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Atim-The synthm1s of novel porrlms structurally relard to mctho&rrlcn (I) and tnox~kn (2) are 
d-bed The tamtad &nvatlv~r w chosen IS dcwtrv8tad ruhrtrrtcl which tilt expectad to form only 
monofunctlonal photordducts m ~nv, rvotimg the potent~.Hy mutagcnu DNA cross-lrnk crcmpl~fied In 
<tructurc 3 A nlneltcp prcprrrtlon of 3. Cbcnromtiho~ukn 4 from rtsorunol (5) IS outhnd and mvolvn 
a ~‘lmcn rearrangement of the tncycl~c C&rll>l aumrnn 12 followed by an odatlvc ckwagc to the 
h)droxydrh)droluroumann I4 rnd dehydntlon to 4 The synthe~~ of trrollrlm u~rkgs from the 
tncyck I6 1% decnbcd rnd rqu~m preparation of the ketones 19 rnd a. whrch l re ultrmrtdy oonvcrted 
to the coumrnnyl 0-•atic rads U and 24 Cyclrzatlon of th- qxcacs provide, the C(4’) substlrutal 
pxJr&n% B and 31 The ftnrl IM~~I structure 29 13 prrparad WI the dlbromlde a whtch cychrn dlrcaly 
to the cyclohcx~notnorsAn 29 

The h~ololycal acttvtttes of the lmear class of fur- 
cxoumannr commonly known as the pralcnr has 
been known for more than 3ooO years.’ The lndlan 
wcreJ hxA “Atharva Vala’” and the old Buddhtst 
Boucr manuscript’ both mtntron the treatment of 
Icukodcrm~ utng matcrtal from the plant Psorol~u 
c~~,rlrlr&~ Today. K-mcthoxypsoralcn (mcthoxsaltn) 
(I 1. a naturally occurnng furocsumann tsolrtcd from 
the extracts of Ammr IWJW Lrnn. and the trrmtthyl 
analog tnoxsaltn 12) arc cffectlvc photo- 
chcmothcrapcuttc agents for the treatment of pso- 
na\l\ ’ 

, = OCH, 
CH, 

The ma-hanrsm of actron of these medranals m- 
voltcs an mttral tntcrc.al*tron mto the DNA h&x. 
forming a rcversrhle molecular complex factlttated by 
the planar nature of the furocoumann system ’ Upon 
ttradtatron a photoractton occur, ylekltng the cova- 
Itntly bonded structure 3 (shown as the photoadduct 
of mcthoxsalcn (I) wrth two thyminc residues ja 
result of[2 + 21 cycloaddrttons of the thymmc olcfmc 

motety wtth the A’ and A’ doubk bonds of the 
psoralcn nucleus This photobrndmg. whh occurs 
only with the pynm~dmc-type nucleotrdes. cf%ctr 
cross-ltnkmg between opposite strands of DNA when 
the reactlon occurs mth barn rrtuated on com- 
plementary strands’ However. pmlens t.hat react in 
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this soxallcd h+~crrond mode have been shown to 
he mutagtnrc rn procaryotrc and cucaryotrc systems. 

In order to avord this habtlity, we decided to 
dcacttvatc the A’ double bnd of mcthoxsalen (1) to 
an extent that the photorcPction would be precluded,’ 
In addrtlon. smcx rntcrcalatron 1s a rqwsttc first 
step. the plananty of the system should also be 
marntamed ThcK constderabons suggested 
3. ~benzomtthoxsalen (4). a furocoumrnn that 
should he copable of reactron In only a mono- 
funcrrorrol sense. as a target structure mccung these 
two rqurrcmtnts The synthcsts of thrs potentral 
monofunctronal mcthoxsalcn analog 4 IS prcKntcd tn 
Scheme I 

A Peckmann condcnsatron of resorcrnol (S) mth 
rcarbethoxycyclohexononc (6). corned out in cone 
sulfunc acrd at 0 . welded the tncychc coumnnn 7 ‘* 
Acctylatron of the C(3mH mth ram 
l nhydndeipyndme. 1 2. yrclded the acetate 8 whrch 
underwnt a smooth Fncs rurrrngrmcnt” to generate 
the methyl ketone 9. Mmor amounts of the tsomcnc 
product 9r were readily removed by one recrystal- 
hutton from ethanol The active forrrurtlon of the 
desrrul ketone 9 IS m agrament mth the enhrncad 
rcactlvity of the C(8) podon vs C(6) In 
7-hydroxycoumann (96) toward Fnedel-Crahs re- 
agents ” 



scheme 1 

The acctyl function prtrcnt In 9 IS a masked 
phcnohc group at ths pmt. allowq a elective 
allylatton of the free C(3)XIH. affordmg the O-ally1 
coumann 10 The rcqulrcd C(4)C.O bond was gencr- 
atcd next by treatment of 10 mth basic hydrogen 
peroxIde ” The multmg phenol II was mcthylatcd 
wlrlth d~mtthylsulfatc:‘potassium carbonate in 
rtff uxgng acttone to prc&ce the anrsolc dtnvalrve 12. 
Introduction of the C(2)-udc chvn substltuent was 
carned out by a Claecn rcanangcmcnt” of 12 In 
rcfluxmg dlmcthylamlme. yleldmg the ally1 phenol 
13 ” Oxldatlvt cluvagc of the ally1 substltucnt was 
achlcvcd with osmium tttroxlde (cat)potaulum 

‘ICH, 

4 

mctapcn~atc In a tcrttrary solvent system of 
mcthanol:wrtct:‘cthyI atate. 3 2 I. at 25’. Thus 
afforded Iht hydroxylated dlhydrofurocoumann 
14” which lost the elements of water upon hcatmg rn 
neat formic rcrd yielding 3. Ccyclohcxano- 
mcthoxsalen (15) Finally. &hydrogcnatJon of IS 
wrth Pd,C In djphcnyl ether at 260’ was employed to 
complete the synthesis of the target structure--3.4 
bcruomcthoxulcn (4). 

Our atttntlon was next dlroctcd toward the prc- 
pamuon of potcntlrl monofuncttonal denvatlvcs of 
tnoxsrlen (2). Fwion of a benzene ring to the meth- 
oxsalcn molecule In a tarst such as 4 certainly 
sequestered the A’ double bond of Ihe proralcn 
nucleus However. such a marked pcrturbatlon of the 
UV chromophorc might have untoward con- 
squenm wth respect to the photobIology of the 
system, Therefore, WC d-d4 In this cue to employ 
substltucnts on the tnoxsalcn ryrkm which would 
not scnously alter Ihe furocoumann chromophorc 
but might rather CXCII thcrr dcactlvatlon of the 12 + 21 
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18R=H 
17 R 3 PhCO 
18 R = CH,CO 

18 R, = Ph. R, = H 
2Q R, = CH,. R, = H 
21 R, = Ph. R, = EtO,CCH, 
22 R. = CH,. R, = EtO,CCH, 
23 R, = Ph. R, = HO,CCH, 
24 R, = CH,. R, = tiO,CCM, 
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28R=H 
27 R = AC 

29 R, - H. R, . CH, 
M R. = Ph. R, I H 
11 R, = CH,. R, s H 
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cycloaddttlon rcactlona through stcnc effects No- 
tably, anntlatron of a cyclohexrnc nng to the A’ 
double bond of the psoralcn nucleus. as was done tn 
the 3.~bcnzomethoxsalcn precursor IS. In fact ac- 
comphrhes thts goal Adrptrtron of this concept to 
the tnoxsalen system targets the key structure 29. The 
synthcsts of this substancc and two of tts derivatives 
30 and 31 (substttuted altcmrtlvely PI the 4’ carbon) 

arc dtplctcd In Scheme 2. 
Pechmann reaction product of 

3 carbcthoxycyclohcxanc and 2-methyl rrJoranol.‘* 
the tricyclic phenol 16, was rcylattd wth kruoyl 
chlondc or aahc anhydnde to y-teld the cormpond- 
mg esters I7 and 18. rquztivcly. A Fries 
rtarrangcmcnt” afforded the C(2) suMtutal ke- 
tones 19 and 20 which were l lkylatecl with ethyl 
bromoacctatc:potautum carbonate In rcfluxing sot- 
tone to ytcld the desired ethyl estcn 21 and 22. 
Saponrfiutton afforded the corresponding actds 23 
and 24 whrch undcrwcnt a frclle krwfunn syn- 
thesis. cychnng to the cotrtrponding tarst psorakns 
Jo and 31 m the prcscna of so&urn roctatc m 
r4Iuxmg acetic anhydtlde”. 

D~rcctly allylatmg the tncychc 16 ytcldtd the O- 
ally1 dtnvatrvc 25 which underwent a Clatscn rcar- 
rangcmcnt to afford the ally1 coumartn 26 Bro- 
mrnatton of the corrupondmg aatate 27 yrcldcd 
crystalhne dtbromrdc a whrch cyclircd directly to the 
cyclohcxanotnoxsalcn dcnvatrvc 29 upon trcatmcnt 
wtth cthanohc potassium hydroxrdc.” 

In summary. we hove prepared wvcral novel denv- 
atlvcs of the photochemotherapeutic agents meth- 
oxsalcn (I) and tnoxsalcn (2) which may offer less 
mutogcmc habihtm owing IO the expectad dcactr- 
vattng erects of the chosen nuclear substttutntr upon 
DNA cross-lrnkmg Further collaborative In- 
vutrgattons Into the photobtology of the target 
structures as well as studlcs related to mutagcnlclty 
arc currently underway. 

EX?XRIMENlAL 
M p8 were dacrmrnal on 8 Rmco Model M-50 

rwltrn8 pant apparatus and NT unumutal IR spatrr 
mere obtwud by uun@ 8 Ekctmrnn IR-0 rpcc- 
trophotometcr A Gary I4 rccordm~ qxctrophotomticr 
was ulsd for UV rkwpt~on spectra NMR sprctrr wrc 
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l‘+b 195 (ethyl acztatc). IR (KBr) 1706 (CO). 1205. I123 
un I. WV max (CH,OHl 210 (29.XNl). 248 (24.000). 263 
( lb.b00~,299 (I I .)001 nm. NMR (CDCI,) 7 63. 6 71(q. 2H. 
HCXH). 7 39 (1. IH. k-H). 4 29 (1. 3H. OCH,). 2 ‘%2 6 
(m. 4H. 2 x C’H,). 2 & I LI (m. 4H. CHICHI). maw spatrum 
m:r 270 (M ’ Clt,). 242. 227. 214. Anal (C,,H,,O,. 270 28) 
c. I(: 

7 M~rhotv-Sll.lrm=n/u~olb. S<~2~~zopv~-Ssru (4) 
A mln of 5 0 g (Iti 3 mmols) of 15 In IoOmL dlphcnyl ether 
was tt~tbd wrth 2 0 8 Iv, Pd:C and healed under ttnurr for 
5 hr The reactjon was cooled, filtcru! through C&c to 
remove the ca~alyrt. dllutod ulrh 2L pt ether (b p 38-57 1 
and allowed to stir overm~t at room tcmp The product 
was filterad ofl. washed wrth EtOH and drxd to afford 2 80 
8 (570,) of crude 4 Further punfrutton was c&clad by 
ruryrtallvrtlon from l bs EtOH IO gvc purr 4 JS a whltc 
s&J mp 185 l~b’.IR(KBr1l7l~(CO).l262,IIlOcm~’. 
UV max (C’H,Otl + DMSO. 99 I) 323 (7700) nm. NMR 
(CDCI, + DMSO) b I( 3S (dd. 111. C(4) HI. II I2 (dd. IH. 
C’(1~)1). 791 (s. IH. (C(I1) H). 71(1 (ddd. lt1. C(2) H). 
7 68 685 (q. 31. C(9) H and C(lO)-H). 7 54 (ddd. IH. 
C(3) HI. 4 29 (5. 3tl. OCIi,). ma%* spccrrum rn+ 266 (M l . 
base), 251 (M * <‘H,). 223. l9S. 167. 159. Anal CCJI,,O,. 
266 25) C, II 

3. H~~ox,-.4-mrrh,.I-7.8.9. IO-rrrruJ~,v&o -6H .d&n:o. 
[b.dbjrm-&cmr (16) A suspcnuon of 32 09 8 (0 259 mol) 
2.mcthyl rewrcmnl In 42 S mL zcark~hoaycyclohcranonc 
*as treated dropwlr at 0 with 2WmL cone H#), (me. 
chrnlcal stlrnng) oter 15 mm The rcxtlon prcmxdad at 0 
for 2 5 hr and ~1% then J~lutaJ wtth I 5 L ICX water and 
stlrrcd \l#-WOUS1) for I hr The product was filterad off. 
tnturrtcd vlth EtOlt and yddcd SO0 8 (W,) of 16 l-or 
analyus. a umplc uas rcsryull~ncd from l bs EtOH to 
aflord pure I6 41 a vhltc solid m p 268 269 (III m p 
268 ). IR (KRr) t!70(OH). 1675 (<‘01. I IOOcm ‘, UV maa 
((‘H,Otl) 247 (5ltX.J). 2S6 (WI&. 121 (13,700) nm.NHR 
(DMS<)) 6 7 21. 6 7S (y. ?H. Ar HI. 21-24 (m. 4H. 
2 w C-11,). 2 16(x 1tt.C’HJ. 1 1( I b(rn.I~~.~‘H~CH,). mass 
qxceumm~2300M’. buck 21 S (M * <H,l. 202. 174, 
Anal ((‘,Ji,,O,. 230 26) <‘. H 

3 + (&n:n~fot,) - 4 - mrrhl 7.8.9.10. rrrruhvdro - 6H - 
&k~tr[h.d] p~rtm-borv (17) A soln of MO g (0 02 mol) 
of I6 In W ml pyndrnc was huted fo WI . ~rurod rlth 28 0 
ml. (0 02 mol) bnrojl chlondc. and alloti to cool lo 
rcmrn tcmp The product wparrtcd upon the l ddltlon of 2L 
KT wratcr and ~3 hItera.! otT. washed wdl vnrh dll HCl and 
alrdncd Rarystalhutlon from EtOAc yxlded !& 6 8 (76?0) 
pure I7 as a vhlte whd m p 217, 218’. IR (KBr) 1736 
(PhCO). 1712 (c’(I). 1?7S. II2S cm ‘, I:V mar (CH,OH) 
229 (24.100). 280 (1 S.&IO nm. NMR (C[x’I,I b 8 2 7 0 (m. 
7tl. P’h t Ar HI. 2 II 2 5 (m. 4)l. 2 M CI1,). 2 33 (s. 3H. 
<‘II,). 2 @ I W (m. 411. CHJ’HJ. mats spectrum m:r 334 
(M * 1. 229. IM’ -Ph(‘O). IOS (PhC’O’, haul. 77. Anal 
(<‘:,H,,O,. 1.U 37) C’. H 

3 . Acrror,. * 4 - mrrh,l - 7.1.9.10 - rrrrcLhJdr0 - 
6II - drlunx@. db!rM - b-~~(18) AShOf% 
(0 IS9 mol) of I6 m lo0 mL pyndine was trutbd aI 
90 wth 50 m1. Ac,O and w audc to wol Aft- 3 hr at IS , 
the product was hltcrcd ofi. *alhod wth ether. and arc- 
crystall~rcd from EtOAc to jlcld 2lI 61 8 (66?,) purt 18 as 
a white WIIJ m p lh2- I63 ,I R (KBr) 176s (AC). 1716(CO). 
1210. IO90 cm ‘* IJV max (C’H,Oli) 277 (I 1.700). 309 
(9200) nm. NMR (CDCI,) 6 7 36. 693 (q, 2H. Ar HI. 
2 8-2 S (m. 4H, 2 x C’H,). 2 3S (s. 3Ii. AC). 2 27 (1. 3H. 
Ar<H:). I % I 7 (m. 4H. <‘HJH,). mau rpcctrum m:r 272 
(Me 1. 2U. 230 (M’ XII,CO. bax). 213. 202, 174, Anal 
cC,,lf,,O,. 272 300) C, )I 

2.&ntoyl-3-hydroxy-Cmcthyl-7. A. 9. l@rnrdy&odH- 
d&n:oP. d}~pvm6~~ (191 An mtlmatc MIIUW of SO W 
8 (0 I52 mollol I? and I SO 8 AICI,, l nhy was hatad a( 150 

for I 5 hr The -Ion was q&d rvrth 2L ~+iwatcr and 
cock! to room temp The crude product wu filtcrad off. 
washed wth waler and urdnod The marenal wvu punfKd 
by ruryrtallrrrtlon from rhr ErOH to y&l 37 82 8 (7S:,) 

purc19uaItghtycllow~l~d mp 211 212’.IR(KBr)l720 
(CO). 1622 (PhCO). I 120 cm _ ‘. UV mar (CH,OH) 274 
(30.400). 351 (8lOO)nm. NMR )CDCl,)b 12 4S(s, IH.OH). 
77.74(m,6H.Ph+Ar H).2&2S(m.4H.2xCH,).230 
(I. IH. CH,). I %I b(m. 4ll. CH,CHJ, w -rum m+ 
334 (M’. brsc). 319. 30s. IOS. (P’hC’O’). 77. Anal 
(C,,H,,O, 334 37) C. H 

2 - Arrtyl- 3 - hwtroxy- 4 -mrthyl- 7.8.9.10-rrrrclA~~o-6tl. 
drhrn:ojb. dbyruabou (20) An tntlmarc mixture of 28 60 
8 (0 IOS mall of I8 and 7S 8 AICl,. l nhy w8s hcarcd aI I50 
for I 5 hr The rtactton was qunchad wth IL KC:WJW and 
allowed to cool to room kmp The praiucl was filterad oil. 
washed wtll with water. and l rdnad to wld 27 8 8 (97;) 

of a For analjus. a sample was ru~tallved from l bs 
EtOH to ylcld pure 20 as a whlk sold m p 23>236 , IR 

(KBr) l7?S (CO). 1639 (AC). IUMJ. 1115 cm ‘. UV ma-x 
(CH,010 212 (l6.7SO1 261 (28,700). 244 (8600) nm. NMR 
(ClXI,)b 12 5 (3. IH.OH). 7 70 (s. IH. Ar-HI. 2 8-2 b(m. 
2H. C-H:). 2 8 (I. 3H. CH. CO). 2 6-2 S (m. 2H, CH:). 2 5% 
(s. 311. Ar -Cll,), 2 &I 6 (m. 4H. CH,CH,). mau spectrum 
m:r 272 (W * . brw). 257 (M l Gi,). 2U. 229 (%I ’ -AC). 
Anal (C’,,H,,O,. 272 30) C, H 

I( 2 - &n:o,/ - 7.8.9, IO - rrtr&-dro - 4 - murhyl- 6.0x0 - 6H . 
dIkrn:n[b. d]-p ).~~.3-~l)nxy)Ot~c acrd rrh,rl CJlCl (21) A 
Win of 17 35 (0 I I? mol) of I9 in SW) mL atone ~8% 
trutai with 13 60 mL (0 123 mol) clhyl bromacctatc and 
I7 54 8 K,CO,. anhy The mlaturC was heated undct rtnux 
for 4 hr. coolcJ to 2S ‘. and filtered The solid wu warhcd 
well mth wrtm I~CS~O~K The combtned fillrate and washmy 
were cv+xatcd to afford 45 97 8 (98+,) of 21 of ~uf!knnt 
punt) for uu In the neat ucp For anrlyar. a UrnpIe was 
recryslalhLcd from CII,ClLabr EtOH to yield pure 21 as a 
white Ald m p 144 145’ IR (KBr) I753 (etcr). I71 3 
(CO). 1673 (PhCO). 1210. I IO0 cm I. UV mar (CH,OtI) 
265 (26.700) nm. NMR (CD(‘1,) b 7 8-7 4 (m. SH. Ph). 7 40 
(5. Ill. C(IkIIl. 4 41 (1, 2H. OCH,CO). 4 I4 (q. 2H. 
m’H,CH,). 2 R 2 S (m. 4H. 2 N CH:). 2 4S (s. 3H. At-,). 
19 16 (m. 4lI. CH&‘II,). I I8 (t, 3H. C’H,CH& mass 
spa-trum m:r 420 (IH * I.402 (M l -H:O). 391 (M l -Et). 374 
(M l EtO). -347 (M l F.tWO). 105 (PhCO’). Anal 
tt’:,H:,O,. 420 461 C’. H 

I(2 - Am,4 - 7.8.9, IO. rrrrcrhydro - 4 - wrhv/ - 6. 0x0 . 6H - 
drhrn:a[b. dl-p)rM.3.,I)oxy)or~rrr nrtd rrhr.l CJIff (22) A 
soln of 27 8 8 (0 102 mall of 10 In 0 SL atone ~8s ttmbd 

wth 12 4 ml_ (0 I12 mol) ethyl bromoaatarc and 16 0 8 
K,CO,. anhy The mlrturr was heared under rcfius for 5 hr 
and filtcraj whllc hot The filtrate was coolab and evapo 

ratd to gw M 3 8 (94+,) crude a R~~stallrutlon from 
FlOAc rffordad 2S S3 8 (71pJ pure 2.2 as a uhltc wlhd m p 
132 133. IR (KBr) I758 later). 1724 (CO). lb78 (AC). 12W 
cm ‘. UV maf (<‘H,OH) 2S4 (25.800). 281 (Il.ulo). 314 
(8.300) nm. NMR CfX’I,) b 7 73 (s. I Ii. AI-H). 4 Sl (s. 2H. 
OCIi,(‘O). 4 26 (q. 211. CH&H,). 2 9-2 8 (m. 2H. CH:). 
2 69 Is+ 311, AC). 2 62 5 (m. 2H. CH,I. 2 44 Is. 3H. 
ArXII,). I *I b(m. 4H. CH,CH,). I u)(t. 3H. CH,CH,). 
mau -rum m:r 3S8 (M ’ 1. 243 (M l kc;). 28s 
(M ’ CO,Ft). 269. 43 (CH,CO*. base). Anal (C~:J),. 
358 39) C. H 

((2 Brwovl~ 7.8.9.10. r~+15o- 4 - wrh,,I- 6- 0x0 - 6H . 
drkrr:o[b. dj-pyran-3-yl)oxyluxItc aad (23) A ruspcnrlon 
of 40 82 8 (97 2 mmol) of 21 In KK, mL N NaOH wu kated 
aI 7S for 20 hr coolod. and mdlficd wvh 6N HCl to pH I 
Tk mltturc was e~trac~cd 3 x wrrh CH,Cl, The orpntc 
catracts were poled. dned OWT Na,SO,. and evaporated 10 
rllord 33 30 8 (93.J pure 23 For l nalyur. a vmpk was 
~talhzzd from EtOAc:pcnranc IO @ye a whltc sold 
m p I77- I78 , IR (KBr) 3220- WO (CO,H). I765 (COIH). 
171s (CO). 166S (PhCO). 1600. 1125 an- ‘. UV max 
(CH,OH) 26S (23.800) nm, NMR (CDCL,) b (10 58) bs. I H. 
CO,H). 78-7 3 (m. SH. Ph), 7 44 (s. IH. C(IkH). 4 48 (1. 
2H. OCH,). 2 7-2 5 (m. 4H. 2 *: CH,). 2 39 is. 3H. CH,). 
I *I 7 (m. 4H. CH,Cll,). mau spatnrm 392 (M l ). 374 
(M l -H,O). 131. IOS OICO’. bow). 77. Anal (Cz,HmO,. 
392 41) C‘. H 
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