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that reported for I1 by Ghosh, but its properties 
were not in accord with the assigned structure. 
The infrared spectrum showed no absorption in the 
K-H stretching region (3500-3300 ~ m . - l > ~  as 
woiild be predicted for II,4 and desulfurization with 
Raney nickel5 afforded 3-phenyl-3 H-quinazoline-4- 
one in good yield. 

We were led to the tentative conclusion that the 
product of this reaction has the benzo [dlthiazolo- 
[2,3-b]quiriazoline-lI-one structure (VII). This 
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compound has previously been prepared by Bose 
and PathakGa (from anthranilic acid (VIIIa) and 2- 
chlorobenzothiazole) and by Katz6b (from ethyl 
anthranilate (T'IIIh) and 2-chlorobenzothiazole) . 

Qfoon + 
CI-(D / - VI1 

KH, N 
VI11 a. R=H 

b. R=C*HS 

KatzGb has also described the basic hydrolysis of the 
amide linkage present in VII to form X-(2-benzo- 
thiazoly1)anthranilic acid (IX). 

1 0H';heat COOH 
VI1 -- H,O L, 

N 
IX 

The Kat'z preparationBa of VI1 was repeated in a 
slight'ly modified form and the product was indis- 
t'inguishable from the compound prepared by t,he 
method of Ghosh.' The melting points and mixed 
melting points were identical, and the infrared 
absorption spectra were the same. The hydrolysis 
described by KatzGb was performed on the two 

(4) F. A. Miller in H. Gilman, "Organic Chemistry, An Advanced 
Treatise," Vol. 111, John Wiley and Sons, Inc., New York, N. Y., 
1953, p. 122. 

(%(a) R. Mozingo, D. E. Wolf, W. A. Harris, and K. Folkers, J .  Am. 
Chem. Soc., 66, 1013 (1943); (b) R. 0. Robbins, Jr., J. 0. Lampen, J. P. 
English, Q. P. Cole, and  J. R. Vaughn, Jr., ib id . ,  67, 290 (1945); (c) 
J. A. Zderic, W. A. Bonner, and  T. W. Greenlee, ibid.. 79, 1696 (1957). 

(6)(a) P. K. Bose and  K. B. Pathak, J .  I n d i a n  Chem. Soc., 11, 463 
(1934); (b) L. Kate, J. Am, Chom. Soc., 76, 712 (1958). 

samples of VI1 and the melting points and mixed 
melting points were the same. 

Experimental7 

Benzo [d] thiazolo [2,3-b] quinazoline-1 I-one (VI) .- 
Method 1. This compound was prepared by the method of 
Ghosh' in a 46y0 yield, m.p. 190-19lo, reported1 184-185'. 
:3-Phenyl-IH,3H-quina~oline-2,4-dione, m.p. 276-4277" (rr- 
ported,* 275-277'), was also isolated in a 41% yield. 

Method 2. The procedure followed was essentially that of 
Katz.Ob To 5.0 g. of methyl anthranilate, 5.0 g. of 2- 
chlorobenaothiaeole was added, and the mixture was heated 
cautiously until a vigorous exothermic reaction was initiated. 
Thereafter the reaction vessel was cooled with a jet of air as 
necessary to keep the reaction under control. When the 
reaction had moderated, the crude product was powdered 
and washed with dilute sodium bicarbonate solution. To 
ensure complete reaction, the air-dried powder was heated 
above 200" for 10 min. Two crystallizations from isopropyl 
alcohol gave 6.5 g. of white needles, m.p. 190-19lo, re- 
ported 189°6a and 193°.6b A mixed melting point of this 
compound prepared by method 1 with that prepared by 
method 2 was 189.5-191'. The infrared spectra of these 
two were identical, each showing maxima at  1695, 1590, 
767, and 750 ~ m . - l . ~  

Ar-( 2-Benzothiazoly1)anthranilic Acid (IX).-This com- 
pound was prepared by the method of Katz6b in a 72% yield, 
m.p. 194-195" (reported, 187'88 and 195-1960sb). 

Raney Nickel Desulfurization of Benzo[d] thiazolo[2,3-b] - 
quinazoline-11-one (VII).-To a solution of 2.5 g. of VI1 in 
200 ml. of absolute ethanol, 10 g. of W-6 Raney nickella 
was added. The resulting mixture was heated under reflux 
for 2 hr. The nickel was removed by filtration, and the 
ethanol by evaporation, to give 1.6 g. of white needles. Two 
crystallizations (aqueous ethanol) gave 1.1 g. of 3-phenyl- 
3H-quinaaoline-4-one (VI), m.p. 138-139", reported 139011 
and 142-142.5" . 3b  
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(7) All melting points were determined in capillary melting point 

(8) B. Pawleski, Chem. Ber., 38, 130 (1905). 
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recorded on a Beckman Model IR4 spectrophotometer. 
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In view of the recent disclosure' of the prepara- 
tion of 16a-substituted methyl corticoids we wish 

(1) P. F. Bed and J. E. Pike, J .  O7ud Chrm,, 96, 3887 (1961). 
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to record here the use of a similar set of reactions to 
prepare authentic 16a-hydroxymethylprogesterone 
@a). 

For preparing pregnanes with the desired 178- 
acetyl-16a-substituent it was decided to proceed 
from 16a-cyano-3~-hydroxyregn-5-en-20-one (I) 
protected from the possibilities of inversion3 by an 
ethylene ketal grouping at C-20. Accordingly, 
reaction of I with ethylene glycol and p-toluene- 
sulfonic acid afforded 16a-cyano-20-ethylenedioxy- 
pregn-5-en-3,!3-01 (11). Strong alkaline hydrolysis 
of the latter gave 16a-carboxy-20-ethylenedioxy- 
pregn-5-en-3/3-01 (111), which upon hydrolysis with 
dilute sulfuric acid was converted into 16a-car- 
boxy-3fi-hydroxypregn-5-en-20-one (IV) , markedly 
different in properties from the compound syn- 
thesized by Romoz with this assigned structure. 
This latter compound must, presumably, be the 
16&carboxy-17a-acetyl isomer. The correctness of 
the stereochemistry of the l6a-carboxylic acid IV 
was further confirmed by treatment of IV with 
sodium borohydride followed by acetylation to 
give 3/3,20/3-diacetoxypregn-5-ene-l6a-carboxylic 
acid (Vb), identical to an authentic sample.4 

Lithium aluminum hydride treatment of 16a- 
carboxy - 20 - ethylenedioxypregn - 5 - en - 38 - 01 
( I n )  gave the 16a-hydroxymethyl compound VI as 
a gelatinous solid. Acid hydrolysis of the latter 
afforded 16a-hydroxymethyl-3,3-hydroxypregn-5- 
en-20-one (VII). Oppenauer oxidation of either the 
20-ketal VI or the 20-one VI1 was not fruitful, and, 
consequently, an alternate pathway was investi- 
gated. 

Oppenauer oxidation of the ketal nitrile I1 gave 
16a - cyano - 20 - ethylenedioxypregn - 4 - en - 3 - 
one (VIII) which was converted into the 3,20- 
bisketal IX. The latter compound was also pre- 
pared directly from 16a - cyanoprogesterone.2 
Strong alkaline saponification of I X  gave a crude 
mixture which was treated with lithium aluminum 
hydride followed by acid to yield 16a-hydroxy- 
methylpregn-4-ene-3,20-dione (Xa). This com- 
pound possessed an optical rotation which wm con- 
siderably more dextrorotatory than that of the 
compound assigned this structure by Romo.2 
Moreover, it did not exhibit hemiketal ring forma- 
tion in its infrared spectrum as shown by Romo's 
compound. Indeed, this type of ring formation is 
most difficult to visualize from molecular models 
for the assigned structure since the C-20 ketone 

(2) J. Romo, Tetrahedron, S, 37 (1958). 
(3) Mazur and Cella,' have clearly demonstrated that alkaline 

hydrolysis of a 16a-cyano-2O-ketone iy tem,  &ut prepared and studied 
by Romo,* actually resulted in a double inversion of configuration to 
afford a 17a-acetyl-16/3-carboxylia acid system. This finding wa8 in 
contraat to the assignment of the 17,9-acetyl-16a-carboxylic acid con- 
figuration8 by Romo,: and later, by B. Ellis, V. Petrow, and D. Wed- 
lake, J .  Chsm. Soc., 3748 (1958). Thin occurrence of a double in- 
version has been confumed both chemically1 and physically ( o p t i d  
robtory dispersion analysis).c 

(4) R. H. Mazur and J. A. Cella, Tstrahsdron. 7 ,  130 (1959). 
(5) W. A. Struck and R. L. Houtman, J .  Ow. Chem., 26, 3883 

(1961). 
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and the hydroxyl functions are at a considerable 
distance from each other in the trans geometry of a 
l7/3-acetyl-l6a-hydroxymethyl molecule. Finally, 
16a-hydroxymethylprogesterone (Xa), was con- 
verted into the tosylate Xb, which, in turn, was 
treated with sodium iodide in acetone to afford 16a- 
iodomethylpregn-4-ene-3,20-dione (Xc). 

In  the Clauberg progestational assay (subcutane- 
ous route) 16a-hydroxymethylprogesterone (Xa) 
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mas inactive at a total dose of 1 mg. at which level 
progesterone exhibits a pronounced response.6 

Experimental 
Melting Points.-All melting points are uncorrected. 
Absorption Spectra.-The ultraviolet spectra were deter- 

mined in methanol; the infrared spectra were determined in 
a potassium bromide disk. 

Petroleum Ether.-The fraction used had a bop. 60-70'. 
16a-Cyano-20-ethylenedioxypregn-S-en-3~-d (II).-To a 

solution of 2 g. of 16~-cyano-3~-hydroxypregn-5-en-20-one 
( I )  in 100 ml. of benzene and 3 nil. of ethylene glycol waa 
added 50 mg. of p-toluenesulfonic acid monohydrate. Tho 
mixture was refluxed for 5-6 hr. with continuous water re- 
moval, coolcd, and 50 ml. of ethyl acetate were added. The 
organic layer was separated and washed with aqueous so- 
dium bicarbonate, and then with water until neutrd. After 
being dried, the solution WLES evaporated to  give an oil 
which crystallized from acetone-petroleum ether to afford 
1.6 g. of 11, m.p. 184-189'. Several crystallizations from 
acetono-petroleum ether raised the m.p. to  191-194'; 
umnx 3560, 2235, and 1050 cnl.-l; [aIuD -70.5' (chloro- 
form). 

Anal. Cdcd. for CZ4H,bOsN (385.53): C, 74.76; H, 
9.15; N,3.Vd. Found: C, 74.40; H, 8.79; N,3.67. 

16a-Carboxy-20-ethylenedioxypregn-5-en-3p-01 (III) .-To 
a solution of 0.5 g. of the 16a-cyano compound I1 in 25 ml. of 
ethylene glycol, was added a solution of 5 g. of potassium 
hydroxide in 15 ml. of ethylene glycol, and the mixture was 
refluxed for 24 hr. Addition of water gave a small amount 
of amorphous solid which wae discarded. The filtrate was 
acidified with dilute hydrochloric acid and extracted with 
ethyl acetate and methylene chloride. The combined ex- 
tracts were washed with water until neutral, dried, and 
evaporated to a semisolid which waa crystallized from ace- 
tone-petroleum ether to afford 0.24 g. of 111, m.p. 239-242". 
Two crystnllizations from acetone-petroleum ether followed 
by two crystallizations from acetone gavo a m.p. of 245- 
248'; urn,x 3300, 2670, 1710, and 1040 cm.-l; [a]% -30' 
(chloroform). 

Anal. Citlcd. for C&Z& (404.53): C, 71.25; H, 8.97. 
Found: C, 71.3G; H, 9.18. 

16c~-Carboxy-3p-hydroxypregn-5-en-2O-one (IV).-To (I 

solution of 300 mg. of 16a-carboxy-20-ethylenedioxypregn- 
5-en-38-01(111) in 25 ml. of methanol was added 3 ml. of 8% 
(v./v.) sulfuric acid, and the mixture waa refluxed for 5 min. 
Evaporation a t  40-45' gave a solid which, after the addition 
of water, was collected by filtration and was washed well 
with watcr to afford 220 mg. of IV. Three crystdizations 
from acetonepetroleum ether yielded a m.p. 235-238": 
vmax 3460 and 1710 (broad) cm.-'; [ ~ ] Z ' D  f14" (chloroform). 

A t d .  Calcd. for ClzHazO~ (360.48): C, 73.30; H, 8.95. 
Found: C, 73.44; H, 9.16. 

Admixture melting point determination with 16b-carboxy- 
3p-hydroxy-17a-pregn-5-en-20-onee (m.p. 233-236') gave 
a m.p. of 223-225'. 

3~,20p-Diacetoxypregn-5-ene-16~-carboxylic Acid (Vb) .- 
To a solution of 0.41 g. of 16a-carboxy-3p-hydroxypregn-5- 
en-20-one (IV) in 35 ml. of methanol, was added 1 g. of 
sodium borohydride and the solution wae allowed to stand 
overnight a t  room temperaturo. Water was added and the 
solution waa acidified with hydrocliloric acid. The resulting 
solid w1f9 separated by filtration and W'W washed well with 
water to give 0.24 g. of Va, m.p. 271-5277', Recrystulliaa- 
tion from ethanol afforded 0.10 g., n1.p. 283-286". This 
material was dissolved in 3 ml. of pyridine to which was 
added 0.3 ml. of acetic anhydride, and the solution wa9 
heated on the steam bath for 1 hr. It was then poured into 
water and the product was extracted with ethyl acetate. 
The extract was washed with water, dried, and evaporated 
to an oil which Crystallized from ether-petroleum ether to 

(6) This amay was carried aut by the Endoorine Laboratory, Madi- 
son, Wieoonain. 

yield 80 mg. of Vb, m.p. 187-188'. The infrared spectrum 
waa identical to that of an authentic sarnple.'J 

Ida-Hydroxymethyl-3~-hydroxypree;n-5-en-2&one (VII). 
-To a solution of 14.1 g. of 16~~carboxy-20-ethylenedio~Y- 
pregn-5-en-3fl-ol(III) in 1.5 1. of tetrahydrofuran was added 
14 g. of lithium aluminum hydride, and the mixture waa re- 
fluxed for 2 hr. Ethyl acetate was added cautiously, the 
solids were filtered off, and the filter cake was washed 
thoroughly with hot acetone and ethyl acetate. The com- 
bined filtrates and washings were evaporated to give the 
16a-hydrosymethyl 20-ketal VI as a gelatinous solid. Ap- 
proximately 5 g. of the latter waa dissolved in 300 ml. of 
methanol to  which was added 30 ml. of 8% (v./v.) sulfuric 
acid, and the solution waa refluxed for 1 hr. Evaporation 
gave a solid which waa separated by filtration, and was 
washed well with water to yield 2.18 g. of VII, m.p. 225- 
227'. Two crystallizations from acetonepetroleum ether 
gave m.D. 226-228'; umar 3380 and 1703 cm.-*; [ollU~ 
G17' (methanol). 

Found: C, 76.32; H, 10.02. 
Anal. Calcd. for CBHXO) (346.49): C, 76.26; H, 9.89. 

16a-Cyano-20-ethylenedioxypregn-4-en-3-one (VIII) . A 
solution of 4.3 g. of 16a-cyano-20-ethylenedioxypregn-5-en- 
3p-01 (11) in 500 ml. of toluene and 45 mi. of cyclohexanone 
was distilled until 25 ml. of distillate was collected. Alu- 
minum isopropoxide solution in toluene (40 ml.; 0.2 g./ml.) 
W R ~  then added, and the reaction mixture waa refluxed for 40 
ndn. Rochelle e d t  (40 9.) in water was added and the mix- 
ture waa steam distilled until a11 the cyclohexanone was re- 
moved. The cooled aqueous mixture waa extracted with 
ethyl acetate; the combined extracts were washed with 
water, dried, and evaporated to give 2.85 g. of VIII. Two 
crystallizations from acetone gave the analytical sample, 
m.p. 248-250": A,, 240 mp (e 18,700); vmax 2240, 1668, 
1620, and 1044 cm.-'; [ ( Y ] ~ D  4-44' (chloroform). 

Anal. Calcd. for C24H~aOsN (383.51): C, 75.16; 
8.67; N, 3.65. Found: C,74.86; H, 8.70; N,3.68. 

1da-Cyano-3,20-bisethylenedioxypregn-S-ene (IX).--tt. 
To a solution of 18.2 g. of 16a-cyanopregn-4-ene-3,2O-dion~~ 
in 1200 nil. of benzene and 35 mi. of ethylene glycol was 
added 1 g. of p-toluenesulfonic acid monohydrate. Thc 
reaction mixture waa refluxed for 6 hr. (continuous watcr rc- 
moval), cooled, washed with aqueous sodium bicarbonate, 
and then with water until neutral. Evaporation gave a solid 
which waa recrystallized from acetone to yield 10.3 g. of IX, 
m.p. 265-270'. Concentration of the mother liquor afforded 
an additional 2.2 g., map. 263-265'. Two crystallizations 
from acetone gave pure IX, m.p. 267-270'; urnax 2235 and 
1100 cm.-l; [CY]*~D -60' (chloroform). 

A n d .  Calcd. for C%HJ7O~N (427.56): C, 73.03; 11, 
S.72; N,3.28. Found: C,73.08; H,8.76: N,  3.34. 

U. To a solution of 2.85 g. of the 20-ketal VI11 in 1 5 0  
nil. of bcnacne and 4 ml. of ethylene glycol waa added 80 mg. 
of p-toluenesulfonic acid monohydrate. The nlixtwre was 
refluxed for 5-6 hr. (continuous water removal) cooled, 
washed with aqueous sodium bicarbonate, and then with 
water until neutral. Evaporation gave 2.7 g. of solid whose 
infrared spectrum showed an appreciable amount of a& 
unsaturated ketone. Consequently, the reaction in benzene 
and glycol was repeated, and worked up as described above. 
This gave 2.4 g. of material wliich still showed the presence 
of some a,p-unsat,urated ketone. Recrystallization from 
acetone yielded 1.1 g. of IX;  m.p. 260-264'; and whose in- 
frared spectrum WRS identical to that of IX prepared in A 
above. 
lda-Hydroxyrnethylpregn-4-ene-3,20-dione ( 16a-Hydroxy- 

methylprogesterone) (Xa).-A mixture of 12.2 g. of the 
cyanobisketal IX in 280 ml. of ethylene glycol, was treated 
with 100 g. of potassium hydroxide in 100 ml. of ethylene 
glycol. The mixture waa refluxed for 24 hr. under nitrogen. 
It waa cooled, diluted with water, and dilute hydrochloric 

(7) We thank Dr. E. W. Cantrall of these laboratories for this 
sample. 
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acid was added until the mixture was just barely alkaline. 
The resulting solid was filtered, washed well with water, and 
waa then refluxed in 2.5 1. of acetone, and filtered. The in- 
soluble residue so collected consisted of silicates as shown by 
infrared analysis. The filtrate was evaporated to a solid 
which waa slurried with acetone to give 3.68 g. of solid. 
This material was dissolved in 300 ml. of tetrahydrofuran, 
3.5 g. of lithium aluminum hydride waa added, and the mix- 
ture was refluxed for 2 hr. Ethyl acetate was added cauti- 
ously and when the lithium aluminum hydride had de- 
composed, the mixture was filtered and the filter cake was 
washed thoroughly with boiling acetone and ethyl acetate. 
The combined filtrates and washings were evaporated to give 
a white solid which was refluxed in 1 1. of methylene chloride 
and filtered. The insoluble residue was discarded, and the 
filtrate waa evaporated to a solid which waa slurried with 
petroleum ether to  afford 2.6 g. of solid. Several crystalliza- 
tions from acetonepetroleum ether gave material melting 
over a broad and inconsistent range (m.p. 176-194'). 

A portion (200 mg.) of this material was dissolved in 30 
ml. of methanol to which wm added 3 ml. of 8% (v./v.) sul- 
furic acid. The solution waa refluxed for 0.5 hr., water was 
added and the turbid mixture waa evaporated until solid 
formed. This was filtered off and washed well with water to 
yield 100 mg. of Xa. Four crystallizations from acetone- 
petroleum ether gave 40 mg. of Xa, m.p. 163-164"; A,,,. 241 
nip (e 16,800); vmsx 3510, 1717, 1667, and 1613 cm. -I; [a]  as^ 
f160" (chloroform). 

Anal. Calcd. for CZ2Ha2O3 (344.48): C, 76.70; H, 9.36. 
Found: C, 76.32; H, 9.41. 

16~-p-Toluenesulfonyloxypregn-4-ene-3,2O-dione (Xb) .- 
To a solution of 250 mg. of Xa in 1.5 ml. of pyridine was 
added 250 mg. of p-toluenesulfonyl chloride at -5", and the 
mixture waa allowed to stand a t  -5' for 24 hr. Water was 
added, and the crude solid obtained waa collected and re- 
crystallized from acetone-petroleum ether to give 240 mg. of 
Xb, m.p. 203-205"; X,, 228 mp ( e  21,600), 240 mp (e 
16,400); vmax 1708, 1670, 1625, 1603, 1178, and 945 cm.-l; 
[CY]%D $98" (chloroform). 

Anal. Calcd. for CzSHasO,S (498.65): C, 69.85; H, 
7.68; S, 6.41. Found: C, 69.39; H, 7.80; S, 6.71. 

16~-Iodornethylpregn-4-ene-3,2O-dione (Xc).-To a 
solution of 210 mg. of the tosyl compound Xb in 25 ml. of 
acetone was added 400 mg. of sodium iodide. The mixture 
was refluxed for 9 hr., concentrated, and water was added. 
The resulting solid wm collected and washed with water to 
give 130 mg. of Xc; m.p. 11&120". Recrystallization from 
acetonepetroleum ether afforded 50 nig., m.p. 120-135"; 
t r m a x  1700, 1670, and 1615 cni.-l. 

Anal. Calcd. for CP2Ha1021 (454.37). C, 58.15; IT, 6.88; 
1, 27.93. Found: C, 57.62; H, 7.05; I, 37.35. 
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For the study of the incorporation of aniino 
acids into the peptide part of the actinomycins3 

elaborated by Streptomyces antibioticus4s6 a selec- 
tively labeled hydroxyproline was needed. 

It has been shown previously that sodium boro- 
hydride reduction of N-carbobenzyloxy-4-keto-~- 
proline (I) yields exclusively N-carbobenzyloxy-4- 
allohydroxy-L-proline (IT') .6 However, in marked 

H3 
I11 

0" 
I.R=Cbz 

I I . R = H  qy 
COOH 

OH 
IV.R=Chz 

V. R = H 

contrast to results from another laborai,ory,6a wc 
have now found that a mixture of V and 4-hydroxy- 
L-proline (111) is obtained by the action of sodium 
borohydride (or in this study by tritium-labeled 
sodium borohydride) on 4-keto-~-proline (11). 
This effect of the ring nitrogen on the stereochem- 
ist'ry of reduction by complex met'al hydrides is also 
operative in the reductions of S-carbobenzyloxy-5- 
keto-L-pipecolic, 5-ket'o-nL-pipecolic acid and 4- 
keto-L-pipecolic acid (Table I), and may be ration- 
alized in terms of part'icipation of t'he nitrogen6 in 
an intermediate complex of t'he metal hydride with 
the carbonyl groups7 

The quantitative assay of this mixture of 4- 
tritiated diast,ereoisomeric* hydroxyprolines (111 
and V) 011 a coluinn of ion exchange resinsv9 showed 
the preseiice of three part8s of nllohydroxy- and onc 
pa,rt of h?.dros;l-r,-pioline. 011 it prepariat i \ - c A  scale 
the diast~reoisomers \\'PIT separated hy cliit'ion 
\vit,h t.thaiiolic.--aqueoiis ammonium ac*ettatc hiifffer 
from a c:oliiniii of .hnberlite C!C;-1'20.'" 

Beyoiicl its i ise in actinoniyciii studies 4-H :{- 
hydroxy-L-proline will permit the study of the re- 
versibility of the reduction of 4-keto-L-proline by a 
special hydrogenase present in rat-kidney homo- 
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