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1306 (m), 1295 (m), 1197 (m), 1110 (vs), 1080 (s), 1010 (s) ,  915 
(s), 878 (m), 860 (m), and 770 cm-' (m). 

Anal. Calcd for CBHSF: C, 71.97; H, 9.06. Found: C, 
72.01; H, 9.25. 

The formation of only one isomer (VIId) from VIIb was con- 
firmed by isolation and reduction (SO', AIBN) of pure VIIb, fol- 
lowed by glpc (Apieaon L, 65'). 

7-Fluoro-2-oxanorcarane (VIIIc and VIIId) was obtained in 
33% (SOo, AIBN), 60% (120-130', DTBP), or 60% yield 
(170-175', DTBP): bp 45-52' (30 mm); n% 1.4352 (VIIIc) or 
1.4433 (VIIId); ir 2934 (vs), 2880 (s), 1454 (m), 1439 (m), 1403 
(m), 1280 (m), 1238 (vs), 1208 ( s ) ,  1148 (s), 1085 (vs), 1035 
(s), 912 ( s ) ,  880 (s), 820 (s), and 735 cm-' (9). 

Anal. Calcd for CBHSOF: C, 62.05; H, 7.81. Found: C, 
62.19; H, 7.98. 

The isomer distributions in the products were determined by 
glpc (Apieaon L, 80') and are shown in Table IV. 

6-Fluoro-3-oxabicyclo [3.1 .O] hexane (IXc and IXd) was ob- 
tained in 36% yield (go', AIBN): bp 51.5-52.5' (20 mm); 
n20D 1.4168 (IXc) or 1.4329 (IXd); ir 3055 (m), 2950 ( s ) ,  2895 
(vs), 1483 (m), 1420 (s), 1358 ( s ) ,  1200 (m), 1182 (vs), 1110 (vs), 
1078 (vs), 1020 (s), 1000 (s), 983 (vs), 900 (s), 840 ( s ) ,  815 ( s ) ,  
779 ( s ) ,  719 (s), and 705 cm-l (m). 

Anal. Calcd for C5H70F: C, 58.82; H, 6.91. Found: C, 
58.80; H, 6.82. 

The reduction of pure IXb a t  90' (AIBN) or a t  130-135" 
(DTBP) gave a mixture of IXc and IXd, the ratio of which (see 
Table 111) was determined by glpc (Apiezon L, 60'). 

The Reduction of 7-exo-Chloro-7-endo-fluoro-2-oxanorcarane 
(VIIIb) under Various Conditions. A. Change in Reaction 
Temperature.-A mixture of 6 g (0.04 mol) of VIIIb, 12.8 g 
(0.05 mol) of tri-n-butyltin hydride, and a small amount of AIBN 
was heated a t  80' for 10 hr. The reaction mixture was submitted 
to glpc before distillation and the ratio of VIIIc/VIIId was de- 
termined. The reductions a t  130 and at  165' in the presence of 

DTBP were carried out similarly. The results are shown in 
Table 111. 

B. Change in Tri-n-butyltin Hydride Concentration.-A mix- 
ture of 6 g (0.04 mol) of VIIIb, 10.3 g (0.04 mol) of tri-n-butyltin 
hydride, and a small amount of AIBN (or DTBP) was heated 
a t  90' (or a t  135-140') for 5 hr. The isomer ratio (VIIIc/VIIId) 
in the product was determined by glpc before distillation. The 
reductions using a three- or sixfold amount of tri-n-butyltin 
hydride were carried out similarly. The results are shown in 
Table V. 

The Reduction of 7-exo-Bromo-7-endo-fluoro-2-oxanorcarane 
(Xb).-A mixture of 9.8 g (0.05 mol) of Xb and 15.4 g (0.06 mol) 
of tri-n-butyltin hydride was stirred at  20' for 10 hr, in the ab- 
sence of catalyst. Distillation of the reaction mixture gave 4.6 g 
(80%) of 7-endo-fluoro-2-oxanorcarane (VIIId), with no sign of 
the exo-fluoro isomer (VIIIc) being formed (glpc). The reduc- 
tion a t  80-90" in the absence of catalyst gave a 95% yield of a 
mixture of VIIIc and VIIId, in the ratio 28: 72 (glpc). 

Registry No.-Tributyltin hydride, 688-73-3 ; IC, 
17370-50-2; IIc, 22140-48-3; IId, 22140-49-4; IIIc, 
22140-50-7; IIId, 22140-51-8; IVC, 22140-52-9; IVd, 
22140-53-0; VC, 22140-54-1 ; Vd, 22140-55-2; VIC, 
16646-98-3; VId, 16646-97-2; VIIC, 19144-92-4; VIId, 
19144-93-5; VIIIC, 22140-60-9; VIIId, 22140-61-0; 
IXC, 22140-62-1 ; IXd, 22140-63-2. 
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The nmr spectra of the cyclobutane protons of the head-to-head syn dimer of coumarin and the head-to-head 
anti dimer of N-methylcarbostyril have been analyzed. The analysis has demonstrated that it is possible to cor- 
relate the structure and stereochemistry of these photodimers with the coupling constants. A similar analysis of 
the photodimers of 6-chloro- and 6-methylcarbostyril has been performed and their structure and stereochemistry 
have been assigned. 

Although dimerization was one of the first observed 
photochemical reactions, the difficulties involved in de- 
termining the exact structures of these dimers have 
handicapped progress in understanding the mode and 
mechanism of their formation. To develop procedures 
that would aid and simplify the structure elucidation of 
photodimers containing cyclobutane rings, the nmr 
spectra of several such dimers have been examined. 
Fleming and Williams' have summarized the known 
coupling constants between protons on cyclobutane 
rings and their summary indicates that cis couplings are 
generally larger than trans couplings. However, the 
coupling constants vary over a sufficient range so that 
some overlap between the values occurs. Therefore 
knowledge of a single coupling constant between protons 
in a cyclobutane ring is frequently insufficient to 
establish the stereochemistry of the protons in question. 
We have examined the nmr spectra of several dimers of 

(1) I. Fleming and D. H. Williams, Tetrahedron, 28,2747 (1967). 

coumarin2 as well as those of dimers of carbostyrils.a 
The structures of the coumarin dimers 1-111 and the 
carbostyril dimers IVa and IVb previously have been 
rigorously established and it was found that each of the 
dimers contains four cyclobutane protons which are 
held in a rigid configuration by their fused six-four 
ring junctions. 

Previous attempts to analyze the nmr spectra of the 
cyclobutane coumarin dimers2 I, 11, and I11 have been 
unsuccessful owing to their very poor solubility and 
because in the solvents commonly employed for nmr 
spectroscopy the four cyclobutane protons were found 
to be essentially magnetically equivalent. We have 
found that liquid sulfur dioxide is a good solvent for 
these compounds and that the previously magnetically 

(2) G. 0. Sohenok, I. von Wilucki, and C. H. Krauoh, Chem. Ber., 96, 
1409 (1962); C. H. Krauch, S. Farid, and G. 0. Sohenck, ibid., 99, 625 
(1966). 

(3) (a) 0. Buchardt, Acta Chem.Scand., 18, 1389 (1964); (b) 0. Buchardt. 
P. L. Kurnler, and C. Lohse, ibid., in press. 
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Figure 1.-The nmr spectra of the cyclobutane protons of I: (a) 60 MHz, experimental; (a') 60 MHz, calculated; (b) 100 M H ~ ,  
experimental; (b') 100 MHz, calculated. 

equivalent cyclobutane protons in I became magnet- 
ically nonequivalent in this solvent. The 60-MHz and 
100-MHz spectra (Figure 1) show a sufficient number of 
transitions to  permit an unequivocal assignment of the 
various coupling constants in an AA'BB' system. The 
analysis of the nmr spectra was performed using an 

iterative Swalen and Reilly4 computer program modified 
for the IBM 360. A CALCOMP program was used to 
plot the calculated spectra to  facilitate a comparison 
with the experimental spectra. 

(4) J. D. Swalenand c. A. Reilly, J .  ahem. phus., 87,a (1962). 
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Figure 2.-Tlie nmr spectra of the cyclobutane protons of IVb: (a) 60 MHz, experimental; (a') 60 MHz, calculated; (b) 100 MHz 
experimental; (b') 100 MHz, calculated. 

The 100-MHz and 60-MHz spectra of compounds I the accuracy of the calculated parameters. The 
and IVb were analyzed. The calculated coupling observed and calculated spectra (60 and 100 MHz) of 
constants were considered to be correct when the values I are shown in Figure 1 and the coupling constants are 
obtained for the 100-MHz spectra also gave close listed in Table I. The analysis of the signals from the 
agreement between calculated and experimental 60- cyclobutane protons in the spectra of the other couma- 
MHz spectra. This provides an additional check of rin photodimers I1 and I11 was not possible because the 
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TABLE I 

Compound JAA' JAB JAB' JBB' A. D." 

I 8 . 2 8  8 .56  1 .47  9 .97  0 . 0 6  
IVb 2.97 8.77 -1.35 7.87 0.05 
IVC 2.76 8.99 -0 .94  7 . 4 3  0 .21  
IVd 2 .65  8.77 -0 .94  7 . 5 3  0 .18  

COUPLING CONSTANTS IN HERTZ 

Q A. D. is the average deviation between the observed and 
calculated frequencies after 30 iterations. 

cyclobutane protons remained essentially magnetically 
equivalent. 

Buchardt* has shown that carbostyril (IVa) and 
N-methylcarbostyril (IVb) on irradiation dimerize to 
form the h-h anti dimers. The original structure 
elucidation was sufficiently difficult as to discourage the 
structure determination of several substituted carbo- 
styril photodimers. The nmr spectrum of IVa in 
trifluoroacetic acid showed a sharp singlet for the four 
cyclobutane protons and no other suitable solvent could 
be found. The solubility of IVa in liquid sulfur 
dioxide was also poor and the cyclobutane protons 
were essentially magnetically equivalent. However, 
the photodimer of N-methylcarbostyril (IVb) was 
much more soluble in sulfur dioxide and the cyclobutane 
protons were magnetically nonequivalent thus facilitat- 
ing the analysis of the nmr spectrum. The N-methyl- 
carbostyril photodimer IVb was prepared using the 
procedure of Lederer, et al.,s and a comparison of the 
observed and calculated nmr spectra is shown in Figure 
2. The values of the coupling constants are sum- 
marized in Table I. It appears from Table I that there 
are considerable differences between the spectra of the 
two photodimers, I and IVb. I n  I, where the cyclo- 
butane protons are in cis,syn,cis position, the coupling 
constants 3 J ~ ~ ) ,  3 J ~ ~ ,  and 'JBB' have comparable 
values in the range between 8 and 10 Hz. In  IVb, 

( 5 )  B. C .  Das, 8. D. Gero, and E. Lederer, Biochem. Biophys. Res. Corn- 
mun., 19, 211 (1967). 
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Figure 3.-The nmr spectra (60 MHz) of the cyclobutane protons 
of IVd: top, experimental; bottom, calculated. 

where a cis,anti,cis configuration of the cyclobutane 
ring occurs, 3 J ~ ~ '  is a trans coupling constant which is 
much lower in value than the VAA' cis coupling constant 
found in I. Furthermore, the long-range coupling 
constant 4 J ~ ~ '  is negative in the case of the anti con- 
figuration, whereas it is positive in the case of the syn 
configuration of I. The ' JAB  coupling constant cor- 
responds to a cis configuration in both photodimers and 



42 SHONO, NISHIGUCHI, A N D  ODA The Journal of Organic Chemistry 

does not present large variations. The trans coupling 
constant 8JBBt  of IVc is approximately 2 Hz less than 
the cis coupling constant 3 J ~ ~ l  in I. On the basis of 
these considerations the nmr spectral analysis of the 
N-methyl derivatives of substituted carbostyril photo- 
dimers IVb and IVd (Figure 3) was performed and 
their nmr spectra a t  60 MHz and 100 MHz were 
calculated. The results are shown in Table I. The 
coupling constants show that the dimers have formed 
by h-h fusion (V) rather than by h-t fusion (VI), since 
in the latter case J A B !  would be considerably greater 
than JAAJ,  whereas the reverse was found. The values 
of the J A A ~  coupling constants in IVc and IVd and the 
negative sign of the 4 J ~ ~ t  coupling together with the 
close similarity of the coupling constants to those of IVb 
show that the geometry of the cyclobutane ring of all 
three compounds is the same. 

As very little information on the effect of substituents 
on the course of dimerization reactions is available, i t  is 
interesting to note that in these few examples the course 
of dimerization does not appear to be affected by the 
substituents. It is also important to emphasize that 
the choice of a suitable solvent and the analysis of the 
nmr spectra of these photodimers can give very useful 

information about their stereochemistry which is 
otherwise very difficult to obtain. 

Experimental Section 
The nmr spectra were determined in liquid SO2 on Varian A-60 

and Varian HA-100 spectrometers, using tetramethylsilane as an 
internal standard. 

Dimers of Coumarin.-These were prepared according to the 
previously published procedure.2 

Dimers of Carbostyril.-These were prepared according to the 
recently described procedure.2 

N-Methyl Derivatives.-The N-methyl derivatives of the 
photodimers were prepared using the procedure of Lederer, et aZ.6 

The N-methyl-6-chlorocarbostyril photodimer had mp 240' 
from methanol. 

Anal. Calcd for C2oHleN20&12: C, 62.03; H ,  4.16. Found: 
C, 61.94; H, 4.2. 

The N-methyl-6-methylcarbostyril photodimer had mp 252- 
253' from ethyl acetate. 

Registry No.-I, 21044-76-8; IVb, 22040-14-8; 

Acknowledgment.-We wish to thank Doctors G. 0. 
Schenck and S. Farid for samples of the coumarin 
photodimers. 

IVC, 22040-15-9; IVd, 22040-16-0. 
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A series of trans-2-arylcyclopropylcarbinyl 3,5-dinitrobenzoates was synthesized and solvolyzed in 75 wt % 
aqueous dioxane a t  130'. The Hammett plot of the relative rates gave a straight line with slope - 1.5, sug- 
gesting a substantial extent of delocalization of the positive charge to the 2 position of the cyclopropylcarbinyl 
cation. A bisected-type cation was suggested for the conformation of 2-arylcyclopropylcarbinyl cation. 

The character of cyclopropylcarbinyl cation has been 
studied extensively by several workers. Bicyclo- 
butonium ion, bisected cation, or homoallylic cation 
have been proposed as a conformation of the cyclo- 
propylcarbinyl cation in order to explain the somewhat 
peculiar property of the cation. On the other hand, 
it has been reported in some of the early literature that 
the cyclopropylcarbinyl cations bearing substituents 
showed substantially different behavior from that of 
the nonsubstituted cation. For example, the main 
product obtained in the deamination of cyclopropyl- 
carbinylamine-a-14C was an equimolar mixture of 
cyclobutanol and cyclopropylcarbinol, in which the 
carbon isotope was substantially scrambled,2 while the 
deamination of l-methylcyclopropylcarbinylamine-a- 
14C gave 1-methylcyclobutanol as the exclusive prod- 
uct, showing a minor extent of the isotope ~crambling.~ 

In  another investigation, the attachment of a phenyl 
or methyl group to the 1 position of the cyclopropyl- 
carbinyl cation caused a considerable change in the 
activation entropy of the formation of the ~ a t i o n . ~  

(1) P. von R. Sohleyer and G. W. VanDine. J .  Amer. Chem. Sac., 88, 

(2) R. H. Mazur, W. N. White, D. A. Semenow, C. C. Lee, M. 8. Silver, 

(3) E. F. Cox, M. C. Caserio, M. 8. Silver, and J. D. Roberts, i b i d . ,  88, 

(4) D. D.  Roberts, J .  Or#. Chem., 89, 294 (1964). 

2321 (1966), and references cited therein. 

and J. D. Roberts, ibid., 81, 4390 (1959). 

2719 (1961). 

An electron-donating group substituted in the a posi- 
tion of the cyclopropylcarbinyl cation remarkably 
stabilizes the cation and prevents the skeletal rearrange- 
ment of the ring under the solvolytic conditions.6 On 
the other hand, the same group attached to the 1 posi- 
tion of the cation makes only a minor contribution to 
the stabilization of the cation and brings on the forma- 
tion of the corresponding cyclobutyl product.6 Thus, 
it is conceivable that the character of the substituted 
cyclopropylcarbinyl cation is substantially influenced 
by the property and location of the substituent. Thus 
far, little attention has been focused on the role of the 
substituent in the 2 position of the cation. The effect 
of a methyl group substituted in the 2 position has been 
studied by Schleyer and coworker, and st bisected-type 
conformation has been suggested for the cation. 
Sneen has reported that a phenyl substituent in the 
2 position of cyclopropylcarbinyl cation showed no 
remarkable influence on the stability of the cati0n.l 

In  the present study, the role of a phenyl group at- 
tached to the 2 position of the cyclopropylcarbinyl 
cation and the conformation of some 2,2- or 2,3-disub- 
stituted cations were studied. 

(5) T. Shono, A. Oku, and R. Oda, Tetrahedron, 84, 421 (1968). 
(6) D. D. Roberts, J .  O w .  Chem., SO, 23 (1965). 
(7) R. A. Sneen, K. M. Lewandowski, I. A. I. Taha, and B. R. Smith, 

J .  Amer. Chem. Sac., 89, 4843 (1961). 


