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ABSTRACI- 

Reaction of the epoxrde ring of the carcmogen (f)-78,8a-dlhydroxy-9a,lOa-epoxy-7,8,9,10- 
tetrahydrobenzo[a]pyrene (1) with trimethylsrlyl cyarude m the presence of ZnIz has been 
examined Protection of the hydroxyl groups of the caranogen followed by epoxlde openmg 
provides a mixture of trans and CIS 9-tnmethylsilyl-lo-cyan0 derivatives (4 and 5) The 
formahon of rut&s was confirmed by 13C NMR,, IR and hydrolysis of 4 to its amide Thrs is 
contrary to results reported for monocyclic and hcychc rmgs 

Epoxldes have been reported to react with trlmethylsllyl cyanide m the presence of 

alummmm catalysts to yreld the trimethylsllyl ethers of 8-hydroxy nltrilesl-3 On the other hand, 
opening of epoxldes with use of ZnI2 (or ZnCl$ catalyst affords the trrmethylsllyl ethers of 8- 

hydroxy isorutrileslJ-6 These can be subsequently hydrolyzed to produce stereospecifically 
substituted p-ammo alcoholslJ-44,6 Because of the ease and high yields of these reactions, we 

investigated whether this methodology could be used to mtroduce an ammo group at the C-10 

posmon of the caranogen (~)-7~,8a-dlhydroxy-9a,lOa-epoxy-7,8,9,1O-tetrahydrobenzo[a]pyrene 

(BPDE) (1) to give an intermediate for the synthesis of naturally occurring nucleoslde adducts 
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RESULTS AND DISCUSSION 

Attempts to prepare 7~,8a-dihydroxy-9a-trimethylsilyloxy-lO~-isocyano-7,8,9,lO- 

tetrahydrobenzo[a]pyrene (2) from BPDE (1) by a rational synthetic route1 failed Trimethylsilyl 
cyanide reacts with hydroxy compounds to give the correspondmg 0-trimethylsilylated 

compounds’, and it is possible that the two hydroxy groups in 1 are attacked by trimethylsilyl 

cyanide before openmg of the epoxlde rmg Accordmgly, the reaction was repeated usmg a larger 

excess of trlmethylsilyl cyanide In addition, diffrcultres created by the low solublhty of 1 m 

methylene chloride were overcome by use of a methylene chloride/THF solvent mixture 

However, the desired isocyanide was still not obtamed 

Reaction of 1 with N,O-bis(trlmethylsilyl)trifluoroacetamide allows protection of the 

hydroxyl groups8 prior to rmg openmg This provided W-7g,8a-bls(trimethylsilyloxy)-9a,lOa- 

epoxy-7,8,9,10-tetrahydrobenzoJalpyrene (3) in quantitative yield The epoxlde ring of 3 was then 
opened usmg trlmethylsilyl cyanide and zinc iodide m methylene chloride This afforded a 
mixture of stereoisomers 4 and 5 (Scheme I) m the ratio 1 1 1 with a variable amount (l-14%) of a 

minor product (6) The formation of two major products and the long reaction time observed 

here, m contrast to the rapid production of a single truns product reported for other epoxldes, is 

probably due to sterlc effects of the protected hydroxyl groups or the pyrene nucleus The 
structures of 4 and 5 were established from their spectroscopic properties 

The 1H NMR spectrum of 4 displayed a sharp singlet at 8 0 2 mtegratmg to rune protons and 

two smglets near 6 0 31 corresponding to eighteen protons These protons were assigned to three 

trimethylsllyl groups, mdicatmg that the epoxlde rmg underwent cleavage A doublet at 6 5 09 
was attributed to H-10 because its couplmg ( J = 3 46 Hz) is identical to that for H-10 after addition 

of other nucleophilesg to C-10 of 1 The small coupling constant suggests that H-9 and H-10 

occupy quasi-equatorial posmons, which would Indicate that 4 is produced by the trans addition of 

trunethylsllyl cyanide to C-10 of 3 A double doublet at 6 4 13-4 14 with coupling constants 3 41 Hz 

(close to that observed for H-10) and 1 59 Hz was identified as H-9 A double doublet at 6 4 69-4 70 
with a weaker coupling (Jga,ge = 1 56 Hz) near that of H-9 was identified as H-8 The stronger 
coupling of H-8 (J = 6 45 Hz) matched the couplmg of a doublet at 6 4 81-4 82 ( J = 6 48 Hz) 

identifying the latter resonance as H-7 The discrepancy between the values of J7,s observed for 
this molecule and literature values for other C-10 BPDE derivatives9 suggests that this molecule 

assumes a different conformation Addition of cyanide to C-9 is unlikely m hght of the preference 

for nucleophllic attack at the benzyhc C-10 position A downfield doublet at 6 8 35-8 37 ( J = 9 28 
Hz) was identified as H-11 on the basis of possible sterlc Interaction of this bay region hydrogen 

with H-10 A doublet at 6 8 25-8 27 with coupling constant 9 30 Hz, characteristic of ortho 

couplmg, was identified as H-12 H-3 and H-l appeared as doublets at 8 8 18-8 19 and 6 8 22-8 24, 
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Scheme I 

0 

H 0 
0 - 

(CH313S10 0 
1 OH 

CN 
J 

3 OSdCH313 

CN 

(CH313SfO (CH3)3S~0 

+ 

(CH313SIO 
(CH313S10 

4 OSdCH313 s 

1623 

7: R=CN 

8: R = CONH* 

Fleure 1 500 MHz 13C NMR spectrum of (~)-7~,8a,9a-tr~s(tr~methyls~lyloxy)-lO~-cyano- 
7,8,9,10-tetrahydrobenzo[a]pyrene (4) m CDC13 
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tr~s(tr~methyls~lyloxy)-1O~-cyano-7,8,9,1O-tetrahydrobe~o[alpyrene This was substantiated by 

mass spectrometry. Iomzatlon by electron impact provided a parent ion at m/z 545 and a base 

peak at 73 

In contrast to 4, H-10 m 5 appeared as a doublet at 6 5 11-5 12 with a larger coupling 

constant J9,lo = 5 95 Hz This indicated that 5 was obtained by CIS addition of trlmethylsllyl 
cyanide to dlsllylated BPDE (3) at C-10 and IS m agreement ~th a previous reports H-9 appeared 
as a double doublet (as m 4) at 6 4 19-4 21 (J9e,l~a = 6 03 Hz, J&,9e = 1 73 Hz) A double doublet at 6 
4 86-4 87 (J = 1 70 Hz, 6 41 Hz) was assigned to H-8, and a doublet at 6 4 71-4 73 (J = 6 43 Hz) was 

assigned to H-7 The aromatic proton resonances were found at about the same positions as in 4 

Trlmethylsllyl protons appeared as three singlets at 6 0 18, 0 29 and 0 37 IR of 5 again showed 
absorption at 2260 cm-1 characterlstlc of C=N stretching This data suggested that 5 was (+)- 
7~,8a,9a-tr~s(tnmethyls~lyloxy)-lOa-cyano-7,8,9,1O-tetrahydrobenzo[a]pyrene Tlus structure was 

supported by high resolution mass spectrometry The IR spectrum of 6 also exhibited a cyanide 

band, but was not further characterized 

The presence of a cyano group m 4 was confirmed by deprotectlon, followed by hydrolysis 

Treatment of 4 with potassmm fluoride m methanol did not produce the desired product (71, 

contrary to expectatlonW6 However, 4 on treatment with citric acid m methanollo~ll provided 

(~)-7P,8a,9a-trlhydroxy-lOP-cyano-7,8,9,1O-tetTahydrobenzo[alpyrene (7) m quanhtahve yield The 

disappearance of the singlet at 6 0 20 and the two singlets near 6 0 31 in the 1H NMR spectrum of 

7 indicated complete removal of the trlmethylsllyl groups This was supported by observmg 

three singlets at 6 5 38, 5 78 and 5 80 assignable to three hydroxyls which disappeared on 

exchanging with D20 The large couplmg (J = 6 58 Hz) associated with the doublet at 6 5 26-5 27 

identified It as H-7 The H-10 resonance was observed as a singlet at 6 5 02 The unresolved 
doublet at 6 4 48-4 49 and a singlet at 6 4 13 were assigned to H-8 and H-9, respectively, by 

comparison of the chemical shifts with those of 4 The change of sphttmg pattern observed for H- 
8, H-9 and H-10 m 7 relative to 4 indicates that the rmg conformation 1s altered Llquld SIMS 
exhibited a peak at m/z 329 representing the molecular ion of 7 An IR band attributable to the 
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rutrile function was observed at 2260 cm-l, as in 4 Thus, 7 was identrfied as (f)-7B,8a,9a- 

trihydroxy-10P_cyano-7~,9,lO-tetrahydrobenzo[alpyrene 
The hydrolysis of 7 wtth methanohc hydrochloric acid gave 8 (Scheme I) in quantitative 

yield The partial or complete hydrolysis of a cyan0 group should lead to an amide or acid, 

respectively, whrle an lsonitrile would provide formylamine or amine. The structure of 8 was 

determmed on the basis of its 1H NMR, mass and IR spectra. The chemrcal shifts of all ahcyclic 

protons undergo significant changes compared to 7 H-8, H-9 and H-10 signals shift downfield 

with the smallest shift observed in H-8 (0 18 ppm), while the H-7 signal moves 0 47 ppm upfield. 

This data suggests a different funcuonahty on C-10 m 8 This is confumed by the presence of an 

extra peak m the benzo[a]pyrene proton regton at 6 8 4 assignable to the amid0 function which 
disappears upon exchange wrth 40. The appearance of two hydroxyl signals far downfield (0 61 

ppm) compared to 7 further supports the presence of a different adlacent substltuent The 

infrared spectrum of 8 exhrbited absorption bands at 1644 5 and 1757 cm-l which are characterisuc 

of amides High resolutron FAB mass spectrometry exhibited a peak at M+l (m/z 348) A base 

peak at m/z 330 whrch could arise from M+l by loss of water further supports the structure since 

the formation of this fragment 1s more probable m 8 than from a formylamine derivative No 

further hydrolysis of 8 was observed after several days of refluxmg m methanohc HCl Thus, 8 

was identified as (f)-7~~a,9a-tnhydy-lO~-armdo-7,8,9,1O-tetrahydrobenzo[al-pyrene 

Additional evidence for the structure of 4 was obtained by sublectmg 7 to catalytic 

reduction with 10% Pd/C Thus gave a mixture of startmg material (7) and a product (9) (Scheme 

I) m the rauo of 2 1 The lack of completion of the reaction may be due to sterlc hmdrance (which 

may also account for the partial hydrolysis of 7 noted above) A high resolution mass spectrum 

of this crude reaction mixture showed a peak at m/z 333 assignable to (f)-7B,8a,9a-trihydroxy- 

lOB-ammomethyl-7,8,9,10-tetrahydrobenzolalpyrene (9) mdicatmg that reduction had occurred, as 

well as a peak at m/z 329 due to 7 

We have shown that trimethylsilyl cyanide behaves as an ambident nucleophlle in its 

zmc-catalyzed reaction with epoxrdes A rutrile is formed with 7B,8a-bls(trimethylsllyloxy)- 

9a,lOcr-epoxy-7,8,9,10-tetrahydrobenzo[alpyrene, m contrast to the reported formation of 

isorutriles with epoxldes m simpler rmg systems The unexpected course of this reaction may 

result from steric crowding m the bay region of the benzo[alpyrene derivative 

EXPERIMENTAL 

Melting pomts (uncorrected) were taken on a Thomas Hoover capillary meltmg point 
apparatus IR spectra were recorded on Perkm Elmer 283 spectrophotometer UV spectra were 
obtamed on a Hewlett-Packard 8450A spectrophotometer MS was performed on a Kratos MS 50 
spectrometer 1H NMR and 13C NMR spectra were obtained on a Bruker 500 MHz spectrometer 
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Elemental analyses were performed by the nucroanalytical laboratory, University of Cahfomia, 
Berkeley. 

N,O-bdtrimethylsilyl)~Wluoroacetamlde (80 mL) was added to a stirred solution of 
benzo[alpyrene diol epoxide (1) (101 g, 3 34 mmol) 1n dlmethylformamlde (50 mL) After 3 h of 
stnnng at room temperature under nitrogen, the solvent and excess of silylatmg reagent were 
removed by rotary evaporation to afford 3 as a pale yellow solid Recrystallization from 
methylene chlonde yielded white crystalline solid (1 47 g, 100%) The spectral data for 3 (UV, IR 
and 1H NMR) will be reported elsewhere 

Q-7~~,9a-Tris(trimethylsilytoxy)-lO~~~o-7,S,9,lO-te~~ydrobe~o~alp~ene (4) 
and (f)-7~~,9u-tris(trimethylsilyloxy)-lOu-~ano-7,8,9,l~te~~y~obe~o~alp~ne (5) 

Tnmethylsllyl cyanide (3 0 mL, 22 5 mmol), anhydrous zinc iodide (50 mg, 0.16 mmol) and 
dry methylene chloride (3 2 mL) were added to a three-necked flask equipped with water 
condenser, nitrogen inlet, magnetic stirrer and dropping funnel The mixture was stirred and 
heated to reflux at 42-3 OC 1n an 011 bath and then a solution of 3 (1 04 g, 2 33 mmol) in dry 
methylene chloride (10 mL) was added m portions over a period of 1 h After refluxing 4 days, 
TLC (C6H6 and 50% CgHg/heXane) showed no further increase in products and the mixture was 
evaporated The crude 1someric products were dissolved 1n methylene chloride, washed with 
water (2x10 mL), dried (MgS04) and filtered Evaporation yielded a yellow solid whnzh was 
purified by flash chromatography (silica gel, 40% CgHg/hexane) to afford 4 (400 mg), 5 (450 mg) 
and 6 (6 mg) 

4 Rf 0 43 (benzene), 204-6 OC, IR (KBr) 3060, 2970, 2920,2260, 1610, 1450,1380, 1350, 1260, mp 
1168,1125,1100,1070,1010,960,915,845 , 760 cm-l, UV (THF) 203 nm (log E 4 88), 227(4 95), 
234(4 94), 247(4 76), 280(4 87), 283(4 85), 314(3 94), 329(4 24), 345(4 42), 378(3 23), mass spectrum 
(EI), m/z (relative intensity) 545(M+, 26 76), 455(16 08), 367(23 20), 341(83 31), 313(15 08), 
265(19 12), 242(74 %), 214(5184), 191(75 50), 147(57 89), 103(13 34), 73(100), 1H NMR (CDCl3) 8 
0 20 (s, 9, (CH3)3S1), 0 308 (s, 9, (CH3)3S1), 0 313 (s, 9, (CH3),S1), 4 13-4 14 (dd, 1, H-9, Jge,lh = 3 41 
Hz, Jb,gc = 159 Hz), 4 69-4 70 (dd, 1, H-8, J7a,sa = 6 45 Hz, Jh,ge = 156 Hz), 4 81-4 82 (d, 1, H-7, 
J;ra,& = 6 48 Hz), 5 09 (d, 1, H-10, Jge, 1oe = 3 46 Hz), 7 99-8 07 (m, 4, aro H), 8 18-8 19 (d, 1, H-3, J 
= 7 39 Hz), 8 22-8 24 (d, 1, H-l, J = 7 79 Hz), 8 25-8 27 (d, 1, H-12, J11,12 = 9 30 Hz), 8 35-8 37 (d, 1, 
H-11, J11,12 = 9 28 Hz), 13C NMR(CDC13) 6 0 06 ((CH3)3S1), 0 26 ((CH3)3S1), 0 54 ((CH3)3S1), 
33 43 (C-lo), 66 21, 74 63, 74 73, 119 16, 122 25, 122 32, 124 32, 124 62, 125 77, 125 85, 126 28, 
126 94,127 37,128 14,128 99,129 07,130 61,131 11,13172,133 47 
Anal Calcd for C3oH3gN03S13 C, 66 06, H, 7 16, N, 2 57 Found C, 66 20, H, 7 29, N, 
243 

5 Rf 0 51 (benzene); 145-7 ‘C, IR(KBr) mp 3060, 2970, 2920, 2260, 1610, 1450, 1410, 1372, 1260, 
1150, 1100, 980, 900, 845, 760, 720 cm-l, UV(THF) 207 nm (log E 4 60), 247(4 69), 268(4 43), 
279(4 57), 302(3 73), 315(4 09), 329(4 46), 345(4 57), 366(3 33), 378(3 II), 387(3 17), II-I NMR 
(CDC13) 6 0 18 (s, 9, (CH3)34), 0 29 (s, 9, (CH3)3 S1), 0 37 (s, 9, (CH3)3S1), 4 19-4 21 (dd, l, H-9, 
Jga,loe = 6 03 Hz, Jse,ga = 173 Hz), 4 71-4 73 (d, 1, H-7, J7e,se = 6 43 Hz), 4 86-4 87 (dd, 1, H-8, 
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J&,ga = 170 Hz, J7csa = 6.41 Hz), 5 115 12 (d, 1, H-10, Jga,loe = 5.95 Hz), 8 00-8.07 (m, 4, aro.H), 
8 14 (s, 1, H-6), 8.18-8.22 (d, 1, H-12, J = 9 8 Hz), 8 23-8.25 (t, 1, H-2), 8 38-8 39 (d, 1, H-11, 

3060,2970,2940,2920,2865,2260,1720(br), 1610,1490, 
1445,1410,1380,1260,1180,1150,1125,1095,1035,990,950,905,845, 760,695 cm-l, UV(THF) 
246 run (log E 4 67), 268(4.43), 279(4 58), 302(3 78), 315(4 09), 329(4 44), 345(4 57), 366(3 63), 
387(3 37), 393(3 19); 1H NMR (CDCl3) 8 0 150.41 (m, 27, three (CH3)3S1), 4 24-4 27 (d, lH), 4 4l- 
4 45 (d, lH), 5.20-5.24 (t, WI), 5 585 67 (d, lH), 7 79-8 50 (m, 8, am H). 

Cnnc acid (55 mg, 0 29 mrnol) was added to a stured soluuon of 4 (50 mg, 0 092 mmol) in 
methanol (10 mL) Sumng was contmued at room temperature under mtrogen and the reaction 
monitored by TLC [CHC13-MeOH (9 l), blue fluorescence on exposure to UV light1 Crystals of 7 
began to appear after 5 3 h, at 7 3 h TLC [Rf (4) 0 86, Rf (7) 0 24, CHC13 MeOH (9 1)l showed the 
reactron was complete The suspensron was filtered to give 7 (112 mg) as a white crystalline 
sohd The filtrate was evaporated and the residue washed wrth 1% sodnun bicarbonate solution 
(2x15 mL) and water (2x10 mL) Recrystalhzatron of the resrdue from methanol yielded 
addruonal 7 (18 mg) as whrte crystals: mp 216-218 “C; IR(KBr) 3440,3300,3060,2940,2260,1605, 
1030 cm-l, UV(DMS0) 268 nm (log E 4 39), 279 5(4 63), 315 5(4 06), 329 5(4 44), 346(4 6l), IH 
NMR(DMSO-d6) 8 4 13 (s, 1, H-9), 4.484 49 (d, 1, H-8), 5 02 (s, 1, H-lo), 5 26-5 27 (d, 1, H-7, J7a,si, = 
6 58 Hz), 5 38 (s, 1, OH, exchanges wrth D20), 5 78 (s, 1, OH, exchanges wrth D20), 5 80 (s, 1, OH, 
exchanges wrth D20), 8 10-8 13 (t, 1, H-2), 8 19-8 20 (d, 2, H-l, H-3), 8.32-8 34 (d, 2, H-4, H-5, J45 = 
9 86 Hz), 8 37 (s, 1, H-6), 8 38-8 40 (d, 1, H-12, J11,12 = 9 02 Hz), 8 43-8 45 (d, 1, H-11, J11,12 = 9 37 Hz) 
Anal Calcd for C21H15NO3: C, 76 60, H, 4 56, N, 4 26 Found C, 76 17, H, 4 59, N, 4 02 

~)-7~~,9u-Trihydroxy-10P-amido-7,8,9,lO-te~~ydrobe~o~alp~ene (8) 
7 (15 mg, 0 046 mmol) was dissolved m hot methanol (8 mL) After coolmg, cone HCl (270 

uL) was added; the mixture was then stirred at 65 “C under rutrogen overnight The precipitate 
was filtered and dried to give 8 (15 mg, 94 8%) as a white sohd Rf 0 46 (CHC13 MeOH J9 ll), mp 
286-9 OC dec , IR (KBr) 3465 6-32617 (br), 31211,3078 9,3029 7,2938 3,1799 2,1757,1644 5,1609 4, 
1349 2,13211,1250 8,1222 6,1159.4,1103 1,106O 9,1032 8,10117,983 59,885 16,850,835 94,75156, 
730 47,702.34,540 62 cm-1 , mass spectrum (FAB), m/z 348 (M+l)+, 330,314,285,269,257,239, IH 
NMR (CDC13) 4 66-4 67 (d, lH), 4 70 (s, lH), 4 79-4 80 (d, lH), 5 23-5 24 (d, 1, OH, J=3 2 Hz, 
exchanges wnh D20), 5 24-5 25 (d, 1, H-10, J=3 26 Hz), 6 23-6 24 (d, 1, OH, J=2 88 Hz, exchanges with 
D20), 6 41-6 42 (d, 1, OH, J=6 52 Hz, exchanges with D20), 8 W-8 13 (t, 1, H-2, J=7 68 and 7 64 Hz), 
8 19-8 20 (d, 3, aro H I,8 32-8 37 (m, 3, aro HI, 8 4 (s, 2, -CONH2, exchanges with D20),8 57-8 59 (d, 
1, H-11, J=9 49 Hz) 

(~)-7~,8a,9cr-Trihydroxy-l0&aminomethyl-7~,9,1O-tetrahydrobenzo~alp~ene (9) 
Cone HCI (3 1 uL) was added to a stirred soluhon of 7 (10 mg, 0 030 mmol) m ethanol (10 

mL) at 0 “C The solution was brought to room temperature and 10% Pd/C (2 5 mg) was added 
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After 6 h of sturmg under hydrogen, the mixture was filtered and evaporated, ymldmg a mixture 
of startmg material (7) (Rf = 0.37,10% MeOHCHC13) and 9 (Rf = 0 29), mass spectrum (FAB), m/z 
334 (M+H)+, 333 (M+), 330 (M+I-I)+,329 (M+), 313,312,299,285,279,269,257,240,215,201. 
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