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ABSTRACT 

0-[2,2_Bis(alkylthio)ethyl Jglycoaldehydes (la-e; alkyl = Et, Pr, Pr’, Bu’, 

and -CH,-, respectively) have been prepared from the corresponding O-[2,2-bis(alkyl- 

thio)ethyl]glycolaldehyde dimethyl acetals (2a-e) by acid hydrolysis. In anhydrous 

1,Cdioxane in the presence of BF, . (Et,O),, la-c were partially transformed into 

glycolaldehyde bis(dialky1 dithioacetals), Id afforded tran.r-2,6-bis(tert-butylthio)- 

1 ,Cdioxane and 3,5-bis(tert-butylthio)-1,4-oxathiane, and le did not react. The 

acetals 2a-e were prepared from the appropriate glycolaldehyde dialkyl dithioacetal 

by O-alkylation with bromoacetaldehyde dimethyl acetal. 

INTRODUCTION 

Diglycolaldehyde (2,2’-oxybisacetaldehyde, 7) in acid media reacts with alcohols 

and thiols to give mainly acyclic derivatives, namely, diglycolaldehyde bis(dialky1 

acetals) and bis(dialky1 dithioacetals), but small proportions of 2,6-dialkoxy-1,4- 

dioxane and 2,6-bis(alkylthio)-I ,4-dioxane were also obtained’,‘. Although the O- 

(2,2-dialkoxyethyl)glycolaldehydes were transformed into 2,,6-dialkoxy-1 ,Cdioxanes 

in good yields3 in the presence of BF, * (Et20)2, the diglycolaldehyde bis(dialky1 

dithioacetals) generally gave4 1,l ,Ztris(alkylthio)ethanes (11). 

We now report on the preparation of O-[2,2-bis(alkylthio)ethyl]glycolalde- 

hydes (la-e), and on their transformations in the presence of BF, . (Et,O),. 

RESULTS AND DISCUSSION 

0-[2,2-Bis(alkylthio)ethyl]glycolaldehydes (la-e; alkyl = Et, Pr, Pr’, Bu’, 

and -CH,-, respectively) were obtained in good yields by treatment of the corre- 

sponding dimethyl acetals (2a-e) with aqueous 1,4-dioxane containing a small 

proportion of cont. sulfuric acid. In the hydrolysis of 2d, 3,5-bis(tert-butylthio)-1,4- 

oxathiane’ (5) was a by-product, and this may be related to the tendency of diglycol- 

aldehyde (7) and its derivatives to react with 2-methyl-Zpropanethiol in acid media2*4, 

*Derivatives of Diglycolaldehyde, Part XVIII. For Part XVII, see ref. 3. 
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to give sulfur-heterocyclic compounds. As expected’, the aldehydcs la-e showed a 

marked tendency to hydrate. 

Whereas 0-i I ,3-dithrolan-2-ylmethyl)glycolaldehydr (le) was stablo in the 

presence of BF, (Et,O),, the aldehydes la-c gave the corresponding diglycolalde- 

hyde bis(dialky1 dithioacetal), namely, 3a (Et) 26.5 I’“, 3b (Pr) 44.7 I’,,. and 3c (Pr’) 

28.6 OO. Although, in these reactrons, diglycolaldehyde (7) must bc formed in addition 

to 3a-c, it was probably transformed into tarry products. On the other hand. O-[?,.I- 

bis(tevr-butylthio)ethyl]glycolaldehydc (Id) partially reacted to gi1.e 3,5-bis(terf- 

butylthio)-I.4oxathianc (5. 32.-I”,,) and ~r.~7,~.~-3,6-bis(tt,/.~-btllyltlll~~ I- I.+dio\anc (4. 

13.6”,,). which were 15olatcd by column chromatography. Compound 5 IS a h-no\vn 

compound’, and the 1.r. spectrum of 4 was similar to Ihose rcportcd’ ft,r rrmr1v-2.6- 

bis(alkylthio)-I.4dioxanes; in its ‘I-I-n.m.r. spectrum, the signals at 8 5.27 (dd. 

1 H. J 5.5 and 3.4 Hz). 3.81 (dd, I H, ./ 11.X and 3.4 H7), and ?.JX i&l. I 1-l. ./ 11.X 

and 5.5 Hz) indicated the trunk configuration. Oxidation of 4 with hydrogen perosidc 

gave t,nn.r-l,h-bis(te,t-butyl,tllfonyl)-1,-l-dioxane (9). which gave spcctrai data (1.1.‘. 

and ‘H-n.m.r. ) similar to those reported for other II’NIIS- ~,6-bis(al~ylstilfonyl )-I ,4- 

dioxanes8. As diglycolaldehyde bis(dr-tcrr-butyl dithioacetal) (3d) was not detected 

(1.l.c.) in the reaction of Id with BF, f (Et,O), and since 3d reacts clowly under thcsc 

conditions’ to give 3.Sbis(tt)rt-butylthioi-l,4-oxathiane t-5). it appears that tr-ans- 

thioacetalation did not occur. The formatron of 1 .-Ldro\anc and 1 .-Louthianc 

derivatives in this reaction of Id may be ascribed to the cask formation of rc>rt-butyl 
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cation and to the release of steric strain when the tert-butyl cation or the tert-butyl- 

thio group is lost (see Scheme 1). 

The dimethyl acetals 2a-e were obtained by reacting bromoacetaldehyde di- 

methyl acetal and the appropriate sodium 2,2_bis(alkylthio)ethoxide; their yields 

decreased (69+33.7:/,) as the bulk of the alkylthio group increased. With sodium 

2,2-bis(tert-butylthio)ethoxide, ketene di-tert-butyl dithioacetal (8) was obtained, in 

addition to 2d, and could have been formed through a /&elimination process. It was 

shown that 8 was not formed solely from sodium 2,2-bis(tert-butylthio)ethoxide, but 

could be obtained from 2-methoxy-I,1 -bis(tert-butylthio)ethane and 2-ethylthio-l,l- 

bis(tert-butylthio)ethane in yields of 86.4 and 350,;. respectively. Monosaccharide 

dialkyl dithioacetal derivativess*6 undergo this type of reaction which is assumed to 

involve an ElcB mechanism7. 

The glycolaldehyde dialkyl dithioacetals 6a-e were obtained from O-benzoyl- 

glycolaldehyde’ by two procedures. Reaction in cont. hydrochloric acid with thiols 

gave 0benzoylglycolaldehyde dialkyl dithioacetals (lOa-e), but only the diethyl 
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HSCH~zCH.zSH 
ExiH 
PrS H 
Pr’SH 
Bu’SH 
Etstl 
PrSH 
WSH 
Bu’SH 

“From O-benzoylglycolaldehydr. “After reaction of the aldehvde ulth throl\ and trcatmcnt of the 
dlstalled products with KOH. ‘After comersion of the aldehqde tnto glycolaldch\~lc Lllsthyl ncct31 
and subsequent reactit)n w/rth throl\. “HJ\ been prepxrcdl” (57.X”,, ) fr11111 gl~colallfch~cle. 

(lOa) and 1.3-dithiolan-Z-y1 (IOe) derivatives were obtained pure by distillation. The 

other derivatives (lob-d) \\ere contaminated with oleiinic by-products, a$ shown b> 

’ H-n m.r. spectroscopy. Although both pure and impure products variously game 

6a-e on treatment with aqueous potassium hydroxide, the overall bielda d~~-emxi 

as the x-branching in the alkylthio group:, increased (Table I ). 

In the second procedure, O-benzoylglycolalJehyde V.X. transformed into glycol- 

aldehydc diethyl acctal (67”,,). and then treated with cont. hydrochloric acid and the 

thlol. The overall yield, for 6a-d were higher- than in the lirst procedure (Table I ). 

hut small proportions of l,I,2-tris(alhylthio)cthancss (1 la--d I uerc also formed, 

which were removed by column chromatography. O-B~nzo~l~lycol~~l~i~li~d~ diprop>l, 

di-isopropyl, and di-frrl-butyl dithloacrtals (lOh-d) were preparctl h! henroylntion 

of their dithioacetals (6h-d). 

FSPERIMtNTAl- 

G?flernl fHetJ1orl.r. --- Organic solutions were dried over anhydrous Na2S0,. 

Solvents were evaporated under Jimrnished prcssurc at <40 Column chromato- 

graphy was carried out on Silica gel 60 (Merck. 70-230 mesh, ASTM ). Melting 

points (uncorrected) were c~btalned with an Electrothermal melting-point apparatus. 

lJ.v. spectra were recorded with a Perkin--Elmer 134 spectromctt’r. l.r. \pcctra were 

recorded for films on NaCl or KBr discs wtth a Pyc--Unicam SP IO00 spectromctrr. 

’ H-N.m.r. spectra \vCre r-aordcd f<or solutions III \aricju< snllents (Internal Mc,Si) 

with a Perkin-Elmer -Hitachi R-20 B spzctromctcr. Chomrcal shifts ;II’C given on the 

ti scale, and couplings rn HL. 
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(43.8 %), b.p. 144148”/710 mmHg, was obtained from bromoacetaldehyde diethyl 

acetal and sodium methoxide. 

0-[2,2_Bis(afk~~~hio)etlz~l]g/~colal,~e~ (la-e). - A mixture ofthe appropri- 

ate acetal 2, l,Cdioxane, water, and cont. sulfuric acid was boiled under reflux for 

1 h, sodium hydrogencarbonate (0.5 g) was added, the mixture was partially concen- 

trated and then extracted with ether (4 x 40 mL), and the combined extracts were 

dried, filtered, and concentrated to dryness. 

(a) O-[2,2_Bis(etlz~lthio)ef/z~~]glycolaldel? (la), Compound 2a (5.8 g), 

1,4-dioxane (30 mL), water (25 mL), and sulfuric acid (0.25 mL) were mixed. Distilla- 

tion of the crude product gave la (3.8 g, SO%), b-p. 9497”/0.6 mmHg; r,,, 2805, 

2700, 1740, 1260, 1130, and 968 cm-‘. ’ H-N.m.r. data (CDCI,): 6 9.62 (t, 1 H, J 

0.8 HZ), 4.07 (d, 2 H, JO.8 HZ), 3.95-3.45 (m, 3 H), 2.63 (q, 4 H, J 7 Hz), and 1.20 

(t, 6 H, J7 Hz) (Found: C, 46.2: H, 7.8. C,H,,O,S, talc.: C, 46.1; H, 7.6%). 

(b) 0-[2,2_Bis(pro~~lthio)e~j~v~]g~~c~~u~~e~~~~e (lb). Compound 2b (3.9 g), 

1,Cdioxane (30 mL), water (25 mL), and sulfuric acid (0.25 mL) were mixed. Distilla- 

tion of the crude product gave lb (2.7 g, 82.7 “,;,), b.p. 94-96”,10.4 mmHg; v,,, 2700, 

1740, 1240, 1125, and 970 cm-‘. ‘H-N.m.r. data (CDCI,): 6 9.62 (t. 1 H, JO.8 Hz), 

4.07 (d, 2 H, JO.8 Hz), 3.74 (m, 3 H), 2.58 (m, 4 H), 1.50 (m, 4 H), and 0.95 (t, 

6 H, J 6.9 Hz) (Found: C, 50.6; H, 8.3. C,,H,,O,S, talc.: C, 50.8; H, 8.5”,/,). 

(c) 0-[2,2_Bis(isopro~~,lrhio)etl~]g~~c~~~~~e~~~~e (1~). Compound 2c (1.88 g), 

1,Cdioxane (15 mL), water (I 5 mL), and sulfuric acid (0.25 m L) were mixed. Distilla- 

tion of the crude product gave lc (1.32 g, 84 “/,), b.p. 84-86”/0.4 mmHg; v,,,~~ 2820, 

2705, 1738, 1240, 1126, and 970 cm-‘. ‘H-N.m.r. data (CDCI,): 6 9.63 (t, 1 H, 

JO.8 Hz),4.07 (d, 2 H, 50.8Hz),4.e3.62(m,3H),2.13(septet,2H,J6.7Hz),and 

1.26 (d, 12H,J6.7Hz)(Found:C,5l.O;H,8.7.C,,H,,O,S,calc.:C,50.8;H,8.5~). 

(d) 0-[2,2-Bis(tert-butt./fhi)e~~7~Z]~~~,~o~~/~e~l~~~e (Id). Compound 2d (2.84 g), 

1,Cdioxane (30 mL), water (20 mL), and sulfuric acid (0.25 mL) were mixed. 

Distillation of the crude product gave a mixture (1.8 g), b.p. S5-87°/0.1 mmHg, 

which, on chromatography (4 : I hexane-ether), gave, first, 3,5-bis(tert-butylthio)- 

1,4-oxathiane (5, 0.06 g), which was identified by comparison with an authentic 

sample’. Eluted second was Id (1.68 g, 69.4”//,), which, after distillation, had v,,, 

2800, 2700, 1742, 1268, 1154-1120, and 970 cm-‘. ‘H-N.m.r. data (CDCl,): 6 9.78 

(t, 1 H, JO.8 Hz), 4.20 (d, 2 H, JO.8 Hz), 4.11-3.6 (m, 3 H), and 1.39 (s, 18 H) 

(Found: C, 54.2; H, 9.4. C12H,,02S, talc.: C, 54.5; H, 9.2”;). 

(e) 0-( 1,3-Ditlriolun-2-~Ime~lz~l)gl~colaldeh~~de (le). Compound 2e (6.7 g), 

1,4-dioxane (35 mL), water (30 mL), and sulfuric acid (0.25 mL) were mixed. Extrac- 

tion with chloroform (4 x 20 mL) and distillation of the crude product gave le 

(4.10 g, 83.6x), b.p. 110-112”/0.4 mmHg; vmax 1735, 1240, 1142, 1120, and 970 

cm-‘. ‘H-N.m.r. data (CDCl,): 6 9.59 (t, 1 H, .I 0.8 Hz), 4.54 (t, I H, J 7 Hz), 4.07 

(d, 2H,J0.8 Hz), 3.52 (d, 2 H,J7Hz), and 3.11 (s,4H) (Found: C40.6; H, 5.4. 

C,H,,O,S, talc.: C, 40.4; H, 5.6;;). 

Reaction of O-[2,2-bis(alkyltlzio)et11~1]glycolalde/zq’de (la-e) in the presence of 

boron triJluoride etherate. - The appropriate aldehyde (la-e) in I ,Cdioxane (8 mL) 
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was treated with boron trifluoride ctherate (0.15 mL.) at rootn tcmperatut-c. The 

mixture was basified (ayucouC IO”,, K,CO,), and e\,tt-acted wtth ether (3 v 15 ml), 

and the cotnbincd extrac1s mccre dried, tiltcred, and concentrated to dr411cxs. 

(0) COillpOllnd Ia (0 ! g) w:ls trentcd for I day. ColLl11~11 chtI~tll3tOgrapll~ 

(4: I hevane-ether) 0f llic crude product gave. tit%. digl~col;tldcli~de bis(diethyl 

dithioacetal)’ (3a: 0.06 g. 26.5 ‘I,,), and then la (0.02 g). 
(/I) Compound lb (0.33 g) was treated for 2 days. Column chrc,m;ltogt-aphy 

(4 : 1 hexane-ethct-) of the crude product gave, first. diglycol;rldeh?t~~ his(dipropyl 

dithioacetal)’ (Sb; 0. I I5 g. 43.7”,.), and then lb (0.01 8 g). 

(c) Compound lc (0.447 g) was treated for 2 days. Column cltrom~tLngraphy 

(4: 1 hexane--ether) of the crude product gnvc. first. d~glycolaldeh\dc ht\(di-isopropyl 

dithtoacetal)’ (3c; 0. I g. 28.h”,,), atid then lc {0.0-I gj 

(~1’) Compound Id (0.736 g) was trcsted for- 2.F day\. Column chromatogiaph> 

(JO : I he.uanePether) gave. first. 3.5-bis(l~‘rf-but4Ithic~)- I .-&oanthiane (5: 0.22 g. 

42.4 “,,), and then tl.NIIs-l.(,-bts(/c)lf-butylthio)-I .+dtosanc (4: 0. I g. 13.6 “,, i: I’,,,,,, 

1386. 1363, INh, 1158, I I IO. 1088, IOJ1, 980. XX?, X67. :~nd X38 cm ‘. ‘t-I-N.m.r. 

data (CDCI,): ci 5.22 (dd, I I-1, ./ 5.5 and 3.4 HL), 3.X1 (dd. I t-i. .I 11.X ~lnd 3.3 HT). 

3.48(dd. I H../ lI.Xand5.5H/r),nnd 1.3C((~,~fH)(Fottnd~C’,56.7. tI.5.i.C,,H,,O,S, 

talc.: C. 56.6: H. 5.5”,,). Elutcd third was 1d (0.1 1 8) 

A mtxturc of 4 (0.07 g), acetic acid (1 mL). acettc anh>dridc (0.5 mL), and 

ayueous 30 cJ(j hydrogen perosidc uas lel? at room tempcraturc for- 1-t days. and then 

concentrated to dr)~ncss. A small amount of ctixmol was added to the rc\iduc, 

yielding vw.v-~,6-b~x(fo~~-but~lsuIf~~r~yI)-l.-l-diox~n~ (9: 0.055 g. 03.7”~,). m.p. I57 

1% .‘: l’“,,,* 1300, 12ss. I I!%. I I IS. lii90, 9x5, 950. x90. x50. :1nJ 79-1 cm ‘. [H-Y.111.1’. 

data (CDCI, ): 8 5.31) (dd. I H. J 5.3 and 3.5 Hz), 4.13 t&i. I )_I. .I 12 :md 5 3 Hz), 

3.93 (dd, 1 H, J 12 and 4 5 tHz), and I .&I (s. 9 tl) (F~LIIKI: C. 43.X: ti. 7.:. C,2tll10,,SI 

talc.: C, 43.9: H. 7.-k”,,) 

(6,) Compound Ic dtcl nc>t react: after 4 days, XI .h “() was recovcrcd. 

0- [.?,2-Ri.~(ulX I lrlrio )ctlr ~,ll~~_!l,c,o/~~/tl/?~.~j~’ dim~/h_l.l ucvtnl (2a- c). - Sodium 

hydrtde \~its added ‘to the appropriate gl~~colaltichyde dialkyl dtthioacetal (6a-e) 
tn xylene (15 ml ). and the tntxt urc &as boiled tt~x~ol- I-eilr~x un11l the hydrtdc dts- 

appeared. After cooltng, bromoacctaldehyde dimethql :tcetnl was ~ddcd. the mtxture 

was boiled under reflu~. and the solid m;ltcrinls ucrc collcctcd anti washed with 

several portions of ether. TIIC iiltratc ;1ncI wxsh~nga wcrc cotnbint‘d :tnti cnncentmtcd 

to dryness. 

The followtng materials :lnd reaction ttmec \sere used 
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(a) O-[2,2_Bis(etlzyylthio)etl~yl]g!lroZaldehyde dimethlll ucetal (2a). Distillation 

of the crude product gave 2a (5.26 g, 69 “/g), hp. 90-93 “lo.1 mmHg; v,,, 1378, 1265, 

1200, 1115, 1080, 975, and 958 cm-‘. ’ H-N.m.r. data (CDCl,): 6 4.42 (t, 1 H, J 5.5 

Hz), 3.70 (m, 3 H), 3.47 (d, 2 H, J 5.5 Hz), 3.30 (s, 6 H), 2.64 (q, 4 H, 57 Hz), 

and 1.20 (t, 6 H, J7 Hz) (Found: C, 47.4; H, 8.7. C,,H,,O,S, talc.: C,47.2; H,8.7 %). 

(b) O-[2,2-Bis(propylthio)ethy~]glycoluldeh?’de dirneth~~l acetal(2b). Distillation 

of the crude product gave 2b (5 g, 55.6 06)) b.p. 104-106”/0.2 mmHg; v,,, 1374, 1200, 

1120, 1075, 980, and 958 cm-‘. ’ H-N.m.r. data (CDCl,): 6 4.41 (t, 1 H, J 5.4 Hz), 

3.67 (m, 3 H), 3.46 (d, 2 H, J 5.4 Hz), 3.29 (s, 6 H), 2.57 (m, 4 H), 1.50 (m, 4 H), 

and 0.95 (t, 6 H, J 6.8 Hz) (Found: C, 51.2; H, 9.3. C12tI,,03S2 talc.: C, 51.0; 

H, 9.3 %). 

(c) O-[2,2_Bis(isoproyyZthio)eth~l]gZycolaldel~yde dimethyl acetal (2~). Distilla- 

tion of the crude product gave a liquid (4.6 g), b.p. 90-92”/0.1 mmHg, column 

chromatography (3 : 1 hexane-ether) of which gave 2c (2.86 g, 39.3 %), b.p. 90-92”/ 

0.5 mmHg; vmax 1378, 1240, 1197, 1120, 1070, 980, and 952 cm-‘. ‘H-N.m.r. data 

(CDCI,): 6 4.40 (t, 1 H, J 5.4 Hz), 4.01-3.57 (m, 3 H), 3.47 (d, 2 H, J 5.4 Hz), 3.30 

(s, 6 H), 3.10 (m, 2 H), and 1.15 (d, 12 H, J 6.7 Hz) (Found: C, 51.1; H, 9.3. 

C1,H,,OJS, talc.: C, 51.0; H, 9.39:). 

(d) 0-[2,Z-Bis(tert-butylthio)etlz~,1]g1~~colakdeh,de diimethyl metal (2d). Distilla- 

tion of the crude product gave impure ketene di-tert-butyl dithioacetal (8, 2.78 g), 

b.p. 105-110”/15 mmHg; 6d (1.24 g), b.p. 74-76”/0.5 mmHg; and then impure 2d 

(4.52 g), b.p. 108-l loo/O.5 mmHg. 

Column chromatography (hexane) yielded pure 8 (1.45 g), which was identified 

by comparison with an authentic sample (see below), and pure 2d (4 g, 33.7x), 

b.p. 107-109”/0.5 mmHg; v,,, 1358, 1153,Ill2, 1067,972, and 948 cm-‘. ‘H-N.m.r. 

data (CDCI,): 6 5.51 (t, 1 H, J5.3 Hz), 4.12-3.52 (m, 5 H), 3.41 (s, 6 H), and 1.37 

(s, 18 H) (Found: C, 54.2; H, 9.8. C,,H,,O,S, talc.: C, 54.1; H, 9.7 %). 

(e) 0-(2,3-Dithiolan-2-ylmethyl)gZycolaldehyde dimethyl acetal(2e). Distillation 

of the crude product gave 2e (10 g, 67.1 y;;), b.p. 106-110”/0.3 mmHg; v,,,,~ 1455, 

1200, 1118, 1082, 980, and 958 cm- I, IH-N.m.r. data (CDCl,): 6 4.48 (m, 2 H), 

3.49 (m, 4 H), 3.20 (s, 6 H), and 3.10 (s, 4 H) (Found: C, 43.0; H, 7.2. C,H,,O,S, 

talc.: C, 42.8; H, 7.2”/,). 

Glycolaldehyde dialkyl dithioacetals (6a-e). - (a) From glycolaldehyde diethyl 

acetal. A stirred mixture of the acetal (4.5 g) in the appropriate ice-cold thiol (14 mL) 

was treated with cont. hydrochloric acid (6 mL) at room temperature for 30 min. 

After aqueous potassium hydroxide (15 g in 15 mL) had been added, the mixture was 

extracted with ether (3 x 30 mL), and the combined extracts were dried, filtered, and 

concentrated to dryness. 

(b) From 0-benzoylglycolaldehyde. The aldehyde (20 g) in ice-cold, cont. 

hydrochloric acid (30 mL) was treated with the appropriate thiol. The mixture was 

stirred at room temperature for 30 min, or 1 h when 2-methyl-2-propanethiol was 

used. Ether (150 mL) and cold water (50 mL) were added; in the preparation of 6e, 

chloroform (130 mL) and water (25 mL) were used. The aqueous solutions were 
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discarded, and the organic layer \vas treated with aqueous 30”,, sodturn hydroxide 

((10 mL) and then with water (50 mL). dried, filtered, and concentrated to dryness. 

The crude product was distilled. and a solution of the rcxiduc in ethanol (IO g in 

X0 mL) was treated ti ~th aqueous potassium hydro\idc (5 g in 30 mL. 1 at ~m~t~~ 

temperature for 13 ti. Tlic iiinturo M’:LS concentrated and e\tractcd with ether (4 * 

SO mL), and then the combined extracts \vere dried, iiltcred. :~nti cc~ncentrated to 

dryness. 

G‘l.~~c~olal~~~l7~,tic rficth>~l ditl7ioacctuI (6a). ~-- (n) l’~~ot~~ ,el~,i~oirlctt~l2~~~~~~ clirtl7~~~f 

UCYIN/. Column chromatography (50: I hexane-ether) of the crude product gave. first. 

I, I ,2-trls(ethylthio)ethanc’ ( I la; 0.05 g. 0.73”,,): and then 6a (5.5 1, Wh”,,), hp. 

7Ok73 -/0.4 mmHg: rnidY 3365. 1373, 1072, 1050, 1010, and 071) cm ‘. ‘H-N m.r. 

data (Ccl,): 5 3.X3-3.30 (m. 3 H ). 2.60 (q, 5 H, .I 7.2 HI: one proton! c\changeable 

with D,OJ, and I.30 (t, 6 H. .I 7.2 Hz) (Fo~~nd: C, 43.1; f-l. X.3; S, 3X.3. C,,H,,OS, 

talc.: C, 13.3; H, X.5: S, 3X.5”,,). 

(h) Ici-0/~7 O-hr~7=c~.1~/~/~,1~o/~r/~/~~l/.1~r/~~. Ethanethiol (30 mL) ~1s cased. Distillation 

of the crude product gave O-he~~zo~lglycc,l~tldehyde dlethq’l dithloacetal (lOa; 25.J 2. 

77.6”,,), b.p. 140~~133 iO.4 mmHg: l~,,,~, ~ 1725. 1607, 187. 1765. I lib, 1073. and 71-t 

cm- I. ‘H-N.m.r. data (Ccl,): d 8.0 (m, 2 H), 7.4 (m. 3 H). J.-U-3.9 (m. 3 t-i), 

2.68 (q, 3 H. ./ 7 Hz). and 1.26 (t. h H. .I 7 Hz) (Found. CT. 57 7: H, 6.0: S. 23.9. 

C,JH,,02S, talc.: C. 57.7; H, 6.7: S, 23.7”,,). After saponification and distlllatlon. 

6a (3.33 g. 70.3”,,) vvzs obtained: b.p. 70--73 ~0.1 mmHp. 

c’l~~~~olc~kl~~l7!.~~ (lli~.o/~>.l ciitl7ioawtul (6b j. -~ (o ) FIYI~?~ ~~~!~c~ofaltlel7~~~~~~ tfid7,l~l 

actval. Distillation of the crude product gave a mixture (5.95 g). b.p. I#-143’, I-1 

mmHg, column chromatography- (7 : I hexanc--ether 1 of kbhich gave, first, I. I .7-trls- 

(prOpylthto)ethane~ (1 lb: ().c)65 g, 0.76 1’,)): and then 6b (5.X8 g. 00.3 I’,,): I’,,,,. 311r). 

1378, 1055. 1020. and 780 CIW ‘. ‘H-N.m.r. data (Ccl,): (5 3.9 3.1 (m. 3 H), 2.6 

(m, -i H )_ 2.3 (bs, I H: proton exchangeable with D,(j). I.61 (tn. 4 H ). ,md I .(I (1. 

6 H. J 6.8 Hz) (Found: C. 49.5: H, 9.2: S. 32.8. C,IH,,OS, talc C. 49.4; H. 9.3: 

s, 33.0 “,] ). 

A solution of 6b (I.4 g) in pyridrne (4 ml_) was treated conventionally with 

benzoyl chloride ( I mL.. j. to give O-henzoylglycolalcic~~ydc dipropyl dithioacrtal 

(lob: I.8 g. 83.6”,,). b.p. 142~144 ,‘0.5 mmHg: I’~,.,~ 1723. 1602. 15X5. 126X. 1175, 

1109. 1065, and 703 cm-‘. ‘H-N.m.r. data (Ccl,): (5 X.0 (m. 7 f-i ). 7.4 (m. 3 H). 

1.5-3.9 (m, 3 H), 7.65 (m, -I H). 1.55 (m, 4 H). and 1.0 (1. 0 t-1. .I 0.8 Hz) (Found: 

C, 60.2; H, 7.4. C,,H,,O,S, talc.: C. 60.3: I-1. 7.-l”,,). 

(h) FMUI~ O-ht~/7rtj1./[~/1,(,o/~//l/t’/7 I&. Propanethiol (36 m L ) was usctl, Distillation .\ 
of the crude product gave impure lob (27 12 g), b.p. 14O--l-l5-~0.5 mmHg. After 

saponification and distillation. 6b (3.51 g) was obtarncd; b.p. 93. 90 /I mmHg. 

Gi~.c,o~k~t~i7!.Cr’(’ rfi-isopmp~~l tlitl7ioawtal (6~). ---~ (a) F~7117 ~~!1~c,oll7trkl1.~‘~~ cfii~fii~~~l 

awlal. Distillation of the crude product gave a mixture (5.72 g). h.p. 1X-13-7’.;l-I 

mmHg, column chromatography (7. I hexanc -ether) of M hich g;tvc, tirst. I ~ I.?- 

tris(isopropylthio)ethanc (I Ic; 0.184 g, 3.3”,,); and then 6c @.-J3 g. 83”,,): ~~~~~~ 

3410, 137X. 1363. 1047. 1010. and 760 cm ‘. ‘H-N.m.r. data (CCI, 1. ci 4.0-3.5 (m, 
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3 H), 3.11 (septet, 2 H, J 7 Hz), 2.9 (bs, 1 H; proton exchangeable with D,O), and 

1.30 (d, 12 H, J 7 Hz) (Found: C, 49.3; H, 9.4. C,H,,OS, talc.: C, 49.4; H, 9.3%). 

A solution of 6c (1.12 g) in pyridine (4 mL) was treated conventionally with 

benzoyl chloride (1 mL), to give O-benzoylglycolaldehyde di-isopropyl dithioacetal 

(10~; 1.42 g, 82.5x), b.p. 140-142”/0.4 mmHg; v,,, 1727, 1605, 1587, 1380, 1367, 

1260, 1180, 1157, 1110, 1070, and 707cm -‘. ‘H-N.m.r. data (Ccl,): 6 8.0 (m, 2 H), 

7.4 (m, 3 H), 4.6-4.0 (m, 3 H), 3.2 (septet, 2 H, J 7 Hz), 1.3 (d, 6 H, J 7 Hz), and 

1.28 (d, 6 H, 57 Hz) (Found: C, 60.5; H, 7.5. CISH,,O,S, talc.: C, 60.3; H, 7.4%). 

(b) From 0-benzoylglycoluldehyde. 2-Propanethiol (36 mL) was used. Distilla- 

tion of the crude product gave impure 10~ (22.0 g), b.p. 13S-140”/1 mmHg. After 

saponification and distillation, 6c (3.45 g) was obtained; b.p. 70-74”/0.6 mmHg. 

Glycolaldeh~de di-tert-butyl dithioacetal (6d). - (a) From glycolaldehyde 
diethyl acetal. Column chromatography (IO: 1 hexane-ether) of the crude product 

gave, first, 1,1,2-tris(tert-butylthio)ethane4 (lld; 1.45 g, 14.6”/,); and then 6d (5.4 g, 

72.6 %), m.p. 57-58 O; v,,, 3450, 1380, 1360, 1154, 1045, 1020, and 765 cm-l. ‘H- 

N.m.r. data (Ccl,): 6 4.0-3.4 (m, 3 H), 2.48 (bt, 1 H; proton exchangeable with 

(D,O), and 1.38 (s, 18 H) (Found: C, 53.8; H, 10.1. C,,H,,OS, talc.: C, 54.0; H, 

10.0 %). 

A solution of 6d (0.36 g) in pyridine (4 mL) was treated conventionally with 

benzoyl chloride (0.5 mL). Column chromatography (10 : 1 hexane-ether) of the 

product gave O-benzoylglycolaldehyde di-tert-butyl dithioacetal (10d; 0.47 g, 89 %); 

1720, 1600, 1580, 1360, 1265, 1095, and 694 cm-‘. ‘H-N.m.r. data (CDCl,): 

iy; (m, 2 H), 7.5 (m, 3 H), 4.4 (m, 3 H), and 1.38 (s, 18 H) (Found: C, 62.6; H, 8.1. 

C,,H,,O,S, talc.: C, 62.5; H, 8.07:). 

(6) From 0-benzo~lglycolaldeh~~de. 2-Methyl-2-propanethiol (39 mL) was used. 

Distillation of the crude product gave impure 10d (14.16 g), b.p. 122-140 O/O.6 mmHg. 

After saponification and distillation, 6d (4.95 g) was obtained; b.p. 78-80”/0.4 mmHg. 

Glycolaldehyde ethylene dithioacetal(6e). - (a) From 0-benzo~lglycolaldehyde. 
1,2-Ethanethiol (15 mL) was used. Distillation of the crude product gave O-benzoyl- 

glycolaldehyde ethylene dithioacetal (10e; 21.84 g, 75 ?d), b.p. 142-144”/0.3 mmHg; 

V max 1737, 1600, 1580, 1280, 1120, 1070, and 720 cm-‘. ‘H-N.m.r. data (CDCI,): 

6 7.96 (m, 2 H), 7.38 (m, 3 H), 4.9-4.17 (m, 3 H), and 3.1 (s, 4 H) (Found: C, 55.2; 

H, 5.1. C,,H,,O,S, talc.: C, 54.9; H, 5.07;). After saponification and distillation, 

6e (5.3 g), b.p. 86-88”/1 mmHg, was obtained; v,,, 3390, 1374, 1050, 1010, and 

846 cm-l. 1 H-N.m.r. data (Ccl,): 6 4.38 (t, 1 H, J 6.7 Hz), 3.4 (bd, 2 H, J 6.7 Hz), 

3.06 (s, 4 H), and 2.55 (bs, 1 H; proton exchangeable with D,O) (Found: C, 35.2; 

H, 5.9. C,HsOS, talc.: C, 35.3; H, 5.9%). 

Ketene di-tert-butyl dithioacetal (8). - A mixture of I, 1 -diethoxy-2-methoxy- 

ethane’r (3.2 g), 2-methyl-2-propanethiol (10 mL), and cont. sulfuric acid (0.5 g) 

was stirred at room temperature for 16 h, basified with aqueous potassium hydroxide, 

and extracted with ether (3 x 30 mL). The combined extracts were dried, filtered, 

and concentrated to dryness. Distillation of the residue gave 1 ,l-bis(tert-butylthio)-2- 

methoxyethane (3.8 g, 74.5x), b.p. 120-122”/14 mmHg; vmax 1360, 1160, and 1110 



cm-‘. ‘H-N.m.r. data (Ccl,): tj 3.96-3.40 (m, 3 H). 3.31 (s. 3 H), and 1.37 (s. 

18 H) (Found: C, 56.0: H. 10.0: S, 37.1. C,,H,,OS 2 talc: C, 55.x: H. 10.2; s: ‘7.1 ‘I,,). 

A mixture of the foregoing product (3.3 g). 2-tnethyl-2-I?~-opnnol (40 mL). 

and sodium hydride (0.76 g) was boiled under reflux for 24 11 and then concentrated. 

Water (25 mL) wa> added. the mluture was extracted with cthcr (2 * 35 mL). and 

the combined extracts wt‘rc dried. filtered. and con~cntratcd to dryness. Column 

chromatography 01‘ the residue gave X (2.46 g. M.-k”,,), h.p. 105 lOt( ,‘I4 mmHg; 

““IfiX 1575. 1550, 1155, 1361. 1 I 60, low. 934, x57. 780. and 755 cm-- 1 ;.j;;.,y 

153, 257, and 262 nm (E 306X. 2068. and X31 ). ‘H-N.m.r. data (CCI,): & 5.80 (\. 

1 H) and I.40 (s, 9 H) (Found: C, 58.9. H, 10.0. CI,,HZUSI talc.: C. 5X 7; l-1, 9.9”,,). 

Compound 8 (35.X “j, J was obtained from 1. I -bis(~~~~~~~-but~lthi~~)~~-~tl~yltl~~~~- 

ethane after 48 h under conditions similar to those described. 

G/~,c,o/~//~/~,l?~,rl t/ktl~~,/ N(T~N/. ~ A mixture of O-b~nroylglycc~laldehyde (I 6 g ). 

ethanol (150 mL), benzcno (50 mL), and cont. sulfuric acid (1 g) w;ib boiltxi undci~ 

I-e&lx with areotropic distillation of water for 6 h. Aqueous W~~LII~I hqdrouide (I 2 g 

in 25 ml_) and ethanol f 25 ml.) were added, and the miuturu u’;fs boiled under reflu\ 

for 1 h, concentrated, and extracted with ether (3 Y 60 mL,). The c~~rnh~ncd cxtr;ict:, 

were dried, filtered, and concentrated. L~istillat~on of the residue yicldcd the acetal 

(9.14 g. h7”,,), b.p. 73.~7.4 /l-I mmHg; \‘,,,ax . 3415, l366, 1330. 1126, ;1nd 1090-1035 

cm -‘. ‘H-N,m.r. data (CCII): ii J.-l4 (t, I !I. ./ 5.5 Hz), 3.95 ~3.30 (III. 6 H), 3.i? 

(bs, I H, proton cvchangcablc with D,(I), and I .I7 (t, 6 H, .I 7 H7) (Found: C. 

53.8; H, 10.4. C,H,,O, talc.: C. 53.7. I-r, IO.S”.). 

When water war not removed by azeotropic distillation, !>I .5 “,: of the acetal 

was obtained. 
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