 3500-3100 (s), 3050, 3000 (sO, 2950 (s), 2875 (s), 2750, 

1460 (s), 1425, 1390 (s), 1315, 1280, 1240, 1170, 1140, 

1120, 1040(s), 965, 875, 815; mass spectrum, m/e 83 

(M-H2O, no molecular ion) , B 41 (M-C2 H^O) , m/e (for 

unlabeled compound, M-H2O), no molecular ion), B 41 
(M-c3H7O). 

Pyridinium chlorochromate (3).—A solution of aqueous 

6 M HC1 (184 mL, 1.1 mol) was placed into a 500 mL beaker 

and was vigorously stirred while 100 g (1 mol) of CrO^ 

were added. The mixture became homogeneous after stirring 

for 10-15 minutes and was colled to 0 °C with salt-ice 

slush. Pyridine (79.1 g, 1 mol) was added dropwise over 

a 10-20-minute period. The mixture was then recooled to 

0 °C, producing a yellow-orange precipitate which was col-

lected on a sintered glass funnel and dried under reduced 

pressure in a vacuum desiccator overnight. 

(2',2'-Dimethylcyclopropy1)methanal 3,5).—An 

apparatus consisting of a 250-mL three-necked round-

bottom flask, a reflux condenser, a magnetic stirring bar, 
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and an addition funnel was oven dried ans assembled. The 

reflux condenser was capped with an argon inlet and kept 

under positive argon pressure throughout the reaction. 

Pyridinium chlorochromate (8.95 g, 0.042 mol) was placed 

into the flask and 100 mL of anhydrous methylene chloride 

were added. (21,21-Dimethylcyclopropyl)methanol (2.79 g. 

0.28 mol) was dissolved in 25 mL of anhydrous methylene 

chloride and was added to the stirring pyridinium chloro-

chromate solution. After two hours of stirring, 100 mL 

of anhydrous ether were added and the supernatant was 

decanted from the black, viscous, insoluble residue. 

When washed with anhydrous ether (3 x 50 mL), the insoluble 

residue became granular. The supernatant liquid and wash-

ings were combined and passed through a pad of Fluorisil. 

The solvent was removed under reduced pressure, leaving 2.0g 

(72 percent based on the alcohol of a plae yellow liquid: 

1H NMR <5(CDC13) 9.05 (1H, doublet of doublets J = 6Hz, 

^ ~ 1 67 H z l H , doublet, J = 6 Hz, for unlabeled compound) , 

1.19 (s, 3H), 1.09 (s, 3H), 0.5 - 1.5 complex pattern; 
13_, 

C NMR; see Table I. The material oxidizes rapidly in air, 

to the carboxylic acid, and was therefore diluted with CDCl^ 

for NMR analysis or immediately carried on to the secondary 

alcohol without further characterization. 
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l-Acetyl-2,2-dimethylcyclopropane (1, 5).—An apparatus 

consisting of a 250-mL three-necked round-bottom flask, 

a magnetic stirring bar, a reflux condenser, and a pressure-

equalizing dropping funnel was oven dried and assembled. 

The assemblage was fitted with a thermometer and an argon 

inlet. Positive argon pressure was maintained throughout 

the reaction sequences. 

The flask was charged with 0.33 g (4.2 x 10~2 mol) 

of powdered lithium hydride and 50 mL of anhydrous ether. 

The 2,2-dimethylcyclopropanecarboxylic acid (4.26 g, 

- 2 

3.7 x 10 mol) was diluted with 15 mL of anhydrous ether 

and was placed into the dropping funnel. The acid was 

added to the rapidly stirring lithium hydride suspension 

over a 10-min period. The white suspension was heated 

to reflux and stirred for 2.5 hours. 

An apparatus consisting of a three-necked 100-mL 

round-bottom flask, a pressure-equalizing dropping funnel, 

a reflux condenser, and a magnetic stirring bar was oven 

dried and assembled. The reflux condenser was capped with 

an argon inlet and a static argon atmosphere was maintained 

throughout the reaction. Lithium sand (6 g, excess) was 

prepared as previously described and washed into the 100-mL 

flask with 50 mL of anhydrous ether. Methyl iodide (10.5 g, 
_3 

7.4 x 10 mol) was diluted with 25 mL of anhydrous ether 

and placed into the dropping funnel and slowly added to 
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the stirring lithium sand. When the addition was complete 

and the exothermic reaction subsided, the mixture was brought 

to reflux and was stirred for an hour. 

The production of the organolithium reagent and the 

lithium carboxylate were timed to be complete at the same 

time. The methyllithium was transferred into the dropping 

funnel on the flask containing the lithium carboxylate 

substrate. The temperature of the reaction flask was 

lowered to 3 °C with an ice bath. The organometallic 

(excess) reagent was slowly added to the rapidly stirred 

mixture over a 30-min period. The unreacted lithium was 

not allowed to enter the reaction flask, and was washed 

with 10-15 mL of anhydrous ether; the ether was drained 

into the reaction flask. The mixture was warmed to room 

tempberature and stirred overnight. 

A solution of 10 g of sodium thiosulfate pentahydrate 

in 400 mL of water was prepared and the contents of the 

reaction flask were slowly siphoned into the rapidly stirred 

solution. The solution was washed (3 x 100 mL) with 

ether and the combined washings were dried over sodium 

sulfate. The ether was removed under reduced pressure, 

leaving 2.07 g (48 percent based on carboxylic acid) of a 

pale yellow liquid: 1H NMR 6(CDC13) 2.1 (s, doublet for 

labeled compound J = 6.0 Hz, 3H), 1.71 (doublet of doublets, 

complex for labeled compound, 1H), 1.15 (s, 3H), 1.05 (s, 3H), 
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0.75 (doublet of doublets, complex for labeled compound, 

13 

2H); C NMR see Table I; mass spectrum, m/3 112, 113 for 

labeled compound, B 41 (M-C^H^O). 

It was found that the material is extremely sensitive 

to acid. Care was taken to avoid any acidic conditions 

during work-up and spectral analysis. 

l-(2',2'-Dimethylcyclopropyl)ethanol (5).—This com-

pound was prepared by two methods: the quality of the 

product was the same for both methods but the yields dif-

fered drastically. 

a. Addition of methylmagnesium iodide to the aldehyde. 

—An apparatus consisting of a 250-mL two-necked, round-

bottom flask, a magnetic stirring bar, a pressure-equaliz-

ing dropping funnel, and a reflux condenser was oven dried 

and assembled. Positive argon pressure was maintained by 

placing an argon inlet on top of the condenser. Dry mag-

nesium turings (1.2 g, 4.9 x 10~2 mol) were placed into 

the flask and were covered with anhydrous ether. The 

methyl iodide (6.0 g, 4.2 x 10 2 mol) was diluted with 

25 mL of anhydrous ether and was placed into the dropping 

funnel. The methyl iodide was slowly added to the magnesium 

turnings with gentle stirring. Upon complete formation 

of the Grignard reagent, the aldehyde (2.0 g, 0.02 mol) 

was diluted with 25 mL of anhydrous ether and introduced 

into the addition funnel. The aldehyde was slowly added 
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to the stirring solution. The mixture was stirred for 

three hours at room temperature after the addition 

was complete. Water (100 mL) was added and the ether 

layer was washed with (3 x 150 mL) water. The ether layer 

was dried over MgSO^ and the ether was removed under 

reduced pressure, leaving 0.125 g (6 percent based on the 

aldehyde of a pale yellow liquid. 

b. Reduction of the ketone by LiAlH^.—A lithium 

_2 
aluminum hydride slurry (0.7 g, 1.8 x 10 mol, in 100 mL 

anhydrous ether) was prepared as previously described. 

- 2 

The ketone (2.0 g, 1.8 x 10 mol) was diluted with 25 mL 

of anhydrous ether and was slowly added to the LiAlH^ 

slurry. The mixture was refluxed for three days. The 

excess LiAlH^ was decomposed with Glauber's salt and the 

solid material separated from the liquid by suction 

filtration. The solid cake was washed with 150 mL of 

ether. The washings and the mother liquor were combined 

and the ether was removed under reduced pressure, leaving 

a quantitative yield of clear liquid: "'"H NMR ^(CDCl^, 

unlabeled compound) 3.2 (multiplet, 1H) , 1.15 (d, 3H), 

1.05 (s, 3H), 0.95 (s, 3H): the metylene and methine 

proton signals due to the ring protons were obscured by 

the methyl signals, 1H NMR 6(CDC13) for 1- (2
 1 ,2 • -dimethyl-

13 

cyclopropyl)ethanol-1,2- C (dilabeled compound) 3.2 

(doublet of multiplets, J = 138 Hz, 1H), 1.15 (doublet of 
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doublets, J - 126 Hz, 3H), 1.05 (s, 3H), 0.95 (s, 3H); 

the methylene and methine proton signals due to the ring 

13 

protons were obscured by the methyl signals; C NMR see 

Table I; G. C. Analysis (61 SP 2100 Finnigan) 2 peaks about 

3:2 for the two diastereomeric forms; mass spectrum 

(identical for both diasteromers) m/e 96 (M-I^O) B 59 

(M-C^H^) , for dilabeled compound m/e 98 B 59 (M-"^C2C2H^) . 

2- (2 ', 2 ' -Dimethylcyclopropyl) propanol (16).—An appar-

atus consisting of a 100-mL three-necked round-bottom 

flask, a reflux condenser, a magnetic stirring bar, and a 

pressure-equalizing dropping funnel was oven dried and 

assembled. The reflux condenser was capped with an argon 

inlet and positive argon pressure was maintained throughout 

the reaction. The l-acetyl-2,2-dimethylcyclopropane 
_ 3 

(0.9 g, 8.0 x 10 mol) was dissolved in 50 mL of anhydrous 

ether and placed into the flask. Methyliodide (1.2 g, 
_3 

9.0 x 10 mol) was converted into methyllithium (see p. 

102) and placed into the dropping funnel. The methyllithium 

was slowly added to the rapidly stirring ketone. The mix-

ture was brought to reflux and maintained at reflux over-

night. The mixture was cooled and poured into rapidly 

stirred aqueous sodium thiosulfate pentahydrate (10 g in 

400 mL). The ether layer was removed and dried over anhyd-

rous sodium sulfate and the ether was removed under reduced 

pressure, leaving 0.2 g (20 percent based on the ketone) 

of pale yellow liquid: 1H NMR S(CDC13) 1.15 (s, 6H), 1.10 
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(s, 3H) , 0.91 (s, 3H), 0.51 - 0.21 (multiplet, 2H) , methine 
1 O 

proton signal obscured by methyl signals; C NMR see 

Table I; mass spectrum, m/e 128, B 59 (M-CcH_). The 
5 y 

compound rapidly isomerizes on exposure to air. 

2,2-Dimethylcyclopropylcarboxamide (12, 14).—An 

apparatus consisting of a 100-mL two-necked round-bottom 

flask, a magnetic stirring bar, a pressure-equalizing 

dropping funnel, and a reflux condenser was oven dried and 

assembled. The top of the reflux condenser was capped with 

a CaCl2 drying tube. The flask was loaded with 6.4 g 

- 2 

(4.9 x 10 mol + 10 percent) of S0C12 and the dropping 

funnel was charged with 5.62 g (4.9 x 10~2 mol) of 

2,2-dimethylcyclopropanecarboxylic acid. The acid was 

slowly added to the rapidly stirring thionyl chloride. 

When the addition was complete the mixture was allowed to 

stir overnight at room temperature. The mixture was 

heated to 80 °C for 30 min and the excess S0C12 was 

removed by distillation. 

An apparatus consisting of a 250-mL three-necked round-

bottom flask, a magnetic stirring bar, a thermometer, and 

a dropping funnel was oven-dried and assembled. The 2,2di-

methylcyclopropanecarboxylic acid chloride was placed 

into the dropping funnel and 150 mL of concentrated 

(28 percent) ammonium hydroxide were introduced into 

the reaction flask. The stirred NH^OH solution was 
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cooled to 0 °C with an ice-salt bath and the acid halide 

was added dropwise. The addition was slow enough to keep 

the reaction temperature below 15 °C. Stirring was con-

tinued for 1 hr after the addition of the acid halide was 

complete. 

The reaction flask was heated in a steam bath under 

reduced pressure until only dry residue remained. The dry 

material was boiled in 50 mL of ethyl acetate for 10 min 

and quickly suction-filtered through a hot funnel. The 

ethyl acetate extract was cooled to 0 °C and the crystal-

line amide that separated was removed by suction filtration. 

A second crop of amide was produced by reducing the volume 

of the ethyl acetate and cooling again to 0 °C. The total 

yield was 2.0 g (35 percent based on carboxylic acid) 

of white crystals (lit. 44 percent) (14): mp 174.5-176.5 

°C, (lit. mp 177-177.5 °C) (14); ~IR (KBr) 3380(s), 

3220 (s), 3000, 2980, 2900, 1685 (s), 1665 (s), 1645 (s), 

1400, 1355, 1320, 1270, 1160, 1140, 1115, 985, 870; 

"̂H NMR SfCDCl^) 1.5 - 1.2 (multiplet, complex for labeled 

compound, 1H), 1.05 (s, 3H), 1.0 (s, 3H), 0.9 - 0.5 

1 ̂  

(multiplet, complex for labeled compound, 2H); C NMR 

see Table I; mass spectrum m/e 113 (114 for labeled 

compound), B 113 (114 for labeled compound). 

2,2-Dimethylcyclopropylnitrile (13, 14}.--An apparatus 

consisting of a 250-mL round-bottom flask, a magnetic stir-

ring bar, and a reflux condenser was oven dried, assembled, 
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and capped with a CaC]^ drying tube. The water supplied 

to the condenser was kept below 20 °C with a refrigerated 

- 2 
temperature bath. The amide (1.36 g, 1.2 x 10 mol) was 

dissolved in 50 mL of dry benezene and placed into the flask, 

_2 

and 2.1 g (1.8 x 10 mol) of thionyl chloride were added 

dropwise. The flask was placed into a water bath and the 

mixture was stirred while being rapidly brought to 75-80 °C. 

The elevated temperature and stirring were continued for 

4.5 hr. The mixture was poured over a crushed ice-water 

slurry to decompose the excess SOC^. Cold aqueous NaOH 

(50 percent) was added until the solution was basic to 

red litmus. The organic layer was separated from the 

aqueous layer and extracted with 100 mL of benezene. The 

combined benzene layers were washed with aqueous Na2CC>2 

(1 percent) and finally with 150 mL of water. The organic 

layer was dried over MgSO^ and the solvent removed under 

reduced pressure. Trap-to-trap distillation (see p. 15) 

produced 0.350 g (30 percent based on the amide) of clear 

liquid: IR (thin film) 2980 (s), 2940 (s), 2860, 2260, 1735, 

1460, 1390, 1280 (s), 1105(s), 1040(s), 815(s); 1H NMR 

<5(CDC13) 1.17 (s, 3H) , 0.98 (s, 3H) , 0.78 (doublet of 

doublets, complex for labeled compound, 2H), the methine 

proton signal obscured by methyl and methylene signals, 
13 
C NMR see Table I, mass spectrum, m/e, 95, B 68 (M-HCN). 
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