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Abetrae-Irradiation of dienolether aldehyde (III) in methanol leads to the ketal aldehyde 0 
which is further converted to ketal acetal IV and to III. The relative rate constants for these reactions 
have been determined, thus permitting exclusion of alternate reaction pathways. 

INTRODUCTION 

RECENTLY, it was show&* that the photolysis of an alcoholic solution of steroidal 3- 
a&oxy-3,%ciienes (I, R” = H, CHa, F) gives mixed ketals of type II in good yield. 

R&Q -?+ ,,?.a 
1 R" 

R" II: i+ 

R=R’=CH* 
R” = H,CH,,F,NO, 

When the 6-substituent (R”) is a nitrogroup, 4b the reaction proceeds in a different 
manner and no product could be isolated in a useful yield. Substituents which con- 
jugate with the enol ether chromophore hence exert a profound influence on the re- 
action course, In this paper, the reaction is applied to systems of type I in which R” 
is a formyl group. In order to prove the reaction course and the structure of one of the 
photoproducts, ketal aldehyde V and 6-hy~ox~e~yl enol ether VI were also sub- 
mitted to the action of W light. 

RESULTS 

A methanolic solution of enol ether (III? was irradiated until less than 5 % of the 
original W chromophore could be detected. TLC indicated the presence of one spot 
only. The NMR spectrum6 of the product (IV) indicated the presence of an acetate 
and four methoxy groups, a single proton at 4.9 ppm (Cl-I(OCH& and the absence of 
olefinic protons. The presence of a peak at 28 ppm (approximately O-5 H) cast some 

1 Part IV. C. C. Leznoff and G. Just, Caned. J. Chem. 42,2301(1964). 
’ This work supported by the National Research Council of Canada. 
* Holder of a National Research Council of Canada Bumary, 1962-3, and Studentship, 196>5. 
’ o G. Just and C. C. Lemoff, CaMd. J. Chem. 42,79 (1964); b C. C. Lemoff and G. Just, Ibid. 42, __._ ..__.. 

ZYlY (1964). 

6 D. Burn, G. Cooley, M. T. Davies, J. W. Ducker, B. Ellis, P. Feather, A. K. Hiik, D. N. Kirk, 
A. P. Leftwick, V. Petrow and D. M. Williamson, Tetruhe&on 20, 597 (1964). 

’ We wish to thank Mr. K. Vale&n for taking the spectra. 
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doubt on the structure assigned, and the possibility that the photoproduct was a 3,4- 
~methoxyandros~ne derivative could not be excluded at this point. 
with aqueous methanol converted IV to the ketal aidehyde (Vs). 

MiId hydrolysis 
Sodium borohydride 

reduction of V gave the corresponding 6-hydroxymethyl ketal (VIP) which was also 
obtained when enol ether aldehyde III was reduced with sodium borohydride, and the 
resulting 6-hydrox~ethyl enol ether (VI) photo&red in methanol.’ 

OAC 

Since some doubt persisted concerning the position of two of the methoxy groups 
in IV (3,3 or 3,4) and hence V and VII, IV was submitted to acid hydrolysis. Under 
well defined conditions, a crystalline hydrolysis product, identical with that obtained 
from hydrolysis of III, could be obtained in 26 % yield, its structure was not obvious 
and the reaction could not be used to exclude rigorously either possibility. Next, we 
turned to catalytic hy~ogenation. TLC indicated that the product was a mixture. 
When an attempt was made to convert aldehyde V to the corresponding Gmethyl 
compound by sodium borohydride reduction of the p-toluenesulphonyl hydrazone of 
VB, the main product isolated had spectral features consonant with structure VIIa8. 
The Huang-Minlon modifi~tion of the Wolff-~shner reductionlO of aldehyde V gave 
an amorphous product (VIII) which appeared homogeneous (TLC). Its NMR spec- 
trum showed the presence of two methoxy groups (3.04 and 3-l 1 ppm) and two olefinic 
protons (4.40 and 4.55 ppm). The two olefinic protons must have been part of an 
exomethylene group, since the IR spectrum of ViII showed bands at 3075, 1650 and 
890 cm-r. The formation of olefin VIII rather than its A6-6 methyl isomer is easily 
rationalized, since the ~rbanionll preceding the product forming step is allylic. Mild 
acid hydrolysis of olefinic ketal VIII gave a crystalline olefinic ketone VIIIa, Y 1720 
cm-l (3-ketone)8. This reaction sequence rigorously excludes the possibility that V, 
and therefore IV and VII, may be 3,cldimethyl ethers. 

KINETICS AND DISCUSSION 

The addition of several molecules of methanol to enol ether aldehyde III proceeds 
either by formation of enoi ether acetal A, followed by addition of methanol to the 

’ None of the photochemical reactions bacurrcd in the absence of UV light at a comparable rate. 
* Detailed spectral and chemical characteristics are reported in the experimentaf section. 
* L. Caglioti and P. Gras&Ii, Chem. & Ind. 153 (1964). 

10 Arthur I. Vogel, Text-boo& ofPructical Organic Chemistry (3rd Edition) p. 516. Longmans. 
I1 Donald J. Cram and George S. Hammond, Organic Chemistry p. 447, McGraw-Hill (1959). 
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enol ether function (III + A + IV), or by addition of methanol to the enol ether, 
followed bv acetal formation (III + V + IVX -, ----- __ ___~_______ \___ In order to distimzuish between these 
two possibilities, a methanolic solution of enol ether aldehyde (III) was irradiated. 
The transitory appearance of V could be detected spectrophotometrically (see below). 
Next, a solution of the ketal aldehyde (Vj was irradiated. The product was quantita- 
tively transformed to ketal a&al (IV). ra When the reaction was monitored by TLC 
and UV, the transitory appearance of I-2% of enol ether aldehyde (III) could be 
detected, and, using optimal conditions, isolated and identified. This evidence did not 
exclude either pathway. 

We next turned to a kinetic approach to determine the reaction sequence. Using a 
constant light source, a constant initial concentration (O-5 x lw molar) of III and V, 
and determining the concentrations of III (&,, 320 mp), V (kar 250 m,u) and IV at 
..__:-..^ :-*--...1- ^_^^ r-~-L~r,-,r.-.ll.. rL_ r-1, ̂ __. :-- -..*- ^^_^.^^,” ._.__,. ,.L,“:....A “arl”us llll.CI “a,> ~pcc;c’“~)II”c”I11cL1Ir;a‘ly, L‘,C l”ll”wlllg lace C”IISlaIICS WGLG “VlitlllGU 
for the overall rate of disappearance of III (1) and V (2):13 

d III -- 
dt 

= k,,, (III) k,,, = 0.092 mind1 

dv -- 
dt 

= kv (Vj k, = 0.642 min-l (2) 

Assuming that only reaction paths denoted by k,, k_, and k, are significant, the 
following expressions (3) and (4) can be written: 

d III 
- - = k, (IIIj - k_, (Vj 

dt 

dV 
-dt=ks(Y) + k-1 (Vj - k, (III) (4) 

From these equations, the values for k, (0.105 mini) k, + k_, (0.737 mm-‘), k_l 
(0.043 mm-l) and k, (O-696 mm-l) could be determined.” These values provide a self- 
consistent picture of the reaction and permit exclusion of pathway III + A -+ IV. 

I* IV and V had the same R, value iu all TLC systems used. 
IS The photoreaction of III could be suppressed by addition of a few drops of pyridine or by making 

the solution 0036 molar in sodium acetate. However no significant change in reaction rate 
___..---1 .-.l___ ‘LI ._.__ _l_-._*.._-3 I- IL- _-______ _I-_>I.-_ ___._._ CKX- wnen ” was pnoro?yseU ul me prcscna 01 soalum aazau?. 

I’ These values were determined several times. The experimental error is +lO% for kl and k,. It is 
considerably larger for k_, (estimated error: +80x). Since the term k, (III) in (4) is very small, 
it could be neglected. 
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them meaningful, the relative magnitudes for k,, k_,, and k2 would have to be cor- 
rected for the energy output of the lamp at the wavelength of the absorbing species. 
This has not been attempted and is beyond the scope of this study. 

Further work is in progress to elucidate the mechanism of conversion of III s 
V-IV. 

FIG. 1. The rate of disappearance of III and V. 

EXPERIMENTAL 

Ah m.ps were determined in a cont. H,SO,-bath and are uncorrected. Optical rotations were 
performed with a Carl Zeiss automatic polarimeter using a O-5 dm tube. The IR spectra were taken 
on a Perk&Elmer 337 grating spectrophotometer using 1 mm NaCl cells. NMR spectra were 
recorded on a Varian A.60 instrument at 60 megacycles using CCl, as solvent and tetrametbylsilane 
(Oppm) as internal standard. The UV absorption spectra were measured on a Reckman DK-1 
recording spectrophotometer. Preparative TLC separation was effected on 0.75 mm thick (20 x 20 

cm) unactivated plates coated with Merck A. G. Silica gel. All irradiations were performed in a 
Rayonet photochemical reactor (The Southern New England Co., Middletown. Corm., U.S.A.), 
using lamps with maximum output at 2537 A. Analyses were carried out by Dr. C. DaeaslC, Montreal, 
-_J n-L...-_*.__C .,1_____,..*:__, , _I___.__. ,,,__-I_:-I_ 17 \, ” arm xnwarzkopi microamuync:al tiou~a~ury, WWUJIUC~ I 1, I.. I . 

Photolysis of 17/?-acetoxy-6-formyl-3-methoxyandrosta-3,5-diene (III) 

A solution of III (0600 9, in MeOH (200 ml) was irradiated in a He atm. for 16 hr. TLC 
(benzene-ether 4:l) revealed one spot only. Crystallization from MeOH wntaining a trace of 
pyridine gave IV (0.404 g), m.p. 119-120”. Recrystallization did not raise the m.p., [a]P -68.95” 
(c, I.23 in CHCla; Y Ccl, 1740, 124Ocm-1 (-OAc), 1660 cm-r (c=c). 1100, 1075, 1055 cm-t 
(OCH&; 6 4.9 (s. 1H). 3.25 (s, 3H), 3.15 (s, 6I-I). 3.05 (s, 3H) 2.80 (poorly resolved signal, -05H). 
1.97 ppm (s, 3I-I). (Pound: C, 6948; H, 9.17. C,&,,O, requires: C, 69.30; H, 940%) 

17,%Acetoxy-6-formyI-3,3-dimethoxyandrost-5-ene (V) 

A methanolic solution of IV containing a few drops water was allowed to stand for 18 hr at room 
temp, after which time crystals appeared. When necessary, the crystallization could be completed by 
*..-.ti__ _Jll.Z__ _r ____.- ^_ ___I:__ rpL.. -.._A....& - . ,m ,Lfx<O . ..“^ .-,....,“m,,:_~ . ..*.- &.,,.+. turrnor aulullon “1 waux “L W”llllg. I‘& PIUUUC~, L”.P. ,,7--1w-, , W*(IJ Lu.IJJuaLI- IWLL.2 ..“Lll 
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mnirt M&U ad asa"* n,,n v m n lr;hlfx~~ In1 ..A"."...-__** -I a"" r...- .,....r. _“. *_.. , ,-,ij _!2gy fp n.w in c-ucI_i. Y rn. 775nrm-l ,-, . <” - ----.U, w-y _, _” _... 
(-CHO), 166Ocm-l (a,&msaturated aldehyde), 1740, 123Ocm-i (-OAc), 1100, lOSOcm-i 
(-0CH3; B 10.3 (s, HI), 3.95 (poorly resolved signal, ^oH-I), 3.70 (poorly resolved signal, ho5l-I), 
3.30 (s, 3H). 3.15 (s, 3H), 2-06 ppm (s. 31-I); &c” 250 m,u (E 12,620). (Found: C, 7144; H. 890. 
C,,HuOs requires: C, 71.25; I-I, 8.97%.) 

17~-Acetoxy-6-hydroxymethyf-3,3-dimethoxyuttdrost-5+me (VII) 

1. From 17/&acetoxy-6-formyl-3,34kethoxyandrosl-e (V). To a stirred solution of V (60 mg) 
in MeOH (2 ml) was slowly added NaRH, (64 mg) and the mixture was stirred for 15 min at room 
temp. Water was added and the mixture extracted with ether. The organic phase was washed several 
times with water and dried over MgSO,. Evaporation of the solvent gave 60 mg of a crystalline 
residue. Recrystallization from ether gave 21 mg needles, m.p. 180*5-181”; Y Ccl, 3470 cm-’ (-OH), 
1740, 1X0 cm-l (-OAc), 1100, 1050 cm-l (-OCH~. 

2. From the piwtoiysis of i7li_acetoxy-6-hydroxymethyi-3-methoxyamiiosta-3,5-diene (Vi). A 
solution of VI (99 mg) in MeOH (70 ml) was irradiated in a He atm. for @5 hr. after whiih time 
TLC (benzene-ether, 3:2) revealed only one spot. Evaporation of the solution and crystallization 
from MeOH gave 73 mg needles, m.p. 1745-176-5”. Recrystallization raised the lap. to 180-181’; 
[aIn -5064” (c, 0.93 in CHCl& This product was identical by IR, TLC, and mixed m.p. with that 
obtained from the NaBI& reduction of V; b 4*41,422,3*91,3*71 (AR quartet, J = 12 c/s, -CH,OH), 
3.3 (s. 3H), 3.8 (s, 3I-I). 2.95 (poorly resolved signal, --0.5H), 2.09 (s, 3H) ppm. (Found: C, 70.74; 
H, 9.67. C,,H,,O, requires: C, 7090; H, 9.42x.) 

Hydrolysis of III 

A solution of III (530 mg) in dioxan (20 ml). 50% aqueous per&lo& acid (0.3 ml) and water (6 ml) 
was stirred at room temp for 4 hr. It was then diluted with water and the solution extracted with 
ether. The organic layer was washed with 10% NaHCOsaq and water, and dried. Evaporation gave 
a light yellow foam. TLC (benxene-ether, 4: 1) separated the mixture into two n&compo&nta. 
Elution of the slower band with CHCI, gave 102 mg plates, m.p. 2075-209”; [a],, -49.9” (c, 1.10 in 
CHCI,); Y CHCI, 1725 cm-l (-OAc), 1680 cm-’ (a,&unsaturatcd ketone); Y KBr 1740, 1220, 
1020 cm-l (SAC), 1675 cm-l (broad peak, unsaturated carbonyl (s)), 1600 cm-l (weak), 870 cm-l 
(medium): dcxe,, 6.19 (s, 1H). peaks on the methylene envelope at 2.62, 246, 240, 2.12 and 2.05 
(s, 3H) ppm; c,z” 249 rnp (E 8600). (Found: C, 73.80; H, 844. C,,H,.,O, requires: C, 73.71; 
H, 844x.) 

Hydrolysis of IV 

A solution of IV (102 mg) in acetone (8-O ml) containing water (2.0 ml) and cont. H,SO, (0.05 ml) 
was stirred at room temp for 16 hr. The mixture was extracted with ether and the organic layer 
washed neutral with HSO. Evaporation of the dried ethereal solution gave a light yellow foam which 
was ~urit%d bv arenarative TLC (benzene-ether 4: 1): the main comwnent con&ted of 2Jl rnca of a --- r ~~- -, r--r- ~~~ \_~~~~.~_ _~~~.~ .._,. .__ __._ _-.-.c _____ ------ _- -_ -_D __ - 
crystalline material identical by IR, TLC and mixed m.p. with that obtained previously from the 
hydrolysis of III. 

Catalytic hydrogenation of IV 

A solution of IV (217 mg) in MeOH (10 ml) was hydrogenated at 2OtXl p.s.i. in the presence of 
PtO, (100 mg) for 18 hr. TLC of the product revealed at least six components. NMR of the major 
components showed that they lacked the requited spectral features (namely, four methoxyl groups 
and two tertiary protons). 

17~-Acetoxy-&neth0xymethyI-3,3-dimethoxyatrdrost-5-ene (VIIa) 

Aldehyde V (252 mg) was slowly added to a stirred solution of ptosylhydraxine (125 mg) in 
MeOH (10 ml) at room temp. After 30 min. TLC revealed one spot and the disappeamnce of starting 
~~~_~ ._* -_ __c __A .~ __ _~ -_-_-A-J 9 
marerw. one soivem was evaporarw m wcuo at room tenip to give an orange foam, which could 
not be crystallized; ~oo1,3200,1740,1620,1240.1170,1100,1050,950, 660, 570 cm-t. The. product 
was dissolved in MeOH (25 ml) and NaBH, (500 mg) was slowly added. The stirred solution was 
refluxed for 1.5 hr. after which time no tosylhydrazone could be detected by TLC. Reparation of the 
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containing a trace of pyridine gave crystals, m.p. 126127”; [aIn -20*08” (c, 124 in CHCl,); I co4 
1740, 124Ocn? (-OAc), 1660crn1 (C==, 1110, 1100, 1050 cm-l (-0CH3; pair of doublets 
centred at 3.91 and 360, (AK quartet, J = 11 c/s. -C,Z-O), 3.19 (s, 3I-I). 3.11 (s, 3I-I), 3.00 (s, 3H). 
2.75 (broad signal ^0*5H), l-95 (s, 3H) ppm. (Found: C, 72.00; H, 9.41. C,lI&Or requires: 
C, 71.39; H, 9*59%.) 

3,3-Dimethoxy&nethyleneandrostan-17&oI (VIII) 

A solution of V (256 mg), diethylene glycol (5.0 ml), hydrazine hydrate (0.25 ml) and KOH 
(250 mg) was heated under reflux for 1 hr. The condenser was then removed and the temp allowed 
to rise to 210’. After an additional 3 hr heating, the cooled colourless solution was extracted with 
ether. The usual workup gave a foamy residue which was purified by preparative TLC yielding VIII 

(132 mg); r oo1d 3620 cm-r (--OH), 3075, 1650, 890 cm-l (-C====CH,), 1100, 1055 cm-i (-OCH,). 

dMethylenermdrostan-17~-ol-3-one (VIIIa) 

Ketal VIII (113 mg) was heated under retlux for 15 hr in acetone (20 ml) and water (5 ml) con- 
tainingptoluenesulphonic acid (113 mg). Ether extraction gave a crystalline residue. Two recrystal- 
lizations from ether gave VIIIa, m.p. lW5-196”; [aIn -21.03” (c, l-25 in CHCl~); ~cncr, 3600, 
1120cm-1 (-OH), 1720 cm-l (saturated ketone), 1650, 895 cm-’ (C====CH,). (Found: C, 7948; 
H, 10.07. C,,,HWO, requires: C, 79.42; H, l@oO%.) 

Kinetic experiments 

A magnetically stirred solution of III (Ux, cc; 0.5 x lo-’ molar) in abs MeOH was irradiated in 
a He atm. in a quartz cell fitted with a cold water jacket and a cold water condenser. At various time 
intervals, aliquots (3 ml) were pipetted out and immediately transferred into a stoppcred UV cell, 
and the WW&WTI recorded on a &&man DKi recordimz sueetroohotometer, Aldehyde V was _r___‘-__ -__----- 0 -r-- ~~I~~~ 
simiiarly irradiated. Several runs were made in each case. The table below shows the concentrations 
of III, V and IV at various time intervals of a particular run in the controlled photolysis of III, and 
the rate constants k_r and kl. 

Time 
k-1 

Cont. 
III 

Cont. 
V 

Cont. 
IV 

. k_l 
rni+ 

kt 
rnit+ 

0 1.00 0 0 0 0 
5 0.635 f 0.020 0.160 0.205 0.064 f 61% 0.677 k 5% 

11.5 0.335 f 0.035 0.170 0465 o-033 f 91% 0.704 & 4% 
18 0.189 f 0.050 0.177 0,634 0.030 f 98 % 0.707 f 4% 

Acknowledgement-We wish to thank Syntex Corp., Mexico and Ayerst Laboratories, Montreal, 
for their generous gifts of testosterone. 


