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Absurd--Egoxidatioo of ntinol (vitamin A alcohol, 1) with freshly prepared aod star&d&d mono-peqhthalic 
acid in ether a!Tords a product which Karrer named “ckomogcn 574” in lW5. Repetition of this peracid oxidation 
of retinal (1) with several peracids (m-PPA, m-CPBA, or CH@$l) with or witboot a butTer (NaHC@ or 
Na&PO,) prcduces dihydropyran alcohol 4 as characterized by spectroscopy and subsequent chemical tmns- 
formations. Thus the structures proposed for ‘Wuwmoga~ 574” by Karrer in 1945-47 and Troitskii in 19413 are now 
revised to correspond to cyclic alcohol 4. 

The mono-perphthalic acid oxidation of vitamin A alco- 
hol (retinal, 1, Fu. 1) was Srst described by Karrer and 
Jucker in MS.’ The principal product of this reaction 
was assigned as 5,&epoxyretinol which they named 
“chromogen 574” after its characteristic UV absorbance 
in the Carr-Price reaction (sbcl~ in CHC!&). After COD 
sidering the UV spectrum of this oxidation product [VV 
max (EtOH) 272-275 nm, l 13,6&l] Karrer and Jucker in 
l~~revised their original structural assignment to cor- 
respond to 7,&epoxyretinol (2) which should have an 
absorption near 264 nm (calcd~ as compared to 294 nm 
(~alcd)~ for 5,6epoxyretinol. In lw8 Triotskii revised 
Karrer and Jucker’s structural assignment to 11,12- 
epoxyretinol(3, UV 269 nm, calcd? again based upon the 
UV spectrum which suggests the presence of a B-ion- 
ylidme unit (alkenes C-5 to C-10).4 More recently 11,12- 
epoxy&no1 (3) has been claimed as a major product 
resuhing from the cobalt-catalyzed auto-oxidation of 
&no1 (l).’ 

In an attempt to prepare epoxides of vitamin A for 
screening as possible epithelial cancer “chemopreven- 
tative’* agents, we had an occasion to reexamine this 
peracid oxidation of retinal(1). In this paper we wish to 
present evidence which establishes dihydropyran alcohol 
4’ (Fig. 2) as the stntcture of “chrumogen 574.” 

Following the procedure of Karrer and Jucker,13 
treatment of alcohol 1 with freshly prepared and stan- 
dardized‘ mono-perphthalic acid (m-PPA) in anhydrous 
diethyl ether for 2Ohr at rOOm termperature atIords 
cyclic ether alcohol 4, (Fw. 2) as the major product. 
Careful chromatography on either neutral ahunina 
(activity IV) or silica gel gives pure alcohol 4 as a pale 
yellow oil. The UV spectral data [VV max (lItOH) 
272274nm, Q 13,ooO; UV max (SbCI,+CHCI,, Carr- 
Price reaction) 570 run] confirms the identity of alcohol 4 
with “chmmogen 574.” 

An examination of the 100 MHz H’ NMK spectral data 
of compound 4 (Pii. 2) clearly reveals the presence of a 
secondary OH functional group and the fl-ionylidine 
t~nit.~ These conclusions were verified further by pre- 
paration of acetate SI (AczOlpyr.), 3,Sdiitrobenzoate 
sb (3,5-DNBzCUpyr.), and phenyl urethane Se 
(PhNCO/pet-ether, 45”). The NMK spectra of alcohol 4 
and acetate SI are very similar except that only one 
oxymethine proton (CH-O) moves to lower field in 
acetate Sp (brm, 64.99) compared to alcohol 4 
(br m, 63.62). The protons at C-15 in alcohol 4 appear as 
a coupled AB quartet” at 63.84 with J,,,, = 13 Hz, 
J cq’.?~ = 1.7 Hz, J.r;.c-1, = 2.4 Hz which also suggests a 
cychc struc&re as opposed to an open chain compound 
lie epoxide 3. 

Purther proof for a cyclic stntcture was provided by 
oxidation of alcohol 4 (Cr(h-PyrXHXl) to produce 
pyranenone 6. The NMK spectral data of enone 6 are 
summarixed in Fa 2. The /?-ionylidine moiety remains 
essentially the same in enone 6 as in alcohol 4; however, 
the methine proton at C-11 in alcohol 4 (doublet of 
quartets at 84.81) moves to lower field in enone 6 (dou- 
blet of quartets 65.16). More dramatically the vinyl pro- 
ton on C-12 in alcohol 4 (multiplet, 65.42) moves to very 
low !ield in enone 6 (m, 66.66) strongly suggesting a 
&vinyl proton on an a, &tmsaturated ketone. The UV 
spectrum [u8 mn (c 23,000), 267 nm (c 13,tHlO)] and the 
IR spectrum (1695 cm-‘) also support structure 6 for this 
oxidation product. Establishment of the structure and 
stereochemistry of dihydropyran alcohol 4 can be made 
by examination of the europium induced proton nuclear 
magnetic resonance shifts utiliring Eu(DPkQ+” The 
slopes calculated from the Eu(DP% shift analysis of 
alcohol 4 are listed in F& 2. The salient features of these 
europium induced shifts are: (1) the oxymethii proton 
at C-14 displays the largest shift (slope =4.83), thus 
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co- the close proximity of europium species to 
the OH moiety; (2) tbe quatorial-like proton at C-15 
shows the second largest shift (slope=3.13) and the 
axial-like proton at C-15 exhibits the third best shift 
(slope = 1.88) which indicates a closer relationship be- 
tween the qua&Sal-like proton at C-15; and 3) the 
protons at C-10 (slope = 1.20), C-11 (slope = 1.25), and 
C-12 (slope = 1.45) are much further removed from the 
europium coordinated OH moiety as indicated by the 
respective slopes of each. All. of these europium induced 
PMR shifts are in complete agreement sbucture 4. This 
is coavinciog evidence for the assigmnent of structun 4 
and not epoxide 3 for “chwmogen 574.” 

7rb 

ln proposing a mechanistic pathway leadii to the 
formation of dihydropyrfm alcohol 4 from retinol(l) one 
must auount for three key features: (1) the selectivity of 
the peracid for the 13, Nalkene bond, (2) epoxide ring 
opening and (3) the formation of dihydropyran alcohol 4. 

L 

1 !JH?A/Et,0 

OH 

8 &R=Ac 6 
b R = V-DNBx 
cR= CDNHPh 

Fig.2. 100MHzNh4Rspcctraldata. 

limlr. II (cent.~ 

106 me mm sPectra1 Dete (CDcl~ 

Pmtou e 5 Ir 5 

C-l 0x3)* 0.08 s. 1.00 I, l.w e, 1.00 

c-s 5 0.W 1. 1.66 ., 1.66 l , 1.62 

c-9 a, 0.69 t. 1.63; Jc1.7 Hz t, 1.75; P1.7 Es t, 1.24; J-l.7 k 

c-10 P 1.20 d, 5.34; J-2.5 Br d, 5.41; 2.5 He d, 5.47; J- 8 h 

c-11 2 1.25 d of q,L.dl; M.5 & 
J11.7 % 

d of gC.81; J=9.5Ee 
J-l.9 k 

d of q,5.16; J-9 Me 
511.7 Ez 

c-12 I 1.45 ., 5.42 ., 561 ., 6.66 

c-13 Ql) 1.71 d, 1.62; J-1 lie d, 1.66;5=1.2 k d, l.%;J-1.2 k 

c-14 II 4.63 br ., 162 bcm, 4.99 ----- 

c-14 OR or MC ---- d, 2.55; 33 Hz 1. 2.11 _--__ 

c-15 al2 coupled M, 3.64 coupled M, 3.96 coupled 62. 4.22 

J&l = 13 nz 
JA9 = 13 nr J,,2 - 16 He 

cq’ (1~ field) 3.13 Jeq,, c_14 = 1.7 Uz Jeq,,c_lc = 1.3 BZ J eq’,c-14= O Ih 

ax’ (hi&b field) 1.66 Jax,, c_14 = 2.6 Hz Jax,,c_14 = 2.5 He J l x’.C-12 = le6 se 

*Theme slopes are celculeted frae the Eu(DPbf)3 NMR ehfft &Yefe of 

alcohol i In 6(ppm) VI IEu(DPW31/[~l. 
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The proposed mechanistic pathway given in Fi8.3, pro- cyclization. In every case cyclic alcohol 4 was obtained 
vides for these three criteria. as the major isolatable product. 

The. electronically favored position of attack of 
peracids in retinal(1) should be the 5,6-alkene since it is 
tetrasubstiMed.‘2 This is demonstrated by the fact that 
retinyl acetateI and methyl retinoate” undergo 
exclusive epoxidation at the 5,6-position with mono- 
perphthalic as well as mctachloroperbenzoic” (m- 
CPBA) acids. However, intermolecular H-bondii is a 
well known phenomenon for providin8 regioselectivity 
and stereoselectivity in the peracid epoxidations of al- 
kenes with a OH group in close pr~ximity.‘~ Thus in- 
termolecular H-bonding of retinal (1) to the peracid 
followed by epoxidation is expected to produce inter- 
mediate epoxy alcohol 8. However, under these reac- 
tion conditions, epoxy alcohol 8 is susceptible to proton 
mediated I-& opening followed by allylic reanangement 
and ring closure to afford dihydropyran alcohol 4. In 
practice, however, the reaction is more conveniently 
carried out using 1.5 equivalents of peracid to consume all 
of the retinal(1) which is extremely difficult to separate 
from alcohol 4. Under these conditions epoxides 7ab can 
be isolated also in 6% and 11% yields, respectively. The use 
of other peracids such as mCPBA or peracetic acid with 
or without a bufler (NaHCG or Na2HP04) in ether give 
cyclic alcohol 4 as the major isolatable product. In a 1973 
account of the peracetic acid oxidation of retinol (1) 
Ogata et 01. claim regioselective epoxidation of the 
l&12-position” The major product utiliz& excess 
peracetic acid is claimed to be lLl2epoxyretinal. We, 
however, have not heen able to verify this observation 
even after repeated attempts to do so. 

The cis-stereochemical relationship between the @- 
ionylidine unit (R) and the OH group in structure 4 can 
be rationalized by examination of Dreidii stereomodels 
of intermediate carbonium ion 9. A model of structure 9 
which represents ring closure to produce the tmns- 
isomer shows the C-13 methyl and C-14 OH sub 
stiMents are eclipsed (dihedral angle -0”); however, a 
model of structure 9 that affords &isomer 4 displays a 
dihedral angle of -120” between the C-13 Me and C-14 
OH groups in the dihydropyran form@ cyclization step. 
All attempts to buffer (NaHCa or Na2HP04) this reaction 
(with various peracids, m-PPA, mX!PBA, CHXW 
have failed to thwart this epoxide rin8 openin and 

Mataials and tcchniqus. M.ps were determined on a Biichi 
m.p. apparatus and are umxnrected. Analyses were performed by 
Span8 Microanalytical Laboratory, Ea8le Harbor, MI, 49951. 
silica 8eI 60, F-254 (E. Merck No. 5765). Silica gel 60 (E. Merck 
No. 7734,70-230 Mesh) and Aluminum oxide 90, active neutral 
(E Merck No. lm, 70-230 mesh) available from Brinkmann 
Instruments were used for thin layer and column chromato- 
8raphy, respectively. UV spectra were recorded on a Guy-14 
spectrowter in 95% ethanol. IR spectra were recorded on a 
Per&E!lmer 237B spectrometer in spectroquality Ccl4 soln 
using O.lOmm NaCl -ceUs. NMR spectra were measured on 
Varian Astites Model T-60 (Exoerimental) and/or Model 
XLJtKl (Fw 2) spectrorncten. &$ nsoluti& mass spectra 
(HRMS) wen measured on a Dupont Flash CEC 21-1lOB spcc- 
lrometer at 70 eV and low resolution mass spectra (LRMS) were 
recorded on a Fe 3O@J spectrometer at 25eV. Retinyl 
acetate was obtained from HofBmann-LaRcche, Inc.. Nutlcy, NJ 
07110. For all reactions performed under an atmosphere of dry 
N2 the equipment was dried in an oven at 120” for several hr, 
then allowed to cool in an atmosphere of dry N2. AU liquid 
transfers were made with N2 filled syringes. The term “pet-ether” 
refers to Baker “Analyzed Reagent” b.p. 3&W. The term 
“dryether” refers to the-puri6cati& of c&mercial anhyd diethyl 
ether by distillation from LAH u&r N2. ‘Dy pyridii” was 
obtained by distillation of commercial material from calcium 
hydride (-40 mesh) u&r N2. “Dry dichloromethane” was 
obtained bv distiUation of commercial material from P20~. The 
nomenclature ut&ed is that preferred by Chemical Abstr&s.‘s 

nle nKlrWpupUul/ic ucid midation of rdnol(1) 
(+) - [2u(lE,3I?), 3a] - 3.6 - LXhydro - 4 - methy/ - 2 - 12 - 

methyl - 4 - (2,6.6 - trimethyl - 1 - cyclohcxcnc - 1 - ~1) - 1,3 - 
butadknyl) 2H - pymn - 3 - d(4). To vitamin A acetate (6.56 mg, 
2.0 mmol) in dry ether (25 ml) at - IS” (ice-&OH bath) under 
N2 was added an ethclral soln of MeLi (4.2 mL, 5.0 mmol, 1.2 M, 
Aldrich Cat. No. 18,6X&l). After 2hr the mixture was quenched 
with sat. NaHCOgq and partitioned between ether (150 mL) and 
sat. NaHC@aq (5OmL). The ethereal soin was washed further with 
sat. NaHCO,aq (2 x 50 mL), dried (w,), aml concentrated in 
uacuo to give 6oom8 of c&e 1 as a pale yellow oil. To this 
material dissolved in dry ether (30mL) was added freshly pre- 
pared and standardized ethereal mono-perphthalic acid soln 
(13.4mL, 3.0 mmol, 0.225 M)” at room temp uader N2. 
After 2Ohr at room temp the mixture was diluted with ether 
(100 mL) and extracted with sa!. NaHC@aq (2 x 30 mL), dried 
(Na#Q). ami concentrated in uacuo. Column chromatography 
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over neutral Al& (&vity IV) dutitg with 3046 ether/petcther 
&o&d IS8 mn (2696) of cvclic 4 8(1 a Dale vellow bil: W max 
(%% EtOH) m-ti4nm- (E l3,OoOj [lil:13 27-27s Ml (c 
13,600)]; IR(CCl,) 3400 (br) cm-‘; NMR (1OOMHz-see Fw 2). 
Further elution 8ave isomeric compounds 7a and 7h. The faster 
moving isomer 7r (37.1 m& 5.9%) displays the following spectral 
data: UV max (95% EtOH) ?AOmn (c 22,Otm); IR(CCl,) 
3450 cm-‘; NMR (CDClj) m.93 (s. 3H). 1.08 (s, 3H), 1.14 (s. 3H). 
1.84 (m.8H). 2.4 (brs, lH,-OH), 3.62 (brs, lH), 3.66 (d of d. 1H. 
J=l3Hxand2Hz),4.02(dofd,1H,J=l3~and-2Hz),-4.~ 
(brd, lH, J = 8 Hz), S&55 (m, 2H). 5.80 (d, IH, J = 16 Hz), 6.21 
(d, IH, J = 16 Hz). The slower moving isomer 7h (67.2 mg, 11%) 
exhibited the followin spectral data: w max (%%EtoH) 
240 MI (c 22.000): IR(CCL) 344Ocm-‘: NMR ICDCM W.92 
(s, 3H), .1.06 is, iH), i.10 7s. 3H). 1.84 (br s, 8H), 24 (lx s, 
lH,-OH), 3.63 (d of d, lH, J = 12 and 2Hz), 3.65 (br s, lH), 4.00 
(dofd.lH,J=12Hzand2Hz),4.78@rd,lH,J=8Hz),5.4l 
(m, 2H), 5.80 (d, lH, J = 16 Hz). 6.20 (d, 1H. J = 16 Hz). (Pour& 
(isomer 70) C, 75.15; H, 9.32; (isomer 7h) C, 75.19; H. 9.36. Calcd 
for C&&: C, 7S.43, H, 9.5096). 

lkriwt&ation of cyclic alcohol 4 
(a) (*)-(zO(lE, 3E), 3a] - 3,6 - my&u - 4 - why1 - 2 - [2 - 

mdhyl-4-(2,6,6-trfmdhyl-1-cyclohcxen-1-yi)-l,3- 
bntaakyil] - 2H - pymn - 3 - d acetate (51). To cydic 4 (208 mg, 
0.69 mmol) dissolved in dry pyridii (5 mL) was added A@0 
(0.4OmL 4.Ommd). After 2Ohr at lnom tcmp the mixture was 
diluted with ether (150 ml) and exbactcd with 5% HClaq (3 x 
21mL)andsatNaHCOgq(lxZSmL),dried(MICSOI)andcon- 
centlatcd in oacyo. Column chromatogaphy on silica gel usill 
10% ether/pet-ether as an eluant aRoldcd 1TI m8 (75%) of L as a 
pale yellow oil: W (%%CHOH) 2rlSnm (c lO,OOO), 270 (e 
10,tXlO); IR (CC&) 1740 cm-‘; NMR (100 MHz-See 4. 2); mass 
spectrum (LRMS), ml2 (rcl intensity) 344 (m’, 26). 284 (12), 269 
(29), 213 (54). 187 (52), 161 (52), 149 (58), 119 (55), 105 (53). 95 
(100). (Found: C, 76.51; H. 9.20: Calcd for CnH&: C, 76.70; H, 
9.365& Found: 344.2346 (MS), 1.1 ppm cmlr (by HRMS) Cakd 
for CnH&: 344.2351). 

(b) 3.5-JXJlitrubalzlMte sb. cyclic 4 (154 mg, 0.51 mmol) dis- 
solved in dry pyridine (ISmL) was added to 3,5&itr0bmzoyl 
chloride at room temp. Mter 20 hr at rOOm temp the mixture was 
then diluted with ether (100 mL) and extracted with 5% HClaq 
(2 X 25 ml-) and sat. NaHCOjaq (I x 25 mL). dried (MesO,) and 
concentrated in uacY0. Column chromatography on silicagel using 
20% ether/p&ether as an cluant followed by crystaUiza& (saw 
solvent) Iplve 138mg (5596) of 3, 5dinitrobenxoatc Shz q .p. 
100.5” (dec); IR (CCl,) 17301~‘, NMR (CD&) 61.02 (s, 6H), 
1.4-1.8 (m,4H), 1.70(s, 3H), 1.86 (f 3H, J = 2Hz), l.%(s, 5H), 3.89 
(d,ofd, lH,J=14Hzand2Hx),427(dord, lH.J=14Hxand 
1.5 Hz). 4.93 (br, d, IH, J = 8Hz), 5.35 (m, IH), 5.48 (br d, lH, 
J =8Hz), 5.82 (m. IH), 6.23 (br s, 2H), 9.23 (s, 3H), (Pound: C, 
63.37;H,6.49;N,5.68.CakdforC~HnN~:C,65.31;H,6.50;N, 
5.6496). 

(c) Phenyl urethane SC. Cyclic 4 (182mg. 0.604) dissolved in 
pctcthcr (LOnIL) was added to phcnyl isocyanatc (72m& 
0.604 mmol) at room temp. This soln was then co~~~~tratcd with 
8cntk heat to approximately O.ZmL, sealed under N2 and 
hcatcdat45’for lOhr.Aftcrcoolingtoroomtcmpthcmixture 
was then cdumn chromatographcd on silica gel using 10% 
ctherlpctcther as an duant to tiord 160~ (63%) of SC as a 
cobrlcss foam which failed to crvstalixe from netether at -78”: 
IR (CCQ 174Ocm-‘; NMR (CD&) 81.02 (s,-6H), 1.41.8 (m, 
4H). 1.70 Is. 3Hl. 1.85 It. 3H. J = 2Hz). 1.95 Is. 5Hl. 3.86Id of d. 1H. 
J =-is Hz&i 2’&),4:2j (dbf d. lH,J = 14.I&& 1.5 &),4.8-s.i 
(m,2H),5.49(brd. lH.J=8Hz),5.75(m, lH),6.2O(brs,2H),6.89 
(br s, IH), 7.1-7.6 (m. SH). (Found: C, 76.65; H, 8.28, N. 3.40. 
Calcd for f&H,,NO,: C. 76.92; H, 8.37; N, 3.3296). 

aidationofalcohol4toenone6 
(*HE,E)-4-~h~-2-2[~h~-4-(%6,6-trimdl~- 

l-cydoihcrar-l-yl)-l,3-burodiarfl-W-pymn-Y6H)- 
one (6). Dry py?idine (1.5 mL) was added to a stirred suspension 

of a&d CrO, (1.2~. 12mmol) in dry CHG (3OmL). After 
stirring3hratroomtemptbcredsoln~cooltdtoO”undaNI 
and 4 (36smn. 1.21 nund) dissolved in drv CHXl, IlOmL) was 
add&After&ring for ti min at 0” the &t&waJ‘then p&cd 
throu8h a short column of Florisil (60-100 mesh). The FlorisU 
column was then was&l with CH#& (SOmL) and then ether 
(5OmL). Conccntratin in wcyo of the combined or8anic solns 
followed by column chromatography on silica gel using 5% 
ether/pctctha as an eluant gave 113 mg (31%) of 6 as a colorless 
oil: UV max (%% E1oH) 238 nm (c 23.000), 267 nm (c 13,ooO); IR 
(CCL) 1695 cm-‘; NMR (lOOh4Hz-see Fa. 2); mass spectrum 
(LRMS). m/z (rel intcnsitv). 300 Im+. 45). 285 (15). 161 1100). 119 
(95), lli (55), iO5 (59), as(&), sj (7%. bi (asi. (i&nd:‘306.~ltM 
(MS), 4.9 ppm error (by HRMS). Calcd for C&I&: M0.m). 
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