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SYNTHESIS OF CYCLOBUTA-BC-STEROID 

HOMOLOGS 

1 



CHAPTER I 

INTRODUCTION AND HISTORICAL 

Steroids1 are a class of natural products containing the cyclo-

pentanoperhydrophenanthrene ring system .!· Since the isolation of 

HO 

1 2 

2 steroid hormones beginning with estrone (2) in 1929, and the .... 
3 structural elucidation of cholesterol in 1932, extensive research 

has been conducted on the chemistry and biology of steroids. The 

search for hormonal drugs has resulted in the synthesis of many 

steroidal and nonsteroidal analogs, some of which are valuable thera-

peutic agents because of their reduced rate of metabolism, greater 

selectivity in biological effects, or increased oral potency as 

compared to natural hormones. 

Steroid analogs capable of inducing biological effects similar 

to natural hormones are chemically diverse. In addition to function-

ally modified natural steroids, a number of analogs with altered ring 

systems have been found to possess biological activity. Steroid 

2 



analogs exhibiting modified ring systems are exemplified by the iso-

4 steroid 13-iso-14-iso-estrone (1), the nor-steroid 17a-ethynyl-19-

nortestosterone (~), 5 and those having expanded or contracted rings 

d 7 () 6 d ' (.§_).7 such as D-homo-epian roster-1 -one 2 an D-norprogesterone 

HO 
0 

3 4 

0 

HO 0 

5 6 

8 Certain phenolic compounds lacking the steroid nucleus possess 

estrogenic activity. Closer inspection reveals that most of these 

phenols are similar to estrone (l) and estradiol (l) in shape, width, 

thickness and length. One parameter in particular, the intramolecular 

9 oxygen-oxygen distance, has been considered to be a significant 

indicator of estrogenic function. In Table I, a comparison of the 

structure and oxygen-oxygen distance for estradiol (]_) and several 

estrogenic phenols is shown. 

The structural similarities between the steroids, nonsteroidal 

analogs, and the cyclobutane hom'ologs, 3,9-dihydroxy-5,6,6aa,6b8,11, 

3 



Structure 

HO 
7 

HO 
cis 8 

trans 9 

HO 

10 

HO 
11 

TABLE I 

AROMATIC PHENOLS EXHIBITING 
ESTROGENIC ACTIVITY 

OH 

OH 

Oxygen-Oxygen 
Distancea 

12.2c 

12.0c 

12.lb 

12.8c,d 

Reference 

10 

11 

11 

12 

13 

a . o b c 
In A. X-ray crystallography data. Obtained from Dreiding models. 

d Extended conformation. 
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5 

11 10 

OH 

0 

16 

4 5 
15 

12 

HO 
4 6 

13 

12,12aS,l2ba-octahydrodibenzo[a,g]biphenylene (12) and 8a,8aS,9a,9aS-

cyclobuta-BC-estrone ~), suggested that these novel cyclobuta-BC-

steroid homologs might possess antifertility activity. The cyclobutane 

homologs 12 and 13 have overall lengths similar to the structures 9 

and l because of a split-level planarity ie, the plane of the A and B 

rings is parallel and below the plane of the C and D rings. These 

planes are connected by the nearly vertical, flat, cyclobutane ring. 

14 X-ray crystallography data, discussed subsequently, indicate the 
0 

oxygen-oxygen distance in 12 is 12.9 A, comparable to that of other 

estrogens (Table I). 

The objective of this study was the synthesis of 12 and cyclobuta-

BC-steroid homologs for biological evaluation aE! antifertility agents. 

It should be noted that throughout this study for the sake of 

consistency, tetrasubstituted cyclobutane structures are arbitrarily 

shown in the 6aa,6bS,l2aS,l2ba,. or 8a,8aS,9a,9bS, configuration 

(n1Jlllbering shown in 12 and 13). This is not intended to represent 



absolute configuration since those compounds which are not meso were 

obtained as dl mixtures. 

Synthesis of 12 and 13 requires the formation of a tetrasub-

stituted cyclobutane ring with cis-anti-cis stereochemistry. Stereo-

selective formation of the cyclobutane ring by photodimerization of 

an alkene immediately forms the four asymmetric centers present in 

12 and four of the six centers present in 13. The starting 

material selected for synthesis of 12 was 4,4'-dihydroxy-a-truxillic 

acid (15a), prepared by photodimerization of 4-hydroxycinnamic 

acid (14). 15 The synthesis of 12 from 15a was envisioned as 

OH 

HO 

14 15a 

methylation of the phenolic hydroxyl groups and construction of the 

B and C rings by homologation of the diacid, cyclization, and hydro-

6 

genolysis to the diether 16. Demethylation of 16 would then afford g. 

A conceptually simpler route to 16, photodimerization of 7-methoxy-

1,2-dihydronaphthalene(l7) gave only traces of 16, the major product 

being the head-to-head isomer 18. 16 



~ 
CH 0~ 

3 

17 

+ 

18 16 

The second phase of this study, synthesis of cyclobuta-BC-steroid 

analogs including 13, would then utilize the intermediate diether 16, 

with its defined stereochemistry at the four asymmetric centers. 

Differentiation of the A and D rings of l£ by mono-demethylation 

followed by Birch reduction of one aromatic ring, hydrolysis of the 

enol ether and conjugation should afford the a,S-unsaturated ketone 

19. It was assumed that a trans relationship between the C-8a and 

R' 
0 

RO 

19 20 R'= H 

21 R'= CH3 

epimerizable C-14 proton would be more stable thermodynamically than 

a cis relationship. Thus the proton at the newly formed asymmetric 

center (C-14) would be a.. Similar a,S-unsaturated ketones are key 

intermediates for the introduction of an angular methyl group and 

7 



17 
contraction of the D ring in several steroid syntheses. 

Reduction of the C-13(17a) double bond in 19 both with or 

without concomitant introduction of an angular (C-13) methyl group can 

give four diastereomeric ketones (20 or 21) depending on the configur-

ation of the C-14 proton and the C-13 substituent (H or CH3). An 

examination of the stereochemistry generated by various methods of 

reduction was planned. Oxidative cleavage of the C-17(17a) bond in · 

20 or 21 should afford diacids from which the desired five-membered 

D i ld b f d b if . . d Di km li . 18 r ng cou e orme y ester 1cat1on an ec ann eye zat1on. 

This type of AD + BC approach using a symmetrical intermediate 

has seen comparatively little use in steroid synthesis because of the 

difficulty in differentiation of the A and D rings from a symmetrical 

intermediate. A similar AD +BC approach was used in the synthesis of 

17a dZ-18,19-bisnorprogesterone from the symmetrical dimethyl ether 

of 9. 

8 



CHAPTER II 

RESULTS AND DISCUSSION 

The synthesis of the dimethyl ether 16 and the diphenol ll, is 

showh in Figure 1. 

Ultraviolet irradiation of 14 in the solid state gave the diacid 

15 15a stereoselectively, as previously reported, in 90% yield. The 

problem of efficiently exposing large quantities of solid to ultra-

violet radiation was surmounted by irradiating a well-stirred, finely 

divided slurry of 14 in water. The phenolic hydroxyl groups of !Sa 

were then protected by methylation and the resulting dimethyl ester 

15b was hydrolyzed to the diacid 15c in 95% yield. 

Bishomologation of the diacid 15c was accomplished via the Arndt

Eistert method. 19 This involved conversion of the diacid 15c to the 

diacid chloride 15d using thionyl chloride and a catalytic amount of 

pyridine. Addition of a benzene solution of 15d to an excess of 

diazomethane in ether gave the bis-diazoketone 22. Wolff rearrangement 

of 22 to the diester 23a was found to proceed efficiently even on a 

large scale at room temperature by treating a slurry of 22 in 

anhydrous methanol with catalytic amounts of silver benzoate dissolved 

20 
in triethylamine. The product, diester 23a, was easily purified 

by chromatography over activated acidic alumina and then hydrolyzed 

to the diacid 23b in an overall yield of 54% based on 15c. Attempted 

rearrangement of ~ directly to the diacid 23b using silver nitrate, 

9 



~co2H 

HO 

14 

· CH30 C02R 

23a, R = CH3 

23b, R = H 

lg 
0 

0 

24 

i 
~Br3 , CH2C12• 

a1 b1 c,d .. 
RO 

15a, 

15b, 

15c, 

15d, 

f,c 

RO 

R = H·R'= '· OH 

R = CH ·R'= 3' 

R = CH ·R'= 3' 

R = CH ·R' = 3' 

l e 

22 

16, R = CH3 

12, R = H 

10 

OR 

OCH3 

OH 

C1 

c NaOH, H20; then HC1. d S0Cl2 , pyridine, 

AgOBz, Et3N. gPPA, [).. 'li2 , Pd/C, 

Figure 1. Synthesis qf Diphenol 12 
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19 sodium thiosulfate, and water was unsuccessful. 

Addition of the diacid 23b to polyphosphoric acid (115% P2o5) at 

65°C followed by stirring for 40 minutes at 65-70°C gave the diketone 

~ in 82% yield. Variations in reaction time (20 minutes to 1 hour) 

or temperature (40-75°C) gave lower yields. Friedel-Crafts cyclization 

of 23b by conversion to the diacid chloride followed by addition to 

aluminum chloride in benzene also gave a lower yield (55%) of 24. 

Initial attempts to hydrogenate 24 to the diether .!§. using a 

palladium on carbon catalyst in acetic acid were unsuccessful apparently 

due to catalyst poisoning. After pretreatment of 24 with Raney-

21 nickel catalyst in refluxing ethyl acetate, hydrogenation proceeded 

readily to give the diether 16. in 83% yield. 

The diphenol 12, an initial target compound for biological testing, 

was prepared by a cleavage of the diether 16 using an excess of boron 

tribromide in methylene chloride. Biological test results for anti-

fertility activity of 12 and other compounds will be discussed in 

Chapter III. 

22 An alternative synthesis of 23b from 15b which avoids the use 

of diazomethane is shown in Figure 2. Reduction of the dimethyl 

ester 15b with diisobutylaluminum hydride gave the diol 25a which was --- ---
converted to the ditosylate 25b with p-toluenesulfonyl chloride in 

pyridine. Treatment of 25b with sodium cyanide using dimethyl sulf-

oxide as solvent gave the dinitrile 25c in 76% overall yield based 

on 11£• ~ydrolysis of 25c by refluxing with concen~rated hydrochloric 

acid for 12 hours gave a low yield (33%) of impure diacid 23b. The 

base-insoluble product from this reaction appeared to be mainly the 

amide. Prolonged refluxing with hydrochloric acid gave acidic 



material which appeared to have undergone partial demethylation. 

Attempts to hydrolyze 25c with acetic acid, water, and hydrochloric 

18 acid gave mixtures of unidentified products believed to be amides 

and demethylated products. Until a practical hydrolysis of the 

12 

dinitrile 25c to the diacid .. 23b is found, the scheme shown in Figure 1 

remains the better synthesis of 23b. 

X 
OCH3 

a.Jb.Jc .. d 
15b 23b 

CH3o 

11!, X = OH 

_ill, X = OTs 

12£, X"" CN 

a . 
(~-Bu) 2AlH. b TsCl, pyridine. c NaCN, DMSO. d ·Cone. HCl. 

Figure 2. Alternate Scheme for Bishomolo9ation of 15b 

The structure and stereochemistry shown for 12, 15a-15d, and 

~-25c are consistent with the spectral data for these compounds •. The 

1 13 mass spectra as well as H NMR and C NMR spectra show specific 

features confirming the presence and stereochemistry of the cyclobutane 

ring. 
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23 
The most striking feature of the 70 eV mass spectra for 

compounds 12, 15b-15c, and 22-25c is the consistent appearance of 

parent ions with mass M/2, attributed to hemicleavage of the cyclobutane 

ring. The molecular ion peaks are extremely weak or absent in 70 eV 

spectra although they are present as weak ones in low voltage (8-10 eV) 

spectra. The occurrence of only one M/2 ion is evidence for the 

head-to-tail structure since similar 1,2-diarylcyclobutanes show two 

parent ions 24 with mass M/2 arising from different modes of hemicleav-

age. The presence of strong M/2 ions was valuable for confirming the 

integrity of the cyclobutane ring in subsequent structures. 

The 1H NMR25 of 12, 15b-15d, and 22-25c exhibit, in addition to 

other resonances, two.multiplets due to the benzylic and nonbenzylic 

cyclobutane protons. The four cyclobutane protons are coupled to 

26 
form an AA'BB' system although except for 15b, 15d, and~' this is 

co~plicated by additional coupling and overlapping with other proton 

resonances. The complete analysis of the cyclobutane proton spectra 

composing an AA'BB' system allows assignment of stereochemistry to 

h 1 b b d h K 1 . 27 1 t" t e eye o utane protons ase on t e arp us equat1on re a 1ng 

3 vicinal coupling constants ( J) with proton dihedral angles and the 

relationship between long range coupling constants (4J) and proton 

28 stereochemistry in cyclobutane rings. 

Analysis of the cyclobutane proton spectrum.in 16· required prior 

simplification by decoupling the C-6 and C-12 protons from the C-6a 

and C-12a cyclobutane protons. Attempted decoupling by double irradi-

ation was unsuccessful but the specturm of the tetradeuterated-

diether 28 (synthesis shown in Figure 3) allowed direct observation 

of the cyclobutane proton subspectra. 



D 0 

OCH3 

24 
a 

CH30 
0 D 

\: 26 

D D OH 

OCH3 OCH3 

CH3o 
D D CH30 

HO 

28 27 

a n2o, AcOD, DCl, 11• b(i-Bu) 2AlH, C6H6. 
() 

H2' Pd/C, AcOH, !::.. 

·Figure 3. Synthesis of 6,6,12,12-p4-Diether 28 

Deuteration of 1,i with deuterium oxide, acetic acid-0-d and 

deuterium chloride gave ~ in 90% yield. To avoid possible loss of 

deuterium by enolization during hydrogenation, ~ was first reduced 

14 

to the diol 12 (obtained as a mixture). Initial attempts to deuterate 

24 by warming (60-70°C) withsodium deuteroxide and deuterium oxide in 

dioxane. for four hours gave a 20% yield of ~· Acidification of 

the basic solution gave after purification, a 40% yield of 7-methoxy-

1-naphthol ~). A possible rationalization of this facile carbon

carbon bond cleavage is shown in Figure 4. 



15 

0 

24 

CH30~ 
b 

CH30~ a 

. ~ 

29 

a n2o, NaOD, dioxane. bH30+. 

Figure 4. Base Cleavage of Diketone 24 

1 The 100 MHz H NMR spectrum of 28 exhibited in addition to 

aromatic and methoxyl proton resonances, a doublet of doublets (AB 

system, JAB= 16Hz, oA = 2.98, oB = 2.72) due to the C-5 geminal 

benzylic protons and symmetrical multiplets ~entered at o 3 .• 2 (benzylic 

eyqlo.butane protons) and o 2. 5 (nonbenzylic cyclobutane protons). The 



aromatic proton pattern and the benzylic cyclobutane proton pattern 

were indentical in 28 and 16 thus confirming that changes·in stereo-

chemistry had not occurred. Analysis of the cyclobutane proton 

. 29 
subspectra using the iterative computer program ITRACAL gave the 

spectral parameters shown in Figure 5 (root mean square deviation, 

0.18). Trial values for the coupling constants were obtained from 

28 30 previous literature reports ' for other cyclobutane compounds. 

Presumably, a small uncertainty is introduced in the values obtained 

because of broadening from long-range coupling of HA and aromatic 

protons and between ~ and the C-6 deuterons. 

3 J = 9.06 AB 

5.78 

-0.69 

-0.63 

D 

= 3 .18, (ll \) AB • 69. 0 Hz) 

K = J(AA') + J(BB') = -1.32 

L E J(AB) - J(AB') = 3.28 

M = J(AA') - J(BB') = -0.06 

N = J(AB) + J(AB') = 14.84 

Figure 5. 100 MHz 1H NMR Parameters (Hz) for o4-Piether ~ 

16 
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Although it is possible to assign stereochemistry to substituted 

cyclobutane systems by assuming 3Jcis is larger than 3J , caution trans 

must be exercised when using this assumption because of the sensitivity 

3 of J to substituent electronegativities, ring puckering angles, 

. 28 31 
psuedorototation and inversion, etc. ' Using the previously defined 

32 parameters K, L, M, and N, a clearer differentiation of isomers is 

possible and assignments can be made with greater certainty. 

From previously reported J values for various isomeric coumarin 

30a 30c · cyclobutane dimers and their sodium salts, carbostyril cyclobutane 

d . 30a . i "d 24b,28b illi "d 28b 30b d 1mers,. trux1n c ac1 s, trux c ac1 s, truxones an 

24b 28b derivatives, ' the parameters K, L, M, and N, were obtained, For 

head-to-head isomers, the value of K is large (+6.5 to +19.4 Hz) 

3 because JAA 1 and JBB 1 are positive vicinal coupling constants ( J). 
' 4 

Conversely JAA 1 and JBB 1 ·are long-range coupling constants ( J) for 

head-to-tail dimers and hence small or negative (-2.3 to +2.4 Hz). 

The small negative K.value for~' -1.32 Hz, clearly confirms the 1,3 

placement (head-to-tail) of substituents in 28. 

The differentiation of head-to-tail cis-syn-cis and cis-anti-cis 

isomers is straightfoward since the cis-syn-cis isomers exhibit an 

A2B2 pattern because of symmetry and hence K, L, and M are equal to 0. 

Additional confirmation for the cis-anti-cis structure of 28 is evident 

by considering the magnitude of K and L. In the head-to-tail isomers, 

K is the sum of two long-range coupling constants. When these protons 

4 (A and A 1 , B and B 1 ) are trans, Jt is expected to be small and . rans 
28 ' 28 

negative although in some cases ~t is positive (-2.3 to +2.4 Hz) 

4 ' • 28 30 while the value of J app~ars 1 always to be posit1ve. ' The cis 

spectral parameter L, is the difference of two vicinal coupling 
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constants. 
3 3 24 28 30 . Since J . is usually larger than J , ' ' L 1s c1s trans 

usually small but positive (+3.1 to +5.9 Hz) for cis-anti-cis isomers. 

In 28 the value of L, +3.28 Hz, corresponds closely to those observed 

for other head-to-tail cis-anti-cis isomers and the negative value of 

K, -1.. 32 Hz, appears to confirm the cis-anti-cis configuration of ~· 

13c NMR spectroscopy, because of the sensitivity of carbon 

shifts to conformation and structure and the ability to observe each 

individual carbon resonance in proton decoupled spectra, offers an 

additional approach to studying the structure and stereochemistry of 

16 and precursors. 

The 13c NMR chemical shifts33 and assignments of selected inter-

mediates in Figure 1 and Figure 2 are shown in Table II. Assignments 

are based on the splitting patterns present in off-resonance proton-

34 decoupled (ORPD) spectra and the use of substituent shift parameters. 

In all cases the symmetry of these structures leads to the appearance 

. of only half as many lines as there are carbons present. The cyclo-

butane carbons are easily assigned.by their occurrence between 30-50 

ppm and their appearance as doublets in ORPD or non-decoupled spectra. 

In Table III, the chemical shifts and assignments for the cycle

butane hydrocarbons 30, 30b 31, 35 32, 36 33, 26 34, 37 and 35,37 and 

diethers, 1& and 18, 16 are listed. The number of carbon resonances 

confirms the symmetry of these molecules. Assignments of carbon 

resonances were based on model compounds, substituent shift para-

34 . 
meters, and the splitting patterns in ORPD spectra. The aromatic 

resonances were assigned by comparison with the parent monomeric 
-

compound (eg. 6-methoxytetralin for 16 and 18) and substituent shift 

34 parameters. The cyclobutane carbons were identified by their 



15b 

C-1 40.8b 

C-2 47.1b 

C-1' 130.6 

C-2' 128.3 

c.:..3' 113.6 

C-4' 158.4 

co 172.1 

Ar0..£H3 55.0 

OCH3 51.2 

TABLE II 

13c NMR CHEMICAL SHIFTa ASSIGNMENTS 
OF SUBSTITUTED CYCLOBUTANES 

22 

41.2b 

52.2b 

130.5 

128.6 

113.7 

158.4 

co 192.5 

CHN2 55.2 

OCH3 55.0 

19 

HO 

25a 

40.5b 

42.8b 

131.6 

128.5 

113.8 

157.9 

CH2 63.2 

OCH3 55.1 



NC 

25c 

C-1 44.3b, 

C-2 37.l 

C-1' 128.6 

C-2 1 128.8 

c-3' 114.3 

C-4' 158.8 

CH2 18.8 

CN 118.0 

OCH3 55.2 

TABLE II (continued) 

CH30 CH 0 C 
3 2 

CH2 

co 

Ar0CH3 

OCH3 

23a 

44.6b 

37 .3b 

131.2 

128.9 

113.5 

158.0 

35.7 

172.4 

55.0 

51.1 

24 

C-1 129.7 

C-2 122.2 

C-3 158.2 

c-4 108.6 

c-4a 136.0 

.C-5 197.0 

C-6 40.0 

C-6a 37 .8b 

C-12b 38.8b 

C-12c 132.8 

OCH3 55.3 

aCarbon chemical shifts were determined at 25.2 MHz on 0.6-0.9 M 
solutions in CDC13 and are expressed in ppm downfield from TMS. 

b The signals in a vertical coltunn may be reversed. 

20 



30 

C-1 125.1b 

C-2 126.5 

C-3 126.5 

C-4 124. 8b. 

C-4a 146.2 

C-4b 53.8 

C-9b 43.1 

C-10 39.3 

C-10a 143.5 

TABLE III 

13c NMR CHEMICAL SHIFT ~SSIGNMENTS OF 
CYCLOBUTANE HYDROCARBONS AND DIETHERS 

31 32 

124.8b C-1 127.5b 

126.3b C-2 126.0b 

126.4b C-3 125.} 

123.9b C-4 l28.i 

146.9 C-4a 137.7 

51.8 C-5 27.7 

C-9c 45.6 C-6 26.7 

39.8 C-6a 35.1 

143.6 C-12b 44.1 

C-12c 140.1 

21 

18 

128.6 

111.9 

157.6 

113.9 

138.5 

28.2 

26.8 

35.3 

43.9 

132.9 

CH30 55.1 



TABLE III (continued) 

7 

4 CH3o 

33 16 34 35 

C-1 127.8b 128.7 C-1 119.0 120.0 

C-2 126.lb 111.9 C-2 128.1 126.6 

C-3 125.2b 157.1 C-3 122.9 121.9 

C-4 128.4b 113.4 C-3a 131.9 130.7 

C-4a 137.4 138.6 C-6a 147.4 144.3 

C-5 27.1 27.5 C-6b 52.4 47.2 

C-6 26.3 26.2 C-6e 139.3 141.4 

C-6a 37.9 37.1 

C-12b 40.8 41.0 

C-12c 140.5 132.7 

CH3o 55.0 

aCarbon chemical shifts were determined at 25.2 MHz on 0.6-0.9 M 
solutions in CDC13 and are expressed in ppm downfield from TMS. 

b The signals in a vertical column may be reversed. 

22 
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appearance as doublets in ORPD spectra and the lower-field resonance 

assigned to the benzylic cyclobutane carbon because of the strongly 

deshielding effect of an adjacent aromatic ring. The two methylene 

carbons present in 16, 18, 32, and 33 were difficult to differentiate 

because of their similar shifts; however, the ORPD spectrum of the 

deuterated analog 28 lacked the resonance at 26.2 ppm and thus confirmed 

the assignments of the C-5 and C-6 resonances in 16 • Assignments for 

the C-5 and C-6 resonances in 18, ~' and 33 are based on their 

expected and observed similarity to 16. 

Comparison of the chemical shifts for compounds shown in Table III 

reveals several definite trends which further confirm structural and 

stereochemical assignments of these compounds. In all of the head-to

head dimers (18, lQ., and 32), the benzylic cyclobutane carbon resonance 

appears at lower field than the benzylic cyclobutane carbon resonance 

of the corresponding head-to-tail isomer (16, 33, and 31, respectively). 

Conversely, the nonbenzylic cyclobutane carbon resonance occurs at 

higher field in the head-to-head dimers than in the corresponding head

to-tail isomers. These relative shifts are qualitatively predictable 

by considering the relative placement and additive effects of.a benzo 

substituent. In the head-to-head isomers each benzylic cyclobutane 

Head-to-Head Isomer Head-to-Tail Isomer 



carbon is a to an aromatic ring (strongly deshielding34) and ~ to an 

aromatic ring (less deshielding34) while the in the head-to-tail iso-

34 mers it is a to an aromatic ring andy (weakly shielding ). In the 

head-to-head isomers the nonbenzylic cyclobutane carbon is ~ to an 

aromatic ring and a while in the head-to-tail isomers it is ~ to two 

aromatic rings. An additional expected trend is the upfield shift of 

carbon resonances in 35 relative to 34. This is probably due to a 

24 

38 38 combination of the known y effect and to anisotropic shielding and 

should occur in any of the cis-syn-cis isomers thus facilitating 

39 structural assignments. The lack of significant upfield shifts 

between the C-6 (C-7) carbons of 32 and 18 and the C-6 (C-12) carbons 

of 33 and 16 confirms the cis-anti-cis configuration assigned to 

these molecules. Similarly the C-12a (C-12d) carbons of 32 and the 

C-6a (C-12a) carbon of 33 show nearly identical shifts as do the 

diethers 18 and 16. The shift differences for the aromatic carbons 

between the hydrocarbons (32 and 33) and the diethers (18 and 16) is 

the result of the para substituent effect of a methoxyl group relative 

40 to a proton (Lit., -7.7 ppm; observed for 15 and 23, -7.2 ppm and 

-7.8 ppm). 

The structure and conformation of the diether 16, obtained by 

single crystal X-ray analysis, 14 are shown in Figur~ 6. The oxygen-
0 

oxygen distance, 12.9 A, is expected to be identical for the diphenol 

12 and hence comparable to that of other estrogenic compounds shown in 

Table I. Several other features are indicated in the side view, ·Figure 
0 

7. The plane of the A and B rings is 0.95 A from the plane of the C 

and D rings. The cyclobutane ring is planar and the C-6a,6b (C-12a,l2b) 
0 

bond is 1.570 A, somewhat longer than the average carbon-carbon single 



0 

Scale 0.516 in/A 

Figure 6. Computer-Generated Drawing of 16 From X-ray Crystallographic Data (Top View) 
N 
V'l 
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Scale 0.571 in/A 

Figure 7. Computer-Generated Drawing of 16 From X-ray Crystallographic Data (Side View) 
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bond. An additional feature of interest is the C-5a, C-6b!3 proton-
0 

proton interaction, these protons being 2.37 A apart in this conforma-

tion. The numbering used in Figure 6 and 7 may be found with structure 

12 on page 5. 

The synthesis of cyclobuta-BC-steroid homologs from the symmetrical 

intermediate 16, required differentiation and Birch reduction of the D 

ring. Attempts to simultaneously effect differentiation and reduction 

in 16 by Birch reduction of only one aromatic ring using a limited 

amount of lithium gave a mixture of 16 and the bis-enol ether ~· 

Reduction of 16 using excess lithium in ammonia, tert-butyl alcohol, 

and tetrahydrofuran (Dryden procedure41) gave 36 in 75% yield (Figure 

8). Hydrolysis of 36 using oxalic acid as a catalyst gave the bis-

S,y-unsaturated ketone :rJ.. (94%). The structure of the product was 

1 confirmed by the lack of vinyl protons in the H NMR spectrum and the 

13 occurrence of ten lines in the fully decoupled C NMR spectrum 
. . 2 

including a carbonyl carbon resonance at 210.1 ppm and two sp carbon 

resonances at 125.9 and 131.0 ppm (Table IV). Treatment of 37 with 

dilute hydrochloric acid gave a mixture of B,y and a,B-unsaturated 

ketones which was not further investigated. A sample of 37 was 

submitted for biological testing. 

For selective Birch reduction of one aromatic ring in 16 it was 

necessary to differentiate the aromatic rings. Because of the knoWn 

failure of phenols to reduce under normal Birch conditions (1M in 

42 lithium) the monophenol 38 was selected •. 
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16 a b 

36 37 

aLi, NH3 , t-BuOH, THF. b . H2o, oxalic acid, THF, ~-PrOH, ~. 

Figure 8. Synthesis of Bis-B,y-Ketone 2Z 

Treatment of 16 with slightly more than one equivalent of boron 

tribromide in dichloromethane gave a mixture of products (Figure 8) 

shown by high pressure liquid chromatography (HPLC) 43 to be a statis-

tical mixture of 12, 38, and 16 (1:.2:1). The products were efficiently 

separated by extraction of the diphenol 12 from a mixture of 12, 16, 

and 38 with 5% potassium hydroxide followed by precipitation of the 

sodium salt of monophenol 38 using 10% sodium hydroxide solution 

saturated with sodium chloride. 44 The remaining diether was recovered 

and again subjected to boron tribromide treatment. The diphenol 12 was 

methylated using dimethyl sulfate and sodium hydroxide to give a 

mixture consisting of 65% monophenol 38, 20% diphenol 12, and 10% 

diether 16 which was separated as above. By recycling 12 and 16 

(Figure 8) an'essentially quantitative overall yield of 38 was obtained. 
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1 
1 a OCH3 

16 a 16 + + 12 
HO 

I 38 

lb t 
a BBr3 , CH2c12• b (CH3) 2so4 , NaOH, H2o, CH30H. 

Figure 9. Synthesis of Monophenol ~ 

Birch reduction of 38 using lithium, ammonia, tert-butyl alcohol 

41 and tetrahydrofuran followed by evaporation of ammonia and extraction 

gave the phenolic enol ether 12_ (Figure 10). Hydrolysis of 39 with 

oxalic acid and water gave the phenolic S,y-unsaturated ketone 40 in 

90% yield. A sample of 40 was submitted for biological testing. 

For further elaboration of the D ring it was desirable to protect 

the phenolic group. The sensitivity of the S,y-unsaturated ketone 

function to acid or base prevented methylation of 40 but the enol 

ether 39 was methylated with methyl iodide and base while keeping the 

reaction mixture basic to prevent hydrolysis of the enol ether. 

Hydrolysis of the methylated enol ether 41 with oxalic acid and water 

gave the protected S,y-unsaturated ketone 42 in 78% yield based 

on 38. 

Isomerization of the S,y-unsaturated ketone 42 using acidic 

catalysts gave a mixture of 42 and two a,S-unsaturated ketones, 43 and 
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38 

b 

39 40 

0 0 
b or d 

42 ~ord 

44 (14a.) 

a b a Li, NH3, t-BuOH, THF. H2o, (C02H) 2, i-PrOH, ~. CH3I, NaOH, CH30H. 

d. -z..-PrOH, PTSA. 

Figure 10. Synthesis of a.,S-Unsaturated Ketones 43 and 44 



44, varying in configuration at C-14 (a or B) as shown in Figure 10. 

Quantitative analysis of the mixture by integration of the 1H NMR 

spectrum was possible since 42 exhibits a broad singlet at 6 2.60 

(C-17a methylene protons) while the a,S-unsaturated ketones 43 and 44 

31 

show the C-17a vinyl proton resonance at 6 6.03 and o 5.88 respectively. 

Brief equilibration of 42 in isopropyl alcohol with oxalic acid 

(80-100°C) or p-toluenesulfonic acid (room temperature) gave a mixture 

composed of 68% 42, 27% of the a,B-unsaturated ketone 43 showing a 

vinyl proton resonance at o 6.03, and only a trace (10%) of the isomer 

44 showing a vinyl proton resonance at o 5.88. After prolonged treat-

ment with acid (24 hours), the concentration of 42 was similar but 44 

predominated over 43 (42:43:44; 70:13:17). Treatment of 42 with base 

led to degradation and numerous by-products. Attempts to drive the 

isomerization using stronger acid (trifluoroacetic acid or hydrochloric 

acid) or longer reaction times gave slightly higher ratios of 44:43 

but lower overall yields. It appeared that 42 and 43 were selectively 

degraded. Equilibration of a 1:1 mixture of 43 and 44 with oxalic 

acid (17 hours) gave a mixture of~' 43, and 44 (42:43:44; 44:25:36). 

The above.data indicate that while 43 is formed faster (kinetic 

product), 44 is more stable (thermodynamic product) and that at 

equilibrium 42 is favored over i1 and 44. 

The conjugated isomers 43 and 44 were separated from 42 by prep

arative HPLc43 but suitable conditions for the seperation of 43 from 

44 were not found. By repeated isomerizations of recovered _g, a high 

overall conversion to 43 and 44 was obtained. The isomer exhibiting 

a vinyl proton resonance at o 6.03 was isolated by recrystallization 

of an enriched mixture obtained under conditions favoring kinetic 
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control (warming briefly with oxalic acid) and is tentatively assigned 

as the C-14S isomer 43. A sample of 43 was submitted for biological 

testing. The isomer exhibi.ting a vinyl proton resonance at 8 5. 88, 

believed to be the C-14a isomer 44, was isolated by recrystallization 

of a mixture obtained under cond.itions favoring thermodynamic control 

(oxalic acid, refluxing isopropyl alcohol, 24 hours). 

As previously noted, it was anticipated that the product from 

isomerization of 42 would be the C-14a isomer 44. This assumption 

b d h d b Bi h d i f . t 'd 17,41,42 was ase on t e prece ent set Y, rc re uct ons o s ero1 s 

and by examination of Dreiding models of 43 and 44. Birch reduction 

17 41 42 45 of A-ring aromatic steroids ' ' ' affords, after hydrolysis·and 

conjugation, the more stable a,S-unsaturated ketone containing a trans 

ring junction. Dreiding models indicate that both a,S-unsaturated 

ketones exhibit severe nonbonded proton-proton interactions arising 

from the cyclobutane protons (C-8a and C-9a) and certain a oriented 

axial protons of the C and D rings. It appears however, that 44 

has acceptable conformations which reduce the severity of these 

interactions. Dreiding models of the S,y-unsaturated ketone 42 suggest 

that these interactions are diminished because of the planarity of 

C-13 and C-14 and this may account for its greater stability. Differ-

ent conformations of a model of ~ also suggest that S attack at C-14 

is facilitated because the C-8a and C-9a protons shield the a face. 

This would lead to·the kinetic product 43 (C-14S). 

Stereochemical assignments of 43 and 44 are based on their 13c 

NMR carbon chemical shifts. Consideration of various conformations of 

~ suggests that the C and D rings are directed downwards (towards the 

a face) because of constraints imposed by the rigid C-14 center. This 
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creates y-gauche interactions between C-8 and C-15, C-9 and C-12, and 

C-11 and C-14. In structure.44, the C-14 center tends to direct the 

C and D rings upwards creating a more planar system which appears to 

lack these interactions. Comparison of various conformations of 43 

and 44 suggests that the carbon resonances for C-8, C-15, C-9, C-12, 

C-11, and C-14 should appear upfield in 43 relative to those in 44 

because of strain and a y-effect due to the proximity of these carbons 

in 43. 34 , 38 The 13c NMR chemical shifts and assignments of 43 and 44 

are shown in Table V. As expected, methylene and methine carbon 

resonances of the isomer 43 (vinyl proton resonance at 8 6.03) show a 

consistent and strong upfield shift relative to those of 44 (vinyl 

proton at 8 5.88). 

13 Assignments for the C NMR carbon resonances of 11., 41, 42, and 

the saturated ketone 45 to be discussed subsequently, are tabulated in 

Table IV. In Table V similar data for 43 and 44 are presented. 

Carbon assignments for these compounds are based on standard methods 

34 46 (ORPD spectra, substituent effects, model compounds, etc). ' 

1 The 100 MHz H NMR spectra of 43 and 44 show distinctive differ-

ences in the aromatic, vinyl, and cyclobutane proton resonances. The 

aromatic proton pattern of 44 is very similar to that of 16, 40, and 

41 in that the protons ortho to the methoxyl group appear as a 

multiplet showing numerous peaks. In contrast, 43 exhibits an apparent 

broad singlet due to overlapping resonances. The benzylic cyclobutane 

multiplet of 44 is centered at 8 3.32 anQ. is considerably deshielded - ; 

compared to that of 43, 16, 41, and 42 (o 3.16, 3.14, 3.16, and 3.15 

respectively). The differences in 43 and 44 may be due to a decrease 

in the angle of the benzylic cyclobutane proton and aromatic ring in 



34 

TABLE IV 

13c NMR ASSIGNMENTS FOR IJ.., 41, ~' AND 45 

0 CH30 

37 41b 

C-1(C-15) 27.4c C-1 128.3 C-9a 38.4c 

C-2(C-16) 39.0 C-2 111.7 C-10 133.1 

C-3(C-17) 210.1 C-3 157.1 C-11 23.5c 

C-4(C-17a) 44.7 C-4 113.5 C-12 28.6c 

C-5(C-13) 125.9 C-5 138.9 C-13 124.5 

C-6(C-12) 28.4c C-6 27.8 C-14 128.1 

C-7 (C-11) 25.6 C-7 26.2 C-15 29~3 

C-8(C-9a) 38.1c C-8 36.1c C-16 90~6 

C-9(C-8a) 39.0c C-8a 40.0c C-17 152.7 

C-10(C-14) 131.0 C-9 40.7c C-17a 34.2 



TABLE IV (continued) 

CH3o CH30 

42b 45b 

C-1 128.3 C-9a 39.1c C-1 129.1 

C-2 111.8 C-10 132.5 C-2 112.4 

C-3 157.1 C-11 23.2c C-3 157.0 

C-4 113.5 C-12 28.5c C-4 113.2 

C-5 138.7 C-13 125.5 C-5 137.8 

C-6 .27. 7 C-14 131.0 C-6 27.2c 

C-7 26.4 C-15 28.5c C-7 26.1c 

C-8 35.9c C-16 39.0 c-8 34.7c 

C-8a 40.0c C-17 210.3 C-8a 39.0c 

C-9 40.4c C-17a 44.8 C-9 40.5c 

aVa1ues in ppm downfie1d from TMS. b oCH 0 55.0 or 55.1. 
3 

uncertain. 

35 

C-9a 32.5c 

c...:1o 132.3 

C-11 25.9c 

C-12 26.6c 

C-13 33.8c 

C-14 36.9c 

C-15 25.5c 

C-16 39.5 

C-17 212.9 

C-17a 45.9 

CA . ss1.gnments 
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TABLE V 

13c NMR ASSIGNMENTSa OF 43 AND 44 

4i 

C-1 129.1 C-9a 33.4d 

C-2 112.4 C-10 132.2 

C-3 157.2 C-11. 26.0d 

C-4 113.3 c-12 26.7d 

C-5 138.0 C-13 167.3 

C-6 28.4d c....:14 36.3d 

C-7 26.8d C-15 24.5d 

C-8 36.3d C-16 37.6 

C-8a 37.6d C-17 198.6 

· C-9 40.2d C-17a 127.0 

aVa1ues in ppm downfie1d from TMS. 

dAssignments uncertain. 

b 

CH30 

C-1 

C-2 

C-3 

c-4 

C-5 

C-6 

C-7 

C-8 

C-8a 

C-9 

oCH 0 55.1. 
3 

44c 

127.8 C-9a 37.4d 

111.5 C-10 131.7 

157.0 C-11 25.6d 

113.2 C-12 30.2d 

138.5 C-13 167.2 

28.2d C-14 38.4d 

27.2d C-15 27.2d 

39.4d C-16 36.8 

40.2d C-17 198.4 

40.6d C-17a 124.7 

c 
oCH 0 54.7. 

3 
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44. The vinyl proton resonance of~ is deshielded (o 6.03) relative 

4 47 to 44 (o 5.88) and/::,. -3-keto steroids (average; o 5.75). The origin 

of this effect is unknown but is probably conformational rather than 

13 electronic since the C NMR shift of the carbonyl carbon is similar 

in both 43 and 44. 

Because of the unfavorable ratio of 44 to 42 obtained by equil-

ibration of 42, a method for reducing 42 directly to a saturated ketone 

was desirable. Hydrogenation of the double bond in 42 appeared 

plausible because of the equilibration of 42 to 43 and ~ under acidic 

or basic conditions (Figure 11). Hydrogenation of 42 in ethanol 

with palladium on carbon and trifluoracetic acid or potassium hydroxide 

gave almost identical ratios of products as indicated by HPLC. The 

products were separated by preparative HPLC and consisted of mono-

phenol 38 (10%), unknown products (5%) and two saturated ketones 

(70%) in a.ratio of 85:15. The minor isomer was not obtained in a 

pure state but the 13c NMR of a mixture indicates it is a saturated 

ketone (oco 212.0 ppm) isomeric with 45. 1 The 100 MHz H NMR spectrum 

of major isomer 45 exhibited a benzylic cyclobutane proton resonance 

centered at o 3.00 and an aromatic proton pattern almost identical to 

that of 43 •. Because of similarities between 43 and·~ for the benzylic 

cyclobutane proton shifts and the carbon shifts for C-1, the saturated 

ketone 45 is tentatively assigned the 148 configuration. This is 

consistent with the faster formation of 43 from ~ followed by hydro-

genation to 45. The configuration of the C-13 proton is unknown. 

The lack of other isomers or model c~pounds prevented complete 

analysis of the 13c NMR data for 45 (Table IV). 
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0 0 

R RO 

42, R = CH 
3 32, R = CH 

3 

40, R = H 46, R = H 

a TFA or KOH, H2, Pd/C, EtOH. 

Figure 11. Synthesis of Saturated Ketones 45 and 46 

Hydrogenation of 40 under conditions identical to those used for 

42 gave the phenolic ketone 46 isolated by preparative HPLC and traces 

of an isomer (85:15). The phenolic ketone~ was also obtained from 

demethylation of 45 by brief treatment with boron tribromide. A 

sample of 46 was submitted for biological testing. 



CHAPTER III 

BIOLOGICAL TEST RESULTS 

The phenols, 12, 40, and 46 and the nonphenolic ketones 1l and 

43 were submitted to the National Institute of Health for antifertility 

48 testing. Compounds 40, 43, and 46 were submitted as dZ mixtures and 

it is unknoWn which enantiomer, if either, is the more active. The 

desired biological action was a high degree of antifertility activity 

without estrogenic effects. More specifically., a desirable compound 

would completely prevent pregnancy at a low dose (low ED100 for 

postcoital antifertility activity) and yet would not cause an increase 

in uterine weight (low percent relative activity to known estrogens in 

the uterotrophic test). The results obtained from tests conducted on 

rats are shown in Table VI. 

The diphenol 12 exhibited considerable activity as a postcoital 

49 antifertility agent (En100=100y) but is also estrogenic. The 

phenolic saturated ketone 46, believed to have the 14S configuration 

although not extermely potent, shows a large separation of effects. 

The antifertility activity of 40 and 46 suggest that the more steroid-

like cyclobuta-BC-steroids may show greater p~tency. 
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TABLE VI 

TEST RESULTS FROM BIOLOGICAL ASSAYS 

Compound 
Test 12 37 40 43 46 

Postcoital Antiferttlitya O.lb a d Inact (2) ~ lOa a d Inact {400) ~ 3a 

Uterotropic e 15.6b,f 0.37a,g 3.4b,g 5. 5a,g '0.07a,h 

1. 6a,g 

a 
EDlOO irt mg/Kg/ day, ( 4 days). 

b Oral administration. as b d · · · if b i u cutaneous a m1n1strat1on. ~um ers n 

parentheses are highest dose tested. ePercent relative activity. !Relative to DES. gRelative to estrone. 

hRelative to estradiol. 



CHAPTER IV 

EXPERIMENTAL 

2a,4S-Bis(4-hydroxyphenyl)cyclobutane-la,3B-dicarboxylic acid 

(15a). (E)-4-Hydroxycinnamic acid (14) (300 g, 1.83 mol) and 5.5 L of 

H2o were mixed portionwise in a Waring Blendor, The resulting finely 

divided suspension was added to a cylinder containing a quartz water-

jacketed immersion well with a 450-W Hanovia lamp and Pyrex filter. 

The stirred slurry was irradiated for 7 days (the side of the well was 

cleaned intermittently and H2o added to maintain the level of the 

slurry as needed). The solid was collected by filtration, dried, and 

extracted with ether in a Soxhlet apparatus, leaving a residue of 270 

g (90%) of 15a; mp 335°C(dec.). A small sample recrystallized from 

95% ethanol had mp 350°C(dec.) (lit. 15 mp 340°C). 

2a,4S-Bis(4-methoxyphenyl)cyclobutane-la,3S-dicarboxylic acid 

(15c) and dimethyl ester (15b). To a stirred solution of 1000 g 

(3.1 mol) of 15a in 6.25 L of 2 M NaOH under a N2 atmosphere was added 

1530 g (12 mol) of dimethyl sulfate over a period of 1 hour, during 
' 

which time the temperature rose to 50°C. After 30 minutes of stirring, 

the pH had dropped to 6. A solution of 200 mL of 7.5 M NaOH was then 

added, followed by dropwise addition of 190 g (1.5 mol) of dimethyl 

sulfate, After 30 minutes of stirring, the mixture again became 

acidic. The addition of base and dimethyl sulfate was repeated 3 

times. The reaction mixture was then made strongly basic by addition 
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of 1.5 L of 12 M NaOH and then slowly heated to 80°C, This tempera-

ture was maintained for 4 hours, then the homogeneous solution was 

filtered through Dicalite and acidified. The product was collected 

by filtration and dried to give 1003 g (95%) of 15c; mp 255-260°C. 

Recrystallization of small sample from acetic acid gave 15c, mp 

260-261°C (lit. 15 260.5-262.5°C). 

The dimethyl ester 15b was prepared by esterification of 19c 

with methanol and H2so4 in 82% yield; mp 128-129°C (lit. 15 mp 129-

1300C); 1H NMR (CDC13) o 7.21 (m, 4, ArH 0- to CH), 6.84 (m, 4, ArH 

0- to OCH3), 4.38 (m, 2, ArCH-), 3.90 (m, 2, -CHC02CH3), 3.76 (s, 6, 

ArOCH3), 3.32, (s, 6, -co2cH3). 
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la,3S-Bis(diazoacetyl)-2a,4S-bis(4-methoxyphenyl)cyclobutane (22), 

To a stirred slurry of 190 g (0. 53 mol) of 15c in 1. 5 L of benzene 

containing 3 mL of pyridine was added 175 mL (2."4 mol) of SOC12• The 

mixture was cautiously warmed until gas evolution started, then refluxed 

for 1 hour. The warm solution was filtered through Dicalite and the 

solvent and excess SOC12 were then removed under reduced pressure. 

The residue was dissolved in warm benzene, passed through a small 

column of acidic alumina and concentrated under reduced pressure 

leaving 192 g (92%) of the ac:ld chloride 15d; mp 145-147°C, 

A solution of 60 g (0.15 mol) of 15d in 600 mL of benzene was 

added dropwise with stirring to a chilled (0°C) solution of 32 g (0.76 

mol) of CH2N2 in 2 L of ether. 50 The mixture was stirred overnight, 

then evaporated to a small volume. The solid was collected by filtra-

tion and washed with ether to give 54 g (87%) of 22. An analytical 

51 sample was prepared by recrystallization from CHC13-isohexane ; mp 

-1 1 143°C (dec): IR (CHC13) .2090, 1620. (COCHN2) em ; H NMR (CDC13) o 7.20 
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(m, 4, ArH), 6.82 (m, 4, ArH), 4.88 (s, 2, CHN2), 4.50 (m, 2, ArCH), 

3.80 (m, 2, CHCOCHN2), 3.76 (s, 6, Ar0CH3); MS (70 eV) m/e(rel inten

sity) M+/2 (hemicleavage) 202(13), 174(100), 161(75), 131(49), 103(38). 

Due to the instability of ~. a correct elemental analysis could 

not be obtained. 

la,3S-Bis(carbomethoxymethyl)-2a,4B-bis(4-methoxyphenyl)cyclobutane 

(23a) and diacid (23b). To a magnetically stirred slurry of 145 g 

(0.36 mol) of~ in 1•5 L of anhydrous methanol was added dropwise a 

. 20 
solution of 6.0 g of silver benzoate in 48 mL of (C2H5) 3N .at a rate 

sufficient to maintain a slow steady evolution of N2• After 24 hours, 

N2 evolution ceased and the mixture was heated to reflux for 30 minutes 

and then filtered while hot through Dicalite. The filtrate was evapor-

ated and dried under reduced pressure. The residue was dissolved in 

benzene and chromatographed over acidic alumina. The eluate was concen-

trated, the residue triturated with ether, and the solid collected by 

filtration to give,after drying 102 g (69%) of.23a; mp 110-ll5°C. An 

analytical sample was prepared by recrystallization from methanol; mp 

-1 1 120-121°C; IR (KBr) 1720 (C02CH3) em ; H NMR (CDC13) 8 7.18 (m, 4, 

ArH), 6.86 (m, 4, ArH), 3.78 (s, 6, Ar0CH3), 3.48-3.30 (m, 4, ArCHCH). 

3.40 (s, 6, co2cH3), 2.40-2.10 (m, 4, c~2co2cH3), MS (70 eV) m/e(rel 

+ intensity) M /2(hemicleavage) 206(100), 148(8), 147(73), 115(5), 91(8), 

Anal. Calcd. for c 24H28o6: c, 69. 88; H, 6. 84. Found: C, 69. 68; 

H, 6.61. 

Hydrolysis of 23a (101 g, 2.45 mol) with methanolic NaOH gave 

after workup 90.1 g (96%); mp 240-243°C. Recrystallization from 2-

-1 propanol gave 23b, mp 248-250°C; IR (KBr) 3000 (Br, OH), 1700 (CO) em 

. + 
MS (70 eV) m/e(rel intensity) M /2(hemicleavage) 192(77), 147(100), 
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115(27), 97(29), 91(50). 

Anal. Calcd. for c22H24o6: C, 68.73; H, 6.29. Found: C, 68.60; 

H, 6.17. 

3,9-Dimethoxy-6aa,6bS,l2aS,l2ba-tetrahydrodibenzo[a,g]biphenylene-

S;ll-(6H,12H)dione (24). To 250 mL of polyphosphoric acid (115% P2o5) 

prewarmed to 65°C was added over 5 minutes, 30 g (0.078 mol) of finely 

powered 23b. The mixture was stirred for 35 minutes and warmed to 

70°C. The contents of the flask were then poured into a slurry of ice 

and H2o in a Waring Blendor and stirred until hydrolysis was complete. 

The solid was collected by filtration, rinsed with H2o, then slurried 

in a Waring Blendor for 5 minutes with 10% NaHco3• The solid was 

collected by filtration and dried. Recrystallization from ethanol 

gave 16.5 g of~· The mother liquor was concentrated to furnish an 

additional 6.0 g (82% total yield), mp 160-162°C. An analytical sample 

was prepared by recrystallization and sublimation (170°C, 0.15 mm), 
-1 1 . 

mp 170-l71°C; IR (KBr) 1675 (CO) em ; H NMR (CDC1 3) o 7.47 (m, 2, 

ArH), 7.14 (m, 4, ArH), 3.84 (s, 6, ArOCH3), 3.46-3.38 (m, 2, ArCH), 

3.06-2.92 (m, 6, ArCHCHC,!!2-); MS (70 eV) m/e(rel intensity) M+/2(hemi

cleavage) 174 (100), 159 (13), 131 (20), 103 (12), 76(7); (10 eV) 348(1), 

174(100). 

Anal. Calcd. for c22H20o4: C, 75.84; H, 5.79. Found: C, 75.64; 

H, 5.82. 

3,9-Dimethoxy-5,6,6aa,6bB,ll,l2,12aB,l2ba-Octahydrodibenzo[a,g]-

biphenylene (16). A solution of 43 g (0.124 mol) of~ in 1 L of 

ethyl acetate and 15 g of Raney Ni were refluxed for 15 minutes, then 

filtered and the filtrate evaporated under reduced pressure. The 

residue was dissolved in 800 mL of acetic acid, 8 g of 5% Pd/C were .. 



added and the mixture hydrogenated at 70°C and SO psig. After H2 

uptake ceased (4 hours), the cooled mixture was filtered through 

Dicalite and then concentrated under reduced pressure. The residue 

4S 

and the Dicalite containing the used catalyst were placed above a 

column of basic alumina in a modified Soxhlet apparatusS 2 and extracted 

with an isohexane-benzene mixture (9:1). The eluate was cooled, 

allow~d to crystallize, and the solid collected by filtration to give 

33.0 g (83%) of 16, mp 146.;.147°C; IR (KBr) 1250, 1030 (ArOCH3), 850, 

-1 1 . ' 
815, 795 (1,2,4 subst aromatic) em ; H NMR (CDC13) o 7.00-6.64 (m, 6, 

ArH), 3.75 (s, 6, OCH3), 3.24-3.08 (m, 2, ArCH), 3.04-2.68 (m, 4, 

ArCH2), 2.66-2.34 (m, 2, ArCHCH), 2.04-1.52 (m, 4, ArCH2c_g2); MS (70 

eV) m/e(rel intensity) M+/2(hemicleavage) 160(100), 159(12), 145(9), 

129(7), 117(S), 115(6); (8 eV), 320(4), 160(100); UV, 9S% EtOH A 
max 

(log·£) 232.2 (4.31), 280.0 (3.S4) nm. 

Anal.Calcd. for c 22H24o2: C, 82.46; H, 7.SS. Found: C, 82.21; 

H, 7.40. 

3,9-Dihydroxy-S,6,6aa,6bS,ll,l2,12aS,l2ba-0ctahydrodibenzo[a,g]-

biphenylene (12). To a stirred solution of 1.0 g (3.1 mmol) of 16 in 

SO mL of CH2c12 was added dropwise a solution of 1.0 g (4.0 mmol) of 

BBr3 in 5 mL of CH2c12• The mixture was stirred for 12 hours, then the 

solvent was removed under reduced pressure. The residue was treated 

with 50 mL of ether and 10 mL of H2o, and stirred until the blue color 

disappeared. The organic phase was washed with H2o, then extracted 

with 5% KOH. The aqueous phase was separated, acidified and the 

precipitate collected by filtration. Recrystallization from ether gave 

0.60 g (66%) of~; mp 235-237°C, An analytical sample was prepared 

-1 1 by sublimation at 225°C, (0.2 mm); IR (KBr) 3300 (ArOH) em ; H NMR 
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(acetone-d6) o 7.84 (s, 2, ArOH), 6.94-6.56 (m, 6, ArH), 3.26-3.06 

(m, 2, ArCH), 3.04-2.66 (m, 4, ArCH2), 2.60-2.30 (m, 2, ArCHCH), 2.04-

1.56 (m, 4, ArCH2cH2); MS (70 eV) m/e(rel intensity) M+/2(hemicleavage) 

146(100), 145(14), 131(8), 127(6), 117(4), 115(5); UV, 95% EtOH A max 

(log E) 2.80 (3.64), with added base, 300 (3. 78) .nm. 

Anal. Calcd. for c 20H20o2: C, 82.15; H, 6.89. Found: C, 82.30; 

H, 6.90. 

la,3B-Bis(hydroxymethyl)-2a,4S-bis(4-methoxypheny1)cyclobutane 

(25a). To a mechanically stirred solution of 150 g (1. 06 mol) of 

diisobutylaluminum hydride in 500 mL of benzene under N2 was added 

74.0 g (0.193 mol) of 15b in 500 mL of benzene at a rate sufficient to 

maintain a temperature of 40-50°C. After addition, the solution was 

held at 40-50°C for 2 hours, then chilled, and 35 mL of methanol were 

added to destroy excess hydride. The solution was poured into a mixture 

of ice and hydrochloric acid, stirred until gas evolution ceased, then 

extracted with CHC13• The CHC13 extracts were washed with 5% NaHC03, 

dried (Mgso4), and concentrated under reduced pressure to give 61.7 g 

(97.5%) of 25a; mp 114-115°C. A sample recrystallized from benzene--

-1 1 isohexane has mp 114.5-ll5°C; IR (KBr) 3350 em ; H NMR (CDC13) o 

7.32-6.82 (m, 8, ArH), 3.80 (s, 6, OCH3), 3.60-3.42 (m, 6, ArCH and 

CB20H), 3.30-3.00 (m, 2, ArCHCH), 120 (s, 2, CH2oc); MS (70 eV) m/e 

(rel intensity) M+/2(hemicleavage) 164(100), 121(88), 180(38), 91(12)~ 

Anal. Calcd. for c20H24o4: C, 73.14; H, 7.37. Found: C, 73.12; 

H, 7.26. 

la,3B-Bis(p-toluenesulfonyloxymethyl)-2a,4S-bis(4-methoxyphenyl)-

cyclobutane (25b). To a solution of 55.7 g (0.170 mol) of 25a in 475 -- . 

mL of dry pyridine at 0°C was added in portions with stirring 77.6 g 
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(0.376 mol) of p-toluenesulfonyl chloride, the temperature being held 

at 0°C. The solution was allowed to stand at -l0°C for 24 hours, then 

poured into a mixture of ice-hydrochloric acid. The precipitate was 

isolated by filtration, washed with cold 5% HCl and dried under vacuum. 

Recrystallization from CHC13-isohexane gave 97.0 g (90%) of 25b; mp 

-1 1 124-125°C; IR (KBr), 1370, 1190, (-Oso2-) em ; H NMR (CDC1 3) o 7.50-

6.72 (m, 16, ArH), 3.84-3.70 (m, 4, -CH20Ts), 3.76 (s, 6, Ar0CH3), 

3.60-3.10 (m, 4, ArC~C~), 2.38 (s, 6, ArCH3); MS (70 eV) m/e(rel 

+ . 
intensity) M /2(hemicleavage) 270(12), 172(66), 155(23), 108(78), 

91(100). 

Anal. Calcd. for c34H36s 2o8 : C, 64.14; H, 5.70. Found: C, 

64. 36; H, 5. 81. 

la,3S-Bis(cyanomethyl)-2a,4S-bis(4-methoxyphenyl)cyclobutane 

(25c). To a stirred solution of 95.5 g (0.150 mol) of 25b in 1 L of 

dimethylsulfoxide was added 19.5 g (0.398 mol) of NaCN, and the slurry 

warmed to 50°C. After 1 hour, the solution became homogeneous and the 

temperature was held at 40-50°C for 4 hours. The solution was chilled, 

poured into H2o, extracted with CH2c12, the extract dried (Mgso4), and 

the solvent removed under reduced pressure. The residue was recrystal-

lized from ethanol to give 45.2 g (87%) of 25c, mp 153-154°C; IR (KBr) 

2250 (CN) cm-1 ; ~ NMR (CDC13) o 7.28-6.88 (m, 8, ArH), 3.82 (s, 6, 

OCH3), 3. 76-3.58 (m, 2, ArCH), 3. 48-3.18 (m, 2, ArC~CH), 2. 25-2.10 

+ (m, 4, CH2CN); MS (70 eV) m/e(rel intensity) M /2(hemicleavage) 173 

(100), 158(5), 130(10), 103(7). 

Anal. Calcd. for c22H22o2N2: C, 76.27; H, 6.40; N, 8.09. Found: 

C, 7 5. 98; H, 6. 54;- N, 8. 02. 

2a,48-Bis(4-methoxyphenyl)cyclobutane-la,38-diethanoic acid (23b) 
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from dinitrile (25c). A slurry of 10 g (0.03 mol) of 25c in 400 mL of 

concentrated HCl was stirred and warmed (80-90°C) for 12 hours. After 

cooling, the solid was collected by filtration, then slurried and 

warmed with 10% Na2co3 for 30 minutes. The undissolved solid was 

collected by filtration (mp 200-240°C) and appeared to be a mixture of 

amide and n.itrile (IR 2250, 1660 em -l) • 

. The filtrate was acidified, and the resulting solid was collected 

by filtration and dried to give 3.7 g (33%) of 23b; mp 230-240°C. 

Prolonged heating of 25c- in concentrated HCl led to a mixture of 

unidentified products. 

Deuteration of 24. A~ DCl Catalyzed Exchange. To a solution 

of 1.5 g (4.3 mol) of~ in 10 mL of acetic acid-0-d was added 5 mL 

of acetyl chloride and 5 mL of n2o. The solution was refluxed for 4 

hours, then diluted with n2o and chilled. The solid was collected by 

filtration, rinsed with acetic acid-a-d and dried to give 1.4 g (93%) 

of.?.§., mp 160-162°C. 1H NMR (CDC13) 8 7.50-7.20 (m, 6, ArH), 3.88 (m, 

6, OCH3), 3.45-3.30 (m, 2, ArC_!!), 3.08-2.-94 (m, 2, ArCHCH); MS (10 eV) 

m/e(rel intensity), 353(2), 352(3.2), 351(1.6), 177(100), 175(42). 

B. NaOD Catalyzed Exchange. To a solution of 800 mg (2.3 mmol) 

of 24 in 20 mL of dioxane and 5 mL of n2o under a N2 atmosphere was 

added a solution of 180 mg (4.3 mmol) of NaOD in 3 mL of n2o. The 

resulting solution was warmed (60-70°C) for 4 hours, then diluted 

with D2o and chilled. The solid was collected by filtration, rinsed 

with n2o, and dried to give 200 mg (25i.) of .?.§.; mp 158-160°C. The 

filtrate was acidified with 10% HCl and extracted with ether (2X). 
! ' 

The ether extract was extracted with 10% NaOH and the basic extract 

acidified with 10% HCl. The acidified solution was extracted with 
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ether (2X) and the ether solution dried (Na2so4), evaporated, and 

sublimed (80-95°C, 0.2 mm) to give 400 mg (50%) of 7-methoxy-1-naphthol 

(29); mp 103-105°C (Lit. 53 103-105°C). 1H NMR (CDC13) o 7.72-7.04 

(m, 6, ArH), 6.10 (s, 1, ArOH), 3.83 (s; 3, Ar0CH3). 

6,6tl2,12-tetradeuterio-diether (28). To a solution of 260 mg 

(1. 8 mmol) of diisobutylaluminum hydride in 10 mL of benzene under 

N2 was added a solution of 200 mg (0.57 mmol) of 26 in 10 mL of 

benzene. The solution was stirred for 3 hours (25°C) then chilled 

and 5% HCl was qautiously added. The precipitated solid was collected 

by filtration and extracted with hot benzene. The benzene filtrates 

were combined, washed with 5% NaHco3, dried (Na2so4), and evaporated. 

The residual diol 27 (mp 150-160°C) was dissolved in 30 mL of acetic 

acid, 100 mg of 5% Pd/c were added and the mixture hydrogenated 

(15 psig) at 60°C until H2 uptake ceased. The product, 28, was iso

lated as previously cliscribed for 16, in 27% yield. 1H NMR (CDC13) o 

7~04-6.66 (m, 6, ArH), 3.78 (s, 6, OCH3), 3.18, 2.49 (2 sym. m, AA'BB' 

system, 4, 3 
JAB=9.1 Hz, 

3 
JAB'=5.8 Hz, 

4 
JAA,=-0.7 Hz, 4 

JBB'=-0.6 Hz, 

ArCH and ArCHCH) ; 2.98, 3. 72 (d of d, AB system, 4, 2 
JAB=l6 Hz, ArCHH'); 

MS (8 eV) m/e(rel intensity) 325(1.2), 324(2), 323(1.8), 163(14), 

162(100), 161(22). 

3,9-Dimethoxy-1,4,5,6,6aa,6bS,7,10,11,12,12aS,l2ba-dodecahydro-

dibenzo[a,g]biphenylene (36). To a stirred solution of 4.0 g (0.013 

mol) of 16 in 125 mL of tert-butyl alcohol, 125 mL of tetrahydrofuran 

and 300 mL of liquid NH3 (prepared by dist.illation from cylinder) was 

added 4.0 g (0.57 mol) of Li over 30 minutes. The NH3 was refluxed 

until the blue color faded (3 hours) then allowed to evaporate 

through a Hg bubbler. The residue was dissolved in H2o and extracted 



with ether (3X). The combined organic extracts were dried (Na2so4) 

and concentrated under reduced pressure. Crystallization of the 

residue from isohexane gave 3.1 g (75%) of 36, mp 128-130°C; IR (KBr) 
-1 1 . 

1650 (methoxy enol ether) em ; H NMR (CDC1 3) 8 4.65 (broad s, 2, 

vinyl H), 3.54 (s, 6, -OCH3), 3.74-3.62 (m, 8, diallylic-CH2-), 2.35-

2.15 (m, 4, cyclobutyl H), 2.05-1.05 (m, 4, allylic-CH2-), 1.80-1.60 

(m, 4, -Cfi2-); MS m/e(rel intensity) (70 eV) 324(15), 162(100), 147 

(98), 134(87), 105(30), 95(78). 

1,2,5,6,6aa,6bS,7,8,11,12,12aB,l2ba-Dodecahydrodibenzo[a,g]-

biphenylen-3,9(4H,l0H)-dione (37). To a solution of 3.0 g (0.09 mol) 

of 36 in 30 mL of isopropyl alcohol and 30 mL of tetrahydrofuran was 
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added 0.1 g of oxalic acid in 6 mL of H2o. The solution was warmed on 

a steam bath for 15 minutes, H2o was added until a turbidity devoloped 

and the solution allowed to cool. After chilling, the solid was 

collected by filtration and dried to give 2.3 g of 37, mp 138-140.5°C. 

A second crop of 0.3 g (94% total) was obtained by diluting the 

filtrate with H2o. An analytical sample was prepared by recrystalli

zation from isohexane-benzene, mp 141-142.5°C; IR (cs 2) 1730 (CO) 

-1 1 em ; H NMR (CDC13) 8 2.80 (s, 4, allylic-CH2-a to CO), 2;.60-2.10 

(m, 12, allylic and a to CO), 2.10-1.90 (m, 4, cyc1obutyl), 1.90-1.60 

(m, 4, -CH2-); MS (70 eV) m/e(rel intensity) M+/2(hemic1eavage) 148 

(100), 106(60), 91(30), 32(30), 28(100); UV, 95% EtOH /.. (log t:) 
max 

2.30 (2.78) nm. 

Anal. Calcd. for c 20H24o2: C, 81.04; H, 8.16. Found: H, 8.22. 

3-Hydroxy-9-methoxy-5, 6, 6aa, 6bS, 11 ,.12 ;·12aS, 12ba-octahydrodibenzo-

[a,g]biphenylene (38). (A) From diether 16. To a stirred solution of 

32.5 g (0.10 mol) of 16 in 1. 2 L of CH2c12 was added dropwise a 
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solution of 13.0 g (0.05 mol) of BBr3 in 20 mL of CH2c12• After stir

ring for 12 hours,the solvent was removed under reduced pressure. The 

residue was treated with ether and H2o and the mixture stirred until 

the blue-green color disappeared. Additional ether was added to 

dissolve the solid, and the aqueous layer was separated and discarded. 

The ether solution was extracted 2X with 5% KOH. The combined basic 

extracts were acidified with 10% HCl and the solid collected by filtra-

tion and dried to give 5.8 g (20%) of 12. The remaining ether solution 

was stirred for 30 minutes with 10% NaOH saturated with NaCl. The 

precipitated sodium salt of 38 was collected by filtration and washed 

with ether and then saturated NaCl solution. The. filtrate was separa-

ted from H2o and the ether solution dried (Na2so4) and then_ evaporated 

leaving 9.1 g (28%) of 16. The H2o layer was acidified to give 0.5 g 

of impure 38. The solid sodium salt of 38 was dissolved in a mixture 

of ether and 10% HCl and the ether layer separated. The ether solution 

was dried (Na2so4) and evaporated to give 15.0 g (51% total) of ~' mp 

168-170°C. An analytical sample was prepared by recrystallization 

from acetone, mp 170-172°C; IR (CHC13) 3300 (ArOH), 1240, 1030, 

-1 1 . 
(Ar0CH3) em ; H NMR (acetone-d6) o 8.84 (s, 1, ArOH), 7.00-6.60 (m, 

6, ArH), 3.72 (s, 3, ArOCH3), 3.25-3.10 (m, 2, ArCH), 3.00-2.64 (m; 4, 

ArCH2), 2.60-2.30 (m, 2, ArCHCH), 2.00-1.50 (m, 4, ArCH2cH2); MS (70 

eV) m/e(rel intensity) 161(15), 160(100), 159(13), 146(24), 145(17). 

Anal. Calcd. for c 21H22o2: C, 82.32; H, 7.24. Found: C,82.24 

H, 7. 30. 

(B) From diphenol 12. To a stirred solution of 3.0 g (0.07 mol) 

of NaOH in 75 mL of H2o and 100 mL of methanol under N2 was added 

14.0 g (0.04 mol) of 12. The mixture was stirred for 10 minutes then 
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8.0 g (0.06 mol) of dimethyl sulfate were added dropwise. After 2 

hours, the mixture was acidified with 10% HCl and extracted with ether 

(2X). The ether extract was washed with 5% KOH (2X) and the combined 

basic extracts acidified to give 1.4 g (10%) of 12. The ether layer 

was stirred for 0.5 hours with 10% NaOH saturated with NaCl and the 

precipitated sodium salt of 38 was collected by filtration and washed 

with ether. The ether layer of the filtrate was separated from H2o, 

dried (Na2so4), and evaporated to give 3.0 g (20%) of 16. The sodium 

salt of 38 was dissolved in a mixture of ether and 10% HCl and 

extracted with ether (2X). The combined ether extracts were dried 

(Na2so4), and evaporated under vacuum to give 8.8 g (60%) of 38, mp 

169-l72°C. 

3-Hydroxy~l8-nor-D-homocyclobuta-BC-estra-1,3,5(10),13(14)

tetraene-17-one (40). To a stirred solution of 9.8 g (0.032 mol) of 

38 in 250 mL of tetrahydrofuran and 250 mL of tel"t-butyl alcohol was 

added 500 mL of liquid NH3 by distillation from a cylinder. To the 

resulting solution was added 6 g (0.87 mol) of Li over 45 minutes. The 

solution was stirred at the reflux temperature of NH3 until the blue 

coior faded (4 hours) then allowed to warm and NH3 distilled off 

through a Hg bubbler trap. The residue was treated with saturated 

NaCl solution and extracted (3X) with an ether-benzene mixture (8:2). 

The organic extracts were combined, dried (Na2so4), and the solution 

concentrated under vacuum, leaving a residue of the phenolic enol 

ether 39. 

The crude enol ether 39 was dissolved in 100 mL of isopropyl . 

alcohol and to this solution was added 0.3 g of oxalic acid in 20 mL of 

H2o. The solution was heated on a steam bath for 15 minutes, then H2o 
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was .added until the solution became faintly cloudy. The solution was 

chilled, allowed to crystalize overnight, and the solid collected by 

filtration. Recrystallization from acetone-isopropyl alcohol gave 

9. 3 g (96%) of 40, inp 204-207°C. An analytical sample was prepared by 

sublimation (203°C/0.03 mm); IR (KBr) 3300 (OH), 1710 (CO) cm-1 ; 1H NMR 

(DMSO-d6) o 8.90 (s, 1, ArOH), 6.88-6.45 (m, 3, ArH), 3.08-2.94 (m, 1, 

ArH), 2.80 (broads, 2, allylic CH2 a to CO), 2.80-2.10 (m, 9, benzylic 

CH2, allylic CH2 , CH2co, and allylic cyclobutyl H), 2.00-1.50 (m, 6, 

CH2 a to cyclobutyl and cyclobutyl H); MS (70 eV) m/e(rel intensity) 

296(1), 146(100), 145(14), 131(7), 117(6); (6 eV) 296(6), 146(100); 

UV, CHC1 3 A (log e) 281 (3.50), 287 sh (3.10), 238 (3.30) nm. max 

Anal. Calcd. for c20H22o2: C, 81.60; H, 7.53. Found: G, 8L42; 

H, 7.43. 

3,9-Dimethoxy-5,6,6aa,6bS,7,10,11,12,12a8,12ba-decahydrodibenzo 

[a,g]biphenylene (41). The crude phenolic enol ether prepared as 

above from 14.0 g (0.046 mol) of 38, and 7.0 g (1.0 mol) of lithium, 

was dissolved in 150 mL of methanol containing 4.5 g (0.08 mol) of 

KOH. To this solution was added 5.0 g of methyl iodide (0.035 mol) 

and the solution was gently warmed (35-40°C). Another 5.0 g of 

methyl iodide were added after 30 minutes. After 6 hours additional 

KOH (2.0 g, 0.04 mol) and methyl iodide (5.0 g) were added. The 

mixture was allowed to stand overnight, then the solid was collected 

by filtration and dried to give 9.3 g of 41, mp 112-ll6°C. By treat-

ment of the filtrate with more KOH and methyl iodide and additional 

1.1 g of 41 were obtained (total yield, 73%). An analytical sample 

was prepared by recrystallization from methanol-benzene; mp 112-ll4°C, 

-1 1 IR (KBr) 1650 (enol ether) em ; H NMR (CDC13) o 6.98-6.60 (m, 3, 
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ArH), 4.66 (broads, 1, vinyl H), 3.74 (s, 3, Ar0CH3), 3.54 (s, 3, enol 

OCH3), 3.24-3.08 (m, 1, ArCH), 2.94-1.50 (broad hump, 15 protons); MS 

(70 eV) m/e(rel intensity) M+/2(hemicleavage) 162(38), 160(100), 156 

(56); (8 eV) 322(4.6), 160(100). 

Anal. Calcd. for c22H26o2: C, 82.97; H, 8.23. Found: C, 83.14; 

H, 8.11. 

3-Methoxy-18-nor-D-homocyclobuta-BC-estra-1,3,5(10),13(14)

tetraene-17-one (42)~ To a solution of 10.2 g (0.032 mol) of 41 in 

150 mL of isopropyl alcohol and 30 mL of tetrahydrofuran was added 

10 mL of H2o and 0.3 g of oxalic acid. The mixture was warmed for 30 

minutes and H2o was added until a faint cloudiness developed. After 

cooling, the solid was isolated by filtration and dried affording 

9.0 g (91%) of 42, mp 118-122°C. An analytical sample was prepared 

by recrystallization from methanol, mp 122-124°C; IR (cs2) 1730 (CO) 

-1 1 . . 
c~ ; H NMR (CDC13) o 7.00-6.65 (m, 3, ArH), 3.76 (s, 3, ArOCH3), 

3.24-3.08 (m, 1, ArCH), 2.60 (broads, 2, C-17a protons), 2.62-1.50 

+ (broad hump, 14 protons); MS (70 eV) m/e(rel intensity) M /2(hemiclea-

vage) 160(100), 145(7), 115(7), 91(8); UV, 95% EtOH A (log E) 280 max 

(3.21) nm. 

Anal. Calcd. for c21H24o2: C, 81.78; H, 7.84. Found: C, 81.60; 

H, 7.64. 

Isomerization of 42 to 3-methoxy-18-nor-D-homo-148-cyclobuta-BC-

estra-1,3,5(10) ,·13(17a)-tetraene-17-one (43) and the 14CL isomer 44. 

To a solution of 1.0 g of oxalic acid in 100 mL of isopropyl alcohol 

was added 5.0 g (0.016 mol) of 42. The mixture was gently refluxed 

for 15 hours. The isopropyl alcohol was removed under reduced 

pressure and the residue partitioned between H20 and ether. The ether 
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layer was separated, dried (Na2so4), and evaporated to leave a residue 

of 42, 43, and 44 (7:1.8:1.2 by 1H NMR). · The mixture was separated by 

HPLc43 on a silica gel column by elution with a 95% CH2Cl2-5% ethyl 

acetate mixture to give 3.2 g (64%) of 42 and 1.4 g (28%) of a mixture 

of 43 and 44 (3:2). Several recrystallizatioris from acetone gave 

-1 1 pure 44, mp 153-154°C; IR (KBr) 1650 (CO) em ; H NMR (CDC13) 8 6.98-

6.90 (m, 1, C-1 ArH), 6.76-6.62 (m, 2, C-2 and C-4 ArH), 5.88 (broad 

singlet, 1, vinyl H), 3.78 (s, 3, Ar0CH3), 3.40-3.24 (app. t, 1, ArCH), 

2. 80-1.50 (broad hump, 16 protons); MS (70 eV) m/e (rel intensity) 308 

(1.6), 160(100), 159(15.9), 145(15), 129(10). 

Anal. Calcd. for c21H24o2: C, 81.78; H, 7.84. Found: C, 81.95; 

H, 7.94. 

Brief equilibration of 42 (20 minutes) with oxalic acid afforded 

after removal of 42, a mixture rich in 43. Several recrystallizations 

-1 from methanol gave pure 43, mp 143-144°C; IR (KBr) 1658 (CO) em 

1 H NMR (CDC13) o 7.00-6.70 (m, 1, C-1 ArH), 6.80-6.70 (m, 2, C-2 and 

C-4 ArH), 6.03 (broads, 1, vinyl H), 3.80 (s, 3, Ar0CH3), 3.24:...3.04 

(m, 1, ArCH), 3.02-1.55 (broad hump, 16 protons); UV, 95% EtOH >.. max 

(log e:) 234 (4.21) nm. 

Anal. Calcd. for c21H24o2 : C, 81.78; H, 7.84. Found: C, 81.90; 

H, 7.73. 

3-Methoxy-18-nor-D-homo-1413-cyclobuta-BC-estra-1,3,5(10)-triene-

17-one {45). To a mixture of 5.0 g (0.016 mol) of 42 in 450 mL of 95% 

ethanol-5% trifluoroacetic acid was addel;l 0.9 g of 5% Pd/C. The mi~ture 

was hydrogenated (15 psig, 45°C) until hydrogen uptake ceased (5 hours). 

The solution was filtered through Dicalite and the catalyst containing 

Dicalite rinsed with hot ethanol. The filtrate was neutralized with 



solid NaHC03 and concentrated under reduced pressure. The residue was 

treated with water, extracted with ether, and the ether extract dried 

(Na2so4) and evaporated leaving a mixture of products. The products 

were seperated by HPLc43 on a silica gel column using CH2Cl2 as eluant, 

affording 3.5 g (70%) of a mixture of 45 and an isomer. The 13c NMR 

spectrum of the mixture indicated it to be composed of 85% 45 and 15% 

of an isomeric ketone. Several recrystallizations of the mixture 

from methanol gave pure ~' mp 117-ll9°C; IR (cs 2) 1740 (CO) 
-1 em 

1H NMR (CDC13) o 6.98-6.90 (m, 1, C-1 ArH), 6.74-6.62 (m, 2, C-2 and 

C-4 ArH), 3.74 (s, 3, ArOCH3), 3.02-1.50 (broad hump, 20 protons); MS 

(70 eV) m/e(rel intensity) 160(100), 159(9), 115(7). 

Anal. Calcd. for c 21H26o2: C, 81.25; H, 8.44. Found: C, 81.37; 

H, 8.56. 

3-Hydroxy-18-nor-D-homo-14S-cyclobuta-BC-estra-1,3,5(10)-triene-

17-one (46). (A) From phenol 40. A mixture of 3.5 g (0.012 mol) of 

40 and 1.3 g of 5% Pd/C in 300 mL of ethanol containing 1.5 g of 

potassium hydroxide was hydrogenated (15 psig, 45°C) until hydrogen 

uptake ceased (6 hours). The solution was filtered through Dicalite, 

neutralized (CH3co2H), and concentrated under reduced pressure. The 

residue was treated with hot water and the solid collected by filtra

tion. The crude phenols were separated by HPLc43 on a silica gel 

column using CH2c12 containing 3% ethyl acetate as an eluant, into a 

fractio~ cont-aining 46 and a minor isomer followed by a fractiqn 

containing only 46, (2.0 g, 58% yield) mp 200-202°C; IR (cs2) 1740 (CO) 

-1 1 . 
em ; H NMR (DMSO-d6) 8 8.92 (s, 1, ArOH), 6.84-6.72 (m, 1; C-1 ArH), 

6.50-6.36 (m, 2, C-2 and C-4 ArH), 2.90-1.50 (broad hump, 20 protons); 

MS (70 eV) m/e(rel intensity) 296(1), 146(100), 131(7), 117(6); (8 eV) 
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296(6), 146(100). 

Anal. Calcd. for c20H24o2: C, 81.04; H, 8.16. Found: C, 81.12; 

H, 8.03. 

(B) From ether 45. To a magnetically stirred solution of 40 mg 

(0.13 mmol) of 45 in 5 mL of cn2c12 under argon at -70°C was added 

32 mg (0.13 mmol) of BBr3 dropwise. The mixture was stirred at -70°C 

for 15 minutes then allowed to warm to room temperature for 20 minutes. 

The mixture was chilled in ice and cautiously treated with H2o. Ether 

was added and the organic layer was separated, dried (Na2so4) and 

1 43 . 
evaporated to leave 46; identified by H NMR and HPLC (one product 

corresponding in retention time to the major product from hydrogenation 

of 40). 



PART II 

STEREOCHEMICAL ASSIGNMENT OF (E)

AND (Z)-2-(1-NAPHTHYL)-1-PHENYLPROPENE 

AND THEIR PHOTOCYCL!ZATION 

TO 5-METHYLCHRYSENE 
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CHAPTER V 

INTRODUCTION AND HISTORICAL 

The widespread occurence of polynuclear aromatic hydrocarbons in 

h i . . 11 d d Th . "1 54 1 55 t e env ronment 1s we ocumente • ey occur 1n so1 s, coa , 

and petroleum, 56 and are formed during combustion of fuels, 57 and 

58 to.bacco. Their carcinogenicity and mutagenicity continue to 

stimulate considerable research and study. 59 

The biologically active neutral subfractions of tobacco smoke 

condensate contain a large number of polynuclear aromatic hydrocarbons 

which undoubtably contribute to the carcinogenicity of cigarette 

60 smoke. Among these polynuclear aromatic hydrocarbons are chry-

sene60,61 and the 1-, 2-, 3-, 5-, and 6-methylchrysenes. 61 5-Methyl-

chrysene (47) is reported to be more carcinogenic on mouse skin than 

9 

8 
7 6 

12 1 

47 

2 

3 

61 chrysene or the other mono-methylchrysenes and is one of the most 

62 
carcinogenic polynuclear aromatic hydrocarbons known. 

6la 63 Previous syntheses ' of 47 involved multistep rou~es and 

gave low yields, none exceeding 5%. To facilitate carcinogenicity 

59 



studies of iZ' a more efficient synthesis was needed. 

Photocyclization of 1,2-diarylethenes appears to be a general 

64 method for synthesis of polynuclear aromatic hydrocarbons. The 

prerequisite 1,2-diarylethenes are readily available from ketones or 

aldehydes by reaction with Grignard reagents followed by dehydration 

of the alcohol or directly from ketones by reaction with Wittig 

reagents. Since chrysene and several derivatives have been prepared 

by photocyclization of alkenes, 65 it appeared that synthesis and 

photocyclization of an appropriately substituted alkene would be a 

shorter, more efficient route to 47. 

60 



CHAPTER VI 

DISCUSSION AND RESULTS 

The synthesis of 5-methy1chrysene (47) and the intermediate 

a1kenes i, 1, and ~' is shown in Figure 12. 

OH 

~ a 

0 
48 49 

lb 
or a or d 

l l 

e 

E, 50 52 

47 

a c6H5cH2MgC1, Et 2o. 

e hv, I 2, 02, c6H6• 

Figure 12. Synthesis of 5-Methy1chrysene (47) 
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66 Treatment of !-acetonaphthone (48) with benzylmagnesium chloride 

gave 49 in 75% yield. Dehydration of ~ was performed under a variety 

of conditions in an attempt to control the ratio of the resulting 

67 68 alkenes. In all cases, GC analyses indicated three products were 

formed in varying ratios as shown in Table VII. 

TABLE VII 

DEHYDRATION OF ALCOHOL 49 

Ratio of alkenes 
Reagent and Temperature 50 51 52 

48a 9 43 

5i 30 13 

54 a 45 1 

Trifluoroacetic acid (27°C) 83d 16 1 

POC13, pyridine (0°C) 33e 5 62 

a · b 
During dehydration of 49. 2.5 Hours after the disappearance of 49. 

a 36 Hours after disappearance of 49. d0.5 Hours. e · No change over 

3 hours. 



During dehydration of 49 in refluxing benzene with Amberlyst-15 

69 (A-15) resin, the ratio of alkenes 50:51:~ (48:9:43) remained 

fairly constant while alcohol 49 was still present. After 49 was 

consumed, the concentration of exo alkene 52 decreased rapidly with a 

63 

simultaneous increase of 50 to a maximum of 57%. Alkene 50 then slowly 

diminished as the concentration of 51 increased. After 36 hours, the 

70 ratio 50:51:52 (54:45:1) stabilized and the concentration of 50 

was only slightly favored. The kinetic formation of 50 and 52, 

particularly with trifluoroacetic acid can be rationalized by exam-

!nation of the presumably most stable conformation of the alcohol 49 

and the resulting cation shown in Figure 13. 

OH -H+ 
C6H5 ~ 

50 
H 

H+ , C6H5 
CH2 
I 10H7 

CH3 clOH7 ~ 

~ H H 
a 52 

Figure 13. Formation-of Alkenes 50 and 52 

In th~ preferred conformation of alcohol 49, the phenyl and 

naphthyl groups are anti. Protonation of the hydroxyl group followed 

by loss of water generates the cation which has two prbtons Ha and HP 
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71 correctly oriented for periplanar elimination to 50 or 52. 

The failure of the E alkene 50 to predominate to any great extent 

over the Z alkene 51 after prolonged exposure to equilibrating condi-

tions should be noted. Although both 50 and 51 exhibit a steric 

interaction between the methyl group and the naphthyl peri-hydrogen, 72 

the net result is to reduce the usual difference in stability between 

E and Z isomers. 

Under nonequilibrating conditions, the dehydration of 49 using 

phosphorous oxychloride and excess pyridine at 0°C favored formation of 

21 (50:51:21: 6:1:12). This ratio did not change over 3 hours at 0°C. 

The preponderance of the thermodynamically less stable alkene 52 may 
' 71 

be related to the ease of approach of base preceding elimination. 

The alkenes 50, 51, and 21 were separated via picric acid with 

the picrate of 50, mp 94-95°C, being the least soluble and most stable. 

Successive concentrations of the mother liquor gave the picrate of 21, 

which is less stable and dissociated on attempted recrystallization 

from ethanol. The Z alkene 51 did not form a picrate under these 

conditions and was isolated from the mother liquor. Dreiding models 

1 25 and H NMR data, subsequently to be discussed, show that the naphthyl 

ring of the Z isomer, 51, is crowded (aryl-aryl interaction) compared 

to that of 50. This may explain the decreased stability of the picrate 

of 51. 

Attempts to assign configuration to the E and Z alkenes 50 and 51 

1 23 using H NMR and UV spectroscopy led to uncertain results. However, 

1 the assignment of configuration to 50 and 51 was achieved through H 

NMR studies of the dial and the phenylboronate derivatives of these 

alkenes. 73 The threo-2-(1-naphthyl)-1-phenylpropane-1,2-diol' (53) was 
( . ' -· 
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prepared by treatment of the E alkene 50 with osmium tetroxide and 

hydrolysis of the osmate with sodium sulfite. Analogously, the Z 

alkene 2h gave the erythro dial 55. Treatment of each of these dials 

(53 and ~) with phenylboronic acid gave the corresponding cyclic 

phenylboronates 54 and 56 respectively, as shown in Figure 14. The 

configurations used in Figure 14 are an arbitrary selection for 53, 54, 

55, and 56 and should not be considered as an absolute assignment. 74 

Assignments have previously been made for meso and racemic aryl

containing diols75 and their corresponding phenylboronates73 based 

on chemical shifts in the ~ NMR spectra produced by anisotropic 

effects of the aromatic ring cis to a methyl group. 1 The H NMR spectra 

of the phenylboronates have the advantage of showing enhanced methyl 

proton shifts relative to what is observed for the dials. Thus, this 

technique allows stereochemical assignment to E and Z alkenes 50 and 

1 . 
51, whereas other methods ( H NMR and UV) applied to these isomers 

failed to give unambiguous assignments. The 1H .NMR data of the dials 

and phenylboronates is presented in Table VIII. Infrared spectroscopy 

has also been used to establish the relative configuration of vicinal 

diols. 76 

In making the configurational assignments for the three isomers 

relative to the erythro isomers (dials as well as the corresponding 

phenylboronates), the methyl proton resonances would be expected to 

appear at higher field because they lie within the shielding region of 

th. e phenyl ring. 73 , 75 Th h d 1 t (i th d. 1 53) h ld e y roxy pro ons n . reo 10 __ s ou 

absorb at lower field because of increased intramolecular hydrogen 

bonding, which decreases electron density on oxygen and thus deshields 

75 the hydroxyl protons. The benzylic protons are deshielded in the 

., 
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50 

53 (threo) 

IC6H5 

~B-0 

o@ 

54 (threo) 

OH 

H 

66 

51 

H 

2.2_ ( erythro) 

f 

2§. (erythro) 

Figure 14. Synthesis of Diols 53 and 21 and Phenylboronates 54 and ~ 



TABLE VIIT 

100 MHz 1H NMR DATAa FOR DIOLSb 53 AND 55 AND PHENYLBORONATESb 54 AND 56 

Aromatic H CH3 H(C-1) OH(C-1) OH(C-2) 

Threo dio1 (53) 6.72-8.86 1.40 3.22 3.20 5.46 

Erythro dio1 (55) 7.00-8.80 1. 66 2.38 2. 28. 5.34 

Threo boronate (54) 7.34-8.28 1. 62 6.02 

Erythro boronate (56) 6.70-8.20 2.10 5.88 

aVa1ues in o. bConcentration; 80 mg/0.5 mL CDC13 • 
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threo isomers 53 and 54 relative to those of the erythro isomers ~ 

77 and 56 and opposite to that which is generally observed. This effect 

may result from interaction of the methyl group with the peri-hydrogen 

of the naphthyl ring which causes rotation of the naphthyl ring and in 

turn deshielding of the benzylic proton in the threo isomers. In 

sunnnary, these directional shifts are consistently observed in the 

spec-tra of the diol and phenylboronate derived from the alkene, mp 

36-3rc. This allows assignment of stereochemistry to the diols 53 

and 2l' mp 102-104°C and 109-110.5°C respectively, which in turn allows 

structural assignment of E and Z alkenes 50 and 51. 

Attention is directed to this use of phenylboronic acid. Addition 

of an equimolar quantity of phenylboronic acid to a deuterochloroform 

solution of 53 or 2l followed by 10 minutes shaking and filtration 

through glass wool to remove water gave quantitative conversion to the 

cyclic phenylboronates 54 and 56. The locked orientation of substi-

tuents on these cyclic esters leads to enhanced chemical· shifts in 

the 1H NMR spectra that are valuable for making diol configuration 

73 assignments. 

Considering the above stereochemical assignments, it is of 

1 interest to examine the H NMR and UV data obtained for 50, 51, and 52. 

The structure of the latter is conclusively established by the 100 

1 MHz H NMR specturm, which shows vinyl protons at o 5.21 (broad d, 

2J == 2Hz) and o 5.08 (broad d, 2J = 2Hz), and 2 benzylic protons at o 

3.68 (s) as shown in Table IX. 

The similarity of the UV data from 50, 51, and 52 precluded78 

satisfactory use as stated previously in making ~tructural assignments. 

The similarities in the UV spectra of 50 and 51 result from steric 



TABLE IX 

UV AND 1H NMR ASSIGNMENTS OF ALKENES 50, 51, AND 52 

a UV (log E) 

1H NMRd CH 
-3 

vinyl H 

aryl .!! 

50 

222.5 (4.79) 

245b (4.15) 

282.5 (4.04) 

2.30 (d, 4J = 1 Hz, 3) 

6.52 (s, l)e 

7.00-8.02 (m, 12) 

a Wavelength in nm, solvent: EtOH. b 
Shoulder. 

() 

51 

225 (4.87) 

245b (4.28) 

285 (3.98) 

2.24 (d, 4J = 1 Hz, 3) 

f 

6.64-7.88 (m, 13)f 

No shoulder at 245. ~alues in o. 

52 

225 (4.77) 

282.5 (3.85) 

CH2 3.68 (s, 2) 

5.08 (d, 2
2J = 2 Hz, 1) 

5.22 (d, J = 2 Hz, 1) 

6.94-8.02 (m, 12) 

e 
Broad, but no 

discernible splitting. fThe vinyl proton signal was buried within the aromatic proton resonances. 
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interaction between the peri-hydrogen of the naphthyl ring and the 

72 methyl group, thus preventing coplanarity in the E as well as the Z 

isomer, 

1 The H NMR data of 50 and 51 are unusual in that the vinyl proton 

resonance of the E isomer 50 appears at higher field than that of the 

Z isomer 51. Generally in 1,2-diarylethenes, these resonance positions 

d 1 h h i . k 79 are reverse , a t oug except ons are nown. The usual occurrence 

of vinyl protons at lower field in E isomers is attributed to the 

79 coplanarity of the aromatic ring and double bond. This places the 

vinyl proton in the deshielding region of the aromatic ring. The 

nonplanarity of the naphthyl ring and alkene double bond in 50 causes 

the vinyl proton to lie above the naphthyl ring, i.e. in the shielding 

region, and hence its shift to higher field. 78 Some indication of the 

angle between the naphthyl ring and the alkene double bond may be seen 

in the shift of the naphthyl peri proton signal proximal to the 

methyl group, since an increased angle should lead to an up field shift 

due to shielding by the double bond. 72 In 50, 51, ~' and !!]_, this 

this appears as a discernible multiplet at o 7.96, 7.90, 8.02, and 

8.90 respectively. The assignments of~ and 51 are further confirmed 

by-the strong upfield shift of aromatic protons in the Z alkene 51, 

78 which is caused by the proximity of aromatic rings. 

Photocyclization of 50, 51, and 52 with periodic sampling and GC 

68 analysis was conducted by irradiation of an air-saturated 0.01 M 
0 

benzene solution of alkene containing iodine (0.001 M) at 3600 A. 

After 7 hours, the exo alkene 52 had not isomerized or cyclized and 

was recovered unchanged. No other products were detected by GC. The 

E and Z alkenes 50 and 51 both rapidly equilibrated to a fairly 



100 

% 

50 

50 
-:7 

o 0~ 

~ 
0 

0~ 

71 

o--------
0 

51 "" "---------

. I !; !>--_ !;-=:===--=~ 

/£~ o-o~o 
0 D--O-=-= I I I I 1 I 

3 

Hours 

100 

% 

50 

0 

50--.----6. 6.---2 
_z-l:i . -----0 

H" inr---- ~ I 
3 

Hours 

6 8 

o--

6.----o
~o 

6. 

6 8 

Figure 15. Photolysis of E and Z Alkenes 50 and 51 (0.01 M) in Benzene 

with r2 (0.001 M) and Saturated with o2 (Irradiation at 
0 

3600 A). 
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constant E:Z (50:51, 1:2-3) ratio but the formation of 5-methylchrysene 

(47) was initially faster as shown in Figure 15 when the Z alkene was 

used as starting material. The photocyclization of 50 and 51 is 

assumed to proceed by a mechanism similar to that for the photocycli

zation of stilbene. 64 

Preparative-scale photocyclization of 50 and 51 was most conve-: 

niently carried out using the m~xture of alkenes obtained from acid-

catalyzed dehydration. Attempts to increase the yield (29%) by.using 

80 cupric cholride or using a higher concentration of oxygen were 

unsuccessful and actually led to decreased yields. Dilution of the 

benzene solution of alkenes from 0.01 M to 0.0025 M also failed to 

give a significant increase in yield. 

The structure of the product from photocyclization was identified 

as 5-methylchrysene (47) by mp 117-117.5°C (lit. 63 mp ll7°C), mass 

spectrum, and 1H NMR. Gla · 



CHAPTER VII 

EXPERIMENTAL 

2-(1-Naphthyl)-1-phenyl-2-propanol (49). To the Grignard reagent 

prepared from 48.6 g (2.0 mol) of magnesium and 252 g (2.0 mol) of 

benzyl chloride in 500 mL of ether was added a solution of 314.0 g 

(1.8? mol) of purified !-acetonaphthone (48) in 500 mL ether at a 

rate sufficient to maintain reflux. The mixture was then heated at 

reflux an additional half hour, cooled, treated with dilute hydro-

chloric acid and then ether extracted. The ether extracts were 

washed with NaHco3 solution, dried (Mgso4), filtered, and concentrated. 

Recrystallization from a mixture of isohexane51 and benzene gave 365 g 

(75%) of~; mp 74-85°C (dec); IR (KBr) 3150 (s), 800 (s), 740 (s), 700 

-1 1 (s), 695 (s), 680 (s) em -; H NMR (CC14) o 8. 80-6.76 (m, 12, ArH), 

3.49, 3.31 (AB quartet, 2JAB=l3 Hz, 2, ArCH2), 2.80 (s, 1, OH), 2.72 

+ (s, 3, CH3); MS (70 eV) m/e(rel intensity) M 262(1), 172(12), 171(100), 

127(12), 91(16), 43(78). 

Dehydration of 49 to (E)-2-(1-naphthyl)-1-phenylpropene (50), (Z)-

2-(1-naphthyl)-1-phenylpropene (51), and 2-(1-naphthyl)-3-phenylpropene 

J211. A. To a magnetically stirred flask containing 500 mL of benzene 

fitted with a Dean-Stark trap were added 50.0 g (0.191 mol) of 49 and 

1.0 g of A-15 resin. 69 The mixture was refluxed until 49 was no longer 

73 
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detectable by Gc. 68 Filtration to remove resin, followed by distil-

lation (140-170°C, 0.3 mm) gave 39.3 g (84%) of alkenes 50/51/52 

(2.5:1:2). Equilibration of the alkenes was carried out under similar 

conditions. 

B. To 120 mL of trifluoroacetic acid was added 12.0 g (0.046 mol) 

of 49. After stirring at 25°C for 30 minutes, the mixture was diluted 

with water, extracted with isohexane, the organic extract washed with 

NaHC03 solution, and dried (Mgso4). Filtration, concentration, drying 

and distillation gave 8.8 g (78%) of 50/51/52 (83:16:1). 

C. To 50 mL of pyridine and 4.6 g (0.30 mol) of phosphorous 

oxychloride was added 6.6 g (0.025 mol) of 49 at 0°C. The solution 

was stirred 3 hours and then poured on ice. Extraction with isohexane, 

drying, and distillation gave 5.4 g(89%) of 50/51/52 (6.6:1:12.4). 

Separation of alkenes 50, 51, and 52. To a warm solution of 

68.0 g of picric acid in 500 mL of 95% ethanol was added 48.8 g of a 

mixture of alkenes 50, 51, and 52. After standing overnight, the 

picrate was collected by filtration. , Two successive concentrations of 

the filtrate gave a second and third crop of picrates and mother 

liquor. The first crop of picrate (45 g) was recrystallized from 

ethanol to give 35.0 g of bright red picrate; mp 96-97°C. Cleavage of 

52 this picrate by continuous extraction with isohexane over Merck 

neutral alumina followed. by recrystallization of the alkene from 

isohexane gave 13.5 g of (E}-2-(1-naphthyl)-1-phenylpropene (50): mp 

36-37°C; IR (NaCl) 915 (m), 800 (s), 775 (s), 750 (s), 705 (s), 695 

-1 1 (s) em ; H NMR (CC14) o 8.02-7.00 (m, 12, ArH), 6.52 (broad s, 1, 

vinyl H), 2.30 (d, 4J=l Hz~ 3, CH3); MS m/e(rel intensity) M+ 244(93), 

229(100), 166(26), 165(35), 152(20); UV, 95% EtOH A (log e) 222.5 
max 



(4.79), 245 (4.15), 282.5 (4.04) nm. 

Anal. Calcd. for c19H16 : C, 93.06; H, 6.94. Found: C, 93.31; 

H, .6. 58. 
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The second crop of picrate (25 g) was recrystallized from ethanol 

to give 10.2 g of a mixture consisting of picrates from 50 and 52. 

The motl:ler liquor was evaporated·to give 15.4 g of the yellow picrate 

of 52; mp 80-95°C. Attempted recrystallization resulted in dissoci-

ation. The picrate was cleaved as above and the recovered hydrocarbon 

was recrystallized from isohexane to give 6.0 g of 2-(1-naphthyl)-3-

phenylpropene (52); mp 26-27°C; IR (NaCl) 900 (m), 795 (s), 775 (s), 

-1 1 745 (m), 695 (s), em ·; H NMR (CC14) 8 8.02-6.94 (m, 12, ArH), .5.22 

2 2 (d, J=2 Hz, 1, vinyl H), 5.08 (d, J=2 Hz, 1, vinyl H), 3.68 (s, 2, 

CH2); MS m/e(rel intensity) M+ 244(37), 165(11), 154(32), 153(8), 

152(100), 91(26); UV, 95% EtOH A (log e:) 225 (4. 77), 282.5 (3.85) nm. max 

Anal. Calcd. for c19H16 : C, 93.06; H, 6.94. Found: C, 93.06; 

H, 6. 66. 

The third crop of picrate (30.6 g) consisted of picrates of 50 

and 52. The mother liquor consisted of 51 and picric acid but no 

picrate could be isolated. The mixture was separated on alumina as 

above and recrystallized from isohexane to give 5.5 g of (Z)-2-(1-

naphthyl)-1-phenylpropene (52); mp 27-28°C; IR (NaCl) 915 (m), 860 (m), 

-1 1 800 (s), 775 (s), 690 (s), em ; H NMR (CC14) 8 7.88-6.64 (m, 13, 

4 . + 
vinyl H, ArH), 2.24 (d, J=l Hz, 3, CH3); MS m/e(rel intensity) M 

244(100), 230(19), 299(100), 218(26), 166(17), 165(27), UV, 95% 

EtOH A (log e:) 225 (4.87), 245 (4.28), 285 (3.98) nm. max 

Anal. Calcd. for c19H16 : C, 93.06; H, 6.94. Found: C, 93.30; 

H, 6. 94. 
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threo-2-(1-Naphthyl)-1-phenyl-1,2-propanediol (53). To a 

magnetically stirred solution of 1.0 g (3.93 mmol) of Oso4 in 25 mL of 

ether and 2 mL of pyridine was added 960 mg (3.93 mmol) of 50 in 5 mL 

of ether. After 60 hours, 70 mL of ethanol and 10 g of Na2so3 in 12 

mL of H2o were added and the mixture was heated at reflux for 3 hours. 

The solution was cooled and filtered through Dicalite, the Dicalite 

was rinsed with ethanol, and the filtrate was concentrated to a small 

volume under reduced pressure. The residue was extracted with ether, 

the extract was dried (Mgso4), filtered, concentrated, and then 

recrystallized. from isohexane to give 470 mg (43%) of 53: mp 102-104°C; 

-1 1 IR (CC14) 3570 (OH) (m) em ; H NMR (80 mg/0.5 mL CDC13) o 8.86-6.72 

(m, 12, ArH), 5.46 (s, 1, OH), 3.22 (s, 1, ArCH), 3.20 (s, 1, OH), 

+ 140 (s, 3, CH3); MS m/e(rel intensity) M 278(4), 171(20), 170(100), 

154(12), 126(12). 

Anal. Calcd. for c19H18o2: C, 81.98; H, 6.52. Found: C, 81.66; 

H, 6.44. 

Cyclic boronate 54. The cyclic boronate 54 was prepared by adding 

32 mg (0.32~ mmol) of phenylboronic acid and 0.5 mL of CDC13 to 80 mg 

(0.328 mmol) of 53 in 0.5 mL of CDC13 , shaking for 5 minutes, and 

filtering through glass wool. 1H NMR (CDC13) o 8.20-6.70 (m, 17, ArH), 

5.88 (s, 1, ArCH), 2.10 (s, 3, CH3). 

erythro-2-(1-Naphthyl)-1-phenyl-1,2-propanediol (55). The diol 

55 was prepared as above using 865 mg (3.40 mmol) of Oso4 and 830 mg 

(3.40 mmol) of 51, giving 300 mg (32%) of 22_: mp 109-110.5°C; IR 

-1 1 (CC14) 3500 (m), 3450(0H) (m) em ; H NMR (80 mg/0.5 mL CDC13) o 

8.80-7.00 (m, 12, ArH), 5.34 (d, 1, OH), 2.38 (s, 1, ArCH), 2.28 

(d, 1, OH), 1.66 (s, 3, CH3); MS m/e(rel intensity) M+ 278(2), 



171(29), 170(100), 154(9), 126(12). 

Anal. Calcd. for c19H18o2: C, 81.98; H, 6.52. Found: C, 82.11; 

H, 6. 60. 

Cyclic boronate 56. The cyclic boronate 56 was prepared from 55 

1 as above; H NMR (CDC13) o 8.28-7.34 (m, 17, ArH), 6.02 (s, 1, ArCH), 

1.62 (s, j, CH3). 

5-Methylchrysene (47). To 15 L of benzene were added 12.2 g 

(50 mmol) of alkene mixture (50:51:~: 5.3:4.0:1.1) obtained by acid-

catalyzed equilibration of 50, 51, and~ and 0.64 g (5 mmol) of r 2• 

The solution was throughly mixed and a 3 L aliquot was transferred to 
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a 5 L beaker. Air was bubbled through the aliquot for 30 minutes, the . 

air bubbler was removed, and irradiation was begun (Hanovia, 450-watt, 

medium-pressure Hg lamp equipped with Corex filter). After 4 hours 

the irradiation was stopped, the solution removed, and the process 

repeated until all 15 L were irradiated. After photolysis, the 
. 

solvent was removed and the resulting oil was placed on a Soxhlet 

column52 of Merck basic alumina and eluted for 24 hours with isohexane. 

Subsequent concentration and crystallization gave 3.6 g (29%) of 

5-methylchrysene, mp 115-ll7°C. A sample recrystallized from isohexane 

and benzene had mp 117-117.5°C (lit. 63 mp ll7°C); 1H NMR (CDC13) o 

8.82 (m, 1, C-4 H), 8.64-8.52 (m, 2, C-10 and C-11 H), 7.80-7.40 

+ (m, 8, ArH), 3.15 (s, 3, CH3); MS m/e(rel intensity) M 242(100), 241 

(39), 240(14), 239(28), 120(18), 119.5(22); UV, 95% EtOH A. (log e:) 
max 

271 (5.00), 286.5 (4.00), 300.5 (3.96), 312.5 (4.10), 326.5 (4.08) nm. 
0 

The individual alkenes 50, 51, and 52 were irradiated at 3600 A 

in quartz tubes in a Rayonet Reactor. Each alkene solution in benzene 

was 0.001 Min alkene, 0.001 Min r 2 and saturated with
1
02• 
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